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ɺɺɽɼɽʅʀɽ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ 

ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʟʚʫʢ, ʠʦʥʳ, 

ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʛʨʘʚʠʪʘʮʠʷ ʠ ʜʨ.) ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʩʪʦʷʪ. ʍʨʘʥʝʥʠʝ, ʧʝʨʝʜʘʯʫ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚʳʧʦʣʥʷʶʪ ɼʅʂ ʠ ʈʅʂ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʩʠʥʪʝʟ. ɽʩʣʠ ʚ ɼʅʂ ʩʦʜʝʨʞʠʪʩʷ 

çʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜè, ʪʦ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ ʦʨʛʘʥʠʟʤʝ 

ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʘ ʙʝʣʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʥʦʤʘʰʠʥʫ, 

ʩʧʦʩʦʙʥʫʶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ, ʚʝʱʝʩʪʚ ʠʣʠ ʩʠʛʥʘʣʘ, ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʠ ʜʘʪʯʠʢʘ, ʭʨʘʥʠʪʴ ʚʝʱʝʩʪʚʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ɹʝʣʢʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʟʤʦʚ: ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ, ʤʝʪʘʙʦʣʠʟʤʝ 

ʢʣʝʪʦʢ, ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʢʣʝʪʢʠ ʠ ʧʨ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʫʙʩʪʨʘʪʦʤ (ʦʪ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʠʦʥʦʚ ʜʦ ʤʘʢʨʦʤʦʣʝʢʫʣ ï 

ʙʝʣʢʦʚ, ɼʅʂ, ʈʅʂ ʠ ʧʨ.), ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʨʝʘʣʠʟʫʶʱʠʤʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʢʣʶʯ-ʟʘʤʦʢè [1]. ɼʘʞʝ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʚʳʟʚʘʥʥʳʝ ʢʘʢ ʤʫʪʘʮʠʷʤʠ ʚ ʩʘʤʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, 

ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠ ʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ, ʚʝʜʫʪ ʢ ʨʝʟʢʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʪʚʦʨʦʚ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʙʝʣʢʦʚ ʚ ʥʘʪʠʚʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʣʢʦʚ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B7%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B7%D0%BD%D1%8C
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ʉʝʛʦʜʥʷ ʟʥʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʮʝʣʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʥʝ ʪʦʣʴʢʦ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʚʠʨʫʩʦʚ, 

ʥʦ ʠ ʫʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ - ʜʠʟʘʡʥʘ 

ʠ ʫʩʢʦʨʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, 

ʙʠʦʵʥʝʨʛʝʪʠʢʠ; ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʙʠʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) - ʙʦʣʝʝ 85% ʩʪʨʫʢʪʫʨ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʙʘʟʝ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʙʝʣʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʮʝʥʪʳ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʙʝʣʢʦʚ.  

ʄʝʪʦʜ ʈʉɸ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʫʯʝʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ ʢʨʠʩʪʘʣʣʘ 

ʙʝʣʢʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʛʝʥʝʨʘʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ - 

ʧʦʷʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 4-ʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʘʟʝʨʦʚ ʥʘ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʘ ʩʥʠʞʘʶʪʩʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʢʦʨʦʤʦʣʝʢʫʣʳ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʆʩʥʦʚʥʳʤ çʫʟʢʠʤè ʤʝʩʪʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʈʉɸ 

ʦʩʪʘʝʪʩʷ ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʘʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʢʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʘ - ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʅʝʨʝʰʝʥʥʳʤ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʩʫʙʩʪʨʘʪʘ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʚ ʢʨʠʩʪʘʣʣʝ. 

ʈʝʰʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʥʝ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ 
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ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʨʘʩʪʚʦʨʳ, ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ 

ʘʪʦʤʘʨʥʦʡ ʪʦʯʥʦʩʪʴʶ ï ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ï 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʪʘʢ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʠʩʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʨʘʩʪʚʦʨʘʭ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ 

ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 3D-

ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ, ʚʳʙʦʨ ʠ ʘʜʘʧʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʷʯʝʝʢ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʜʠʥʘʤʠʢʠ ʨʘʩʪʚʦʨʦʚ, ʧʣʝʥʦʢ ʠ 
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ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ; 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ 

ʥʘ ʧʨʠʤʝʨʝ ʣʠʟʦʮʠʤʘ; 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʧʨʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ; 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʚ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʤʦʥʦʩʣʦʷʭ ʠ ʧʣʝʥʢʘʭ; 

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣ ʜʣʷ ʜʨʫʛʠʭ ʙʝʣʢʦʚ: 

ʧʨʦʪʝʠʥʘʟʳ ʂ ʠ ʪʝʨʤʦʣʠʟʠʥʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ: 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʫʪʦʯʥʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ: ʟʘʨʦʞʜʝʥʠʶ ʠ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʘ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʝʛʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

ʦʣʠʛʦʤʝʨʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ï 3D-ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ; 

- ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʩʣʦʚʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʨʘʩʪʚʦʨʝ ʢʨʦʤʝ ʤʦʥʦʤʝʨʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʠʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ; 

- ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʤʝʨʦʚ (ʵʣʝʤʝʥʪʦʚ 

ʙʫʜʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ) ʨʘʩʪʝʪ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʚʳʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʟʘʤʝʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʥʘ ʜʝʡʪʝʨʠʨʦʚʘʥʥʫʶ; 
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- ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ (ʭʣʦʨʠʜʦʚ Li, 

Na, K, Ni, Cu) ʚ ʢʨʠʩʪʘʣʣʘʭ ʣʠʟʦʮʠʤʘ ʠ ʝʛʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

(ʦʢʪʘʤʝʨʘʭ ʠ ʜʠʤʝʨʘʭ) ʚ ʨʘʩʪʚʦʨʝ. ʉʤʦʜʝʣʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʢʪʘʤʝʨʦʚ ʠ ʜʠʤʝʨʦʚ; 

- ʦʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʩʣʦʝʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʥʮʠʧʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʤʦʥʦʩʣʦʝʚ ʩ ʠʦʥʘʤʠ ʦʩʘʜʠʪʝʣʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ 

ʚʦʜʥʦʡ ʩʫʙʬʘʟʦʡ. ʇʦʢʘʟʘʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʣʦʝʤ ʙʝʣʢʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʩʣʦʷʤʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ (ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʝɦʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʦʙʲʝʤ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʢʘʢ 

ʤʠʥʠʤʫʤ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ); 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʝʤ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ, ʥʘ ʧʨʠʤʝʨʝ ʜʨʫʛʠʭ (ʢʨʦʤʝ ʣʠʟʦʮʠʤʘ) ʚʦʜʦʨʘʩʪʚʦʨʥʳʭ 

ʙʝʣʢʦʚ ʧʨʦʪʝʠʥʘʟʳ ʂ ʠ ʪʝʨʤʦʣʠʟʠʥʘ. 

ɹʘʟʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʦʣʫʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʦʩʪʘʚʠʣ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʩʦʟʜʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʚʢʣʶʯʘʝʪ: 

- ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ 

ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʯʝʪʳʨʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ; 

- ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʬʘʟʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʡʪʨʦʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʦʣʠʛʦʤʝʨʦʚ ï 

ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ; 
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- ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʚʝʜʝʥʠʠ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʵʣʝʤʝʥʪ 

ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ; 

- ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ ʦʩʘʜʠʪʝʣʷ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʩ ʠʦʥʘʤʠ ʦʩʘʜʠʪʝʣʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʙʝʣʢʘ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ; 

- ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʣʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʥʘʨʥʳʭ ʙʝʣʢʦʚʳʭ 

ʩʠʩʪʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʷʝʤʦʤʫ ʧʦʣʫʯʝʥʠʶ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ, ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʢʘʢ ʙʠʦʩʝʥʩʦʨʦʚ (ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ), ʪʘʢ ʠ ʵʣʝʤʝʥʪʦʚ ʙʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʞʝʥ ʢ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʘ ʫʩʢʦʨʝʥʥʦʛʦ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʠʟʘʡʥʘ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʣʷ 
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ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

 ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʪʦʜʠʯʝʩʢʫʶ ʙʘʟʫ ʤʝʪʨʦʣʦʛʠʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʚʝʜʝʥʳ ʜʦ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ 

ʧʨʠ ʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʷʯʝʝʢ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ. 

ɸʚʪʦʨ ʣʠʯʥʦ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ï ʨʘʩʪʚʦʨʦʚ, ʢʨʠʩʪʘʣʣʦʚ, ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ ʠ 

ʠʩʪʦʯʥʠʢʘʭ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʩʪʦʷʯʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʦʣʝʢʫʣ, ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 
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1. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʛʠʧʦʪʝʟʳ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʙʝʣʢʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ, ʚʢʣʶʯʘʶʱʝʡ ʦʣʠʛʦʤʝʨʳ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʣʘʩʪʝʨʳ-ʧʨʝʢʫʨʩʦʨʳ, ʠʟ 

ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʨʦʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʨʠʩʪʘʣʣ (ʬʨʘʛʤʝʥʪʳ 

ʙʫʜʫʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ). ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʢʣʘʩʪʝʨʳ-ʧʨʝʢʫʨʩʦʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʘʩʪʚʦʨʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʪʘʤʝʨʳ, ʜʣʷ ʧʨʦʪʝʠʥʘʟʳ ʂ ʠ ʪʝʨʤʦʣʠʟʠʥʘ ï ʜʠʤʝʨʳ 

ʠ ʛʝʢʩʘʤʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ 

ʨʘʩʪʚʦʨʝ: ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʪʘʤʝʨʦʚ ʠ ʜʠʤʝʨʦʚ ʣʠʟʦʮʠʤʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʟʘʤʝʥʝ ʦʙʳʯʥʦʡ ʚʦʜʳ ʥʘ ʪʷʞʝʣʫʶ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

3. ʅʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ. 

4. ʈʦʣʴ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ: ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʪʘʤʝʨʦʚ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʣʠʟʦʮʠʤʘ ʩ 

ʭʣʦʨʠʜʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʘʪʠʦʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʠʦʪʨʦʧʥʳʤʠ ʨʷʜʘʤʠ: Co > Ni > Cu; K > Na > Li; ʧʦʣʦʞʝʥʠʝ ʠʦʥʦʚ 

ʦʩʘʜʠʪʝʣʝʡ (LiCl, NaCl, KCl, NiCl2, CuCl2) ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʦʣʠʛʦʤʝʨʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʩʚʷʟʠ ʩ ʠʦʥʘʤʠ 

ʫʢʘʟʘʥʥʳʭ ʦʩʘʜʠʪʝʣʝʡ.  

5. ʉʪʨʫʢʪʫʨʘ ʩʪʘʙʠʣʴʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ (ʦʢʪʘʤʝʨʳ 

ʣʠʟʦʮʠʤʘ/ʢʘʪʠʦʥ/ʘʥʠʦʥ), ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʝʝ 

ʧʝʨʝʥʦʩʝ ʥʘ ʧʦʜʣʦʞʢʫ. 

6. ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ ʥʦʚʦʡ ʬʘʟʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʥʦʤʝʨʦʚ, ʜʠʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ ʣʠʟʦʮʠʤʘ, ʚʢʣʶʯʘʶʱʠʭ 
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ʠʦʥʳ ʦʩʘʜʠʪʝʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʪʚʝʨʞʜʸʥʥʦʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ 

ʤʝʪʦʜʘʤʠ ʄʋʈʈ ʠ ʄʋʈʅ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʚʢʣʶʯʘʷ ʧʦʟʠʮʠʠ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʝ), 

ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʧʣʝʥʦʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʠʛʣʘʰʝʥʥʳʭ, ʫʩʪʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: 

VIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʦʪʦʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʧʪʠʢʘè (23 

ï 25 ʷʥʚʘʨʷ 2019, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); International conference and satellite school 

çBiomembranes 2018è (1 ï 5 ʦʢʪʷʙʨʷ 2018, ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ); 14th 

Biennial Conference of High-Resolution X-ray Diffraction and Imaging (XTOP-

2018) (3 ï 7 ʩʝʥʪʷʙʨʷ 2018, ɹʘʨʠ, ʀʪʘʣʠʷ); VII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè 

(16 ï 21 ʘʧʨʝʣʷ 2018, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).; V ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʣʝʪʥʷʷ 

ʰʢʦʣʘ RACIRI-2017 (19 ï 26 ʘʚʛʫʩʪʘ 2017, ʈʦʥʥʝʙʶ, ʐʚʝʮʠʷ); ECS4 - 4th 

European Crystallography School (2 ï 7 ʠʶʣʷ 2017, ɺʘʨʰʘʚʘ, ʇʦʣʴʰʘ); 

International Conference on Electron, Positron, Neutron and X-Ray Scattering under 

the External Influences (16 ï 22 ʦʢʪʷʙʨʷ 2017, ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ); ʉʦʚʝʱʘʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʥʭʨʦʪʨʦʥʥʦ-ʥʝʡʪʨʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (20 ï 23 ʥʦʷʙʨʷ 2017, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); 24th Congress & General 

Assembly of the International Union of Crystallography (21 ï 27 ʘʚʛʫʩʪʘ 2017, 

ʍʘʡʜʘʨʘʙʘʜ, ʀʥʜʠʷ); ʉʝʤʠʥʘʨ BioSoft: The future of biology and soft matter 

research on reactor PIK (14 ï 16 ʤʘʷ 2017, ʇʝʪʝʨʛʦʬ, ʈʦʩʩʠʷ); 30th Meeting of the 

European Crystallographic Association (28 ʘʚʛʫʩʪʘ ï 1 ʩʝʥʪʷʙʨʷ 2016, ɹʘʟʝʣʴ, 

ʐʚʝʡʮʘʨʠʷ); ʇʝʨʚʳʡ ʈʦʩʩʠʡʩʢʠʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ (21 ï 26 
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ʥʦʷʙʨʷ 2016, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); IV ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʣʝʪʥʷʷ ʰʢʦʣʘ 

RACIRI-2016 (21 ï 28 ʘʚʛʫʩʪʘ 2016, ʈʝʧʠʥʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ); 

ɺʦʩʴʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʠ ʰʝʩʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠè (22 

ʠʶʥʷ ï 2 ʠʶʣʷ 2016, ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ); XIII ʂʫʨʯʘʪʦʚʩʢʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ (27 ï 30 ʦʢʪʷʙʨʷ 2015, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); ʉʝʜʴʤʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʠ ʧʷʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠè (24 ï 30 ʘʚʛʫʩʪʘ 2015, 

ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʣʝʪʥʷʷ ʰʢʦʣʘ ʜʣʷ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ: ʦʩʥʦʚʳ ʠ 

ʧʨʠʣʦʞʝʥʠʷè (RACIRI-2015) (22 ï 28 ʘʚʛʫʩʪʘ 2015, ɿʝʣʣʠʥ, ɻʝʨʤʘʥʠʷ); V 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʦʪʦʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʧʪʠʢʘè (3 ï 5 

ʬʝʚʨʘʣʷ 2015, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); ʉʦʚʝʱʘʥʠʝ ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʠʩʪʦʯʥʠʢʦʚ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ (2 ï 3 ʠʶʣʷ 2015, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ); ʉʦʚʝʱʘʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ (27 ï 31 ʦʢʪʷʙʨʷ 2014, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʪʘʨʳʡ ʇʝʪʝʨʛʦʬ, ʈʦʩʩʠʷ); 12th Biennial Conference on High-

Resolution X-Ray Diffraction and Imaging (XTOP 2014) (14 ï 19 ʩʝʥʪʷʙʨʷ, 2014, 

ɻʨʝʥʦʙʣʴ ʠ ɺʠʣʣʘʨ-ʜʝ-ʃʘʥʩ, ʌʨʘʥʮʠʷ); VIII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʢ 

ʬʦʨʤʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘè (24 ï 27 ʠʶʥʷ 2014, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ). 

ʇʫʙʣʠʢʘʮʠʠ: ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʝʥʥʳʤ ʚ 

ʜʠʩʩʝʨʪʘʮʠʶ, ʠʤʝʝʪʩʷ ʙʦʣʝʝ 40 ʧʫʙʣʠʢʘʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ 19 ʩʪʘʪʝʡ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʰʝʩʪʠ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 403 ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 133 ʨʠʩʫʥʢʘ, 30 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 505 ʥʘʠʤʝʥʦʚʘʥʠʡ.  
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 ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1. ɸʅʅʆʊɸʎʀʗ ʂ ɻʃɸɺɽ 1 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʠʩʘʥʠʶ 

ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ (ʈʘʟʜʝʣ 1.2), ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʈʘʟʜʝʣʳ 1.2.2, 1.3), ʘ 

ʪʘʢʞʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ 

ʚ ʨʘʩʪʚʦʨʘʭ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʈʘʟʜʝʣ 1.4). 

ɺ ʈʘʟʜʝʣʝ 1.4 ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʚʣʠʷʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, 

ʜʦʙʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ 

ʦʩʦʟʥʘʥʥʦʛʦ (ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ) ʧʦʠʩʢʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʈʘʥʝʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʦʩʘʜʠʪʝʣʷ ʢ 

ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʚ ʨʘʩʪʚʦʨʝ [2 ï 4]. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ 

ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʤʝʭʘʥʠʟʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʙʳʣʠ. ɹr ʣʦ 

ʩʜʝʣʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʙ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʰʣʠ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʠʟʦʮʠʤʘ ʠʟ ʢʫʨʠʥʦʛʦ ʷʡʮʘ (Hen Egg-White Lysozyme, HEWL) [5]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʟʦʮʠʤʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʙʝʣʢʘ. 

ʅʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ 

ʙʝʣʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʦ ʠ ʦʢʨʫʞʝʥʠʝ ʙʝʣʢʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʦ ʠʤʝʝʪ, 

ʥʘʧʨʠʤʝʨ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʧʠʩʳʚʘʪʴ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ 
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ʙʝʣʢʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʦ ʠ ʦʧʠʩʘʪʴ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠ ʦʩʦʟʥʘʥʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʢʨʫʞʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʦʮʝʩʩ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ï ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ 

ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʢʘʢ ʚ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʝ ʥʘ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʥʦʩʝ ʥʘ ʧʦʜʣʦʞʢʫ).  

ɺ ʈʘʟʜʝʣʝ 1.5 ʜʘʥ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʙʦʪʘʤ, ʧʦʩʚʷʱʝʥʥʳʤ ʧʦʣʫʯʝʥʠ ʁʣʝʥʛʤʶʨʦʚʩʢʠʭ 

ʤʦʥʦʩʣʦʝʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
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1.2. ɹɽʃʂʀ ʀ ʉʊʈʋʂʊʋʈʅɸʗ ɹʀʆʃʆɻʀʗ 

1.2.1. ɹʝʣʢʠ ʠ ʠʭ ʬʫʥʢʮʠʠ 

ɹʝʣʢʠ ʚʳʧʦʣʥʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʮʝʩʩʳ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʢʣʝʪʦʢ, ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʨʫʞʠʝʤ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʢʣʝʪʢʠ.  

ʄʦʣʝʢʫʣʘ ʙʝʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʦʣʠʧʝʧʪʠʜʥʫʶ ʮʝʧʴ. çɹʝʣʢʦʚʘʷ 

ʮʝʧʴ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʚʝʥʴʝʚ ï ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ. ʕʪʘ ʮʝʧʴ ʠʤʝʝʪ ʭʠʤʠʯʝʩʢʠ ʨʝʛʫʣʷʨʥʳʡ ʦʩʪʦʚ (ʛʣʘʚʥʫʶ ʮʝʧʴ), ʦʪ 

ʢʦʪʦʨʦʛʦ ʦʪʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʦʢʦʚʳʝ ʛʨʫʧʧʳ ʘʤʠʥʦʢʠʩʣʦʪ ï ʨʘʜʠʢʘʣʳ R1, 

R2, ..., RM. 

 

ʉʫʱʝʩʪʚʫʝʪ 20 ʦʩʥʦʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʚ 

ʙʝʣʢʦʚʦʡ ʮʝʧʠ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʘʤʠ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʝʣʢʘ 

ʠʥʦʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʤʠʥʦʢʠʩʣʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʝ 

ʙʝʣʢʠ ʚʢʣʶʯʘʶʪʩʷ ʨʘʟʥʳʝ ʢʦʬʘʢʪʦʨʳ ï ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, ʠʦʥʳ, ʩʘʭʘʨʘ, 

ʥʫʢʣʝʦʪʠʜʳ, ʬʨʘʛʤʝʥʪʳ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʪ.ʜ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʠ 

ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʦʯʢʘʤ ʮʝʧʠ ʙʝʣʢʘ, ʥʦ ʟʘʯʘʩʪʫʶ 

ʠ ʧʨʦʩʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠ çʧʨʠʣʠʧʘʶʪè ʢ ʙʝʣʢʫè [1], (ʃʝʢʮʠʷ 1). 

ʎʝʧʴ ʙʝʣʢʘ ʚ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʚʝʨʥʫʪʘ ʩʪʨʦʛʦ ʟʘʜʘʥʥʳʤ 

ʦʙʨʘʟʦʤ. ɿʘʜʘʥʥʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʬʘʢʪʠʯʝʩʢʠ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʛʝʤʦʛʣʦʙʠʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʢʘʞʜʳʡ ʘʪʦʤ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʠʤʝʝʪ çʩʚʦʝ ʤʝʩʪʦè, ʩʚʦʠ 

ʢʦʦʨʜʠʥʘʪʳ. 

ɹʝʣʢʠ ʤʦʛʫʪ çʞʠʪʴè ʚ ʨʘʟʣʠʯʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʯʪʦ ʷʚʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʝ: çʅʘʧʨʠʤʝʨ, ʯʝʤ ʤʝʥʴʰʝ ʚʦʜʳ ʚʦʢʨʫʛ ʙʝʣʢʘ, ï ʪʝʤ 
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ʥʝʚʦʩʧʦʣʥʠʤʝʝ ʨʘʟʨʳʚ ʤʦʱʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʪʷʛʠʚʘʶʱʠʭ ʝʛʦ ʮʝʧʴ, 

ʪʝʤ ʮʝʥʥʝʝ ʜʣʷ ʙʝʣʢʘ ʵʪʠ ʩʚʷʟʠ (ʘ ʠʤʝʥʥʦ ʦʥʠ ʢʨʝʧʷʪ ʩʪʨʫʢʪʫʨʫ ʦʩʪʦʚʘ 

ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ), ʪʝʤ ʨʝʛʫʣʷʨʥʝʝ ʚʳʥʫʞʜʝʥʘ ʙʳʪʴ ʩʪʘʙʠʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʙʝʣʢʘè [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ çʞʠʟʥʝʥʥʳʤ ʫʩʣʦʚʠʷʤè ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʪʠʧʫ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: ʬʠʙʨʠʣʣʷʨʥʳʝ, ʤʝʤʙʨʘʥʥʳʝ 

ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ. 

çʌʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ ʦʙʨʘʟʫʶʪ ʦʛʨʦʤʥʳʝ ʘʛʨʝʛʘʪʳ; ʠʭ ʩʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦ 

ʨʝʛʫʣʷʨʥʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʮʝʧʷʤʠ. 

ʄʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ çʞʠʚʫʪè ʚ ʤʝʤʙʨʘʥʝ, ʛʜʝ ʥʝʪ ʚʦʜʳ, ʥʦ ʯʘʩʪʠ ʠʭ 

ʚʳʩʪʫʧʘʶʪ ʠʟ ʤʝʤʙʨʘʥʳ ʚ ʚʦʜʫ. ɺʥʫʪʨʠʤʝʤʙʨʘʥʥʳʝ ʯʘʩʪʠ ʪʘʢʠʭ ʙʝʣʢʦʚ ï ʢʘʢ 

ʠ ʬʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ ï ʚʳʩʦʢʦ ʨʝʛʫʣʷʨʥʳ ʠ ʧʨʦʰʠʪʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʥʦ ʨʘʟʤʝʨ ʵʪʠʭ ʨʝʛʫʣʷʨʥʳʭ ʯʘʩʪʝʡ ʦʛʨʘʥʠʯʝʥ ʪʦʣʱʠʥʦʡ ʤʝʤʙʨʘʥʳ. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ, ʞʠʚʫʱʠʝ ʚ ʚʦʜʝ ʛʣʦʙʫʣʷʨʥʳʝ ʙʝʣʢʠ ʥʘʠʤʝʥʝʝ 

ʨʝʛʫʣʷʨʥʳ (ʦʩʦʙʝʥʥʦ ʥʝʙʦʣʴʰʠʝ); ʠʭ ʩʪʨʫʢʪʫʨʘ ʜʝʨʞʠʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʙʝʣʢʦʚʦʡ ʮʝʧʠ ʩ ʩʘʤʦʡ ʩʦʙʦʡ, ʧʨʠʯʝʤ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʘʣʝʢʠʭ ʧʦ ʮʝʧʠ, ʥʦ ʩʙʣʠʟʠʚʰʠʭʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

(ʛʠʜʨʦʬʦʙʥʳʭ) ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʙʝʣʢʦʚʦʡ ʮʝʧʠ ʩ 

ʢʦʬʘʢʪʦʨʘʤʠè [1]. 

ʇʨʠʚʝʜʝʥʥʦʝ ʜʝʣʝʥʠʝ ʦʯʝʥʴ ʛʨʫʙʦ, ʧʦʩʢʦʣʴʢʫ, ʟʘʯʘʩʪʫʶ, ʙʝʣʦʢ ʤʦʞʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʛʣʦʙʫʣʷʨʥʦʡ çʛʦʣʦʚʢʠè ʠ ʬʠʙʨʠʣʣʷʨʥʦʛʦ çʭʚʦʩʪʘè (ʥʘʧʨʠʤʝʨ, 

ʤʠʦʟʠʥ [6]) ʠ ʪ.ʜ. 

ʌʫʥʢʮʠʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ, ʢʘʢ ʚ 

ʠʟʫʯʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʘʢ ʠ ʚ ʩʦʟʜʘʥʠʠ 

ʙʝʣʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʝʜʠʮʠʥʳ, ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ.  
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ɼʝʡʩʪʚʠʝ ʚʩʝʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʣʝʢʘʨʩʪʚʘ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ-

ʤʠʰʝʥʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ-ʣʝʢʘʨʩʪʚʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣʳ-ʤʠʰʝʥʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʦʣʝʢʫʣʦʡ-ʣʝʢʘʨʩʪʚʦʤ. ɿʥʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʜʝʘʣʴʥʦ ʩʪʝʨʠʯʝʩʢʠ ʧʦʜʭʦʜʷʪ ʢ 

ʤʦʣʝʢʫʣʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

(ʣʠʙʦ ʘʢʪʠʚʘʪʦʨʦʚ), ʜʝʣʘʷ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʢʫʨʩʦʨʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ʂʨʦʤʝ ʬʘʨʤʘʮʝʚʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʚʘʞʥʳ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʨʘʟʚʠʪʠʷ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ (ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʦʚ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ. ɽʱʝ ʦʜʥʘ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʥʘ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʩʦʩʪʘʚ, ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʩʪʝʨʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʫʩʢʦʨʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʜʝʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ:  

¶ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʘʞʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʙʠʦʩʝʥʩʦʨʦʚ, ʩʠʩʪʝʤ ʙʠʦʢʦʤʧʴʶʪʠʥʛʘ, ʤʝʤʨʠʩʪʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʪʁʩʷ ʙʠʦʤʦʣʝʢʫʣʳ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʥʪʝʨʝʩʥʳ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʬʘʨʤʘʮʝʚʪʠʢʠ, ʤʝʜʠʮʠʥʳ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʜʨ. 
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ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʤʝʥʝʝ 

20 000 ʙʝʣʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ [7]. ɹʝʣʢʠ, ʪʘʢ ʞʝ, ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʯʨʝʟʚʳʯʘʡʥʦ ʤʥʦʛʦʦʙʨʘʟʥʳ. 

ɹʝʣʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʝʪʢʠ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠʣʠ ʠʟʤʝʥʷʪʴ 

ʬʦʨʤʫ, ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʫ ʩʦʢʨʘʪʠʪʝʣʴʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʙʝʣʢʦʚ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʘʢʪʠʥ ʠ ʤʠʦʟʠʥ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʦʢʨʘʱʝʥʠʠ ʤʳʰʮ [6, 8], 

ʵʣʘʩʪʦʤʝʨʥʳʡ ʙʝʣʦʢ ʨʠʟʝʣʠʥ [9]. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʠʟʝʣʠʥʘ ʧʦʟʚʦʣʷʶʪ 

ʥʝʢʦʪʦʨʳʤ ʥʘʩʝʢʦʤʳʤ ʩʦʚʝʨʰʘʪʴ ʧʨʳʞʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʱʠʝ ʠʭ ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʟʤʝʨ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ ï ʜʨʫʛʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʙʝʣʢʦʚ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ 

ʙʝʣʢʠ, ʧʨʠʜʘʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ, ʥʘʧʨʠʤʝʨ, 

ʬʠʙʨʠʣʣʷʨʥʳʡ ʙʝʣʦʢ ʢʦʣʣʘʛʝʥ [10]. ʊʘʢʞʝ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʟʘʱʠʪʥʳʝ ʙʝʣʢʠ, 

ʘʥʪʠʪʝʣʘ, ʨʝʛʫʣʷʪʦʨʥʳʝ (ʨʝʮʝʧʪʦʨʥʳʝ) ʙʝʣʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʝʛʫʣʷʮʠʠ 

ʢʣʝʪʦʯʥʦʡ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʛʦʨʤʦʥʦʚ ʯʝʣʦʚʝʢʘ 

ʠ ʜʨʫʛʠʝ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʛʥʘʣʴʥʳʝ ʙʝʣʢʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʮʠʪʦʢʠʥʳ [11 ï 14] ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʙʝʣʢʠ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʛʝʤʦʛʣʦʙʠʥ, ʩʚʷʟʳʚʘʶʱʠʡ ʢʠʩʣʦʨʦʜ ʠ ʜʦʩʪʘʚʣʷʶʱʠʡ ʝʛʦ ʢ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʤ ʪʢʘʥʷʤ [15], ʘ ʪʘʢʞʝ ʙʝʣʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʣʠʧʠʜʳ [16]. 

ʆʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ ʛʣʠʢʦʣʠʧʠʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʥʘʨʷʜʫ ʩ ʙʝʣʢʦʤ HET-ʉ2, FAPP2 ʠ CERT 

ʧʝʨʝʥʦʩʠʪ ʛʣʠʢʦʣʠʧʠʜʳ ʦʪ ʤʝʤʙʨʘʥʳ ʢ ʤʝʤʙʨʘʥʝ [17]. ʀʟʫʯʝʥʠʝ ʧʫʪʝʡ 

ʨʝʛʫʣʷʮʠʠ ʝʛʦ ʨʘʙʦʪʳ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪ.ʢ. ʥʘʨʫʰʝʥʠʝ 

ʪʨʘʬʠʢʘ ʛʣʠʢʦʩʬʠʥʛʦʣʠʧʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ʉʘʤʳʡ ʤʥʦʛʦʦʙʨʘʟʥʳʡ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ 

ʩʦʩʪʘʚʣʷʶʪ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʬʝʨʤʝʥʪʳ (ʠʣʠ ʵʥʟʠʤʳ) [18 ï 20]. 
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1.2.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ 

ɹʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʠʶ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ. ʂ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʘʤ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʪʥʦʩʠʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

(ʈʉɸ). 

ɸʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʈʉɸ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʥʘʯʘʣʠ 

ʚ 1930 ï 40-ʭ ʛʛ. 

Á 1934 ʛ. ï ʇʝʨʚʫʶ ʨʝʥʪʛʝʥʦʛʨʘʤʤʫ ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʧʝʧʩʠʥʘ 

(ʦʜʥʦʛʦ ʠʟ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ), ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʚ 1929 ʛ. 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʙʠʦʭʠʤʠʢʦʤ ɼʞʦʥʦʤ ʅʦʨʪʨʦʧʦʤ, ʧʦʣʫʯʠʣʠ ʙʨʠʪʘʥʩʢʠʝ ʫʯʝʥʳʝ 

ɼʞʦʥ ɹʝʨʥʘʣ ʠ ɼʦʨʦʪʠ ʍʦʜʞʢʠʥ [21, 22]; 

Á 1941 ʛ. ï ʇʝʨʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ɼʅʂ (ʋʠʣʴʷʤ ʕʩʪʙʝʨʠ) [23, 24]; 1953 

ï ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ɼʅʂ. 

Á 1958 ʛ. ï ʈʘʩʰʠʬʨʦʚʘʥʳ ʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ð 

ʤʠʦʛʣʦʙʠʥʘ ʠ ʛʝʤʦʛʣʦʙʠʥʘ (ɼʞʦʥ ʂʝʥʜʨʴʶ [25 ï 29], ʄʘʢʩ ʇʝʨʫʪʮ [30 ï 34]). 

ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʶ ʚʦʦʙʱʝ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʈʉɸ ʚ ʯʘʩʪʥʦʩʪʠ ʚʥʝʩ ʘʢʘʜʝʤʠʢ ɹʦʨʠʩ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ɺʘʡʥʰʪʝʡʥ, ʤʥʦʛʠʝ ʛʦʜʳ ʚʦʟʛʣʘʚʣʷʚʰʠʡ ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ɸʅ ʉʉʉʈ. ɺ ʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʙʦʪʳ ʧʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʝʱʝ ʚ 50-ʭ ʛʦʜʘʭ 

ʍʍ ʚ. [35 ï 41], ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʚʘʞʥʝʡʰʠʭ ʙʝʣʢʦʚ ʠ 

ʠʟʫʯʝʥʘ ʠʭ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʨʘʩʰʠʬʨʦʚʘʥʳ 

ʩʪʨʫʢʪʫʨʳ ʣʝʛʛʝʤʦʛʣʦʙʠʥʘ (1975 ʛ.) ï ʢʠʩʣʦʨʦʜʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ ʨʘʩʪʝʥʠʡ 

(Protein Data Bank: https://www.rcsb.org/; PDB ID: 1LH1ï3, 1LH5ï7, 2LH1ï3, 

2LH5ï7 [42]), ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʳ (1978 ʛ.) ï ʬʝʨʤʝʥʪʘ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʠ 

ʢʘʪʘʣʘʟʳ (1981 ʛ.) ï ʙʝʣʢʘ ʩ ʨʝʢʦʨʜʥʳʤ ʥʘ ʪʦ ʚʨʝʤʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʙʦʣʝʝ 

200 ʢɼʘ (PDB ID: 1HBZ [43], 2XF2, 1GWH, 1GWF, 1GWE). ɼʣʷ ʩʚʦʝʛʦ 

https://www.rcsb.org/
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ʚʨʝʤʝʥʠ ʵʪʦ ʙʳʣʠ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʰʝʛʦ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. ɽʛʦ ʞʝ ʣʘʙʦʨʘʪʦʨʠʷ 

ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʧʠʦʥʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʈʉɸ ʢ ʠʟʫʯʝʥʠʶ ʪʘʢʠʭ ʢʨʫʧʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʚʠʨʫʩʳ. 

ʐʢʦʣʘ ɺʘʡʥʰʪʝʡʥʘ ʟʘʣʦʞʠʣʘ ʧʨʦʯʥʳʡ ʬʫʥʜʘʤʝʥʪ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʙʠʦʣʦʛʠʠ ʠ ʦʢʘʟʘʣʘ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʥʦʚʣʝʥʠʝ ʈʉɸ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ 

ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʆʪʜʝʣ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʚ ʀʥʩʪʠʪʫʪʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ (ʀʂ ʈɸʅ, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ) 

ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʫʯʝʥʠʢʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʠ ɹʦʨʠʩʘ ɺʘʡʥʰʪʝʡʥʘ ʥʳʥʝ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʠ ʫʯʨʝʞʜʝʥʠʷʭ ʈɸʅ ð ʀʥʩʪʠʪʫʪʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʙʠʦʣʦʛʠʠ ʠʤ. ɺ.ɸ. ʕʥʛʝʣʴʛʘʨʜʪʘ, ʀʥʩʪʠʪʫʪʝ ʙʝʣʢʘ, ʀʥʩʪʠʪʫʪʝ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ, ʀʥʩʪʠʪʫʪʝ 

ʙʠʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ɹʘʭʘ. 

ɿʥʘʯʠʪʝʣʝʥ ʚʢʣʘʜ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʠ ʚ ʩʪʘʥʦʚʣʝʥʠʝ ʜʨʫʛʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ð ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʈʘʙʦʪʳ ʃʴʚʘ 

ɸʙʨʘʤʦʚʠʯʘ ʌʝʡʛʠʥʘ (ʀʂ ʈɸʅ, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ) 

ʠ ʝʛʦ ʫʯʝʥʠʢʘ ɼʤʠʪʨʠʷ ʉʚʝʨʛʫʥʘ ʟʘʣʦʞʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, 

ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ [44]. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʙʝʣʢʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʳ ʠ ʛʝʥʝʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ 

ʟʘʥʠʤʘʶʪʩʷ ʣʠʙʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨ 

ʙʝʣʢʦʚ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ 

ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʝʦʨʠʡ ʠ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [45]. 

ɿʥʘʥʠʷ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʠ ʨʘʙʦʪʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʚʩʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʧʨʦʪʝʦʤʠʢʠ, ʥʝʦʙʭʦʜʠʤʳ ʚ ʜʨʘʛ-

ʜʠʟʘʡʥʝ, ʙʝʣʢʦʚʦʡ ʠ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ [46] (ʈʘʟʜʝʣ r1.2.3, 1.2.4). 
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ʊʳʩʷʯʠ ʩʪʨʫʢʪʫʨ ʧʫʙʣʠʢʫʶʪʩʷ ʢʘʞʜʳʡ ʛʦʜ ʚ ʧʨʝʩʪʠʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʫʨʥʘʣʘʭ ʤʠʨʘ ʠ ʜʝʧʦʥʠʨʫʶʪʩʷ ʚ ʦʪʢʨʳʪʫʶ ʢʦʤʧʴʶʪʝʨʥʫʶ ʙʘʟʫ ʙʝʣʢʦʚʳʭ 

ʜʘʥʥʳʭ (Protein Data Bank, PDB, https://www.rcsb.org/) (ʈʠʩ. 1.1). ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʣʦ ʠ ʢ ʥʘʯʘʣʫ 2021 

ʛʦʜʘ ʚ PDB ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʙʦʣʝʝ 175000 ʩʪʨʫʢʪʫʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

 

 

ʈʠʩ. 1.1 ï ʉʪʘʪʠʩʪʠʢʘ PDB1: ʦʙʱʠʡ ʨʦʩʪ ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʛʦʜ. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʠʭʘʠʣʘ ɺʘʣʝʥʪʠʥʦʚʠʯʘ ʂʦʚʘʣʴʯʫʢʘ ɺ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʙʳʣʦ ʩʦʟʜʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ï 

ʎʝʥʪʨ ʅʘʥʦ-, ɹʠʦ-, ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʂʦʛʥʠʪʠʚʥʳʭ, ʉʦʮʠʦʛʫʤʘʥʠʪʘʨʥʳʭ 

ʥʘʫʢ ʠ ʇʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʊʝʭʥʦʣʦʛʠʡ (ʅɹʀʂʉ-ʇʊ). çʎʝʣʴ ʝʛʦ ʩʦʟʜʘʥʠʷ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ ʜʣʷ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʨʳʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠè [47]. ɺ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʎʝʥʪʨʘ ʚʭʦʜʷʪ çɹʝʣʢʦʚʘʷ 

ʬʘʙʨʠʢʘè, ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʢʣʘʩʩʘ ʤʝʛʘʩʘʡʝʥʩ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʉʀ çʂʀʉʀ-

ʂʫʨʯʘʪʦʚè, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ ʀʈ-8, ʘ ʪʘʢʞʝ ʦʪʜʝʣʳ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [48] ʠ ʢʨʠʦ-ʇʕʄ ʥʘ ʦʩʥʦʚʝ Titan Krios 60-300 [49]. 

 
1 ʧʦ ʜʘʥʥʳʤ (ʤʘʨʪ 2021) https://www.rcsb.org/ 

https://www.rcsb.org/
https://www.rcsb.org/


26 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʅɹʀʂʉ-ʇʊ çɹʝʣʢʦʚʘʷ ʬʘʙʨʠʢʘè 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ, ʥʘʨʘʙʦʪʢʫ, ʦʯʠʩʪʢʫ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʉʀ 

çʂʀʉʀ-ʂʫʨʯʘʪʦʚè. 

ɺ 2010 ʛʦʜʫ ʚ ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ" ʙʳʣ ʩʦʟʜʘʥ ʎʝʥʪʨ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ (ʎʆɼ) ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅɹʀʂʉ-ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʚ 2018 ʛ. ʚ ʆʙʲʝʜʠʥʝʥʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ (ʆɺʂ). ʆɺʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ, 

ʤʥʦʛʦʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ɻʨʠʜ-ʮʝʥʪʨ [50]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

¶ ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠʣʠ ʙʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ (ʈʉɸ, 

Macromolecular X-ray Crystallography, MX) [51], ʩʝʨʠʡʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ 

(Serial Crystallography [52]); 

¶ ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ), ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ [53]; 

¶ ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʕʄ), ʢʨʠʦʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʢʨʠʦ-ʕʄ, cryoEM) [54]. 

ʅʘ ʈʠʩ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʀ ʚ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʬʨʘʛʤʝʥʪʦʚ ʜʘʥʥʳʭ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʘʪʦʤʥʦʡ ʤʦʜʝʣʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʥʝʩʫʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣʳ. ɼʣʷ ʈʉɸ ʵʪʦ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʜʘʥʥʳʝ (ʢʘʨʪʠʥʳ ʜʠʬʨʘʢʮʠʠ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ). ɼʣʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʪʦ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʦʢʘʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʱʝʡ ʬʦʨʤʳ ʤʦʣʝʢʫʣʳ. 
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ʈʠʩ. 1.2 ï ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ2, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʧʦ ʜʘʥʥʳʤ PDB ʥʘ ʥʘʯʘʣʦ 

2021 ʛʦʜʘ). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʢʘʟʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʪʦʤʥʦʡ ʤʦʜʝʣʠ çʩ ʥʫʣʷè. ʊʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʅʘʧʨʠʤʝʨ, ʟʘʯʘʩʪʫʶ ʫʞʝ 

ʠʟʚʝʩʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʙʝʣʢʝ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʪʠʧʠʯʥʦʤ ʙʝʣʢʝ (ʥʘʧʨʠʤʝʨ, ʜʣʠʥʫ ʩʚʷʟʠ ʠ 

ʫʛʣʳ ʩʚʷʟʠ). ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʪʘʢ ʠ ʦʞʠʜʘʝʤʳʤ ʩʦʩʪʘʚʫ ʠ 

ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʘʧʨʠʦʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʙʝʣʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʠ ʪʦʯʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʨʘʩʰʠʬʨʦʚʢʠ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɹʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʘʨʭʠʚ PDB (ɹʘʥʢ 

ɹʝʣʢʦʚʳʭ ʉʪʨʫʢʪʫʨ, Protein Data Bank [55]), ʦʢʦʣʦ 88%, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

 
2 ʧʦ ʜʘʥʥʳʤ (ʤʘʨʪ 2021) https://www.rcsb.org/ 

https://www.rcsb.org/
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ʤʝʪʦʜʦʤ ʙʝʣʢʦʚʦʡ (ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ) ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʣʠ 

ʈʉɸ. 

ɼʣʷ ʤʝʪʦʜʘ ʈʉɸ ʙʝʣʦʢ ʦʯʠʱʘʝʪʩʷ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ 

ʢʨʠʩʪʘʣʣ ʙʝʣʢʘ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

[56, 57], ʘ ʪʘʢʞʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʠ ʥʝʡʪʨʦʥʦʚ [58, 59]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʣʘ 

ʙʝʣʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʙʝʣʢʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʢʘʨʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʪʝʤ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʛʦ ʘʪʦʤʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʪʨʦʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʙʝʣʢʦʚ 

ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʫʢʪʫʨ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʙʳʣʠ ʨʝʰʝʥʳ ʠʤʝʥʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

[60]. ʕʪʦʪ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʨʷʜʦʤ ʨʘʟʨʘʙʦʪʦʢ, ʥʘʯʠʥʘʷ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʫʣʫʯʰʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʆʩʥʦʚʥʳʤ ʫʟʢʠʤ ʤʝʩʪʦʤ, ʤʝʰʘʶʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʙʠʦʣʦʛʘʤ ʜʦʙʘʚʠʪʴ ʥʝʡʪʨʦʥʥʫʶ ʙʝʣʢʦʚʫʶ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʶ ʢ ʯʠʩʣʫ 

ʨʝʛʫʣʷʨʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ 

ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ [60] 

ʦʙʲʷʩʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

(ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ, ʚ ʦʙʲʝʤʝ ʠ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʜʠʘʣʠʟʘ) ʠ ʧʨʠʚʦʜʷʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʫʩʧʝʰʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʙʦʣʴʰʠʝ 

ʢʨʠʩʪʘʣʣʳ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʦʚ. 

ɸʨʭʠʚ PDB ʩʦʜʝʨʞʠʪ ʜʚʘ ʪʠʧʘ ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʌʘʡʣʳ ʢʦʦʨʜʠʥʘʪ ʩʦʜʝʨʞʘʪ ʘʪʦʤʥʳʝ ʧʦʟʠʮʠʠ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʬʘʡʣʳ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʚʝʣʠʯʠʥʳ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʬʘʟʫ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʨʪʫ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ (ʈʠʩ. 1.3). 
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ʈʠʩ. 1.3 ï ʘ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ɼʅʂ 

(PDB 196D) ʚʤʝʩʪʝ ʩ ʘʪʦʤʥʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʝ ʈʉɸ ʜʘʥʥʳʭ. ʂʦʥʪʫʨʳ ʦʢʨʫʞʘʶʪ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʦʤʘʤ ʚ ʤʦʣʝʢʫʣʝ. 

ʙ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ɼʅʂ. ʈʘʟʨʝʰʝʥʠʝ 1.7 ¡ [61] . 

ɹʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʯʝʥʴ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʢʘʢ ʚ ʙʝʣʢʝ 

ʠʣʠ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʪʘʢ ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʦʚ, ʠʥʛʠʙʠʪʦʨʦʚ, ʠʦʥʦʚ ʠ 

ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ. ʆʜʥʘʢʦ ʢʨʠʩʪʘʣʣʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ çʧʨʠʚʝʨʝʜʣʠʚʳè: ʦʜʥʠ ʙʝʣʢʠ ʦʙʨʘʟʫʶʪ ʩʦʚʝʨʰʝʥʥʳʝ, 

ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʘ ʜʨʫʛʠʝ ï ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʳ ʥʠʟʢʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʩ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʪ ʢʘʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʘʪʦʤʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ 

ʢʨʠʩʪʘʣʣʳ ʙʝʣʢʘ ʚʳʩʦʢʦʛʦ, ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ < 1 ¡. ʊʘʢʞʝ, ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʟʘʯʘʩʪʫʶ ʚʝʩʴʤʘ ʩʣʦʞʝʥ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ (ʈʘʟʜʝʣ 1.3). 

(ʘ) (ʙ) 
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ʉʝʨʠʡʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ 

ʅʦʚʳʡ ʧʦʜʭʦʜ, ʥʘʟʳʚʘʝʤʳʡ ʩʝʨʠʡʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʝʡ, ʧʨʦʠʟʚʝʣ 

ʨʝʚʦʣʶʮʠʶ ʚ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʈʃʉʕ) ʛʝʥʝʨʠʨʫʶʪʩʷ ʠʤʧʫʣʴʩʳ ʠʟʣʫʯʝʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʡ ʷʨʢʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ ʬʝʤʪʦʩʝʢʫʥʜ [62ï64]. ʇʦʪʦʢ 

(ʩʪʨʫʷ) ʢʨʠʩʪʘʣʣʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʦʪ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʤʠʢʨʦʤʝʪʨʦʚ) 

ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ, ʢʘʞʜʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʠʤʧʫʣʴʩ 

ʩʦʟʜʘʝʪ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʦʪ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʵʪʦʛʦ, ʦʙʳʯʥʦ, 

ʩʛʦʨʘʝʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʥʳʡ 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʦʪʜʝʣʴʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ. ʄʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ [65ï67], ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʪʘʢ ʞʝ ʠʟʫʯʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ, ʩ ʧʠʢʦ- ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʭʨʦʤʦʬʦʨʘʤʠ (ʈʠʩ. 1.4). 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʝʣʘʝʤʳʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ 

ʦʛʨʘʥʠʯʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʤʠʢʨʦʤʝʪʨʘʤʠ, ʠ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʩʪʘʣʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʝʨʠʡʥʳʭ ʤʝʪʦʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʠʭ ʨʘʟʤʝʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʦ ʠʟʫʯʝʥʳ. 

ʅʘʧʨʠʤʝʨ, ʚ [68] ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, L-

ʘʩʧʘʨʪʘʪ-ʘʣʴʬʘ-ʜʝʢʘʨʙʦʢʩʠʣʘʟʦʡ, ʥʠʪʨʠʪʨʝʜʫʢʪʘʟʦʡ ʤʝʜʠ ʠ ʘʤʠʥʦʢʩʠʜʘʟʦʡ 

ʤʝʜʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʧʝʨʝʭʦʜʘ ʦʪ ʠʟʚʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʙʲʝʤʝ, ʤʠʥʫʷ ʪʨʫʜʦʝʤʢʫʶ ʨʘʙʦʪʫ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʢʨʝʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ. ʉʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʦʩʘʜʠʪʝʣʝʤ 

ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʙʝʣʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʠʤʳʤʠ ʢʦ ʤʥʦʛʠʤ 
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ʩʠʩʪʝʤʘʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʩʝʨʠʡʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɹʝʣʦʢ ʦʯʠʱʘʝʪʩʷ, ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʟʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʚʦʣʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʙʦʨ 

ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʟʦʥʘʥʩʦʚ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʠʩʢʘ ʘʪʦʤʥʳʭ 

ʷʜʝʨ ʚʙʣʠʟʠ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʦʢʘʣʴʥʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʠʩʦʢ ʩʚʷʟʝʡ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʘʪʦʤʘ. 

ʇʦ ʜʘʥʥʳʤ ʙʘʟʳ PDB ʤʝʪʦʜ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ 

ʤʝʩʪʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7.6 % ʥʘ 

ʥʘʯʘʣʦ 2021 ʛ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʠʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʛʨʘʥʠʯʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʝʣʢʦʚ ʤʘʣʝʥʴʢʠʭ ʠʣʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʦʣʴʰʠʭ ʙʝʣʢʦʚ ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʝʨʝʢʨʳʪʠʝʤ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʜʘʥʥʳʤ ʗʄʈ, ʧʨʠʚʝʜʝʥʳ ʚ (ʈʠʩ. 1.5), [69, 70]. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʪʚʦʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʣʝʢʫʣ ʙʝʣʢʘ, çʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭè ʚ ʢʨʠʩʪʘʣʣʝ (ʙʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ) 

ʠʣʠ çʧʨʠʢʨʝʧʣʝʥʥʳʭè ʢ ʨʝʰʝʪʢʝ ʤʠʢʨʦʩʢʦʧʘ (ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ). 

çɺʦʧʨʦʩ ʦ ʪʦʤ, ʦʜʠʥʘʢʦʚʘ ʣʠ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚ ʨʘʩʪʚʦʨʝ, 

ʦʙʩʫʞʜʘʣʩʷ ʜʦʣʛʠʝ ʛʦʜʳ, ʧʦʢʘ ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʦʜʥʘʢʦ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʙʳʯʥʦ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʘ ʠ ʪʘ ʞʝè [1]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʨʠʤʝʨʥʦ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟʦʪʦʧʥʦ-ʥʘʧʨʘʚʣʝʥʥʘʷ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʪʘʣʘ ʤʦʱʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ [71]. 
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ʈʠʩ. 1.4 ï ʉʪʨʫʢʪʫʨʳ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʞʝʣʪʦʛʦ ʙʝʣʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʩʝʨʠʡʥʦʡ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʧʦʩʣʝ ʦʩʚʝʱʝʥʠʷ. ɿʘʬʠʢʩʠʨʦʚʘʥʘ 

ʠʟʦʤʝʨʠʟʘʮʠʷ ʭʨʦʤʦʬʦʨʘ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ. ʇʦʢʘʟʘʥʳ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʨʘʟʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ: ʘ) ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ; ʙ) 100 ï 

400 ʬʝʤʪʦʩʝʢʫʥʜ ʧʦʩʣʝ ʦʩʚʝʱʝʥʠʷ; ʚ) 3 ʧʠʢʦʩʝʢʫʥʜʳ; ʛ) 100 ʧʠʢʦʩʝʢʫʥʜ; ʜ) 

200 ʥʘʥʦʩʝʢʫʥʜ; ʝ) 1 ʤʠʣʣʠʩʝʢʫʥʜʘ. ʋʢʘʟʘʥʳ ʥʦʤʝʨʘ ʚ ʙʘʟʝ PDB. ʈʘʟʨʝʰʝʥʠʝ 

1.6 ¡ [72] . 

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 
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ʉʦ ʩʪʨʫʢʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʗʄʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚ ʦʩʥʦʚʥʦʤ ʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʗʄʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʚʟʘʠʤʦʧʨʝʚʨʘʱʘʶʱʠʤʠʩʷ ʩʦʩʪʦʷʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʩ ʟʘʩʝʣʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ 1%. 

 

ʈʠʩ. 1.5 ï ʉʪʨʫʢʪʫʨʘ ʤʦʥʦʤʝʨʘ ʛʝʤʦʛʣʦʙʠʥʘ (PDB ID: 1VRE, 1VRF), 

ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʘ) ï ɹʝʣʦʢ ʧʦʢʘʟʘʥ ʟʝʣʝʥʳʤ 

ʮʚʝʪʦʤ, ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ. ʙ) ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʛʝʤʦʛʣʦʙʠʥʘ 

PDB ID: 1VRF [73] . 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʕʄ), ʢʨʠʦ-ʕʄ 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʘʷ 3D ʕʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (3D ʕʄ), ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʙʦʣʴʰʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ) [74]. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʳʭ ʣʠʥʟ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʷʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʠʦʤʦʣʝʢʫʣʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʜʚʫʭʤʝʨʥʳʭ ʧʨʦʝʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

(ʘ) (ʙ) 
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ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ), ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʠʟʫʘʣʠʟʘʮʠʶ ʤʥʦʞʝʩʪʚʘ (~103 ï 105) 

ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʣʴʜʘ (ʢʨʠʦ-ʕʄ) [75, 76]. ʇʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʤʥʦʞʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʤʦʣʝʢʫʣʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʠʝʥʪʘʮʠʷʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʦʜʭʦʜ, ʧʦʭʦʞʠʡ ʥʘ ʪʦʪ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʩʝʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠʣʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚ ʤʝʜʠʮʠʥʝ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʫʶ 

ʢʘʨʪʫ ʤʘʩʩʦʚʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ 

ʢʘʨʪʳ 3D ʕʄ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʝʝ ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʘʪʦʤʘʨʥʦʡ ʤʦʜʝʣʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʨʪʝ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʨʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ɺ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʵʣʝʢʪʨʦʥʥʘʷ ʜʠʬʨʘʢʮʠʷ ʦʪ 2D ʠʣʠ 3D 

ʢʨʠʩʪʘʣʣʦʚ ʙʠʦʤʦʣʝʢʫʣ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʕʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʦʯʝʥʴ ʧʦʭʦʞʝʛʦ ʥʘ 

ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. 

ʄʝʪʦʜʳ 3D ʕʄ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʥʫʪʨʠ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʟʘʧʠʩʴ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʠ ʫʩʨʝʜʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʢʦʧʠʷʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ in situ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʘʪʦʤʘʨʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ 

ʦʜʥʦʯʘʩʪʠʯʥʳʡ 3D ʕʄ ʧʦʜʭʦʜ, ʪʘʢ ʠ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ, ʩʨʘʚʥʠʤʳʤ ʩ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʝʡ (ʪ.ʝ. ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʢʦʚʳʝ ʮʝʧʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʤʦʣʝʢʫʣʳ ʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥʥʳʝ ʣʠʛʘʥʜʳ). ʂʨʠʦʵʣʝʢʪʨʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (ʪ.ʝ. ʙʝʣʢʦʚʳʝ 

ʜʦʤʝʥʳ ʠ ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ). ɺ 2016 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ 
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ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 3D ʕʄ, ʚʧʝʨʚʳʝ ʧʨʝʚʟʦʰʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ [77] ʧʨʠʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʣʫʯʘʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, 2D- ʠ ʤʘʣʳʭ 3D-ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦ-ʕʄ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʉʥʠʞʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʫ ʠ ʬʦʨʤʝ, 

ʚʦʟʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʮʝʣʳʝ ʠʣʠ ʯʘʩʪʠʯʥʦ ʛʠʙʢʠʝ 

ʤʦʣʝʢʫʣʳ. ʈʘʟʨʝʰʝʥʠʝ ʚʳʰʝ 2 ¡, ʘ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʦʟʤʦʞʥʦ 

ʩʫʙʘʥʛʩʪʨʝʤʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ɼʦʟʘ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʠʟʢʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʜʠʘʮʠʦʥʥʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʢʫʣʦʥʦʚʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʘ ʚ 

ʙʠʦʤʦʣʝʢʫʣʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3D ʕʄ [78 ï 80] (ʈʠʩ. 1.6) 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʚʠʪʠʝʤ ʠ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ 

ʧʦʜʛʦʪʦʚʢʫ/ʩʦʭʨʘʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʩʪʝʢʣʦʚʠʜʥʦʤ ʣʴʜʫ, ʫʣʫʯʰʝʥʥʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʦʧʪʠʢʫ, ʬʘʟʦʚʳʝ ʧʣʘʩʪʠʥʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʷʤʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʫʣʫʯʰʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ 

ʢʦʤʧʴʶʪʝʨʳ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʳʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

3D ʕʄ ʚʩʝ ʯʘʱʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʢʨʦʩʩ-ʣʠʥʢʠʥʛʘ [81] ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʫʯʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʪʦʤʘʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʕʪʫ ʧʨʘʢʪʠʢʫ ʩʦʯʝʪʘʥʠʷ 
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ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʠʥʪʝʛʨʘʪʠʚʥʳʤʠ ʠʣʠ 

ʛʠʙʨʠʜʥʳʤʠ ʤʝʪʦʜʘʤʠ (Integrative/Hybrid Methods, I/HM [82]). 

 

ʈʠʩ. 1.6 ï ʘ) ʇʦʢʘʟʘʥʘ ʢʨʠʦ-ʕʄ ʢʘʨʪʘ ʙʝʪʘ-ʛʘʣʘʢʪʦʟʠʜʘʟʳ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʙʦʣʝʝ ʯʝʤ 90 000 ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʣʝʢʫʣʳ, ʟʘʤʦʨʦʞʝʥʥʦʡ ʚʦ ʣʴʜʫ, ʯʪʦ ʙʳʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʪʦʤʥʦʡ ʤʦʜʝʣʠ. ʂʘʨʪʘ ʢʨʠʦʕʄ ʥʘʭʦʜʠʪʩʷ ʚ 

EMDataBank, ʢʦʜ EMD-2984; ʙ) ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦ ʜʘʥʥʳʤ 

PDB ID: 5A1A [79]. 

 

  

(ʘ) (ʙ) 
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1.2.3. ɻʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ ʙʝʣʢʦʚ 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʫʣʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʙʝʣʢʘ ʧʫʪʝʤ ʛʝʥʥʦ-

ʠʥʞʝʥʝʨʥʳʭ ʤʫʪʘʮʠʡ [83]. ɹʝʣʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʦʯʝʥʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʤ, ʢʘʢ ʠʤʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʙʝʣʦʢ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ 

ʠʟ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʨʠʨʦʜʳ ʤʫʪʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ (ʵʥʟʠʤʦʣʦʛʠʠ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʙʩʪʨʘʪʥʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʦʨʠʝʡ ʂʦʰʣʘʥʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʧʦʣʦʛʠʠ ʩʫʙʩʪʨʘʪʘ ʧʦ 

ʧʨʠʥʮʠʧʫ çʢʣʶʯ-ʟʘʤʦʢè. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʠʷʪʴ ʥʘ ʩʫʙʩʪʨʘʪʥʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʤʦʞʥʦ, ʠʟʤʝʥʷʷ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʤʫʪʘʛʝʥʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʤʫʪʘʥʪʦʚ ʬʝʨʤʝʥʪʦʚ ʩ 

ʠʟʤʝʥʝʥʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʮʠʪʦʭʨʦʤ P-450, ʛʣʶʢʦʟʦʠʟʦʤʝʨʘʟʘ 

[84], ʦʢʩʠʜʘʟʘ D-ʘʤʠʥʦʢʠʩʣʦʪ [85] ʠ ʜʨʫʛʠʝ), ʠʤʝʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʣʠ 

ʤʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʥʘʨʷʜʫ ʩʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʵʚʦʣʶʮʠʝʡ) 

ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ, ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʪʦʯʢʠ ʜʣʷ ʤʫʪʘʮʠʡ ʚ ʬʝʨʤʝʥʪʝ ʦʧʨʝʜʝʣʷʶʪ, ʩʨʘʚʥʠʚʘʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʘʣʦʛʘʤʠ ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ ʠ ʚʳʯʠʩʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʫʪʘʥʪʦʚ ʩ ʩʫʙʩʪʨʘʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʝʭʘʥʠʢʘ/ʢʚʘʥʪʦʚʘʷ 

ʤʝʭʘʥʠʢʘ. ʄʫʪʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʪʦʜʦʤ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ, ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʢʠʥʝʪʠʢʠ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʇʨʠʤʝʨʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʙʦʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʣʘʢʢʘʟʳ, ʛʜʝ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʤʝʩʪ 

ʤʫʪʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʢʚʘʥʪʦʚʦʡ/ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ [86]. 

ʄʝʪʦʜʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʤʫʪʘʛʝʥʝʟʘ, ʘʣʘʥʠʥʦʚʦʛʦ ʩʢʘʥʘ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʣʫʯʝʥʘ 

ʵʧʦʢʩʠʛʠʜʨʦʣʘʟʘ ʠʟ B. Megaterium, ʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʢ ʥʘʬʪʠʣʛʣʠʮʠʜʠʣʦʚʳʤ 

ʩʫʙʩʪʨʘʪʘʤ, ʯʝʤ ʜʠʢʠʡ ʬʝʨʤʝʥʪ [87]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ 

2-ʜʝʟʦʢʩʠʮʠʪʠʜʠʥʢʠʥʘʟʳ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʣʫʯʰʝ ʧʨʝʚʨʘʱʘʪʴ ʥʝʧʨʠʨʦʜʥʳʝ 

L-ʥʫʢʣʝʦʟʠʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤʠ D-ʥʫʢʣʝʦʟʠʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʤʫʪʘʥʪʥʳʡ ʬʝʨʤʝʥʪ ʩʪʘʣ ʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʥʳʭ ʢʣʝʪʦʢ 

ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ [88]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʜʠʟʘʡʥʘ ʢʦʢʘʠʥʵʩʪʝʨʘʟʳ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʣʝʯʝʥʠʷ ʦʪ ʥʘʨʢʦʤʘʥʠʠ [89]. 

ʈʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ c ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʘʣʴʜʦʣʘʟ ʢ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʤ 

ʩʫʙʩʪʨʘʪʘʤ [90], ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʘʣʴʜʦʣʘʟ ʚ ʢʦʤʧʣʝʢʩʝ ʩ L- ʠ D- ʠʟʦʤʝʨʘʤʠ 

ʘʥʘʣʦʛʦʚ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʤʫʪʘʮʠʠ ʚ ʧʨʦʭʠʨʘʣʴʥʳʭ ʪʦʯʢʘʭ [91]. 

ʄʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ / ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 5-ʪʠ ʪʦʯʝʢ ʤʫʪʘʮʠʡ ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʜʠʟʘʡʥʝ 

ʩʠʘʣʠʜʘʟʳ ʩ ʠʟʤʝʥʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [92]. 
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ʈʘʮʠʦʥʘʣʴʥʳʤ ʜʠʟʘʡʥʦʤ ʧʦʣʫʯʝʥ ʧʨʦʪʨʠʧʩʠʥ, ʥʝ ʘʢʪʠʚʠʨʫʝʤʳʡ 

ʪʨʠʧʩʠʥʦʤ, ʥʦ ʘʢʪʠʚʠʨʫʝʤʳʡ ʵʥʪʝʨʦʢʠʥʘʟʦʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʪʨʠʧʩʠʥʘ [93]. 

ʆʢʩʠʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ ʩʝʨʠʥʘ ʩ ʫʣʫʯʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʝʥʘ 

ʤʝʪʦʜʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʩ ʧʦʤʦʱʴʶ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ [94]. 

ʆʜʥʘʢʦ, ʘʥʘʣʠʟʠʨʫʷ ʚ ʮʝʣʦʤ ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ʙʝʣʢʦʚʦʡ ʠʥʞʝʥʝʨʠʠ, 

ʩʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʣʴʟʷ ʚʳʜʝʣʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ [95]. 

ɼʣʷ ʚʳʙʦʨʘ ʪʦʯʝʢ ʤʫʪʘʛʝʥʝʟʘ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ [96]. ɺ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʧʦ 6-ʪʠ ʛʦʨʷʯʠʤ ʪʦʯʢʘʤ ʠ ʥʘʡʜʝʥʳ ʤʫʪʘʮʠʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʳ A.niger ʚ 

13 ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʥʘʥʪʠʦʤʝʨʘʤ ʤʝʢʩʠʣʝʪʠʥʘ. 

ɽʱʝ ʙʦʣʝʝ ʦʩʤʳʩʣʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʤʫʪʘʛʝʥʝʟʘ 

ʧʨʝʜʣʘʛʘʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʠ QM/MM, ʯʪʦ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʜʘʥʥʳʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʝʱʝ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ [97]. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʦʥʷʪʴ ʵʪʠ 

ʤʝʭʘʥʠʟʤʳ ï ʟʥʘʯʠʪ ʥʘʫʯʠʪʴʩʷ ʩʦʟʜʘʚʘʪʴ ʬʝʨʤʝʥʪʳ ʩ ʥʦʚʳʤʠ, ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠʸʤʦʚ. 
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1.2.4. ɼʨʘʛ-ʜʠʟʘʡʥ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʤʠʰʝʥʠ 

ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚ ʪʘʢʠʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʨʘʢ, ʉʇʀɼ, ʪʫʙʝʨʢʫʣʸʟ, ʥʝʨʚʥʦ-ʜʝʛʝʥʝʨʘʪʠʚʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ï ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʷʚʣʷʝʪʩʷ ʜʨʘʛ-ʜʠʟʘʡʥ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ 

ʤʠʰʝʥʠ (Structure-Based Drug Design, SBDD). 

SBDD ï ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ-ʤʠʰʝʥʠ, ʠʛʨʘʶʱʝʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʠʟʫʯʘʝʤʦʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʮʝʣʝʚʦʡ ʤʦʣʝʢʫʣʳ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʠʮʠʥʩʢʦʤʫ ʵʬʬʝʢʪʫ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʞʥʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʩʚʦʜʷʱʠʭʩʷ ʢ ʧʝʨʝʙʦʨʫ ʠ ʠʩʧʳʪʘʥʠʶ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, SBDD ʦʩʥʦʚʘʥ ʥʘ ʨʘʮʠʦʥʘʣʴʥʦʤ ʚʳʙʦʨʝ ʮʝʣʝʚʦʡ ʤʦʣʝʢʫʣʳ, ʥʘ 

ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ, ʯʪʦʙʳ ʧʨʝʢʨʘʪʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʊʘʢʠʤʠ ʮʝʣʝʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʘ SBDD ʨʘʩʰʠʨʷʶʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʫʛʣʫʙʣʷʶʪʩʷ ʥʘʰʠ ʟʥʘʥʠʷ ʦ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʧʦʩʣʝ ʚʳʙʦʨʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʜʘʸʪ ʞʝʣʘʝʤʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʵʬʬʝʢʪ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ-ʤʠʰʝʥʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʦʚ, ʚʳʙʨʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ, ʢʘʢ 

ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ (ʈʘʟʜʝʣ 1.2.2), ʦʧʨʝʜʝʣʷʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʝʪʦʜʦʤ ʙʝʣʢʦʚʦʡ (ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ) ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʀʥʦʛʜʘ 
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ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʗʄʈ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʳ ʛʦʤʦʣʦʛʠʯʥʦʛʦ ʙʝʣʢʘ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʧʦʠʩʢ ʣʠʛʘʥʜʦʚ, ʙʣʦʢʠʨʫʶʱʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʮʝʣʝʚʦʛʦ 

ʙʝʣʢʘ, ʧʨʦʚʦʜʷʪ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ. ʉʪʝʧʝʥʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʛʘʥʜʘ ʠ ʤʠʰʝʥʠ ʦʮʝʥʠʚʘʶʪ ʧʦ ʟʥʘʯʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʤʠʰʝʥʠ 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʛʘʥʜ-ʙʝʣʦʢ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʠʣʠ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʤʠʰʝʥʴʶ, ʦʪʙʠʨʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʊʘʢʠʝ ʣʠʛʘʥʜʳ ʥʘʟʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷʤʠ-ʣʠʜʝʨʘʤʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʠʭ ʩʨʦʜʩʪʚʦ ʢ 

ʙʝʣʢʫ ʤʠʰʝʥʠ, ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ, 

ʧʦʜʣʝʞʘʱʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ [98]. 

ʇʝʨʚʳʝ ʵʪʘʧʳ ʤʝʪʦʜʘ SBDD ï ʧʦʠʩʢ ʙʝʣʢʦʚ ʤʠʰʝʥʝʡ ʠ ʩʦʝʜʠʥʝʥʠʡ-

ʣʠʜʝʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʢʘʢ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʪʘʢ ʠ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʷʭ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

SBDD ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʚʝʜʝʥʳ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ 

ʜʣʷ ʪʝʨʘʧʠʠ ʉʇʀɼʘ, ʨʘʢʘ ʠ ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʧʨʠʤʝʨʦʚ ʧʨʠʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʘ 

ʜʦʨʟʦʣʘʤʠʜʘ ï ʠʥʛʠʙʠʪʦʨʘ ʢʘʨʙʦʘʥʛʠʜʨʘʟʳ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʦʥʠʞʝʥʠʷ 

ʚʥʫʪʨʠʛʣʘʟʥʦʛʦ ʜʘʚʣʝʥʠʷ [99]. 

SBDD ʤʝʪʦʜʦʤ ʙʳʣ ʩʦʟʜʘʥ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʉʇʀɼʘ ʠ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʘ. ʅʘʧʨʠʤʝʨ, ʧʨʝʧʘʨʘʪ ʥʝʣʬʠʥʘʚʠʨ, ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʪʝʨʘʧʠʠ ʧʨʠʦʙʨʝʪʸʥʥʦʛʦ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʡ ʠʟ ʧʨʦʪʝʘʟ 

ʨʝʪʨʦʚʠʨʫʩʘ [100]. 

ʈʷʜ ʘʥʪʠʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʪʠʨʦʟʠʥ 

ʢʠʥʘʟ [101]. 
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SBDD ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʜʣʷ ʜʠʟʘʡʥʘ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʣʝʢʘʨʩʪʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʪʫʙʝʨʢʫʣʸʟʘ 

ʚʳʟʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʠʢʦʙʘʢʪʝʨʠʠ ʢ ʜʝʡʩʪʚʠʶ 

ʧʨʝʧʘʨʘʪʦʚ, ʥʦ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʝʸ ʘʜʘʧʪʘʮʠʠ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ 

ʧʨʝʧʘʨʘʪʘʤ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʶʪʩʷ ʢʘʢ ʧʦʠʩʢ ʥʦʚʳʭ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ, 

ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʘ SBDD ʨʘʩʰʠʨʠʣʠʩʴ ʧʦʩʣʝ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ 

ʤʠʢʦʙʘʢʪʝʨʠʠ. 

ɺ ʛʝʥʦʤʝ ʤʠʢʦʙʘʢʪʝʨʠʠ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʙʦʣʝʝ ʯʝʪʳʨʸʭ ʪʳʩʷʯ 

ʙʝʣʢʦʚ, ʧʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʙʝʣʢʠ ʤʠʢʦʙʘʢʪʝʨʠʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ʦʪ ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʝʣʢʦʚ. ɺ ʙʝʣʢʘʭ 

ʤʠʢʦʙʘʢʪʝʨʠʡ ʫʚʝʣʠʯʝʥʦ ʜʦʣʷ ʘʤʠʥʦʢʠʩʣʦʪ Ala, Glu, Pro, Arg, Trp ʠ 

ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ Asp, Ile, Leu, Thr, Tyr. 

ʕʪʠʤ ʞʝ ʤʝʪʦʜʦʤ ʙʳʣ ʩʦʟʜʘʥ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʪʫʙʝʨʢʫʣʸʟʘ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ ʤʠʢʦʙʘʢʪʝʨʠʠ. ʋʯʠʪʳʚʘʷ ʚʘʞʥʫʶ ʨʦʣʴ, 

ʢʦʪʦʨʫʶ ʠʛʨʘʝʪ ʩʠʥʪʝʟ ʪʨʠʧʪʦʬʘʥʘ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʙʘʢʪʝʨʠʠ, ʚ [102] 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʠʥʜʦʣ-3-ʛʣʠʮʝʨʦʬʦʩʬʘʪ ʩʠʥʪʘʟʳ M. tuberculosis ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʠʪʫʙʝʨʢʫʣʸʟʥʳʭ 

ʣʝʢʘʨʩʪʚ. ʊʘʢʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʠʛʠʜʨʦʬʦʣʘʪʨʝʜʫʢʪʘʟʫ Mycobacterium Tuberculosis. ʄʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʝʧʪʠʜʳ, ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʵʪʦʪ ʙʝʣʦʢ. 

ʇʠʨʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ï ʫʨʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ï 

ʠhʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚ ʧʨʠʨʦʜʝ ʵʥʟʠʤʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ 

ʚ ʨʝʘʢʮʠʷʭ ʢʘʪʘʙʦʣʠʟʤʘ ʬʝʨʤʝʥʪʦʚ. ʕʪʠ ʙʝʣʢʠ ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʙʨʘʪʠʤʳʡ 

ʬʦʩʬʦʨʦʣʠʟ ʫʨʠʜʠʥʘ ʠ ʪʠʤʠʜʠʥʘ ʜʦ ʨʠʙʦʟʦ-1'-ʬʦʩʬʘʪʘ (ʜʝʟʦʢʩʠʨʠʙʦʟʦ-1'-

ʬʦʩʬʘʪʘ) ʠ ʫʨʘʮʠʣʘ (ʪʠʤʠʥʘ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʫʢʣʝʦʟʠʜʬʦʩʬʦʨʠʣʘʟʳ ʧʨʠʚʣʝʢʘʶʪ 

ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʫʯʘʩʪʠʷ ʚ ʤʝʪʘʙʦʣʠʟʤʝ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ï ʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʟʠʜʦʚ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʢʘʥʷʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʠʜʠʥ- 

ʠ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟ ʧʦʚʳʰʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʪʢʘʥʷʤʠ. 

ɺʳʩʢʘʟʘʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʣʝʡʢʦʮʠʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʯʘʩʪʠʝ 

ʪʠʤʠʜʠʥʬʦʩʬʦʨʠʣʘʟʳ ʚ ʧʨʦʮʝʩʩʘʭ ʘʥʛʠʦʛʝʥʝʟʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ ʚ ʦʧʫʭʦʣʷʭ. 

 

1.2.5. ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ 

ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʛʠʙʨʠʜʥʳʤ ʩʠʩʪʝʤʘʤ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʦʧʪʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʫʪʝʤ ʜʠʟʘʡʥʘ ʠ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ [103ï108]. 

ʈʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʠʙʨʠʜʥʳʭ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ [109]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʙʠʥʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʛʠʙʨʠʜʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʣʠʤʝʨ-ʵʣʝʢʪʨʦʜ [110]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʶʪ OLED-

ʩʪʨʫʢʪʫʨʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʪʁ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʦʠʥʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ, ʫʩʪʦʡʯʠʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [111 ï 114]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [115]. ʊʘʢʞʝ, ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʛʠʙʨʠʜʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʢʚʘʥʪʦʚʳʝ 
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ʪʦʯʢʠ), ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʤʝʪʦʜʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, 

ʩʚʝʪʦʪʝʭʥʠʢʠ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ [116, 117]. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʦʚ ʠʣʠ 

ʤʦʣʝʢʫʣ ʧʨʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʠʧʦʜʦʚ (ʦʪ ʘʥʛʣ. çpeapodsè ï ʩʪʨʫʯʢʠ ʩ 

ʛʦʨʦʰʠʥʘʤʠ). ʆʪʤʝʯʘʝʪʩʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ (ʥʘʥʦʜʠʦʜʦʚ, ʪʨʘʥʟʠʩʪʦʨʦʚ, ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ, 

ʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ.) ʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ 

[118]. 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʪʘʢ ʞʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ çʘʛʝʥʪʦʚè ʜʣʷ ʮʝʣʝʚʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ [119]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚʦ-

ʣʠʧʠʜʥʳʭ ʧʣʝʥʦʢ. ɺʦ-ʧʝʨʚʳʭ, ʫʢʘʟʘʥʥʳʝ ʦʙʲʝʢʪʳ ʠʥʪʝʨʝʩʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʩʪʨʫʢʪʫʨʝ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʪʘʢ ʠ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ [120]. 

ɺʦ-ʚʪʦʨʳʭ, ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ çʧʨʦʝʢʪʠʨʦʚʘʥʠʷè ʠ 

ʩʦʟʜʘʥʠʷ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʰʠʨʦʢʠʡ ʬʫʥʢʮʠʦʥʘʣ 

ʪʘʢʠʭ ʧʣʝʥʦʢ. ʅʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ʊʘʢʞʝ, ʪʦʥʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 

ʤʦʛʫʪ ʙʳʪʴ çʦʩʥʘʱʝʥʳè ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʪʘʢʠʝ 

ʧʣʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʝʥʩʦʨʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [121]. 

ɺ-ʪʨʝʪʴʠʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʣʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ, 
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ʧʦʩʢʦʣʴʢʫ ʙʠʦʤʦʣʝʢʫʣʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʩ ʟʘʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ [122]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʙʠʦʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʦʩʦʙʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʜʘʯʝʡ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʦʚ ʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʈʝʮʝʧʪʦʨʥʳʝ ʙʝʣʢʠ, ʩʧʦʩʦʙʥʳ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʪʴ ʤʦʣʝʢʫʣʳ, ʧʝʨʝʜʘʶʱʠʝ ʩʠʛʥʘʣʳ ʢʣʝʪʢʝ, ʦʥʠ ʪʘʢ ʞʝ 

ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠ ̫ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʠʥʜʫʮʠʨʫʝʤʳʭ ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ. ʂ ʯʠʩʣʫ 

ʪʘʢʠʭ ʙʝʣʢʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʨʠʪʝʣʴʥʳʡ ʙʝʣʦʢ ʭʨʦʤʦʧʨʦʪʝʠʥ ʨʦʜʦʧʩʠʥ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʚʦʟʤʦʞʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʚ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʟʨʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ [123]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʥʷʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠʣʠ 

ʨʝʮʝʧʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ çʙʠʦʵʣʝʢʪʨʦʥʥʳʡ ʥʦʩè, ʢʦʪʦʨʦʝ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʝ ʚʦʩʧʨʠʷʪʠʷ ʟʘʧʘʭʦʚ ʯʝʣʦʚʝʢʦʤ 

[124]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʥʷʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ 

ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʪʦʯʥʦ ʨʘʟʣʠʯʘʪʴ ʮʝʣʝʚʫʶ ʤʦʣʝʢʫʣʫ 

ʩʨʝʜʠ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʙʦʥʷʪʝʣʴʥʳʭ 

ʨʝʮʝʧʪʦʨʦʚ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ, ʯʝʤ ʵʣʝʢʪʨʦʥʥʳʝ ʜʘʪʯʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ çʙʠʦʵʣʝʢʪʨʦʥʥʳʡ ʥʦʩè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʠ, ʪʘʢʠʭ ʢʘʢ 

ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [125]. 

ɺ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʙʠʦʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʙʝʣʢʦʚ ʠ ʬʝʨʤʝʥʪʦʚ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ 

ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ 

ʤʦʣʝʢʫʣ ʠ ʢʦʥʪʨʦʣʷ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʝʪ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ (ʠʥʪʝʨʬʝʡʩ) ʤʝʞʜʫ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʧʦʜʣʦʞʢʦʡ ʠ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʪʝʨʬʝʡʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʦʚ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ 
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ʩʣʦʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ [126]. 

ʅʘ ʧʨʠʤʝʨʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʚʫʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʷʜʘ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [127]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ 

ʧʣʝʥʦʢ, ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʠʦʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʉʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ; ʘ ʪʘʢʞʝ ʩʘʤʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʘʥʝʩʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʆʙʣʘʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʣʦʝʤ ʠ ʧʦʜʣʦʞʢʦʡ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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1.3. ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ɹɽʃʂʆɺ 

1.3.1. ʇʨʦʙʣʝʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʘʙʦʪʳ ʢʣʝʪʢʠ ʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʈʘʟʜʝʣ 1.2.1). 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ (ʈʘʟʜʝʣ 1.2.2), ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʟʥʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʚʝʩʴʤʘ ʚʘʞʥʦ ʠ ʧʨʠ ʧʦʠʩʢʝ ʥʦʚʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [128, 129] (ʈʘʟʜʝʣ 1.2.4). 

ʊʘʢʞʝ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʧʦʩʢʦʣʴʢʫ 

ʟʥʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʝʣʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ 

ʝʛʦ ʛʝʥʥʦʠʥʞʝʥʝʨʥʦ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʠʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʦʙʨʘʟʦʤ [130] (ʈʘʟʜʝʣ 1.2.3). 

ɺʳʙʦʨ ʙʝʣʢʦʚ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʨʦʣʴʶ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ (ʈʘʟʜʝʣ 1.2.1) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʝʥʩʦʨʦʚ (ʈʘʟʜʝʣ 1.2.5). 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʙʝʣʢʦʚ ï ʘʢʪʫʘʣʴʥʘʷ 

ʧʨʦʙʣʝʤʘ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʜʠʮʠʥʳ, ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʡ 

ʧʦʠʩʢ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ ï ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ <1 ¡. ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ çʧʨʦʙ ʠ ʦʰʠʙʦʢè, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʣʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʩʪʠʪʴ ʢʨʠʩʪʘʣʣ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ [131] ï ʢʨʠʩʪʘʣʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʤʝʪʴ çʭʦʨʦʰʫʶè 
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ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ, ʩ ʦʪʯʝʪʣʠʚʳʤʠ ʨʝʬʣʝʢʩʘʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝ. 

ʂʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʢʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʫʩʣʦʚʠʡ: ʤʝʪʦʜ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʪʠʧ ʦʩʘʜʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [132], ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ [133 ï 136] 

(ʈʠʩ.1.7) ʠ ʜʨ. 

 

ʈʠʩ.1.7 ï ʘ) ʀʣʣʶʩʪʨʘʮʠʷ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ; ʙ) ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʝʨʝʙʦʨʝ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ 

ï ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [137], ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʢʨʠʥʠʥʛ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʠʩʢʫ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, 

ʠ ʧʨʦʙʣʝʤʘ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ. ʅʘʧʨʠʤʝʨ, ʚ [138] ʠʩʩʣʝʜʫʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 86 ʪʠʧʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʥʘʙʦʨʘʭ ʜʣʷ ʩʢʨʠʥʠʥʛʘ, ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ (BMCD). 86 

ʢʦʤʧʣʝʢʪʦʚ ʜʣʷ ʩʢʨʠʥʠʥʛʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʤʝʥʠʤʦʛʦ ʦʙʲʝʤʘ ʠ ʢʦʤʧʘʥʠʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʍʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʪʠʭ ʥʘʙʦʨʘʭ ʜʣʷ 



49 

ʩʢʨʠʥʠʥʛʘ, ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʯʘʩʪʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʚ BMCD. ʇʦʜʨʦʙʥʦ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʘ ʥʘʙʦʨʦʚ ʜʣʷ ʩʢʨʠʥʠʥʛʘ, 

ʚʢʣʶʯʘʷ ʩʦʣʠ, ʙʫʬʝʨʳ, ʦʩʘʜʠʪʝʣʠ ʠ ʜʦʙʘʚʢʠ. ʆʙʦʙʱʘʶʪʩʷ ʥʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ 

ʠ ʜʘʣʴʥʝʡʰʠʝ ʠʥʥʦʚʘʮʠʠ ʚ ʧʨʘʢʪʠʢʝ ʩʢʨʠʥʠʥʛʘ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʘʙʦʨʦʚ ʜʣʷ ʩʢʨʠʥʠʥʛʘ. 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʘʞʥʦ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʭʝʤʳ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ ʠ ʧʦʠʩʢʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ, ʧʨʦʮʝʩʩʦʚ 

ʥʫʢʣʝʘʮʠʠ, ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʦʩʪ 

ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚ ï ʤʝʪʦʜ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʣʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʢʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʘʯʝʩʪʚʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʠ 

ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʧʦʥʷʪʥʳʤ. 

ʇʨʠʥʮʠʧʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʣʠ ʩʦʣʝʡ (ʢ ʩʦʞʘʣʝʥʠʶ!) 

ʩʦʩʪʦʪ̫ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʘ ʚ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʘʩʪʘʚʠʪʴ ʝʛʦ çʚʳʡʪʠè ʠʟ 

ʨʘʩʪʚʦʨʘ; ʝʩʣʠ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, ʪʦ ʦʥ ʚʳʧʘʜʝʪ ʚ ʦʩʘʜʦʢ, ʥʦ 

ʧʨʠ ʧʨʘʚʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʚʳʨʘʩʪʫʪ ʢʨʠʩʪʘʣʣʳ [139 ï 141]. 

ɺʳʷʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʚʳʰʝʫʢʘʟʘʥʥʳʡ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʥʦʛʠʝ ʧʨʦʝʢʪʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ ʙʝʣʦʢ. ʄʘʩʰʪʘʙʳ 

ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ 
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[142, 143]: ʚʳʙʦʨ ʦʩʘʜʠʪʝʣʷ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʙʫʬʝʨ, ʝʛʦ pH, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʙʝʣʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʝʪʦʜ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʤʝʪʦʜʦʤ çʧʨʦʙ ʠ ʦʰʠʙʦʢè, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʦʭʚʘʪʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ 

ʨʝʰʝʥʠʷ ʪʠʧʘ çʩʢʨʠʥʠʥʛ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠè (çcrystal screenè packages), 

ʥʘʙʦʨ ʜʣʷ ʩʢʨʠʥʠʥʛʘ, ʩʢʨʠʥʠʥʛʦʚʳʭ ʤʘʰʠʥ. ʂʘʞʜʳʡ ʠʟ ʥʘʙʦʨʦʚ ʦʙʳʯʥʦ 

ʩʦʩʪʦʠʪ ʧʨʠʤʝʨʥʦ ʠʟ 50 ʨʘʩʪʚʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚʘʨʴʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʩʘʜʠʪʝʣʷ, ʙʫʬʝʨʘ, pH ʠ ʩʦʣʠ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʤʘʪʨʠʮʘ 

ʨʝʰʝʪʯʘʪʦʛʦ ʩʢʨʠʥʠʥʛʘ [144]. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʠʭʘʠʣʘ ɺʘʣʝʥʪʠʥʦʚʠʯʘ ʂʦʚʘʣʴʯʫʢʘ ɺ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʙʳʣʦ ʩʦʟʜʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ï 

ʅɹʀʂʉ-ʇʊ çɹʝʣʢʦʚʘʷ ʬʘʙʨʠʢʘè, ʥʘʮʝʣʝʥʥʦʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʫʯʝʥʠ,̫ 

ʥʘʨʘʙʦʪʢʠ, ʦʯʠʩʪʢʠ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʈʘʟʜʝʣ 1.2.2). 

çʌʘʙʨʠʢʘè (ʈʎ çʄʦʣʙʠʦʪʝʭè) ʨʘʩʧʦʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʢʨʠʥʠʥʛʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ (ʈʠʩ.1.8). ɼʣʷ 

ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʟʜʝʩʴ ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʶʪʩʷ ʜʚʘ 

ʤʦʱʥrʭ ʠʥʩʪʨʫʤʝʥʪʘ ï ʩʠʩʪʝʤʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ [145 ï 149]. ʇʝʨʚʳʡ ʠʟ ʥʠʭ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʠʩʢʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ. 

ɺʩʝ ʦʧʝʨʘʮʠʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʜʠʡ ʧʝʨʝʥʦʩʘ ʦʙʨʘʟʮʦʚ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʤʦʜʫʣʷʤʠ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʧʝʨʘʪʦʨʦʤ), ʥʘʯʠʥʘʷ ʦʪ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʬʦʪʦʤʦʥʠʪʦʨʠʥʛʦʤ ʠ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺʪʦʨʦʡ ʠʥʩʪʨʫʤʝʥʪ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩʪʘʥʜʘʨʪʥʳʤʠ 

(ʥʘʟʝʤʥʳʤʠ) ʤʝʪʦʜʘʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʚʝʢʮʠʠ ʠ 
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ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʜʦʩʪʫʧ ʚʝʱʝʩʪʚʘ ʢʦ ʚʩʝʤ ʨʘʩʪʫʱʠʤ 

ʛʨʘʥʷʤ ʢʨʠʩʪʘʣʣʘ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦʚʳʰʘʝʪ ʝʛʦ ʢʘʯʝʩʪʚʦ. 

 

 

ʈʠʩ.1.8 ï çɹʝʣʢʦʚʘʷ ʬʘʙʨʠʢʘè (ʈʎ çʄʦʣʙʠʦʪʝʭè, ʂʦʤʧʣʝʢʩ ʩʪʨʫʢʪʫʨʥʦʡ 

ʙʠʦʣʦʛʠʠ ʙʝʣʢʦʚ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ) [150]. ʉʠʩʪʝʤʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ Rigaku. 

ʇʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄʠʭʘʠʣʘ ɺʘʣʝʥʪʠʥʦʚʠʯʘ ʂʦʚʘʣʴʯʫʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʦʨʪʫ ʄʂʉ [146] ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʈʦʩʢʦʩʤʦʩʘ ʩ ʗʧʦʥʩʢʠʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ JAXA [151]. ʊʘʢʞʝ, ʨʷʜ 

ʨʘʙʦʪ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʩʧʫʪʥʠʢʝ "ʌʦʪʦʥ" [145]. 

ɺ [152] ʠʟʣʘʛʘʶʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʙʝʣʢʘ, ʫʩʣʦʚʠʷ ʠ ʤʝʪʦʜʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʟʘʱʠʪʘ ʢʨʠʩʪʘʣʣʘ ʦʪ ʤʛʥʦʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ, 

ʧʨʦʚʝʜʝʥʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ (JAXA PCG, Japan Aerospace 

Exploration Agencyôs High-Quality Protein Crystal Growth Experiment). 

ʅʘʡʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʟʘʪʝʤ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʤʝʪʦʜ ʩʠʜʷʯʝʡ/ʚʠʩʷʯʝʡ ʢʘʧʣʠ ʧʨʠ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ [153] ʠ, ʚʦʟʤʦʞʥʦ, ʜʠʘʣʠʟ [154], ʦʙʳʯʥʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ 4 ÁC. ʇʦʜʨʦʙʥʝʝ ʦ ʤʝʪʦʜʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʠʜʠʥʛ (ʨʦʩʪ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ) 

[155], ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

(ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ) ʢʨʠʩʪʘʣʣʳ ʙʝʣʢʘ, ʦʙʳʯʥʦ, ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʢʦʣʦ 0,1 ʤʤ ʧʦ ʦʜʥʦʤʫ ʠʟ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʦʙʟʦʨʝ [156] ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʵʪʦʤ ʫʜʝʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʷʤ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ, ʪʘʢ ʠ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ. 

ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʩʭʦʜʩʪʚʘ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʪʘʪʴʷʭ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʉ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ, ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ, ʫʧʨʘʚʣʷʪʴ ʦʨʠʝʥʪʘʮʠʝʡ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʠʤʦʨʬʠʟʤ. 

ɺ [157] ʦʧʠʩʳʚʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʣʢʦʚ (PXS2) ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 2003 

ʛʦʜʫ ʧʨʝʞʥʝʡ ʤʦʜʝʣʠ. ɺ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ 

ʩʦʢʨʘʱʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʜʦʟʘʪʦʨʘ ʜʦ 0,1 ʤʢʣ, ʧʦʚʳʰʝʥʦ ʨʘʟʨʝʰʝʥʠʝ 

ʬʦʪʦʩʲʝʤʢʠ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 20Áʉ ʫʩʪʘʥʦʚʣʝʥ ʠʥʢʫʙʘʪʦʨ ʥʘ 4Áʉ, ʘ ʪʘʢʞʝ 

ʜʦʙʘʚʣʝʥʳ ʧʨʦʮʝʜʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʨʠʡʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʜʦʧʫʩʪʠʤʳʝ 

ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 1 ʤʢʤ ʜʦ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ (ʈʘʟʜʝʣ 1.2.2). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʭʚʘʪʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠ ʦʜʠʥ ʠʟ ʥʠʭ ʠʣʠ 

ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʘʯʝʩʪʚʘ, 

ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ: ʥʠʯʝʛʦ, ʦʩʘʜʦʢ, ʨʦʩʩʳʧʴ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ (ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʥʘʧʦʤʠʥʘʶʪ ʦʩʘʜʦʢ) ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʨʘʡʥʝ ʤʘʣʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʠʝ 

ʣʶʙʦʛʦ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʩʴʤʘ ʦʙʥʘʜʝʞʠʚʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʨʷʜʢʦʤ ʠʣʠ ʩʠʤʤʝʪʨʠʝʡ, ʯʪʦʙʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. 

ɺ ʮʝʣʦʤ, ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʥʳʝ ʙʝʣʢʠ [158] ʠʣʠ ʙʝʣʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʙʢʠʝ 

ʜʦʤʝʥʳ ʠʣʠ ʤʝʥʝʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʙʣʘʩʪʠ, ʪʨʫʜʥʦ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʞʝ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʢʦʤʧʣʝʢʩʳ ʚʳʩʦʢʦʡ 

ʩʠʤʤʝʪʨʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʥʦʛʠʝ ʚʠʨʫʩʳ, ʙʫʜʫʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ [159, 160]. 

ɺʳʷʩʥʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʚʘʞʥʦ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠʭ ʬʫʥʢʮʠʡ, ʪ.ʢ. ʦʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ ʚʦ 

ʚʩʝʭ ʦʨʛʘʥʠʟʤʘʭ. ʋʩʧʝʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʩʪʘʚʰʝʡ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʙʝʣʢʘ, ʩʦʣʶʙʠʣʠʟʘʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʬʨʘʛʠʨʫʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʦʙʟʦʨʝ [161] ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ ʦʪ ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʙʝʣʢʘ ʜʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʢʫʱʠʝ ʤʝʪʦʜʳ 

ʧʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. 

ɺ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ ʣʝʞʠʪ ʵʬʬʝʢʪ 

ʚʳʩʘʣʠʚʘʥʠʷ. 

ʀʦʥʳ ʦʩʘʜʠʪʝʣʷ ʦʪʪʷʛʠʚʘʶʪ ʥʘ ʩʝʙʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟ ʛʠʜʨʘʪʥʦʡ 

ʦʙʦʣʦʯʢʠ, ʦʪʢʨʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ [1] (ʈʠʩ. 1.9). 
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ʈʠʩ. 1.9 ï ʀʣʣʶʩʪʨʘʮʠʷ ʵʬʬʝʢʪʘ ʚʳʩʘʣʠʚʘʥʠʷ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ. ʀʦʥʳ 

ʦʩʘʜʠʪʝʣʷ ʦʪʪʷʛʠʚʘʶʪ ʥʘ ʩʝʙʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟ ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʠ, 

ʦʪʢʨʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ 

ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʵʬʬʝʢʪʘ ʚʳʩʘʣʠʚʘʥʠʷ ʥʝ ʠʟʫʯʝʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ [162], 

ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʪʝʦʨʠʷ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ (ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʠʣʠ ʧʝʨʝʩʳʱʝʥʥʦʡ) ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʦʚ: ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʜʠʫʩʦʚ ʯʘʩʪʠʮ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʟʚʘʥʥʳʭ ʬʣʫʢʪʫʘʮʠʷʤʠ ʚʥʝʰʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʉʠʩʪʝʤʘ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʠ ʙʘʣʘʥʩʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʠʥʝʪʠʢʠ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʦʪʜʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɺ ʷʚʥʦʤ ʚʠʜʝ ʥʘʡʜʝʥʳ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ɺʝʙʝʨʘ-

ʌʦʣʴʤʝʨʘ-ʌʨʝʥʢʝʣʷ-ɿʝʣʴʜʦʚʠʯʘ ʠ ʄʝʡʨʩʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʨʦʩʪʘ ʷʜʝʨ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʪʝʦʨʠʠ ʜʣʷ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʝʦʨʠʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʠ ʠʥʩʫʣʠʥʘ 
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(ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʙʝʣʢʦʚ ʣʠʟʦʮʠʤʘ ʠ ʢʘʥʘʚʘʣʠʥʘ, ʘ ʪʘʢʞʝ 

ʠʥʩʫʣʠʥʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʴʠ). 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʨʦʩʪ ʙʝʣʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʩʳʱʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚ, ʧʦʥʠʞʘʶʱʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʘ, ī ʦʩʘʜʠʪʝʣʝʡ. ʆʙʳʯʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʳ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. 

 

1.3.2. ʄʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ 

ʅʘ ʈʠʩ.1.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʢ 

ʠʣʣʶʩʪʨʘʮʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʢʘ [163 ï 165]. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʘʛʨʘʤʤʫ ʥʘ ʈʠʩ.1.10. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʷ ʨʘʩʪʚʦʨ ʠʟ 

ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʦʙʣʘʩʪʴ çʥʝʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨè, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʥʠʞʝ ʢʨʠʚʦʡ 1) ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʥʫʢʣʝʘʮʠʠ (çʟʦʥʘ ʥʫʢʣʝʘʮʠʠè, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʳʰʝ ʢʨʠʚʦʡ 2 ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ ʚ çʟʦʥʝ ʦʩʘʞʜʝʥʠʷè). 

ʋʢʘʟʘʥʥʳʡ ʧʝʨʝʭʦʜ ʧʦʢʘʟʘʥ ʧʫʥʢʪʠʨʥʦʡ ʩʪʨʝʣʢʦʡ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʨʘʩʪʚʦʨʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (çʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʟʦʥʘè, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʢʨʠʚʳʤʠ 1 ʠ 2), ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ɼʘʥʥʳʡ 

ʧʝʨʝʭʦʜ ʧʦʢʘʟʘʥ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʧʣʦʰʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʚʥʠʟ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʠʪʝʣʷ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʞʜʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ 

ʩʣʫʯʘʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʠʪʝʣʷ ʨʘʩʪʚʦʨ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʥʝʥʘʩʳʱʝʥʥʳʤ ʠ ʧʝʨʝʭʦʜ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʝ ʦʩʫʱʝʩʪʚʠʪʩʷ, ʠ ʢʨʠʩʪʘʣʣʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʅʘʧʨʦʪʠʚ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʠʪʝʣʷ, ʨʘʩʪʚʦʨ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ 

ʚʳʩʦʢʦʛʦ ʧʝʨʝʩʳʱʝʥʠʷ ʚ çʟʦʥʝ ʦʩʘʞʜʝʥʠʷè (ʈʠʩ.1.10), ʟʘʪʝʤ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʦʩʘʜʦʢ, ʠ ʚ ʪʘʢʦʤ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʪʘʢʞʝ 

ʤʘʣʦʚʝʨʦʷʪʥʦ. 
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ʈʠʩ.1.10 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʙʝʣʢʘ. ʇʦʢʘʟʘʥʳ ʟʦʥʳ: ʥʝʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʥʫʢʣʝʘʮʠʠ, ʦʩʘʞʜʝʥʠʷ, 

ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʟʦʥʘ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (1) ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʝʨʝʩʳʱʝʥʠʷ (2). ʇʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: 

(A) ʦʙʲʝʤʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, (B) ʜʠʬʬʫʟʠʷ ʧʘʨʦʚ, (C) ʜʠʘʣʠʟ ʠ (D) ʩʚʦʙʦʜʥʘʷ 

ʜʠʬʬʫʟʠʷ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʡ ʧʫʪʴ ʜʦʩʪʠʞʝʥʠʷ ʟʦʥ ʟʘʨʦʞʜʝʥʠʷ ʠ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ. ʉʧʣʦʰʥʳʤʠ ʩʝʨʳʤʠ ʢʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ [164] . 

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ. ʂ 

ʜʦʩʪʫʧʥʳʤ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ, ʩʚʦʙʦʜʥʦʡ ʜʠʬʬʫʟʠʠ, ʦʙʲʝʤʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʜʠʘʣʠʟ. 

ʆʧʠʩʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʥʦ ʩʧʠʩʢʦʤ ʥʠʞʝ. 

ʊʘʢʞʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʟʘʪʨʘʚʢʠè [166], ʛʨʘʬʦʵʧʠʪʘʢʩʠʠ [167] ʠ 

ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ (ʩʣʦʝʚ) ʚ ʢʘʯʝʩʪʚʝ çʪʝʤʧʣʝʡʪʦʚè [168, 169]. ɺʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ [170]. 

1. ʆʙʲʝʤʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʩʣʫʯʘʡ A, ʈʠʩ.1.10), ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʡ 

ʤʝʪʦʜ, ʪʘʢ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʤʝʪʦʜʘʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʷʯʝʡʢʝ ʩʤʝʰʠʚʘʶʪʩʷ ʨʘʚʥʳʝ ʦʙʲʸʤʳ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ. ɿʘʪʝʤ ʷʯʝʡʢʘ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʝʪʩʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʫʢʣʝʘʮʠʠ ʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʧʝʨʝʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ [163]. 

2. ʄʝʪʦʜ ʜʠʬʬʫʟʠʠ ʠʟ ʧʘʨʦʚ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʈʠʩ.1.10, ʩʣʫʯʘʡ B. ʄʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʤʝʪʦʜʘʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ. ɺ ʨʝʟʝʨʚʫʘʨ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʷʯʝʡʢʠ ʧʦʤʝʱʘʝʪʩʷ ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʜʣʦʞʢʠ (ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ ʠ ʧʨ.) ʥʘʥʦʩʷʪʩ ̫

ʨʘʚʥʳʝ ʦʙʲʝʤʳ (ʢʘʧʣʷ) ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ʚ ʧʨʠʤʝʨʥʦ ʜʚʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʨʝʟʝʨʚʫʘʨʝ. ɿʘʪʝʤ 

ʨʝʟʝʨʚʫʘʨ ʩ ʧʦʜʣʦʞʢʦʡ ʛʝʨʤʝʪʠʯʥʦ ʥʘʢʨʳʚʘʶʪ (ʢʫʧʦʣʦʤ, ʢʨʳʰʢʦʡ ʠ ʪ.ʜ., ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʷʯʝʡʢʠ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʧʣʷ ʩ ʙʝʣʢʦʤ ʠ 

ʦʩʘʜʠʪʝʣʝʤ ʦʢʘʟʘʣʘʩʴ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʷʯʝʡʢʠ. ʉ ʮʝʣʴʶ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʷʯʝʡʢʠ ʢʨʘʷ ʝʝ ʢʨʳʰʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʘʥʝʝ ʧʦʢʨʳʪʳ 

ʚʝʱʝʩʪʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʚʘʢʫʫʤʥʦʡ ʩʤʘʟʢʦʡ, 

ʧʘʨʘʬʠʥʦʚʦʡ ʣʝʥʪʦʡ ʠ ʪ.ʧ. 

ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʚʦʜʳ ʠʟ ʢʘʧʣʠ ʩ ʙʝʣʢʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ʙʫʜʝʪ 

ʨʘʩʪʠ ʧʦʢʘ ʥʝ ʩʪʘʥʝʪ ʨʘʚʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʠʪʝʣʷ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠʟ ʢʘʧʣʠ ʩ ʙʝʣʢʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 

ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʦʩʪʦʷʥʠʝ 

ʥʫʢʣʝʘʮʠʠ (ʈʠʩ.1.10), ʘ ʟʘʪʝʤ ï ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ [163]. 
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3. ɼʠʘʣʠʟ (ʩʣʫʯʘʡ ʉ ʥʘ ʈʠʩ.1.10). ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʧʨʦʥʠʮʘʝʤʘ ̫ ʤʝʤʙʨʘʥʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʪʫʧʣʝʥʠʝ ʤʦʣʝʢʫʣ ʦʩʘʜʠʪʝʣʷ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʨʠ ʵʪʦʤ ʧʨʦʭʦʞʜʝʥʠʶ ʙʝʣʢʘ. 

ɼʠʘʣʠʟʥʘ ̫ʤʝʤʙʨʘʥʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ. ʄʦʣʝʢʫʣʳ ʦʩʘʜʠʪʝʣʷ 

ʜʠʬʬʫʥʜʠʨʫʶʪ ʟʘ ʛʨʘʥʠʮʫ ʤʝʤʙʨʘʥʳ ʠ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʨʘʩʪʚʦʨʦʤ ʙʝʣʢʘ. ʉ 

ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʨʘʩʪʚʦʨ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʝʨʝʩʳʱʝʥʥʦʝ, ʚ ʟʦʥʫ ʥʫʢʣʝʘʮʠʠ, ʟʘʪʝʤ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʟʦʥʫ, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʙʝʣʢʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ. ʋʞʝ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʤʝʤʙʨʘʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʩ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʦʜʥʦʤ ʦʙʨʘʟʮʝ [163]. 

4. ʄʝʪʦʜ ʩʚʦʙʦʜʥʦʡ ʜʠʬʬʫʟʠʠ (ʩʣʫʯʘʡ D ʥʘ ʈʠʩ.1.10). ʈʘʩʪʚʦʨʳ ʙʝʣʢʘ ʠ 

ʦʩʘʜʠʪʝʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʢʘʧʠʣʣʷʨʝ ʪʘʢ, ʯʪʦʙʳ ʦʜʠʥ ʨʘʩʪʚʦʨ 

ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘʜ ʜʨʫʛʠʤ. ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʨʫʛʦʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʇʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʘʩʪʚʦʨ 

ʧʝʨʝʭʦʜʠʪ ʠʟ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʩʳʱʝʥʠʷ. 

ɺ ʢʘʧʠʣʣʷʨʝ ʧʦʜʙʠʨʘʶʪʩʷ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ, ʨʘʟʣʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [163]. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ ʠ ʫʣʫʯʰʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʢʘ, ï 

ʨʦʩʪ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʥʝʚʝʩʦʤʦʩʪʠ [145, 164]. 

ʇʨʠʯʠʥʘ ʫʢʘʟʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʛʨʘʚʠʪʘʮʠʠ 

ʚʣʠʷʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪ ʚʝʱʝʩʪʚ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʢʘʯʝʩʪʚʦ ʚʳʨʦʩʰʝʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪ 
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ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʚʝʢʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ ʚʙʣʠʟʠ ʢʨʠʩʪʘʣʣʘ ʚʦʟʥʠʢʘʝʪ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ, 

ʢʦʥʚʝʢʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʘʥʠʟʦʪʨʦʧʠʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʢʘʯʝʩʪʚʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚʙʣʠʟʠ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʚʦʟʥʠʢʘʝʪ 

ʩʪʘʙʠʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. çʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʤʦʣʝʢʫʣʳ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʠʩʦʝʜʠʥʠʚʰʠʝʩʷ ʥʝʧʨʘʚʠʣʴʥʦ, ʤʦʛʫʪ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʦʪ ʢʨʠʩʪʘʣʣʘ ʠ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʟʘʥʷʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʕʪʦ ʧʦʥʠʞʘʝʪ 

ʤʦʟʘʠʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦè [164]. 

ʊʘʢʞʝ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʦʩʰʠʡ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʠ 

ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʝʛʦ ʢʦʥʝʯʥʫʶ 

ʬʦʨʤʫ. ɺ ʥʝʚʝʩʦʤʦʩʪʠ ʢʨʠʩʪʘʣʣ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ, ʘ ʧʣʘʚʘʝʪ ʚ ʨʘʩʪʚʦʨʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ çʜʦʩʪʘʚʢʘè ʚʝʱʝʩʪʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ, ʙʣʘʛʦʜʘʨʷ çʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʣʷè [164]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʨʦʩʪ ʠʟʦʤʝʪʨʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [146 ï 151, 171], ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʧʦʣʝ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʥʝʚʝʩʦʤʦʩʪʠ, ʥʘ 0.3 ï 0.4 ¡ ʧʨʝʚʳʰʘʝʪ ʧʦʣʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʢʦʩʤʠʯʝʩʢʠʭè 

ʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʰʝʥʠʡ ʦʪ 1.05 ʜʦ 1.7 ¡ [164]. 
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1.4. ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʎɽʉʉʆɺ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʀ ʈʆʉʊɸ ʂʈʀʉʊɸʃʃɸ ɹɽʃʂɸ 

ʅɸ ʇʈʀʄɽʈɽ ʃʀɿʆʎʀʄɸ 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʧʦʥʠʤʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʷʜʨʘ ʧʨʠ ʥʫʢʣʝʘʮʠʠ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʨʦʩʪʝ 

ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʤʦʜʝʣʠ ʥʫʢʣʝʘʮʠʠ [172]. ɺ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʫʢʣʝʘʮʠʠ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ. ɺʥʘʯʘʣʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘʨʦʜʳʰ, 

ʟʘʪʝʤ ʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʫʞʝ ʥʝ ʨʘʩʧʘʜʘʝʪʩʷ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ. ɺ ʵʪʦʛʦ ʤʦʤʝʥʪ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ï ʢ 

ʟʘʨʦʜʳʰʫ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʚʳʩʪʨʘʠʚʘʷ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɺ [172, 173] ʦʧʠʩʘʥʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʤʦʜʝʣʴ ʥʫʢʣʝʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ 

ʚ ʩʣʝʜʫʶʱʝʤ. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ï ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ çʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʘè, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʪʜʝʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ, ʘʛʨʝʛʘʪʘʤʠ ʠʣʠ 

ʦʣʠʛʦʤʝʨʘʤʠ. ɺʪʦʨʘʷ ʩʪʫʧʝʥʴ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʢʣʘʩʪʝʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʧʫʪʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʣʘʩʪʝʨʫ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʘʛʨʝʛʘʪʦʚ ʠʣʠ 

ʦʣʠʛʦʤʝʨʦʚ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [174 ï 179], ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʙʝʣʢʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʛʦ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ ʠʟ ʢʫʨʠʥʦʛʦ 

ʷʡʮʘ (Hen Egg-White Lysozyme, HEWL) ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚʚʠʜʫ ʤʘʣʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʫʢʘʟʘʥʥʦʛʦ ʙʝʣʢʘ. 

ʃʠʟʦʮʠʤʳ (ɽʉ 3.2.1.17) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʝ ʬʝʨʤʝʥʪʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʱʝʧʣʷʪʴ ɓ-(1,4)-ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ 
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ʤʝʞʜʫ N-ʘʮʝʪʠʣʤʫʨʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ N-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʦʤ ʚ 

ʧʝʧʪʠʜʦʛʣʠʢʘʥʝ, çʛʣʘʚʥʦʤè ʧʦʣʠʤʝʨʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʙʘʢʪʝʨʠʡ [180]. 

 

 

ʈʠʩ. ï ʉʪʨʫʢʪʫʨʘ ʣʠʟʦʮʠʤʘ PDB ID: 1JKC. (a) ï 3D ʩʪʨʫʢʪʫʨʘ; (ʙ) ï 

ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʣʦʛʦ ʜʦʤʝʥʘ3. 

 

HEWL ʙʳʣ ʧʝʨʚʳʤ ʬʝʨʤʝʥʪʦʤ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

[181 ï 183]. ʉ ʪʝʭ ʧʦʨ ʙʝʣʦʢ ʩʣʫʞʠʣ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʭʠʤʠʠ ʙʝʣʢʘ, 

ʵʥʟʠʤʦʣʦʛʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʙʝʣʢʘ, ʢʘʪʘʣʠʟʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʝʨʤʝʥʪʘʮʠʠ, ʵʚʦʣʶʮʠʠ ʬʝʨʤʝʥʪʘ 

ʠ ʠʥʞʝʥʝʨʠʠ ʙʝʣʢʘ [184 ï 188]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʤʦʣʝʢʫʣʘ ʣʠʟʦʮʠʤʘ HEWL ʠʤʝʝʪ ʪʦʣʴʢʦ 

129 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʥʦ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʘ. ʕʪʦ ʜʝʣʘʝʪ ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʡ ʠ 

ʫʜʦʙʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ, 

ʧʨʦʮʝʩʩʘʤ ʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ. 

 
3 ʈʠʩʫʥʢʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ https://www.rcsb.org/ 

https://www.rcsb.org/
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1.4.1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ. ʇʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ in situ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʪʦʜ ɼʈʉ ʧʨʠʤʝʥʷʣʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ. 

ɺ [189] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ɼʈʉ ʨʘʩʪʚʦʨʘ 

ʣʠʟʦʮʠʤʘ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ: 20 ʤʛ/ʤʣ ʨʘʩʪʚʦʨ ʣʠʟʦʮʠʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

2.5 % w/v ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʥʘʪʨʠʡ ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ (40 ʤʄ, ʨʅ 4.6). 

çʋʧʨʘʚʣʝʥʠʝè ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʟʦʮʠʤʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ [190]. ɺʩʝ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʩʴ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (T), ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʜʦʩʪʠʛʣʠ 

ʨʘʟʤʝʨʦʚ 150 ï 200 ʤʢʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 20 ÜC ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨ ʣʠʟʦʮʠʤʘ ʙʳʣ ʥʝʥʘʩʳʱʝʥʥʳʤ, ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ 

22 ʤʛ/ʤʣ. ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʩʦʩʪʘʚʠʣʘ 

22.5 ¡, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʧʦ ʚʝʣʠʯʠʥʝ ʢ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ [191] 

(21.2 ¡). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ï ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ, ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ 

ʙʝʣʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ T = ï2 ÜC, ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 

ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, 

ʢʦʪʦʨʳʡ ʩʧʫʩʪʷ 10 ï 11 ʯʘʩʦʚ ʜʦʩʪʠʛ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 33 ¡. ʇʦʩʣʝ 

ʵʪʦʛʦ ʨʘʜʠʫʩ ʩʪʘʣ ʫʤʝʥʴʰʘʪʴʩʷ, ʧʦʢʘ ʝʛʦ ʚʝʣʠʯʠʥʘ ʥʝ ʜʦʩʪʠʛʣʘ ʠʩʭʦʜʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠ ̫ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ, ʥʘ ʧʣʘʩʪʠʥʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘ ʢʶʚʝʪʦʡ ʩ ʨʘʩʪʚʦʨʦʤ, ʥʘʙʣʶʜʘʣʠʩ ɹ

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʦʣʴʮʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩ 
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ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ å 30 ʤʢʤ. ʈʘʟʤʝʨʦʚ 150 ï 200 ʤʢʤ ʢʨʠʩʪʘʣʣʳ 

ʜʦʩʪʠʛʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ. ʄʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʚʳʨʦʩʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ NaCl ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ, ʧʨʠ T < 25 ÜC). 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ T = ï5 ÜC ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ/ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʝʣʠʯʠʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʨʘʟʤʝʨʫ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʘʨʦʜʳʰʘ ʣʠʟʦʮʠʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʦʪʥʦʰʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʘʚʠʣʦ 1,75 (ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʩʣʫʯʘʝ 1,55 ʧʨʠ T = ï2 ÜC); ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣʦ 11 ï 12 ʯʘʩʦʚ, 

ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʫʯʘʝʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʨʘʟʤʝʨ ʟʘʨʦʜʳʰʘ ʧʨʠ ʥʘʩʳʱʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʜʦʣʞʝʥ ʫʤʝʥʴʰʘʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ: 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʤʝʨʘ ʟʘʨʦʜʳʰʘ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʣʠʟʦʮʠʤʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʘ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʴ ʙʳʩʪʨʳʡ 

ʧʨʦʮʝʩʩ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʠʡ 

ʟʘʨʦʜʳʰ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚʩʝʛʦ ʣʠʰʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣ, ʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʙʦ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ, ʣʠʙʦ ʤʘʣʳʭ 

ʘʛʨʝʛʘʪʦʚ. 

ɺ [176] ʤʝʪʦʜʦʤ ɼʈʉ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʷ ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ 

ʢʨʠʩʪʘʣʣʘ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝʩʳʱʝʥʠʠ ů = 2.58 ʠ ů = 4.68) ʩ 7 % 

ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ 50 ʤʄ ʥʘʪʨʠʡ ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ, ʨʅ 4.5 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 26.5 Üʉ. ʉʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ 

ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʛʨʝʛʘʪʳ ʩ ʨʘʟʤʝʨʘʤʠ 5.62 ʠ 7.50 ʥʤ ʜʣʷ ů = 2.58 ʠ ů = 4.68 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ ʨʘʩʪʝʪ ʨʘʟʤʝʨ ʘʛʨʝʛʘʪʦʚ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʝʨʝʟ 45 ʤʠʥ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʦʩʪʘ ʛʨʘʥʴ (110) ʢʨʠʩʪʘʣʣʘ ʧʨʠ ů = 4.68 ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ů = 2.58. ʉ ʨʦʩʪʦʤ ʢʨʠʩʪʘʣʣʘ ʛʨʘʥʴ (110) ʧʨʠ ů = 4.68 ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ ʠʪʦʛʝ, ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʪʘʢʫʶ ʞʝ ʬʦʨʤʫ ʢʘʢ ʢʨʠʩʪʘʣʣ ʧʨʠ 

ů = 2.58. 

ʀʟ ʜʘʥʥʳʭ ʦ ʨʘʟʤʝʨʘʭ ʤʦʥʦʤʝʨʦʚ 3.79 ʥʤ Ĭ 2.8 ʥʤ Ĭ 2.8 ʥʤ, ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʛʨʝʛʘʪʳ ʩ ʨʘʟʤʝʨʦʤ 5.62 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʪʨʘʤʝʨʘʤ, ʘ 

ʘʛʨʝʛʘʪʳ ʩ ʨʘʟʤʝʨʦʤ 7.50 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʢʪʘʤʝʨʘʤ. ʀʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ 

ʩʢʦʨʦʩʪʷʭ ʨʦʩʪʘ ʛʨʘʥʝʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʪʨʘʤʝʨʳ ʫʯʘʩʪʚʫʶʪ ʚ 

ʨʦʩʪʝ ʛʨʘʥʝʡ (101), ʘ ʦʢʪʘʤʝʨʳ ï (110). 

ɺ [192] ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʤʝʪʦʜʦʤ ɼʈʉ 

ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʡ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠ ̫ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ɺʥʘʯʘʣʝ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʤʦʥʦʤʝʨʳ ʙʝʣʢʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʟʫʶʪʩʷ ʝʜʠʥʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣ 

ʙʝʣʢʘ, ʨʘʜʠʫʩ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2.0 ʜʦ 3.5 ʥʤ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʟ ʪʘʢʠʭ 

ʝʜʠʥʠʮ ʬʦʨʤʠʨʫʶʪʩʷ ʢʣʘʩʪʝʨʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0.1 ʜʦ 1 ʤʢʤ. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʘʛʨʝʛʘʮʠʷ ʩʘʤʠʭ ʢʣʘʩʪʝʨʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʝʜʠʥʠʮ ʠ ʢʣʘʩʪʝʨʦʚ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʞʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ 

ʝʜʠʥʠʮ ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʦʜʠʥʘʢʦʚʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ, ʪʘʢ ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. 

ɺ [193] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ. 

ʄʝʪʦʜʦʤ ɼʈʉ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʩʪʚʦʨʳ ʣʠʟʦʮʠʤʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʩʳʱʝʥʠʷ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʷ NaCl. ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʮʳ ʜʚʫʭ ʪʠʧʦʚ ï ʩ 

ʨʘʜʠʫʩʦʤ 25 ¡ ʠ 2700 ¡. ʇʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʤʦʥʦʤʝʨʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʟ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʣʷʣ 17 ¡, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʝʨʚʘʷ 

ʯʘʩʪʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʤʝʨ, ʘ ʚʪʦʨʘʷ ï ʘʛʨʝʛʘʪ, ʚʢʣʶʯʘʶʱʠʡ ʪʳʩʷʯʠ 

ʤʦʣʝʢʫʣ. 

ɺ [194] ʤʝʪʦʜʦʤ ɼʈʉ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʝʡ NaCl, (NH4)2SO4 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ ʥʘʨʷʜʫ ʩ ʤʦʥʦʤʝʨʘʤʠ ʠʣʠ 

ʥʝʙʦʣʴʰʠʤʠ ʦʣʠʛʦʤʝʨʘʤʠ, ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʘʛʨʝʛʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʬʨʘʢʪʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ. ʊʘʢʞʝ, ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʘʛʨʝʛʘʮʠʠ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʉʈʉ) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʦʛʨʝʩʩʠʚʥʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʬʨʘʢʪʘʣʦʚ ʚ ʢʦʤʧʘʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʗʄʈ ʠʟʤʝʨʝʥʠʡ ʚ [195] 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʣʠʟʦʮʠʤʘ ʚ ʨʘʩʪʚʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ, ʦʩʘʜʠʪʝʣʷ NaCl, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʦʡ ʜʣʷ ʤʦʣʝʢʫʣʳ ʣʠʟʦʮʠʤʘ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ 11, ʧʦʵʪʦʤʫ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʅ ʤʦʣʝʢʫʣʘ ʠʤʝʝʪ ʯʠʩʪʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦʩʢʦʣʴʢʫ 

ʤʦʣʝʢʫʣʘ ʣʠʟʦʮʠʤʘ ʟʘʨʷʞʝʥʘ, ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʜʠʬʬʫʟʠʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʵʬʬʝʢʪʦʚ ʠʟʤʝʥʝʥʠʡ ʚ 

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ) ʠ 

ʘʛʨʝʛʘʮʠʠ. ʇʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ ʩʦʛʣʘʩʦʚʳʚʘʣʦʩʴ ʩ ʤʦʜʝʣʴʶ 

ɼʝʨʷʛʠʥʘ-ʃʘʥʜʘʫ-ɺʝʨʚʝʡ-ʆʚʝʨʙʝʢʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠ 

ʦʪʪʘʣʢʠʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʠʬʬʫʟʠʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʚʳʩʰʠʭ 

ʦʣʠʛʦʤʝʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʤʦʥʦʤʝʨʳ ʘʛʨʝʛʠʨʫʶʪ ʚ 

ʚʠʜʝ ʪʚʝʨʜʳʭ ʩʬʝʨ. ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʠʟʦʜʝʩʤʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʢʦʥʩʪʘʥʪʘ 

ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ ʧʨʠ ʨʅ 4.6 ʠ 298 ʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

0.5 ʄ NaCl ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ (118 Ñ12) ʄï1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʘʛʨʝʛʘʮʠʠ ʣʠʟʦʮʠʤʘ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ [192, 195] ʦʙʩʫʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 100 ʥʤ ʜʦ 1 ʤʢʤ, ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʚ [194, 196 ï 198] ʤʝʪʦʜʘʤʠ ɼʈʉ, ʉʈʉ ʦʧʠʩʘʥʦ 
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ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʩʚʷʟʴ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʙʝʣʢʘ ʠ ʬʨʘʢʪʘʣʴʥʦʡ 

ʘʛʨʝʛʘʮʠʝʡ ʥʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ. ɸʛʨʝʛʘʪʳ (ʢʣʘʩʪʝʨʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʟʘʨʦʜʳʰʘʤʠ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʪ ʘʛʨʝʛʘʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ, ʥʦ ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ [199] ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʛʨʝʛʘʮʠʠ ʣʠʟʦʮʠʤʘ ʚ 

ʨʘʩʪʚʦʨʘʭ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʧʨʦʬʠʣʝʡ ʧʨʷʤʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʇ-ʉʈʉ). ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠʩʴ 

ʨʘʩʪʚʦʨʳ ʣʠʟʦʮʠʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ 10 ï 30 ʤʛ/ʤʣ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ NaCl. 

ʈʘʩʪʚʦʨʳ ʣʠʟʦʮʠʤʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʬʠʣʠ ʇ-ʉʈʉ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʤ (Ŭ) ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʨʘʢʪʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʣʠʟʦʮʠʤʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ HEWL ʠ NaCl 20 ʤʛ/ʤʣ 

ʠ 4.0 % (ʤʘʩ./ʦʙ.), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ŭ ʩʦʩʪʘʚʣʷʣʦ 1.59 Ñ 0.06; ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

30 ʤʛ/ʤʣ ʠ 3.5% (ʤʘʩ./ʦʙ.) ï 1.66 Ñ 0.05. ʊʘʢʞʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʝʷʥʠʝ 

ʦʪ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1.5 % (ʤʘʩ./ʦʙ.) ʥʝ ʠʤʝʝʪ ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʨʘʢʪʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1.5 % (ʤʘʩ./ʦʙ.) ʢʨʠʩʪʘʣʣʳ ʣʠʟʦʮʠʤʘ ʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ. ɺ 

ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʨʦʩʣʠ 

ʢʨʠʩʪʘʣʣʳ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʦʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʢʪʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʩ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ D > 1,5. 

ɽʜʠʥʠʮʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ HEWL ʠʟ ʨʘʩʪʚʦʨʘ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ [200]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ ʠ 

ʦʩʘʜʠʪʝʣʷ NaCl, ʠ ʨʝʞʠʤ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʫʩʣʦʚʠʷʤ, 

ʢʦʛʜʘ ʦʩʘʞʜʝʥʠʝ ʠ ʜʠʬʬʫʟʠʷ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʚʥʦʚʝʩʠʠ. ɺʦ ʚʩʝʭ ʨʘʩʪʚʦʨʘʭ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʚ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʨʦʩʣʠ ʢʨʠʩʪʘʣʣʳ, ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʚʝʩ ʯʘʩʪʠʮ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ (12 ï 16,5) Ĭ103 ʢɼʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʤʦʥʦʤʝʨʘ ʣʠʟʦʮʠʤʘ (ʨʘʚʥʦʡ 14,4Ĭ103 ʢɼʘ) ʙʳʣ ʩʜʝʣʘʥ 
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ʚʳʚʦʜ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʣʠʟʦʮʠʤʘ ʚ ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʝʙʳʚʘʶʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʤʦʥʦʤʝʨʦʚ. 

ʈʷʜ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈʈ) ʠ 

ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ (ʄʋʈʅ). ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʙʝʣʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʤʦʥʦʜʠʩʧʝʨʩʥʦʝ ʠʣʠ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ (ʧʦʣʠʜʠʩʧʝʨʩʥʦʝ), ʨʘʟʤʝʨʳ, ʬʦʨʤʫ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʘʛʨʝʛʘʪʦʚ. 

ɺ [2] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ 

HEWL ʤʝʪʦʜʦʤ ʄʋʈʅ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʷʞʝʣʦʡ 

ʚʦʜʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʙʳʣ 

ʚʳʰʝ, ʯʝʤ ʚ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʦʤʝʨʦʚ, ʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʦʣʠʛʦʤʝʨʦʚ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʣʠʛʦʤʝʨʳ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʨʘʜʠʫʩʘʤʠ: 13.5 ¡, 20.5 ¡, 

27.2 ï 27.7 ¡, 31.8 ï 32.6 ¡, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʷʚʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʥʦʤʝʨʘʤʠ, ʜʠʤʝʨʘʤʠ, ʪʝʪʨʘʤʝʨʘʤʠ ʠ ʦʢʪʘʤʝʨʘʤʠ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʚ ʥʝʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʥʦʤʝʨʳ ʠ ʜʠʤʝʨʳ, ʚ ʥʘʩʳʱʝʥʥʦʤ ʪʦʣʴʢʦ ʜʠʤʝʨʳ, ʘ ʚ 

ʧʝʨʝʩʳʱʝʥʥʦʤ ʪʝʪʨʘʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ. ʊʘʢʞʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʪʝʪʨʘʤʝʨʳ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʦʩʪʘ. 

ʆʢʪʘʤʝʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʦʩʪʘ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʨʦʜʳʰʝʡ ʠ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʨʦʩʪ ʨʘʜʠʫʩʘ ʠʥʝʨʮʠʠ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʤʘʣʳʭ ʫʛʣʦʚ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʘʶʪ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʚ ʯʘʩʪʠ ʪʠʧʦʚ 

ʦʣʠʛʦʤʝʨʦʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʨʘʟʤʝʨʘʤ. ɸʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʭʦʨʦʰʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ 
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ʤʝʪʦʜʠʢʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ (ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʯʠʩʪʦʪʳ ʧʨʦʮʝʜʫʨ ʬʠʣʴʪʨʘʮʠʠ 

ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ). 

ɺ [201, 202] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʋʈʅ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʧʝʨʝʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʣʠʟʦʮʠʤʘ ʧʨʝʙʳʚʘʝʪ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʩʳʱʝʥʥʳʡ 

ï ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʤ, ʠ ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʞʝ, ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʦʙʥʘʨʫʞʝʥʳ ʘʛʨʝʛʘʪʳ ʜʚʫʭ 

ʪʠʧʦʚ: ʧʝʨʚʦʛʦ ʪʠʧʘ ʩ ʨʘʟʤʝʨʘʤʠ 200 ï 600 ¡; ʚʪʦʨʦʛʦ ï ʦʢʦʣʦ 30 ¡. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 14 ʯʘʩʦʚ, ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʛʨʝʛʘʪʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʚʳʰʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʝʨʚʦʛʦ ʚ 

105
 ʨʘʟ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʄʋʈʈ ʚ [4] ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫

ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʣʠʟʦʮʠʤʘ ʚ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 50 ʤʄ ʥʘʪʨʠʡ ʘʮʝʪʘʪʥʦʤ ʙʫʬʝʨʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʨʅ 4.5 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 18 Üʉ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ ʙʝʣʦʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʠʜʝ ʤʦʥʦʤʝʨʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʳ ʦʩʪʘʶʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝ, ʘ ʦʪʪʘʣʢʠʚʘʶʱʝʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝ ʙʦʣʝʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʩʦʣʝʡ 

ʨʘʩʪʚʦʨ ʣʠʟʦʮʠʤʘ ʦʩʪʘʝʪʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤ (ʚ ʩʦʩʪʘʚʝ ʪʦʣʴʢʦ ʤʦʥʦʤʝʨʳ), ʥʝ 

ʧʝʨʝʭʦʜʷ ʢ ʥʫʢʣʝʘʮʠʠ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʦʮʠʤʘ (ʢʦʛʜʘ ʥʘ ʢʨʠʚʦʡ ʨʘʩʩʝʷʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ) ʧʨʠ ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʝ 

ʨʘʩʪʚʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʠʦʥʥʦʡ ʩʠʣʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʥʘʯʘʣʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʥʝʧʨʝʨʳʚʥʦ ʥʘʙʣʶʜʘʣʩʷ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʜʦʙʘʚʣʝʥʥʦʡ ʩʦʣʠ ʠ 

ʚʦʟʨʘʩʪʘʣ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʢʘʪʠʦʥʳ (Li+, Na+, K+, NH4
+, Cs+) ʧʦʢʘʟʘʣʠ ʦʜʠʥʘʢʦʚʳʡ 

ʵʬʬʝʢʪ, ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʘʢʦʡ 

ʞʝ ʧʦʨʷʜʦʢ ʘʥʠʦʥʦʚ (SCNï, ʧʘʨʘʪʦʣʫʦʣ ʩʫʣʴʬʦʥʘʪ, NO3
ï, CIï, H2PO4

ï), ʢʦʪʦʨʳʡ 

ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʣʠʟʦʮʠʤʘ ʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʘʥʠʦʥʦʚ ʥʘ ʙʝʣʢʦʚʦ-ʙʝʣʢʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʦʙʨʘʪʥʳʡ ʨʷʜ ɻʦʬʤʝʡʩʪʝʨʘ. ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ [203, 204]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʙʝʣʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʠ ʧʦʠʩʢ ʥʦʚʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ï ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ. ʄʝʪʦʜʘʤʠ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʄʋʈʈ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʀɾ) ʥʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʠʟʦʮʠʤʘ [205]. ʄʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʟʦʮʠʤʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʀɾ, ʨʘʚʥʳʭ 1 ʠ 5 ʤʦʣ.%. ʈʘʜʠʫʩ ʛʠʨʘʮʠʠ ʣʠʟʦʮʠʤʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʦʣ.% ʀɾ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʀɾ. ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʩʦʙʝʥʥʦ ʦʙʣʘʩʪʠ ʧʝʪʝʣʴ, 

ʠʟʤʝʥʷʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʀɾ, ʘ ʵʪʦ ʟʘʚʠʩʝʣʦ ʦʪ ʝʝ ʪʠʧʘ. 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʟʦʮʠʤʘ ʩ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʀɾ ʥʠʪʨʘʪʘ 

ʵʪʠʣʘʤʤʦʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʝʪʣʠ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ, ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʘ ʪʨʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʠʪʨʘʪ-ʠʦʥʘʤʠ. 

 

1.4.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺ [206, 207] ʠʟʫʯʘʣʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʠ (110) ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʝʨʝʩʳʱʝʥʠʷ ʙʝʣʢʘ ʚ 
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ʨʘʩʪʚʦʨʝ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʠ ʣʦʢʘʣʴʥʦʛʦ 

ʧʝʨʝʩʳʱʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʘ ʠʟ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ: ʩʥʘʯʘʣʘ ʠʜʝʪ ʪʨʘʥʩʧʦʨʪ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʙʝʣʢʘ ʢ ʛʨʘʥʠʮʝ ʨʦʩʪʘ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʩʪʨʘʠʚʘʥʠʝ ʯʘʩʪʠʮ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʥʘ ʛʨʘʥʠʮʝ ʨʦʩʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚ [207] ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʣʠʛʦʤʝʨʳ ʚ 

ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ (ʜʠʤʝʨʳ ʠ ʪʝʪʨʘʤʝʨʳ) ʫʯʘʩʪʚʫʶʪ ʚ ʨʦʩʪʝ 

ʢʨʠʩʪʘʣʣʘ. 

ʀʟʤʝʨʝʥʠʷ ʫʩʨʝʜʥʝʥʥʳʭ ʠʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʠ 

(110) ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʙʦʪʝ [208] 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʝʣʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (4 ï 22 Üʉ) 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ. ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʦʪ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʙʳʣʠ ʩʭʦʞʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʩʳʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ, ʘ 

ʟʘʪʝʤ ʥʘʯʠʥʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ. ʆʙʥʘʨʫʞʠʪʴ çʤʝʨʪʚʫʶ ʟʦʥʫè ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʣʘʩʴ ʢ ʥʫʣʶ ʧʨʠ 

ʦʯʝʥʴ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʧʝʨʝʩʳʱʝʥʠʷ. ɼʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʅ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ. ʊʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʝʩʳʱʝʥʠʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥ ʧʦʣʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ, 

ʚʢʣʶʯʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ-ʝʜʠʥʠʮ ʨʦʩʪʘ, ʧʝʨʝʥʦʩ ʤʘʩʩʳ ʝʜʠʥʠʮʳ ʨʦʩʪʘ 

ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣʘ ʠ ʨʦʩʪ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʟʘ ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʢ ʥʠʤ ʝʜʠʥʠʮ ʨʦʩʪʘ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʥʜʝʥʮʠʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʯʝʤ 

ʤʝʭʘʥʠʟʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ɺʦʟʤʦʞʥʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʛʨʝʛʘʪʦʚ-ʝʜʠʥʠʮ ʨʦʩʪʘ, ʩʪʦʣʴ ʞʝ ʚʘʞʥʳ, ʢʘʢ ʠ ʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ 
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ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣʘ. ʀʤʝʥʥʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʠ ʤʦʛʫʪ 

ʦʪʚʝʯʘʪʴ ʟʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʦʩʪʦʤ ʢʨʠʩʪʘʣʣʦʚ ʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ. 

ɺ [209] ʠʩʩʣʝʜʦʚʘʣʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʠ (110) ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʝʧʝʥʠ 

ʧʝʨʝʥʘʩʳʱʝʥʠʷ. ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ 

ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ï ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮ ʢʨʠʩʪʘʣʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʦʙʲʷʩʥʝʥʳ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʘʣʝʡ ʚʜʦʣʴ ʚʠʥʪʦʚʦʡ 

ʦʩʠ 43. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʦʩʪ ʛʨʘʥʠ 

(110) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ: ʩʠʣʴʥʳʝ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʚʳʟʳʚʘʶʪ ʙʳʩʪʨʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʘʛʨʝʛʘʪʦʚ ʚʠʥʪʦʚʦʡ ʦʩʴʶ 43, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ 

ʩʣʘʙʳʝ ʩʚʷʟʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʝʜʠʥʠʮ ʨʦʩʪʘ ʢ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ. ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʚ ʦʙʲʝʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʧʨʦʮʝʩʩʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʛʨʘʥʷʤ ʢʨʠʩʪʘʣʣʘ. 

ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʩʠʣʦʡ ʩʚʷʟʝʡ. 

ʅʠ ʦʜʥʘ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ, ʧʨʦʚʝʨʝʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʩ ʤʦʥʦʤʝʨʘʤʠ ʚ ʤʦʥʦʜʠʩʧʝʨʩʥʦʤ ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮ 

ʨʦʩʪʘ ʠʣʠ ʪʝʪʨʘʤʝʨʘʤʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʛʨʝʛʘʪʦʚ, ʥʝ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʪʝʥʜʝʥʮʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʦʮʠʤʘ. ʉʢʦʨʦʩʪʠ ʨʦʩʪʘ ʚ ʜʚʫʭ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʜʚʫʤʝʨʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʩ ʦʢʪʘʤʝʨʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʨʦʩʪʘ ʧʨʝʚʦʩʭʦʜʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ; ʵʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʨʦʩʪʘ 

ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [210]. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʩ ʦʢʪʘʤʝʨʦʤ ʚ ʚʠʜʝ ʝʜʠʥʠʮʳ ʨʦʩʪʘ, ʧʨʠ ʤʝʥʴʰʝʤ 
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ʧʝʨʝʩʳʱʝʥʠʠ ʙʝʣʢʘ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʘ 

ʧʨʠ ʚʳʩʦʢʦʤ ï ʤʦʜʝʣʴ ʜʚʫʤʝʨʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ; ʦʪʣʠʯʠʷ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʨʘʟʥʳʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ. 

ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʠʛʦʤʝʨʦʚ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. 

ɺ ʨʘʙʦʪʝ [5] ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʛʨʘʥʠ (101) ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʤʦʜʝʣʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʟʘ ʩʯʝʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʦʚ, ʪʝʪʨʘʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ ʢ ʨʘʩʪʫʱʝʡ ʛʨʘʥʠ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʝʜʠʥʠʮʳ 

ʨʦʩʪʘ ʚ ʚʠʜʝ ʪʝʪʨʘʤʝʨʦʚ ʠʣʠ ʦʢʪʘʤʝʨʦʚ. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʦʩʪ ʛʨʘʥʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʦʩʪʘ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

ʨʘʟʤʝʨʘʤʠ ʪʝʪʨʘʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ. 

ʈʘʙʦʪʘ [211] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ɸʉʄ). ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʫʧʝʥʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʜʠʥʦʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʜʦʣʴ [ρρπ] ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ 

ʝʜʠʥʠʮ ʨʦʩʪʘ ʩ ʚʠʥʪʦʚʦʡ ʦʩʴʶ 43: 5.6 ʥʤ ʠ 11.2 ʥʤ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʤʝʨʘ ʝʜʠʥʠʮʳ ʨʦʩʪʘ ʧʦ ʚʩʝʤ ʩʢʘʥʘʤ ʩʦʩʪʘʚʠʣʦ 

1.2 ʥʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʝʜʠʥʠʮ ʨʦʩʪʘ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ 65 ʩʢʘʥʦʚ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ [001] (ʚʜʦʣʴ ʚʠʥʪʦʚʦʡ ʦʩʠ 43), ʪʦ ʝʩʪʴ, ʬʘʢʪʠʯʝʩʢʠ, ʚʳʩʦʪʘ 

ʝʜʠʥʠʮʳ ʨʦʩʪʘ, ʦʪʚʝʯʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʫ ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ 43, ʩʦʩʪʘʚʣʷʝʪ 3.8 ʥʤ 

(ʦʜʠʥ), 7.6 (ʜʚʘ), 11.4 ʥʤ (ʪʨʠ). ɼʘʥʥʳʝ ʨʘʟʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʧʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʦʜʥʦʡ ʠ ʜʚʫʤ ʝʜʠʥʠʮʘʤ ʩ ʚʠʥʪʦʚʦʡ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ 43. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʟʤʝʨʘʭ ʩʪʫʧʝʥʝʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ 

ʪʝʪʨʘʤʝʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʜʥʦʤʫ ʚʠʪʢʫ ʩʧʠʨʘʣʠ 43, ̫ ʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ 
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ʝʜʠʥʠʮʝʡ ʨʦʩʪʘ ʜʣʷ ʛʨʘʥʠ (110). ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʮʝʧʝʡ ʩʚʷʟʠ (ʇʎʉ) [5, 212 ï 214] ʠ 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [215 ï 217]. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʤʝʪʦʜʦʤ ɸʉʄ ʠ ʤʝʪʦʜʦʤ ʇʎʉ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʨʘʥʴ (110) ʩʦʩʪʦʠʪ ʠʟ ʮʝʧʝʡ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʚʠʥʪʦʚʦʡ ʦʩʠ 43, ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ [218, 219] 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʬʦʪʦʛʨʘʬʠʠ ɸʉʄ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣ ʠ 

ʬʦʨʤʝ ʥʘʢʦʥʝʯʥʠʢʘ ʠʛʣʳ ɸʉʄ. ʇʘʨʘʤʝʪʨʳ ʫʧʘʢʦʚʢʠ ʠ ʬʦʨʤʫ ʠʛʣʳ ʤʝʥʷʣʠ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʇʨʝʜʧʦʣʦʞʝʥʠ,̫ 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʇʎʉ ʘʥʘʣʠʟʝ, ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ/ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣ ʚʦʢʨʫʛ 

ʚʠʥʪʦʚʦʡ ʦʩʠ 43 ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥ,r ʧʦʩʢʦʣʴʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʦʩʠ 21, ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʥʘ ʛʨʘʥʠʮʝ ʫʧʘʢʦʚʘʥʳ 

ʧʣʦʪʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 43, ʯʝʤ ʤʦʣʝʢʫʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʚʳʤʠ ʩʣʦʷʤʠ ʤʦʣʝʢʫʣ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʣʘʢʩʘʮʠʷ ʤʦʣʝʢʫʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʚ ʧʨʘʚʠʣʴʥʦʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ɽʩʣʠ ʪʘʢʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠ (110) ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʪʦ ʵʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʚ ʤʠʨʝ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥʦ ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʦʨʛʘʥʠʟʘʮʠʷ 

ʤʦʣʝʢʫʣ, ʢʦʪʦʨʘʷ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʰʠʨʦʢʦ ʥʘʙʣʶʜʘʝʤʦʡ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʦʚʳʡ ʧʦʜʭʦʜ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ ʥʘ ʛʨʘʥʷʭ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ɸʉʄ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʛʨʘʥʠ (110) 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʧʦʜʭʦʜʦʚ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʫʧʘʢʦʚʢʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʣʠʟʦʮʠʤʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʚʷʟʠ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ [209, 212, 214]. ɺ ʪʦʤ 

ʯʠʩʣʝ, ʤʝʪʦʜʦʤ ɸʉʄ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ 

ʣʠʟʦʮʠʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʛʨʝʛʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʚʠʥʪʦʚʫʶ ʦʩʴ 43 [211, 217, 218]. ɺ ʦʩʥʦʚʝ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ, ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ 

ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ [208, 209]. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ [212], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ çʝʜʠʥʠʮʘ ʨʦʩʪʘè 

ʝʩʪʴ ʪʝʪʨʘʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʚʠʥʪʦʚʫʶ ʦʩʴ 43, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʩʪʘ ʛʨʘʥʠ (101) [5] ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʦʩʪ, ʚʝʨʦʷʪʥʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ 

ʢʣʘʩʪʝʨʦʚ (ʝʜʠʥʠʮ ʨʦʩʪʘ) ʠ ʠʭ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʚ 

ʠʥʪʝʨʚʘʣʝ ʨʘʟʤʝʨʦʚ ʦʪ ʪʝʪʨʘʤʝʨʘ ʜʦ ʦʢʪʘʤʝʨʘ. 

ʄʝʪʦʜʦʤ ɸʉʄ ʚ [220] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʩʦʪʘ 

ʩʪʫʧʝʥʝʡ ʨʦʩʪʘ ʛʨʘʥʠ (110) ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 5.5 Ñ 0.3 ʥʤ. ʆʜʥʘʢʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʩʪʫʧʝʥʠ ʚʳʩʦʪʦʡ 2.8 ʥʤ, 

ʥʦ ʪʘʢʠʝ ʩʪʫʧʝʥʠ ʚʩʪʨʝʯʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʧʘʨʥʦ. 

ɺ [221] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪʘ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʣʠʟʦʮʠʤʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ 25 ï 55 ʤʛ/ʤʣ, 

ʦʩʘʜʠʪʝʣʷ ʠ ʙʫʬʝʨʘ 5 % ʨʘʩʪʚʦʨʘ NaCl (w/v) ʠ 0.1 ʄ ʥʘʪʨʠʡ-ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ 

ʩ ʨʅ 4.0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 22.0 Áʉ. ɸʥʘʣʠʟ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʠ ʧʨʦʮʝʩʩʦʚ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ [210], 

ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ, ʪʝʪʨʘʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ ï ʚʦʟʤʦʞʥʳʝ ʝʜʠʥʠʮʳ ʨʦʩʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʦʙʲʝʤʥʫʶ ʬʨʘʢʮʠʶ ʘʛʨʝʛʘʪʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʝʪʨʘʤʝʨ, ʧʦ-ʚʠʜʠʤʦʤʫ ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʳʡ 

ʢʨʠʪʠʯʝʩʢʠʡ ʟʘʨʦʜʳʰ, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʠ 

ʢʠʥʝʪʠʢʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʄʦʥʪʝ-ʂʘʨʣʦ [222]. ɺ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮ ʨʦʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦʤʝʨʳ, ʜʠʤʝʨʳ ʠ 

ʪʝʪʨʘʤʝʨʳ, ʘ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ [208]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʚ ʨʘʩʯʝʪ ʘʛʨʝʛʘʪʦʚ (ʥʝ ʤʦʥʦʤʝʨʦʚ) ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ɺ [223] ʤʝʪʦʜʘʤʠ ɼʈʉ, ɸʉʄ ʠ ɹʨʦʫʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʫʢʣʝʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʣʘʛʦʜʘʨʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʠʙʢʦʩʪʠ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʥʫʢʣʝʘʮʠʠ. 

ɺ [173, 224 ï 226] ʧʨʝʜʣʦʞʝʥ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʟʘʨʦʞʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ: 1 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʝʩʧʦʨʷʜʦʯʥʳʭ ʙʝʣʢʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ; 2 ï ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʷʜʝʨ ʚʥʫʪʨʠ 

ʢʣʘʩʪʝʨʦʚ [224, 227, 228]. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʠʣ ʦʙʲʷʩʥʠʪʴ ʨʷʜ 

ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʢʦʨʦʩʪʝʡ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʜʝʩʷʪʴ ʠʣʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ ʥʠʞʝ ʧʨʝʜʩʢʘʟʘʥʥʳʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʥʫʢʣʝʘʮʠʠ [225, 228, 229]. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʢʣʘʩʪʝʨʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʪʦʨʫʶ ʬʘʟʫ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʩʪʚʦʨ ʩʦʭʨʘʥʷʝʪ ʪʨʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ï ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʟʦʚʳʤ ʧʨʘʚʠʣʦʤ ɻʠʙʙʩʘ f = 2 + c ï ,́ 

ʛʜʝ f ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, c ï ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʠ ˊ ï ʯʠʩʣʦ ʬʘʟ, ʧʨʠ f = 3, 
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 ́= 2 ʧʦʣʫʯʘʝʪʩʷ ʩ = 3. ɼʚʝ ʢʦʤʧʦʥʝʥʪʳ ʪʨʠʚʠʘʣʴʥʳʝ ï ʙʝʣʦʢ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ʊʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʘ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʡ ʬʘʟʳ ʠ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʥʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʦʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʙʝʣʢʘ, 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʠ ʨʘʩʧʘʜʘʪʴʩʷ ʧʨʠ ʥʠʟʢʦʡ, ʠ 

ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʜʦʣʞʝʥ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʣʘʙʦʩʚʷʟʘʥʥʳʡ ʜʠʤʝʨ ʙʝʣʢʘ ʠʣʠ ʜʨʫʛʦʡ ʦʣʠʛʦʤʝʨ [230]. 

ʊʘʢʞʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʠʟʦʮʠʤʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʝʪʦʜʦʤ ɸʉʄ ʚ [231]. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠ (010) ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʦʙ 

ʫʜʚʦʝʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʨʝʰʝʪʢʠ ʚʜʦʣʴ ʦʩʝʡ a ʠ b ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʩʣʝʜʥʝʡ. 

ʂʨʠʩʪʘʣʣʳ ʣʠʟʦʮʠʤʘ ʨʘʩʪʫʪ ʧʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʨʠ 

ʧʘʨʘʤʝʪʨʝ ʧʝʨʝʩʳʱʝʥʠʷ s < 3 (s = C/C0 ï 1). ʇʦʢʘʟʘʥʳ ʜʝʬʝʢʪʳ ʥʘ ʩʪʫʧʝʥʷʭ 

ʢʨʠʩʪʘʣʣʘ, ʠʭ ʧʣʦʪʥʦʩʪʴ ʤʘʣʘ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʦʥʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. 

ɼʚʠʞʝʥʠʝ ʩʪʫʧʝʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʟʘʨʘʱʠʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʝʜʠʥʠʮʘʤʠ 

ʨʦʩʪʘ. ɻʣʫʙʠʥʘ ʜʝʬʝʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 7.2 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨʫ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʜʦʣʴ ʦʩʠ b. 

ʀʟʚʝʩʪʥʦ [232 ï 234], ʯʪʦ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʠʪʳ ʙʝʣʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʪʫʧʝʥʷʤʠ ʛʨʘʬʦʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʥʠʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʦʤ. ʈʦʩʪ ʙʠʦʢʨʠʩʪʘʣʣʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʢ ʪʦʨʮʘʤ ʤʠʢʨʦ- ʠʣʠ ʤʘʢʨʦʩʪʫʧʝʥʝʡ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʧʦʜʣʦʞʢʠ. 
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1.5. ʇʆʃʋʏɽʅʀɽ ʇʃɽʅʆʂ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀʍ ʉʊʈʋʂʊʋʈʓ 

1.5.1. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʘʥʩʘʤʙʣʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ. ʂ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʤʝʪʦʜʳ 

ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ, ʩʘʤʦʩʙʦʨʢʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʜʨʫʛʠʝ. 

ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʠ ʚʳʙʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʙʫʜʫʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ɸʜʩʦʨʙʮʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʢʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ï ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʠ. 

ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʧʦʣʝʟʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʚ 

ʩʚʷʟʠ ʩ ʚʘʞʥʦʩʪʴʶ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʙʠʦʠʤʧʣʘʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ ʙʠʦʩʝʥʩʦʨʦʚ. ʊʘʢʞʝ, ʤʝʪʦʜ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʟʜʝʣʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠ ʦʪʜʝʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʟʘʜʘʯ 

ʨʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʢ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʦʣʝʢʫʣ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʣʝʥʦʢ [235 ï 240]. 

ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʨʅ ʩʨʝʜʳ, ʠʦʥʥʦʡ ʩʠʣʳ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʠ ʩ ʨʘʩʪʚʦʨʦʤ (ʞʠʜʢʦʡ 

ʩʨʝʜʦʡ), ʩʦʜʝʨʞʘʱʠʤ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ (ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʙʠʦʤʦʣʝʢʫʣʳ ʠ ʪ.ʜ.). 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʪʘʢʦʛʦ ʢʦʥʪʘʢʪʘ ï ʧʦʛʨʫʞʝʥʠʝ ʧʦʜʣʦʞʢʠ ʚ ʨʘʩʪʚʦʨ, 

ʚ ʢʦʪʦʨʦʤ ʙʝʣʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʝʙʫʝʤʳʭ (ʪʝʭʥʦʣʦʛʠʝʡ) ʫʩʣʦʚʠʷʭ; ʢʘʢ ʧʨʘʚʠʣʦ 
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ʙʝʣʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ 

ʤʦʣʝʢʫʣ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʚʝʜʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʚʝʨʜʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

[241]. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʘ 

ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ. 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʦʢʨʳʪʠʶ ʩ ʟʘʜʘʥʥʦʡ ʚ ʥʝʤ ʦʨʠʝʥʪʘʮʠʝʡ 

ʤʦʣʝʢʫʣ ʙʝʣʢʘ [242, 243]. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʣʱʠʥʳ 

ʧʦʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ ʠ ʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʤʦʣʝʢʫʣʳ 

ʙʝʣʢʘ [244]. 

ʆʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ï ʢʨʘʡʥʝ ʚʘʞʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ 

ʙʠʦʩʝʥʩʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʨʤʝʥʪʦʚ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʦʨʠʝʥʪʘʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ ʮʝʥʪʨʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʊʘʢʞʝ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʣʦʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ (ʧʨʠʤʝʩʝʡ) ʚ ʨʘʩʪʚʦʨʝ, 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʙʝʣʦʢ ʧʨʝʙʳʚʘʝʪ ʚ ʨʘʩʪʚʦʨʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʤʦʣʝʢʫʣ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʣʠʯʠʥʫ ʧʦʢʨʳʪʠʷ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʙʝʣʢʦʚʦʛʦ ʩʣʦʷ ʥʘ ʧʦʜʣʦʞʢʝ [239, 245, 246]. ʊʘʢ, ʚ 

[236, 247, 248] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ ʚ ʤʝʪʦʜʝ ʘʜʩʦʨʙʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʧʣʝʥʢʠ. 

ɺ [249] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʘʣʴʙʫʤʠʥʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʙʝʣʢʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ NaCl ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʣʠ, ʙʝʣʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʣʝʥʢʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʥʜʨʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʘʣʴʙʫʤʠʥʘ. 
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ʅʘʣʠʯʠʝ ʜʝʥʜʨʠʪʦʚ ʠ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʫʥʠʢʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ 

ʧʣʝʥʦʢ ʠ ʨʘʩʯʝʪʘ ʠʭ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʘʜʩʦʨʙʮʠʠ ʢʘʢ ʤʝʪʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʨʘʩʪʚʦʨ/ʪʚʝʨʜʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʧʦʜʣʦʞʢʝ 

ʧʣʝʥʢʠ. ɸʜʩʦʨʙʮʠʷ ʙʝʣʢʘ ʠʟ ʞʠʜʢʦʡ ʩʨʝʜʳ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʦʝʚ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʜʝʪʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ ʠ ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ 

ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʃɹ) ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʦʥʦʩʣʦʷ ʤʦʣʝʢʫʣ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʪʦʥʢʠʡ ʩʣʦʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʣʝʢʫʣ ʙʝʣʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ, ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʥʪʨʦʣʷ ʝʝ ʪʦʣʱʠʥʳ ʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʤʦʥʦʩʣʦʝ [250]. ʆʩʥʦʚʳ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ʀ. ʃʝʥʛʤʶʨʘ ʠ ʂ. ɹʣʦʜʞʝʪʪ [251 ï 255].  

ʄʝʪʦʜ ʃɹ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠʣʠ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (ʩʫʙʬʘʟʳ) ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʘʤʬʠʬʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʣʦ̫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʥʝʡ ʦʙʨʘʟʫʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʤʦʥʦ- ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʘʷ (ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʝʨʝʥʦʩʝ) ʧʣʝʥʢʘ 

[256]. 
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ʇʦʩʢʦʣʴʢʫ ʃɹ-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʤʦʥʦʩʣʦʷ, ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʴ (ʛʦʤʦʛʝʥʥʦʩʪʴ), ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʣʶʙʫʶ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ. 

ʆʧʠʩʘʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʧʨʠʚʦʜʠʪʩʷ ʈʘʟʜʝʣʝ 2.7.1 ɻʣʘʚʳ 2. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʥʦʩʣʦʝʚ ʙʝʣʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʀ. ʃʝʥʛʤʶʨʦʤ ʠ ɺ. ʐʝʬʬʝʨʦʤ [257, 258], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʳ 

ʙʝʣʢʦʚ ʬʦʨʤʠʨʫʶʪ ʤʦʥʦʩʣʦʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʊʘʢʞʝ, ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʥʦʩʘ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ 

ï ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ (ʃʐ), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʧʦʜʣʦʞʢʠ ʩ ʤʦʥʦʩʣʦʝʤ [259]. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ 

ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʥʦʩʣʦʝʚ ʙʝʣʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ [260, 261], ʯʪʦ ʩʚʷʟʘʥʦ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʚʳʤʠ ʫʩʧʝʭʘʤʠ ʚ ʦʙʣʘʩʪʠ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ï 

ʨʘʩʰʠʬʨʦʚʢʠ ʘʪʦʤʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʦʣʝʢʫʣ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʪʦʜʳ ʃɹ, ʃʐ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ 

ʤʦʥʦʩʣʦʷ ʙʝʣʢʘ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ 

ʃʐ-ʤʝʪʦʜʦʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʜʥʦʨʦʜʥʳʝ (ʛʦʤʦʛʝʥʥʳʝ) ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʤʦʥʦʩʣʦʠ ʥʘ ʧʦʜʣʦʞʢʘʭ [262 ï 267]. 

ɼʚʘ ʚʘʞʥʳʭ ʚʦʧʨʦʩʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ: 1 ï ʧʨʠʚʦʜʠʪ ʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ; 2 ï ʩʪʝʧʝʥʴ ʧʦʛʨʫʞʝʥʥʦʩʪʠ ʙʝʣʢʦʚʦʡ 

ʤʦʣʝʢʫʣʳ ʚ ʩʫʙʬʘʟʫ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʤʦʥʦʩʣʦʝ ʠ ʩʪʝʧʝʥʠ 

ʠʭ ʧʦʛʨʫʞʝʥʠʷ ʜʘʝʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ-

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʙʝʣʢʘ. ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʘ 

ʧʦʛʨʫʞʝʥʥʦʩʪʠ ʚ ʩʫʙʬʘʟʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʥʦʩʣʦʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʘ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʠʭ ʜʦʙʘʚʣʷʶʪ ʚ 

ʩʫʙʬʘʟʫ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʷ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʦʣʝʢʫʣ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʛʣʫʙʴ ʩʫʙʬʘʟʳ [268, 269]. 

ʊʘʢʞʝ, ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠʟ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ ʚ ʣʠʧʠʜʥʳʡ ʩʣʦʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ (ʠʥʪʝʨʬʝʡʩʝ) çʚʦʜʘ-ʚʦʟʜʫʭè. ʄʦʣʝʢʫʣʳ 

ʙʝʣʢʘ ʤʦʛʫʪ ʣʠʙʦ ʚʩʪʨʦʠʪʴʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʦʥʦʩʣʦʡ, 

ʣʠʙʦ ʧʨʦʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʣʠʰʴ ʩ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʧʠʜʦʚ [270, 271]. 

ɺ [272, 273] ʦʧʠʩʘʥ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʧʣʝʥʦʢ. 

ʇʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʝʨʝʥʦʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʣʠʧʠʜʥʘʷ ʃɹ-ʧʣʝʥʢʘ ʥʘ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʘʷ ʧʣʝʥʢʘ 

ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨ ʙʝʣʢʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʘ ʩ 

ʣʠʧʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʙʠʦʧʦʜʦʙʥʳʭ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ ʠ 

ʠʟʫʯʝʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ [274 ï 276]. 

ʉʧʦʨʦʚʘʷ ʦʙʦʣʦʯʢʘ Bacillus subtilis ð ʵʪʦ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʙʝʣʢʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʫʥʠʢʘʣʴʥʦʡ 

ʫʧʨʫʛʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʙʦʣʦʯʢʘ ʩʧʦʨʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʩʣʦʡʥʫʶ ʙʝʣʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʝʝ ʯʝʤ 80 ʙʝʣʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʙʝʣʢʦʚ ʦʙʨʘʟʫʶʪ 

ʜʚʫʤʝʨʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 2D ʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ 

ʙʝʣʢʦʚ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʤʝʝʪ ʥʠʟʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʚ ʚʠʜʫ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ [277] 

ʤʝʪʦʜ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʧʨʠ ʩʢʦʣʴʟʷʱʝʤ ʧʘʜʝʥʠʠ (GIWAXS) 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 2D-ʢʨʠʩʪʘʣʣʦʚ 

CotY, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʃʐ. 

ɺ [278] ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭʩʷ ʩʣʦʝʚ 

ʦʜʥʦʛʦ ʠʟ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʬʠʙʨʦʥʝʢʪʠʥʘ (FN) ʩ 

ʩʦʭʨʘʥʝʥʥʦʡ ʥʘʪʠʚʥʦʡ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʧʦʜʣʦʞʢʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ 
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ʩʣʦʝʚ FN ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʚʦʟʜʫʭ, ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣ 

ʧʝʨʝʥʦʩ ʩʣʦʝʚ ʥʘ ʧʦʜʣʦʞʢʫ ʤʝʪʦʜʦʤ ʃʐ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʚʫʤʝʨʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʚʳʩʦʢʘʷ ʣʦʢʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʚʦʟʜʫʭ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʘʤʦʩʚʷʟʳʚʘʥʠʝ FN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʛʝʟʠʦʥʥʳʭ ʧʣʝʥʦʢ. 

In situ ʤʦʜʫʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (Polarization modulation infrared 

reflection-absorption spectroscopy, PM IRRAS) ʧʦʢʘʟʘʣʘ, ʯʪʦ FN ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʪʘ-ʣʠʩʪʘ ʧʦʩʣʝ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʚʦʜʘ. 

ʄʝʪʦʜʳ: ʧʦʩʣʦʡʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ; ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʤʦʥʦʩʣʦʠ; 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ  

ʄʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ (Layer-by-Layer, LbL) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʢ ʩʝʥʩʦʨʳ, 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʯʝʨʝʜʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ 

ʤʫʣʴʪʠʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʦʜʣʦʞʢʫ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʜʨʫʛʠʭ ʚʪʦʨʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

[279, 280, 281]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʩʣʦʡʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢʘʷ ʧʦʵʪʘʧʥʘʷ 

çʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘè ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʚ 1990-ʭ [282] ʩ ʮʝʣʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʘʥʠʦʥʦʚ ʠ ʧʦʣʠʢʘʪʠʦʥʦʚ. 

ʂ ʚʝʱʝʩʪʚʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʥʦʩʠʪʩʷ ʰʠʨʦʢʠʡ 

ʢʨʫʛ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ, ʧʨʦʚʦʜʷʱʠʝ 

ʧʦʣʠʤʝʨʳ, ʜʝʥʜʨʠʤʝʨʳ, ʙʝʣʢʠ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʧʣʝʥʢʠ ʃɹ ʠ ʣʠʧʠʜʥʳʝ ʤʝʤʙʨʘʥʳ [283]. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʤʝʪʦʜʘ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ [284]: 1) ʧʦʛʨʫʞʝʥʠʝ, 

ʢʦʛʜʘ ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʧʦʦʯʝʨʝʜʥʦ ʚ 

ʨʝʟʝʨʚʫʘʨʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʪʨʠʦʥʳ; 2) 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ (spincoating) [285 ï 287], ʢʦʛʜʘ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 
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ʦʩʘʞʜʘʝʤʦʝ ʚʝʱʝʩʪʚʦ, ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ 

ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ; 3) ʨʘʩʧʳʣʝʥʠʝ, ʢʦʛʜʘ ʦʩʘʞʜʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʳʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ. 

ɺ ʤʝʪʦʜʝ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ, ʚʦʜʦʨʦʜʥʫʶ 

ʩʚʷʟʴ, ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʙʠʦʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ [288 ï 290]. 

ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʥʦʩʣʦʝʚ (Self-Assembled Monolayers, SAM) ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʠʝʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ [291]. ʊʘʢ, ʠʥʪʝʨʝʩ ʢ SAM ʚʦʟʥʠʢʘʝʪ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʚʢʣʶʯʘʷ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤ 

ʩʦʩʪʘʚʦʤ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [292]. 

ʉʪʨʫʢʪʫʨʘ SAM ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʝʡ ʤʦʣʝʢʫʣ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʬʘʟ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ï ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ 

ʞʠʜʢʦʩʪʴʶ ʠʣʠ ʜʨʫʛʦʡ ʩʨʝʜʦʡ. ʂʘʢ ʧʨʘʚʠʣʦ SAM ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ (ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ), 

ʦʙʣʘʜʘʶʱʠʭ ʘʤʬʠʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʙʠʦʣʦʛʠʠ ʵʪʦ 

ʢʣʝʪʦʯʥʳʝ ʙʠʦʤʝʤʙʨʘʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʙʠʩʣʦʡ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʣʠʧʠʜʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʤʝʤʙʨʘʥʘ ʠʤʝʝʪ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʯʝʪʘʷ ʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩ ʣʘʪʝʨʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ [293, 

294]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ SAM ʩʦʩʪʦʷʪ ʠʟ ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʢʘʢ ʠ 

ʣʝʥʛʤʶʨʦʚʩʢʠʝ ʤʦʥʦʩʣʦʠ, SAM ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ ʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ, ʪʦ ʝʩʪʴ ʩʪʘʥʦʚʷʪʩʷ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʤʠ 

[295]. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʤʦʥʦʩʣʦʷ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ (ʪʘʢʠʭ ʢʘʢ ʪʠʦʣʳ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʥʘ 
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ʞʠʜʢʦʡ ʨʪʫʪʠ [296]), ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʫʙʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʟʘʤʝʨʟʘʥʠʝ, ʯʪʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ ʃɹ-ʤʦʥʦʩʣʦʷ ʢ SAM. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ SAM ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʤʦʥʦʩʣʦʝʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ. ɺ [297] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʦʝʚ SAM 

ʙʝʣʢʘ ɸ (ʩ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʥʝʤʫ SH-ʛʨʫʧʧʦʡ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʤʫʥʦʩʝʥʩʦʨʦʚ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʙʝʣʢʘ ʩʚʷʟʳʚʘʪ ɹʠʤʤʫʥʦʛʣʦʙʫʣʠʥ rʢʣʘʩʩʘ G. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ SAM ʩʣʦʝʚ ʙʠʦʤʦʣʝʢʫʣ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʠʥʪʝʨʬʝʡʩʘ SAM/ʵʣʝʢʪʨʦʜ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɺ [298] ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʜʨʦʬʦʙʠʥʘ ʥʘ ʛʠʜʨʦʬʦʙʥʦʡ 

ʛʨʘʬʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ. 

ɺ [299] ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʪʦʢʦʣʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʥʦʧʦʢʨʳʪʠʡ ʠʟ 

ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ɹʉɸ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʉɸʄ ʠ ʃɹ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʥʦʧʦʢʨʳʪʠʷ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃɹ, ʙʳʣʠ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʄ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ pH ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ, ʪʘʢ 

ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʪʨʘʛʠʚʘʶʪ ʦʨʠʝʥʪʘʮʠʶ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʢʣʘ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʤʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʦʚʘʣʝʥʪʥʦʤ 

ʩʚʷʟʳʚʘʥʠʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʬʝʨʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. ʊʝʨʤʠʥ çʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʬʝʨʤʝʥʪʳè ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʬʝʨʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʚʝʨʜʳʤ ʥʦʩʠʪʝʣʷʤ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʛʨʘʥʠʯʝʥʳ, ʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠè [300]. ʄʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʦʣʝʢʫʣ ʠ ʧʦʜʣʦʞʢʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʚʘʣʝʥʪʥʳʭ 
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ʩʚʷʟʝʡ ʦʙʨʘʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ ʬʝʨʤʝʥʪʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʪʘʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ. 

ʉʚʷʟʳʚʘʥʠʝ ʬʝʨʤʝʥʪʘ ʩ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: 

1) ʘʢʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʢʝʨʥʳʭ ʤʦʣʝʢʫʣ (ʥʘʧʨʠʤʝʨ, 

ʛʣʫʪʘʨʘʣʴʜʝʛʠʜ ʠʣʠ ʢʘʨʙʦʜʠʠʤʠʜ); 2) ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ 

ʬʝʨʤʝʥʪʘ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʦʡ [301]. ʇʨʠ ʵʪʦʤ ʣʠʥʢʝʨʳ 

ʧʦʜʙʠʨʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʝʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʢʦʣʠʯʝʩʪʚʘ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ 

ʬʝʨʤʝʥʪʘ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʨʠʩʢ ʝʛʦ ʜʝʥʘʪʫʨʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʘʜʩʦʨʙʮʠʝʡ ʚ ʜʘʥʥʦʤ 

ʤʝʪʦʜʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ï ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʣʦʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʚʷʟʳʚʘʥʠʝʤ ʬʝʨʤʝʥʪʦʚ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʝʨʤʝʥʪʘ, ʦʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʝʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

1.5.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ 

ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ (ʠʥʪʝʨʬʝʡʩʝ) ʚʦʟʜʫʭ/ʪʚʝʨʜʘʷ ʧʦʜʣʦʞʢʘ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʪʚʝʨʜʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʧʦʜʣʦʞʢʠ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ï ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ ʠ ʧʦʣʠʤʝʨʦʚ [302]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ (ʪʦʥʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ), ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʩʣʦʠʩʪʦʡ 
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ʩʪʨʫʢʪʫʨʝ ʠ ʤʦʨʬʦʣʦʛʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ (ʩʤ. ʪʘʢʞʝ ʈʘʟʜʝʣ 

2.7.2 ɻʣʘʚʳ 2). 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ 

[303 ï 305]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʃɹ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʣʦʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʠʩʪʳʝ ʩʠʩʪʝʤ r ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʨʠ ʠʭ ʠʟʫʯʝʥʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʧʦʜʦʙʥʳʭ 

ʤʝʤʙʨʘʥ, ʪʘʢʠʭ ʢʘʢ, ʛʣʠʢʦʣʠʧʠʜʳ, ʣʠʧʦʧʨʦʪʝʠʥʳ ʠ ʩʪʝʨʠʥʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʨʷʜʦʤ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʈʉɸ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʥʦ ʚ ʩʣʫʯʘʝ, 

ʥʘʧʨʠʤʝʨ, ʙʠʩʣʦʡʥʳʭ ʤʝʤʙʨʘʥ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʤʝʤʙʨʘʥʳ, ʧʦ ʩʫʱʝʩʪʚʫ, ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ [306]. 

ɺ [307] ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʝʡʪʨʦʥʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʩʣʦʝʚ 

ʜʠʧʘʣʴʤʠʪʦʠʣʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ (ɼʇʌʍ) ʠ ʜʠʤʠʨʠʩʪʦʠʣ-

ʬʦʩʬʘʪʠʜʠʣʛʣʠʮʝʨʦʣʘ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ, ʧʨʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʘʫ-ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʧʘʪʦʛʝʥʝʟʝ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ. 

ɺ [308] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ ʛʝʤʦʛʣʦʙʠʥʘ ʥʘ ʢʨʝʤʥʠʝʚʳʭ 

ʧʦʜʣʦʞʢʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʛʠʜʨʦʬʠʣʴʥʳʭ 

(ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʘʤʠʥʥʳʭ) ʠ ʛʠʜʨʦʬʦʙʥʳʭ (ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ) 

ʧʦʚʝʨʭʥʦʩʪʷʭ) ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʷ ʨʝʥʪʛʝʥʦʚʩʢʫʶ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʶ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ). ʉʣʦʠ ʛʝʤʦʛʣʦʙʠʥʳ ʧʦʣʫʯʘʣʠʩʴ ʢʘʢ ʩ 

ʧʦʤʦʱʴʶ ʘʜʩʦʨʙʮʠʠ (ʚ ʧʨʦʮʝʩʩʝ ʧʦʤʝʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʚ ʨʘʩʪʚʦʨ), ʪʘʢ ʠ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ). ʋʧʦʨʷʜʦʯʝʥʥʳʝ ʩʣʦʠ 
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(ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʃɹ) ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʟʘ 

ʩʯʝʪ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʨʷʜ ʙʝʣʢʦʚ 

ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʝʚ 

ʙʝʣʢʘ ʥʘ ʢʨʝʤʥʠʠ, ʪʘʢʠʭ ʢʘʢ ʪʦʣʱʠʥʘ (ʢʦʨʨʝʣʠʨʫʶʱʘʷ ʩ ʨʘʟʤʝʨʦʤ ʤʦʣʝʢʫʣʳ) 

ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʨʦʚʦʜʷʪʩʷ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʞʠʜʢʦʩʪʴ/ʚʦʟʜʫʭ. ɺ [309] ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʤʦʥʦʩʣʦʷ ʩʪʝʘʨʘʪʘ ʩʚʠʥʮʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ï ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ. 

ɺ [310] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ɼʅʂ ʩ 

ʤʦʥʦʩʣʦʝʤ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʣʠʧʠʜʘ ɼʇʌʍ ʥʘ ʠʥʪʝʨʬʝʡʩʝ 

ʚʦʜʘ/ʚʦʟʜʫʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʦʚ Ca2+. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ɼʅʂ-ɼʇʌʍ. ʇʨʠ ʵʪʦʤ ʩʣʦʡ ɼʅʂ ʙʳʣ ʧʨʠʢʨʝʧʣʝʥ ʢ ʤʦʥʦʩʣʦʶ 

ʣʠʧʠʜʘ ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʬʘʟʳ, ʠ ʝʛʦ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 25 ï 26 ¡. ʊʘʢʘʷ 

ʪʦʣʱʠʥʘ ʫʢʘʟʳʚʘʣʘ ʥʘ ʪʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ɼʅʂ ʧʨʝʙʳʚʘʣʘ ʚ ʪʘʢʦʤ ʢʦʤʧʣʝʢʩʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ʬʦʨʤʝ. 

ɺ [311] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʩʣʦʝʚ ʛʣʦʙʫʣʷʨʥʳʭ 

ʙʝʣʢʦʚ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (BSA) ʠ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ 

ʯʝʣʦʚʝʢʘ (HSA) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ pH, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʤ 7.0, ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟ ʥʠʭ ʙʝʣʢʦʚʳʭ ʩʣʦʝʚ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ Si (001) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃɹ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘʷ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʦʩʘʞʜʘʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Si ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʜʘʚʣʝʥʠʠ ʤʦʥʦʩʣʦʝʚ. ɸʉʄ-

ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ BSA ʠ HSA ʧʦʢʘʟʳʚʘʶʪ ʤʦʨʬʦʣʦʛʠʶ, ʙʣʠʟʢʫʶ ʢ 

ʛʣʦʙʫʣʷʨʥʦʡ, ʘ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʳʩʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ 

ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʮʠʢʣʦʚ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ. ɸʥʘʣʠʟ ʪʦʣʱʠʥ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʦʣʱʠʥ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʮʠʢʣʦʚ ʧʝʨʝʥʦʩʘ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ [312] ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʦʥʢʠʭ 

ʩʣʦʝʚ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʧʫʯʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʣʦʪʥʦʩʪʷʤʠ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ 

ʧʦʣʠʤʝʨʦʚ. 

ʊʘʢʞʝ, ʥʘ ʨʘʩʩʝʷʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʣʝʥʢʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʧʣʝʥʢʠ [313]. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʬʦʥʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʝʪʦʜʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʩʨʘʚʥʠʤʫʶ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʜʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʘʣʳʡ ʢʦʥʪʨʘʩʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʪʨʫʜʥʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʠʩʪʦʡ ʤʦʜʝʣʠ ʧʣʝʥʢʠ. 

 

ʉʪʦʷʯʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʚʦʣʥʳ, ʉʈɺ ʚ ʇɺʆ 

ʄʝʪʦʜ ʩʪʦʷʯʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ (ʉʈɺ), ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʠ 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ) ʠʣʠ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʣʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʇɺʆ). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʤʝʪʦʜʝ ʉʈɺ 
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ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ~ 10ï2 ¡. 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʉʈɺ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʷʯʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʦʣʥʳ 

ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ï ʢʦʪʦʨʘʷ 

ʚʦʟʙʫʞʜʘʝʪ ʚʪʦʨʠʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʩʧʫʩʢʘʝʤʦʝ ʘʪʦʤʘʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ʉʈɺ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʘʜʘʶʱʝʡ ʠ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʡ (ʠʣʠ ʦʪʨʘʞʝʥʥʦʡ ʚ ʩʣʫʯʘʝ ʇɺʆ) ʚʦʣʥ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʉʈɺ 

ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʠ ʥʘʜ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʵʚʘʥʝʩʮʝʥʪʥʘʷ ʚʦʣʥʘ) ʠʤʝʝʪ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʞʧʣʦʩʢʦʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺ [314, 315] ʦʧʠʩʘʥʥʳʡ ʵʬʬʝʢʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʦʙʲʝʤʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉʈɺ ʚ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʘʙʦ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʠʮʘ ʘʤʧʣʠʪʫʜ ʫʧʨʫʛʦʛʦ ʠ 

ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ. ʉʈɺ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ ʚʠʜʝ 

ʘʥʦʤʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ [316] ʠ ʩʣʘʙʦʡ ʘʩʩʠʤʝʪʨʠʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʙʨʵʛʛʦʚʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʉʈɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʜʨʫʛʠʝ 

[315, 317]. 

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʈɺ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʪʠʧʠʯʥʳʭ 

ʩʣʫʯʘʷ: ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ; ʩʠʣʴʥʘʷ ʜʠʬʨʘʢʮʠʷ ɹʨʵʛʛʘ 

ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʳʝ ʪʦʥʢʠʝ 

ʧʣʝʥʢʠ ʠ ʩʚʝʨʭʨʝʰʝʪʢʠ [318]; ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʙʨʵʛʛʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʠ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʪʦʥʢʦʡ ʧʣʝʥʢʝ; ʇɺʆ ʦʪ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [319]. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢ ʥʘ ʦʩʥʦʚʝ ʉʈɺ ʚ ʇɺʆ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʩʪʦʷʱʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʠʚʦʜʠʪʩʷ ʚ ʈʘʟʜʝʣʝ 2.7.2 ɻʣʘʚʳ 2. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʉʈɺ ʚ ʇɺʆ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚʥʝʩ ʄʠʭʘʠʣ ɺʘʣʝʥʪʠʥʦʚʠʯ 

ʂʦʚʘʣʴʯʫʢ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘʫʯʥʘʷ ʰʢʦʣʘ, 
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ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʙʝʣʢʦʚʳʝ ʠ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʝ ʧʣʝʥʢʠ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ [320 ï 329]. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʉʈɺ ʚ ʇɺʆ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ, ʧʦʨʷʜʢʘ 

ʝʜʠʥʠʮ ʥʘʥʦʤʝʪʨʦʚ ʜʣʠʥʘ ʵʢʩʪʠʥʢʮʠʠ, ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ 

ʦʙʨʘʟʝʮ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʬʦʥ. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʝʛʦʜʥʷ ʤʝʪʦʜ ʉʈɺ ʚ ʇɺʆ ʠʤʝʝʪ ʩʪʘʪʫʩ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚʘʭ ʠʟʫʯʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʦʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʥʦʩʣʦʷʭ, ʧʣʝʥʢʘʭ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, ʘ ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʚʝʨʜʦʡ ʠʣʠ ʞʠʜʢʦʡ ʩʫʙʬʘʟʳ) [330 ï 332]. 

ʅʘ ʧʨʠʤʝʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʚ [333] ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʪʠʧʘ ʚʘʢʫʫʤ-ʧʣʝʥʢʘ-ʧʦʜʣʦʞʢʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʝʥʢʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʜʣʦʞʢʠ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʦʣʷ ʉʈɺ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʜ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ ʚ 

ʫʩʣʦʚʠʷʭ ʇɺʆ. ʊʘʢʞʝ, ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʭʦʜʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʚ 

ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʧʣʝʥʢʘʭ ʥʘ ʧʨʠʤʝʨʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦʢʘʟʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ 

[334]. 

ɺ [335] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʦʚ 

Mn+2 ʩ ʤʦʣʝʢʫʣʘʤʠ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʤʦʥʦʩʣʦʷ ʙʝʛʝʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦ ʜʘʥʥʳʤ 

ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʪʠʦʥʦʚ ʚ ʤʦʥʦʩʣʦʝ, ʘ ʤʝʪʦʜ ʉʈɺ ʚ ʇɺʆ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʢʘʪʠʦʥʳ 

ʙʳʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʤʦʥʦʩʣʦʝ ʚ ʦʯʝʥʴ ʪʦʥʢʦʡ ʦʙʣʘʩʪʠ, ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 

0,5 ʥʤ. 
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ɺ [329] ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʠ ʉʈɺ ʚ ʇɺʆ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʩʣʦʡʥʳʭ ʃɹ ʧʣʝʥʦʢ ʧʦʨʬʠʨʠʥ-

ʬʫʣʣʝʨʝʥʦʚʳʭ ʜʠʘʜ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ ʠʦʥʘʤʠ ʮʠʥʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ, ʪʘʢ ʠ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ Si. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ Zn ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʣʝʥʦʢ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʜʠʘʜ ʚ 

ʤʦʥʦʩʣʦʝ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʧʨʠ 

ʧʝʨʝʥʦʩʝ ʤʦʥʦʩʣʦʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʡ ʩʫʙʬʘʟʳ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʠʢʠ ʠ ʠʩʪʦʯʥʠʢʦʚ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠ ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʤʝʪʦʜʳ, 

ʚʢʣʶʯʘʷ ʉʈɺ, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʝʜʠʮʠʥʦʡ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʢʦʣʣʦʠʜʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ [336, 337]. ʅʘʧʨʠʤʝʨ, ʚ [338] ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʛʝʤʦʛʣʦʙʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʧʠʩʘʥ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʙʝʣʢʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʧʦʚʨʝʞʜʘʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ). ɺ [339] ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʃɹ 

ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʧʣʝʥʦʢ ʥʘ ʧʨʠʤʝʨʝ ʩʣʦʝʚ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ ʠ ʙʝʛʝʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɻʝʦʤʝʪʨʠʷ ʉʈɺ ʚ ʇɺʆ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʪʘʢʞʝ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ 

ʩʢʦʣʴʟʷʱʝʛʦ ʧʘʜʝʥʠʷ (Grazing Incidence, GI). ɼʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʷʜʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ (Grazing 

Incidence Diffraction, GID, GIXD) ʠ ʤʝʪʦʜʳ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ (Grazing 

Incidence Small-Angle X-ray Scattering, GISAXS). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩ 



92 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʤʦʨʬʦʣʦʛʠʠ ʠ ʣʘʪʝʨʘʣʴʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʜʣʠʥ r ʤʝʞʜʫ ʥʠʤʠ ʥʘ 

ʤʘʩʰʪʘʙʝ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ [340 ï 346]. ɼʠʬʨʘʢʮʠʷ ʚ 

ʩʢʦʣʴʟʷʱʝʡ ʛʝʦʤʝʪʨʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʢʩʪʫʨʳ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ [347 ï 351]. 

ɺ [352] ʤʝʪʦʜʦʤ mGISAXS, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʬʦʢʫʩʥʦʛʦ ʧʫʯʢʘ ʉʀ, 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʙʝʣʢʘ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʙʝʣʢʦʚʦʡ ʃʐ-ʧʣʝʥʢʝ ʬʝʨʤʝʥʪʦʚ 

ʘʮʠʣʘʟʳ, ʧʝʥʠʮʠʣʣʠʥʘ G ʠ ʫʨʝʘʟʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʧʣʝʥʢʘʭ, ʯʪʦ ʨʘʥʝʝ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʧʣʝʥʦʢ ʙʝʣʢʦʚ ʪʠʦʨʝʜʦʢʩʠʥʘ, 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ, ʙʘʢʪʝʨʠʦʨʦʜʦʧʩʠʥʘ, ʮʠʪʦʭʨʦʤʘ P450 [353]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʤʦʥʦʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ 

ʃʠʟʦʮʠʤ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʙʝʣʢʦʤ ʠ ʩʝʛʦʜʥʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤ ʠ 

ʣʝʛʢʦ ʢʨʠʩʪʘʣʣʠʟʫʝʤʳʤ ʙʝʣʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [354] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʣʠʟʦʮʠʤʘ ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

ʦʙʣʘʜʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ (ʪʦʣʴʢʦ ʤʦʥʦʢʣʠʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ) ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠ ̫ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ/ʩʝʥʩʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʨʘʟʥʦʛʦ ʪʠʧʘ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʪʝʣʦ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʟʦʮʠʤʘ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [236, 244, 247, 355 ï 357]. 

ɺ [238, 244] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʨʷʜʘ 

ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ, ʚʢʣʶʯʘʷ ʣʠʟʦʮʠʤ, ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
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ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʠʟ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʛʠʜʨʦʬʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʙʝʣʦʢ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʝʥʘʪʫʨʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʣʘʜʘʶʱʫʶ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʞʝ, ʚ [247] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʥʘ ʢʨʝʤʥʠʡ ʣʠʟʦʮʠʤ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ʠ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʋʢʘʟʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʘʜʩʦʨʙʮʠʝʡ, ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʝʡ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʣʠʟʦʮʠʤʘ ʠ ʜʨʫʛʠʭ ʛʣʦʙʫʣʷʨʥʳʭ 

ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʥʘ ʧʦʜʣʦʞʢʘʭ Si, ʦʙʣʘʜʘʶʱʠʭ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʧʦʜʣʦʞʢʘʭ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʧʦʢʨʳʪʠʝʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚ [241]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩ ʮʝʣʶ ʩʦʭʨʘʥʝʥʠʷ ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ 

ʙʝʣʢʘ. ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʣʠʟʦʮʠʤʘ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʨʅ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 

4 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ ʤʦʣʝʢʫʣʳ (ʛʣʦʙʫʣʳ) ʙʝʣʢʘ. ʇʨʠ pH = 11 

ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 6 ʥʤ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʙʳʣʦ 

ʦʙʲʷʩʥʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʤʦʣʝʢʫʣʳ ʜʦ ʥʫʣʷ, ʧʦʩʢʦʣʴʢʫ 

ʪʘʢʦʝ ʨʅ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʣʠʟʦʮʠʤʘ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [358 ï 361] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʜʦʙʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ (ʵʣʝʢʪʨʦʣʠʪʦʚ) ʚ ʨʘʩʪʚʦʨ 

ʣʠʟʦʮʠʤʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʝʥʦʢ ʙʝʣʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʠʦʥʦʚ ʩʦʣʝʡ ʪʦʣʱʠʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʝʣʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʚʦʟʜʫʭ-ʚʦʜʘ. 

ɺ [361] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʩʦʨʙʮʠʠ ʣʠʟʦʮʠʤʘ ʠʟ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʵʬʬʝʢʪʘ 

çʚʳʩʘʣʠʚʘʥʠʷè ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʚʦʟʜʫʭ-ʚʦʜʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʣʝʞʠʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʦʤ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʣʠʷʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʩʦʣʝʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʩʦʣʝʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʟʘʚʠʩʷʪ ʦʪ pH ʨʘʩʪʚʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʨʅ ʥʠʞʝ ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʣʴʥʳʤ 

ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. 

ʏʝʪʳʨʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʘ (ʩʚʷʟʠ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʤʘʩʩʘ 

ʤʦʣʝʢʫʣʳ ʣʠʟʦʮʠʤʘ ʦʧʨʝʜʝʣʷʶʪ ʞʝʩʪʢʦʩʪʴ ʝʝ ʩʪʨʫʢʪʫʨʳ. ɺ [362] ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ (unfolding) ʤʦʣʝʢʫʣ 

ʣʠʟʦʮʠʤʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʚʦʟʜʫʭ-ʚʦʜʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʟʜʥʝʝ 

ʚ [363] ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʤʦʣʝʢʫʣʘ 

ʣʠʟʦʮʠʤʘ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʚʦʟʜʫʭ-ʚʦʜʘ ʤʦʞʝʪ ʫʪʨʘʪʠʪʴ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ 

ʪʝʯʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʨʝʭ ʯʘʩʦʚ. 

ɺ [360] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʥʦʩʣʦʝʚ ʣʠʟʦʮʠʤʘ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ ʚʦʟʜʫʭ-ʚʦʜʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʘʥʠʦʥʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʠʦʥʦʚ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʙʝʣʢʘ, ʦʥʠ ʦʙʨʘʟʫʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʠʦʪʨʦʧʥʳʝ ʨʷʜʳ ʠʣʠ ʨʷʜʳ ɻʦʬʤʝʡʩʪʝʨʘ 

[364 ï 370]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥʳ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ 

ʢʦʥʬʦʨʤʘʮʠʶ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʚ ʤʦʥʦʩʣʦʝ ʧʨʠ ʠʭ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʚʦʜʥʦʡ ʩʫʙʬʘʟʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʦʣʝʢʫʣʳ 

ʣʠʟʦʮʠʤʘ, ʩʚʷʟʳʚʘʷʩʴ ʩ ʘʥʠʦʥʘʤʠ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ. 

ɺ [371] ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʳ ʣʠʟʦʮʠʤʘ (HEWL) ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ/ʚʦʟʜʫʭ. 

ɹʝʣʦʢ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʠʣʦʚʳʭ 

ʧʦʣʝʡ ʠ ʤʦʜʝʣʝʡ ʚʦʜʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʟʦʮʠʤ ʧʨʠʥʠʤʘʝʪ ʦʩʝʚʫʶ 

ʢʦʥʬʦʨʤʘʮʠʶ ʧʨʠ pH 7, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʅ ʚ ʩʪʦʨʦʥʫ 

ʠʟʦʵʣʝʢʪʨʠʯʝʢʦʡ ʪʦʯʢʠ ʣʠʟʦʮʠʤʘ ʧʨʦʠʩʭʦʜʠʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 
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ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ (ʛʠʜʨʦʬʠʣʴʥʳʭ) ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʝʛʦ 

ʤʝʞʬʘʟʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. 

ɺ [264] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

(100 ï 200 ʩʣʦʝʚ) ʧʣʝʥʦʢ ʣʠʟʦʮʠʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʪʚʝʨʜʳʭ ʢʨʝʤʥʠʝʚʳʭ 

ʧʦʜʣʦʞʢʘʭ ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ ʥʘ ʦʩʥʦʚʝ ʀʂ ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 100Á C ʚ ʧʣʝʥʢʘʭ 

ʧʨʦʠʩʭʦʜʠʣʦ ʫʜʘʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʘ ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʡ ʧʣʝʥʢʠ ʩʦʭʨʘʥʷʣʘʩʴ 

ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 150 ÁC. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʜʦ 200Á C 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ, ʘ ʧʨʠ 250Á C ï 

ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ ʣʠʟʦʮʠʤʘ. 

ɺ [372] ʧʣʝʥʢʠ ʣʠʟʦʮʠʤʘ ʥʘ ʛʠʜʨʦʬʠʣʴʥʦʡ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ɿʘʪʝʤ 

ʧʣʝʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʧʘʨʦʚ H2O ʚ ʟʘʢʨʳʪʦʡ ʢʘʤʝʨʝ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ "ʥʘʙʫʭʘʥʠʷ" (ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʦʜ̫ʥʦʛʦ ʧʘʨʘ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ "ʥʘʙʫʭʘʥʠʷ". 

ʇʦʩʢʦʣʴʢʫ ʚʨʘʱʝʥʠʝ ʵʪʦ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʤʦʣʝʢʫʣʳ, 

ʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʤʝʞʮʝʧʦʯʝʯʥʦʤʫ ʧʝʨʝʧʣʝʪʝʥʠʶ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʚʦʟʤʦʞʥʦ, ʚʳʟʳʚʘʷ ʯʘʩʪʠʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 70Á C ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʨʘʪʠʤʦʡ ʧʦʪʝʨʝ ʬʫʥʢʮʠʠ ʥʘʙʫʭʘʥʠʷ ʚ ʧʣʝʥʢʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʧʨʠ 

1000 ʦʙ./ʤʠʥ, ʧʦʩʢʦʣʴʢʫ ʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʘʣʴʥʝʡʰʫʶ 

ʠʥʪʝʨʜʠʬʬʫʟʠʶ, ʚʝʜʫʱʫʶ ʢ ʧʦʪʝʨʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʤʦʣʝʢʫʣ ʠ 

ʩʠʣʴʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʯʝʨʝʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʦʩʪʘʪʢʠ ʟʘʨʷʜʘ. ɺ 

ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʛʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʝʩʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʩʣʦʡ, ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʝʧʫʪʳʚʘʥʠʝ ʮʝʧʝʡ ʩ ʧʦʤʦʱʴʶ 

ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ. 
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1.6. ɿɸʂʃʖʏɽʅʀɽ ʂ ɻʃɸɺɽ 1 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʘʭ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ ʠ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʙʦʣʝʝ 88%) ʨʝʰʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣ ʙʝʣʢʘ, ʧʨʠʯʝʤ ʯʝʤ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ 

ʙʫʜʝʪ ʢʨʠʩʪʘʣʣ, ʪʝʤ ʩ ʣʫʯʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʫʜʘʩʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ. ɹʝʣʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʦʙʘʚʣʷʷ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʣʢʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣ ʙʝʣʢʘ, ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, 

pH, ʩʦʩʪʘʚ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʧʦʧʘʣʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʘʭ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʦʩʘʜʠʪʝʣʷ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ. ɹʳʣʠ ʩʜʝʣʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʠ ʚʦʟʤʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ ʙʝʣʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʦʥʠ 

ʥʝ ʥʘʰʣʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ ʛʠʧʦʪʝʟ ʦ ʤʝʭʘʥʠʟʤʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʜʦʧʫʩʢʘʣʦʩʴ, ʯʪʦ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ 

ʚʳʙʨʘʥ ʣʠʟʦʮʠʤ ʠʟ ʢʫʨʠʥʦʛʦ ʷʡʮʘ. ɽʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʤʦʣʝʢʫʣʘ 



97 

ʠʤʝʝʪ ʪʦʣʴʢʦ 129 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʘ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʦʡ ʠ 

ʫʜʦʙʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ.  ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʠ ʦʙʦʙʱʝʥʠʷ ʧʦʜʭʦʜʦʚ) ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʪʝʠʥʘʟʘ ʂ ʠ ʪʝʨʤʦʣʠʟʠʥ. 

ʊʘʢʞʝ, ʜʘʥ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʘʥʘʣʠʟʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʤʦʥʦʩʣʦʝʚ ʠ ʧʣʝʥʦʢ ʙʝʣʢʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 

1) ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ï ʢʨʘʡʥʝ ʚʘʞʥʘʷ ʠ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ, 

ʠʤʝʶʱʘʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ 

ʦʙʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ, ʨʘʟʚʠʪʠʠ ʤʝʜʠʮʠʥʳ ʠ 

ʛʝʥʝʪʠʢʠ, ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʙʠʦʩʝʥʩʦʨʳ, ʜʘʪʯʠʢʠ, ʧʨʠʙʦʨʳ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʠ 

ʜʨʫʛʠʝ), ʨʘʟʚʠʪʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ, ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ; 

2) ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʣʘʥʘʨʥʳʭ) ʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʠʩʢʘ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʙʝʣʢʦʚʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʙʠʦʣʦʛʠʠ. 

ɿʥʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʪʚʦʨʦʚ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʥʘʪʠʚʥʦʡ ʩʨʝʜʝ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ çʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥè. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘʤʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʫʞʝ ʩʝʛʦʜʥʷ 

ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʠʟʘʡʥʘ ʠ ʫʩʢʦʨʝʥʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 
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ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʘ 

çʟʘʚʪʨʘè ʩʦʟʜʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʣʢʦʚ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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 ɻʃɸɺɸ 2. ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ ʠ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ 

2.1. ɸʅʅʆʊɸʎʀʗ ʂ ɻʃɸɺɽ 2 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʨʘʟʚʠʪʳʝ ʠ ʧʨʠʤʝʥʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʠ 

ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʘʭ ʠ 

ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 

ʈʘʟʜʝʣ 2.2 ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʨʘʟʚʠʪʦʛʦ ʚ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʝʣʢʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʦʥʦʩʣʦʝʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʠʭ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ, ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ. 

ɺ ʈʘʟʜʝʣʝ 2.3 ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʠʢ 

ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ, 

ʧʨʦʪʝʠʥʘʟʳ ʂ ʠ ʪʝʨʤʦʣʠʟʠʥʘ. 

ʈʘʟʜʝʣ 2.4 ʧʦʩʚʷʱʝʥ ʤʝʪʦʜʘʤ ʠ ʧʦʜʭʦʜʘʤ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢ ʠ ʫʩʪʘʥʦʚʦʢ ʢʣʘʩʩʘ ʤʝʛʘʩʘʡʝʥʩ ï ʠʩʪʦʯʥʠʢʦʚ ʉʀ 

ʠ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ (ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ). 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ (ɻʣʘʚʘ 1, ʈʘʟʜʝʣ 1.2.2), ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ɺ. ʂʦʚʘʣʴʯʫʢʘ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʫʥʠʢʘʣʴʥʘ ̫ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʚʢʣʶʯʘʶʱʘ ̫

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʥʮʠʠ ʉʀ ʥʘ ʠʩʪʦʯʥʠʢʝ çʂʀʉʀ-ʂʫʨʯʘʪʦʚè (ʩʪʘʥʮʠʠ 

çʃʝʥʛʤʶʨè, çʈʂʌʄè, çɹʠʦʄʋʈè, çʈʉɸè ʠ ʜʨ.), ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʢʨʠʦ-ʇʕʄ, ʗʄʈ, ʂʦʤʧʣʝʢʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʝʛʘ-ʢʣʘʩʩʘ. ʊʘʢʞʝ, ʧʦʜ ʝʛʦ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʨʘʥʝʝ (ʦʙʟʦʨ ʨʘʙʦʪ ʚ ʈʘʟʜʝʣʝ 1.5.2 ɻʣʘʚ r1) ʙʳʣʠ ʨʘʟʚʠʪʳ 

ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ ʥʘʥʦʩʠʩʪʝʤ, ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ, ʪʘʢ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ, ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ 
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ʩʪʦʷʯʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʉʈɺ ʚ 

ʇɺʆ). 

ʅʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ ʙʳʣ ʧʦʜʦʙʨʘʥ 

ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʤʝʪʦʜʦʚ (ʈʘʟʜʝʣ 2.2), 

ʨʘʟʚʠʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜ r

(ʈʘʟʜʝʣ r2.4 ï 2.7), ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʟʜʘʥ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʈʘʟʜʝʣ 2.5), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʧʝʨʝʭʦʜ çʦʪ ʭʘʦʩʘ ʢ ʧʦʨʷʜʢʫè ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ. 
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2.2. ʂʆʄʇʃɽʂʉʅʓʁ ʇʆɼʍʆɼ ʂ ʀʉʉʃɽɼʆɺɸʅʀʖ ɹɽʃʂʆɺʓʍ ʈɸʉʊɺʆʈʆɺ, 

ʂʈʀʉʊɸʃʃʆɺ ʀ ʊʆʅʂʀʍ ʇʃɽʅʆʂ 

ʅʘ ʈʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʦʪ 

ʨʘʩʪʚʦʨʦʚ ʜʦ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

ʈʠʩ. 2.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʦʪ ʨʘʩʪʚʦʨʦʚ ʜʦ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

 

ɺ ʊʘʙʣ. 2.1 ʧʨʠʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ 

ʤʝʪʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʈʠʩ. 2.1. 

 

ʈɸʉʊɺʆʈ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ 

ʉʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ - ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʣʢʘ 

ʂʈʀʉʊɸʃʃʀʏɽʉʂʀɽ 

ʉʀʉʊɽʄʓ 

ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ 

(ʙʦʣʴʰʝ 1 ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ) 

 

ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʉʃɸɹʆʋʇʆʈʗɼʆʏɽʅʅʓɽ 

ʉʀʉʊɽʄʓ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ 

ʤʦʥʦʩʣʦʷ 

ʇʝʨʝʥʦʩ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʩʣʦʷ ʥʘ 

ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ 
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ʊʘʙʣ. 2.1 ï ʂʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʦʚ. 

 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʪʚʦʨ 1. ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ 
ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʡʪʨʦʥʦʚ (ʄʋʈʈ, 

ʄʋʈʅ) 

2. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ (ɼʈʉ) 

3. ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʉʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʩʠʩʪʝʤʳ 

4. ˊ / A ʠʟʦʪʝʨʤʘ 

5. ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) 

6. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ 

7. ʉʪʦʷʯʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʚʦʣʥʳ ʚ 

ʦʙʣʘʩʪʠ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ 

(ʉʈɺ ʚ ʇɺʆ) 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ 

8. ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

9. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) / 

ɹʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ 

10. In situ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ 

ʢʘʢ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ (ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ), ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ, ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʄʋʈʈ) ʠ ʥʝʡʪʨʦʥʦʚ (ʄʋʈʅ). ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ (ʦʣʠʛʦʤʝʨʦʚ), 

ʨʘʟʤʝʨʦʤ ʦʪ ʜʚʫʭ ʤʦʣʝʢʫʣ (ʜʠʤʝʨʦʚ). 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ). ɹʦʣʝʝ "ʪʦʥʢʘʷ ʢʘʨʪʠʥʘ" 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 
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ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ("ʞʠʚʳʤʠ" 

ʩʠʩʪʝʤʘʤʠ) ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʠʢ ʠ ʧʦʜʙʦʨ 

ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣʠ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʭʨʘʥʷʪʴ 

ʙʝʣʢʠ ʚ ʩʦʩʪʦʷʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʥʘʪʠʚʥʦʤʫ. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ in situ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

2.3. ʄɸʊɽʈʀɸʃʓ ʀ ʇʆɼɻʆʊʆɺʂɸ ʆɹʈɸɿʎʆɺ ʈɸʉʊɺʆʈʆɺ ï ʃʀɿʆʎʀʄ, ʇʈʆʊɽʀʅɸɿɸ 

K, ʊɽʈʄʆʃʀɿʀʅ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ɻʣʘʚʝ 1, ʛʣʦʙʫʣʷʨʥʳʝ (ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ) ʙʝʣʢʠ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʚ ʙʫʬʝʨʝ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ 

ʚ ʙʫʬʝʨʝ. ɹʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ ʙʝʣʢʘ ʧʦʜʙʠʨʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ 

ʠʤʝʣ ʧʦʩʪʦʷʥʥʳʡ pH, ʢʦʪʦʨʳʡ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ï 

ʦʩʘʜʠʪʝʣʷ, ʠʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʪʤʦʩʬʝʨʦʡ. ʇʨʠ ʵʪʦʤ ʙʫʬʝʨʥʳʡ 

ʨʘʩʪʚʦʨʘ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ ï 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʘʛʨʝʛʘʮʠʠ, ʥʝ ʩʦʜʝʨʞʘʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʙʳ 

ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʠʣʠ ʝʛʦ ʜʝʥʘʪʫʨʘʮʠʠ. 

ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʙʳʣʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʠʩʢʣʶʯʘʶʱʘʷ ʧʦʧʘʜʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʝ ʨʘʩʪʚʦʨʳ 

ʩʣʫʯʘʡʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ 0.1 ʄ ʥʘʪʨʠʡ-ʘʮʝʪʘʪʥʳʡ 

ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ (ʜʘʣʝʝ ʙʫʬʝʨ) ʩ pH = 4.55. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʬʝʨʘ 
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ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ ʜʝʠʦʥʠʟʦʚʘʥʥʘ ̫ ʚʦʜʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ (Milli -Q, 

Millipore, 18 ʄʆʤĿʩʤ) ʠʣʠ ʪʷʞʝʣʘ ̫ ʚʦʜʘ (ʪʷʞʝʣʦʚʦʜʦʨʦʜʥʘʷ ʚʦʜʘ, ʦʢʩʠʜ 

ʜʝʡʪʝʨʠʷ) ʬʠʨʤʳ Linʝ Chemical (15 ʄʆʤĿʩʤ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, pD = 4.55 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʷʞʝʣʦʡ ʚʦʜʳ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 0.1 ʄ ʙʫʬʝʨʘ ʦʙʲʝʤʦʤ 200 ʤʣ ʢ ʦʙʲʝʤʫ, ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʧʦ ʪʘʙʣʠʯʥʳʤ ʜʘʥʥʳʤ ʠʟ [373], 0.2 ʄ ʨʘʩʪʚʦʨʘ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(CH3COOH), ʙʳʣ ʜʦʙʘʚʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʘʥʥʦʤʫ pH ʦʙʲʝʤ 0.2ʄ 

ʨʘʩʪʚʦʨʘ ʪʨʠʛʠʜʨʘʪ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (CH3COONa*3HϜO) ʬʠʨʤʳ Helicon (CAS # 

6131-90-4), ʘ ʟʘʪʝʤ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 100 ʤʣ ʚʦʜ,r ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. 

ʅʘʚʝʩʢʠ ʚʩʝʭ ʩʦʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚ Mettler 

Toledo ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʙʫʤʘʛʠ ʜʣʷ ʚʟʚʝʰʠʚʘʥʠʷ. ʆʙʲʝʤ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʩ ̫ʩ 

ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʘ ʦʙʲʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʠʧʝʪʢʠ ʧʝʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ ʬʠʨʤʳ 

Eppendorf (ʜʦ 1000 ʤʢʣ). 

ʇʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʬʝʨ ʧʦʤʝʱʘʣʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢ (5 Áʉ) ʥʝ ʤʝʥʝʝ, 

ʯʝʤ ʟʘ ʩʫʪʢʠ ʜʦ ʥʘʯʘʣʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. pH ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʣʩ ̫

ʩ ʧʦʤʦʱʴʶ pH-ʤʝʪʨʘ. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ, 

ʧʦʣʫʯʝʥʥʳʡ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ɹʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʧʦʜʛʦʪʘʚʣʠʚʘʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʟʘʪʝʤ 

ʜʦʩʪʘʚʣʷʣʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʥʘ ʠʩʪʦʯʥʠʢʠ ʉʀ ʠʣʠ ʥʝʡʪʨʦʥʦʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ. 

ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʦʯʠʱʝʥʥʳʡ ʣʠʟʦʮʠʤ ʠʟ 

ʢʫʨʠʥʦʛʦ ʷʡʮʘ (HEWL) ʬʠʨʤʳ Sigma-Aldrich (CAS # 12650-88-3) ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʩʦʣʠ ʩ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʯʠʩʪʦʪʳ: NaCl (CAS# 7647-14-5, Helicon); KCl (CAS# 
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7447-40-7, abcr GmbH); LiCl  (ʊʋ 6-09-3751-83, ʃʘʚʝʨʥʘ ʉʪʨʦʡʠʥʞʠʥʠʨʠʥʛ); 

CoCl2 (CAS# 7791-13-1, Alta Aesar); NiCl2 (CAS# 7791-20-0, Alta Aesar); CuCl2 

(CAS# 7447-39-4, Acros Organics); KI (CAS# 6131ï90ï4, Helicon). 

ʈʘʩʪʚʦʨʳ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ʬʠʣʴʪʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʥʳʭ 

ʰʧʨʠʮʝʚʳʭ ʬʠʣʴʪʨʦʚ Millex ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0.22 ʤʢʤ, ʜʘʣʝʝ ʨʘʩʪʚʦʨ ʙʝʣʢʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʩ ʯʘʩʪʦʪʦʡ 10000 ʦʙ./ʤʠʥ. 

ʀʟʥʘʯʘʣʴʥʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʟʘʪʝʤ ʦʥʠ ʨʘʟʙʘʚʣʷʣʠʩʴ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʡ. ʂʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 280 ʥʤ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ Cary 5000 (Varian, ɸʚʩʪʨʘʣʠʷ) ʠʣʠ NanoDrop 2000 (Thermo 

Scientific, ʉʐɸ). 

ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʦʚ ʧʨʦʪʝʠʥʘʟʳ K ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʨʦʪʝʠʥʘʟʳ K ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʣʦʢ ʧʨʦʪʝʠʥʘʟʘ ʂ (CAS# 39450-01-6, AppChem) ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʝʪ 27 ʢɼʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ (CAS# 7783-20-

2, Fisher Scientific), ʥʠʪʨʘʪ ʥʘʪʨʠʷ (CAS# 7631-99-4, Sigma-Aldrich). ɹʝʣʦʢ ʠ 

ʦʩʘʜʠʪʝʣʴ ʨʘʩʪʚʦʨʷʣʠʩ ɹʚ 0.2 M Tris-ʙʫʬʝʨʝ, pH = 8 (CAS# 77-86-1, Sigma-

Aldrich), ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦʜʳ (Millipore, 

18 ʄʆʤĿʩʤ). 

ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʦʚ ʪʝʨʤʦʣʠʟʠʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʪʝʨʤʦʣʠʟʠʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʦʯʠʱʝʥʥʳʡ ʪʝʨʤʦʣʠʟʠʥ (CAS# 9073-78-3, Sigma-Aldrich) ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ɹʝʣʦʢ ʨʘʩʪʚʦʨʷʣʩ ̫ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʛ/ʤʣ ʚ 0.025 ʄ NaOH 

ʨʘʩʪʚʦʨʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʯʠʩʪʦʡ ʚʦʜʳ (Millipore, 

18 ʄʆʤĿʩʤ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ 1.5 ʄ ʨʘʩʪʚʦʨ (NH4)2SO4 
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(CAS # 7783-20-2, Sigma-Aldrich) ʚ 0.1 ʄ Tris-ʙʫʬʝʨʝ (CAS # 77-86-1, CAS # 

1185 -53-1, ʨʅ 8.5, Sigma-Aldrich). 

ʈʘʩʪʚʦʨʳ ʧʨʦʪʝʠʥʘʟʳ K, ʪʝʨʤʦʣʠʟʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʘʜʠʪʝʣʝʡ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʬʠʣʴʪʨʘʮʠʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʜʛʦʪʦʚʢʝ 

ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʦʙʨʘʟʦʤ. ʊʘʢʞʝ, ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚ ʩʣʫʯʘʡ ʣʠʟʦʮʠʤʘ). 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʄʋʈ.  ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʄʋʈ) ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʣʠʩ ɹ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʯʠʩʪʦʛʦè (ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ) ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠ ʨʘʩʪʚʦʨ 

ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ (ʪ.ʝ. ʨʘʩʪʚʦʨ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ). ʊʘʢʞʝ, ʩ ʮʝʣʴʶ 

ʫʯʝʪʘ ʚʢʣʘʜʘ ʚ ʢʘʨʪʠʥʫ ʨʘʩʩʝʷʥʠ ̫ʩʘʤʦʛʦ ʙʝʣʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠʩ ɹ

ʠʟʤʝʨʝʥʠ ̫ʨʘʩʩʝʷʥʠʷ ʦʪ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɸʥʘʣʦʛʠʯʥʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʩ ʮʝʣʴʶ ʫʯʝʪʘ, ʚʳʯʠʪʘʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʬʦʥʘ 

ʧʨʦʚʦʜʠʣʠʩ ɹʠʟʤʝʨʝʥʠʷ ʄʋʈ ʦʪ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʚ ʙʫʬʝʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʄʋʈ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʠ çʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭè ʦʙʨʘʟʮʦʚ-ʨʘʩʪʚʦʨʦʚ: 

1) ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ (ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʧʦʤʝʱʘʣʩʷ ʚ ʦʜʥʦʨʘʟʦʚʫʶ 

ʮʝʥʪʨʠʬʫʞʥʫʶ ʧʨʦʙʠʨʢʫ ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ), ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ 

ʢɻʩʧʝʨʠʤʝʥʪʦʚ ʧʦʩʪʫʧʘʣ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ; 

2) ʦʙʨʘʟʝʮ (ʠʣʠ ʨʷʜ ʦʙʨʘʟʮʦʚ) ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʩ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

(ʜʣʷ ʵʪʦʛʦ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʙʘʟʦʚʳʡ ʨʘʩʪʚʦʨ ʙʝʣʢʘ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʚʘ ʨʘʟʘ; ʟʘʪʝʤ ʙʘʟʦʚʳʡ ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʣʩʷ ʙʫʬʝʨʦʤ ʜʦ 

ʪʨʝʙʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ); 

3) ʦʙʨʘʟʝʮ (ʠʣʠ ʨʷʜ ʦʙʨʘʟʮʦʚ) ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʩ ʟʘʜʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʄʋʈ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ 

ʪʝʨʤʦʣʠʟʠʥʘ, ʛʜʝ ʧʨʦʮʝʜʫʨʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʣʘʩʴ), ʢʘʢ 
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ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʙʘʟʦʚʳʡ ʨʘʩʪʚʦʨ ʙʝʣʢʘ. ʂ ʙʘʟʦʚʦʤʫ 

ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʜʦʙʘʚʣʷʣʩ ̫ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ ʚ ʧʨʦʧʦʨʮʠʠ 1:1 ʠ ʨʘʩʪʚʦʨ 

ʙʫʬʝʨʘ, ʪʘʢʞʝ ʚ ʧʨʦʧʦʨʮʠʠ 1:1 (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ). ʇʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʙʘʟʦʚʳʡ ʨʘʩʪʚʦʨ ʧʦʜʚʝʨʛʘʣʩʷ ʬʠʣʴʪʨʘʮʠʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʶ, ʘ 

ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʛʦʪʦʚʢʝ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ. 

 

2.4. ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ʈɸʉʊɺʆʈʆɺ ɹɽʃʂʆɺ 

2.4.1. ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʡʪʨʦʥʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʠ ʥʝʡʪʨʦʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʩʪʦʯʥʠʢʦʚ: 

¶ ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ɸʄʋʈ-ʂ (ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʀʂ ʈɸʅ, ʄʦʩʢʚʘ); 

¶ ʉʠʥʭʨʦʪʨʦʥʥʳʝ ʩʪʘʥʮʠʠ ɼʀʂʉʀ ʠ ɹʠʦʄʋʈ (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, ʂʂʉʅʀ, ʄʦʩʢʚʘ); 

¶ ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ BM-29 Biosaxs (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ); 

¶ ʅʝʡʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ ʖʄʆ (ʆʀʗʀ, ʀɹʈ-2, ɼʫʙʥʘ, ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ). 

ʇʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʩ 

ʦʩʘʜʠʪʝʣʝʤ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ/ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ. ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʨʝʥʠʷ: 

- ʨʝʛʠʩʪʨʘʮʠʷ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ; 

- ʨʝʛʠʩʪʨʘʮʠʷ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʚ ʙʫʬʝʨʝ 

(ʚʳʯʠʪʘʣʠ ʢʘʢ ʬʦʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ); 

- ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʦʪ 

ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ. 
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ʈʘʩʪʚʦʨʳ ʜʣʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʈʘʟʜʝʣʝ 2.3. 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚ ʤʝʪʦʜʘ ʄʋʈʈ ʠ ʤʝʪʦʜʠʢʠ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ, ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʩʪʦʯʥʠʢʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʉʀ ʠ ʥʝʡʪʨʦʥʦʚ. 

 

ʄʝʪʦʜ ʄʋʈʈ/ʄʋʈʅ 

ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ï ʢʦʛʝʨʝʥʪʥʦʝ ʜʠʬʬʫʟʥʦʝ ʨʘʩʩʝʷʥʠʝ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ ʥʝʡʪʨʦʥʦʚ ʚʙʣʠʟʠ ʧʝʨʚʠʯʥʦʛʦ 

ʣʫʯʘ ʥʘ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʷʭ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʤʠʢʨʦʧʦʨ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ). 

ʂʘʨʪʠʥʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʢʘʢ ʠ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʣʫʯʝʡ, ʢʦʛʝʨʝʥʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʥʘ ʦʙʨʘʟʮʝ. 

ʇʨʠ ʪʠʧʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,05 ʜʦ 0,5 ʥʤ 

ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʨʘʟʤʝʨʘʤʠ ʦʪ 

ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʦʙʳʯʥʦ ʚ ʜʠʘʧʘʟʦʥʝ å 1 ï 200 ʥʤ.  

ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʩʝʷʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʝʥʠʝʤ 

ʤʥʦʞʝʩʪʚʘ ʚʪʦʨʠʯʥʳʭ ʢʦʛʝʨʝʥʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʧʦ ʬʘʟʝ. ʌʘʟʦʚʳʝ ʦʪʣʠʯʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʩʣʘʛʘʝʤʳʭ ʟʘʚʠʩʷʪ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ 

ʨʘʩʩʝʷʥʠʷ I(s), ʘʥʘʣʠʟ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʨʘʜʠʫʩ 

ʠʥʝʨʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʦʙʨʘʟʮʘʭ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ) ʚ 

ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʘʥ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 
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ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʦʙʨʘʟʮʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ. 

 

ʈʠʩ.2.2 ï ʉʭʝʤʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʧʨʫʛʦʤʫ ʨʘʩʩʝʷʥʠʶ. 

 

ɻʜʝ K0 ï ɺʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, k
0
 = 2p / l 

S ï ɺʝʢʪʦʨ ʨʘʩʩʝʷʥʠʷ s = k1 ï k0; s = 4p sinq/l; 

ʈʀ ï ɹʝʣʳʡ ʧʫʯʦʢ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʠʣʠ ʥʝʡʪʨʦʥʦʚ; 

ʄ ï ʄʦʥʦʭʨʦʤʘʪʦʨ (ʤʦʥʦʢʨʠʩʪʘʣʣ, ʟʝʨʢʘʣʦ); 

ʆ ï ʆʙʨʘʟʝʮ, ʥʘ ʧʨʦʩʚʝʪ;  

ɼ ï ɼʝʪʝʢʪʦʨ, ʩʪʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ. 

ʀʩʪʦʯʥʠʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

ʊʨʫʙʢʘ (l å 0,07 ï 0,2 ʥʤ) 

ʉʠʥʭʨʦʪʨʦʥ (l å 0,03 ï 1 ʥʤ) 

ʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ (l å 0,1 ï 5 ʥʤ) 

ʆʩʥʦʚʳ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʝʛʦ ʦʧʠʩʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʟʣʦʞʝʥʳ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠ ʤʦʥʦʛʨʘʬʠʡ [36, 44, 374 ï 376]. 

 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʦʪ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʩʫʤʤʳ 

˾  ˮ
 ˸

 ˻  ˨

K0 
K0 

K1 s 

2  ̒
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ʧʘʨʮʠʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʘʩʩʝʷʥʠʷ Ik(s) ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʚʟʚʝʰʝʥʥʳʭ ʩʦʛʣʘʩʥʦ ʠʭ ʦʙʲʝʤʥʳʤ ʜʦʣʷʤ Vk: 

 (2.1) 

ʛʜʝ K ï ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ, s = 4́ sinɗ/ɚ ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ, 2ɗ ï ʫʛʦʣ 

ʨʘʩʩʝʷʥʠʷ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ. ʇʦʜ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʩʠʩʪʝʤʫ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ. ʇʨʠ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʦʡ ʬʦʨʤʝ ʯʘʩʪʠʮ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʚʝʩʪʥʦʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮʝʡ 

i(sR) (ʧʨʠ s = 0, i(0) = 1) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʦʪ k-ʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 (2.2) 

ʛʜʝ Nk(R) ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ, ȹɟk(R), vk(R) ʠ ik(s, R) 

ʦʙʦʟʥʘʯʘʶʪ ʨʘʩʩʝʠʚʘʶʱʠʡ ʢʦʥʪʨʘʩʪ (ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʯʘʩʪʠʮʳ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʦʢʨʫʞʝʥʠʷ), ʦʙʲʝʤ ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ (ʢʚʘʜʨʘʪ ʬʦʨʤʬʘʢʪʦʨʘ) ʯʘʩʪʠʮʳ 

ʨʘʜʠʫʩʦʤ R, Tk(s) ï ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʞʯʘʩʪʠʯʥʫʶ 

ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʇʝʨʢʫʩʘïʁʦʚʠʢʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʯʘʩʪʠʮ, ʪ.ʝ. 

ʬʫʥʢʮʠʠ Dk(R) = Nk(R)vk(R). ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ Dk(R) ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʐʫʣʴʮʘïʎʠʤʤʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ (ʨʘʜʠʫʩʦʤ) ʯʘʩʪʠʮ R0k ʠ ʧʦʣʫʰʠʨʠʥʦʡ ȹRk: 

 

 (2.3) 

I k(s)  

ὈὯὙ = ὋὙ,Ὑ0Ὧ,ɝὙὯ =
ᾀ+ 1

Ὑ0Ὧ

ᾀ+ 1 Ὑᾀ

ɜ(ᾀ+ 1)
Ὡὼὴ

(ᾀ+ 1)Ὑ

Ὑ0Ὧ
, 

ᾀ=
Ὑ0Ὧ

ɝὙὯ

2

1. 
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ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʬʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜ 

ʨʘʩʩʝʷʥʠʷ ʦʪ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʨʘʜʠʫʩʘ R. ʇʨʘʢʪʠʢʘ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʳʭ 

ʟʘʜʘʯ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʬʦʨʤʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʠʤʦ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʘʩʩʝʷʥʠʷ ʠ ʦʪ ʥʝʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ R ʠʤʝʝʪ ʩʤʳʩʣ 

ʨʘʜʠʫʩʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ (ʧʦ ʦʙʲʝʤʫ) ʩʬʝʨʳ, ʘ ʬʦʨʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʥʝʩʬʝʨʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʩʬʝʨʠʯʥʦʩʪʠ. ʌʦʨʤʫʣʳ ʜʣʷ ʬʦʨʤʬʘʢʪʦʨʦʚ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʧʨʠʚʝʜʝʥʳ ʚ [44]. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ Vk, R0k, ȹRk ʠ Tk(s) ʠʱʫʪ ʧʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ POLYMIX, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʚʝʨʩʠʶ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ MIXTURE, ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʫʶ ʥʘ ʩʘʡʪʝ EMBL c/o Hamburg, DESY 

[377]. ʄʠʥʠʤʠʟʠʨʫʝʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʠʤʝʝʪ ʚʠʜ 

 

k = 1, é , K 

 (2.4) 

ʛʜʝ N ï ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ, W(s) ï ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʠʟ ʩʛʣʘʞʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʫʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦ 

ʧʨʝʜʝʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤʳ ʢʨʠʚʦʡ 

ʨʘʩʩʝʷʥʠʷ ʚʦ ʚʩʝʤ ʚʟʷʪʦʤ ʜʠʘʧʘʟʦʥʝ s. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ p = 1/2, 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʢʘʢ ʦʧʪʠʤʘʣʴʥʦʝ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʣʫʯʘʷ. ɝ ʝʩʪʴ ʤʥʦʞʠʪʝʣʴ, ʩʦʚʤʝʱʘʶʱʠʡ ʢʨʠʚʳʝ Iexp(s) (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʨʘʩʩʝʷʥʠʷ) ʠ Imod(s) (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʦʪ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ) 

ἵἱἶ
╥▓,╡ ,▓, ╡▓, ⱬ▓

В ╘▄●▬▼░ Ⱪ╘□▫▀▼░ ╦ ▼░
╝
░=

В ╘▄●▬▼░╦ ▼░
╝
░=

, 

╦ ▼░ = ╘▄●▬▼░
▬
,▬= , , , , 
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ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʠʩʢʘ ʧʝʨʝʜ 

ʚʳʯʠʩʣʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʤʠʥʠʤʠʟʘʮʠʠ (2.4). ʇʘʨʘʤʝʪʨʘʤʠ ʧʦʠʩʢʘ ʷʚʣʷʶʪʩʷ 

ʜʦʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʩʫʤʤʝ (2.2) ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ. 

ʇʨʦʛʨʘʤʤʘ OLIGOMER [377, 378] ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʥʘʙʦʨ ʬʦʨʤʬʘʢʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ (ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʨʘʩʩʝʷʥʠʷ ʦʪ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʘʧʨʠʦʨʠ) 

ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʢʨʠʚʫʶ ʨʘʩʩʝʷʥʠʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʤʝʩʠ. 

ʂʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʥʝʚʷʟʢʠ: 

, (2.5) 

ʛʜʝ ů(sj) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʞʝ 

OLIGOMER ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʚʘʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩʤʝʩʠ, ʚʳʙʠʨʘʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʚʝʣʠʯʠʥ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ ʠ ʩʦʭʨʘʥʷʪʴ ʚ ʬʘʡʣʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ 

ʨʘʚʥʦʚʝʩʥʳʝ ʩʤʝʩʠ ʨʘʟʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʙʝʣʢʦʚ, ʩʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʘ ʠʣʠ ʝʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ. 

ʄʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ. 

ɺ ʩʣʫʯʘʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ï ʨʘʩʪʚʦʨ r ʙʝʣʢʦʚ ï ʤʝʪʦʜ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʤʦʣʝʢʫʣ ʠ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʝʪʦʤ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʨʘʩʩʝʷʥʠʷ ʜʦ 

ʨʘʟʨʝʰʝʥʠʷ 5 ï 10 ¡; 

- ʂʦʨʨʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʨʘʩʪʚʦʨʘ; 

- ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ; 

- ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʦʤʝʥʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

Ⱶ =
╝

╘□▫▀(▼▒) ╘▄●▬(▼▒)

Ɑ(▼▒)

╝

▒=
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ʇʦʣʠʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ï ʩʤʝʩʠ ʙʝʣʢʦʚ, ʥʘʥʦʵʤʫʣʴʩʠʠ, ʥʘʥʦʯʘʩʪʠʮʳ: 

- ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ (ʬʦʨʤʬʘʢʪʦʨʦʚ, ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʢʪʦʨʦʚ), ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʢʣʘʜʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʦʠʟʚʦʣʴʥʳʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ï ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʛʝʣʠ, 

ʘʵʨʦʟʦʣʠ, ʧʦʣʠʤʝʨʳ, ʩʧʣʘʚʳ, ʤʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʧ.: 

- ʇʨʷʤʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʦʙʲʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʝʞʬʘʟʥʳʝ ʛʨʘʥʠʮʳ), ʧʘʨʘʤʝʪʨʳ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʠ ʪ.ʜ. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: 

- ʦʙʲʝʤʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʨʘʟʤʝʨʘʤ ʚ 

ʠʟʦʪʨʦʧʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʥʘʥʦʯʘʩʪʠʮʳ, ʧʦʨʳ, 

ʢʣʘʩʪʝʨʳ ʜʝʬʝʢʪʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʚʳʜʝʣʝʥʠʷ ʬʘʟ ʚ ʩʧʣʘʚʘʭ, 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʩʪʝʢʣʘʭ ʠ ʪ.ʜ.); 

- ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʠʘʤʝʪʨʘʤ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʠʣʠ ʧʦ ʪʦʣʱʠʥʘʤ 

ʧʣʦʩʢʠʭ ʥʘʥʦʦʙʨʘʟʦʚʘʥʠʡ ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʭ ʯʘʩʪʠʯʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ 

ʭʘʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ; 

- ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʜʠʫʩʳ ʢʦʨʨʝʣʷʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ; 

- ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʬʘʟʘʤʠ ʠ/ʠʣʠ ʪʦʣʱʠʥʫ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʚ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ; 

- ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ (ʨʘʟʤʝʨʳ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ, 

ʪʦʣʱʠʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ, ʪʠʧʠʯʥʳʝ ʬʦʨʤʬʘʢʪʦʨʳ ʬʣʫʢʪʫʘʮʠʡ) ʜʣʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʠʩʪʝʤ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ; 

- ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʳʭ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʠʣʠ ʩʠʩʪʝʤ ʩ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʣʠ ʧʦʨ; ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʯʘʩʪʠʮ; ʦʙʲʝʤ ʠ 
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ʧʣʦʱʘʜʴ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʦʨʤʫ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ 1/3-1/5 ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ.  

- ʈʘʩʩʝʷʥʠʝ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ: ʠʩʧʦʣʴʟʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʷʜʨʘʭ ʩ ʩʝʣʝʢʪʠʚʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʷʜʝʨʥʳʤʠ ʩʧʠʥʘʤʠ ï ʨʘʟʣʠʯʥʳʝ ʧʨʠʝʤʳ ʚʘʨʠʘʮʠʠ ʢʦʥʪʨʘʩʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʣʘʢʩʘʮʠʡ. 

ɼʠʬʨʘʢʪʦʤʝʪʨ ɸʄʋʈ-ʂ 

ʅʘ ʈʠʩ. 2.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ çɸʄʋʈ-ʂè (ʀʂ ʈɸʅ, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ 

ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʄʦʩʢʚʘ). 

 

ʈʠʩ. 2.3 ï ʉʭʝʤʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʧʨʫʛʦʤʫ ʨʘʩʩʝʷʥʠʶ. 

1 ï ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ, ʠʟʣʫʯʝʥʠʝ CuKŬ1, ɚ = 1,54 ¡; 

2 ï ʄʦʥʦʭʨʦʤʘʪʦʨ (ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ); 

3 ï ɹʣʦʯʥʳʡ ʢʦʣʣʠʤʘʪʦʨ ʧʦ ʩʭʝʤʝ ʂʨʘʪʢʠ; 

4 ï ʆʙʨʘʟʝʮ, ʥʘ ʧʨʦʩʚʝʪ; 

5 ï ɼʝʪʝʢʪʦʨ, ʩʪʘʪʠʯʥʘʷ ʢʘʨʪʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ; 

k0 ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, k
0
 = 2p / l; 

s ï ʚʝʢʪʦʨ ʨʘʩʩʝʷʥʠʷ s = k1 ï k0; s = 4p sin q / l. 
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ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ çɸʄʋʈ-

ʂè ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ 

ʢʚʘʨʮʝʚʳʝ ʢʘʧʠʣʣʷʨʳ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʩʦ ʩʪʝʥʢʘʤʠ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ (ʈʠʩ.2.4). 

 

ʈʠʩ.2.4 ï ʉʭʝʤʳ ʟʘʛʨʫʟʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʧʠʣʣʷʨʘ: ʘ ï ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠʣʠ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ, ʙ ï ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʷʯʝʡʢʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʚʫʭ ʪʠʧʘʭ ʟʘʛʨʫʟʢʠ ʢʘʧʠʣʣʷʨʘ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʚ ʢʘʧʠʣʣʷʨ ʧʦʤʝʱʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʩʪʚʦʨ (ʈʠʩ.2.4 ʘ) ï ʦʩʘʜʠʪʝʣʷ, 

ʙʝʣʢʘ ʠʣʠ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ (ʈʠʩ.2.4 ʙ), ʜʣʷ ʵʪʦʛʦ ʚ ʮʝʥʪʨ 

ʢʘʧʠʣʣʷʨʘ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʷʯʝʡʢʠ) (II) ʧʦʤʝʱʘʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʨʘʩʪʚʦʨ ʙʝʣʢʘ (40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ), ʘ ʧʦ ʢʨʘʷʤ (I, III) ï ʨʘʩʪʚʦʨ 

ʦʩʘʜʠʪʝʣʷ (50 ʤʛ/ʤʣ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʢʘʧʠʣʣʷʨʳ 

ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʦʪʜʝʣʴʥʦ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʠ ʦʩʘʜʠʪʝʣʷ (25 ʤʛ/ʤʣ). 

ʀʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʤʘʣʦʫʛʣʦʚʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ñɸʄʋʈ-ʂò [379] ʩ ʣʠʥʝʡʥʳʤ 

ʙʝʩʧʘʨʘʣʣʘʢʩʥʳʤ ʦʜʥʦʢʦʦʨʜʠʥʘʪʥʳʤ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 
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ʜʝʪʝʢʪʦʨʦʤ ʆɼ3ʄ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ɚ, ʨʘʚʥʦʡ 

0.1542 ʥʤ (CuKŬ-ʣʠʥʠʷ ʦʩʪʨʦʬʦʢʫʩʥʦʡ ʪʨʫʙʢʠ ʩ ʤʝʜʥʳʤ ʘʥʦʜʦʤ, 

ʤʦʥʦʭʨʦʤʘʪʦʨ ʠʟ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ), ʠ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʂʨʘʪʢʠ. ʉʝʯʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʦ 0.2 Ĭ 8 ʤʤ. 

ʂʘʧʠʣʣʷʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 700 ʤʤ ʦʪ ʢʘʤʝʨʳ ʜʝʪʝʢʪʦʨʘ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʣʦ 1 ʯ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʥʠʭ ʚʚʦʜʠʣʘʩʴ ʧʦʧʨʘʚʢʘ ʥʘ ʢʦʣʣʠʤʘʮʠʦʥʥʳʝ 

ʠʩʢʘʞʝʥʠʷ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʜʘʥʥʳʤ ʩ ʚʚʝʜʝʥʥʦʡ ʧʦʧʨʘʚʢʦʡ. ɺ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʩʝʷʥʠʷ ʦʪ ʢʦʪʦʨʦʛʦ ʚʳʯʠʪʘʣʠ ʠʟ ʜʘʥʥʳʭ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʘʤʠ. 

ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ ɼʀʂʉʀ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʋʈʈ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ 

ɼʀʂʉʀ (çʂʀʉʀ-ʂʫʨʯʘʪʦʚè, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ) 

(ʈʠʩ.2.5, 2.6). ʅʘ ʈʠʩ.2.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʪʘʥʮʠʠ ɼʀʂʉʀ [380] ʥʘ 

ʢʘʥʘʣʝ ʂ 1.3ʘ ʉʠʙʠʨʴ2 (ʘ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʙ) ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʘʷ ʙʘʟʦʚʘʷ ʩʭʝʤʘ (ʚ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʩʪʘʥʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ 5ï12.5 ʢʵɺ, ʰʠʨʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ȹɚ/ɚ 

= 10ï3ï10ï4, ʨʝʛʠʩʪʨʘʮʠʶ ʧʝʨʠʦʜʦʚ 0.2ï100 ʥʤ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʦʟʜʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʢʫʩʠʨʫʶʱʠʭ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣ-

ʟʝʨʢʘʣʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʘʢʫʫʤʠʨʫʝʤʳʭ ʤʦʜʫʣʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʩʚʝʪʦʩʠʣʫ ʩʭʝʤʳ, ʫʤʝʥʴʰʠʪʴ ʨʘʜʠʘʮʠʦʥʥʳʝ ʠ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʟʝʨʢʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʘʚʣʝʥʠʝ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʢ ʦʩʥʦʚʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ [381, 382]. ɼʣʷ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ʠ 

ʬʦʢʫʩʠʨʦʚʢʠ ʧʫʯʢʘ ʉʀ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʥʷʪʘ ʪʨʘʜʠʮʠʦʥʥʘʷ 

ʩʭʝʤʘ ʦʪʨʘʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ ʦʪ ʠʟʦʛʥʫʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦ ʧʨʠʥʮʠʧʫ 

ʀʦʛʘʥʥʘ [383]. 
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ʈʠʩ.2.5 ï ʆʙʱʠʡ ʚʠʜ ʩʪʘʥʮʠʠ ɼʀʂʉʀ ʥʘ ʢʘʥʘʣʝ ʂ1.3ʘ ʥʘʢʦʧʠʪʝʣʷ ʉʠʙʠʨʴ2 

(ʘ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʙ) ʠ ʦʙʦʙʱʝʥʥʘʷ ʙʘʟʦʚʘʷ 

ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʚ) [380]. 

ʄʦʥʦʭʨʦʤʘʪʠʟʘʮʠʷ ʧʫʯʢʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʢʨʠʩʪʘʣʣʦʤ-ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ 1, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʪʨʘʥʩʬʦʢʘʪʦʨʘ ʜʣʷ ʬʦʢʫʩʠʨʦʚʢʠ ʧʫʯʢʘ ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ) ʧʣʦʩʢʦʩʪʠ. ɺ ʪʘʢʦʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʪʨʘʥʩʬʦʢʘʪʦʨʝ 
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ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʜʘʚʣʷʝʤʦʩʪʠ ʯʝʪʥʳʭ 

ʛʘʨʤʦʥʠʢ (Ge, Si), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʝʨʢʘʣʴʥʦʛʦ 

ʪʨʘʥʩʬʦʢʘʪʦʨʘ 2, ʢʦʪʦʨʳʡ ʩʦʟʜʘʥ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʩʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʝʨʢʘʣ 

ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʬʦʢʫʩʠʨʫʝʪ ʧʫʯʦʢ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ [384]. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʝʯʝʥʠʷ ʧʫʯʢʘ ʉʀ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʬʦʥʘ ʦʪ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ 

ʢʦʤʧʣʝʢʪʘ ʯʝʪʳʨʝʭʩʪʚʦʨʯʘʪʳʭ ʱʝʣʝʡ: ʚʭʦʜʥʘʷ ʱʝʣʴ 3 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʜ 

ʫʩʪʨʦʡʩʪʚʦʤ ʢʨʠʩʪʘʣʣʘ-ʤʦʥʦʭʨʦʤʘʪʦʨʘ 1; ʬʦʨʤʠʨʫʶʱʘʷ ʱʝʣʴ 4 ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʝʨʝʜ ʟʝʨʢʘʣʴʥʳʤ ʪʨʘʥʩʬʦʢʘʪʦʨʦʤ 2; ʬʦʥʦʚʘʷ ʱʝʣʴ 5 ʧʦʤʝʱʘʝʪʩʷ ʚʙʣʠʟʠ 

ʧʝʨʝʜ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ 6. 

ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʧʫʯʦʢ, ʧʨʦʭʦʜʷ ʩʢʚʦʟʴ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʘ 6, 

ʬʦʨʤʠʨʫʝʪ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ, ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʟʘʜʥʝʡ 

ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʢʘʪʦʨʦʚ ʣʶʙʳʤ ʪʠʧʦʤ 

ʜʝʪʝʢʪʦʨʘ: ʦʜʥʦʢʦʦʨʜʠʥʘʪʥʳʤ 7 (ʥʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥ ʜʝʪʝʢʪʦʨ ʆɼ3 1500), 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤʠ. ʇʝʨʝʜ ʢʘʞʜʳʤ ʠʟ ʜʝʪʝʢʪʦʨʦʚ 7 ï 9 ʨʘʟʤʝʱʘʝʪʩʷ ʣʦʚʫʰʢʘ 

ʧʝʨʚʠʯʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ 14, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʧʦʜʙʠʨʘʝʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠ [385]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʚʦʟʜʫʭʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʘʢʫʫʤʠʨʫʝʤʳʝ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʝ ʢʘʤʝʨʳ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ 6 ʠ 

ʜʝʪʝʢʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʟʝʨʢʘʣʴʥʳʤ ʪʨʘʥʩʬʦʢʘʪʦʨʦʤ 2 ʠ ʬʦʥʦʚʦʡ ʱʝʣʴʶ 5. 

ɺ 2015 ʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʘʥʮʠʠ ʉʀ çɼʀʂʉʀè, ʚʚʝʜʝʥʘ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʄʋʈʈ ʥʘ ʦʩʥʦʚʝ 2D-ʜʝʪʝʢʪʦʨʘ 

Pilatus 1M (Dectris) (ʈʠʩ.2.6). 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʄʋʈʈ ʥʘ ʩʪʘʥʮʠʠ ʉʀ çɼʀʂʉʀè ʩʦʩʪʦʷʣʘ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 1.62 ¡. 

ʂʘʨʪʠʥʳ ʨʘʩʩʝʷʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʚʫʤʝʨʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ Pilatus3 1M ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ 300 ʤʤ ʠ ʚʨʝʤʝʥʠ 

ʵʢʩʧʦʟʠʮʠʠ 5 ʤʠʥ. ʉʝʯʝʥʠʝ ʧʫʯʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦ ʪʨʝʭʱʝʣʝʚʦʡ ʩʭʝʤʝ 

ʢʦʣʣʠʤʘʮʠʠ, ʙʳʣʦ ʨʘʚʥʦ 0.4 Ĭ 0.6 ʤʤ. 
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ʈʠʩ.2.6 ï ʆʙʱʠʡ ʚʠʜ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ 2D-ʜʝʪʝʢʪʦʨʘ 

Pilatus 1M (Dectris) ʥʘ ʩʪʘʥʮʠʠ ʉʀ çɼʀʂʉʀè (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, 2016 ʛ.) 

ʂʘʣʠʙʨʦʚʢʫ ʫʛʣʦʚʦʡ ʰʢʘʣʳ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʙʝʛʝʥʘʪʘ ʩʝʨʝʙʨʘ 

[386]. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʢʘʨʪʠʥ ʨʘʩʩʝʷʥʠʷ ʠ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ Fit2D [387] ʠ Primus (ʠʟ ʧʘʢʝʪʘ ATSAS) 

[388]. 

ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʪʦʥʢʦʩʪʝʥʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʢʘʧʠʣʣʷʨʳ ʜʠʘʤʝʪʨʦʤ 

1.5 ï 2.0 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 0.01 ʤʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʧʠʣʣʷʨʳ ʧʦʤʝʱʘʣʠ ʚ ʣʘʪʫʥʥʳʡ ʜʝʨʞʘʪʝʣʴ ʩ ʧʨʦʪʦʯʥʳʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʚʦʜʷʥʦʤʫ ʪʝʨʤʦʩʪʘʪʫ. ʊʝʤʧʝʨʘʪʫʨʫ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʮʠʬʨʦʚʳʤ ʪʝʨʤʦʜʘʪʯʠʢʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʇʫʪʝʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʚʳʭ ʄʋʈʈ ʦʪ ʙʝʣʢʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʥʷʪʳʭ ʯʝʨʝʟ 5, 10, 20 

ʤʠʥʫʪ ʦʪ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʢʠʭ-ʣʠʙʦ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʦʙʨʘʟʮʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, 

ʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʣʘ 109 ʬʦʪʦʥʦʚ/ʩ. 
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ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ ɹʠʦʄʋʈ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʘʣʦʫʛʣʦʚʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʥʘ 

ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʪʘʥʮʠʠ çɼʀʂʉʀè ʜʦ 2018 ʛ. [380]. 

ʉ ʥʘʯʘʣʘ 2018 ʛʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʥʦʚʦʡ ʩʪʘʥʮʠʠ çɹʠʦʄʋʈè [389], ʥʘʮʝʣʝʥʥʦʡ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʮʠʠ çɼʀʂʉʀè. 

ʉʪʘʥʮʠʷ çɹʠʦʄʋʈè ʠʤʝʝʪ ʪʠʧʠʯʥʫʶ ʩʭʝʤʫ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʄʋʈʈ 

(ʈʠʩ.2.7), ʩ ʦʜʥʠʤ ʬʦʢʫʩʠʨʫʶʱʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʦʜʥʠʤ ʬʦʢʫʩʠʨʫʶʱʠʤ 

ʟʝʨʢʘʣʦʤ ʠ ʙʣʦʢʘʤʠ ʱʝʣʝʡ ʢʦʣʣʠʤʘʮʠʠ. 

 

ʈʠʩ.2.7 ï ʉʭʝʤʘ ʤʘʣʦʫʛʣʦʚʦʡ ʩʪʘʥʮʠʠ çɹʠʦʄʋʈè [389] . 

 

ʈʠʩ.2.8 ï ʌʦʪʦʛʨʘʬʠʷ ʤʘʣʦʫʛʣʦʚʦʡ ʩʪʘʥʮʠʠ çɹʠʦʄʋʈè [389]. 
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ʊʘʙʣ. 2.2 ï ʇʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʉʀ çɹʠʦʄʋʈè 

ˮͫͭͦ;͙ͤ͟ ˿ˮ ˽͍ͦͦͪͦͭͤ·͚ ͎͙ͣ͊ͤͭ мΣт ́ ͡ ͤ͊ нΣр ˥ Ήˤ ͙ͫͭͦ;͙͔ͤ͟ ˿ˮΣ 
Ec = 7,1 ͟ Ήˤ 

˸ͦͤͦͻͪͦͣ͊ͭͦͪ ͔͎́ͪͯͦ͡Έͤ·͚ ͙ͪͫͭ͊͟͡͡ Si όмммύΣ ͙ͣ͊ͫͣ͊͟͡Έͤ͊Ύ 
͔͊ͨͪͭͯͪ͊ ͔͎͋ͦͦ͡ ͨͯ;͊͟ п Ҏ 10 ͣ ͣ2Σ ͙͔͙͊ͫͣͣͭͪ;ͤ·͚ 
͔ͫͪ͘ т ϲΣ ͙͎͙͋͘ ͒͡Ύ ͎͙ͦͪͦͤͭ͊͘͡Έ͚ͤͦ ͺ͙͍͙ͦͯͫͪͦ͟͟ 

͔͎͙̏ͤͪΎ ˿ˮ 8 ͟ Ήˤ ό‗ = 0.1445 ͤ ͣύ 

͔͎͔͙̏ͤͪͭ;͔͔ͫͦ͟ ͪ ͔͊ͪ͘΄͔͙͔ͤ (ῳE/E) [390] 5 Ҏ 10ҍ3 

˭͔ͪ͊ͦ͟͡ ˻͔͒ͤͦͪ͊ͭͤͦ͟ ͔͙͔ͦͭͪ͊͗ͤΣ ͙͔͍͔ͪͦ͒ͦ ͨͦͪ͟·͙͔ͭΣ ͙͒ͤ͊͡ 
мллл ͣͣΣ ͙͎͙͋͘ ͒͡Ύ ͺ͙͍͙ͦͯͫͪͦ͟͟ ͍ ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ 
͙ͨͦͫͦͫͭ͟͡ 

˽ͦͭͦ͟ ͅ ͍ͦͭͦͤͦ ͤ͊ ͦ͋ͪ͊͘ͼ͔ 1010ς1011 ͅ ͦͭΦκͫ ͙ͨͪ ͔ͭͦ͟ ͙͔ͯͫͦͪͭ͟͡Ύ млл ͣ A ό͍͙͙͊ͫͭ͘ 
ͦͭ ͙ͦͣ͊͟͡͡ͼ͙͙ύ 

˾͔͊ͣͪ͘ ͨͯ;͊͟ ͤ͊ ͦ͋ͪ͊͘ͼ͔ рлл Ҏ орл ͣ ͟ ͣ

˨͙͊ͨ͊ͦͤ͘ ͍͔͙͡;͙ͤ q 0.03ς30 ͤ ͣҍ1 

˨͔͔ͭͭͦͪ͟ 2D, DECTRIS Pilatus3 1MΣ млпо Ҏ фум ͙͔͔͚ͨͫ͟͡Σ 
͙͙͒ͤ͊ͣ;͔͙͚ͫ͟ ͙͒͊ͨ͊ͦͤ͘ нл ͋ ͙ͭΣ рлл ˥ ͼ 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ Taurus [391], ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ TANGO. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʪʘʥʮʠʠ çɹʠʦʄʋʈè (ʈʠʩ.2.9). 

 

ʈʠʩ.2.9 ï ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʪʘʥʮʠʠ çɹʠʦʄʋʈè [389]. 
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ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ BM29 BioSAXS 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʥʮʠʠ BM29 BioSAXS [392] ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ). 

ʅʘ ʈʠʩ.2.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʘ ʧʫʯʢʘ ʉʀ (Optics Hutch) ʩʪʘʥʮʠʠ BM29 BioSAXS. 

 

ʈʠʩ.2.10 ï ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʉʀ (Optics 

Hutch), ʩʪʘʥʮʠ ̫BM29 BioSAXS (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ). 

¶ ɼʚʫʢʨʘʪʥʳʡ ʤʥʦʛʦʩʣʦʡʥʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ï ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ 

[Ru/B4C]120 ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʜʚʫʭ Si-ʧʦʜʣʦʞʢʘʭ 

ʜʣʠʥʦʡ 300 ʤʤ ʩ ʧʝʨʠʦʜʦʤ 2.96 ʥʤ ʚ ʮʝʥʪʨʝ. ʀʟʤʝʨʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ DE/E ʥʘ 

8 ʢʵɺ ʩʦʩʪʘʚʣʷʝʪ 1.6%. 

¶ ʊʦʨʦʠʜʘʣʴʥʦʝ ʟʝʨʢʘʣʦ ï ʬʦʢʫʩʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʩʪʘʥʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʦʨʦʠʜʘʣʴʥʦʝ ʟʝʨʢʘʣʦ ʜʣʠʥʦʡ 1,1 ʤ, 

ʦʪʨʘʞʘʶʱʝʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ 4 ʤʤĬ4 ʤʤ 

ʧʫʯʦʢ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚ ʧʷʪʥʦ 0,5 ʤʤĬ0,5 ʤʤ ʚ ʧʣʦʩʢʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʠ ʠʤʝʝʪ 

ʨʘʟʤʝʨ 0,7 ʤʤĬ0,7 ʤʤ ʥʘ ʧʦʟʠʮʠʠ ʦʙʨʘʟʮʘ (11 ʤ ʦʪ ʟʝʨʢʘʣʘ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʝʪ 130 ʤʢʨʘʜ. 

¶ ɺʘʢʫʫʤʥʳʡ ʧʫʪʴ ï ʜʣʠʥʥʳʡ ʧʫʪʴ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʚ ʢʘʧʠʣʣʷʨʝ ʠ 

ʜʝʪʝʢʪʦʨʦʤ ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʚ ʚʘʢʫʫʤʝ. ɺ ʢʦʥʮʝ ʚʘʢʫʫʤʥʦʛʦ ʧʫʪʠ 
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ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʛʣʦʪʠʪʝʣʴ ʧʫʯʢʘ (beamstop), ʙʦʣʴʰʦʝ ʢʘʧʪʦʥʥʦʝ ʦʢʥʦ 

ʩʦʭʨʘʥʷʝʪ ʚʘʢʫʫʤ, ʜʝʪʝʢʪʦʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʩʨʘʟʫ ʟʘ ʦʢʥʦʤ. 

ʆʙʱʠʡ ʚʠʜ ʩʪʘʥʮʠʠ BM29 BioSAXS (Experimental Hutch) ʧʦʢʘʟʘʥ ʥʘ 

ʈʠʩ.2.11. 

 

ʈʠʩ.2.11 ï ʆʙʱʠʡ ʚʠʜ ʩʪʘʥʮʠʠ BM29 BioSAXS (Experimental Hutch). 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʄʋʈʈ ʥʘ ʩʪʘʥʮʠʠ BM29 BioSAXS (ESRF) ʩʦʩʪʦʷʣʘ 

ʚ ʩʣʝʜʫʶʱʝʤ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ ʩ ʵʥʝʨʛʠʝʡ 12.4 ʢʵɺ ʠ 

ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ Pilatus 1M. ʈʘʩʩʪʦʷʥʠʝ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ 

ʩʦʩʪʘʚʣʷʣʦ 2.9 ʤ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʫʶ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ [393] ʚ ʢʶʚʝʪʳ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ ʦʙʲʝʤʦʤ 200 ʤʢʣ. 

ʈʘʩʪʚʦʨ ʠʟ ʢʶʚʝʪʳ ʩ ʧʦʤʦʱʴʶ ʨʦʙʦʪʘ ʧʦʤʝʱʘʣʠ ʚ ʧʨʦʪʦʯʥʳʡ ʢʚʘʨʮʝʚʳʡ 

ʢʘʧʠʣʣʷʨ ʜʠʘʤʝʪʨʦʤ 1.8 ʤʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ. ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʨʘʚʥʦʤʝʨʥʦ ʧʨʦʜʚʠʛʘʣʩʷ ʧʦ ʢʘʧʠʣʣʷʨʫ, ʧʨʠ 

ʵʪʦʤ ʧʫʯʦʢ ʧʦʧʘʜʘʣ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ ʥʘ ʢʘʧʠʣʣʷʨʝ, ʥʦ ʚʩʝ ʚʨʝʤʷ ʚ ʥʦʚʫʶ 

ʯʘʩʪʴ ʦʙʨʘʟʮʘ. ɿʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʢʘʧʠʣʣʷʨʫ ʙʳʣʦ ʩʜʝʣʘʥʦ 

10 ʩʲʝʤʦʢ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 1 ʩ. ʉʝʯʝʥʠʝ 

ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʦ 700 ʤʢʤ2. 



124 

ʉʪʘʥʮʠʷ ʖʄʆ, ʥʝʡʪʨʦʥʥʳʡ ʨʝʘʢʪʦʨ ʀɹʈ-2 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʋʈʅ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ, ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ, ʥʘ ʩʪʘʥʮʠʠ ʖʄʆ 

(ʨʝʘʢʪʦʨ ʀɹʈ-2, ʆʀʗʀ, ɼʫʙʥʘ, ʈʦʩʩʠʷ) [394]. 

ʉʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʄʋʈʅ ʥʘ ʩʪʘʥʮʠʠ ʖʄʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.2.12. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʨʘʟʮʘ ʜʦ ʜʝʪʝʢʪʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 12.96 ʠ 5.3 ʤ ʜʣʷ çʥʦʚʳʭè 

ʠ çʩʪʘʨʳʭè ʜʝʪʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʥʝʡʪʨʦʥʦʚ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 0.7 ʜʦ 4.0 ¡ (ʩ ʨʘʟʙʨʦʩʦʤ 

ʜʣʠʥ ʚʦʣʥ 10% FWHM), ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʜʠʘʧʘʟʦʥ s ʦʪ 0.01 ʜʦ 0.5 ¡ï1, ʛʜʝ 

s = 4śin(ɗ)/ɚ ʝʩʪʴ ʚʝʢʪʦʨ ʨʘʩʩʝʷʥʠʷ; 2ɗ ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ. 

ɺʦ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SONIX+ [395]. 

 

ʈʠʩ.2.12 ï ʆʙʱʠʡ ʚʠʜ ʄʋʈʅ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʩʪʘʥʮʠʠ ʖʄʆ (ʀɹʈ-2, ʆʀʗʀ, 

ɼʫʙʥʘ, ʈʦʩʩʠʷ) ʩ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ: 1 ï ʧʨʝʨʳʚʘʪʝʣʴ (ʯʦʧʧʝʨ); 2 ʠ 4 ï ʧʝʨʚʳʡ 

ʠ ʚʪʦʨʦʡ ʢʦʣʣʠʤʘʪʦʨʳ; 3 ï ʚʘʢʫʫʤʥʳʡ ʧʫʪʴ; 5 ï ʚʦʜʥʳʡ ʪʝʨʤʦʩʪʘʪ; 6 ï 

ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ; 7 ʠ 9 ï ʚʘʥʘʜʠʝʚʳʡ ʩʪʘʥʜʘʨʪ; 8 ï ʧʝʨʚʳʡ ʜʝʪʝʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ çʩʪʘʨʳʡè (ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 200 ʤʤ); 10 ï 

ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ çʥʦʚʳʡè (ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʦʪʚʝʨʩʪʠʝʤ 80 ʤʤ); ʠ 11 ï ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʧʫʯʢʘ [396]. 
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ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʄʋʈʈ/ʄʋʈʅ 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʄʋʈʈ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɸʄʋʈ-ʂ ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʟʦʮʠʤʘ (PDB ID: 4WLD) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ ʉOOT [397] ʠ Pymol [398] ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ï ʜʠʤʝʨ, ʪʝʪʨʘʤʝʨ, ʦʢʪʘʤʝʨ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʤʦʣʝʢʫʣʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʦʣʠʛʦʤʝʨʝ ʩʪʨʦʷʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʟʦʮʠʤʘ. 

ʇʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʨʘʩʯʝʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʋʈʈ ʦʪ ʩʤʝʩʝʡ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ AGBEH, SASPLOT, CRYSOL, MIXTURE, OLIGOMER [377] ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ [399]. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʘʥ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ 

(2.1 ï 2.4). ʂʘʯʝʩʪʚʦ ʧʨʠʙʣʠʞʝʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʥʝʚʷʟʢʠ ɢ2 ʧʦ ʬʦʨʤʫʣʝ (2.5). 

 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʄʋʈʈ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ 

ɼʀʂʉʀ (ʂʀʉʀ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè) ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ ʦʙʨʘʟʦʤ (ʧʦ 

ʬʦʨʤʫʣʘʤ 2.1 ï 2.5). ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʄʋʈʈ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʛʨʘʤʤʘʤʠ 

POLYMIX ʠ OLIGOMER. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʨʦʛʨʘʤʤʦʡ OLIGOMER, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʩ 
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ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ CRYSOL [400]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʩʫʪʩʪʚʠʷ ʙʦʣʴʰʠʭ ʘʛʨʝʛʘʪʦʚ 

ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ MIXTURE [401] ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢ ʢʘʢ 

ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʄʋʈʈ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ 

BioSAXS BM29 (ESRF), ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʣʦʫʛʣʦʚʳʭ ʜʘʥʥʳʭ 

(ʨʘʜʠʘʣʴʥʦʝ ʫʩʨʝʜʥʝʥʠʝ, ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ ʧʫʯʢʘ, 

ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʦʧʨʘʚʢʘ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ) ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ çSaxsAnalysisè [402]. 

ʉʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ (ʫʩʨʝʜʥʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ ʙʫʬʝʨʘ ʨʘʩʪʚʦʨʘ, 

ʚʳʯʠʪʘʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʙʫʬʝʨʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʨʘʩʩʝʷʥʠʷ ʨʘʩʪʚʦʨʦʤ ʙʝʣʢʦʚ ʠ ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʦʚ) 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PRIMUS [388], ʚʭʦʜʷʱʝʡ ʚ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ ATSAS [377, 403]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʙʦʪʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I ʄʋʈʈ ʦʪ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ s 

(s = 4 ́sinɗ/ɚ, 2ɗ ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ) ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʛʣʦʚʦʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʣ 0.003 < s < 0.5 ¡ï1. 

ʇʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʨʘʩʩʝʷʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ: 

ʥʠʢʘʢʠʭ ʵʬʬʝʢʪʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 

ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ ʚ 

ʩʠʩʪʝʤʝ, ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʦʙʨʘʟʦʤ. 
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ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʄʋʈʈ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʝʡʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ 

ʖʄʆ, ʀɹʈ-2 (ʆʀʗʀ, ʛ. ɼʫʙʥʘ, ʄʆ) ʩʦʩʪʦʷʣʘ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ SAS [404], ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʜʘʥʥʳʝ ʄʋʈʅ, 

ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ: (i) ʩʙʦʨ ʜʘʥʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ 

ʞʝ ʦʙʨʘʟʮʫ; (ii) ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ ʨʘʟʨʝʰʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʣʷ ʟʘʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ; (iii) ʢʦʨʨʝʢʮʠʷ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʤʝʨʪʚʦʛʦ 

ʚʨʝʤʝʥʠ ʥʝʡʪʨʦʥʥʦ-ʢʦʣʴʮʝʚʳʭ ʧʨʦʚʦʜʥʳʭ ʜʝʪʝʢʪʦʨʦʚ; (iv) ʚʳʯʠʪʘʥʠʝ 

ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʜʘʥʥʳʭ ʜʝʪʝʢʪʦʨʘ; (v) ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʧʦʣʫʯʝʥʥʳʡ ʩʧʝʢʪʨ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʘʥʘʜʠʝʚʦʛʦ ʨʘʩʩʝʠʚʘʪʝʣʷ ʩ ʮʝʣʴʶ ʧʨʠʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʢ 

ʘʙʩʦʣʶʪʥʳʤ ʝʜʠʥʠʮʘʤ; (vi) ʚʳʯʠʪʘʥʠʝ ʬʦʥʘ ʠʟ ʜʘʥʥʳʭ ʦʪ ʦʙʨʘʟʮʘ. 

ʂʘʨʪʠʥʳ ʨʘʩʩʝʷʥʠʷ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʧʨʦʮʝʜʫʨ [405, 406], ʧʨʦʚʦʜʠʣʦʩʴ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʧʘʜʘʶʱʝʤʫ ʧʫʯʢʫ, ʚʳʯʠʪʘʣʩʷ 

ʚʢʣʘʜ ʚ ʨʘʩʩʝʷʥʠʝ ʦʪ ʙʫʬʝʨʘ ʠ ʧʫʩʪʦʡ ʷʯʝʡʢʠ, ʧʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʥʳʝ ʢʨʠʚʳʝ 

ʙʳʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ. ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜ ʥʫʣʝʚʳʤ ʫʛʣʦʤ I(0), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ (MW; ʦʮʝʥʢʘ ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʚʘʥʘʜʠʷ) ʠ ʨʘʜʠʫʩʦʚ ʠʥʝʨʮʠʠ (Rg) ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ɻʠʥʴʝ [407]. 

ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ ʦʪ ʤʦʜʝʣʝʡ ʦʣʠʛʦʤʝʨʦʚ (PDB: 4WLD; [408]) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ CRYSON [409]. ʅʘʠʣʫʯʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ ʦʪ ʩʤʝʩʝʡ ʤʦʥʦʤʝʨʦʚ, ʜʠʤʝʨʦʚ, ʪʝʪʨʘʤʝʨʦʚ, 

ʛʝʢʩʘʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ ʣʠʟʦʮʠʤʘ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

OLIGOMER [388]. ʕʪʠ ʦʣʠʛʦʤʝʨʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʣʠʟʦʮʠʤʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ ʧʨʦʚʝʜʝʥʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ Coot [397] ʠ PyMOL v.1.8 (Schrºdinger) 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʩʣʫʯʘʷʤ. 
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2.4.2. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ) (ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʤʝʪʦʜ 

ʬʦʪʦʥ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʣʠ ʢʚʘʟʠʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʵʤʫʣʴʩʠʡ, ʤʠʮʝʣʣ, ʧʦʣʠʤʝʨʦʚ, ʙʝʣʢʦʚ, ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʠ.  

ʇʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʩʨʝʜʫ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʙʨʦʫʥʦʚʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʣʫʯ ʩʚʝʪʘ (ʣʘʟʝʨʥʳʡ ʣʫʯ), ʧʦʧʘʜʘʷ ʥʘ ʜʚʠʞʫʱʫʶʩʷ 

ʯʘʩʪʠʮʫ, ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ (ɼʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ), ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʚʝʪʘ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ. 

ʀʟʤʝʨʷʷ ʠ ʘʥʘʣʠʟʠʨʫʷ ʬʣʫʢʪʫʘʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʘ ʠʤʝʥʥʦ 

ʯʘʩʪʦʪʫ ʦʩʮʠʣʣʷʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ, ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʜʘʪʴ ʦʧʠʩʘʥʠʝ 

ʜʚʠʞʝʥʠʷ ʵʪʦʡ ʯʘʩʪʠʮʳ ʚ ʨʘʩʪʚʦʨʝ (ʚ ʩʨʝʜʝ). 

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ. ʄʝʪʦʜ ɼʈʉ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʣʘʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʩʪʨʘʷ ʥʘʩʪʨʦʡʢʘ ʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʳʯʥʳʭ (ʩʪʘʥʜʘʨʪʥʳʭ, ʧʦʚʩʝʜʥʝʚʥʳʭ, ʨʫʪʠʥʥʳʭ) 

ʠʟʤʝʨʝʥʠʡ, ʥʝ ʠʤʝʷ ʙʦʣʴʰʦʛʦ ʦʧʳʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʦʨʦʛʠʤ. 

ʂʦʤʤʝʨʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʨʝʞʠʤʝ: ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ 90 Á ʠ ʜʣʠʥʘ ʚʦʣʥʳ 

ɚ = 675 ʥʤ (ʢʨʘʩʥʳʡ ʩʚʝʪ). ʆʙʳʯʥʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʥʝʙʨʝʛʘʶʪ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ 

ʩʣʦʞʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʦʝʢʪʦʨ, ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ 



129 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ), ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʫʩʣʦʞʥʝʥʠʶ ʤʝʪʦʜʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ 

ʩʪʦʠʤʦʩʪʠ, ʥʦ ʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ɼʈʉ, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ 

ʤʦʥʦʤʝʨ ʙʝʣʢʘ ʦʪ ʜʠʤʝʨʘ ʚ ʨʘʩʪʚʦʨʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʦʣʠʛʦʤʝʨʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʪʦʯʥʳʤ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʦʝ 

ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʠʣʠ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʈʉ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ 

ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʚʠʜʦʚ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʤʦʥʦʤʝʨʘ 

ʙʝʣʢʘ ʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʝʛʦ ʘʛʨʝʛʘʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2,5 

ʨʘʟʘ!), ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ <0,01%) ʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʤʝʪʦʜʘ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ 

ʤʝʪʦʜʦʤ ɼʈʉ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʘ ʟʥʘʯʠʪ, ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ (ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʢʦʣʦʥʢʝ). 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ɼʈʉ ʤʦʞʥʦ ʪʘʢʞʝ ʠʟʤʝʨʠʪʴ ʘʙʩʦʣʶʪʥʳʝ 

ʚʝʣʠʯʠʥʳ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ, ʪʘʢʠʭ ʢʘʢ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ, ʢʦʥʩʪʘʥʪʳ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʠ 

ʪʘʢ ʜʘʣʝʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥ ʠʟ-ʟʘ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ (ʦʪʢʣʦʥʝʥʠʷ ʤʦʣʝʢʫʣ ʦʪ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ) ʘ ʪʘʢʞʝ ʜʣʷ ʥʝʞʝʩʪʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ɼʈʉ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʩʪʚʦʨʳ ʣʠʟʦʮʠʤʘ ʠ 

ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ 

ʣʠʟʦʮʠʤʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Zetasizer Nano ï ZS (Malvern 

Instruments Ltd.) ʚ ʷʯʝʡʢʝ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ Ñ0,5Áʉ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ɚ = 633 ʥʤ, ʧʨʠ ʫʛʣʝ ʨʘʩʩʝʷʥʠʷ 173Á (ʈʠʩ.2.13, 2.14). 
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ʈʠʩ.2.13 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʦʪ ʨʘʩʪʚʦʨʘ 

ʙʝʣʢʘ. 

 

 

ʈʠʩ.2.14 ï ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ Zetasizer Nano ï ZS ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʦʪ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ. 
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2.4.3. ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) ï ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʚʨʝʤʝʥʥʘʷ 

ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ ʠʣʠ ʯʘʩʪʠʮ 

ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʠʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʄɼ ʜʦʧʫʩʢʘʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ, ʪ.ʢ. ʧʨʠ ʨʘʩʯʸʪʘʭ ʚʳʯʠʩʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʫʨʘʚʥʝʥʠʷ ʅʴʶʪʦʥʘ: 

 (2.6) 

ʄʝʪʦʜ ʄɼ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʤʦʣʝʢʫʣ ʠ 

ʠʭ ʘʛʣʦʤʝʨʘʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜ ʄɼ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʦʣʠʛʦʤʝʨʦʚ ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʚ ʘʥʘʣʠʟʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ, ʪʘʢ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʘʜʠʪʝʣʷ. 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʡ: 

1. ɺʳʯʠʩʣʝʥʠʝ ʩʠʣ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʢʦʦʨʜʠʥʘʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʥʪʨʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʝʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ ʠ ʤʘʩʩʳ ʵʪʦʛʦ ʮʝʥʪʨʘ. 

3. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʠʣʳ ʠ ʫʩʢʦʨʝʥʠʷ 

ʥʝ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʩʠʩʪʝʤʳ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʦʪʨʝʟʢʘ 

ʚʨʝʤʝʥʠ (ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ). 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʄɼ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʂʦʤʧʣʝʢʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʝʛʘ-

ʢʣʘʩʩʘè (ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ) [410], ʆʙʲʝʜʠʥʝʥʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, 

ʅɹʀʂʉ-ʇʊ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè (ʛ. ʄʦʩʢʚʘ). 

ɺʩʝ ʨʘʩʯʸʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

GROMACS ʚʝʨʩʠʠ 5.0.4 [411] ʠ ʚ ʧʦʣʝ Amber ff99SB-ILDN, ʧʦʩʢʦʣʴʢʫ ʥʦʚʳʝ 

άὭ
Ὠ2ὶᴆὭ
Ὠὸ2

= ὊᴆὭ=
ὨὟ

ὨὶᴆὭ
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ʪʦʨʩʠʦʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʪʦʡ ʚʝʨʩʠʠ ʧʦʣʷ, ʪʦʯʥʝʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʚʝʨʩʠʷʤʠ ʩʠʣʦʚʦʛʦ ʧʦʣʷ Amber [412]. 

ʉʦʩʪʦʷʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʩʦʩʪʘʚʝ 

ʦʣʠʛʦʤʝʨʦʚ ʠ ʤʦʥʦʤʝʨʦʚ ʣʠʟʦʮʠʤʘ ʧʨʠ pH 4.5 (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʈʘʟʜʝʣ 4.3) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʝʨʚʝʨʘ PROPKA [413]. 

ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʬʘʡʣʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʘʪʦʤʦʚ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʧʦʣʘʛʘʣʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ, ʥʦʤʝʨ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʘʟʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʥʥʦʤʫ ʘʪʦʤʫ ʚ ʩʧʠʩʢʝ ʘʪʦʤʦʚ ʧʦʣʷ Amber 

ff99SBILDN. 

ɹʳʣʘ ʩʦʟʜʘʥʘ ʢʫʙʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʮʝʥʪʨ ʢʦʪʦʨʦʡ 

ʧʦʤʝʱʘʣʩʷ ʦʣʠʛʦʤʝʨ ʠʣʠ ʤʦʥʦʤʝʨ ʙʝʣʢʘ. ʈʘʟʤʝʨʳ ʷʯʝʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʜʘʚʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤ ʘʪʦʤʦʤ ʙʝʣʢʘ ʠ 

ʢʨʘʝʤ ʷʯʝʡʢʠ ʧʨʝʚʳʰʘʣʦ 1 ʥʤ, ʪ.ʝ. ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʦʧʠʷʤʠ ʙʝʣʢʘ ʚ ʩʦʩʝʜʥʠʭ ʷʯʝʡʢʘʭ ʙʳʣʦ ʥʝ ʤʝʥʴʰʝ 2 ʥʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʄɼ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʢʪʘʤʝʨʦʚ ʣʠʟʦʮʠʤʘ 

(ʈʘʟʜʝʣ 3.6 ɻʣʘʚʳ 3) ʚ ʨʘʩʪʚʦʨʝ ʷʯʝʡʢʘ ʟʘʧʦʣʥʷʣʘʩʴ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʜʣʷ ʯʝʛʦ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʚʦʜʳ TIP3P, ʪʘʢ ʢʘʢ ʩʠʣʦʚʦʝ ʧʦʣʝ Amber 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʪʨʝʤʷ ʘʪʦʤʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩ ʘʪʦʤʘʤʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʠʣʠ ʯʝʨʝʟ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [414]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʄɼ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʦʣʠʛʦʤʝʨʦʚ ʣʠʟʦʮʠʤʘ ʚ ʨʘʩʪʚʦʨʝ (ʈʘʟʜʝʣ 4.4 ɻʣʘʚʳ 4) ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡʢʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʥʦ ʟʘʜʘʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 4-ʮʝʥʪʨʦʚʘʷ 

ʤʦʜʝʣʴ ʚʦʜʳ TIP4P-Ew, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʕʚʘʣʴʜʫ [415]. 

ʏʪʦʙʳ ʪʦʯʥʝʝ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʙʝʣʦʢ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʣʠʛʦʤʝʨʳ ʣʠʟʦʮʠʤʘ 
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ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʩʘʜʠʪʝʣʝʤ NaCl. ɼʣʷ ʵʪʦʛʦ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʟʘʤʝʥʷʣʠʩʴ ʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʣʠ ʚ ʷʯʝʡʢʝ ʩʦʩʪʘʚʣʷʣʘ 0.43 ʄ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ (ʈʘʟʜʝʣ 4.3). 

ɺ ʩʣʫʯʘʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʙʝʟ ʠʦʥʦʚ ʦʩʘʜʠʪʝʣʷ ʚ ʚʦʜʝ ʰʘʛ ʩ ʟʘʤʝʥʦʡ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʦʧʫʩʢʘʣʩʷ. ʆʙʱʠʡ ʟʘʨʷʜ ʩʠʩʪʝʤʳ ʥʝʡʪʨʘʣʠʟʦʚʘʣʩʷ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʭʣʦʨʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ ʤʦʣʝʢʫʣʳ ʣʠʟʦʮʠʤʘ 

ʠʤʝʶʪ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʘʪʦʤʳ (ASN 77) ʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʨʫʛʠʭ ʘʪʦʤʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʣʠʰʢʦʤ ʙʣʠʟʢʦ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʥʘʧʨʠʤʝʨ, ʧʦ ʧʨʠʯʠʥʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʟʘʜʘʥʠʠ ʨʅ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʠʦʥʦʚ), ʥʘʯʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʚʝʣʠʢʠ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ ʄɼ 

ʘʣʛʦʨʠʪʤʦʚ. ʏʪʦʙʳ ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ, ʜʦ ʥʘʯʘʣʘ ʄɼ ʨʘʩʯʝʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʠʥʠʤʠʟʘʮʠʷ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ (50 000 ʰʘʛʦʚ). 

ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʦʩʴ ʧʨʠʚʝʜʝʥʠʝ ʚ ʨʘʚʥʦʚʝʩʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦʢʨʫʛ ʙʝʣʢʘ, ʪ.ʝ. 

ʩʦʟʜʘʥʠʝ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʠʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ 

ʧʝʨʚʦʤ, ʥʘʟʳʚʘʝʤʦʤ NVT-ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝʤ, ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʨʘʚʥʦʚʝʩʠʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʳ, ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

NPT-ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʜʦʩʪʠʛʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ. 

ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʙʳʣʠ ʧʨʠʩʚʦʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʄʘʢʩʚʝʣʣʘ ï ɹʦʣʴʮʤʘʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 5 ʜʦ 40 ÁC), ʠ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ 100-ʧʠʢʦʩʝʢʫʥʜʥʦʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʣʫʯʰʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ɹʝʨʝʥʜʩʝʥʘ [416] ʠ ʙʘʨʦʩʪʘʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʇʘʨʠʥʝʣʣʦ-ʈʘʤʘʥʘ 

[417] (100 ʧʩ), ʧʨʠ ʵʪʦʤ ʥʘ ʚʩʝ ʥʝʚʦʜʦʨʦʜʥʳʝ ʘʪʦʤʳ ʙʝʣʢʘ ʥʘʢʣʘʜʳʚʘʣʠʩʴ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʩʠʣʳ (kpr = 1000 ʢɼʞ/(ʄÖʥʤ2)), ʘ ʥʘ ʚʩʝ ʩʚʷʟʠ ʥʘʢʣʘʜʳʚʘʣʠʩʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ LINCS [418]. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʠʩʪʝʤʘ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʫʨʘʚʥʦʚʝʰʝʥʘ, ʠ ʝʝ 

ʵʥʝʨʛʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʄɼ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʄɼ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦ-ʠʟʦʙʘʨʠʯʝʩʢʦʤ 

ʘʥʩʘʤʙʣʝ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʩʪʘʪʘ ɹʝʨʝʥʜʩʝʥʘ ʠ ʙʘʨʦʩʪʘʪʘ ʇʘʨʠʥʝʣʣʦ-

ʈʘʤʘʥʘ (ʧʨʠ ʈ = 1 ʘʪʤ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ). ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʥʪʝʛʨʘʪʦʨʘ leap-frog [419], ʚʨʝʤʝʥʥʦʡ ʰʘʛ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʚʥʷʣʩʷ 2 ʬʩ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʩʦʭʨʘʥʷʣʠʩʴ ʢʘʞʜʳʝ 

100 ʧʩ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʫʩʢʦʨʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʕʚʘʣʴʜʫ PME (Particle Mesh Ewald [420]) ʩ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʯʝʪʚʸʨʪʦʛʦ ʧʦʨʷʜʢʘ (ʢʫʙʠʯʝʩʢʦʡ) ʠ ʰʘʛʦʤ ʩʝʪʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʌʫʨʴʝ 0.16 ʥʤ, ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ 

ʫʯʠʪʳʚʘʣʦʩʴ ʩ ʦʪʩʝʯʢʦʡ 1,0 ʥʤ, ʘ ʩʧʠʩʦʢ ʩʦʩʝʜʝʡ ʦʙʥʦʚʣʷʣʩʷ ʢʘʞʜʳʝ 10 ʰʘʛʦʚ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʣʠʛʦʤʝʨʦʚ ʙʝʣʢʘ ʩʦʩʪʘʚʠʣʘ 

100 ʥʩ. 
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2.5. ʀɿʄɽʈʀʊɽʃʔʅʓʁ ʂʆʄʇʃɽʂʉ ʆʂʈʋɾɽʅʀʗ ʆɹʈɸɿʎɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɹɽʃʂʆɺʓʍ ʉʀʉʊɽʄ ɺ ʅɸʊʀɺʅʆʄ ʉʆʉʊʆʗʅʀʀ 

ʈʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʯʝʪʳʨʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: 

- ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʘʷ ʷʯʝʡʢʘ ʜʣʷ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ (ʥʘ ʩʪʘʥʮʠʷʭ 

ʉʀ ɹʠʦʄʋʈ, ɼʀʂʉʀ); 

- ʤʠʢʨʦʬʣʶʠʜʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ 

ʤʝʪʦʜʦʤ ʄʋʈʈ [421]; 

- ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʷʭ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

[422]; 

- ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʘʩʪʚʦʨʦʚ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʄʋʈʈ, ʄʋʈʅ ʥʘ ʢʘʞʜʦʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʚʦʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ (ʈʠʩ.2.15). 

ɼʣʷ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɸʄʋʈ-ʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʥʢʦʩʪʝʥʥʳʡ ʢʘʧʠʣʣʷʨ, 

ʢʦʪʦʨʳʡ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʩʷ (ʈʘʟʜʝʣ 2.4.1 çɼʠʬʨʘʢʪʦʤʝʪʨ 

ɸʄʋʈ-ʂè). 

ʅʘ ʩʪʘʥʮʠʷʭ ʉʀ ɹʠʦʄʋʈ (ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʜʘʯʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʈʠʩ.2.15 ʘ) ʠ ɼʀʂʉʀ (ʈʠʩ.2.15 ʚ) ʨʘʩʪʚʦʨʳ 

ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʨʫʞʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʢʘʧʠʣʣʷʨʳ, ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠʩʴ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʫʶ ʷʯʝʡʢʫ, 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʘʷ ʩʭʝʤʘ 
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ʧʦʟʚʦʣʷʣʘ ʧʨʦʚʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ (ʜʦ 6) ʠʟʤʝʨʝʥʠʡ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʢʘʧʠʣʣʷʨʝ, ʘ ʢʘʞʜʳʡ ʥʦʚʳʡ ʦʙʨʘʟʝʮ ʟʘʛʨʫʞʘʣʠ ʚ ʥʦʚʳʡ ʢʘʧʠʣʣʷʨ. 

 

ʈʠʩ.2.15 ï ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʘʩʪʚʦʨʦʚ. ɺʩʝ ʷʯʝʡʢʠ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳ. a) ï ɹʠʦʄʋʈ; ʙ) ï ʖʄʆ, ʀɹʈ-2; ʚ) ï ɼʀʂʉʀ; ʛ) ï

ʤʠʢʨʦʬʣʶʠʜʥʘʷ ʷʯʝʡʢʘ. 

ʅʘ ʩʪʘʥʮʠʠ ʉʀ BM-29 Biosaxs ʨʘʩʪʚʦʨʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʷʯʝʡʢʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʈʠʩ.2.16), ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʨʘʩʪʚʦʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʘʚʘʣʠʩʴ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʧʠʣʣʷʨ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚ ʷʯʝʡʢʘʭ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʘʧʠʣʣʷʨʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʦʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʧʠʣʣʷʨ ʧʨʦʤʳʚʘʣʩʷ ʜʝʪʝʨʛʝʥʪʦʤ ʠ ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʦʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ, ʩʪʘʥʮʠʠ ʖʄʆ, 

ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʪʦʥʢʠʝ ʢʶʚʝʪʳ (ʈʠʩ.2.15 ʙ) ʦʙʲʝʤʦʤ ʦʢʦʣʦ 0,5 ʤʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʩʘʤ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʥʠʤʘʣ 

ʦʢʦʣʦ ʩʫʪʦʢ. 

ό͊ύ ( )͋ 

( )͍ ( )͎ 
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ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʙʝʣʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʠʢʨʦʬʣʶʠʜʥʘ ̫

ʷʯʝʡʢʘ (ʈʠʩ.2.15 ʛ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʄʋʈʈ. 

 

ʈʠʩ.2.16 ï ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʧʠʣʣʷʨ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʙʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʣʳʡ ʦʙʲʝʤ 

ʦʙʨʘʟʮʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʜʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʬʣʶʠʜʥʦʡ ʷʯʝʡʢʠ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ʊʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɸʄʋʈ-ʂ (ʀʂ ʈɸʅ), ʥʘ ʩʪʘʥʮʠʠ BM29 (ESRF, 

ɻʨʝʥʦʙʣʴ) ʠ ʥʘ ʩʪʘʥʮʠʠ ñɼʀʂʉʀò ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʅʀʎ ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò). ʊʘʢʞʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʛʦ ʦʢʥʘ ʦʩʦʙʦ 

ʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 60 ʤʢʤ ʩʦʙʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʬʦʥʘ 

ʨʘʩʩʝʷʥʠʷ ʷʯʝʡʢʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʷʝʤʳʭ ʫʛʣʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʢʚʘʨʮʝʚʳʭ 

ʢʘʧʠʣʣʷʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʷʭ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʅʘ ʚʦʟʜʫʭʝ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ, ʧʦʪʝʨʠ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʦʢʦʣʦ 70% ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ, ʙʝʣʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʩʪʨʦ ʜʝʛʨʘʜʠʨʫʶʪ, ʪʦ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʝʧʝʥʠ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʘ in situ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ (ʈʠʩ.2.17) 

[422]. 

ʉʧʝʮʠʘʣʴʥʘʷ ʷʯʝʡʢʘ (ʈʠʩ.2.17) ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ-4 

(ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ) ʨʘʟʤʝʨʦʤ 70Ĭ80Ĭ15 ʤʤ3. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʢʦʨʧʫʩʘ ʠ ʯʘʰʠ, ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ. ʅʠʞʥʷʷ 

ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʧʦʟʚʦʣʷʝʪ ʢʨʝʧʠʪʴ ʷʯʝʡʢʫ ʥʘ ʛʦʥʠʦʤʝʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʦʛʜʘ ʧʣʦʩʢʦʩʪʴ ʜʠʬʨʘʢʮʠʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʪʘʥʮʠʠ ʉʀ). 

 

ʈʠʩ.2.17 ï ʉʧʝʮʠʘʣʴʥʘʷ ʛʝʨʤʝʪʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʩ 

ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳʤ ʦʢʥʦʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʭʝʤʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʪʦʜʘʭ: 

ʜʠʬʨʘʢʮʠʶ ʚ ʩʢʦʣʴʟʷʱʝʡ ʛʝʦʤʝʪʨʠʠ, ʩʠʣʴʥʦ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʜʠʬʨʘʢʮʠʶ 

(ʜʠʘʧʘʟʦʥ 2ɗ ʜʦ 180Á); ʩʭʝʤʳ ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʚ 

ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʛʣʦʚ, ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʪʠʯʝʩʢʠʭ Ŭc); in-plane ʠ out-of-

plane ʛʝʦʤʝʪʨʠʠ (ʜʠʘʧʘʟʦʥ ʧʦ 2ɗ/ɢ ʜʦ 35Á). 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʷʯʝʡʢʠ ʠ ʝʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ, ʧʨʠʤʝʨʥʦ, ʯʝʪʳʨʝʭ ʥʝʜʝʣʴ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 
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ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʥʦ ʠʟ ʤʘʪʝʨʠʘʣʘ ʧʨʦʟʨʘʯʥʦʛʦ ʜʣʷ 

ʩʚʝʪʘ ʠ ʩʣʘʙʦʧʦʛʣʦʱʘʶʱʝʛʦ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʷʯʝʡʢʝ (ʈʠʩ.2.17, ʈʠʩ.2.18) ʧʨʦʚʦʜʠʣʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʤʝʪʦʜʦʤ çʩʠʜʷʯʝʡ ʢʘʧʣʠè, ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʷʯʝʡʢʘ ʟʘʢʨʳʪʘ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʡ ʧʣʝʥʢʦʡ 

(ʤʘʡʣʘʨ) ʠ ʛʝʨʤʝʪʠʯʥʘ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʠʭ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʪʨʦʣʴ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʩʪʝʧʝʥʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ in situ, ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

 

ʈʠʩ.2.18 ï ʉʧʝʮʠʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ. 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ 

ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʩʪʨʫʢʪʫʨʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʣʱʠʥʳ ʠ ʧʣʦʪʥʦʩʪʠ) ʙʝʣʢʦʚʳʭ 

ʧʣʝʥʦʢ, ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʳʩʳʭʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʟʜʘʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ (ʈʠʩ.2.19) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʠ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: 

¶ ʈʘʟʨʘʙʦʪʘʥʘ ʷʯʝʡʢʘ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ (ʢʨʠʩʪʘʣʣʳ, ʣʝʥʛʤʶʨʦʚʩʢʠʝ ʧʣʝʥʢʠ) ʚ 

ʫʩʣʦʚʠʷʭ ʛʝʣʠʝʚʦʡ ʘʪʤʦʩʬʝʨʳ ʤʝʪʦʜʘʤʠ ʉʈɺ ʚ ʇɺʆ, 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨ. 

¶ ʆʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʬʦʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

¶ ʇʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʧʝʢʪʨʘ ʣʠʥʠʶ Ar, 

ʧʝʨʝʢʨʳʚʘʶʱʫʶ ʩʠʛʥʘʣʳ ʦʪ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ï K, Cl, S ʠ ʪ.ʜ. 

 

ʈʠʩ.2.19 ï ʉʧʝʮʠʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ. 
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2.6. ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ɹɽʃʂʆɺʓʍ ʂʈʀʉʊɸʃʃʆɺ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʯʘʩʪʠʮ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨʳ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

(ʙʫʜʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ), ʪʦ ʫʞʝ ʥʘ ʢʨʠʚʦʡ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

- ʨʘʩʠhʬʨʦʚʢʘ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

- ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʤʝʪʦʜʦʤ in situ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʛʨʘʥʝʡ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 

2.6.1. ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʢʦʚ 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʶ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ 

ʧʘʨʦʚ (ʚ ʨʝʞʠʤʘʭ çʩʠʜʷʯʝʡ ʢʘʧʣʠè ʠʣʠ çʚʠʩʷʱʝʡ ʢʘʧʣʠè) [423], ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʙʝʣʢʘ ʧʦʤʝʱʘʶʪ ʥʘ 

ʧʦʜʣʦʞʢʫ ʠ ʨʘʟʤʝʱʘʶʪ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʦʩʘʜʠʪʝʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʩʨʝʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ Si, 

ʢʚʘʨʮʝʚʳʝ ʧʦʜʣʦʞʢʠ, ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ (ʩʠʣʘʥʠʟʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ, ʘʜʛʝʟʠʚʥʦʝ ʧʦʢʨʳʪʠʝ SuperFrost ʠ ʜʨ.) 

ɼʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ, ʨʘʩʪʚʦʨʳ ʠ 

ʤʝʪʦʜʠʢʠ ʠʭ ʧʦʜʛʦʪʦʚʢʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʈʘʟʜʝʣʝ 2.3 ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʙʝʣʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ ʩʢʨʠʥʠʥʛ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ. 
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ʂʨʠʩʪʘʣʣʠʟʘʮʠ ̫ʣʠʟʦʮʠʤʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʛʝʦʤʝʪʨʠʠ çʩʠʜʷʯʝʡ ʢʘʧʣʠè ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ʚ ʢʘʧʣʝ 40 ʤʛ/ʤʣ ʠ 

25 ʤʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (6 ʤʢʣ, 1/1, v/v), ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ʚ 

ʨʝʟʝʨʚʫʘʨʝ 50 ʤʛ/ʤʣ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʙʝʣʢʦʚʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʣʠʩ ɹ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ, 

ʧʦʜʣʦʞʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʦʜʥʦʨʘʟʦʚʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʯʘʰʢʫ ʇʝʪʨʠ. ʅʘ 

ʧʦʜʣʦʞʢʫ ʥʘʥʦʩʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ (3 ï 5) ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʦʙʲʝʤʦʤ 3 ʤʢʣ, 

ʟʘʪʝʤ ʚ ʵʪʠ ʢʘʧʣʠ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 3 ʤʢʣ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ. ɿʘʪʝʤ ʥʘ ʜʥʦ 

ʯʘʰʢʠ ʇʝʪʨʠ (ʥʝ ʢʘʩʘʷʩʴ ʧʦʜʣʦʞʢʠ) ʥʘʥʦʩʠʣʠʩ ɹʢʘʧʣʠ ʦʩʘʜʠʪʝʣʷ, ʦʙʱʠʡ 

ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 1 ʤʣ. ʏʘʰʢʘ ʟʘʢʨʳʚʘʣʘʩʴ ʢʨʳʰʢʦʡ ʠ ʙʳʣʘ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʘ ï ʧʣʦʪʥʦ ʟʘʤʦʪʘʥʘ ʧʘʨʘʬʠʥʦʚʦʡ ʣʝʥʪʦʡ (Parafilm) ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʧʝʨʝʩʳʭʘʥʠʷ ʙʝʣʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʈʠʩ.2.20ʘ). ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ 

ʦʮʝʥʠʚʘʣʦʩʴ ʢʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʚʳʙʠʨʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʈʠʩ.2.20 (ʙïʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʫʯʝʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ in situ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʜʫʨʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʦʡ. ʇʦʜʣʦʞʢʠ ʨʘʟʤʝʱʘʣʠʩʴ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʧʴʝʜʝʩʪʘʣʘ, ʚʦʟʚʳʰʘʶʱʝʛʦʩʷ ʥʘʜ ʨʝʟʝʨʚʫʘʨʦʤ ʩ 

ʦʩʘʜʠʪʝʣʝʤ, ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʷʯʝʡʢʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʩʪʘʜʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ (ʈʘʟʜʝʣ 2.5). ʅʘ ʧʦʜʣʦʞʢʠ Si, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʴʝʜʝʩʪʘʣʝ, ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʧʠʧʝʪʦʢ ʙʳʣʠ ʥʘʥʝʩʝʥʳ 

ʢʘʧʣʠ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʚ ʙʫʬʝʨʝ, ʘ ʟʘʪʝʤ ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ ʧʦ 3 ʤʢʣ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʨʘʩʪʚʦʨ ʦʩʘʜʠʪʝʣʷ (500 ʤʢʣ) ʥʘʭʦʜʠʣʩʷ ʚ ʚʠʜʝ ʢʘʧʝʣʴ 

ʧʦ ʢʨʘʶ ʧʴʝʜʝʩʪʘʣʘ ʩ ʧʦʜʣʦʞʢʘʤʠ ʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʟʝʨʚʫʘʨʝ. 

ɺ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʷʯʝʡʢʝ ʢʨʠʩʪʘʣʣʳ ʣʠʟʦʮʠʤʘ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʟʘ 48 ï 96 ʯ, ʠ ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʩʧʫʩʪʷ 

~7 ï 9 ʩʫʪʦʢ (~190 ʯ) ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ 
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ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 350 ʜʦ 800 ʤʢʤ, ʚʳʩʦʪʘ ʢʨʠʩʪʘʣʣʦʚ ï ʚ ʩʨʝʜʥʝʤ 

300 ʤʢʤ (ʦʪ 150 ʜʦ 450 ʤʢʤ) [422]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʩʷ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʙʳʣʘ ʨʘʚʥʘ 19 Áʉ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʣʠʟʦʮʠʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, 

ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 1.5 ʤʤ. 

 

ʈʠʩ.2.20 ï ʘ) ï ɺʠʜ ʷʯʝʡʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ 

ʧʦʜʣʦʞʢʝ; ʙ ï ʛ) ï ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ; ʙ) ï ʩʠʣʘʥʠʟʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ; ʚ) ï ʩʪʝʢʣʦ ʩ ʧʦʢʨʳʪʠʝʤ 

SuperFrost ʩ ʤʦʥʦʩʣʦʝʤ ʜʠʤʠʨʠʩʪʦʠʣʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ; ʛ) ï ʩʪʝʢʣʦ ʩ 

ʧʦʢʨʳʪʠʝʤ SuperFrost ʩ ʤʦʥʦʩʣʦʝʤ ʧʦʣʠ (3-ʛʝʢʩʠʣʪʝʦʬʝʥʘ). 

ό͊ύ ( )͋ 

( )͎ ( )͍ 
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ʂʨʠʩʪʘʣʣʠʟʘʮʠ ̫ ʣʠʟʦʮʠʤʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ 

ʦʩʘʜʠʪʝʣʷ (ʤʝʪʘʣʣʦʚ ʠ ʭʣʦʨʘ) ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠʭ ʨʦʣʠ 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʠʪʝʣʝʡ (LiCl, NaCl, KCl, NiCl2, CuCl2) ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʣʘʥʰʝʪʦʚ ʥʘ 24 ʷʯʝʡʢʠ (HR 3-160, 

Hampton Research) ʠ ʧʦʢʨʦʚʥʳʭ ʩʪʝʢʦʣ (HR3-215, Hampton Research) ʤʝʪʦʜʦʤ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚ ʛʝʦʤʝʪʨʠʠ çʚʠʩʷʱʝʡ ʢʘʧʣʠè. ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʙʝʣʢʘ 

ʩʦʜʝʨʞʘʣ 80 ʤʛ ʣʠʟʦʮʠʤʘ ʚ 1 ʤʣ 0.2 ʄ NaAc ʙʫʬʝʨʘ, ʨʅ = 4.55. ʈʘʩʪʚʦʨ 

ʦʩʘʜʠʪʝʣʷ ʩʦʩʪʦʷʣ ʠʟ 0,8 ʄ ʭʣʦʨʠʩʪʦʡ ʩʦʣʠ ʚ 0,2 ʄ ʙʫʬʝʨʝ, ʨʅ = 4.55. 

ʂʘʧʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ 

ʩʤʝʰʠʚʘʥʠʷ 3 ʤʢʣ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ, ʩ ʢʦʥʝʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ 40 ʤʛ/ʤʣ, ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʠ 0.4 ʄ. ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʚ ̫ʯʝʡʢʝ ʙʳʣ ʨʘʚʝʥ 

500 ʤʢʣ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠ ̫ ʧʨʦʪʝʠʥʘʟʳ K ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚ ʛʝʦʤʝʪʨʠʠ çʩʠʜʷʯʝʡ ʢʘʧʣʠè. ʂʦʥʝʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʝʠʥʘʟʳ K, ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ (NaNO3) ʠ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ 

((NH4)2SO4) ʩʦʩʪʘʚʣʷʣʠ 10 ʤʛ/ʤʣ, 0.5 M ʠ 1 ʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.2.21. 

 

ʈʠʩ.2.21 ï ʂʨʠʩʪʘʣʣʳ ʧʨʦʪʝʠʥʘʟʳ K, ʚʳʨʘʱʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʩʘʜʠʪʝʣʷʤʠ ʥʠʪʨʘʪʦʤ ʥʘʪʨʠʷ (ʘ) ʠ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ (ʙ). 

ό͊ύ ( )͋ 
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ʂʨʠʩʪʘʣʣʠʟʘʮʠ ̫ ʪʝʨʤʦʣʠʟʠʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚ ʛʝʦʤʝʪʨʠʠ çʩʠʜʷʯʝʡ ʢʘʧʣʠè. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ((NH4)2SO4) ʙʳʣʠ ʨʘʚʥʳ 25 ʤʛ/ʤʣ ʠ 0.75 ʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.2.22. 

 

ʈʠʩ.2.22 ï ʂʨʠʩʪʘʣʣʳ ʪʝʨʤʦʣʠʟʠʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʚʳʨʘʱʝʥʥʳʝ ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ ʉʙ = 25 ʤʛ/ʤʣ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʩʘʜʠʪʝʣʷ 

ʉʦʩ = 0,75 ʄ. 

 

2.6.2. ɹʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. ʉʪʘʥʮʠʠ ʉʀ çɹɽʃʆʂè, çʈʉɸè (ʂʀʉʀ-

ʂʫʨʯʘʪʦʚ) 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʩʪʘʥʮʠʠ ʉʀ ɹɽʃʆʂ@ʂʀʉʀ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʪʘʥʮʠʠ ʈʉɸ@ʂʀʉʀ (ʩ 2018 ʛʦʜʘ) (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè) ʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker FR-591 ʩ ʠʩʪʦʯʥʠʢʦʤ ʩ ʚʨʘʱʘʶʱʠʤʩʷ 

ʘʥʦʜʦʤ (ʎʂʇ, ʀʂ ʈɸʅ, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ). 

ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ ʉʀ çɹɽʃʆʂè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩ.2.23. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 2.3. 
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ʈʠʩ.2.23 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ çɹɽʃʆʂè ʂʀʉʀ [424] . 

ʊʘʙʣ. 2.3 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʉʀ çɹɽʃʆʂè, ʂʀʉʀ, ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 5 ï 20 ʢʵɺ 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ (ȹE/E) 

2 Ĭ 10ï3 

ʀʩʪʦʯʥʠʢ ʇʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ, 1,7 ʊʣ (Ec = 7,1 ʢʵɺ) 

ʆʧʪʠʢʘ ɼʚʫʭʢʨʠʩʪʘʣʴʥʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʩ ʩʘʛʠʪʪʘʣʴʥʳʤ ʠʟʛʠʙʦʤ 

ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʬʦʢʫʩʠʨʫʶʱʝʝ ʟʝʨʢʘʣʦ. 

ʇʦʪʦʢ ʬʦʪʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ 1011 ï 1012 ʬʦʪ/ʤʤ2 

ʈʘʟʤʝʨ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʮʝ 2Ĭ1 ʤʤ2 

ʆʢʨʫʞʝʥʠʝ 

ʦʙʨʘʟʮʘ/ʫʩʪʘʥʦʚʢʘ 

ʂʨʠʦʩʪʨʠʤʤʝʨ Oxford CryoJet. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦ 95 K 

ɼʝʪʝʢʪʦʨʳ MarCCD165 

ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ ʉʀ çʈʉɸè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.2.24. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 2.4. 

 

ʈʠʩ.2.24 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ çʈʉɸè ʂʀʉʀ [425] . 
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ʊʘʙʣ. 2.4 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʉʀ çʈʉɸè, ʂʀʉʀ, ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 5 ï 40 ʢʵɺ 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ (ȹE/E) 

2 Ĭ 10ï3 

ʀʩʪʦʯʥʠʢ ʇʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ 

ʆʧʪʠʢʘ ɼʚʫʭʢʨʠʩʪʘʣʴʥʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ ʩ ʩʘʛʠʪʪʘʣʴʥʳʤ ʠʟʛʠʙʦʤ 

ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʬʦʢʫʩʠʨʫʶʱʝʝ ʟʝʨʢʘʣʦ. 

ʇʦʪʦʢ ʬʦʪʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ 1011 ï 1012 ʬʦʪ/ʤʤ2 

ʈʘʟʤʝʨ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʮʝ ʦʪ 0,5Ĭ1,5 ʤʤ2 

ʆʢʨʫʞʝʥʠʝ 

ʦʙʨʘʟʮʘ/ʫʩʪʘʥʦʚʢʘ 

ʂʨʠʦʩʪʨʠʤʤʝʨ Oxford CryoJet. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦ 95 K 

ɼʝʪʝʢʪʦʨʳ 4096 Ĭ 4096 CCD Princeton Instruments 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2D ʜʝʪʝʢʪʦʨʘ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʚʨʘʱʝʥʠʠ 

ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʧʘʨʘʭ ʢʠʧʷʱʝʛʦ ʘʟʦʪʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

3D ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. 

ʂʨʠʩʪʘʣʣʳ ʚʳʥʠʤʘʣʠ ʠʟ ʢʘʧʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʢʨʠʦʧʝʪʣʠ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʷ ʠʭ ʧʦʛʨʫʞʘʣʠ ʥʘ 3 ʩ ʚ ʢʨʠʦʨʘʩʪʚʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʦʩʘʜʠʪʝʣʷ ʠ 15 % ʛʣʠʮʝʨʠʥʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʛʦʥʠʦʤʝʪʨ ʧʦʜ ʪʦʢ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣʘ ʩʲʝʤʢʘ ʜʚʫʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤ XDS ʠ iMosflm [426]. ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʠʥʛʦʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ (ʊʘʙʣ. 2.5, ʈʠʩ.2.25, ʩʪʘʥʮʠʷ ʉʀ çɹɽʃʆʂè) ʠ 

ʧʨʦʪʝʠʥʘʟʳ K (ʈʠʩ.2.26, Bruker, ʀʂ ʈɸʅ). 

ʅʘʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʜʦ ʨʘʟʨʝʰʝʥʠʷ 1,27 ¡ ʩʦʙʨʘʥ ʩ ʦʜʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ. ʂʨʠʩʪʘʣʣ ʜʣʷ ʩʲʸʤʢʠ ʙʳʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʨʦʞʝʥ ʚ ʢʨʠʦʨʘʩʪʚʦʨʝ. ʅʘʙʦʨ ʩʦʙʨʘʥ ʤʝʪʦʜʦʤ ʚʨʘʱʝʥʠʷ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 1 ¡, ʫʛʦʣ ʚʨʘʱʝʥʠʷ 98Á, ʫʛʦʣ ʢʘʯʘʥʠʷ 0,1Á. ʈʘʩʩʪʦʷʥʠʝ 
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ʢʨʠʩʪʘʣʣ ï ʜʝʪʝʢʪʦʨ 217,45 ʤʤ. ʇʦʣʫʯʝʥʥʳʡ ʥʘʙʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʘ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PHASER. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʦʨʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 2.5. 

ʊʘʙʣ. 2.5 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʥʘʙʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ HEWL, ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ 

ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʦʢʨʳʪʠʝʤ SuperFrost ʩ ʤʦʥʦʩʣʦʝʤ 

ʜʠʤʠʨʠʩʪʦʠʣʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ (ʈʠʩ.2.20ʚ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P43212 

a, b, c, ¡; Ŭ, ɓ, ɔ, ʛʨʘʜ 78,2, 78,2, 36,9; 90, 90, 90 

ʈʘʟʨʝʰʝʥʠʝ, Ȕ 100,0-1,27 (1,32-1,27) 

ʂʦʣ-ʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʬʣʝʢʩʦʚ 30725 (2934) 

ʇʦʣʥʦʪʘ, % 99,6 (98,6) 

I/ů(I)  11,25 (2,27) 

Rmrgd-F, % 7,3 

*ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʦʙʦʣʦʯʢʠ 

 

ɼʚʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠʟ ʥʘʙʦʨʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʳ ʥʘ 

ʈʠʩ.2.25. 

 

ʈʠʩ.2.25 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʪ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ 

ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʦʢʨʳʪʠʝʤ SuperFrost ʩ ʤʦʥʦʩʣʦʝʤ 

ʜʠʤʠʨʠʩʪʦʠʣʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥʘ (ʈʠʩ.2.20ʚ). 
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ʈʠʩ.2.26 ï ɼʚʫʤʝʨʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʦʪʝʠʥʘʟʳ K (ʈʠʩ.2.21). ʈʘʩʩʪʦʷʥʠʝ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ 220 ʤʤ, ʵʢʩʧʦʟʠʮʠʷ 

ʢʘʜʨʘ 200 ʩʝʢʫʥʜ. 
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2.7. ʇʆʃʋʏɽʅʀɽ ʀ ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ʉʃɸɹʆʋʇʆʈʗɼʆʏɽʅʅʓʍ ʉʀʉʊɽʄ 

ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʘʥʘʨʥʳʝ ʙʝʣʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʩʘʜʠʪʝʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʝʥʛʤʶʨʦʚʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʃʝʥʛʤʶʨʦʚʩʢʠʝ ʤʦʥʦʩʣʦʠ ʧʦʣʫʯʘʣʠ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ 

ʩʫʙʬʘʟʳ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʥʦʩʝ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ. 

ɼʣʷ ʧʝʨʝʥʦʩʘ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ (ʤʦʥʦʢʨʠʩʪʘʣʣ Si, 

ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ) ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-

ʐʝʬʬʝʨʘ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʩʣʦʝʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʟʘʧʠʩʠ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʣʝʥʢʠ (ʤʦʥʦʩʣʦʷ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʦʱʘʜʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ (ʠʟʦʪʝʨʤʘ ʩʞʘʪʠʷ, ˊ/A-

ʠʟʦʪʝʨʤʘ). ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʩʣʦʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʢʨʝʤʥʠʝʚʳʝ ʠ ʩʪʝʢʣʷʥʥʳʝ 

ʧʦʜʣʦʞʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ), ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʩʪʦʷʯʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʉʈɺ ʚ ʇɺʆ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʩʣʦʝʚ ʣʠʟʦʮʠʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʢʘʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʥʘ 

ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ. 
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2.7.1. ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʃɹ-ʪʝʭʥʦʣʦʛʠʷ. ʄʝʪʦʜ ʃʐ. ˊ/A-ʠʟʦʪʝʨʤʘ 

ʊʝʭʥʦʣʦʛʠʷ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʘʥʘʨʥʳʭ 

ʥʘʥʦʩʠʩʪʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʦʣʱʠʥʦʡ ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ, ʠ 

ʠʤʝʶʱʠʭ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʣʘʪʝʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɽʱʝ 

ʦʜʥʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʃɹ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʥʦʩʣʦʠ 

ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ. 

 

ʈʠʩ.2.27 ï ʉʧʝʮʠʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ. 

ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ (ʈʠʩ.2.27) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʝʤʢʦʩʪʴ (1), ʢʦʪʦʨʫʶ ʟʘʧʦʣʥʷʶʪ ʞʠʜʢʦʡ ʩʫʙʬʘʟʦʡ (2). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʬʘʟʳ ʩ ʧʦʤʦʱʴʶ ʧʦʜʚʠʞʥʦʛʦ ʙʘʨʴʝʨʘ (3), ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʝʥʷʪʴ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʘʤʠ (4), ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʥʦʩʣʦʡ. ʂʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʤʦʥʦʩʣʦʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʩʦʚ ɺʠʣʴʛʝʣʴʤʠ (5). ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʠ ʝʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʪʚʝʨʜʳʝ 

ʧʦʜʣʦʞʢʠ. 

ʄʦʥʦʩʣʦʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʘʷ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʦʢʨʫʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 
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ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ  

‎
ȟȟ

     (2.7) 

ʛʜʝ G ï ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʠʩʪʝʤʳ, S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʊ - ʪʝʤʧʝʨʘʪʫʨʘ, ʈ ï ʜʘʚʣʝʥʠʝ, ni ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʪʠʧʘ i. (ʇʦʜ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʧʦʥʠʤʘʶʪ ʩʠʣʫ, ʦʪʥʝʩʝʥʥʫʶ ʢ ʝʜʠʥʠʮʝ ʜʣʠʥʳ 

ʢʦʥʪʫʨʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ (ʨʘʟʤʝʨʥʦʩʪʴ ʅ/ʤ); ʵʪʘ 

ʩʠʣʘ ʜʝʡʩʪʚʫʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ.) 

ʄʦʣʝʢʫʣʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʤʦʥʦʩʣʦʡ, ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʧʦʣʷʨʥʦ-

ʥʝʧʦʣʷʨʥʳʭ ʠʣʠ ʘʤʬʠʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ 

ʤʦʣʝʢʫʣ ʷʚʣʷʶʪʩʷ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʣʷʨʥʫʶ 

(ʛʠʜʨʦʬʠʣʴʥʫʶ) ʯʘʩʪʴ ʠʣʠ ʛʦʣʦʚʢʫ -ʉOH2 ʛʨʫʧʧʫ ʠ ʥʝʧʦʣʷʨʥʫʶ 

(ʛʠʜʨʦʬʦʙʥʫʶ) ʯʘʩʪʴ ʠʣʠ ʭʚʦʩʪ ï ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʮʝʧʦʯʢʫ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʷʨʥʳʝ ʛʦʣʦʚʢʠ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʜʦʡ ʠ ʤʦʛʫʪ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʠʦʥʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʪ.ʜ., ʘ 

ʥʝʧʦʣʷʨʥʳʝ ʭʚʦʩʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʨʘʩʪʚʦʨʘ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʚ ʥʝʩʤʝʰʠʚʘʝʤʦʤ ʩ ʚʦʜʦʡ 

ʣʝʪʫʯʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʥʘʧʨʠʤʝʨ, ʚ ʭʣʦʨʦʬʦʨʤʝ) ʥʘ ʚʦʜʥʫʶ ʩʫʙʬʘʟʫ ʨʘʩʪʚʦʨ 

ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʷ ʚʩʝ ʩʚʦʙʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʣʦʢʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩʫʙʬʘʟʳ, ʘ ʛʠʜʨʦʬʦʙʥʳʝ ʭʚʦʩʪʳ ʦʩʪʘʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʢʘ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʝʣʠʢʦ ʦʥʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʠ ʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʫʭʤʝʨʥʳʡ ʛʘʟ, ʧʨʠ ʵʪʦʤ ʥʘʣʠʯʠʝ 

ʤʦʥʦʩʣʦʷ ʧʦʯʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʫʙʬʘʟʳ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʙʘʨʴʝʨʘ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʤʦʣʝʢʫʣʘʤʠ, ʫʤʝʥʴʰʘʝʪʩʷ, ʠ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʦʛ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʦʙʦʟʥʘʯʘʝʪʩʷ Ʉ (ˊ), ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ˊ = ɔ ï ɔ0, ʛʜʝ ɔ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 
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ʤʦʥʦʩʣʦʷ, ʘ ɔ0 ï ʟʥʘʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʬʘʟʳ ʝʩʪʴ ʤʦʥʦʩʣʦʡ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʠʨʫʝʤʦʛʦ ʤʦʥʦʩʣʦʷ, ʜʘʶʱʝʡ 

ʧʝʨʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʨʦʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʬʘʟʳ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ. ʊʘʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʫʶ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʟʳʚʘʶʪ ʠʟʦʪʝʨʤʦʡ ʩʞʘʪʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʦʪʝʨʤʫ ʩʞʘʪʠʷ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʤʦʥʦʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʘʟʦʚʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʚʝʱʝʩʪʚʘ). ʇʨʠ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʥʘ ʤʦʣʝʢʫʣʫ (ʦʙʣʘʩʪʴ G ʥʘ ʈʠʩ.2.28) 

ʢʨʠʚʘʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʦʪʝʨʤʫ ʩʞʘʪʠʷ, ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʚʠʜ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 ʤʅ/ʤ. 

ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʤʦʥʦʩʣʦʷ ʥʘʟʳʚʘʶʪ ʛʘʟʦʦʙʨʘʟʥʳʤ, ʧʨʠ ʵʪʦʤ ʧʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣ 

ʤʦʥʦʩʣʦʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

 

ʈʠʩ.2.28 ï ʀʟʦʪʝʨʤʘ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʷ ʠ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ. 
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ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʞʘʪʠʠ ʤʦʥʦʩʣʦʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʭ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʤʦʥʦʩʣʦʡ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ ʪʨʝʭʤʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ (L). 

ʈʘʟʣʠʯʘʶʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʞʠʜʢʠʭ ʩʦʩʪʦʷʥʠʷ ʤʦʥʦʩʣʦʷ. ʉʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ [427], ʧʝʨʚʦʝ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʥʦʩʣʦʷ (L1), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʥʘʟʳʚʘʶʪ ʨʘʩʪʷʥʫʪʦʡ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʞʘʪʠʠ 

ʤʦʥʦʩʣʦʡ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʪʦʨʦʝ ʩʦʩʪʦʷʥʠʝ (L2), ʥʘʟʳʚʘʝʤʦʝ ʞʠʜʢʦ-

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ, ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʩʞʠʤʘʝʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʞʘʪʠʝ ʧʝʨʝʚʦʜʠʪ ʤʦʥʦʩʣʦʡ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ (S), 

ʧʦʜʦʙʥʦʝ ʜʚʫʤʝʨʥʦʤʫ ʢʨʠʩʪʘʣʣʫ. ʉʞʠʤʘʝʤʦʩʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʘʢ ʞʝ 

ʧʦʩʪʦʷʥʥʘ ʠ ʙʣʠʟʢʘ ʢ ʩʞʠʤʘʝʤʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʣʦʪʥʫʶ 

ʫʧʘʢʦʚʢʫ ʭʚʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʪʝʨʷʶʪ ʛʠʙʢʦʩʪʴ. ɽʩʣʠ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʠʟʦʪʝʨʤʫ ʜʦ ʥʫʣʝʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʣʦʱʘʜʠ ʥʘ ʤʦʣʝʢʫʣʫ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʩʞʠʤʘʝʤʦʛʦ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʩʣʦʷ.  

ʅʘʢʦʥʝʮ, ʝʩʣʠ ʧʨʦʜʦʣʞʠʪʴ ʩʞʠʤʘʪʴ ʤʦʥʦʩʣʦʡ, ʪʦ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ 

ʩʦʩʪʦʷʥʠʝ ʢʦʣʣʘʧʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʤʦʣʝʢʫʣʳ 

ʥʘʧʦʣʟʘʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ ʫʞʝ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɺʠʜ ʠʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʣʝʢʫʣ ʤʦʥʦʩʣʦʷ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʥʝ ʪʘʢ ʣʝʛʢʦ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʠʜ 

ʠʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʦʢʘʟʳʚʘʝʪ ʩʦʩʪʘʚ ʠ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʩʫʙʬʘʟʳ. ʀʟ ʘʥʘʣʠʟʘ 

ʠʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦʙ ʫʧʘʢʦʚʢʝ 

ʤʦʣʝʢʫʣ ʚ ʤʦʥʦʩʣʦʝ, ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʝʨʝʥʦʩʘ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ ʠ ʜʨ. 
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ʇʝʨʝʥʦʩ ʤʦʥʦʩʣʦʝʚ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʤʦʥʦʩʣʦʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦ- ʠʣʠ 

ʤʫʣʴʪʠʩʣʦʡʥʦʡ (ʤʥʦʛʦʩʣʦʡʥʦʡ) ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ ï ʤʝʪʦʜ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) [251]. ɺ ʤʝʪʦʜʝ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʧʦʜʣʦʞʢʫ 

ʦʨʠʝʥʪʠʨʫʶʪ ʚʝʨʪʠʢʘʣʴʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʛʨʫʞʘʶʪ ʠ ʚʳʥʠʤʘʶʪ ʯʝʨʝʟ 

ʤʦʥʦʩʣʦʡ (ʈʠʩ.2.29ʘ), ʧʨʠ ʵʪʦʤ ʩʣʦʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ 

ʧʦʜʣʦʞʢʫ. 

 

ʈʠʩ.2.29 ï ʉʭʝʤʘ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ: ʘ) ʄʝʪʦʜ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ; ʙ) ʄʝʪʦʜ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ. 

ʆʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʣʦʞʢʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ (ʚ ʩʫʙʬʘʟʝ ʠʣʠ ʚ ʚʦʟʜʫʭʝ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʦʩʣʦʷ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ. ɼʘʚʣʝʥʠʝ ʧʨʠ ʧʝʨʝʥʦʩʝ 

ʤʦʥʦʩʣʦʝʚ ʥʘ ʧʦʜʣʦʞʢʫ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚʝʩʦʚ ɺʠʣʴʛʝʣʴʤʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʙʘʨʴʝʨʘ. 

ʇʦʟʞʝ ʀ. ʃʝʥʛʤʶʨ ʠ ʝʛʦ ʢʦʣʣʝʛʘ ɺ.ɾ. ʐʝʬʬʝʨ, ʠʩʩʣʝʜʦʚʘʚʰʠʝ ʤʦʥʦʩʣʦʠ 

ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʧʨʝʜʣʦʞʠʣʠ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʡ ʩʫʙʬʘʟʳ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ, ʥʘʟʚʘʥʥʳʡ ʤʝʪʦʜʦʤ 

ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ (ʃʐ) [257]. ʄʝʪʦʜ ʃʐ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʜʣʦʞʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʙʬʘʟʳ, ʢʘʩʘʶʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ. ɿʘʪʝʤ ʧʦʜʣʦʞʢʫ ʧʦʜʥʠʤʘʶʪ, 
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ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʜʣʦʞʢʝ ʦʩʪʘʝʪʩʷ ʤʦʥʦʩʣʦʡ, ʚʦʟʤʦʞʥʦ ʩ ʢʘʧʣʷʤʠ ʩʫʙʬʘʟʳ 

(ʈʠʩ.2.29ʙ). 

ʉʦʟʜʘʥʠʝ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʳʭ ʤʦʥʦʩʣʦʝʚ ʢʘʢ ʤʦʜʝʣʝʡ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ 

ɹʠʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʘʭ, 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʦʥʠʤʘʥʠʝ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʦʜʠʪʴ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ ʣʝʢʘʨʩʪʚ. ʇʦʩʢʦʣʴʢʫ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʣʠʧʠʜʥʳʡ ʙʠʩʣʦʡ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʠʣʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ 

ʥʝʤʫ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʙʝʣʢʦʚ, ʜʣʷ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʣʘʥʘʨʥʳʭ ʤʦʜʝʣʝʡ 

ʤʝʤʙʨʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ (ʥʘʪʠʚʥʳʤ) ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʣʝʪʢʘʭ, 

ʧʦ ʩʪʘʜʠʷʤ ʠʣʠ ʧʦ ʤʝʨʝ ʚʦʚʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʤʙʨʘʥ. 

ʊʘʢ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʣʠʧʠʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʩ ʙʝʣʢʦʤ ʮʠʪʦʭʨʦʤʦʤ C (ʎʠʪʉ). ʎʠʪʦʭʨʦʤ ʩ ï 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʙʝʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʚ ʢʣʝʪʢʝ 

ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʜʳʭʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʝʥ ʢ ʦʙʨʘʪʠʤʦʤʫ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʫʜʫʯʠ ʩʚʷʟʘʥʥʳʤ ʩ 

ʬʦʩʬʦʣʠʧʠʜʦʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ï ʢʘʨʜʠʦʣʠʧʠʥʦʤ (ʂʃ), ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʟʘʧʫʩʢʝ ʧʨʦʮʝʩʩʘ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʢʣʝʪʢʠ ï 

ʘʧʦʧʪʦʟʘ, ʧʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʎʠʪʉ-ʂʃ 

ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʧʦʧʪʦʟʦʤ, 

ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ [271] ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʚ 

ʚʠʜʝ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʤʦʥʦʩʣʦʷ ʣʠʧʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʣʠʧʠʜʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʳʯʠʡ ʢʘʨʜʠʦʣʠʧʠʥ (ɹʂʃ), ʪʝʪʨʘʦʣʝʠʣ 
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ʢʘʨʜʠʦʣʠʧʠʥ (ʊʆʂʃ) (ʜʘʥʥʳʝ ʣʠʧʠʜʳ ʦʪʣʠʯʘʶʪʩʷ ʩʦʩʪʘʚʦʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ: 

ɹʂʃ ʩʦʜʝʨʞʠʪ ʦʩʪʘʪʢʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʨʘʟʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ, ʊʆʂʃ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʦʩʪʘʪʢʘ ʦʣʝʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʝʨʦʢʩʠʜʘʮʠʠ). ɹʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʤʦʥʦʩʣʦʝʚ ʚʳʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ. 

ʇʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʎʠʪʉ, ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʩʣʦʷ ʜʘʥʥʦʛʦ ʙʝʣʢʘ [271]. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʦʚ ʠ ʦʙʨʘʟʮʦʚ ʙʝʣʢʘ ʎʠʪʉ ʠ 

ʬʦʩʬʦʣʠʧʠʜʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʂʃ, ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʦ ʚ [271]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ (ʈʠʩ.2.30), ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʎʠʪʉ (ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʩ ʤʦʥʦʩʣʦʝʤ 

ʂʃ (ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʧʠʜʘ) ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ˊ = ˊ0 + 

ȹ Ð́[1 ï exp(ïɓt)], ʛʜʝ ˊ0 ï ʚʳʙʨʘʥʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ 

ʣʠʧʠʜʥʦʛʦ ʤʦʥʦʩʣʦʷ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʣʠʧʠʜʦʚ ʚ ʤʦʥʦʩʣʦʝ; 

ȹ Ð́ ï ʢʦʥʝʯʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʝʝ ʩʪʝʧʝʥʴ 

ʩʞʘʪʠʷ ʣʠʧʠʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʧʦʩʣʝ ʚʩʪʨʘʠʚʘʥʠʷ ʙʝʣʢʘ; ɓ ï ʢʦʥʩʪʘʥʪʘ 

ʩʚʷʟʳʚʘʥʠʷ ʎʠʪʉ ʩ ʣʠʧʠʜʥʳʤ ʤʦʥʦʩʣʦʝʤ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʪʚʝʯʘʶʱʘʷ 

ʟʘ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʘ ʩ ʤʦʥʦʩʣʦʝʤ; t ï ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʘ ʩ ʣʠʧʠʜʥʳʤ ʤʦʥʦʩʣʦʝʤ. 

ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹʂʃ, ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʠ ʊʆʂʃ, ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʝʨʦʢʩʠʜʘʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʘʜʩʦʨʙʮʠʠ 

ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʦʢʩʠʜʘʮʠʷ ɹʂʃ, 

ʚʳʟʚʘʥʥʘʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʚʩʪʨʘʠʚʘʥʠʷ ʎʠʪʉ ʚ 

ʣʠʧʠʜʥʳʡ ʤʦʥʦʩʣʦʡ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ 18.6 Ñ 1.0 ʤʅʤï1 ʜʣʷ ɹʂʃ ʠ 

18.1 Ñ 1.8 ʤʅʤï1 ʜʣʷ ʊʆʂʃ. ʊʦ ʝʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʦʝʥʥʦʛʦ ʎʠʪʉ ʚ ʤʦʥʦʩʣʦʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʚʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʙʝʣʢʘ ʠ ʦʜʠʥʘʢʦʚʦ ʢʘʢ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʂʃ. 
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ɺʝʨʦʷʪʥʦ, ʠʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ ʩʚʷʟʳʚʘʥʠʷ (ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ) ʚ 

ʣʠʧʠʜʥʦʤ ʤʦʥʦʩʣʦʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ, ʘ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ, ʪʘʢ ʢʘʢ ʎʠʪʉ ʙʳʣ ʚ ʠʟʙʳʪʢʝ ʚʦ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʩʢʦʨʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ (ɓ) 

ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʩʫʙʬʘʟʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʥʄ. 

 

ʈʠʩ.2.30 ï ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʮʠʪʦʭʨʦʤʘ ʩ (250 ʥʄ) 

ʧʦʜ ʤʦʥʦʩʣʦʡ 27.4 ʥʤʦʣʴ ʊʆʂʃ. ʉʝʨʘʷ ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʯʝʨʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʯʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʤʦʥʦʩʣʦʷ ʂʃ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʣʢʘ (æˊÐ) ʫʤʝʥʴʰʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʣʠʧʠʜʥʦʛʦ ʤʦʥʦʩʣʦʷ (ˊ0), ʧʨʠʯʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ȹˊÐ (ʅʤ
ï1) ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ȹW (ɼʞ ʤï2) ʧʨʠ ʚʩʪʨʘʠʚʘʥʠʠ ʎʠʪʉ ʚ ʣʠʧʠʜʥʳʡ 

ʤʦʥʦʩʣʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ȹˊÐ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʙʝʣʢʘ. ʕʪʘ ʵʥʝʨʛʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʥʦʩʣʦʷ, ʪʘʢ ʢʘʢ ʚ 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʤʅʤī1 

ɺʨʝʤʷ, ʤʠʥ 
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ʣʠʧʠʜʥʳʡ ʤʦʥʦʩʣʦʡ ʤʦʞʝʪ ʚʩʪʨʦʠʪʴʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ. 

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʟʦʪʝʨʤ ʩʞʘʪʠʷ ʧʣʝʥʦʢ ʎʠʪʉ-ʂʃ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʣʠʧʠʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ 

ʩʫʙʬʘʟʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʦʪʝʨʤ ʤʦʥʦʩʣʦʷ ʯʠʩʪʦʛʦ ʂʃ ʥʘ ʠʟʦʪʝʨʤʘʭ ʎʠʪʉ-ʂʃ 

ʧʦʷʚʣʷʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ 

ʮʠʢʣʘ ʩʞʘʪʠʷ-ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʙʝʣʢʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʠ/ʠʣʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʦʢ-ʣʠʧʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʙʬʘʟʳ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʛʠʩʪʝʨʝʟʠʩ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

ʧʦʚʪʦʨʥʳʭ ʮʠʢʣʘʭ ʩʞʘʪʠʷ-ʨʘʩʪʷʞʝʥʠʷ ʜʘʞʝ ʥʘ ʦʯʝʥʴ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘ ʈʠʩ.2.31 ʧʦʢʘʟʘʥ ʧʨʠʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʩʪʨʘʠʚʘʥʠʷ ʎʠʪʉ ʚ ʤʦʥʦʩʣʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʘʩʴ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʤʦʥʦʩʣʦʷ, ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʀʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʜʣʷ ʤʦʥʦʩʣʦʝʚ ʮʠʪʦʭʨʦʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʘʥʦʣʘ, ʠʤʝʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʠʜ. ʆʙʝ ʩʠʩʪʝʤʳ ʦʙʨʘʪʠʤʳ. 

ʄʦʣʝʢʫʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪ ʤʦʥʦʩʣʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʪʝʨʧʝʚʘʷ 

ʥʝʢʦʪʦʨʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʎʠʪʉ ʩ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʢʦʥʬʦʨʤʘʮʠʷ ʙʝʣʢʘ ʤʝʥʷʝʪʩʷ. ʋʞʝ ñʧʦʜʛʦʪʦʚʣʝʥʥʦʤʫò 

ʙʝʣʢʫ ʩ ʷʚʥʦ ʚʳʜʝʣʝʥʥʳʤʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʠ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʷʤʠ ʣʝʛʯʝ 

ʦʙʨʘʟʦʚʘʪʴ ʤʦʥʦʩʣʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʜʠʥʘʢʦʚʦʡ ʠʟʦʪʝʨʤʳ ʩʞʘʪʠʷ ʚ ʦʧʠʩʘʥʥʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ, ʨʘʟʣʠʯʘʝʪʩʷ ʧʦʯʪʠ ʚ 

30 ʨʘʟ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʠʟ ʮʠʪʦʭʨʦʤʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʘʥʦʣʘ 

ʥʝʦʙʭʦʜʠʤʦ 5.7 ʥʤʦʣʴ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ï 165 ʥʤʦʣʴ. 

ʉʨʘʚʥʝʥʠʝ ˊ-ɸ-ʠʟʦʪʝʨʤ ʜʣʷ ʤʦʥʦʩʣʦʝʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʎʠʪʉ [428], ʎʠʪʉ 

+ ʥʝʡʪʨʘʣʴʥʳʤʠ ʠʣʠ ʘʥʠʦʥʥʳʤʠ ʬʦʩʬʦʣʠʧʠʜʘʤʠ [429] ʠ ʎʠʪʉ + ʂʃ, ʧʦʢʘʟʘʣʦ 

ʩʭʦʜʩʪʚʦ ʢʨʠʚʳʭ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʝʣʢʘ. 
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ʉʭʦʜʩʪʚʦ ʤʝʞʜʫ ʠʟʦʪʝʨʤʘʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʭʦʜʩʪʚʦ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʧʠʜʦʚ ʠ ʚ ʩʠʪʫʘʮʠʠ, 

ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ ʘʤʬʠʬʠʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʣʠʧʠʜʦʚ. ɸʜʩʦʨʙʮʠʷ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʠʜʨʦʬʦʙʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ ʥʝ ʜʦʣʞʥʳ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʚʦʜʦʡ. ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʎʠʪʉ, ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʪʳʡ ʧʦʣʷʨʥʳʤʠ ʠ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʠʟʤʝʥʠʪ ʩʚʦʶ ʢʦʥʬʦʨʤʘʮʠʶ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ 

ʦʩʪʘʣʠʩʴ ʚ ʦʙʲʝʤʝ ʩʫʙʬʘʟʳ (ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ). 

 

ʈʠʩ.2.31 ï ʀʟʦʪʝʨʤʘ 13.5 ʥʤʦʣʴ TOʂʃ ʜʦ (1) ʠ ʧʦʩʣʝ (2) ʚʚʝʜʝʥʠʷ 50 ʥʄ 

ʮʠʪʦʭʨʦʤʘ ʩ ʧʦʜ ʤʦʥʦʩʣʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʜʦ ˊ0 = 5 ʤʅʤï1. ɺʩʪʘʚʢʘ ï 

ʟʘʚʠʩʠʤʦʩʪʴ æˊ ʦʪ ˊ0. 
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ʇʣʦʱʘʜʴ ʥʘ ʤʦʣʝʢʫʣʫ, ¡2 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʛʣʦʙʫʣʳ ʙʝʣʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʬʦʙʥʦʡ, ʘ ʜʨʫʛʘʷ ï ʛʠʜʨʦʬʠʣʴʥʦʡ, ʪ.ʝ. ʬʦʨʤʠʨʫʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ñʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡò ʎʠʪʉ. ʕʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʙʫʜʫʪ ʣʠ ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳʝ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ 

ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʚʦʟʜʫʭʦʤ, ʩ ʤʦʣʝʢʫʣʘʤʠ ʬʦʩʬʦʣʠʧʠʜʦʚ ʠʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

(ʈʠʩ.2.32). 

 

ʈʠʩ.2.32 ï ɻʠʧʦʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʣʝʢʫʣʳ ʮʠʪʦʭʨʦʤʘ c ʩ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚʦ ʚʨʝʤʷ ʝʛʦ ʘʜʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʥʘ ʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʆʜʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʩʦʨʙʮʠʠ ʠʣʠ ʜʝʩʦʨʙʮʠʠ ʎʠʪʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʪʝʣʴ 

ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʤʦʥʦʩʣʦʝʚ ʢʘʢ ʜʣʷ ʯʠʩʪʦʛʦ ʎʠʪʉ [428], ʪʘʢ ʠ ʜʣʷ 

ʙʝʣʢʦʚʦ-ʬʦʩʬʦʣʠʧʠʜʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʘʤʠ ʬʦʩʬʦʣʠʧʠʜʥʳʝ 

ʤʦʥʦʩʣʦʠ ʥʝ ʧʨʦʷʚʣʷʶʪ ʪʘʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ ʛʠʜʨʦʬʦʙʥʘʷ 

ʯʘʩʪʴ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʎʠʪʉ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ 

ʮʝʧʷʤʠ ʣʠʧʠʜʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʤʦʥʦʩʣʦʷ. ɻʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʠʙʦ 

ʦʙʨʘʱʝʥʳ ʢ ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʝ, ʣʠʙʦ ʩʚʷʟʘʥʳ ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʙʣʠʞʘʡʰʠʭ ʬʦʩʬʦʣʠʧʠʜʦʚ. ʀʤʝʥʥʦ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʎʠʪʉ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʩʣʦʡʥʦʡ ʤʝʤʙʨʘʥʦʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ ʧʣʘʥʘʨʥʘʷ ʤʦʜʝʣʴ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʫʯʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʎʠʪʉ ʩ ʢʘʨʜʠʦʣʠʧʠʥʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʦʩʪʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʪʦʜʦʚ. 

ʇʦʣʫʯʝʥʠʝ ʤʦʥʦʩʣʦʝʚ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ 

ʄʦʥʦʩʣʦʡ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ NaCl ʬʦʨʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ KSV 5000 LB (KSV Instruments) ʩ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ 750 ʩʤ2 (ʀʂ ʈɸʅ, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ) 

(ʈʠʩ.2.33). ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ (ˊ) ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʩʦʚ 

ɺʠʣʴʛʝʣʴʤʠ ʩ ʧʣʘʪʠʥʦʚʦʡ ʧʣʘʩʪʠʥʦʡ (Ñ0.1 ʤʅ/ʤ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18.5 Ñ 0.5 Áʉ. ʇʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʥʥʳ 

ʦʯʠʱʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʧʨʦʤʳʚʘʣʠ ʯʠʩʪʦʡ ʚʦʜʦʡ. 

 

ʈʠʩ.2.33 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʥʘ ʪʚʝʨʜʳʭ 

ʧʦʜʣʦʞʢʘʭ ï ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ KSV 5000 LB (KSV Instruments). 

ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʪʫʶ ʚʦʜʫ. ʈʘʩʪʚʦʨ ʥʘʥʦʩʠʣʠ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʙʬʘʟʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʠʧʝʪʢʠ Eppendorf. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʙʬʘʟʳ ʥʘʥʦʩʠʣʠ 1000 ʤʢʣ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʩ ʭʣʦʨʠʜʦʤ 
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ʥʘʪʨʠʷ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘ 1 ʯ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʘʪʦʯʥʳʡ 

ʙʝʣʢʦʚʳʡ ʨʘʩʪʚʦʨ ʩʤʝʰʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʨʘʚʥʳʭ ʦʙʲʝʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʦʮʠʤʘ ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʙʫʬʝʨʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʣʠ 40 ʠ 25 ʤʛ/ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ 

ʠ ʦʩʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. 

ʄʦʥʦʩʣʦʠ ʣʠʟʦʮʠʤʘ ʬʦʨʤʠʨʦʚʘʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ 

ʜʚʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʙʘʨʴʝʨʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ʤʤ/ʤʠʥ. ʇʝʨʝʥʦʩ 

ʤʦʥʦʩʣʦʝʚ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ (14 ʤʅ/ʤ) ʤʝʪʦʜʦʤ ʃʐ, ʦʜʥʦʢʨʘʪʥʦ ʢʘʩʘʷʩʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʙʬʘʟʳ ʩ ʤʦʥʦʩʣʦʝʤ. ʇʦʩʣʝ ʧʝʨʝʥʦʩʘ 

ʤʦʥʦʩʣʦʷ ʧʦʜʣʦʞʢʫ ʧʦʤʝʱʘʣʠ ʚ ʯʘʰʢʫ ʇʝʪʨʠ, ʢʦʪʦʨʫʶ ʟʘʢʨʳʚʘʣʠ 

ʧʘʨʘʬʠʥʦʚʦʡ ʧʣʝʥʢʦʡ, ʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʷʯʝʡʢʫ 

(ʈʘʟʜʝʣ 2.5 çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʩʪʘʜʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚè) ï ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʫʛʣʫʙʣʝʥʠʝ 

ʥʘʣʠʚʘʣʠ ʦʢʦʣʦ 1 ʤʣ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʛ/ʤʣ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʡ ̫ ʯʝʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʳʭʘʥʠʷ ʧʣʝʥʢʠ. ʇʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚ 

ʷʯʝʡʢʝ ʢʘʧʝʣʴ ʩʤʝʩʠ ʙʫʬʝʨʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʩʦʟʜʘʝʪʩʷ ʘʪʤʦʩʬʝʨʘ ʥʘʩʳʱʝʥʥʳʭ 

ʧʘʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʩʪʦʷʥʥʫʶ ʚʣʘʞʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʚʝʢʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʚʳʩʳʭʘʥʠʶ 

ʢʘʧʣʠ ʩʫʙʬʘʟʳ, ʟʘʭʚʘʯʝʥʥʦʡ ʩ ʤʦʥʦʩʣʦʝʤ, ʚ ʧʘʨʘʭ ʦʩʘʜʠʪʝʣʷ. 

ʄʦʥʦʩʣʦʡ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ KI ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʣʝʥʛʤʶʨʦʚʩʢʦʡ 

ʚʘʥʥʝ KSV 5000 LB (KSV Instruments) ʩ ʜʚʫʤʷ ʧʦʜʚʠʞʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. 

ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ ʚʘʥʥʳ 750 ʩʤ2. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ɺʠʣʴʛʝʣʴʤʠ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ Ñ0.1 ʤʅ/ʤ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

ʤʦʥʦʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʠ ʙʘʨʴʝʨʘ ʦʯʠʱʘʣʠʩʴ ʵʪʘʥʦʣʦʤ ʠ ʧʨʦʤʳʚʘʣʠʩʴ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʩʣʦʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T = 20ÁC. ʈʘʩʪʚʦʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʣʠʟʦʮʠʤʘ ʠ KI 40 ʠ 25 ʤʛ/ʤʣ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʲʝʤʦʤ 1000 ʤʢʣ ʙʳʣ ʥʘʥʝʩʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʠʧʝʪʢʠ Eppendorf ʧʦ ʠʩʪʝʯʝʥʠʠ 30 ʤʠʥ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ. ʉʨʘʟʫ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʦʥʦʩʣʦʡ ʧʦʜʞʠʤʘʣʩʷ ʧʦʜʚʠʞʥʳʤʠ 

ʙʘʨʴʝʨʘʤʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ʤʤ/ʤʠʥ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ˊ = 14 ʤʅ/ʤ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʣʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʤʦʥʦʩʣʦʡ ʣʠʟʦʮʠʤʘ ʧʝʨʝʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʃʐ ʥʘ 

ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ. ʇʦʜʣʦʞʢʠ Si ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʧʣʝʥʦʢ ʩ ʦʩʘʜʠʪʝʣʝʤ NaCl (ʩʤ. ʧʨʝʜʳʜʫʱʠʡ ʨʘʟʜʝʣ). 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʧʦʜʣʦʞʢʫ ʧʦʤʝʱʘʣʠ ʚ 

ʩʧʝʮʠʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʷʯʝʡʢʫ (ʈʘʟʜʝʣ 2.5 çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚè) ï ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʫʛʣʫʙʣʝʥʠʝ ʥʘʣʠʚʘʣʠ ʦʢʦʣʦ 1 ʤʣ ʨʘʩʪʚʦʨʘ KI 

ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʛ/ʤʣ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʣʦ ʢ 

ʤʝʜʣʝʥʥʦʤʫ ʚʳʩʳʭʘʥʠʶ ʢʘʧʣʠ ʩʫʙʬʘʟʳ, ʟʘʭʚʘʯʝʥʥʦʡ ʩ ʤʦʥʦʩʣʦʝʤ, ʚ ʧʘʨʘʭ 

ʦʩʘʜʠʪʝʣʷ. 

ʄʦʥʦʩʣʦʡ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ KCl ʬʦʨʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ NIMA  601A (Nima Technology) (ʩʪʘʥʮʠʷ ʉʀ 

çʃʝʥʛʤʶʨè, ʢʘʥʘʣ 1.2, ʂʂʉʅʀ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʈʘʟʜʝʣ 2.7.2). 

ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ NIMA  601A ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ 

ʩ ʦʜʥʠʤ ʧʦʜʚʠʞʥʳʤ ʙʘʨʴʝʨʦʤ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ɺʠʣʴʛʝʣʴʤʠ ʩ ʚʝʩʘʤʠ ʠʟ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ Whatman, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʚʘʥʥʳ. ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʣʘ 700 ʩʤ2. ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ Ñ 0.1 ʤʅ/ʤ. 

ʇʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʤʦʥʦʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʥʥʳ ʠ ʙʘʨʴʝʨ ʦʪʤʳʚʘʣʠ 

ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʵʪʘʥʦʣʦʤ, ʠ ʟʘʪʝʤ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʩʣʦʷ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 20ÁC. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʩʠʣʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʙʬʘʟʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʠʧʝʪʢʠ. 



165 

ʄʦʥʦʩʣʦʡ ʣʠʟʦʮʠʤʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ ʛʦʪʦʚʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 500 ʤʢʣ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʚ Na-Ac-ʙʫʬʝʨʝ ʩ pH 4.5 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

80 ʤʛ/ʤʣ. ʄʦʥʦʩʣʦʡ ʧʦʜʞʠʤʘʣʩʷ ʧʦʜʚʠʞʥʳʤ ʙʘʨʴʝʨʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

30 ʩʤ2/ʤʠʥ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ  ́= 14 ʤʅ/ʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʣʦʷ ʣʠʟʦʮʠʤʘ ʩ ʦʩʘʜʠʪʝʣʝʤ KCl ʠʩʧʦʣʴʟʦʚʘʣʠ 

1200 ʤʢʣ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤ-KCl ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ ʠ ʩʦʣʠ 

40 ʠ 25 ʤʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʡ 

ʩʫʙʬʘʟʳ ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ 30 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʉʨʘʟʫ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʤʦʥʦʩʣʦʡ ʧʦʜʞʠʤʘʣʩʷ ʧʦʜʚʠʞʥʳʤ ʙʘʨʴʝʨʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

30 ʩʤ2/ʤʠʥ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ  ́= 14 ʤʅ/ʤ. 

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʚ ʤʦʥʦʩʣʦʷʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 14 ʤʅ/ʤ 

ʥʘʯʠʥʘʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ 

ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʝʠʟʤʝʥʥʳʤ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ. 

 

2.7.2. ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʣʘʥʘʨʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʉʈɺ ʚ ʇɺʆ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ, ɸʉʄ 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ ʣʠʟʦʮʠʤʘ ʢʘʢ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ, 

ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʉʈɺ ʚ ʦʙʣʘʩʪʠ ʇɺʆ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʈʈ) [315, 329]. ʄʝʪʦʜ ʉʈɺ ʚ ʦʙʣʘʩʪʠ ʇɺʆ 

ʦʩʥʦʚʘʥ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʨʢʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ, ʈʈ) ʠ ʫʛʣʦʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʈʈ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʥʘʨʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʥʘʥʦʩʠʩʪʝʤ (ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ, ʪʦʣʱʠʥ, ʧʣʦʪʥʦʩʪʝʡ), ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ [430, 431], ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠ ʤʦʥʦʩʣʦʝʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ [432]. ʌʦʨʤʘ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʟʝʨʢʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
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ʦʙʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʈɺ [433, 318]. 

ʄʝʪʦʜ ʉʈɺ ʚ ʇɺʆ, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʤʝʪʦʜʘ ʉʈɺ, ʩʦʯʝʪʘʝʪ 

ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [315, 434, 435]. 

ʄʝʪʦʜ ʉʈɺ ʚ ʇɺʆ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ [322, 337]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʨʪʘ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʉʈɺ ʚ ʇɺʆ ʠ ʈʈ ʧʨʠʤʝʥʷʣʩ ̫

ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʩʣʦʠʩʪʳʭ 

ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʬʠʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ. ʂʘʞʜʳʡ ʩʣʦʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʚʘʣʠ 

ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ: ʪʦʣʱʠʥʘ; ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʩʣʦʷ; ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʚʝʨʭʥʝʡ ʤʝʞʩʣʦʝʚʦʡ 

ʛʨʘʥʠʮʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʤʳʪʠʝʤ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ; ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʪʦʤʦʚ. ʄʝʪʦʜʦʤ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʇʘʨʨʘʪʪʘ [436] ʧʨʦʚʦʜʠʣʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʜʣʷ ʜʘʥʥʦʡ ʩʣʦʠʩʪʦʡ ʤʦʜʝʣʠ. 

ʅʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʈɺ ʠ ʚ ʨʘʤʢʘʭ ʜʠʧʦʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʦʣʫʯʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ [433] ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʳʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʬʠʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʣʝʤʝʥʪʦʚ (ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ɼʠʬʨʘʢʪʦʤʝʪʨ SmartLab Rigaku 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʤʝʪʦʜʘʤʠ ʈʈ ʠ ʉʈɺ ʚ ʇɺʆ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

SmartLab (Rigaku) [437], ʦʩʥʘʱʝʥʥʦʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʩ ʚʨʘʱʘʶʱʠʤʩʷ 

ʤʦʣʠʙʜʝʥʦʚʳʤ ʘʥʦʜʦʤ ʤʦʱʥʦʩʪʴʶ 9 ʢɺʪ [438, 439]. 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ MoKŬ1 (ɚ = 

0.70932 ¡), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ. ɺ ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʠʝʤʥʳʝ ʱʝʣʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 0.012 Á, ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʜʘʶʱʠʡ ʧʫʯʦʢ ʟʘʩʚʝʯʠʚʘʣ 

ʚʝʩʴ ʦʙʨʘʟʝʮ. 

ʀʟʤʝʨʝʥʠʷ ʈʈ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʷʯʝʡʢʠ 

(ʈʘʟʜʝʣ 2.5 çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʘʙʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʩʪʘʜʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚè), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʛʝʨʤʝʪʠʯʥʫʶ ʢʘʤʝʨʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʭʠʤʠʯʝʩʢʠ 

ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʘʪʤʦʩʬʝʨʫ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [422]. 

ʀʟʤʝʨʝʥʠʷ ʉʈɺ ʚ ʇɺʆ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ 

ʷʯʝʡʢʠ (ʈʘʟʜʝʣ 2.5 çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʷʯʝʡʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆè). 

ɺ ɻʢʩʧʝʨʠʤʝʥʪʘʭ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʠʩʧʦʣʴʟʦʚʘʣʩʷ SDD-ʜʝʪʝʢʪʦʨ 

Amptek X123. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (SKŬ, ClKŬ, KKŬ, IKŬ ʠ 

ʪ.ʜ.) ʠ ʟʝʨʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʝʮ ʦʪ 0Á ʜʦ 0.2Á. ɺʨʝʤʷ 

ʥʘʙʦʨʘ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʩʦʩʪʘʚʣʷʣʦ 1000 ʩ. 
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ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ ʈʂʌʄ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʦʙʣʘʩʪʠ ʇɺʆ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ 

ʩʪʘʥʮʠʠ ʈʂʌʄ ʅʀʎ ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò [440, 441]. 

ʉʪʘʥʮʠʷ ñʈʝʥʪʛʝʥʦʚʩʢʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʠʟʠʯʝʩʢʦʝ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝò (ʈʂʌʄ) ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʭʦʜʝ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ 

(ʢʘʥʘʣ 4.6) ʙʦʣʴʰʦʛʦ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ ʂʀʉʀ-ʂʫʨʯʘʪʦʚ ʚ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. ʈʂʌʄ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʉʈɺ ʚ ʇɺʆ ʠ ʜʨ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʈʂʌʄ ʧʨʦʚʝʜʝʥʘ ʤʘʩʰʪʘʙʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 2.6. 

ʊʘʙʣ. 2.6 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ ʈʂʌʄ ʂʀʉʀ. 

ʀʟʣʫʯʘʪʝʣʴ ʇʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ 

ʄʦʥʦʭʨʦʤʘʪʦʨ ɼʚʫʭʢʨʠʩʪʘʣʴʥʳʡ, ʜʚʝ ʧʘʨʳ ʢʨʠʩʪʘʣʣʦʚ. ɺʦʟʤʦʞʥʘ 

ʫʩʪʘʥʦʚʢʘ ʧʘʨʳ Si (111) ʠʣʠ Si (311). 

ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ  5-40 ʢʵɺ 

ʄʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʠʟʤʝʥʝʥʠʷ 

ʵʥʝʨʛʠʠ 

å0.25 ʵɺ 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ȹE/E 

10-4 õ 10-3 

ʋʛʣʦʚʘʷ ʨʘʩʭʦʜʠʤʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʘʷ ~10-4 ʨʘʜ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ~10-3 ʨʘʜ 

ɻʦʥʠʦʤʝʪʨ ʧʷʪʠʢʨʫʞʥʳʡ, ʦʩʥʘʱʝʥ ʜʘʪʯʠʢʘʤʠ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʰʘʛ 0.7 ʫʛʣ. ʩʝʢ. ʊʨʠ ʣʠʥʝʡʥʳʝ ʦʩʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʦʣʠʢʘ ʦʙʨʘʟʮʘ. ɼʚʫʭʢʨʫʞʥʳʡ ʫʟʝʣ 

ʢʨʠʩʪʘʣʣʘ-ʘʥʘʣʠʟʘʪʦʨʘ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ  108 õ 109 ʚ 1 ʤʤ2 ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ  

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

SPEC 

 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʈʂʌʄ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʦʜʫʣʝʡ (ʈʠʩ.2.34): ʙʣʦʢ ʚʭʦʜʥʳʭ ʱʝʣʝʡ 1, ʙʣʦʢ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 2, ʙʣʦʢ 

ʛʦʥʠʦʤʝʪʨʘ 5. 
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ʈʠʩ.2.34 ï ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ ʈʂʌʄ ʂʀʉʀ (ʘ) ʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʙ ï ʛ) 

ʝʝ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ: ʙ ï ʙʣʦʢ ʚʭʦʜʥʳʭ ʱʝʣʝʡ; ʚ ï ʙʣʦʢ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ; ʛ ï 

ʙʣʦʢ ʛʦʥʠʦʤʝʪʨʘ. ʉʀ - ʠʩʪʦʯʥʠʢ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; 1 ï ʙʣʦʢ 

ʜʚʫʤʝʨʥʳʭ ʚʭʦʜʥʳʭ ʱʝʣʝʡ; 2 ï ʙʣʦʢ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ; 3 ï ʜʘʪʯʠʢ ʧʫʯʢʘ; 4 ï 

ʠʦʥʠʟʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ; 5 ï ʙʣʦʢ ʛʦʥʠʦʤʝʪʨʘ; 6 ï ʜʚʫʤʝʨʥʘʷ ʱʝʣʴ ʧʝʨʝʜ 

ʦʙʨʘʟʮʦʤ; 7 ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ; 8 ï ʛʦʥʠʦʤʝʪʨ; 9 ï ʜʚʫʤʝʨʥʘʷ 

ʧʨʠʝʤʥʘʷ ʱʝʣʴ; 10 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ; M ï ʜʚʫʢʨʘʪʥʳʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ Si (111) ʠʣʠ Si (311); A ï ʢʨʠʩʪʘʣʣ-ʘʥʘʣʠʟʘʪʦʨ. 

ɹʣʦʢ ʚʭʦʜʥʳʭ ʱʝʣʝʡ 1 ʩʦʩʪʦʠʪ ʠʟ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʚʦ ʚʭʦʜʥʦʤ 

ʢʘʥʘʣʝ ʠ ʚʘʢʫʫʤʥʳʭ ʱʝʣʝʡ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ɹʣʦʢ 

ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 2 ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʚʫʭʢʨʠʩʪʘʣʴʥʦʛʦ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ M ʩ ʩʠʩʪʝʤʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʦʠʟʚʦʜʩʪʚʘ FMB Oxford. 

ʀʩʧʦʣʴʟʫʷ ʧʘʨʳ ʢʨʠʩʪʘʣʣʦʚ Si (111) ʠʣʠ Si (311) ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʷʪʴ ʩ ʰʘʛʦʤ 0.25 ʵɺ ʵʥʝʨʛʠʶ ʧʫʯʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 40 ʢʵɺ, ʩʦʭʨʘʥʷʷ 

ʥʝʠʟʤʝʥʥʳʤ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʉʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʙʣʦʢʘ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʪʩʪʨʦʡʢʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ. 
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ɹʣʦʢ ʛʦʥʠʦʤʝʪʨʘ 5 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʣʣʠʤʠʨʫʶʱʠʝ ʱʝʣʠ 6, ʦʩʣʘʙʠʪʝʣʠ 

ʧʫʯʢʘ, ʤʥʦʛʦʢʨʫʞʥʳʡ ʛʦʥʠʦʤʝʪʨ 8, ʩʠʩʪʝʤʫ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʈʂʌʄ 

ʫʩʪʘʥʦʚʣʝʥ ʤʥʦʛʦʢʨʫʞʥʳʡ ʛʦʥʠʦʤʝʪʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Huber ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʢʨʠʩʪʘʣʣʘ-ʘʥʘʣʠʟʘʪʦʨʘ A, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʰʠʨʦʢʦʤ ʫʛʣʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ. ɺ ʩʠʩʪʝʤʫ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʭʦʜʠʪ NaI ʜʝʪʝʢʪʦʨ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ Amptek X-123, ʣʘʚʠʥʥʳʡ ʬʦʪʦʜʠʦʜ FMB 

Oxford APD0005. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʣʝʥʦʢ ʙʝʣʢʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ 12 ʢʵɺ, ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 

ʧʨʠʤʝʥʷʣʠ ʜʚʫʢʨʘʪʥʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ Si (111). ʇʷʪʥʦ ʟʘʩʚʝʪʢʠ ʧʫʯʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʱʝʣʝʡ, ʝʛʦ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʣ 

5Ĭ0.1 ʤʤ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʠʟ ʧʷʪʥʘ ʟʘʩʚʝʪʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣ SDD-ʜʝʪʝʢʪʦʨ 

Amptek X123. ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʫʛʣʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (SKŬ, ClKŬ) ʠ ʟʝʨʢʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʝʮ ʦʪ 0Á ʜʦ 0.3Á. ɺʨʝʤʷ ʥʘʙʦʨʘ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ 

ʩʦʩʪʘʚʣʷʣʦ 600 ʩ. 

ʉʠʥʭʨʦʪʨʦʥʥʘʷ ʩʪʘʥʮʠʷ çʃʝʥʛʤʶʨè 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʩʣʦʷ ʣʠʟʦʮʠʤʘ, ʧʦʣʫʯʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ 

[315, 337, 434, 435, 442, 443]. 

ʄʝʪʦʜ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʉʈɺ ʚ ʇɺʆ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʨʪʘ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʤʦʥʦʩʣʦʝʚ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʩʣʦʝʚ ʣʠʟʦʮʠʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʡ ʩʫʙʬʘʟʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʉʈɺ ʚ ʇɺʆ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ çʃʝʥʛʤʶʨè, 

ʢʘʥʘʣ 1.2 (ʈʠʩ.2.35, ʈʠʩ.2.36). 

 

ʈʠʩ.2.35 ï ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ çʃʝʥʛʤʶʨè, ʢʘʥʘʣ 1.2 

(ʂʂʉʅʀ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè). 1 - ʧʫʯʦʢ ʧʦʩʣʝ ʤʦʥʦʭʨʦʤʘʪʦʨʘ; 

2 - ʟʝʨʢʘʣʦ; 3 - ʱʝʣʠ; 4 - ʠʦʥʠʟʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ; 5 - ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ ʚ 

ʛʝʣʠʝʚʦʡ ʢʘʤʝʨʝ; 6 - SDD ʜʝʪʝʢʪʦʨ; 7 - ʱʝʣʴ ʠ ʘʪʪʝʥʶʘʪʦʨʳ; 8 - 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ. 

ɺ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʉʀ ʠʟʣʫʯʝʥʠʝ ʩ 

E = 13 ʢʵɺ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ S KŬ, Cl KŬ ʠ 

K KŬ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ) ʠ ʚʳʭʦʜʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʧʫʯʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪ 0 ʜʦ 0.13 Á. 

ʉʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ VORTEX SDD, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʝʨʢʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʆʙʱʝʝ ʚʨʝʤʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʦʩʪʘʚʠʣʦ 300 ʩ. 
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ʈʠʩ.2.36 ï ʌʦʪʦʛʨʘʬʠʷ ʩʪʘʥʮʠʠ çʃʝʥʛʤʶʨè, ʢʘʥʘʣ 1.2 (ʂʂʉʅʀ, ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè). 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʦʚʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʚʦʟʜʫʭʝ ʣʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʢʘʤʝʨʝ ʩ ʛʝʣʠʝʚʦʡ 

ʘʪʤʦʩʬʝʨʦʡ. ʂʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʛʝʨʤʝʪʠʯʥʳʡ ʧʣʝʢʩʠʛʣʘʩʦʚʳʡ 

ʢʦʥʪʝʡʥʝʨ ʩ ʦʢʥʘʤʠ ʠʟ ʪʦʥʢʦʡ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʡ ʬʦʣʴʛʠ ʠ ʩ ʢʘʥʘʣʘʤʠ ʜʣʷ 

ʧʦʜʘʯʠ ʠ ʥʘʧʫʩʢʘ ʛʘʟʦʚ. ɺʦʟʜʫʭ ʚ ʢʘʤʝʨʝ ʚʳʪʝʩʥʷʣʩʷ ʛʝʣʠʝʤ, ʩʦʟʜʘʚʘʷ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʛʝʣʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʢʘʤʝʨʫ. ɺʦʟʜʫʭ ʚʳʧʫʩʢʘʣʩʷ ʯʝʨʝʟ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʟʘʪʚʦʨ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʚʘʥʥʝ, ʢʘʤʝʨʘ ʙʳʣʘ 

ʦʙʦʨʫʜʦʚʘʥʘ ʩʲʝʤʥʦʡ ʢʨʳʰʢʦʡ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ ʛʝʣʠʝʚʫʶ ʷʯʝʡʢʫ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʧʫʩʢ ʛʝʣʠʷ. ʉʪʝʧʝʥʴ ʚʳʪʝʩʥʝʥʠʷ ʚʦʟʜʫʭʘ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ Ar KŬ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʚ 

ʢʘʤʝʨʝ. 

ʇʫʯʦʢ ʉʀ ʙʳʣ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʮʠʠ. ɹʘʨʴʝʨ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʦʜʞʘʪʠʷ ʤʦʥʦʩʣʦʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ɿʘʪʝʤ ʥʘʯʠʥʘʣʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ. ɸʢʪʠʚʥʘʷ 
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ʚʠʙʨʦʟʘʱʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʣʝʥʦʢ ʣʠʟʦʮʠʤʘ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘïʐʝʬʬʝʨʘ, ʠ ʧʣʝʥʦʢ ʣʠʟʦʮʠʤʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʝʟ 

ʦʩʘʜʠʪʝʣʷ (ʈʘʟʜʝʣ 2.7.1 ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ ʠ ʈʘʟʜʝʣ 5.2 ɻʣʘʚʳ 5). 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, 

ʚʳʩʫʰʝʥʥʳʝ ʧʣʝʥʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ɸʉʄ ʚ ʧʦʣʫʢʦʥʪʘʢʪʥʦʤ 

ʨʝʞʠʤʝ ʥʘ ʧʨʠʙʦʨʝ NTEGRA Prima (NT-MDT). ʀʩʧʦʣʴʟʦʚʘʥ ʢʨʝʤʥʠʝʚʳʡ ʟʦʥʜ 

ʪʠʧʘ NA_HC (ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 235 ʢɻʮ, ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ ʦʩʪʨʠʷ ʤʝʥʝʝ 

10 ʥʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 12 ʅ/ʤ). ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1Ĭ1 ʜʦ 100Ĭ100 ʤʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 30 ʤʢʤ/ʩ. 

ʇʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʪʨʦʠʣʠʩʴ ʧʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʠʩʪʦʛʨʘʤʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. 
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2.8. ɿɸʂʃʖʏɽʅʀɽ ʂ ɻʃɸɺɽ 2 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ, ʨʘʟʚʠʪʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ 

ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʤʦʥʦʩʣʦʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯ ʙʳʣ ʧʦʜʦʙʨʘʥ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥ 

ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʩʣʝʜʠʪʴ ʧʝʨʝʭʦʜ ʦʪ 

ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʢʫʨʩʦʨʦʚ ʙʫʜʫʱʝʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʘ ʟʘʪʝʤ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ rʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʨʦʩʪʘ. ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ (ʧʨʠʨʦʜʥʳʤʠ) 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʝʪʦʜʠʢʫ, ʫʯʠʪʳʚʘʶʱʫʶ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʠʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ 

ʢʘʢ ʜʦ ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʦʩʘʜʠʪʝʣʷ ʚ ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʄʋʈʈ) ʠ ʥʝʡʪʨʦʥʦʚ 

(ʄʋʈʅ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ ʤʝʪʦʜʘʤʠ ʄʋʈʈ, ʄʋʈʅ ʧʨʦʚʦʜʠʣʠʩ ɹʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʠʩʪʦʯʥʠʢʦʚ: ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ɸʄʋʈ-ʂ (ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʄʦʩʢʚʘ) ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʩʪʘʥʮʠʡ 

ɼʀʂʉʀ ʠ ɹʠʦʄʋʈ (ʂʀʉʀ-ʂʫʨʯʘʪʦʚ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, 

ʄʦʩʢʚʘ), ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ BM29 BioSAXS (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ), 

ʥʝʡʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ ʖʄʆ (ʀɹʈ-2, ʆʀʗʀ, ɼʫʙʥʘ). 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʘʞʜʦʤ ʠʩʪʦʯʥʠʢʝ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʜʣʷ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʦʙʨʘʟʮʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʙʝʣʢʘ 

(ʤʠʢʨʦʬʣʶʠʜʠʢʘ), ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʪ.ʜ. 



175 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʄʋʈ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ 

Polymix ʠ Oligomer. Polymix ï ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ 

Mixture, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʨʘʩʪʚʦʨʝ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Oligomer, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʦʣʠʛʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ (ʢʘʢ ʧʦʨʷʜʦʢ, ʪʘʢ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ). 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ (ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʠ ʘʥʘʣʠʟ ʩʚʷʟʝʡ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ 

ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) (ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʤʝʥʝʝ 2¡). 

ʊʘʢʞʝ, ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʦʣʠʛʦʤʝʨʳ, ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʈʉɸ (ʩʪʘʥʮʠʠ ʉʀ çɹʝʣʦʢè ʠ çʈʉɸè, ʂʀʉʀ-

ʂʫʨʯʘʪʦʚ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè); ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʙʝʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʤʝʪʦʜʦʤ in situ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

(SmartLab Rigaku, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʥʘʨʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʠʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʩʘʜʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʧʝʨʝʥʦʩʘ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʥʘ ʪʚʝʨʜʳʝ 

ʧʦʜʣʦʞʢʠ (ʤʦʥʦʢʨʠʩʪʘʣʣ Si, ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ) 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʩʣʦʠ ʠʟʫʯʘʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʈʈ), ʩʪʦʷʯʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ 

ʦʙʣʘʩʪʠ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʉʈɺ ʚ ʇɺʆ), ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʩʣʦʝʚ ʣʠʟʦʮʠʤʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʝʪʦʜʦʤ ʉʈɺ ʚ ʇɺʆ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ. 
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ʄʝʪʦʜʳ ʈʈ, ʉʈɺ ʚ ʇɺʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʷʯʝʝʢ (ʚ 

ʩʦʩʪʘʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ 

ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ in situ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʣʦʠʩʪʦʡ ʤʦʜʝʣʠ ʪʦʥʢʠʭ 

ʧʣʝʥʦʢ (ʪʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ, ʪʦʣʱʠʥʳ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ ʠ ʪ.ʜ.), 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʤʦʥʦʩʣʦʷ ʩ ʠʦʥʘʤʠ 

ʦʩʘʜʠʪʝʣʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ (K, Cl, Cu, Ni ʠ ʪ.ʜ.) ʠ ʤʦʣʝʢʫʣ 

ʙʝʣʢʘ (S) ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ (ʩʪʘʥʮʠʷ ʈʂʌʄ, ʂʀʉʀ-ʂʫʨʯʘʪʦʚ, ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè; SmartLab Rigaku, ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ 

ʬʦʪʦʥʠʢʘè ʈɸʅ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʦʡ ʩʠʥʭʨʦʪʨʦʥʥʦʡ ʩʪʘʥʮʠʠ çʃʝʥʛʤʶʨè (ʂʀʉʀ-

ʂʫʨʯʘʪʦʚ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ) ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩʣʦʷ ʙʝʣʢʘ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʫʙʬʘʟʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʯʪʦ ʜʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʦʣʠ ʦʩʘʜʠʪʝʣʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʝʭʘʥʠʟʤʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʚʢʣʶʯʘʶʱʠʡ ʯʝʪʳʨʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ, ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʜʠʥʘʤʠʢʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʩʦʟʜʘʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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 ɻʃɸɺɸ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ, ʚʳʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

3.1. ɸʅʅʆʊɸʎʀʗ ʂ ɻʃɸɺɽ 3 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ 

ʙʝʣʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʣʠʟʦʮʠʤʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɺ ʈʘʟʜʝʣʝ 3.2 ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 3D-

ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʈʘʟʜʝʣ 3.3 ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʚ ʨʘʩʪʚʦʨʝ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʤ ʄʋʈʈ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʣʠʟʦʮʠʤʘ. 

ɺ ʈʘʟʜʝʣʘʭ 3.4, 3.5 ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠ ʜʠʥʘʤʠʢʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

(ʅ2ʆ/D2O). 

ʈʘʟʜʝʣ 3.6 ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʙʝʣʢʘ 

ʣʠʟʦʮʠʤʘ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʘʜʠʪʝʣʷ ʩʪʘʙʠʣʴʥʳ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʪʘʤʝʨʦʚ 

(ʦʢʪʘʤʝʨ A, ʩʦʜʝʨʞʘʱʠʡ ʦʩʴ 4-ʦʛʦ ʧʦʨʷʜʢʘ) ʠ ʜʠʤʝʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʦʡ 

ʦʢʪʘʤʝʨ (ʦʢʪʘʤʝʨ B), ʘ ʪʘʢʞʝ ʪʝʪʨʘʤʝʨʳ ʠ ʛʝʢʩʘʤʝʨʳ, ʷʚʣʷʶʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʠ ʜʠʩʩʦʮʠʠʨʫʶʪ. 

ɺ ʈʘʟʜʝʣʝ 3.7 ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʠʩʢʫ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʧʦʪʝʟʳ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ çʝʜʠʥʠʮ ʨʦʩʪʘè (ʦʣʠʛʦʤʝʨʦʚ, 
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ʷʚʣʷʶʱʠʭʩʷ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʫʜʫʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ. 

 

3.2. ʆɹ ʆɹʈɸɿʆɺɸʅʀʀ çɽɼʀʅʀʎ ʈʆʉʊɸè ʂʈʀʉʊɸʃʃɸ ɺ ʂʈʀʉʊɸʃʃʀɿɸʎʀʆʅʅʆʄ 

ʈɸʉʊɺʆʈɽ ɹɽʃʂɸ. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʃʀɻʆʄɽʈʆɺ 

ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ 

ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʦʣʠʛʦʤʝʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʩʪʘʣʣʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚʳʰʝ ʛʠʧʦʪʝʟʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.3.1. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. ɹʳʣʠ 

ʚʳʙʨʘʥʳ ʫʩʣʦʚʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ 40 ʤʛ/ʤʣ, ʦʩʘʜʠʪʝʣʴ ï NaCl ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 25 ʤʛ/ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 20Áʉ), ʧʨʠ ʢʦʪʦʨʳʭ ʩʪʘʙʠʣʴʥʦ 

ʧʦʣʫʯʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʠ ʩʦʚʝʨʰʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ (P43212 a=b=79.20 ¡, c=37.90 ¡, Ŭ=ɓ=ɔ=90.00Á). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʟʦʮʠʤʘ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʘʥʘʣʠʟʝ 

ʩʪʨʫʢʪʫʨʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʟʦʮʠʤʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʦʩʪʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʟʦʮʠʤʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ɹʘʟʳ ɼʘʥʥʳʭ ɹʝʣʢʦʚ (PDB ID: 

4WLD), ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1.54 ¡. ʂʨʠʩʪʘʣʣ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P43212 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = b = 

79.20 ¡, c = 37.90 ¡, Ŭ = ɓ = ɔ = 90.00Á. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʣʘ 

40.68%, ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʘʣʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʣʠʟʦʮʠʤʘ. ɼʣʷ 

ʚʳʙʨʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Coot [397] ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʦ ʦʯʝʨʝʜʠ ʦʧʝʨʘʪʦʨʳ ʩʠʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʠʚʰʠʝ 
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ʧʦʣʫʯʠʪʴ ʬʨʘʛʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ P43212 (-X,-

Y,1/2+Z; 1/2-Y,1/2+X,3/4+Z; 1/2+Y,1/2-X,1/4+Z; 1/2-X,1/2+Y,3/4-Z; 1/2+X,1/2-

Y,1/4-Z; Y,X,-Z, -Y,-X,1/2-Z). 

 

ʈʠʩ.3.1 ï ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʛʠʧʦʪʝʟʫ, ï ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʣʠʛʦʤʝʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʩʦʩʪʘʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʩʪʘʣʣʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʩʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʣʠʟʦʮʠʤʘ. ʅʘ ʈʠʩ.3.2 (ʩʣʝʚʘ) ʧʦʢʘʟʘʥʘ ʧʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʟʦʮʠʤʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʦʩʠ 4 ʧʦʨʷʜʢʘ. 

ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ ʧʦʢʘʟʳʚʘʣ, ʯʪʦ ʚ 

ɹr ʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʝʱʝ ʜʦ ʥʘʯʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʦʣʠʛʦʤʝʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʩʦʩʪʘʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʩʪʘʣʣʘ, ʠʟ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣ. 
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ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʣʝʤʝʥʪʘʨʥʳʡ ʤʦʪʠʚ ï ʦʢʪʘʤʝʨ ï ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʥʩʣʷʮʠʡ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ. 

ʊʘʢʦʡ ʦʢʪʘʤʝʨ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Coot ʠ PyMOL [444] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭ 

ʦʢʪʘʤʝʨʦʚ (ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ). ʂʣʘʩʪʝʨʳ (ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʝʜʠʥʠʮʳ ʨʦʩʪʘ), ʢʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ.3.2 (A ï ʣʝʚʳʡ ʠ B ï ʧʨʘʚʳʡ), ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʦʙʲʝʤʫ (ʨʘʟʤʝʨʫ). ʆʜʠʥ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ 4 ʧʦʨʷʜʢʘ, ʘ ʜʨʫʛʦʡ ï ʧʫʪʝʤ ʢʦʤʙʠʥʘʮʠʠ 

ʜʚʫʭ ʪʝʪʨʘʤʝʨʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʨʘʱʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ 2 ʧʦʨʷʜʢʘ. 

 

ʈʠʩ.3.2 ï ʇʦʩʪʨʦʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʦʢʪʘʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ 

ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. ʘ) ʦʢʪʘʤʝʨ ʪʠʧʘ A (ʦʙʣʘʜʘʶʱʠʡ 

ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ) - ʩʪʘʙʠʣʴʥʳʡ, ʙ) ʦʢʪʘʤʝʨ ʪʠʧʘ B (ʠʤʝʝʪ ʙʦʣʴʰʠʡ 

ʦʙʲʝʤ) - ʥʝʩʪʘʙʠʣʴʥʳʡ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʢʩʘʤʝʨʦʚ, ʪʝʪʨʘʤʝʨʦʚ ʠ ʜʠʤʝʨʦʚ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʠʟ ʩʪʨʫʢʪʫʨʳ ʦʢʪʘʤʝʨʦʚ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʣʠʟʦʮʠʤʘ. 

ʂʘʞʜʳʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʙʳʣ ʩʦʭʨʘʥʝʥ ʚ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ 

ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ. 

ɼʚʘ ʨʘʟʣʠʯʥʳʭ ʦʢʪʘʤʝʨʘ (ʈʠʩ.3.3) ʪʠʧ A (ʩʣʝʚʘ) ʪʠʧ ʠ B (ʩʧʨʘʚʘ) ʚ 

ʩʪʨʫʢʪʫʨʝ ʣʠʟʦʮʠʤʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ çʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚè ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʆʙʲʝʤʳ ʦʢʪʘʤʝʨʦʚ ʪʠʧʦʚ A ʠ B ʨʘʚʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 117 ʥʤ3 ʠ 140 ʥʤ 3. 
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ʕʤʧʠʨʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʝʪʦʜʦʤ ʄʋʈʈ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʣʠʟʦʮʠʤʘ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. ɹʳʣʠ ʚʳʙʨʘʥʳ ʫʩʣʦʚʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ 40 

ʤʛ/ʤʣ, ʦʩʘʜʠʪʝʣʴ ï NaCl ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 25 ʤʛ/ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 20Áʉ), ʧʨʠ 

ʢʦʪʦʨʳʭ ʩʪʘʙʠʣʴʥʦ ʧʦʣʫʯʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʠ ʩʦʚʝʨʰʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (P43212 a=b=79.20 ¡, c=37.90 ¡, 

Ŭ=ɓ=ɔ=90.00Á). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʩʘʜʠʪʝʣʷ ʧʦʢʘʟʘʣ (ʈʘʟʜʝʣ 3.3.1), ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦʤʠʤʦ ʤʦʥʦʤʝʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʯʘʩʪʠʮʳ, 

ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 8 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʤʦʪʠʚʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʈʠʩ.3.2, ʈʠʩ.3.3). ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʄʋʈʈ. 

 

ʈʠʩ.3.3 ï ʄʦʜʝʣʠ ʜʠʤʝʨʘ, ʪʝʪʨʘʤʝʨʘ ʠ ʦʢʪʘʤʝʨʘ HEWL (PDB ID: 4WLD), 

ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʄʋʈʈ.  
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3.3. ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɹɽʃʂʆɺʓʍ ʄʆʃɽʂʋʃ ɺ ʈɸʉʊɺʆʈɽ. ʉʆʉʊɸɺ 

ʂʈʀʉʊɸʃʃʀɿɸʎʀʆʅʅʆɻʆ ʈɸʉʊɺʆʈɸ ʃʀɿʆʎʀʄɸ 

3.3.1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʋʈʈ / ɸʄʋʈ-ʂ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ 

ʣʠʟʦʮʠʤʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ ʥʘ ʩʪʘʜʠʠ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈʈ). 

ʆʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʦ ʚ ʈʘʟʜʝʣʝ 2.3, ɻʣʘʚʳ 2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ɸʄʋʈ-ʂ. ʄʝʪʦʜʠʢʠ ʄʋʈʈ-

ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ɸʄʋʈ-ʂ, ʧʨʠʚʝʜʝʥʳ ʚ ʈʘʟʜʝʣʝ 2.4.1, ɻʣʘʚʳ 2. 

ʅʘ ʈʠʩ.3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (I) ʦʪ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ (s), 

ʠʟʤʝʨʝʥʥʳʝ ʦʪ ʢʘʧʠʣʣʷʨʘ ʩ ʨʘʩʪʚʦʨʦʤ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʚ ʙʫʬʝʨʝ ʙʝʟ 

ʦʩʘʜʠʪʝʣʷ (ʢʨʠʚʘʷ 1); ʨʘʩʪʚʦʨʦʤ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ), ʩʤʝʰʘʥʥʳʤ ʩ 

ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ) ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ (ʢʨʠʚʘʷ 2). 

ɿʘʚʠʩʠʤʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʢʨʠʚʦʡ 2, ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʷʯʝʡʢʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʈʠʩ.2.4ʙ, ʯʝʨʝʟ 1ï12 ʯ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʨʘʩʪʚʦʨʦʚ ʚ ʢʘʧʠʣʣʷʨ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʋʈʈ ʜʣʷ 

ʦʙʨʘʟʮʘ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʤʦʜʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʫʪʝʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʟʦʮʠʤʘ 

(PDB ID: 4WLD) ʠ ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʥʝʝ ʦʣʠʛʦʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʦʥʦʤʝʨʦʚ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʘʛʨʝʛʘʪʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʨʘʩʩʝʷʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮʘʭ. 
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ʈʠʩ.3.4 ï ʂʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ï ʪʦʯʢʠ, ʨʘʩʯʝʪ ï ʣʠʥʠʷ. ʂʨʠʚʳʝ ʩʤʝʱʝʥʳ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ; 1 ï ʨʘʩʩʝʷʥʠʝ ʦʪ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 40 ʤʛ/ʤʣ; 2 ï ʨʘʩʩʝʷʥʠʝ ʦʪ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʩ 

ʦʩʘʜʠʪʝʣʝʤ ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ. 

 

ʇʦ ʬʦʨʤʝ ʢʨʠʚʦʡ 1 (ʦʪ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 40 ʤʛ/ʤʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚ 

ʥʘʯʘʣʴʥʳʭ ʫʛʣʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʦʩʘʜʠʪʝʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʝʷʥʠʝ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʤʝʞʯʘʩʪʠʯʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʢʨʠʚʦʡ 2 ʥʘ ʈʠʩ.3.4, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʦʙʨʘʟʮʝ ʦʩʪʘʝʪʩʷ ʪʦʡ ʞʝ (40 ʤʛ/ʤʣ). 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʥʘ ʩʘʤʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʧʝʨʚʳʡ ʯʘʩ) ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨʢʘ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ï 

ʤʦʥʦʤʝʨʦʚ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʥʦʤʝʨʦʚ ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɺʦ-

ʧʝʨʚʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ, ʚʦ-ʚʪʦʨʳʭ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʯʘʩʪʠʮʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʩʪʦ ʥʘʥʦʤʝʪʨʦʚ. 

s, ʥʤï1 
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ʈʘʩʩʝʷʥʠʷ ʦʪ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ: ʫʛʣʳ ʨʘʩʩʝʷʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ (ʩʣʠʰʢʦʤ ʤʘʣʳʝ ʫʛʣʳ). 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʢʨʠʚʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ POLYMIX ʨʘʩʩʯʠʪʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ 

ʯʘʩʪʠʮ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʭ ʬʦʨʤʳ. ʅʘ 

ʈʠʩ. 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʜʣʷ 

ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ (ʢʨʠʚʘʷ 1), ʠ ʦʪ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʯʝʨʝʟ 1 

ʯʘʩ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ (ʢʨʠʚʘʷ 2). ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʘʜʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʧʦʷʚʠʣʠʩʴ ʯʘʩʪʠʮʳ ʩ ʫʜʚʦʝʥʥʳʤ ʨʘʜʠʫʩʦʤ, 

ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʢʪʘʤʝʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. 

 

ʈʠʩ. 3.5 ï ʉʨʘʚʥʝʥʠʝ ʦʙʲʝʤʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ ʨʘʜʠʫʩʘʤ ʩʬʝʨʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʦʪ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ: 1 ï ʦʪ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 40 

ʤʛ/ʤʣ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), 2 ï ʦʪ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ 

ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʠ ʜʨʫʛʠʝ ʦʣʠʛʦʤʝʨʳ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʦʣʠʛʦʤʝʨʳ ï ʜʠʤʝʨ, ʪʝʪʨʘʤʝʨ ʠ ʦʢʪʘʤʝʨ. 

d, ʥʤ 
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ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʘʪʦʤʦʚ ʚ ʤʦʜʝʣʷʭ ʦʣʠʛʦʤʝʨʦʚ (ʈʠʩ.3.2, 

3.3) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CRYSOL [400] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʫʛʣʦʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ OLIGOMER 

ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʄʋʈʈ ʦʪ ʩʤʝʩʠ ʦʣʠʛʦʤʝʨʦʚ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. 

ʅʘ ʈʠʩ.3.6 ʧʦʢʘʟʘʥʘ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʰʠʙʢʘ. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ HEWL ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʩʦʜʝʨʞʠʪʩʷ: 96.0% 

ʤʦʥʦʤʝʨʦʚ, 1.9% ʜʠʤʝʨʦʚ, 2.1% ʦʢʪʘʤʝʨʦʚ. ʅʘʣʠʯʠʝ ʪʝʪʨʘʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʥʝ 

ʧʦʜʪʚʝʨʜʠʣʦʩʴ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʥʝʚʷʟʢʠ ɢ2 ʧʦʣʫʯʠʣʩʷ ʨʘʚʥʳʤ ɢ2 = 1.2. 

 

ʈʠʩ.3.6 ï ʂʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ 

ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ï 

ʪʦʯʢʠ, ʨʘʩʯʝʪ ï ʣʠʥʠʷ. ɺʩʪʘʚʢʘ ï ʧʘʨʘʤʝʪʨ ʥʝʚʷʟʢʠ ɢ2. 

 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʝʚʷʟʢʠ, ʙʦʣʴʰʝʝ ʝʜʠʥʠʮʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʰʫʤʦʚ, ʪʘʢ ʠ 

ʥʘʣʠʯʠʝʤ ʚ ʨʘʩʪʚʦʨʝ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ ʙʦʣʝʝ ʩʦʪʥʠ ʥʘʥʦʤʝʪʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

s, ʥʤï1 
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ʟʘʨʦʜʳʰʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ, 

ʥʘʭʦʜʷʩʴ ʚ ʨʘʩʪʚʦʨʝ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʙʣʦʢʘʤʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ ʜʠʤʝʨʳ ʤʦʛʫʪ ʩʦʙʠʨʘʪʴʩʷ ʚ ʦʢʪʘʤʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʣʠʟʦʮʠʤʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʤʠʤʦ 

ʤʦʥʦʤʝʨʦʚ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʜʠʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ, ʧʨʠ ʵʪʦʤ ʥʠ ʪʝʪʨʘʤʝʨʦʚ, ʥʠ ʛʝʢʩʘʤʝʨʦʚ, ʦʪʤʝʯʝʥʥʳʭ ʚ [5, 

176, 209], ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʢʪʘʤʝʨʘ, ʭʦʪʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʚʩʪʨʦʝʥʘ 

ʚ ʨʝʰʝʪʢʫ ʢʨʠʩʪʘʣʣʘ ʠ ʷʚʣʷʪʴʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ çʢʠʨʧʠʯʦʤè, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ. 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʝ ʦʣʠʛʦʤʝʨʳ ʧʨʠʥʠʤʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʫʯʘʩʪʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. 
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3.3.2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʋʈʈ / ɼʀʂʉʀ 

ɺ ʮʝʣʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʳʩʢʘʟʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʈʘʟʜʝʣʝ 3.2, ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʤʝʪʦʜʦʤ ʄʋʈʈ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʫʩʪʘʥʦʚʢʝ ɸʄʋʈ-ʂ (ʈʘʟʜʝʣ 3.3.1) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʤʝʪʦʜʦʤ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʀ). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ ʥʘ ʩʠʥʭʨʦʪʨʦʥʥʦʡ 

ʩʪʘʥʮʠʠ çɼʀʂʉʀè (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʂʂʉʅʀ, ʄʦʩʢʚʘ). 

ʄʝʪʦʜʠʢʠ ʄʋʈʈ-ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʠʝ ʩʪʘʥʮʠʠ ʉʀ çɼʀʂʉʀè, ʧʨʠʚʝʜʝʥʳ ʚ ʈʘʟʜʝʣʝ 2.4.1, ɻʣʘʚʳ 2. 

ʆʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʦ ʚ ʈʘʟʜʝʣʝ 2.3, ɻʣʘʚʳ 2. 

ʄʋʈʈ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ 

ʃʠʟʦʮʠʤ ʙʝʟ ʦʩʘʜʠʪʝʣʷ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 40ʤʛ/ʤʣ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10, 

25 ʠ 35ÁC (ʈʠʩ.3.7). 

 

ʈʠʩ.3.7 ï ʂʨʠʚʳʝ ʄʋʈʈ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ. ʏʝʨʥʳʡ ï 10ÁC; ʢʨʘʩʥʳʡ ï 25ÁC; 

ʩʠʥʠʡ ï 35ÁC. 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʈʠʩ.3.7, ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ ʦʪ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦ 

ʬʦʨʤʘʤ ʢʨʠʚʳʭ ʟʘʤʝʪʥʦ ʚʣʠʷʥʠʝ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ 

ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ 

ʫʛʣʦʚ. 

ʃʠʟʦʮʠʤ ʩ ʦʩʘʜʠʪʝʣʝʤ. ʅʘ ʈʠʩ.3.8 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʋʈʈ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 10 ʜʦ 35ÁC ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ 

(40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ). 

ɼʦʙʘʚʣʝʥʠʝ ʦʩʘʜʠʪʝʣʷ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ [4]. ɺ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ, ʚ ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʝʥ ʦʩʘʜʠʪʝʣʴ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ 

ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ ʦʣʠʛʦʤʝʨʦʚ ʨʘʟʣʠʯʥʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ 

ʨʘʟʣʠʯʠʝ ʙʳʣʦ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʘʛʨʝʛʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

 

ʈʠʩ.3.8 ï ʂʨʠʚʳʝ ʄʋʈʈ ʨʘʩʪʚʦʨʘ ʣʠʟʦʮʠʤʘ (40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ) 

ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʏʝʨʥʳʡ ï 10ÁC; ʢʨʘʩʥʳʡ ï 25ÁC; ʩʠʥʠʡ ï 35ÁC. 
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ʅʘ ʈʠʩ.3.9 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʄʋʈʈ ʦʪ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ ʙʝʟ (ʯʝʨʥʳʡ) ʠ ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ) (ʢʨʘʩʥʳʡ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

10ÁC. ɼʦʙʘʚʣʝʥʠʝ ʦʩʘʜʠʪʝʣʷ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʯʘʩʪʠʯʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʚ ʧʝʨʝʩʳʱʝʥʥʦʤ 

ʨʘʩʪʚʦʨʝ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ. 

 

ʈʠʩ.3.9 ï ʉʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʄʋʈʈ ʦʪ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʙʝʟ 

(ʯʝʨʥʳʡ) ʠ ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ) (ʢʨʘʩʥʳʡ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10ÁC. 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ʧʦʜʦʙʨʘʥʥʦʡ ʩ 

ʫʯʝʪʦʤ ʠʭ ʨʘʟʤʝʨʦʚ ʤʦʜʝʣʴʶ ʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ.3.10 (ɼʀʂʉʀ) ʠ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʥʘ ʈʠʩ.3.11 (ɸʄʋʈ-ʂ). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ MIXTURE. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʤʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʤʝʨʫ. ʇʦʣʫʰʠʨʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʬʦʨʤʳ 

ʤʦʣʝʢʫʣʳ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ. ɺʪʦʨʦʡ, ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʘʩʪʠʮʘʤ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 6.07 ʥʤ ʠ ʦʙʲʝʤʦʤ 117 ʥʤ3, ʨʘʚʥʦʤʫ ʦʙʲʝʤʫ 

ʦʢʪʘʤʝʨʘ A (117 ʥʤ3). ʆʜʥʘʢʦ, ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʞʝ ʦʢʪʘʤʝʨʦʚ B (140 ʥʤ3). 

s, ʥʤï1 
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ʈʠʩ.3.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʯʘʩʪʠʮ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ: ʯʝʨʥʳʡ ï 10ÁC; ʢʨʘʩʥʳʡ ï 25ÁC; ʩʠʥʠʡ ï 35ÁC. ʄʘʢʩʠʤʫʤ 

1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʤʝʨʫ, ʤʘʢʩʠʤʫʤ 2 ï ʦʢʪʘʤʝʨʫ A (ʩʪʘʥʮʠʷ ʉʀ 

çɼʀʂʉʀè). 

 

ʈʠʩ.3.11 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʯʘʩʪʠʮ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ: ʩʠʥʠʡ ï 10ÁC; ʟʝʣʝʥʳʡ ï 20ÁC; ʢʨʘʩʥʳʡ ï 30ÁC. (ʘ) ï 

ʣʠʟʦʮʠʤ ʙʝʟ ʦʩʘʜʠʪʝʣʷ; (ʙ) ï ʣʠʟʦʮʠʤ ʩ ʦʩʘʜʠʪʝʣʝʤ NaCl. ʄʘʢʩʠʤʫʤ 1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʤʝʨʫ, ʤʘʢʩʠʤʫʤ 2 ï ʦʢʪʘʤʝʨʫ A (ɸʄʋʈ-ʂ, ʨʘʟʜ. 3.2.1). 

d, ʥʤï1 
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ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʩʦʩʪʘʚʘ 

ʩʤʝʩʠ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ (ʧʨʠ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʟʦʮʠʤʘ), ʥʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʦʢʪʘʤʝʨʘ 

A, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʜʠʤʝʨʘ, ʪʝʪʨʘʤʝʨʘ ʠ ʛʝʢʩʘʤʝʨʘ, ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʄʋʈʈ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ 

ʧʨʦʛʨʘʤʤʝ CRYSOL, ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ.3.12ʘ. ɼʘʥʥʳʝ ʙʳʣʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ OLIGOMER ʢʘʢ ʩʫʤʤʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪ.ʝ. ʘʪʦʤʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʥʦʤʝʨʦʚ, 

ʜʠʤʝʨʦʚ, ʪʝʪʨʘʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ ʣʠʟʦʮʠʤʘ (ʈʠʩ.3.12ʙ). 

ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʄʋʈʈ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʦʣʠʛʦʤʝʨʦʚ, ʩʦʚʧʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ. 

 

ʈʠʩ.3.12 ï ʘ) ï ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʄʋʈʈ ʦʪ ʩʪʨʫʢʪʫʨ ʣʠʟʦʮʠʤʘ ï  ʤʦʥʦʤʝʨ 

(ʯʝʨʥʳʡ), ʜʠʤʝʨ (ʢʨʘʩʥʳʡ), ʪʝʪʨʘʤʝʨ (ʩʠʥʠʡ) ʠ ʦʢʪʘʤʝʨ (ʟʝʣʝʥʳʡ) ï 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ CRYSOL; ʙ)ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʨʘʩʩʝʷʥʠʷ (ʪʦʯʢʠ) ʠ ʤʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ (ʣʠʥʠʠ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʦʥʦʤʝʨʦʚ, ʜʠʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ, ʧʦʢʘʟʘʥʥʦʡ ʚ ʊʘʙʣ. 3.1, ʚ 

ʧʨʦʛʨʘʤʤʝ OLIGOMER: 1 ï 10ÁC, 2 ï 25ÁC, and 3 ï 35ÁC. ʂʨʠʚʳʝ ʩʤʝʱʝʥʳ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʜʣʷ ʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

 

ɺ ʊʘʙʣ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 10, 25, 35ÁC. 

ʇʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʷʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʠʟʦʮʠʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaCl 

[445] ʪʘʢ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʙʝʣʢʘ ʠ ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ 
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ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [446]. ʇʝʨʚʘʷ 

ʪʦʯʢʘ (T = 10ÁC) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʩʪʫ, ʚʪʦʨʘʷ ʪʦʯʢʘ (T = 25ÁC) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ, ʛʜʝ ʨʦʩʪ ʧʦʜʘʚʣʷʝʪʩʷ, ʠ ʪʨʝʪʴʷ (T = 35ÁC) ï ʦʙʣʘʩʪʠ, ʛʜʝ 

ʨʦʩʪ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʩʝ. 

ʊʘʙʣ. 3.1 ï ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ 

ʠ ʠʭ ʦʣʠʛʦʤʝʨʦʚ (ʪʠʧ ɸ), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʨʠʚʳʭ ʄʋʈʈ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʣʠʟʦʮʠʤ (40 ʤʛ/ʤʣ) ʩ ʦʩʘʜʠʪʝʣʝʤ (25 ʤʛ/ʤʣ). 

ʊʠʧ ʢʣʘʩʪʝʨʘ 
ʂʦʥʮʝʥʪʨʘʮʠʷ, % 

ʊ = 10ʦʉ ʊ = 25ʦʉ ʊ = 35ʦʉ 

ʄʦʥʦʤʝʨ 83Ñ4 95Ñ4 97.9Ñ0.6 

ɼʠʤʝʨ 8Ñ4 1Ñ4 0Ñ0 

ʊʝʪʨʘʤʝʨ 0Ñ0 0Ñ0 0Ñ0 

ɻʝʢʩʘʤʝʨ 0Ñ0 0Ñ0 0Ñ0 

ʆʢʪʘʤʝʨ 8.8Ñ1.0 3.8Ñ1.0 2.1Ñ0.3 

ɢ2 3.2 2.2 1.6 

 

ʇʦʩʢʦʣʴʢʫ ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʷʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʘ ʬʦʨʤʫ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ 

ʜʦʣʞʝʥ ʚʣʠʷʪʴ ʵʬʬʝʢʪ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʜʦʣʷ 

ʘʛʨʝʛʘʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʘ ʦʪʣʠʯʘʪʴʩʷ ʚ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʪ ʠʭ ʨʝʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʆʜʥʘʢʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠ ʠʟʫʯʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʚ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ, ʘ ʥʝ ʠʭ ʘʙʩʦʣʶʪʥʳʡ 

ʩʦʩʪʘʚ. ʕʬʬʝʢʪ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʫʩʣʦʞʥʷʪʴ 

ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʚ ʢʨʠʚʳʭ 

ʨʘʩʩʝʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ ʧʨʠ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʈʠʩ.3.7). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ (~ 17 ʥʤ) ʙʳʣʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 6 ʨʘʟ ʙʦʣʴʰʝ 

ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʩʘʤʠʭ ʤʦʣʝʢʫʣ (~ 3 ʥʤ). ɺʜʦʙʘʚʦʢ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʦʩʘʜʠʪʝʣʷ ʤʦʣʷʨʥʘʷ ʜʦʣʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ (ʤʦʥʦʤʝʨʦʚ, ʜʠʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ) 

ʙʳʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ. 
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ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʭʘʨʘʢʪʝʨʝ 

ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʨʠʠ ʨʘʩʪʚʦʨʦʚ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʮʝʣʴʶ ʧʨʠʚʝʜʝʥʠʷ 

ʢʨʠʚʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢ ʥʫʣʝʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʘʜʝʢʚʘʪʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʠʚʝʜʝʪ ʢ ʫʭʦʜʫ ʦʪ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʩʤʝʩʠ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ɢ2 ʜʣʷ ʢʨʠʚʳʭ ʄʋʈʈ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1.6 ʜʦ 3.2 (ʩʤ. ʊʘʙʣ. 3.1). ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ɢ2 ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠ 

ʨʘʩʭʦʞʜʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʫʛʣʦʚ. ʇʨʠ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʯʠʩʣʦ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʣʦʩʴ ʠʟ-ʟʘ ʠʭ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʜʘʣʦ ʦʩʣʘʙʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ (ʈʠʩ.3.9). ɺʣʠʷʥʠʝ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʘʛʨʝʛʘʪʦʚ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʦʩʮʠʣʣʷʮʠʡ ʚ ʦʙʣʘʩʪʠ ɻʠʥʴʝ ʥʘ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ. ɼʘʥʥʳʡ ʬʝʥʦʤʝʥ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʜʦʧʫʱʝʥʠʝ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʜʥʘʢʦ ʵʪʦʪ 

ʵʬʬʝʢʪ ʪʘʢʞʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ɢ2 ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʛʨʝʛʘʪʦʚ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʘʛʨʝʛʘʪʦʚ ʧʦʨʷʜʢʘ 20-30%. ʆʜʥʘʢʦ ʛʣʘʚʥʦʡ ʮʝʣʴʶ 

ʷʚʣʷʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʘ ʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʨʝʛʘʪʦʚ, ʠ ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʝʣʢʘ. ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʄʋʈʈ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʣʠʟʦʮʠʤʘ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʄʋʈʈ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʦʢʪʘʤʝʨʦʚ, ʧʦʢʘʟʘʣ ʧʨʠʩʫʪʩʪʚʠʝ 
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ʜʠʤʝʨʦʚ ʠ ʦʢʪʘʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʚ ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʧʦʤʠʤʦ ʤʦʥʦʤʝʨʦʚ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʦʣʠʛʦʤʝʨʦʚ, ʥʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʷ ʪʝʪʨʘʤʝʨʦʚ ʠ ʛʝʢʩʘʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʤʝʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠʟ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʢʦʣʠʯʝʩʪʚʦ ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʫʤʝʥʴʰʘʣʦʩʴ ʠ ʩʪʘʥʦʚʠʣʦʩʴ ʩʨʘʚʥʠʤʳʤ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʘʨʥʳʤ ʢʣʘʩʪʝʨʦʤ, 

ʦʙʨʘʟʫʶʱʠʤ ʢʨʠʩʪʘʣʣ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʙʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʦʩʴʤʠ 

ʤʦʣʝʢʫʣ ʣʠʟʦʮʠʤʘ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ 

ʦʣʠʛʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

3.3.3. ʆʣʠʛʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ɸʥʘʣʦʛʠʯʥʳʝ, ʦʧʠʩʘʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ (ʄʋʈʅ), ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʩʪʘʥʮʠʷʭ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ. ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʭ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ï ʚ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ 

ʧʦʤʠʤʦ ʤʦʥʦʤʝʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʠ ʦʢʦʣʦ 3-4 % 

ʦʢʪʘʤʝʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʚʦʜʥʦʡ ʊʘʙʣ. 3.2. 

ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ 

ʤʝʪʦʜʦʤ ʄʋʈʅ (ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʤʝʨʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ ʧʨʝʚʳʰʘʝʪ 

9%), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʦʢ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʠ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 
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ʊʘʙʣ. 3.2 ï ʆʣʠʛʦʤʝʨʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʦʩʘʜʠʪʝʣʷ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

 

 ɘɚəɚɘɑɜ ɐɔɘɑɜ ɞɑɞɜɌɘɑɜ ɏɑɖɝɌɘɑɜ ɚɖɞɌɘɑɜ 

 

 

 

 

 

 

ʀʂ ʈɸʅ 

(ɸʄʋʈ-ʂ) 
96.2 1.9 0.0 0.0 2.9 

ʂʂʉʅʀ 

(ɼʀʂʉʀ) 
95.2 1.0 0.0 0.0 3.8 

ESRF 

(BioSAXS) 
90.6 6.3 0.0 0.0 3.1 

ʀɹʈ-2*  

(YuMO) 
88.8 1.4 0.0 0.0 9.6*  

ʉʙʝʣʢʘ = 40 ʤʛ/ʤʣ, ʉNaCl = 40 ʤʛ/ʤʣ, ʪʝʤʧʝʨʘʪʫʨʘ 20ÁC, NaAc ʙʫʬʝʨ, pH = 4.5  

 

*ʈʘʩʪʚʦʨʠʪʝʣʴ - D2O 
 

ʀʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʣʠʟʦʮʠʤʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

ʚʳʜʝʣʠʪʴ ʦʢʪʘʤʝʨʳ ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ 

ʤʦʜʝʣʝʡ ʦʢʪʘʤʝʨʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠʚʦʜʠʣʦ 

ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʦʢʪʘʤʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ 

ʦʙʲʷʩʥʝʥʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʫʛʠʭ ʦʣʠʛʦʤʝʨʦʚ, 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʣʠʟʦʮʠʤʘ. 
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3.4. ʆʇʈɽɼɽʃɽʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ɼʆʃʀ ʆʂʊɸʄɽʈʆɺ ʆʊ ʂʆʅʎɽʅʊʈɸʎʀʀ ɹɽʃʂɸ ʀ 

ʊɽʄʇɽʈɸʊʋʈʓ 

ʄʝʪʦʜʦʤ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ 

ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ (Cp) ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦʜʘ (ʅ2ʆ). ʆʧʠʩʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʈʘʟʜʝʣʝ 3.4.1. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ (D2O) 

ʤʝʪʦʜʦʤ ʄʋʈʅ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Cp = 40, 20 ʠ 10 ʤʛ/ʤʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʦʩʘʜʠʪʝʣʷ ʠ ʙʝʟ ʥʝʛʦ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10, 20 ʠ 30ÜC. ʇʦʤʠʤʦ 

ʦʞʠʜʘʝʤʳʭ ʤʦʥʦʤʝʨʦʚ ʙʝʣʢʘ, ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ Cp ʠ 

ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʤʝʨʳ ʠ 

ʦʢʪʘʤʝʨʳ. ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʪʘʤʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ 

ʩʥʠʞʝʥʠʝ Cp ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʢʪʘʤʝʨʦʚ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʦʩʘʜʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʤʦʥʦʤʝʨʳ ʠ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʜʠʤʝʨʦʚ. ʆʧʠʩʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʈʘʟʜʝʣʝ 3.4.2. 

ʄʝʪʦʜʦʤ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ 

ʣʠʟʦʮʠʤʘ ʚ ʪʷʞʝʣʦʡ ʚʦʜʝ (D2O) ʚ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Cp. ɺ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘʨʷʜʫ ʩ ʤʦʥʦʤʝʨʘʤʠ ʣʠʟʦʮʠʤʘ ʦʙʥʘʨʫʞʝʥʳ 

ʜʠʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ, ʧʨʠʯʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Cp ʩʦʜʝʨʞʘʥʠʝ ʦʢʪʘʤʝʨʦʚ 

ʚʦʟʨʘʩʪʘʝʪ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʚ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʳʯʥʦʡ ʚʦʜʳ (H2O) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘʤʝʥʘ H2O ʥʘ D2O ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʢʪʘʤʝʨʦʚ ʧʨʠ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʧʠʩʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʈʘʟʜʝʣʝ 3.4.3. 
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3.4.1. ɿʘʚʠʩʠʤʦʩʪʴ ʚ ʅ2ʆ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄʋʈʈ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ çʝʜʠʥʠʮ ʨʦʩʪʘè ʙʝʣʢʦʚʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʘʭ ʣʠʟʦʮʠʤʘ ʤʝʪʦʜʦʤ ʄʋʈʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʀ, 

ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʪʘʥʮʠʠ BM29 BioSAXS ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ). 

ʆʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʚʦʨʦʚ, ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʦ ʚ ʈʘʟʜʝʣʝ 2.3, ɻʣʘʚʳ 2. 

ʄʝʪʦʜʠʢʠ ʄʋʈʈ-ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʩʪʘʥʮʠʠ BM29@ESRF ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʈʘʟʜʝʣʝ 2.4.1, ɻʣʘʚʳ 2). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʂʨʠʚʳʝ ʄʋʈʈ ʦʪ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠ 

ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10, 20, 30Áʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.3.13. 

 

ʈʠʩ.3.13 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʋʈʈ (ʪʦʯʢʠ) ʠ 

ʤʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ (ʣʠʥʠʠ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ POLYMIX, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 10 (1), 20 (2), 30 Áʉ (3) ʦʪ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ 20 (ʘ), 40 (ʙ), 60 ʤʛ/ʤʣ (ʚ) ʠ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20 ʠ 25 (ʛ), 40 ʠ 25 (ʜ), 

60 ʠ 25 ʤʛ/ʤʣ (ʝ). ʂʨʠʚʳʝ ʩʤʝʱʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 
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ʅʘ ʢʨʠʚʳʭ ʨʘʩʩʝʷʥʠʷ ʦʪ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ (ʈʠʩ.3.13, ʘ ï ʚ) ʚʠʜʥʦ 

ʚʣʠʷʥʠʝ ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ (20, 40, 60 ʤʛ/ʤʣ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ 

ʦʩʘʜʠʪʝʣʷ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʨʘʩʩʝʷʥʠʷ (ʈʠʩ.3.13, ʛ ï ʝ): ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ, ʚʣʠʷʥʠʝ ʤʝʞʯʘʩʪʠʯʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʘʛʨʝʛʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ. 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʨʘʩʩʯʠʪʘʥʦ ʦʙʲʝʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ POLYMIX (ʈʠʩ.3.14, ʊʘʙʣ. 3.3). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʭʦʨʦʰʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʤʦʜʝʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʚʦ ʚʩʝʤ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠ 

ʠʤʝʶʪ ʥʝʚʷʟʢʫ ɢ2 ʚ ʜʠʘʧʘʟʦʥʝ 0.9 ï 1.7. ʅʘ ʈʠʩ.3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʫʯʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʜʣʷ ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ (ʘ) ï (ʚ) ʠ 

ʙʝʣʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʩʘʜʠʪʝʣʷ (ʛ) ï (ʝ). 

ɺʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʘ ʙʝʟ ʦʩʘʜʠʪʝʣʷ, ʠʤʝʶʪ 

ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʫʩʦʚ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ 15 ï 20 ¡, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʜʠʫʩʫ ʤʦʥʦʤʝʨʘ ʣʠʟʦʮʠʤʘ. ʅʦ ʥʘ ʈʠʩ.3.14 (ʚ) ʥʘ ʢʨʠʚʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ 60 ʤʛ/ʤʣ ʧʦʤʠʤʦ 

ʤʘʢʩʠʤʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʜʠʫʩʫ ʤʦʥʦʤʝʨʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʳʡ 

ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʘʩʪʠʮʘʤ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʩ ʨʘʜʠʫʩʦʤ ʦʢʦʣʦ 

8 - 10 ¡, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʧʣʦʪʥʦʩʪʠ ʚ ʙʫʬʝʨʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʙʝʣʢʘ ʦʩʘʜʠʪʝʣʷ ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ 

ʯʘʩʪʠʮʳ ʩ ʨʘʜʠʫʩʦʤ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 35 ¡, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʣʠʛʦʤʝʨʥʳʤ 

ʯʘʩʪʠʮʘʤ ʙʝʣʢʘ ʣʠʟʦʮʠʤʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ OLIGOMER ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʣʠʛʦʤʝʨʦʚ (ʈʘʟʜʝʣ 3.2). ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʚʳʜʝʣʝʥʳ ʦʢʪʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ 
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ʜʠʤʝʨʳ, ʪʝʪʨʘʤʝʨʳ ʠ ʛʝʢʩʘʤʝʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩ.3.15 ʠ ʚ ʊʘʙʣ. 3.4 ʜʣʷ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʣʢʘ. 

 

ʈʠʩ.3.14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʘʭ ʣʠʟʦʮʠʤʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ 20 (ʘ), 40 (ʙ), 60 ʤʛ/ʤʣ (ʚ) ʠ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20 ʠ 25 (ʛ), 40 ʠ 25 (ʜ), 

60 ʠ 25 ʤʛ/ʤʣ (ʝ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10 (1), 20 (2), 30Áʉ (3). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʥʦʤʝʨʳ, ʜʠʤʝʨʳ ʠ ʦʢʪʘʤʝʨʳ. 

ʊʝʪʨʘʤʝʨʳ ʠ ʛʝʢʩʘʤʝʨʳ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 
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ʨʘʥʝʝ ʚ ʈʘʟʜʝʣʘʭ 3.3.1, 3.3.2. ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʝʥ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʦʢʪʘʤʝʨʦʚ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ (ʈʠʩ.3.16). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʤʝʨʦʚ ʨʘʩʪʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ. 

ʊʘʙʣ. 3.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʘʭ ʣʠʟʦʮʠʤʘ ʧʨʠ 

ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
 

ʉ, ʤʛ/ʤʣ ʊ, Áʉ ɹʝʣʦʢ ʙʝʟ ʦʩʘʜʠʪʝʣʷ* ɹʝʣʦʢ ʩ ʦʩʘʜʠʪʝʣʝʤ 

ʈʘʜʠʫʩ ʯʘʩʪʠʮ, ¡ ɢ2 ʈʘʜʠʫʩ ʯʘʩʪʠʮ*, ¡ ɢ2 

20 30 17.4 Ñ 2.0 1,4 17.3 Ñ 1.2 1,0 
    

31.5 Ñ 2.0 
 

 
20 17.6 Ñ 1.6 2,9 17.1 Ñ 0.7 1,4 

    
32.0 Ñ 2.0 

 

 
10 17.5 Ñ 2.0 1,7 17.4 Ñ 1.5 0,8 

    
32.0 Ñ 2.0 

 

40 30 17.3 Ñ 1.7 3,4 17.1 Ñ 1.6 1,5 
    

32.0 Ñ 2.0 
 

 
20 17.4 Ñ 1.8 4,3 16.6 Ñ 1.2 1,5 

    
32.0 Ñ 2.0 

 

 
10 17.6 Ñ 2.0 6,0 17.7 Ñ 0.9 2,5 

    
33.7 Ñ 2.0 

 

60 30 17.4 Ñ 2.0 4,8 17.0 Ñ 1.2 1,5 
    

32.0 Ñ 2.0 
 

 
20 17.5 Ñ 2.0 6,9 16.8 Ñ 1.5 2,0 

    
32.0 Ñ 2.0 

 

 
10 17.9 Ñ 2.0 15,2 17.5 Ñ 2.0 5,2 

    
35.8 Ñ 2.0 

 

ʇʨʠʤʝʯʘʥʠʝ. * ʇʝʨʚʘʷ ʮʠʬʨʘ (ʤʝʥʴʰʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʥʦʤʝʨʘʤ/ʜʠʤʝʨʘʤ, ʚʪʦʨʘʷ (ʙʦʣʴʰʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮ) ï ʦʢʪʘʤʝʨʘʤ. 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʦʩʘʜʠʪʝʣʝʤ 

ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚʦ ʚʩʝʤ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ 

ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʦʩʘʜʠʪʝʣʷ ʤʦʜʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝ 

ʧʦʟʚʦʣʷʣʠ ʧʨʠʙʣʠʟʠʪʴ ʥʘʯʘʣʴʥʳʝ ʯʘʩʪʠ ʢʨʠʚʳʭ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ʤʝʞʯʘʩʪʠʯʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʢʦʪʦʨʳʡ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

(ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪʢʠʭ 
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ʩʬʝʨ, ʤʦʛʫʪ ʥʝ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʵʬʬʝʢʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʩʣʫʯʘʝ 

ʥʝʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʥʘʯʝʥʠʷ ʥʝʚʷʟʢʠ ʦʢʘʟʘʣʠʩʴ 

ʚʳʩʦʢʠʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʤʦʥʦʤʝʨʳ. 

 

ʈʠʩ.3.15 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʋʈʈ (ʪʦʯʢʠ) ʠ 

ʤʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ (ʣʠʥʠʠ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ OLIGOMER, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 10 (1), 20 (2), 30Áʉ (3) ʦʪ ʨʘʩʪʚʦʨʦʚ ʣʠʟʦʮʠʤʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ 20 (ʘ), 40 (ʙ), 60 ʤʛ/ʤʣ (ʚ) ʠ ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʝʣʢʘ ʠ ʦʩʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20 ʠ 25 (ʛ), 40 ʠ 25 (ʜ), 

60 ʠ 25 ʤʛ/ʤʣ (ʝ). ʂʨʠʚʳʝ ʩʤʝʱʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

 

ʊʘʙʣ. 3.4 ï ʆʙʲʝʤʥʳʝ ʜʦʣʠ ʦʣʠʛʦʤʝʨʦʚ, ʢʘʯʝʩʪʚʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʤʝʩʴʶ ʦʣʠʛʦʤʝʨʦʚ ɢ2 ʠ ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ Rg, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʫʯʘʩʪʢʫ ʢʨʠʚʳʭ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʙʝʣʢʘ ʩ ʦʩʘʜʠʪʝʣʝʤ ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
 

ʉ, 

ʤʛ/ʤʣ  

ʊ, Áʉ ɹʝʣʦʢ ʩ ʦʩʘʜʠʪʝʣʝʤ  ɹʝʣʦʢ ʙʝʟ 

ʦʩʘʜʠʪʝʣʷ* 

ʄʦʥʦʤʝʨ  ɼʠʤʝʨ  ʊʝʪʨʘʤʝʨ  ʆʢʪʘʤʝʨ  ɢ2 Rg, ¡ ɢ2 Rg, ¡ 

20 30 96.1 Ñ 0.3 2.5 Ñ 0.2 0.0 Ñ 0.0 1.4 Ñ 0.1 0.81 19.24 19.83 14.33 
 

20 92.7 Ñ 0.4 5.8 Ñ 0.2 0.0 Ñ 0.0 1.5 Ñ 0.1 0.87 19.65 19.94 14.34 
 

10 87.3 Ñ 0.4 9.8 Ñ 0.2 0.0 Ñ 0.0 2.9 Ñ 0.1 1.23 22.04 19.37 14.34 
















































































































































































































































































































