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ɸʅʆʊɸʎɯʗ 

ʂʦʩʪʝʮʴʢʠʡ ɸ. ʆ. ʌʦʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʥʦʛʦ 

ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. ï  ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 104 çʌʽʟʠʢʘ ʪʘ ʘʩʪʨʦʥʦʤʽʷè ï ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ɸʢʘʜʝʤʽʾ ʅʘʫʢ ʋʢʨʘʾʥʠ. ï ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʣʘʩʪʝʨʥʦʛʦ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʧʨʠʨʦʜʥʦʛʦ ʽ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʦʧʪʠʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʢʚʘʥʪʘʤʠ ʩʚʽʪʣʘ ʚʠʜʠʤʦʛʦ ʪʘ UV-

ʜʽʘʧʘʟʦʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʪʫʨʠ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʧʦʢʘʟʘʣʠ ʱʦ ʜʣʷ ʤʝʣʘʥ̔ ʥʫ ʭʘʨʘʢʪʝʨʥʘ 

ʥʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʟʙʫʜʞʝʥʥʷ ʯʝʨʝʟ 

ʝʢʩʠʪʦʥʠ ʌʨʝʥʢʝʣʷ (EF) ʪʘ ʉʊ ʝʢʩʠʪʦʥʠ (ʉʊɽ), ʱʦ ʢʦʨʝʣʶʻ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ.  ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʪʥʠʭ 

(PL) ʩʝʥʩʦʨʽʚ. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʰʦ ʩʧʝʢʪʨʠ ʽ ʜʠʥʘʤʽʢʘ ʟʘʪʫʭʘʥʥʷ PL ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʤʝʣʘʥʽʥʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʜʽʙʥʽ ʚ 

ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ. ɼʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ʏʠʤ 

ʜʦʚʰʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ, ʪʠʤ ʙʽʣʴʰʦʶ ʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʣʷ 

ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ PL. 

ɼʦʩʣʽʜʞʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ PL ʤʝʣʘʥʽʥʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ 

ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʤʦʞʣʠʚʽ ʷʢ ʧʝʨʝʜʜʠʤʝʨʥʽ, ʪʘʢ ʽ ʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʝʢʦʚʦʾ ʫʧʘʢʦʚʢʠ ʭʨʦʤʦʬʦʨʽʚ. ʇʝʨʝʜʜʠʤʝʨʥʽ ʪʘ ʜʠʤʝʨʥʽ 



ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʦʥʦʤʝʨʥʝ, ʝʢʩʠʤʝʨʥʝ (ʝʢʩʠʧʣʝʢʩʥʝ) ʪʘ 

ʜʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʩʧʝʢʪʨʘʭ PL. ɼʝʷʢʽ ʩʤʫʛʠ ʩʧʝʢʪʨʽʚ PL ʤʝʣʘʥʽʥʫ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʚʦʜʷʪʴʩʷ ʷʢ ʝʢʩʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʽ 

ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʫʜʥʦʱʽʚ ʟʙʣʠʞʝʥʥʷ 

ʤʦʣʝʢʫʣ ʱʦ ʫʪʚʦʨʶʶʪʴ ʝʢʩʠʤʝʨ, ʟʥʠʢʘʻ ʝʢʩʠʤʝʨʥʘ PL, ʧʦʚôʷʟʘʥʘ ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʤʠ ʩʪʘʥʘʤʠ (ʩʤʫʛʠ PL ʧʨʠ 600 ʽ 680 ʥʤ), ʘ ʟ ʜʠʤʝʨʥʠʭ - 

ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʤʘʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʞʠʪʪʷ. ʊʘʢʦʞ, ʫ ʩʧʝʢʪʨʘʭ PL 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʤʫʛʫ 525 ʥʤ, ʷʢʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʟʥʠʢʘʻ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(4,2 ʂ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʫ ʪʘ ʩʠʣʴʥʦʶ 

ʣʦʢʘʣʽʟʘʮʽʻʶ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʜʚʦʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʘʭ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʨʦʟʜʽʣʝʥʽ ʚ ʯʘʩʽ (TRES) ʩʧʝʢʪʨʠ PL 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ (ʇɸʈ) SDBS ʪʘ ʧʦʣʽʤʝʪʠʥʦʚʠʤ ʙʘʨʚʥʠʢʦʤ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ. ʇʦʢʘʟʘʥʦ,  ʱʦ  ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʟʘʪʫʭʘʥʥʷ PL ʜʦʙʨʝ 

ʦʧʠʩʫʶʪʴʩʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʫ 

ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʢʘ 

ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ PL ʤʘʻ ʜʚʦʢʦʤʧʦʥʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʰʚʠʜʢʠʤʠ ʪʘ 

ʧʦʚʽʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ PL 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʇɸʈ 

SDBS ʪʘ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ CT ʢʦʤʧʣʝʢʩʽʚ (ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ), ʥʘʥʦʘʛʨʝʛʘʮʽʶ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, ʜʦʩʣʽʜʞʝʥʦ ʯʘʩʠ ʞʠʪʪʷ ʝʢʩʠʪʦʥʽʚ, 

ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʝʣʘʥʽʥʫ. ɿʦʢʨʝʤʘ,  ʚʩʪʘʥʦʚʣʝʥʦ,  ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʤʠ ʩʪʘʥʘʤʠ ʤʝʣʘʥʽʥʫ ʽʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʉʊ ʢʦʤʧʣʝʢʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʪʫʭʘʥʥʷ ʝʢʩʠʤʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 



ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ ʫ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ. 

ʊʦʙʪʦ, ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ CT ʢʨʠʩʪʘʣʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ TRES ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (296 ʪʘ 4.2 

K), ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ PL ʤʝʣʘʥʽʥʫ ʧʽʜ ʯʘʩ 

ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ EF (390-500 ʥʤ) 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʭʨʦʤʦʬʦʨʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʩʧʨʷʞʝʥʥʷ, 

ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʠʩʢ ʪʘ ʉʊɽ, ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚʩʝʨʝʜʠʥʽ ʜʚʦʭ 

ʘʙʦ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 50ï180 ʧʩ ʚ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢ EF, ʪʘʢ ʽ ʉʊɽ ʤʦʞʫʪʴ ʙʝʟʙʘʨ'ʻʨʥʦ ʘʚʪʦʣʦʢʘʣʽʟʫʚʘʪʠʩʷ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʧʽʢʦʩʝʢʫʥʜʥʦʶ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʘʢʮʝʧʪʦʨʦʤ 

ʝʣʝʢʪʨʦʥʽʚ TNF, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʘʭ, ʜʦʩʣʽʜʞʝʥʦ ʾʭ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɸʥʘʣʽʟ TRES ʩʧʝʢʪʨʽʚ PL ʤʝʣʘʥʽʥʫ ʟ TNF ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ PL 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʰʚʠʜʢʫ ʽ ʧʦʚʽʣʴʥʫ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʄʠʪʪʻʚʽ 

ʩʧʝʢʪʨʠ ʰʚʠʜʢʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 3-ʭ ʩʤʫʛ, ʷʢʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʯʘʩʠ 

ʞʠʪʪʷ PL, ʘʣʝ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ʟʙʫʜʞʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦ ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʝʢʩʠʪʦʥʥʽ ʧʨʦʮʝʩʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʥʝ.ʾ 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥʫ ʟ 

ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ PCBM. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ PL 

ʤʦʣʝʢʫʣ PCBM ʤʝʣʘʥʽʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ 

PCBM ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ CT ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ 

ʪʘ PCBM, ʚʠʥʠʢʥʝʥʥʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ 

ʮʠʭ ʧʝʨʝʭʦʜʽʚ.  
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SUMMARY  

Kostetskyi A.O. Photoelectronic properties of melanin nanocluster 

biopolymer and composites based on it - Manuscript. 

Thesis for the degree of Doctor of Philosophy, specialty 104 "Physics and 

Astronomy" - Institute of Physics of the National Academy of Sciences of Ukraine. - 

Kyiv, 2021. 

The thesis is devoted to the investigation of photoelectronic properties of 

structured biopolymer of melanin of natural and synthetic origin and composites 

based on them using optical spectroscopy methods, under excitation by light in 

visible and UV ranges. 

Research of the molecular structure of melanin solutions and composites 

based on it have shown that melain is characterized by a nanocluster model, which 

implements a collective model of excitation through Frenkel excitons (EF) and CT 

excitons (CTE), which correlates with previous studies. The results of these studies 

can be used in molecular electronics, in particular to sensitize photoluminescent (PL) 

sensors. 

It was shown that the spectra and dynamics of PL decay of the studied 

synthetic and natural melanins at room temperature are similar in many respects. For 

melanin nanoclusters, there is a strong dependence of the radiation wavelength on 

the excitation wavelength. The longer the wavelength of the exciting light, the 

greater the wavelength for the maximum of the PL band. 



The temperature dependence of PL melanin was studied. It is shown that both 

pre-dimeric and dimeric structures characteristic of stack packing of chromophores 

are possible in melanin solutions. Pre-dimeric and dimeric structures can generate 

monomeric, excimeric (exciplexic) and dimeric radiation in the PL spectra. Some 

bands of the PL spectra of melanin behave like excimer radiation depending on the 

temperature. As the temperature decreases due to structural difficulties in the 

convergence of the excimer molecules, the excimer PL associated with the 

predimeric states (PL bands at 600 and 680 nm) disappears, and with the dimeric 

ones it remains and has a very short lifetime. Also, in the PL spectra of molecular 

solutions of melanin, a band of 525 nm can be distinguished, which is observed at 

room temperature and disappears at low temperatures (4.2 K). This is due to the 

presence of a potential barrier and the strong localization of the excited state on two 

molecular disks.  

Steady-state and time-resolved emission spectra (TRES) of natural and 

synthetic melanin, as well as melanin composites with surfactant SDBS and 

polymethine dye astrafloxin were investigated. It is shown that the kinetic of PL 

decay curves are well described by a two-exponential function with PL lifetimes in 

the picosecond and nanosecond ranges. Thus, the dynamics of the PL decay curves 

has a two-component structure with fast and slow components. 

As a result of spectral and kinetic studies of PL of natural and synthetic 

melanin, as well as melanin composites with surfactants SDBS and astrafloxin, it 

was concluded that the possibility of formation of intermolecular complexes with 

charge transfer (CT), nanoaggregation and formation of CT states, researched 

exciton lifetimes, energy structure of melanin. In particular, it was found that 

interacting with the pre-dimeric states of melanin with the above components, 

intermolecular CT complexes are formed. As a result of this interaction, the decay 

of excimer radiation and the increasing in the radiation intensity of free excitons in 

melanin nanoclusters are observed. That it is shown that melanin belongs to the class 

of CT crystals. 



Based on the presented experimental data on the absorption and TRES spectra 

for melanin solutions at different temperatures (296 and 4.2 K), a model of the 

energy structure of the ground and excited states responsible for the optical 

properties of melanin was proposed. 

The energy diagram shows that in the PL spectra of melanin during optical 

excitation we can distinguish radiation of EF (390-500 nm) for one-dimensional 

polymer chromophores of melanin with different degrees of conjugation, which 

form a molecular disk and CTE delocalized within two or more molecular disks. 

Due to the delay time of 50ï180 ps in the kinetic curves, it is shown that both 

EF and CTE can be barrier-free autolocalized. 

Based on experimental data on absorption spectra and fluorescence 

spectroscopy with picosecond time resolution for aqueous solutions of melanin and 

melanin composites with electron acceptor TNF, the formation of a stable 

intermolecular complexes with CT in the ground and excited states have been 

concluded, its photoelectronic properties are investigated. 

The study of TRES spectra of melanin with TNF showed that in the PL spectra 

can be distinguished fast and slow components of emission. The instantaneous 

spectra of the fast component consist of 3 bands, which have similar PL lifetimes, 

but different nature of excitation, the energy structure and exciton processes 

responsible for it are established. 

The PL properties of melanin composite with PCBM electron acceptor were 

studied. It is shown the possibility of sensitization of PL molecules of PCBM by 

melanin due to physical and chemical absorption of PCBM molecules on their 

surface with the formation of CT complexes between melanin and PCBM molecules, 

the emergence of donor-acceptor interaction, the nature of these transitions is 

established. 

Keywords: natural melanin, synthetic melanin, aqueous solutions, molecular 

disks, nanoaggregation, photoluminescence, kinetic decay, timeïresolved 

photoluminescence, Frenkel excitons, CT excitons, autolocalized excitons, pre-

dimeric states, nanocluster model, intermolecular complexes with charge transfer. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʂʆʈʆʏɽʅʔ ʊɸ ʉʀʄɺʆʃɯɺ 

ɿʘʛʘʣʴʥʽ: 
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LUMO - ʥʘʡʥʠʞʯʘ ʥʝʟʘʧʦʚʥʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘ ʦʨʙʽʪʘʣʴ 

ʥʤ ï ʥʘʥʦʤʝʪʨ  

ʥʩ ï ʥʘʥʦʩʝʢʫʥʜʘ  

ʧʩ ï ʧʽʢʦʩʝʢʫʥʜʘ 

ɚ(PL), ɚem  - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL 

ɚex - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ PL 

EF ï ʝʢʩʠʪʦʥʠ ʌʨʝʥʢʝʣʷ 

CT ï ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ 
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IQ - 5,6-ʽʥʜʦʣʭʽʥʦʥ 

L-DOPA - L-3,4-ʜʠʛʽʜʨʦʢʩʠʬʝʥʽʣʘʣʘʥʽʥ 

TNF - 2,4,7-Trinitrofluorenone 

PCBM ï [6,6]-Phenyl-C61-butyric acid methyl ester 

C60 - ʬʫʣʝʨʝʥ 

 



ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʄʦʣʝʢʫʣʷʨʥʽ ʢʦʤʧʦʟʠʪʠ ʚ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʯʝʨʝʟ ʩʚʦʶ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʘʢʪʫʘʣʴʥʦʶ ʙʫʣʘ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ. ʆʜʥʠʤ ʽʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʣʘʩʽʚ ʩʝʥʩʦʨʽʚ ʻ ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ, ʟʦʢʨʝʤʘ ʣʶʤʽʥʝʩʮʝʥʪʥʽ 

ʩʝʥʩʦʨʠ. ʇʽʜ ʜʽʻʶ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘʢʠʡ ʩʝʥʩʦʨ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʩʚʦʾ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʥʘʚʽʪʴ ʤʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʜʘʥʦʤʫ ʩʝʥʩʦʨʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʥʘʥʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ 

ʢʨʘʱʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ.  

ʇʦʰʫʢ ʥʦʚʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʥʘʧʨʠʢʣʘʜ ʢʦʤʧʦʟʠʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ) ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʦʣʝʢʫʣʷʨʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, 

ʟʦʢʨʝʤʘ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʧʦʪʨʝʙʫʻ ˇʨʫʥʪʦʚʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʙʘʨʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ 

ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʟ ʥʘʥʦʚʠʤʽʨʥʦʶ ʨʝʯʦʚʠʥʦʶ ʫ ʢʦʤʧʦʟʠʪʽ.  

ɿʦʢʨʝʤʘ, ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʪʫ, ʚʧʣʠʚ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʪʦʱʦ. 

ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʦʩʪʘʪʦʯʥʦ ʱʝ ʥʝ ʚʠʟʥʘʯʝʥʘ, 

ʯʝʨʝʟ ʾʭ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ ʤʝʣʘʥʽʥ 

ʦʪʨʠʤʘʥʠʡ ʟ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʝʢʩʪʨʘʢʮʽʾ ʽ ʜʦʩʣʽʜʞʝʥʠʡ ʨʘʥʽʰʝ ʚ 

ʥʘʰʽʡ ʛʨʫʧʽ [1] ʩʭʦʞʠʡ ʜʦ Sʄ ʥʘ ʦʩʥʦʚʽ 5,6-ʽʥʜʦʣʭʽʥʦʥʦʚʠʭ ʤʦʥʦʤʝʨʽʚ [2]. 

ʉʪʨʫʢʪʫʨʘ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʪʘ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ, 



ʘ ʟʛʦʜʦʤ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [1, 3-5]. ʆʜʥʘʢ ʮʝ ʱʝ ʜʘʣʝʢʦ ʥʝ 

ʻ ʚʩʝʙʽʯʥʠʤ ʨʦʟʫʤʽʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ [6].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʰʫʢ ʘʛʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʝʣʘʥʽʥʘʤʠ, ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ 

ʤʝʣʘʥʽʥʽʚ. ʉʪʘʮʽʦʥʘʨʥʘ ʽ ʨʦʟʜʽʣʝʥʘ ʚ ʯʘʩʽ PL ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʠʪʠ ʤʦʥʦʤʝʨʥʝ, ʝʢʩʠʤʝʨʥʝ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʪʘ 

ʧʨʠʨʦʜʫ ʘʛʨʝʛʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ [6].  

ʄʝʣʘʥʽʥ ʧʨʦʷʚʣʷʻ ʭʽʤʽʯʥʫ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʷʜ ʢʣʶʯʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [7], ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʽʦʝʣʝʢʪʨʦʥʽʮʽ [8], ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ [9-11]. ʂʽʣʴʢʘ 

ʛʨʫʧ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʨʽʟʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ ʚ ʧʨʠʩʪʨʦʷʭ ʧʘʤ'ʷʪʽ, 

ʘʢʫʤʫʣʷʪʦʨʘʭ ʪʘ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʘʭ [12].  

 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʚʽʜʜʽʣʽ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʬʦʪʦʝʣʝʢʪʨʦʥʽʢʠ  ɯʥʩʪʠʪʫʪʫ ʬʽʟʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ ʚ 

ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʾ ʪʝʤʠ: 1.4. ɺ/186 "ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʚʠʤʽʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʨʠʩʪʘʣʽʚ" (2017-2021), ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U002610. 

 

ʄʝʪʘ ʨʦʙʦʪʠ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ  ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʩʘʤʧʝʨʝʜ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʮʽʾ, ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ 

ʧʨʠʨʦʜʥʦʛʦ ʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʱʦ ʾʭ 

ʟʫʤʦʚʣʶʶʪʴ, ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʤʫʛ PL ʪʘ ʯʘʩʽʚ 

ʞʠʪʪʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʝ ʩʚʽʯʝʥʥʷ. 



 ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʢʦʨʝʣʷʮʽʶ ʩʧʝʢʪʨʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ PL 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʝʚʦʣʶʮʽʾ ʩʧʝʢʪʨʽʚ 

ʩʪʘʮʽʦʥʘʨʥʦʾ PL, TRES, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʽ ʯʘʩʽʚ ʞʠʪʪʷ ʨʦʟʯʠʥʽʚ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (296 ʪʘ 4.2 K), ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʝʢʩʠʪʦʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ.  

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʨʦʟʜʽʣʝʥʠʭ ʚ ʯʘʩʽ 

ʩʧʝʢʪʨʽʚ PL ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʘ ʪʘʢʦʞ 

ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʢʦʤʧʣʝʢʩʘʮʽʾ, ʥʘʥʦʘʛʨʝʛʘʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ. 

- ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʠʥʘʤʽʢʠ 

ʝʢʩʠʪʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ. 

 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʯʠʥʠ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʧʨʠʨʦʜʥʦʛʦ ʽ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ ʤʝʭʘʥʽʟʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʢʚʘʥʪʘʤʠ 

ʩʚʽʪʣʘ UV-Vis ʜʽʘʧʘʟʦʥʫ. 

 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ, ʾʭ ʜʠʥʘʤʽʢʘ ʪʘ ʢʽʥʝʪʠʢʘ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ.  

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʧʦʛʣʠʥʘʥʥʷ, ʩʪʘʮʽʦʥʘʨʥʘ PL, 

ʩʧʝʢʪʨʦʩʢʦʧʽʷ PL ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ (TRES), ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʟʘʪʫʭʘʥʥʷ ʦʢʨʝʤʠʭ ʩʤʫʛ PL, ʯʘʩʽʚ ʞʠʪʪʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, 3D ʢʘʨʪʠ 

ʟʙʫʜʞʝʥʥʷ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (PLE), 3D ʢʘʨʪʠ TRES, ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ PL ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 



ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʝʨʰʝ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʰʦ ʩʧʝʢʪʨʠ ʽ ʜʠʥʘʤʽʢʘ ʟʘʪʫʭʘʥʥʷ PL ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʤʝʣʘʥʽʥʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʜʽʙʥʽ 

ʚ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ  

2. ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ, ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʽ ʯʘʩʽʚ ʞʠʪʪʷ 

ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (296 ʪʘ 4.2 K), ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʪʘ ʟʙʫʜʞʝʥʦʛʦ 

ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ, ʜʦʩʣʽʜʞʝʥʦ 

ʧʨʠʨʦʜʫ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ. 

3. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ TRES ʩʧʝʢʪʨʠ PL ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤʠ 

ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ - ʇɸʈ SDBS, ʧʦʣʽʤʝʪʠʥʦʚʠʤ ʙʘʨʚʥʠʢʦʤ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʪʘ ʘʢʮʝʧʪʦʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ TNF ʪʘ PCBM. ɺʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʨʦʜʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʤʽʞ ʥʠʤʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ 

ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʭʘʨʘʢʪʝʨʥʘ ʥʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʟʙʫʜʞʝʥʥʷ ʯʝʨʝʟ EF ʪʘ ʉʊɽ, ʱʦ ʢʦʨʝʣʶʻ 

ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʏʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʉʊɽ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ 

ʤʝʣʘʥʽʥʫ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʜʦ 

ʢʣʘʩʫ CT ʢʨʠʩʪʘʣʽʚ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ PL, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʦʢʨʝʤʠʭ ʩʤʫʛ PL ʽ ʯʘʩʽʚ 

ʞʠʪʪʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʨʦʟʰʠʨʶʻ ʥʘʷʚʥʽ 

ʟʥʘʥʥʷ ʧʨʦ ʡʦʛʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ ʥʘʜʯʫʪʣʠʚʠʭ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʪʥʠʭ ʩʝʥʩʦʨʽʚ. 



2. ɿʥʘʡʜʝʥʦ ʽ ʜʦʩʣʽʜʞʝʥʦ ʢʦʤʧʦʥʝʥʪʠ, ʟʜʘʪʥʠʭ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʝʣʘʥʽʥʘʤʠ, 

ʟʦʢʨʝʤʘ ʨʘʥʽʰʝ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʢʦʤʧʦʟʠʪʠ, ʚʠʚʯʝʥʥʷ ʷʢʠʭ ʤʘʻ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʤʝʣʘʥʽʥʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʤʦʞʣʠʚʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʘʡʙʫʪʥʴʦʤʫ [6].  

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʧʽʜʛʦʪʦʚʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʨʘʟʢʽʚ ʜʦ ʚʠʤʽʨʽʚ, ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ: 

ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ, ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʘ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʘ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʦʢʨʝʤʠʭ ʩʤʫʛ PL ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʯʘʩʽʚ ʞʠʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʜʦʙʫʚʘʯ ʙʨʘʚ ʘʢʪʠʚʥʫ 

ʫʯʘʩʪʴ ʚ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʚʠʙʦʨʽ ʦʙôʻʢʪʽʚ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ; 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ 

ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ɸʚʪʦʨ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ  

ʧʽʜʛʦʪʦʚʮʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʚʠʛʣʷʜʽ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʽ ʫʯʘʩʪʽ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʦʧʦʚʽʜʝʡ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

¶ Kostetskyi A.O., Piryatinski Yu.P., Verbitsky A.B., Lutsyk P.M., Rozhin A. 

G. Effect of the charge state on the photoluminescence spectra of melanin. XI 

International Conference "Electronic Processes in Organic and Inorganic 

Materialsò (ICEPOM-11) (21-25 May, 2018) Ivano-Frankivsk, Ukraine, 

p.119. 

¶ Kostetskyi A.O., Piryatinski Yu.P., Verbitsky A.B., Lutsyk P.M., Rozhin A. 

G. The Influence of Defects and Temperature on Photoluminescence of 

Nanostructured Melanin. XXIV Galyna Puchkovska International School-



Seminar "Spectroscopy of Molecules and Crystals" (XXIV ISSSMC) (25-30 

August) Odesa, Ukraine, p.111. 

¶ Kostetskyi A.O., Piryatinski Yu.P., Verbitsky A.B., Lutsyk P.M., Rozhin A. 

G. Dynamics Of Electron Transfer In Melanin-Trinitrofluorenone System. 

XII International Conference "Electronic Processes in Organic and Inorganic 

Materialsò (ICEPOM-12) (1-5 June, 2020) Kamianets-Podilskyi, Ukraine, p. 

120. 

¶ Kostetskyi A.O., Piryatinski Yu.P., Verbitsky A.B., Lutsyk P.M., Rozhin A. 

G. Photoluminescence of Melanine-based Nanocomposites with 

Polyvinylcarbazole and Fullerene Derivatives (PCBM). XXV Galyna 

Puchkovska International School Seminar "Spectroscopy of Molecules and 

Crystals" (XXV ISSSMC) (21-24 September, 2021) Kyiv,  Ukraine, p.43. 

 

ʇʫʙʣʽʢʘʮʽʾ 

ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 8 ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ 4 ʩʪʘʪʪʽ 

ʫ ʬʘʭʦʚʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ ʪʘ 4 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ 

ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʰʽʩʪʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. ɺʦʥʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 178 ʩʪʦʨʽʥʢʘʭ ʪʘ ʤʽʩʪʠʪʴ 66 ʨʠʩʫʥʢʽʚ, 

11 ʪʘʙʣʠʮ ɹʽ ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (261 ʥʘʡʤʝʥʫʚʘʥʴ). 

 ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ, ʟʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ, 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʤʝʪʘ ʪʘ ʩʪʘʚʣʷʪʴʩʷ ʟʘʜʘʯʽ ʜʣʷ ʾʾ ʜʦʩʷʛʥʝʥʥʷ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʟʨʦʙʣʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʩʪʘʥ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ 

ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ; ʥʘʚʝʜʝʥʽ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 



ʤʝʣʘʥʽʥʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ ʧʦʭʦʜʞʝʥʥʷ, ʩʠʥʪʝʟ, ʾʭ ʤʦʥʦʤʝʨʥʫ ʙʫʜʦʚʫ ʽ ʝʚʦʣʶʮʽʶ 

ʫʷʚʣʝʥʴ ʧʨʦ ʾʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʢʨʝʤʠʡ 

ʧʽʜʧʫʥʢʪ ʨʦʟʜʽʣʫ ʧʨʠʩʚʷʯʝʥʠʡ ʦʩʪʘʥʥʽʤ ʟʜʦʙʫʪʢʘʤ ʚ ʧʨʘʢʪʠʯʥʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʣʘʥʽʥʫ ʫ ʙʘʛʘʪʴʦʭ ʥʘʧʨʷʤʢʘʭ.  

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʚ ʨʦʙʦʪʽ.  

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʨʦʟʯʠʥʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʤʝʣʘʥʽʥʽʚ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤʠ 

ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ - ʇɸʈ SDBS ʽ ʧʦʣʽʤʝʪʠʥʦʚʠʤ ʙʘʨʚʥʠʢʦʤ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ, ʘ ʩʘʤʝ: ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ, ʩʪʘʮʽʦʥʘʨʥʦʾ PL, PL ʽʟ 

ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʦʢʨʝʤʠʭ ʩʤʫʛ PL, ʯʘʩʽʚ ʞʠʪʪʷ 

ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, 3D ʢʘʨʪʠ ʟʙʫʜʞʝʥʥʷ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (PLE), 3D ʢʘʨʪʠ 

TRES, ʚʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ PL ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʧʦʷʩʥʝʥʥʶ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʠʨʦʜʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ 

ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ  ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʘʥʦʢʣʘʩʪʝʨʥʫ ʤʦʜʝʣʴ ʽ ʧʨʠʨʦʜʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʦʩʥʦʚʥʦʛʦ ʪʘ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʣʘʥʽʥʫ, ʜʦʩʣʽʜʞʝʥʦ ʧʨʠʨʦʜʫ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ. ʊʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʧʦʷʩʥʝʥʦ ʢʽʥʝʪʠʢʫ PL ʪʘ ʨʦʟʜʽʣʝʥʫ ʚ ʯʘʩʽ PL ʤʝʣʘʥʽʥʫ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʢʦʤʧʣʝʢʩʘʮʽʾ, 

ʥʘʥʦʘʛʨʝʛʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʟʘʨʷʜʦʚʠʭ ʩʪʘʥʽʚ.  

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ 

ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ TNF, ʫʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 



ʩʪʽʡʢʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʘʭ, 

ʜʦʩʣʽʜʞʝʥʦ ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʋ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥʫ ʟ 

ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ PCBM. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ PL 

ʤʦʣʝʢʫʣ PCBM ʤʝʣʘʥʽʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ 

PCBM ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ CT ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ 

ʪʘ PCBM, ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʮʠʭ ʧʝʨʝʭʦʜʽʚ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ɿ ɺʃɸʉʊʀɺʆʉʊɽʁ ɹɯʆʇʆʃɯʄɽʈʋ 

ʄɽʃɸʅɯʅʋ ʈɯɿʅʆɻʆ ʇʆʍʆɼɾɽʅʅʗ 

ʆʩʢʽʣʴʢʠ ʟʘʨʘʟ ʜʦʩʠʪʴ ʛʦʩʪʨʦ ʩʪʦʷʪʴ ʧʨʦʙʣʝʤʠ ʦʙʩʷʛʽʚ ʽ ʰʢʽʜʣʠʚʦʩʪʽ 

ʚʠʢʠʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘʙʨʶʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ, 

ʟʦʢʨʝʤʘ, ʚ ʨʦʟʚʠʪʢʫ çʟʝʣʝʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠè ʜʣʷ  ʪʦʛʦ,  ʱʦʙ  ʟʥʘʡʪʠ  ʢʦʤʧʨʦʤʽʩ 

ʤʽʞ ʟʨʦʩʪʘʶʯʠʤ ʧʦʧʠʪʦʤ ʥʘ ʝʥʝʨʛʽʶ, ʝʣʝʢʪʨʦʥʽʢʫ ʽ ʩʪʘʣʠʤ ʨʦʟʚʠʪʢʦʤ. ʉʶʜʠ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʪʽʡʢʽ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʩʪʨʦʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ, ʷʢʽ 

ʻ ʜʦʩʪʫʧʥʠʤʠ, ʥʝʪʦʢʩʠʯʥʠʤʠ, ʥʝʜʦʨʦʛʠʤʠ ʽ ʦʪʨʠʤʘʥʽ ʟ ʙʽʦʣʦʛʽʯʥʠʭ ʜʞʝʨʝʣ ʘʙʦ 

ʩʠʥʪʝʟʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ çʟʝʣʝʥʦʾè ʭʽʤʽʾ [13]. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʦʨʛʘʥʽʯʥʽ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʚ ʥʘʢʦʧʠʯʫʚʘʯʘʭ ʝʥʝʨʛʽʾ [14]. ʊʘʢʦʞ ʚʩʝ ʙʽʣʴʰʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʙʽʦʨʦʟʢʣʘʜʥʽ ʪʘ ʙʽʦʩʫʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ. ʏʝʨʝʟ ʭʽʤʽʯʥʫ ʪʘ ʬʽʟʠʯʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʝʚʽʜʦʤʽ [15]. ʂʣʶʯʦʚʠʤ 

ʨʽʰʝʥʥʷʤ ʦʙʦʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʟʘʧʠʪʽʚ  ̒ʨʦʟʚʠʪʦʢ ʙʽʦʤʽʤʝʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʙʝʨʫʯʠ ʧʨʠʢʣʘʜ ʚʽʜ ʧʨʠʨʦʜʠ, ʟʘʚʜʷʢʠ ʜʦʩʪʫʧʥʦʤʫ ʰʠʨʦʢʦʤʫ 

ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʦʜʽʚ [15, 16].  

ʆʜʥʠʤ ʟ̔ ʢʣʘʩʽʚ ʩʧʦʣʫʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʻ 

ʧʦʣʽʽʥʜʦʣʭʽʥʦʥʠ, ʟ ʷʢʠʭ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʻ ʧʦʣʽʜʦʬʘʤʽʥʠ ʽ ʤʝʣʘʥʽʥʠ, 

ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʧʦʭʽʜʥʠʭ. ʇʦʣʽʜʦʬʘʤʽʥ - ʮʝ ʧʦʣʽʤʝʨ, ʷʢʦʤʫ ʧʨʠʜʽʣʷʶʪʴ 

ʚʝʣʠʢʫ ʫʚʘʛʫ [8], ʪʦʜʽ ʷʢ ʤʝʣʘʥʽʥ ʻ ʙʽʣʴʰ ʚʽʜʦʤʠʡ ʷʢ ʧʽʛʤʝʥʪ ʰʢʽʨʠ ʣʶʜʠʥʠ 

[17, 18]. 

ʎʽ ʤʘʪʝʨʽʘʣʠ ʻ ʧʦʣʽʤʝʨʥʠʤʠ ʽ ʟʘʚʜʷʢʠ ʦʩʪʘʥʥʽʤ ʜʦʩʷʛʥʝʥʥʷʤ ʚʽʜʢʨʠʪʦ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʰʣʷʭʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʛʥʫʯʢʠʭ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʾʭ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [15]. 

ʄʝʣʘʥʽʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ [19, 20]. ɹʫʜʫʯʠ ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʟʘ ʫʤʦʚ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʝʣʘʥʽʥ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ 

ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ ʟ 



ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʶ ʛʽʙʨʠʜʠʟʦʚʘʥʦʶ ʟʤʽʰʘʥʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ 

ʽ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʢʣʘʩʫ ʙʽʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [21, 22]. 

ʄʝʣʘʥʽʥ ʧʨʦʷʚʣʷʻ ʮʽʢʘʚʽ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ, ʧʦʛʣʠʥʘʥʥʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʟʚôʷʟʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʪʘ ʣʽʢʽʚ 

[23ï26], ʧʦʛʣʠʥʘʥʥʷ ʚ UV-Vis ʜʽʘʧʘʟʦʥʽ ʪʘ ʩʠʣʴʥʘ ʥʝʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ 

ʨʝʣʘʢʩʘʮʽʷ ʬʦʪʦʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ [17]. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʣʷʪʴ 

ʤʝʣʘʥʽʥ ʧʦʪʝʥʮʽʡʥʦ ʢʦʨʠʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʠʩʪʨʦʷʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷʭ, ʧʨʦ ʷʢʽ ʡʪʠʤʝʪʴʩʷ ʫ ʨʦʟʜʽʣʽ 1.5. ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ  ̔ʪʝ, ʷʢ ʡʦʛʦ ʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʚʧʣʠʚʘʻ ʥʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʮʠʭ ʟʘʩʪʦʩʫʚʘʥʴ [27]. ʊʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʝʣʘʥʽʥʽʚ ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ. 

ʄʝʣʘʥʽʥ ʚ hʠʨʦʢʦʤʫ ʩʝʥʩʽ - ʮʝ ʛʨʫʧʘ ʙʽʦʣʦʛʽʯʥʠʭ ʧʽʛʤʝʥʪʽʚ, ʷʢʽ 

ʟʫʩʪʨʽʯʘʪʁʴʩʷ ʚ ʧʨʠʨʦʜʽ. ɺʽʥ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʽʛʤʝʥʪʘʮʽʶ ʰʢʽʨʠ ʪʘ ʚʦʣʦʩʩʷ ʣʶʜʠʥʠ [28]. ʄʝʣʘʥʽʥ 

ʟʚôʷʟʫʻʪʴʩʷ ʟ ʙʽʣʢʦʚʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʽ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʛʨʘʥʫʣʘʭ, ʟʤʽʥʶʶʯʠ 

ʢʦʣʽʨ ʚʽʜ ʞʦʚʪʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ ʘʙʦ ʥʘʚʽʪʴ ʯʦʨʥʦʛʦ [29]. ɯʩʥʫʻ ʪʨʠ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʤʝʣʘʥʽʥʫ - ʝʫʤʝʣʘʥʽʥ, ʬʝʦʤʝʣʘʥʽʥ ʽ ʥʝʡʨʦʤʝʣʘʥʽʥ,  ʭʦʯʘ ʡʦʛʦ ʤʦʞʥʘ 

ʨʦʟʰʠʨʠʪʠ ʜʦ ʧôʷʪʠ ʩʧʦʣʫʢ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝʘʟʦʪʥʽ ʩʠʩʪʝʤʠ [30]. ɽʫʤʝʣʘʥʽʥ 

ʽ ʬʝʦʤʝʣʘʥʽʥ ʤʽʩʪʷʪʴʩʷ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʪʚʘʨʠʥ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʣʶʜʝʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʬʦʪʦʟʘʭʠʩʥʦʛʦ ʰʘʨʫ (ʧʦʛʣʠʥʘʥʥʷ 

ʰʢʽʜʣʠʚʦʛʦ UV ʽ ʚʠʜʠʤʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ).  

 

1.1 ʄʦʥʦʤʝʨʠ ʤʝʣʘʥʽʥʫ ʪʘ ʾʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʬʦʨʤʠ 

ʅʘ ʧʝʨʚʠʥʥʦʤʫ ʨʽʚʥʽ ʟʘʨʘʟ ʽʩʥʫʻ ʟʘʛʘʣʴʥʘ ʟʛʦʜʘ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʡ 

ʤʝʣʘʥʽʥ, ʝʫʤʝʣʘʥʽʥ - ʮʝ ʥʝʨʦʟʯʠʥʥʠʡ (ʩʣʘʙʦʨʦʟʯʠʥʥʠʡ) ʯʦʨʥʦ-ʢʦʨʠʯʥʝʚʠʡ 

ʧʽʛʤʝʥʪ, ʧʦʭʽʜʥʠʡ, ʧʨʠʥʘʡʤʥʽ ʯʘʩʪʢʦʚʦ, ʚʽʜ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ L-

DOPA ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ 5,6-ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣʫ (DHI) [17, 31, 32]. 

ɿʘʛʘʣʦʤ, ʮʝ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘ ʩʧʦʣʫʢʘ, ʷʢʘ ʫʪʚʦʨʶʪ̒ʴʩʷ ʧʨʠ ʦʢʠʩʣʝʥʥʽ 



ʪʠʨʦʟʠʥʫ ʘʙʦ ʬʝʥʦʣʽʚ - ʧʝʨʝʚʘʞʥʦ ʢʘʪʝʭʦʣʽʚ (ʭʽʥʦʥʽʚ), ʤʦʥʦʤʝʨʽʚ L-DOPA, 5,6-

ʽʥʜʦʣʭʽʥʦʥʫ, DHI ʪʘ 5,6-ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣ-2-ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ (DHICA) ʪʘ ʾʭ 

ʨʽʟʥʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʽ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.1 [1-

3, 29, 33-39]. ʏʘʩʪʢʘ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʧʝʚʥʦʤʫ ʧʨʦʮʝʥʪʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʫ ʢʽʥʮʝʚʽʡ ʤʘʢʨʦʤʦʣʝʢʫʣʽ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʝʫʤʝʣʘʥʽʥʫ, 

ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ ʩʠʥʪʝʪʠʯʥʦʛʦ [17, 21, 40, 41].  

ɿʜʘʪʥʽʩʪʴ ʤʝʣʘʥʽʥʫ ʚʽʜʥʦʚʣʶʚʘʪʠ ʡ ʦʢʠʩʥʁ ʚʘʪʠ ʽʥʰʽ ʤʦʣʝʢʫʣʠ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʡʦʛʦ ʤʦʥʦʤʝʨʥʠʭ 

ʣʘʥʦʢ [17, 42]. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʨʠʩʥʦ ʟʨʦʙʠʪʠ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʮʠʭ 

ʤʦʥʦʤʝʨʽʚ/ʛʨʫʧ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʪʘ ʧʦʙʫʜʦʚʽ ʤʝʣʘʥʽʥʫ [32]. 

 



ʈʠʩ. 1.1 ɺʠʭʽʜʥʽ ʤʦʥʦʤʝʨʠ ʤʝʣʘʥʽʥʫ ʪʘ ʡʦʛʦ ʨʽʟʥʽ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʽ 

ʪʘʫʪʦʤʝʨʥʽ ʬʦʨʤʠ, ʚ ʪ.ʯ. ʾʭ ʜʝʧʨʦʪʦʥʦʚʘʥʽ ʩʪʘʥʠ. ɼʣʷ ʢʘʪʝʭʦʣʫ, ʜʝ R = H, ʮʝ ʻ 

5,6-ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣ (DHI), ʧʨʠ R = COOH ʮʝ 5,6-ʜʠʛʽʜʨʦʢʩʠʽʥʜʦʣ-2-

ʢʘʨʙʦʥʦʚʘ ʢʠʩʣʦʪʘ (DHICA) [32]. 

 

ʂʨʽʤ ʪʦʛʦ, ʮʽ ʤʦʥʦʤʝʨʠ ʻ ʚʠʩʦʢʦ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ [37-39, 43], ʱʦ 

ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʩʪʘʪʪʽ [32]. ʅʘʡʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʻ ʧʦʟʠʮʽʾ 2, 4 ʪʘ 7, 

ʧʨʠʥʘʡʤʥʽ ʜʣʷ DHI [44]. ʂʨʽʤ ʪʦʛʦ, ʢʘʪʝʭʦʣʠ ʪʘʢʦʞ ʯʫʪʣʠʚʽ ʜʦ ʢʠʩʥʶ ʽ ʤʦʞʫʪʴ 

ʧʽʜʜʘʚʘʪʠʩʷ ʘʚʪʦʦʢʠʩʥʝʥʥʁ  ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ [38]. ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʤʝʣʘʥʽʥʫ ʧʨʠʪʘʤʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʧʽʚʭʽʥʦʥʦʚʠʤ 

ʬʨʘʛʤʝʥʪʘʤ [45-48], ʱʦ ʧʦʷʩʥʶʻ ʥʘʚʥʽʩʪʴ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ [17]. 

ʅʘ ʚʪʦʨʠʥʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʽʚʥʽ ʥʝʤʘʻ ʪʘʢʦʾ ʟʘʛʘʣʴʥʦʾ ʟʛʦʜʠ ʯʠ 

ʧʨʠʡʥʷʪʦʾ ʤʦʜʝʣʽ. ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʥʝ ʻ ʥʝʩʧʦʜʽʚʘʥʦʶ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ 

ʙʝʟʣʽʯ ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʚôʷʟʢʫ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʽʥʜʦʣʠ, ʽ 

ʚʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʝʥʦʾ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʥʘʚʽʪʴ ʽʟ 

ʩʠʥʪʝʪʠʯʥʠʭ ʜʞʝʨʝʣ [49].  

ɺ ʨʦʙʦʪʽ [50] ʘʚʪʦʨʠ ʜʦʚʛʠʡ ʯʘʩ ʚʚʘʞʘʣʠ, ʱʦ ʦʣʽʛʦʤʝʨʠʟʘʮʽʷ ʧʝʨʝʚʘʞʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʟʠʮʽʾ 2 ʽ 4 ʚ DHI (ʨʠʩʫʥʦʢ 1.2). ʄʦʥʦʤʝʨʥʽ ʦʜʠʥʠʮʽ DHI 

ʪʘ DHICA ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʩʪʫʧʝʥʷʭ ʦʢʠʩʥʝʥʥʷ ʽ ʙʫʪʠ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ ʧʦʚ'ʷʟʘʥʽ ʦʜʥ̔  ʟ ʦʜʥʠʤʠ, ʫʪʚʦʨʶʶʯʠ ʢʚʘʟʽʧʣʦʩʢʽ ʦʣʽʛʦʤʝʨʠ ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ [22]. 

 



ʈʠʩ. 1.2 ʆʩʥʦʚʥʽ ʤʦʥʦʤʝʨʥʽ ʙʫʜʽʚʝʣʴʥʽ ʙʣʦʢʠ ʝʫʤʝʣʘʥʽʥʫ (DHI ʽ DHICA) ʪʘ ʾʭ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʬʦʨʤʠ. ʇʦʟʥʘʯʝʥʥʷ ʜʣʷ HQ ʽʣʶʩʪʨʫʻ ʩʪʘʥʜʘʨʪʥʫ ʥʫʤʝʨʘʮʽʶ 

ʧʦʟʠʮʽʡ ʩʧʦʣʫʯʝʥʥʷ [17].  

 

ʌʝʦʤʝʣʘʥʽʥ, ʧʽʛʤʝʥʪ, ʱʦ ʤʽʩʪʠʪʴ ʩʽʨʢʫ, ʢʦʣʴʦʨʦʤ ʚʽʜ ʞʦʚʪʦʛʦ ʜʦ 

ʯʝʨʚʦʥʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʝʥʥʷ ʧʨʝʢʫʨʩʦʨʫ 

ʮʠʩʪʝʾʥʽʣʜʦʧʠ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ ʙʝʥʟʦʪʽʘʟʠʥʫ ʪʘ ʙʝʥʟʦʪʽʘʟʦʣʫ 

[31]. ʅʝʡʨʦʤʝʣʘʥʽʥ ʻ ʪʝʤʥʠʤ ʧʽʛʤʝʥʪʦʤ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʥʝʡʨʦʥʘʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʝʥʥʷ ʜʦʬʘʤʽʥʫ ʪʘ ʽʥʰʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʝʭʦʣʘʤʽʥʫ [17, 31]. 

ɺ ʮ̔ ʡ ʨʦʙʦʪʽ ʫʚʘʛʘ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʝʫʤʝʣʘʥʽʥʽ, ʢʦʨʠʯʥʝʚʦ-ʯʦʨʥʦʤʫ 

ʧʽʛʤʝʥʪʽ. ʎʝ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʬʦʨʤʘ, ʷʢʘ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʘʨʭʝʪʠʧʦʤ 

ʤʝʣʘʥʽʥʫ, ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʶ. ʇʦʰʠʨʝʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʫ ʣʽʪʝʨʘʪʫʨʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʽʚ çʤʝʣʘʥʽʥè ʽ çʝʫʤʝʣʘʥʽʥè ʷʢ 

ʘʥʘʣʦʛʽʯʥʠʭ [32]. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚ ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʩʘʤʝ 

ʪʘʢʘ ʧʨʘʢʪʠʢʘ, ʷʢʱʦ ʥʝ ʚʢʘʟʘʥʦ ʽʥʘʢʰʝ. 

 

1.2 ʄʝʣʘʥʦʛʝʥʝʟ. ʉʠʥʪʝʟ ʝʫʤʝʣʘʥʽʥʫ ʽ ʬʝʦʤʝʣʘʥʽʥʫ 

ʇʨʠʨʦʜʥ ̔ ʤʝʣʘʥʽʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʤʝʪʘʙʦʣʽʟʤʫ ʚ ʭʦʜʽ ʤʝʣʘʥʦʛʝʥʝʟʫ [19, 20, 22]. ɹʽʦʣʦʛʽʯʥʦ ʝʫʤʝʣʘʥʽʥ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʪʠʨʦʟʠʥʫ ʨʝʘʢʮʽʻʶ ʢʘʪʘʣʽʟʫ ʬʝʨʤʝʥʪʦʤ ʪʠʨʦʟʠʥʘʟʦʶ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʽ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩʫʥʢʫ 1.3. ʆʜʥʘʢ ʘʥʘʣʽʟ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʢʽʥʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʝʫʤʝʣʘʥʽʥʫ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʠʡ ʯʝʨʝʟ ʜʫʞʝ ʥʝʩʪʘʙʽʣʴʥʫ 

ʧʨʠʨʦʜʫ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 



 

ʈʠʩ. 1.3 ʉʭʝʤʘ ʈʝʡʧʝʨʘ-ʄʝʡʩʦʥʘ ʙʽʦʩʠʥʪʝʟʫ ʤʝʣʘʥʽʥʫ [51]. 

 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ DHI ʟ ʜʦʧʘʭʨʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʫ ʬʦʨʤʫ ʭʽʥʦʥʤʝʪʠʜʫ (ʨʠʩʫʥʦʢ 1.4). ɯʤʦʚʽʨʥʦ, ʱʦʩʴ ʧʦʜʽʙʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ DHICA, ʘʣʝ ʦʬʽʮʽʡʥʦ ʮʝ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ [32, 37]. 

 

ʈʠʩ. 1.4 ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ DHI ʪʘ DHICA ʚʽʜ ʜʦʧʘʭʨʦʤʫ 

ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʭʽʥʦʥʤʝʪʠʜ. ʇʨʠ ʫʪʚʦʨʝʥʥʽ DHI ʢʠʩʣʦʪʥʘ ʛʨʫʧʘ ʩʧʦʥʪʘʥʥʦ 

ʚʪʨʘʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʪʦʜʽ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ Cu2+ ʘʙʦ 

ʜʦʧʘʭʨʦʤ ʪʘʫʪʦʤʝʨʘʟʠ (DCT) ʢʠʩʣʦʪʥʫ ʛʨʫʧʫ ʤʦʞʥʘ ʟʙʝʨʝʛʪʠ ʥʝʫʰʢʦʜʞʝʥʦ ʁ

ʜʣʷ ʫʪʚʦʨʝʥʥʷ DHICA [37]. 

 

ʂʦʣʠ ʩʧʨʘʚʘ ʜʦʭʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʣʘʩʥʝ ʤʝʣʘʥʽʥʫ ʟ DHI ʪʘ DHICA, 

ʩʫʯʘʩʥʽ ʟʥʘʥʥʷ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʟʨʦʟʫʤʽʣʽ. ʇʨʦʪʝ ʧʝʚʥʦʛʦ ʧʨʦʛʨʝʩʫ ʙʫʣʦ 



ʜʦʩʷʛʥʫʪʦ ʚ ʨʦʙʦʪʘʭ ʽʪʘʣʽʡʩʴʢʠʭ ʭʽʤʽʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚ ʩʪʘʪʪʽ [52] 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʜʦʧʘʭʽʥʦʥ ʤʦʞʝ ʨʝʘʛʫʚʘʪʠ ʟ DHI ʟ ʫʪʚʦʨʝʥʥʷʤ DHI 

ʭʽʥʦʥʫ, ʚʠʩʦʢʦʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʦʜʦʚʞʫʻ ʫʪʚʦʨʶʚʘʪʠ ʯʦʨʥʠʡ 

ʥʝʨʦʟʯʠʥʥʠʡ ʧʦʣʽʤʝʨ. ʎʝ ʪʘʢʦʞ ʧʨʠʪʘʤʥʥʦ ʽ ʜʣʷ DHICA, ʘʣʝ, ʽʤʦʚʽʨʥʦ, ʟ 

ʜʝʷʢʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ [37]. ʍʽʥʦʥʠ DHI ʽ DHICA ʤʦʞʫʪʴ ʣʝʛʢʦ 

ʜʠʤʝʨʠʟʫʚʘʪʠʩʷ ʟ DHI, DHICA ʘʙʦ ʟ ʦʙʦʤʘ, ʫʪʚʦʨʶʶʯʠ ʛʦʤʦʜʠʤʝʨʠ ʪʘ 

ʛʝʪʝʨʦʜʠʤʝʨʠ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʨʽʟʥʽ ʦʣʽʛʦʤʝʨʠ ʘʞ ʜʦ ʩʪʘʜʽʾ 

ʪʝʪʨʘʤʝʨʽʚ, ʷʢʽ ʙʫʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʘʮʝʪʠʣʴʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ DHI 

ʘʙʦ DHICA [53]. ʎʽ ʦʣʽʛʦʤʝʨʠ ʽʤʦʚʽʨʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʘʣʝ ʪʦʯʥʠʡ ʤʝʭʘʥʽʟʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʠʩʢʫʩʽʡʥʠʤ [32, 44]. 

ʇʨʠ ʩʠʥʪʝʟʽ ʤʝʣʘʥʽʥʫ in vivo ʫʪʚʦʨʝʥʥʷ ʝʫʤʝʣʘʥʽʥʫ ʽ ʬʝʦʤʝʣʘʥʽʥʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʨʘʟʦʤ, ʦʩʢʽʣʴʢʠ ʚ ʦʨʛʘʥʽʟʤʽ ʧʨʦʮʝʩ ʥʝʟʤʽʥʥʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ  ̔ ʫʪʚʦʨʝʥʥʷʤ ʬʝʦʤʝʣʘʥʽʥʫ, ʪʦʤʫ ʮʝ ʱʝ ʥʘʟʠʚʘʻʪʴʩʷ 

ʟʤʽʰʘʥʠʤ ʤʝʣʘʥʦʛʝʥʝʟʦʤ [32, 54].  

ʉʠʥʪʝʟʦʚʘʥʽ ʯʦʨʥʽ ʧʽʛʤʝʥʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʝʣʠʢʫ ʩʭʦʞʽʩʪʴ ʟ ʧʨʠʨʦʜʥʠʤ 

ʝʫʤʝʣʘʥʽʥʦʤ, ʭʦʯʘ ʜʦʢʘʟʽʚ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʽʜʝʥʪʠʯʥʽ ʧʨʠʨʦʜʥʦʤʫ ʝʫʤʝʣʘʥʽʥʫ, 

ʥʝʤʘʻ [19, 55]. ʉʠʥʪʝʪʠʯʥʠʡ ʝʫʤʝʣʘʥʽʥ ʟʨʫʯʥʠʡ ʷʢ ʤʦʜʝʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʘʙʦ ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʩʢʣʘʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʽ ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ ʽ ʤʽʩʪʠʪʴ 

ʚʽʜʦʤʽ ʤʦʥʦʤʝʨʥʽ ʦʜʠʥʠʮʽ, ʚʽʥ ʜʘʻ ʧʝʨʝʚʘʛʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʜ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʤʝʣʘʥʽʥʘʤʠ [27]. 

ɿʘʛʘʣʦʤ ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʨʠ ʚʘʞʣʠʚ ̔ʥʘʙʦʨʠ ʧʘʨʘʤʝʪʨʽʚ: 

1) ʧʨʝʢʫʨʩʦʨʠ. 

2) ʫʤʦʚʠ ʨʝʘʢʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʦʢʠʩʥʶʚʘʯʽ, ʩʝʨʝʜʦʚʠʱʝ, ʨʅ, ʯʘʩ ʨʝʘʢʮʽʾ). 

3) ʧʦʩʪ-ʩʠʥʪʝʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ, ʚʢʣʶʯʘʶʯʠ ʦʙʨʦʙʢʫ (ʦʩʘʜʞʫʚʘʥʥʷ, 

ʚʽʜʥʦʚʣʝʥʥʷ, ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʣʽʦʬʽʣʽʟʘʮʽʷ) ʽ ʟʙʝʨʽʛʘʥʥʷ (ʩʫʭʝ, ʭʦʣʦʜʥʝ, ʧʽʜ 

ʘʟʦʪʦʤ). 



ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʫʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ [27]. ʊʦʤʫ ʤʦʞʝ ʚʚʦʜʠʪʠ ʚ ʦʤʘʥʫ 

ʧʦʨʽʚʥʷʥʥʷ ʧʽʛʤʝʥʪʽʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʭ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʥʘʚʽʪʴ ʷʢʱʦ ʟ ʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ (ʦʧʠʩ ʫʩʽʭ ʤʝʪʦʜʽʚ ʪʘ ʫʤʦʚ ʤʝʣʘʥʦʛʝʥʝʟʫ ʜʦʙʨʝ ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʨʦʙʦʪʽ 

[31]). 

 

1.3 ʉʪʨʫʢʪʫʨʘ ʤʝʣʘʥʽʥʫ 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʧʦʭʦʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʦʪʨʠʤʘʥʽ ʟ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [6]. ʆʜʥʘʢ ʟʘʨʘʟ ʽʩʥʫʻ ʜʘʣʝʢʦ ʥʝ ʚʩʝʙʽʯʥʝ ʨʦʟʫʤʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ [7]. ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʱʝ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʘ ʪʦʯʥʦ ʯʝʨʝʟ ʾʭ ʩʢʣʘʜʥʫ ʧʦʣʽʤʝʨʥʫ ʩʪʨʫʢʪʫʨʫ [1, 28].  

ɺ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥ̫ ʭ ʥʘʰʦʾ ʛʨʫʧʠ, ʚ ʩʪʘʪʪʽ [3] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʜʚʽ ʤʦʜʝʣʽ ʩʪʨʫʢʪʫʨʠ ʤʝʣʘʥʽʥʫ - ʣʽʥʽʡʥʫ ʪʘ ʫʢʣʘʜʘʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ 

[1, 3] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʫʪʚʦʨʶʻ ʥʘʥʦʢʣʘʩʪʝʨʠ ʚ ʨʦʟʯʠʥʘʭ ʽ ʧʣʽʚʢʘʭ. 

ɺ ʨʦʙʦʪʽ [4] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʣʽʚʦʢ ʤʝʣʘʥʽʥʫ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ ʜʝʥʜʨʠʪʦʚʠʤʠ ʪʘ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʘʤʦʨʬʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. 

ʊʦʤʫ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʣʘʥʽʥʫ ʚʠʢʣʠʢʘʣʘ ʜʠʩʢʫʩʽʾ ʥʘʚʢʦʣʦ 

ʥʝʾ [17]. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʮʴʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʣʘʥʽʥ ʥʝ ʻ ʪʨʘʜʠʮʽʡʥʦʶ 

ʧʦʣʽʤʝʨʥʦʶ ʩʧʦʣʫʢʦʶ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʮʝ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʡ ʽ ʘʤʦʨʬʥʠʡ 

ʤʘʪʝʨʽʘʣ [12, 17, 31, 56], ʷʢʠʡ ʥʝʨʦʟʯʠʥʥʠʡ ʫ ʙʽʣʴʰʦʩʪʽ ʧʦʰʠʨʝʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ, ʱʦ ʨʦʙʠʪʴ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʨʝʣʝʚʘʥʪʥʠʤʠ [17, 31, 32]. 

ʇʨʦʪʝ ʙʘʛʘʪʦ ʨʦʙʽʪ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʨʽʟʥʠʭ ʪʝʭʥʽʢ ʜʦʩʷʛʣʠ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʨʦʟʫʤʽʥʥʽ ʩʪʨʫʢʪʫʨʠ 

ʤʝʣʘʥʽʥʫ, ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʡʦʛʦ ʪʦʯʥʝ ʧʦʷʩʥʝʥʥʷ ʚʩʝ ʱʝ ʻ 

ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʴ [32, 44]. ɸ ʩʘʤʝ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

[57, 58], ʤʘʣʦʢʫʪʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ (SAXS) [59, 60], 



ʧʨʦʩʚʽʯʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽ ̫[61, 62], ʩʢʘʥʫʶʯʘ ʪʫʥʝʣʴʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

[63, 64], ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ [65], ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ 

[66-68], ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ [69], ʝʣʝʢʪʨʦʥʥʠʡ ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ [70, 71], 

PL ʩʧʝʢʪʨʦʩʢʦʧʽʷ [72-77], IR ʩʧʝʢʪʨʦʩʢʦʧʽʷ [78, 79], ʨʘʤʘʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

[80], ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ [9, 11, 22, 81-89], ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

[66, 90-92]. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʣʽʚʢʠ ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ [3, 4, 64, 87, 93-97]. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʣʘʥʽʥʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʫʪʚʦʨʶʚʘʪʠ 

ʦʣʽʛʦʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ 3-5 ʤʦʥʦʤʝʨʥʠʭ ʣʘʥʦʢ [17, 32], ʷʢʽ ʧʦʪʽʤ ʬʦʨʤʫʶʪʴ 

ʩʪʝʢ ʦʜʥʘ ʟ ʦʜʥʦʶ ʯʝʨʝʟ ḯ́ ʩʧʨʷʞʝʥʫ ʚʟʘʻʤʦʜʽʶ [98]. 

ʎʽ ʫʧʘʢʦʚʘʥʽ ʦʣʽʛʦʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʤʘʶʪʴ ʛʫʩʪʠʥʫ 1,37 ʛ ʩʤ-3, 

ʨʦʟʤʽʨʦʤ 1ï5 ʥʤ, ʻ ʩʪʘʙʽʣʴʥʠʤʠ ʪʘ ʚʘʞʢʦ ʨʦʟʯʠʥʷʶʪʴʩʷ [32, 57, 58]. ɼʽʡʩʥʦ, 

ʣʠʰʝ ʯʘʩʪʢʦʚʫ ʨʦʟʯʠʥʥʽʩʪʴ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠ ʣʫʞʥʦʤʫ ʨʅ [99]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʤʦʣʝʢʫʣ ʤʘʻ ʜʦʚʛʫ ʽʩʪʦʨʽʶ, ʱʦ ʩʷʛʘʻ, 

ʧʨʠʥʘʡʤʥʽ, ʨʘʥʥʽʭ 2000-ʭ ʨʦʢʽʚ [66, 90, 91], ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʧʨʦʧʦʥʫʚʘʣʠʩʷ 

ʽʜʝʾ ʧʦʨʬʽʨʠʥʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ [100-102]. 

ʅʝʱʦʜʘʚʥʦ, ʫ ʚʝʣʠʢʦʤʫ ʦʛʣʷʜʽ [44] ʙʫʣʦ ʟʤʦʜʝʣʶʚʘʥʦ ʧʦʥʘʜ 3000 ʨʽʟʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʦʣʽʛʦʤʝʨʽʚ DHI ʚʽʜ ʤʦʥʦʤʝʨʫ ʜʦ ʪʝʪʨʘʤʝʨʽʚ (ʥʝ ʚʢʣʶʯʘʶʯʠ 

ʧʦʨʬʽʨʠʥʦʚʽ ʩʪʨʫʢʪʫʨʠ), ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ 

ʤʦʥʦʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ ʤʝʣʘʥʽʥʫ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʽʥʮʝʚʦʛʦ 

ʧʦʣʽʤʝʨʫ. ʎʽ ʘʚʪʦʨʠ ʪʘʢʦʞ ʟʤʦʜʝʣʶʚʘʣʠ ʧʦʪʝʥʮʽʡʥʝ ʫʢʣʘʜʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʭ ʪʝʪʨʘʤʝʨʽʚ ʽ ʚʠʷʚʠʣʠ, ʱʦ ʤʦʣʝʢʫʣʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʫʢʣʘʜʘʥʥʷ 

ʚ ʩʪʝʢʠ (ʨʠʩʫʥʦʢ 1.5). ʆʜʥʘʢ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʚʦʥʠ ʟʦʩʝʨʝʜʠʣʠʩʷ ʥʘ 

ʜʦʩʣʽʜʞʝʥʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʤʦʥʦʤʝʨʫ DHI, ʟʘʣʠʰʘʶʯʠ ʧʦʟʘ ʫʚʘʛʦʶ ʚʘʛʦʤʠʡ 

ʝʬʝʢʪ ʤʦʞʣʠʚʦʩʪ̔ ʫʪʚʦʨʝʥʥʷ DHICA ʪʘ ʦʢʠʩʥʝʥʠʭ ʩʪʘʥʽʚ ʧʦʪʝʥʮʽʡʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ [32]. 



 
 

 

ʈʠʩ. 1.5 ʄʦʜʝʣʴ ʦʣʽʛʦʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʤʝʣʘʥʽʥʫ [44]. 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʜʦʤʦ, ʱʦ ʨʽʟʥʽ ʚʠʭʽʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ DHI/DHICA 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ ʧʦʨʷʜʦʢ ʫʢʣʘʜʘʥʥʷ ʦʣʽʛʦʤʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ 

ʤʝʣʘʥʽʥʽ, ʧʨʠ ʮʴʦʤʫ ʨʽʟʥʽ ʤʦʥʦʤʝʨʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ 

ʫʢʣʘʜʘʥʥʷ (ʨʠʩʫʥʦʢ 1.6) [32, 103, 104]. 

 

ʈʠʩ. 1.6 ʊʠʧʦʚʽ ʩʪʨʫʢʪʫʨʠ ʤʝʣʘʥʽʥʫ ʥʘ ʦʩʥʦʚʽ DHI (ʣʽʚʦʨʫʯ) ʪʘ DHICA 

( ʧʨʘʚʦʨʫʯ ) [104]. 

 

ʎʝ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʩʪʨʫʢʪʫʨʽ 

ʩʠʥʪʝʪʠʯʥʠʭ ʤʝʣʘʥʽʥʽʚ ʽ ʤʝʣʘʥʽʥʽʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʧʝʨʰʽ, ʷʢ 
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ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʚʤʽʩʪ DHICA ʙʣʠʟʴʢʦ 10%, ʪʦʜʽ ʷʢ ʧʨʠʨʦʜʥʽ ʟʨʘʟʢʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʦ 50% ʚʤʽʩʪʫ DHICA [41, 104, 105]. ʗʢ ʥʘʩʣʽʜʦʢ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʾ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʝʣʘʥʽʥʽʚ ʨʟ̔ʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ [104], ʽ ʧʦʪʝʥʮʽʡʥʦ 

ʧʦʷʩʥʶʻ ʚʽʜʤʽʥʥʦʩʪʽ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʫʧʘʢʫʚʘʥʥʷ [61]. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʚʛʦʣʘʥʮʶʛʦʚʦʛʦ ʧʦʣʽʤʝʨʫ, ʪʘʢʘ ʩʢʣʘʜʥʘ 

ʦʣʽʛʦʤʝʨʥʘ ʩʠʩʪʝʤʘ ʜʘʻ ʛʣʠʙʦʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʣʘʥʽʥʫ ʪʘ ʤʦʞʣʠʚʦʩʪ ̔ʜʣʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [32]. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʦʟʚʠʪʢʫ ʣʽʥʽʡʥʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦʚôʷʟʘʥʠʭ ʦʜʥʝ ʟ ʦʜʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʠʥʘʨʥʠʭ ʟʚôʷʟʢʽʚ. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʜʝʱʦ ʧʽʟʥʽʰʝ ʧʨʠ ʦʙʛʦʚʦʨʝʥʥʽ ʤʦʞʣʠʚʠʭ 

ʤʘʢʨʦʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʝʡ ʝʫʤʝʣʘʥʽʥʫ, ʮʝ ʜʘʻ ʛʣʠʙʦʢʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʡʦʛʦ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢ ʷʢ ʧʦʟʠʮʽʷ 2 ʚ DHICA 

ʢʘʨʙʦʢʩʠʣʦɹʚʘʥʘ, ʫ ʟʤʽʰʘʥʠʭ ʛʝʪʝʨʦ-ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ DHI/DHICA ʘʙʦ ʛʦʤʦ-

ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ DHICA ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʣʫʯʝʥʽ ʽʥʰʽ ʟʚôʷʟʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʟôʻʜʥʘʥʥʷ ʯʝʨʝʟ 

ʧʦʟʠʮʽʾ 3, 4 ʽ 7, ʧʨʠ ʮʴʦʤʫ ʧʦʟʠʮʽʷ 4ï4 ʧʦʪʝʥʮʽʡʥʦ ̒  ʜʦʤʽʥʘʥʪʥʦʶ [17, 106, 107].  

ʊʦʤʫ ʟʘʢʦʥʦʤʽʨʥʠʤ ʥʘʩʣʽʜʢʦʤ ʧʦʙʫʜʦʚʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʣʘʥʽʥʫ ʟ 

ʽʥʜʦʣʽʚ ʻ ʭʽʤʽʯʥʝ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ [108]. ɿʘ ʨʦʟʛʦʨʥʫʪʠʤ ʦʛʣʷʜʦʤ ʟ ʭʽʤʽʾ 

ʤʘʢʨʦʤʦʣʝʢʫʣ DHI ʪʘ IQ ʤʦʞʥʘ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʨʦʙʪ̔ [17, 43]. 

ʇʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ ʜʦʤʽʥʫʚʘʣʘ ʛʝʪʝʨʦʧʦʣʽʤʝʨʥʘ ʤʦʜʝʣʴ 

ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʫʤʝʣʘʥʽʥʫ [109, 110]. ʎʷ ʤʦʜʝʣʴ ʧʦ ʩʫʪʽ ʽʛʥʦʨʫʻ ʜʝʪʘʣʽ 

ʟôʻʜʥʘʥʥʷ, ʘ ʣʠʰʝ ʧʦʩʪʫʣʶʻ, ʱʦ ʨʦʟʰʠʨʝʥʠʡ ʧʦʣʽʤʝʨ ʫʪʚʦʨʶʻʪʴʩʷ ʯʝʨʝʟ 

ʚʠʧʘʜʢʦʚʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʤʦʥʦʤʝʨʘʤʠ. ɻʝʪʝʨʦʧʦʣʽʤʝʨʥʘ ʤʦʜʝʣʴ ʻ ʧʨʠʨʦʜʥʠʤ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʚʽʜʦʤʦʾ ʩʭʝʤʠ ʈʝʡʧʝʨʘ-ʄʝʡʩʦʥʘ ʙʽʦʩʠʥʪʝʟʫ ʤʝʣʘʥʽʥʫ ʯʝʨʝʟ 

ʢʘʪʘʣʽʟʦʚʘʥʝ ʬʝʨʤʝʥʪʦʤ ʦʢʠʩʥʝ ʢʽʣʴʮʝ, ʟʘʤʠʢʘʥʥʷʤ ʪʠʨʦʟʠʥʫ ʜʦ ʜʦʧʘʭʨʦʤʫ ʪʘ 

ʣʝʡʢʦʜʦʧʘʭʨʦʤʫ ʪʘ ʧʦʜʘʣʴʰʠʤ ʫʪʚʦʨʝʥʥʷʤ DHI ʪʘ DHICA [49]. ɼʘʥʘ ʤʦʜʝʣʴ 

ʚʚʘʞʘʣʘʩʷ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʫʤʝʣʘʥʽʥʫ, ʘ ʩʘʤʝ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʤʦʥʦʪʦʥʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ UV-Vis ʜʽʘʧʘʟʦʥʽ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ. ʂʨʽʤ 

ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʪʝʨʦʧʦʣʽʤʝʨʥʦʾ ʤʦʜʝʣʽ ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʜʦʙʨʝ 



ʚʽʜʦʤʦ  ʁ ʚʘʞʢʦʜʦʩʪʫʧʥʩ̔ʪ  ʁ ʫ ʚʠʚʯʝʥʥʽ (ʟʘʚʜʷʢʠ ʭʽʤʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪ̔ ʽ 

ʥʝʨʦʟʯʠʥʥʦʩʪ̔) ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ [17]. 

ʇʝʨʰʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ˊ-ʍʫʢʝʣʷ 

[109, 110] ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʫ ʨʦʙʦʪʘʭ [111, 112, 113] ʙʫʣʠ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʨʠʥʮʠʧʽ, ʱʦ ʝʫʤʝʣʘʥʽʥʠ ʙʫʣʠ ʨʦʟʰʠʨʝʥʠʤʠ DHI ʛʝʪʝʨʦʧʦʣʽʤʝʨʘʤʠ. ʆʜʥʘʢ ʫ 

1994 ʨʦʮʽ ʧʦʯʘʚ ʥʘʙʫʚʘʪʠ ʧʝʚʥʦʾ ʧʨʠʭʠʣʴʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ çʦʣʽʛʦʤʝʨʥʠʡè 

ʧʦʛʣʷʜ ʥʘ ʝʫʤʝʣʘʥʽʥ. ɺ ʨʦʙʦʪʽ [63] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʘʥʫʶʯʫ ʪʫʥʝʣʴʥʫ 

ʤʽʢʨʦʩʢʦʧʽʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʦʧʝʨʝʜʥʽʭ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ [57, 58, 

114]. ɹʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʨʠʧʫʱʝʥʥ,̫ ʱʦ ʝʫʤʝʣʘʥʽʥʠ ʥʝ  ̒ʚʝʣʠʢʠʤʠ ʧʨʦʪʷʞʥʠʤʠ 

ʛʝʪʝʨʦʧʦʣʽʤʝʨʘʤʠ, ʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʣʦʩʢʠʭ ʦʣʽʛʦʤʝʨʥʠʭ çʧʨʦʪʦʤʦʣʝʢʫʣè ʫ 

ʚʠʛʣʷʜʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 4-6 ʦʜʠʥʠʮʴ ʽʥʜʦʣʭʽʥʦʥʫ 

ʨʦʟʤʽʨʦʤ 15ï20 AÁ, ʷʢʽ ʧʦʪʽʤ ʬʦʨʤʫʶʪʴ çʙʘʟʦʚ ̔ʥʘʥʦʘʛʨʝʛʘʪʠè ʚ ʨʝʟʫʣʴʪʘʪʽ ˊ- 

ˊ ʩʪʝʢʽʥʛʫ (ʨʠʩʫʥʦʢ 1.7) [17]. 

 

ʈʠʩ. 1.7 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʽ çʩʪʝʢʦʚʘʥʦʛʦ ʦʣʽʛʦʤʝʨʫè [63], ʷʢʘ 

ʧʦʢʘʟʫ ̒ʧʣʦʱʠʥʠ ʦʣʽʛʦʤʝʨʥʠʭ ʽʥʜʦʣʽʚ (ʧʨʦʪʦʤʦʣʝʢʫʣʠ ʟ 4-6 ʦʜʠʥʠʮʴ), 

ʫʢʣʘʜʝʥʽ ʚ ʥʘʧʨʷʢʫ z ʟ ʽʥʪʝʨʚʘʣʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʛʨʘʬʝʥʦʚʠʭ ʥʘʥʦʰʘʨʽʚ. 

 

ɺ ʩʪʘʪʪʽ [115] ʙʫʣʦ ʫʟʘʛʘʣʴʥʝʥʦ ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʨʦʤʦʣʝʢʣʷʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʝʣʘʥʽʥʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫʪʚʦʨʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟ ʙʘʟʦʚʠʭ 

ʥʘʥʦʘʛʨʝʛʘʪʽʚ  ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ ʙʣ. 200ʥʤ. ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʠʨʦʜʥʽ 

ʤʝʣʘʥʽʥʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ [61, 116-118], ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʬʝʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʨʦʟʤʽʨʦʤ 200 ʥʤ 

ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʘʛʨʝʛʘʮʽʾ ʙʽʣʴʰ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʱʦ ʝʫʤʝʣʘʥʽʥ ʥʝ ʻ 



ʚʝʣʠʢʠʤ ʩʧʦʣʫʯʝʥʠʤ ʧʦʣʽʤʝʨʦʤ, ʘ ʩʢʦʨʽʰʝ ʢʦʤʧʦʟʠʮʽʻʶ ʟ ʘʛʨʝʛʦʚʘʥʠʭ 

ʦʣʽʛʦʤʝʨʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ [67, 117]. 

ʗʢ ʚʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʫʤʦʚ ʨʝʘʢʮʽʾ, ʦʩʦʙʣʠʚʦ ʨʅ ʽ ʥʘʷʚʥʦʩʪʽ 

ʬʝʨʤʝʥʪʫ. ɿʘ ʤʦʨʬʦʣʦʛʽʻʶ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʭʦʞʠʤʠ ʥʘ ʬ̔ ʙʨʠʣʠ ʘʙʦ ʫ 

ʚʠʛʣʷʜʽ ʘʤʦʨʬʥʦʾ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ [65, 103, 117]. ɸʣʝ ʷʢʨʘʟ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ 

ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʘʚʪʦʦʢʠʩʥʝʥʥʷ, ʥʝʤʦʞʣʠʚʦ ʟô̫ ʩʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʥʦʢ. ɹʫʣʦ ʧʦʚʽʜʦʤʣʝʥʦ ʧʨʦ ʜʠʩʢʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ DHI-

ʤʝʣʘʥʽʥʫ ʟ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 55 ʥʤ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʧʨʦ ʾʭ ʙʽʯʥʠʡ ʨʦʟʤʽʨ ʽ 

ʚʽʟʫʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʘʤʠ ʤʽʢʨʦʩʢʦʧʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʚʽʜʢʨʠʪʠʤʠ [115, 119]. 

ʊʘʢʦʞ ʙʫʣʦ ʜʝʢʽʣʴʢʘ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʤʝʣʘʥʽʥʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʨʽʟʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʯʘʩʪʠʥʦʢ ʪʘ ʨʦʟʤʽʨʘʤʠ ï ʥʘ ʦʩʥʦʚʽ ʪʠʨʦʟʠʥʫ [120-122], 

ʜʦʬʘʤʽʥʫ [72, 123, 124], ʪʦʥʢʽ ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʠ ʪʘ ʚʠʩʦʢʦʘʜʛʝʟʽʡʥʽ ʧʦʢʨʠʪʪʷ 

ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ [115, 125-127]. 

 

1.3.1 ʄʦʜʝʣʴ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʽ ʤʝʭʘʥʽʟʤʠ ʾʭ ʫʪʚʦʨʝʥʥʷ 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʥʦʚʣʝʥʫ ʚʝʨʩʽʶ ʩʪʨʫʢʪʫʨʥʦʾ 

ʽʻʨʘʨʭʽʾ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʨʽʚʥʽʚ ʽ ʪʨʴʦʭ ʩʪʫʧʝʥʽʚ ʚʠʨʦʱʫʚʘʥʥʷ 

ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 1.8) [115, 128, 129]. ʂʦʞʝʥ ʢʨʦʢ ʘʛʨʝʛʘʮʽʾ ʟʙʽʣʴʰʫʻ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ: ʦʣʽʛʦʤʝʨʥʽ ʣʠʩʪʠ ʫʪʚʦʨʶʶʪʴ ʧʨʦʪʦʯʘʩʪʠʥʢʠ (10-

9 ʤ), ʷʢʽ ʧʦʪʽʤ ʬʦʨʤʫʶʪʴ ʮʠʙʫʣʝʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʫʱʽʣʴʥʶʶʪʴʩʷ ʜʦ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ (10-8 ʤ), ʽ, ʥʘʨʝʰʪʽ, ʧʽʜʜʘʶʪʴʩʷ ʘʛʨʝʛʘʮʽʾ ʜʦ 

ʙʽʣʴʰʠʭ, ʪʘʢʦʞ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɺ (10-7 ʤ).  



 

ʈʠʩ. 1.8 ʆʩʪʘʥʥʷ ʚʝʨʩʽʷ ʪʨʠʩʪʫʧʽʥʯʘʩʪʦʛʦ ʯʦʪʠʨʠʨʽʚʥʝʚʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʚʠʨʦʱʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ (ʙʽʦʤʽʤʝʪʠʯʥʦʛʦ) 

ʝʫʤʝʣʘʥʽʥʫ [115, 130]. 

 

ʈʽʚʝʥʴ 1 ð ʦʣʽʛʦʤʝʨʥʽ ʣʠʩʪʠ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʽ ʜʠʩʢʠ 

ʄʦʥʦʤʝʨʠ, ʦʢʠʩʣʝʥʽ ʜʦ ʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʽʥʜʦʣʭʽʥʦʥʽʚ, 

ʧʦʻʜʥʫʶʪʴʩʷ ʚ ʢʦʨʦʪʢʽ ʛʝʪʝʨʦʛʝʥʥʽ ʦʣʽʛʦʤʝʨʠ [2]. ʂʨʽʤ ʪʦʛʦ, ʦʣʽʛʦʤʝʨʠ 

ʘʛʨʝʛʫʶʪʴ, ʫʪʚʦʨʶʶʯʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʝʫʤʝʣʘʥʽʥʫ. ʄʦʥʦʤʝʨʠ 5,6-

ʽʥʜʦʣʭʽʥʦʥʫ ʭʽʤʽʯʥʦ ʟʚôʷʟʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʧʣʦʩʢʽ ʜʚʦʚʠʤʽʨʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʠ, ʧʦʜʽʙʥʽ ʜʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ, ʚ ʷʢʠʭ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ 

ʭʨʦʤʦʬʦʨʠ ʟ ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ ʪʘ ʩʪʫʧʝʥʝʤ p-p ʩʧʨʷʞʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ [1, 3, 

131]. ʂʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʫ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 4 ʜʦ 5 

[2]. ɼʚʦʚʠʤʽʨʥʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʤʦʞʫʪʴ ʟʛʦʜʦʤ ʫʪʚʦʨʶʚʘʪʠ ʦʜʥʦʚʠʤʽʨʥʽ ˊ-

ʩʧʨʷʞʝʥʽ ʥʘʥʦʘʛʨʝʛʘʪʠ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʠʩʢʘʤʠ ʚ ʩʪʝʢʫ 

ʙʣʠʟʴʢʦ 0,35 ʥʤ [2].  ɼʘʥʽ çʙʘʟʦʚʽ ʥʘʥʦʘʥʦʘʛʨʝʛʘʪʠè ʫʪʚʦʨʶʶʪʴʩʷ ʟ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ˊ ï ˊ ʩʧʨʷʞʝʥʥʷ, ʷʢʽ ʧʦʪʽʤ ʘʛʨʝʛʫʶʪʴʩʷ ʫ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ [131, 132] ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʆʣʽʛʦʤʝʨʥʽ ʣʠʩʪʠ (ʤʦʣʝʢʫʣʷʨʥʽ ʜʠʩʢʠ) ʚʠʟʥʘʯʘʶʪʴ ʢʽʥʝʮʴ ʨʝʘʢʮʽʡʥʦʛʦ 

ʢʘʩʢʘʜʫ ʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʥʘʨʦʱʫʚʘʥʥʷ. ɺʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʟʚ'ʷʟʦʢ ʤʽʞ 

ʤʦʥʦʤʝʨʘʤʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ [133, 134]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ 

(ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʘʩʦ-ʧʨʦʣʴʦʪʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ), ʱʦ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʤʦʥʦʤʝʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ ʜʠʩʢ [135]. ʅʝʱʦʜʘʚʥʦ ʪʘʢʦʞ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ DHI ʽ DHICA ʚ ʦʣʽʛʦʤʝʨʘʭ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʝ 



ʟʥʘʯʝʥʥʷ ʚ ʘʛʨʝʛʘʮʽʾ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʤʝʪʨʽʶ ʩʪʝʢʽʚ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʙʘʛʘʪʽ ʥʘ DHI 

ʦʣʽʛʦʤʝʨʠ ʧʽʜʜʘʶʪʴʩʷ -́ʩʪʝʢʽʥʛʫ, ʙʘʛʘʪʽ ʥʘ DHICA ʦʣʽʛʦʤʝʨʠ ʧʽʜʜʘʶʪʴʩʷ 

ʚʠʧʘʜʢʦʚʦʤʫ ʟʚ'ʷʟʫʚʘʥʥʶ ʯʝʨʝʟ ʾʭʥʶ ʥʝʧʣʦʩʢʫ ʩʪʨʫʢʪʫʨʫ [115, 136]. 

ʂʨʦʢ 1ð ʘʛʨʝʛʘʮʽʷ ʚʽʜ ʨʽʚʥʷ 1 ʜʦ ʨʽʚʥʷ 2 

ʈʝʟʫʣʴʪʘʪ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʘʛʨʝʛʘʮʽʾ ʚ ʽʻʨʘʨʭʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʯʘʩʪʦ 

ʥʘʟʠʚʘʶʪʴ ʧʨʦʪʦʯʘʩʪʠʥʢʘʤʠ (ʘʙʦ ʙʘʟʦʚʠʤʠ ʥʘʥʦʘʛʨʝʛʘʪʘʤʠ). ɯʩʥʫʚʘʥʥʷ 

ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚ ʩʝʨʝʜʠʥʽ 1990-ʭ ʨʦʢʽʚ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʦʣʽʛʦʤʝʨʥʽ ʣʠʩʪʠ ʧʽʜʜʘʶʪʴʩʷ -́ʩʪʝʢʽʥʛʫ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʧʨʦʪʦʯʘʩʪʠʥʢʠ. ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʮʽʥʶʚʘʣʠ ʾʭ ʨʦʟʤʽʨʠ ʧʨʠʙʣʠʟʥʦ ʚ 2 

ʥʤ [63]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʜʦʩʷʛʥʝʥʥʷ, ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʱʦʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʠʪʘʥʥʷʤ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʛʝʥʝʨʘʮʽʷ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ï ʮʝ ʻ ʧʨʦʮʝʩ ʘʛʨʝʛʘʮʽʾ ʯʠ 

ʘʛʣʦʤʝʨʘʮʽʾ ʽ ʯʠ ʮʝʡ ʝʪʘʧ ʚʠʨʦʱʫʚʘʥʥʷ ʻ ʦʙʦʨʦʪʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʢʽʥʝʪʠʯʥʝ ʨʦʟʫʤʽʥʥʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪ ̔ʟʫʧʠʥʠʪʠ ʧʨʦʮʝʩ ʥʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʛʝʥʝʨʫʚʘʪʠ 

ʧʨʦʪʦʯʘʩʪʠʥʢʠ ʚ ʽʟʦʣʴʦʚʘʥʽʡ, ʩʪʘʙʽʣʴʥʽʡ ʬʦʨʤʽ, ʦʢʨʽʤ ʤʝʪʦʜʫ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʘʚʪʦʦʩʘʜʞʝʥʥʷ [115]. 

ʈʽʚʝʥʴ 2 ð ʧʨʦʪʦʯʘʩʪʠʥʢʠ 

 ʇʝʨʰʝ ʚʽʟʫʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʙʫʣʦ ʦʪʠʤʘʥʦ ʚ ʨʦʙʦʪʽ 

[61] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʚʽʯʫʶʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʊɽʄ). ɹʫʣʦ 

ʧʦʤʽʯʝʥʦ, ʱʦ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʮʠʨʢʫʣʷʨʥʫ, ʮʠʙʫʣʝʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5 ʥʤ, ʱʦ ʜʝʱʦ 

ʙʽʣʴʰʝ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʣʦʩʷ. ʇʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʣʷ ʜʦʬʘʤʽʥ-

ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ TEM ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ [137]. ɿʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ 

ʨʦʢʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʝʫʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ [67, 117], ʜʠʬʨʘʢʮʽʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ [138], ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ [69, 135]. ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʩʪʝʢʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ, ʘʣʝ ʽʩʥʫʚʘʥʥʷ 

ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʷʢ ʦʢʨʝʤʦʛʦ ʨʽʚʥʷ ʟʘʣʠʰʘʚʩʷ ʩʢʣʘʜʥʠʤ ʫ ʚʽʜʪʚʦʨʝʥʥʽ. ʇʝʨʰʠʡ 



ʩʝʣʝʢʪʠʚʥʠʡ ʩʠʥʪʝʟ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʷʢ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ʚ 

ʨʦʙʦʪʽ [129] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ 

ʘʚʪʦʦʩʘʜʞʝʥʥʷ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʪʦʯʘʩʪʠʥʢʘ ʻ ʥʝʟʘʣʝʞʥʠʤ ʪʠʧʦʤ 

ʯʘʩʪʠʥʦʢ ʟʽ ʩʪʨʠʞʥʝʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ 6 ʥʤ [115]. 

ʂʨʦʢ 2ð ʘʛʨʝʛʘʮʽʷ ʚʽʜ ʨʽʚʥʷ 2 ʜʦ ʨʽʚʥʷ 3 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʙʝʟʣʽʯ ʧʨʦʪʦʯʘʩʪʠʥʦʢ ʛʝʥʝʨʫʻ ʢʦʤʧʘʢʪʥʽ ʪʘ 

ʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ ʪʠʧʫ ɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʥʽʰʝ ʦʧʠʩʘʥʦʛʦ ʮʠʙʫʣʝʧʦʜʽʙʥʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ [61]. ɼʦ ʥʝʜʘʚʥʘ ʙʫʣʦ ʤʘʡʞʝ ʥʽʯʦʛʦ ʥʝ ʚʽʜʦʤʦ ʧʨʦ ʤʝʭʘʥʽʟʤ 

ʮʴʦʛʦ ʝʪʘʧʫ ʚʠʨʦʱʫʚʘʥʥʷ. ʁʦʛʦ ʧʦʷʩʥʝʥʥʷ  ̒ ʩʢʣʘʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʯʘʩ ʜʣʷ 

ʘʛʨʝʛʘʮʽʾ ʽ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ, ʤ̔ʦʚʽʨʥʦ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ, ʥʘ ʱʦ ʚʢʘʟʫʶʪʴ ʩʧʝʢʪʨʠ ʟ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ 

[130]. ʆʩʢʽʣʴʢʠ ʤʝʪʦʜʦʤ ʊɽʄ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʪʦʯʘʩʪʠʥʢʠ ʚʩʝ ʱʝ 

ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ [61, 137], ʮʽʢʘʚʦ ʙʫʣʦ ʟôʷʩʫʚʘʪʠ ʯʠ ʤʦʞʝ, 

ʥʘʧʨʠʢʣʘʜ, ʮʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʙʫʪʠ ʦʙʝʨʥʝʥʠʤ [115]. 

ʈʽʚʝʥʴ 3 ð ʯʘʩʪʠʥʢʠ ʪʠʧʫ ɸ 

 ʅʘʥʦʯʘʩʪʠʥʢʠ ʪʠʧʫ ɸ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʨʝʪʽʡ ʨʽʚʝʥʴ ʘʛʨʝʛʘʮʽʾ, ʽʤʦʚʽʨʥʦ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʥʦʞʠʥʠ ʧʨʦʪʦʯʘʩʪʠʥʦʢ, ʧʦʜʽʙʥʦ ʾ ʜʦ 

ʮʠʙʫʣʝʧʦʜʽʙʥʦʾ ʦʙʦʣʦʥʢʠ [61, 115]. 

ʉʧʦʯʘʪʢʫ ʾʭ ʽʩʥʫʚʘʥʥʷ ʷʢ ʦʢʨʝʤʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʥʘ ʙʫʣʦ ʧʦʢʘʟʘʪʠ ʣʠʰʝ, 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦʾ ʩʠʣʠ ʤʽʢʨʦʩʢʦʧʽʾ (AFM), 

ʧʨʦʩʚʽʯʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦ ʾʤʽʢʨʦʩʢʦʧʽʾ (ʊɽʄ) ʘʙʦ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ (SEM), ʧʝʨʝʚʘʞʥʦ ʥʘ ʯʘʩʪʠʥʢʘʭ ʤʝʣʘʥʽʥʫ ʩʝʧʽʾ. ɺʦʥʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʝ ʷʢ ʽʟʦʣʦʴʦʚʘʥʽ ʯʘʩʪʠʥʢʠ, ʘ ʷʢ ʧʽʜʩʪʨʫʢʪʫʨʠ ʩʬʝʨʠ ʨʦʟʤʽʨʦʤ 

200 ʥʤ. ɰʭʥʽ ʨʦʟʤʽʨʠ ʦʮʽʥʶʚʘʣʠʩʷ ʚ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʥʤ [61, 115, 117]. 

 ʇʝʨʰʠʡ ʧʨʷʤʠʡ ʜʦʢʘʟ ʯʽʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʮʠʭ ʯʘʩʪʠʥʦʢ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʘʚʪʦʦʩʘʜʞʝʥʥʷ. ʆʢʨʝʤʽ 

ʩʠʥʪʝʟʦʚʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʪʠʧʫ ɸ ʛʦʪʫʚʘʣʠ ʚ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʾʭ ʽʩʥʫʚʘʥʥʷ ʷʢ ʦʢʨʝʤʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʩʪʘʥʫ [128], ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʚ 



ʜʽʘʧʘʟʦʥʽ 40Ñ10 ʥʤ. ɺʪʽʤ ʧʨʦʪʦʯʘʩʪʠʥʢʠ ʷʢ ʧʽʜʩʪʨʫʢʪʫʨʠ ʥʝ ʤʦʞʥʘ ʙʫʣʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊɽʄ, ʷʢʽ ʤʦʛʣʠ ʙ ʧʽʜʪʚʝʨʜʠʪʠ ʦʧʠʩʘʥʫ 

ʨʘʥʽʰʝ ʮʠʙʫʣʝʧʦʜʽʙʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ. ɸʣʝ ʨʦʟʤʽʨ ʽ ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ [115, 130]. 

ʂʨʦʢ 3ð ʘʛʨʝʛʘʮʽʷ ʚʽʜ ʨʽʚʥʷ 3 ʜʦ ʢʽʥʮʝʚʦʛʦ ʨʽʚʥʷ 4 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʫ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʠʨʦʱʫʚʘʥʥʽ ʯʘʩʪʠʥʦʢ 

ʝʫʤʝʣʘʥʽʥʫ ʻ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɺ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʮʽʾ ʪʨʴʦʭ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ SEM, ʨʦʟʜʽʣʝʥʦʛʦ ʚ ʯʘʩʽ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʽ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʘʚʪʦʦʩʘʜʞʝʥʥʷ ʚʜʘʣʦʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʽ ʟʘʣʫʯʝʥʽ ʜʣʷ ʮʴʦʛʦ ʬʨʘʛʤʝʥʪʠ [115, 130]. ʈʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʠʣʠ ʘʛʨʝʛʘʮʽʶ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ ʷʢ ʨʫʰʽʡʥʫ ʩʠʣʫ ʧʨʠ ʮʦɹʤʫ ʝʪʘʧ ̔

ʥʘʨʦʱʫʚʘʥʥʷ ʽ ʚʠʢʣʶʯʘʶʪʴ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ, ʧʨʠ ʯʦʤʫ 

ʫʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɺ ʟʘʡʤʘʻ ʣʠʰʝ ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʯʘʩʫ ʨʝʘʢʮʽʾ. 

 ʈʽʚʝʥʴ 4 ð ʥʘʥʦʯʘʩʪʠʥʢʠ ʪʠʧʫ B 

ʆʩʪʘʥʥʽʡ ʨʽʚʝʥʴ ʫ ʥʘʜʤʦʣʝʢʫʣʷʨʥʽʡ ʧʦʙʫʜʦʚʽ ʝʫʤʝʣʘʥʽʥʫ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʚʠʜʦʤ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʯʘʩʪʠʥʢʦʶ ʪʠʧʫ ɺ. ɺʦʥʠ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʥʦʨʽʜʥʽ ʩʬʝʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʜʽʘʤʝʪʨʦʤ ʙʣʠʟʴʢʦ 200 ʥʤ 

[61, 62, 67, 115]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ SEM ʧʦʢʘʟʫʶʪʴ ʯʽʪʢʦ ʚʠʜʠʤʝ ʢʽʥʮʝʚʝ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʝʫʤʝʣʘʥʽʥʫ ʚʽʜ ʥʝʱʽʣʴʥʦ ʘʛʨʝʛʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɸ ʜʦ 

ʧʦʚʥʽʩʪʶ ʛʣʘʜʢʠʭ ʩʬʝʨ, ɦ ʦ ̒ ʜʦʢʘʟʦʤ ʧʨʷʤʦ ʾʘʛʨʝʛʘʮʽ ʾʷʢ ʤʝʭʘʥʽʟʤʫ ʧʦʙʫʜʦʚʠ 

ʯʘʩʪʠʥʦʢ ʪʠʧʫ ɺ [117, 130]. ʇʨʦʪʝ, ʷʢ ʧʦʢʘʟʘʣʘ ʢʦʤʙʽʥʘʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ 

ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʪʘ SEM, ʢʦʥʩʦʣʽʜʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ 

ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʾʭ ʧʦʯʘʪʢʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ [115, 130]. 

ʋʩʽ ʩʪʨʫʢʪʫʨʠ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 200 ʥʤ, ʷʢʽ ʽʥʦʜʽ ʟʛʘʜʫʶʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ, 

ʥʝ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʥʷʪʪʷ ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʯʠ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ ʥʝ ʯʠʩʪʠʡ ʝʫʤʝʣʘʥʽʥ, ʘ ʩʢʦʨʽʰʝ ʧʦʻʜʥʘʥʥʷ ʝʫʤʝʣʘʥʽʥʫ 



ʟ ʽʥʰʠʤʠ ʙʽʦʣʦʛʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʙʽʣʢʠ ʽ ʪʦʤʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [115, 117]. 

ʆʩʢʽʣʴʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʤʝʣʘʥʽʥʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʭʽʜʥʠʭ ʽʥʜʦʣʫ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʧʦʟʠʪʠʚʥʦ ʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʛʨʫʧʠ [2], ʘ ʪʘʢʦʞ ʢʽʥʮʝʚʽ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʛʨʫʧʠ C = O, OH, COOH, ʪʘʢʘ ʩʢʣʘʜʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘ 

ʩʧʦʣʫʢʘ, ʚ ʧʨʠʥʮʠʧʽ, ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠ ʢʦʤʧʣʝʢʩʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʚ ʷʢʠʭ ʤʝʣʘʥʽʥ 

ʤʦʞʝ ʙʫʪʠ ʘʢʮʝʧʪʦʨʦʤ ʘʙʦ ʜʦʥʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ [7]. 

ʈʝʯʦʚʠʥʠ ʟ ʘʥʽʦʥʥʠʤʠ ʪʘ ʢʘʪʽʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʚôʷʟʫʶʪʴʩʷ ʟ 

ʤʝʣʘʥʽʥʦʤ ʯʝʨʝʟ ʽʦʥʥʫ ʚʟʘʻʤʦʜʽʶ, ʜʦʧʦʚʥʝʥʫ ʚʟʘʻʤʦʜʽʻʶ ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʘ [26]. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʤʝʪʘʣʠ (ʽʦʥʠ ʤʝʪʘʣʽʚ), 

ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ, ʦʨʛʘʥʽʯʥʽ ʘʤʽʥʠ, ʪʦʱʦ ʟʚôʷʟʫʶʪʴʩʷ ʟ 

ʤʝʣʘʥʽʥʦʤ ʽ ʪʨʠʤʘʶʪʴʩʷ ʫ ʟʚôʷʟʘʥʦʤʫ ʩʪʘʥʽ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʇʨʠʧʫʩʢʘʻʪʩʴʷ, ʱʦ 

ʤʝʣʘʥʽʥ ʟʘʭʠʱʘʻ ʟʦʚʥʽʰʥʽ ʪʢʘʥʠʥʠ, ʘʙʩʦʨʙʫʶʯʠ ʪʘ ʫʪʨʠʤʫʶʯʠ ʟʚôʷʟʦʢ ʟ 

ʧʦʪʝʥʮʽʡʥʦ ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʧʦʪʽʤ ʧʦʚʽʣʴʥʦ ʚʠʜʽʣʷʶʪʴʩʷ ʟ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʥʝʪʦʢʩʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ɿʘʛʘʣʦʤ ʧʨʠʨʦʜʥʠʡ ʪʘ ʩʠʥʪʝʪʠʯʥʠʡ ʤʝʣʘʥʽʥʠ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʙʽʦʧʦʣʽʤʝʨʽʚ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ [1, 35, 139]. ʇʝʨʰ ʟʘ ʚʩʝ, ʮʝ 

ʧʝʨʽʦʜʠʯʥʘ (-́ʩʪʝʢʦʚʘ) ʘʙʦ ʧʦʣʽʤʝʨʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ [2] ʟ 

ʧʨʦʪʷʞʥʠʤʠ ˊ-ʩʧʨʷʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. ʊʘʢʘ ˊ-ʩʪʝʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʘʯʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ, ʧʦʜʽʙʥʦ ʜʦ ʛʨʘʬʽʪʦʚʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ɺʟʘʻʤʦʜʽʷ ʯʝʨʝʟ ˊ-ʩʧʨʷʞʝʥʽ ʜʽʣʷʥʢʠ ʤʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʫ 

ʩʪʝʢʘʭ ʤʝʣʘʥʽʥʫ ʟʤʽʥʶʻʪʴʩʷ ʟ ʚʽʜʩʪʘʥʥʶ, ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʯʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [7].  

 

1.4 ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ ʪʘ ʧʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

1.4.1 ʆʧʪʠʯʥʽ ʪʘ ʬʦʪʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 



1.4.1.1 ʈʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ 

ʝʫʤʝʣʘʥʽʥʫ 

ʉʧʝʢʪʨʠ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʚ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʦʧʠʩʫʶʪʴʩʷ ʙʝʟʩʪʨʫʢʪʫʨʥʦʶ ʢʨʠʚʦʶ ʫ ʚʠʛʣʷʜʽ 

ʝʢʩʧʦʥʝʥʪʠ, ʷʢʘ ʧʣʘʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ UV ʜʦ IR ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ, ʙʝʟ ʧʽʢʽʚ, 

ʷʢʘ ʻ ʥʝʟʚʠʯʥʦʶ ʜʣʷ ʦʨʛʘʥʽʯʥʠʭ ʭʨʦʤʦʬʦʨʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʧʽʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʭʦʜʘʤ ʤʽʞ ʦʢʨʝʤʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ / ʚʽʙʨʦʥʥʠʤʠ ʩʪʘʥʘʤʠ 

[140]. ʇʦʛʣʠʥʘʥʥʷ ʝʫʤʝʣʘʥʽʥʫ ʙʽʣʴʰʝ ʩʭʦʞʝ ʥʘ ʥʝʦʨʛʘʥʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʥʽʞ 

ʦʨʛʘʥʽʯʥʠʡ [17].  

ɺʚʘʞʘʣʦʩʷ, ʱʦ ʪʘʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦʛʣʠʥʘʥʥʷ ʤʝʣʘʥʽʥʫ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ 

ʨʝʣʝʾʚʩʴʢʠʤ ʪʘ ʄʽ ʨʦʟʩʽʶʚʘʥʥʷʤ. ʆʜʥʘʢ ʥʝɦʦʜʘʚʥʦ, ʚ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʠʭ 

ʨʦʙʦʪʘʭ [141-143] ʜʦʚʝʣʠ, ʱʦ ʚ ʪʠʧʦʚʠʭ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʫʤʦʚʘʭ, 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʩʢʣʘʜʘʻ <6% ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʧʪʠʯʥʦʤʫ ʟʘʪʫʭʘʥʥʽ ʧʦ ʚʩʽʡ 

ʜʦʚʞʠʥʽ ʭʚʠʣʴ ʚ UV-Vis ʜʽʘʧʘʟʦʥʽ. ɸ ʜʣʷ ʤʝʣʘʥʽʥʫ ʩʝʧʽʾ ʚʥʝʩʦʢ ʨʦʟʩʽʶʚʘʥʥʷ 

cʢʣʘʜʘʻ 12ï13% [144]. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʛʣʠʥʘʥʥʷ  ̒ʥʝʯʫʪʣʠʚʠʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦ ʾʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʫʜʦʚʠ ʝʫʤʝʣʘʥʽʥʫ, ʭʦʯʘ 

ʮʝ ʢʦʨʠʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ ʭʨʦʤʦʬʦʨʽʚ [115]. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʪʘʢʘ ʬʦʨʤʘ ʩʧʝʢʪʨʫ ʧʦʛʣʠʥʘʥʥʷ 

ʤʝʣʘʥʽʥʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ [1, 3, 139] - 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ.   



 

ʈʠʩ. 1.9 (i) ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʤʝʣʘʥʽʥʫ ʚ UV-Vis ʪʘ ʣʽʥʽʡʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʛʘʫʩʽʘʥ ʧʽʢ̔ʚ ʧʦʛʣʠʥʘʥʥʷ (ʥʘ ʚʩʪʘʚʮʽ ʟʦʙʨʘʞʝʥʦ ʣʦʛʘʨʠʬʤʽʯʥʠʡ 

ʛʨʘʬʽʢ ʜʘʥʠʭ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʡʦʛʦ ʝʢʩʧʦʥʝʥʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ); (ii) ʩʧʝʢʪʨʠ PL 

ʤʝʣʘʥʽʥʫ. ʈʽʟʥʽ ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ ʚʢʘʟʫʶʪʴ ʥʘ ʩʧʝʢʪʨʠ, ʦʪʨʠʤʘʥʽ ʟʽ ʟʤʽʥʦʶ 

ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦʾ ʥʘʢʘʯʠ (ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ) [108]. 

 

ʇʫʥʢʪʠʨʥʽ ʣʽʥʽʾ ɻʘʫʩʩʘ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʟʦʙʨʘʞʝʥʽ  ʥʘ ʨʠʩʫʥʢʫ 1.9 

(i) ð ʽʜʝʘʣʽʟʦʚʘʥʠʡ ʥʘʙʽʨ ʩʧʝʢʪʨʽʚ ʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʝʭʦʜʽʚ ʦʢʨʝʤʠʭ 

ʭʨʦʤʦʬʦʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʤʝʣʘʥʽʥʫ, ʱʦ ʽʣʶʩʪʨʫ ̒ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʧʨʦʬʽʣʴ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʷʢ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʧʽʢʽʚ [108].  

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʝʫʤʝʣʘʥʽʥʫ 

ʧʨʦʧʦʥʫʚʘʣʠʩʷ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ - ʭʽʤʽʯʥʦʛʦ (ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ) ʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ (ʧʦʚ'ʷʟʘʥʦʛʦ ʟ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ) [15, 64, 145, 146]. ʄʦʜʝʣʴ ʭʽʤʽʯʥʦʛʦ 

ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʧʨʠʧʫʩʢʘʻ ʨʽʟʥʽ ʭʽʤʽʯʥʽ ʬʦʨʤʠ ʚ ʝʫʤʝʣʘʥʽʥʽ. ʅʘʧʨʠʢʣʘʜ, 



ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʦʥʦʤʝʨʥʽ ʦʜʠʥʠʮʽ (DHI ʘʙʦ DHICA), ʨʽʟʥʽ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ 

ʬʦʨʤʠ, ʦʣʽʛʦʤʝʨʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʥʦʤʝʨʥʠʭ ʦʜʠʥʠʮʴ, ʷʢʽ 

ʧʦʣʽʤʝʨʠʟʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ (ʨʠʩʫʥʦʢ 1.10). 

 

ʈʠʩ. 1.10 ʇʨʠʢʣʘʜ ʭʽʤʽʯʥʦ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ 

ʝʫʤʝʣʘʥʽʥʫ [15, 132]. (ʘ) ʪʝʪʨʘʤʝʨʥʘ ʤʦʜʝʣʴ [101, 147]; (b) ʧʝʥʪʘʤʝʨʥʘ 

ʤʦʜʝʣʴ; (c) ʦʢʪʘʤʝʨʥʘ ʤʦʜʝʣʴ [57, 58]; (d) ʤʦʥʦʤʝʨʥʘ ʤʦʜʝʣʴ [148]. 

 

ɹ̔ ʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʦʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʻ ʦʣʽʛʦʤʝʨʘʤʠ 

ʥʘ ʦʩʥʦʚʽ DHI, ʷʢʽ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʜʽʣʷʥʦʢ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʽ ʜʦʟʚʦʣʷʶʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʦʣʽʛʦʤʝʨʠ. ʆʪʞʝ, ʦʙôʻʜʥʘʥʥʷ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʨʦʙʠʪʴ ʟʘʛʘʣʴʥʝ ʦʧʪʠʯʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʰʠʨʦʢʠʤ [15, 56, 101, 146, 147, 149]. 

ʄʦʜʝʣʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʦʣʽʛʦʤʝʨʠ 

ʝʫʤʝʣʘʥʽʥʫ ʫʧʘʢʦʚʘʥʽ ʚ ʨʽʟʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ. ʊʦʤʫ ʝʢʩʠʪʦʥʥʝ ʟʙʫʜʞʝʥʥʷ, 

ʷʢʝ ʚʠʥʠʢʘʻ, ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨ [15, 132, 150-153]. 

ʆʪʞʝ, ʭʽʤʽʯʥʝ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ʾʭ ʧʦʣʽʤʝʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʚʽʜʽʛʨʘʻ ʽʩʪʦʪʥʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʝʢʦʚʘʣʝʥʪʥʘ ʚʟʘʻʤʦʜʽʷ ʚʥʘʩʣʽʜʦʢ ʾʭ 



ʩʪʝʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʜʣʷ çʙʘʟʦʚʠʭ ʥʘʥʦʘʛʨʝʛʘʪʽʚè ʽ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ. ʋ ʤʦʜʝʣʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ [6] ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ 

ʚʘʞʣʠʚʘ ʨʦʣʴ ʚʽʜʚʦʜʠʪʴʩʷ ʝʢʩʠʪʦʥʥʠʤ ʧʨʦʮʝʩʘʤ ʚ  ́  ï ́  ʩʪʝʢʽʥʛʫ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʜʠʩʢʽʚ ʪʘ ʥʘʥʦʘʛʨʝʛʘʪʽʚ, ʱʦ ʟ ʥʠʭ ʩʢʣʘʜʘʶʪʴʩʷ [28]. 

ʊʦʤʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ ʰʠʨʦʢʦʩʤʫʛʦʚʝ ʦʧʪʠʯʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʜʚʘ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ: 

1. ɼʝʣʦʢʘʣʽʟʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ ʧʽʜ 

ʯʘʩ ʧʣʘʥʘʨʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʤʦʥʦʤʝʨʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʣʽʛʦʤʝʨʽʚ, ʩʪʝʢʫʚʘʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʰʘʨʽʚ, ʩʧʽʨʘʣʝʡ (ʦʩʦʙʣʠʚʦ ʟʘʚʜʷʢʠ 

ʤʽʞʰʘʨʦʚʦʛʦ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʢʫ) ʪʘ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʤʝʪʘʣʘʤʠ ï ʚʩʝ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʧʦʛʣʠʥʘʥʥʷ ʽ ʧʦʤôʷʢʰʝʥʥʷ ʦʢʨʝʤʠʭ ʩʤʫʛ 

ʧʦʛʣʠʥʘʥʥʷ.  

2. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʦʣʽʛʦʤʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʩʧʦʩʦʙʽʚ ʽ ʬʦʨʤ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʣʘʚʥʠʡ, ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ, ʜʣʷ 

ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʝ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʙʘʛʘʪʴʦʭ ʤʦʞʣʠʚʠʭ ʩʪʨʫʢʪʫʨʘʭ [101, 147]. 

 

1.4.1.2 ʉʪʘʮʽʦʥʘʨʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʤʝʣʘʥʽʥʫ, ʫ ʩʧʝʢʪʨʘʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 1.9 (ii )) ʯʽʪʢʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʝʥʝʨʛʽʷ ʥʘʢʘʯʢʠ ʣʘʟʝʨʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ. ʎʝʡ 

ʢʦʥʪʨʘʩʪ ʤʽʞ ʧʦʛʣʠʥʘʥʥʷʤ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʻ ʦʯʝʚʠʜʥʠʤ ʧʦʨʫʰʝʥʥʷ 

ʧʨʘʚʠʣʘ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʦʨʛʘʥʽʯʥʽʡ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʆʜʥʘʢ 

ʧʦʚʝʜʽʥʢʘ ʩʧʝʢʪʨʽʚ PL ʜʦʟʚʦʣʷ ̒ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʩʢʣʘʜʽ ʤʝʣʘʥʽʥʫ ʧʨʠʩʫʪʥʽ 

ʨʽʟʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʨʦʤʦʬʦʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʽʜʝʶ ʾʭ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʟʦʙʨʘʞʝʥʠʭ ʚ ʨʝʟʫʣʴʪʫʶʯʦʤʫ ʩʧʝʢʪʨʽ ʧʦʛʣʠʥʘʥʥʷ 

ʥʘ ʨʠʩʫʥʢʫ 1.9 (i) [17].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ PL ʤʝʣʘʥʽʥʫ ʤʘʶʪʴ ʢʚʘʥʪʦʚʠʡ 

ʚʠʭʽʜ ʤʝʥʰʝ ʥʽʞ 0,1%, ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʤʝʣʘʥʽʥ ʨʦʟʩʽʶʻ > 99,9% ʝʥʝʨʛʽʾ 

UV-Vis ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ [154], ʱʦ ʧʨʠʨʦʜʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 



ʤʝʣʘʥʽʥ ʻ ʧʨʝʢʨʘʩʥʠʤ ʬʦʪʦʟʘʭʠʩʥʠʢʦʤ ʚʽʜ ʦʧʪʠʯʥʦʛʦ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ̔ʧʦʷʩʥʶʻ, ʯʦʤʫ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʰʢʽʨʽ. ʑʦʙ ʧʽʜʪʚʝʨʜʠʪʠ 

ʮʝʡ ʚʠʩʥʦʚʦʢ, ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʜʘʪʥʽʩʪʴ ʤʝʣʘʥʽʥʫ ʧʦʛʣʠʥʘʪʠ UV 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʽʩʣʷ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʚʧʣʠʚʫ [155]. ʆʜʥʘʢ 

ʜʦʩʽ ʥʝ ʟʦʚʩʽʤ ʟʨʦʟʫʤʽʣʦ, ʷʢ ʤʝʣʘʥʽʥ ʪʘʢʦʶ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʧʝʨʝʪʚʦʨʶʻ 

ʦʧʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʪʝʧʣʦ [17]. 

ʄʘʙʫʪʴ, ʥʘʡʙʽʣʴʰ ʤʘʩʰʪʘʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʩʪʘʮʽʦʥʘʨʥʦʾ PL, ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʤʝʣʘʥʽʥʫ ʙʫʣʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [17, 72, 73]. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ PL 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʣʘʥʽʥʫ ʻ 3D ʢʘʨʪʠ ʟʙʫʜʞʝʥʥʷ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (PLE), ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 1.11.  

 

 

ʈʠʩ. 1.11 3D ʢʘʨʪʠ PLE ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. ɺʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ, ʘ ʥʠʟʴʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ï 

ʩʠʥʽʤ [72]. 

 

ʇʝʨʰ ʥʽʞ ʧʝʨʝʡʪʠ ʜʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʟ ʜʠʥʘʤʽʯʥʦ ʾʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʝʫʤʝʣʘʥʽʥʫ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʝʢʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʟ 

ʙʘʛʘʪʦʬʦʪʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʚ ʩʪʘʪʪʽ [156] ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ 

ʮʽʢʘʚʠʡ ʩʪʫʧʽʥʯʘʩʪʠʡ ʜʚʦʬʦʪʦʥʥʠʡ ʝʬʝʢʪ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʬʣʫʦʨʝʩʮʝʥʮʽʶ 

ʤʦʞʥʘ ʩʪʠʤʫʣʶʚʘʪʠ ʟʙʫʜʞʝʥʥʷʤ ʬʦʪʦʥʘʤʠ ʫ ʙʣʠʞʥʴʦʤʫ IR ʜʽʘʧʘʟʦʥʽ. ʌʦʨʤʘ 



ʩʧʝʢʪʨʫ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʮʽʾ ʚʠʷʚʠʣʘʩʴ ʜʫʞʝ ʧʦʜʽʙʥʦ  ʁ ʜʦ ʦʜʥʦʬʦʪʦʥʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ, ʘʣʝ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʟʤʽʱʝʥʥʷʤ ʚ IR ʦʙʣʘʩʪʴ [17]. 

ʋ̫ ʚʣʝʥʥʷ ʧʨʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʫʤʝʣʘʥʽʥʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ 

ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ [117, 157] ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʚʠʤʽʨʶʚʘʥʥʷ PL ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʫ 

ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɼʝʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʪʫʭʘʥʥʷ PL ʤʘʻ 

ʪʨʠ ʘʙʦ ʯʦʪʠʨʠ ʜʦʤʽʥʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʥʩ ʽ ʩʫʙʥʘʥʦʩʝʢʫʥʜʦʤʫ ʜʽʘʧʘʟʦʥʘʭ 

[158]. ʆʜʥʘʢ ʜʘʥʝ ʟʘʨʝʻʩʪʨʦʚʘʥʝ ʩʚʽʯʝʥʥʷ ʩʢʣʘʜʘʻ ʣʠʰʝ ʢʨʠʭʽʪʥʫ ʯʘʩʪʠʥʫ 

ʟʘʛʘʣʴʥʦʾ ʧʦʛʣʠʥʝʥʦʾ ʝʥʝʨʛʽʾ [17]. 

ʊʦʞ ʟʘʣʠʰʘʣʦʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ï ʢʫʜʠ ʟʥʠʢʘ ̒ʚʩʷ ʽʥʰʘ ʝʥʝʨʛʽʷ. ʋ 

ʩʧʨʦʙʽ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʽ ʦʪʨʠʤʘʪʠ ʥʦʚʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʠʥʘʤʽʢʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʝʣʘʥʽʥ,̔ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʬʦʪʦʘʢʫʩʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ [159]. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʦʛʣʠʥʝʥʦʾ 

ʝʥʝʨʛʽ ʾʨʦʟʩʽʶʻʪʴʩʷ ʙʝʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʝʢ̔ʣʴʢʦʭ ʥʘʥʦʩʝʢʫʥʜ ʧʽʩʣʷ 

ʟʙʫʜʞʝʥʥʷ. ʆʜʥʘʢ, ʢʦʣʠ ʝʫʤʝʣʘʥʽʥ ʙʫʚ ʟʙʫʜʞʝʥʠʡ ʧʨʠ 264 ʥʤ, 30% ʧʦʛʣʠʥʝʥʦʾ 

ʝʥʝʨʛʽʾ ʟʙʝʨʽʛʘʣʦʩʷ ʚ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʜʦʚʰʝ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʥʘʥʦʩʝʢʫʥʜ. ʎʝ 

ʙʫʣʦ ʚʘʞʣʠʚʠʤ ʚʽʜʢʨʠʪʪʷʤ, ʦʩʢʽʣʴʢʠ ʮʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ UV 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʥʠʞʯʝ 300 ʥʤ ʩʪʚʦʨʶʻ ʙʽʣʴʰ ʪʨʠʚʘʣʠʡ 

ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ ʟʽ ʟʥʘʯʥʠʤ ʢʚʘʥʪʦʚʠʤ ʚʠʭʦʜʦʤ [17]. 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ PL ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ 

ʯʘʩʽ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʝʧʦʣʷʨʠʟʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 80 ʧʩ ʧʽʩʣʷ 

ʟʙʫʜʞʝʥʥʷ [158]. ʊʘʢʘ ʰʚʠʜʢʘ ʜʝʧʦʣʷʨʠʟʘʮʽʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ [17].  

ɺʠʚʯʝʥʥʷ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʣʘʥʽʥʫ ʩʢʣʘʜʘʻ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʮʽʻʾ 

ʨʦʙʦʪʠ, ʽ ʫ ʨʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʦh ʾ ʛʨʫʧʠ [1, 3], ʙʫʣʦ ʧʦʢʘʟʘʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥ ̔ ʽ ʪʝʤʧʝʨʘʪʫʨʥ ̔ ʟʘʣʝʞʥʦʩʪ ̔ PL ʤʝʣʘʥʽʥʫ, ʷʢʽ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʚʘʣʠʩʷ ʟ ʤʦʜʝʣʣʶ ʫʪʚʦʨʝʥʥʷ ʦʣʽʛʦʤʝʨʽʚ ʤʝʣʘʥʽʥʫ ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʩʪʝʢʽʥʛʦʤ ʚ ʨʦʟʯʠʥʽ, ʱʦ ʢʦʨʝʣʶʻ ʽʟ ʩʫʯʘʩʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʫʷʚʣʝʥʥʷʤʠ.  



ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʯʝʨʝʟ ʩʣʘʙʢʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʦʣʽʛʦʤʝʨʘʤʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʪʘʥʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʪʘʢ ʟʚʘʥʽ ʧʝʨʝʜʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʚ ʩʪʝʢʫ. ɿʘʚʜʷʢʠ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽʡ ʚʟʘʻʤʦʜʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʚ ʩʧʝʢʪʨʘʭ PL ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʷʢ ʤʦʣʝʢʫʣʷʨʥʝ, ʪʘʢ ʽ ʝʢʩʠʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʤʝʣʘʥʽʥʫ. 

 

ʈʠʩ. 1.12 ʉʪʘʮʽʦʥʘʨʥ ̔(1-4) ʪʘ TRES (5) ʩʧʝʢʪʨʠ PL ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʤʝʣʘʥʽʥʫ 

ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠ 300 K. (1) ʉ=10-2; (2) 10-3; (3) 10-4; (4) 3Ŀ10-5 ʛĿcʤ-3; 

(5) ʉ=3Ŀ10-5 ʛĿcʤ-3; td= 5 ʥʩ [1]. 

 

ʉʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦ ʾPL ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʤʝʣʘʥʽʥʫ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1.12 (ʢʨʠʚʽ 1-4). ʆʯʝʚʠʜʥʦ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʝʣʘʥʽʥʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʩʧʝʢʪʨʘʭ PL. ɼʣʷ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ 

PL (ʢʨʠʚʘ 5) ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʫ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʯʘʩʪʠʥʽ ʪʘ ʟʤʽʱʝʥʥʷ ʩʧʝʢʪʨʫ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʩʪʦʨʦʥʫ. ʎʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʝʢʩʠʤʝʨʥʦʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ [1]. 

ɺ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ ʥʘʰʦʾ ʛʨʫʧʠ [1] ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʽʥʢʫ ʩʧʝʢʪʨʫ 

ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʧʦʷʩʥʶʚʘʣʘʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ ʥʠʟʴʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʫʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʝʢʩʠʤʝʨʥʠʭ ʩʪʘʥʽʚ ʫʩʢʣʘʜʥʝʥʝ, ʘ ʚ ʩʧʝʢʪʨʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʥʦʤʝʨʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ ʦʢʨʝʤʠʭ ʭʨʦʤʦʬʦʨʽʚ.  

 

1.4.2 ɽʣʝʢʪʨʠʯʥʽ  ʽ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ 



ʄʝʣʘʥʽʥ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʧʨʠʢʣʘʜ ʘʤʦʨʬʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ 1970-ʭ 

ʨʦʢʽʚ ʟʘʚʜʷʢʠ ʧʘʨʽ ʩʧʦʩʪʝʨʝʞʝʥʴ: ʡʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʧʨʦʬʽʣʴ ʦʧʪʠʯʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚʢʘʟʫʻ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʩʪʘʥʠ ʚ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ [34]; ʥʘʷʚʥʽʩʪʴ 

ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʨʦʚʽʜʥʠʭ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ; ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ ʷʢ 

ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ [81, 160-165]; ʧʘʜʽʥʥʷ ʩʪʨʫʤʫ ʧʽʩʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʘʭʦʧʣʝʥʽ ʩʪʘʥʠ; ʟʘʣʝʞʥʽʩʪʴ ʬʦʪʦʩʪʨʫʤʫ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ [166, 167]; ʽ, ʥʘʨʝʰʪʽ, ʟʜʘʪʥʽʩʪʴ ʤʝʣʘʥʽʥʫ ʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʙʽʩʪʘʙʽʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʝʬʝʢʪʫ ʧʝʨʝʤʠʢʘʥʥʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ (ʨʠʩʫʥʦʢ 1.13) [34, 35, 85, 168, 169] (ʢʣʶʯʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʤʦʨʬʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ [17]). ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʣʘʥʽʥ ʙʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ [32]. 

ʆʜʥʘʢ ʣʠʰʝ ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʻ ʝʣʝʢʪʨʦʥʥʦ-

ʽʦʥʥʠʤ ʛʽʙʨʠʜʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ 

ʙʽʦʝʣʝʢʪʨʦʥʽʮʽ [11]. ʅʝʱʦʜʘʚʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʥʠʟʴʢʦ-ʯʘʩʪʦʪʥʦʤʫ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʣʘʥʽʥ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʘʤ'ʷʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʪʘ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ [22]. 

 

1.4.2.1 ɻʽʜʨʘʪʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʜʛʫʢʫ 

 ʅʝ  ʚʽʜʨʘʟʫ  ̒ ʦʯʝʚʠʜʥʠʤ ʪʝ, ʱʦ ʚʨʘʭʦʚʫʶʯʠ ʥʝʨʦʟʯʠʥʥʫ ʧʨʠʨʦʜʫ 

ʤʝʣʘʥʽʥʫ, ʩʘʤ ʤʘʪʝʨʽʘʣ ʻ ʜʦʩʠʪʴ ʛʽʛʨʦʩʢʦʧʽʯʥʠʡ. ʗʢ ʚʢʘʟʫʶʪʴ ʽʟʦʪʝʨʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʤʝʣʘʥʽʥʦʤ, ʚʽʥ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠ ʜʦ 20% ʚʦʜʠ ʚʽʜʥʦʩʥʦ 

ʚʣʘʩʥʦʾ ʚʘʛʠ [170-172], ʱʦ ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦ ~2 ʤʦʣʝʢʫʣ ʚʦʜʠ ʥʘ ʦʜʥʫ 

ʤʦʥʦʤʝʨʥʫ ʦʜʠʥʠʮʶ. ʑʦʙ ʚʠʩʫʰʠʪʠ ʤʝʣʘʥʽʥ, ʧʦʪʨʽʙʥʽ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ï ʢʽʣʴʢʘ 

ʛʦʜʠʥ ʘʢʪʠʚʥʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʽʜ ʚʘʢʫʫʤʦʤ ʘʙʦ ʪʝʧʣʦʤ [32, 160]. 

ɹʫʜʫʯʠ ʟʘʚʞʜʠ ʯʘʩʪʢʦʚʦ ʛʽʜʨʘʪʦʚʘʥʠʤʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ), ʤʝʣʘʥʽʥʠ ʟʚôʷʟʫʶʪʴʩʷ ʟ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʽ 

ʟʤʽʥʶʶʪʴ ʩʚʦʾ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʝʣʝʢʪʨʠʯʥʽ. ʁʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʫ 



ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʚʦʜʠ [10, 

11, 22, 35, 81, 87, 89, 160, 165, 170, 173], ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʩʫʭʦʤʫ ʩʪʘʥʽ (ʨʠʩʫʥʦʢ 

1.13) [84]. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʟʘʨʘʟ ʜʦʤʽʥʫʻ ʤʦʜʝʣʴ, ʷʢʘ ʩʪʚʝʨʜʞʫʻ, 

ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ ʤʝʣʘʥʽʥʫ ʨʝʛʫʣʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʦʶ ʨʝʘʢʮʽʻʶ 

ʢʦʤʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ (ʨʠʩʫʥʦʢ 1.14). ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚʦʜʠ, ʨʽʚʥʦʚʘʛʘ 

ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʫʪʚʦʨʝʥʥʷ ʷʢ ʨʘʜʠʢʘʣʽʚ ʪʘʢ ʽ ʧʨʦʪʦʥʽʚ, ʷʢʽ ʨʦʙʣʪ̫ʴ ʤʝʣʘʥʽʥ, ʚ 

ʧʨʠʥʮʠʧʽ, ʛʽʙʨʠʜʥʠʤ ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ [11, 32, 86, 87, 174, 175]. 

ɿʦʢʨʝʤʘ, ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʘʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʷʚʠʱʘ ʙʽ-ʩʪʘʙʽʣʴʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ, ʝʬʝʢʪʫ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ [21, 40], 

ʩʪʨʠʙʢʦʚʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʧʦʣʷʨʠʟʘʮʽʶ [11, 176, 177], ʛʽʩʪʝʨʝʟʠʩʫ ʚʦʣʴʪ-

ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [21].  

 

ʈʠʩ. 1.13 ɽʬʝʢʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʨʝʩʦʚʘʥʠʭ 

ʛʨʘʥʫʣʘʭ ʤʝʣʘʥʽʥʫ. ʃʽʚʦʨʫʯ ʧʦʢʘʟʘʥʘ ʧʦʚʝʜʽʥʢʘ ʩʫʭʦʛʦ ʟʨʘʟʢʘ, ʘ ʧʨʘʚʦʨʫʯ ï 

ʚʦʣʦʛʦʛʦ. ʗʢ ʚʠʜʥʦ, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʜʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ VT , 

ʤʘʪʝʨʽʘʣ ʧʝʨʝʭʦʜʠʪʴ ʫ ʬʘʟʫ ʥʠʟʴʢʦʛʦ ʦʧʦʨʫ [84]. 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ, ʭʽʥʦʥʠ (Q) (ʷʢ ʦʢʠʩʣʝʥʘ ʬʦʨʤʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʙʣʦʢʽʚ) ʽ ʛʽʜʨʦʭʽʥʦʥʠ (H2Q) (ʷʢ ʚʽʜʥʦʚʣʝʥʘ ʬʦʨʤʘ, ʘʙʦ ʢʘʪʝʭʦʣʠ ʯʠ 

ʧʦʣʽʬʝʥʦʣʠ), ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʝʫʤʝʣʘʥʽʥʫ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʘʧʽʚʭʽʥʦʥʠ (SQ) ̔  ʧʨʦʪʦʥʠ (ʨʠʩʫʥʦʢ 1. 14). ɺʽʣʴʥʽ ʨʘʜʠʢʘʣʠ 

ʫ ʚʠʛʣʷʜʽ ʥʘʧʽʚʭʽʥʦʥʽʚ (ʝʣʝʢʪʨʦʥʠ) ʪʘ ʛʽʜʨʘʪʦʚʘʥʽ ʽʦʥʠ (ʧʨʦʪʦʥʠ) ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʷʢ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʤʦʙʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʝʫʤʝʣʘʥʽʥ ̔



[173]. ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ˊ-ˊ ʩʧʨʷʞʝʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ. 

 

ʈʠʩ. 1.14 ʂʦʤʧʨʦʧʦʨʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ ʝʫʤʝʣʘʥʽʥʫ. ʈʝʘʢʮʽʷ 

ʢʦʤʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ, ʜʝ ʜʚʘ ʨʝʘʛʝʥʪʠ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʭʽʤʽʯʥʠʡ ʝʣʝʤʝʥʪ, ʘʣʝ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʦʢʠʩʥʝʥʥʷ, ʫʪʚʦʨʶʶʪʴ ʧʨʦʜʫʢʪ, ʚ ʷʢʦʤʫ ʟʘʣʫʯʝʥʠʡ ʝʣʝʤʝʥʪ ʜʦʩʷʛʘʻ ʽʥʰʦʛʦ 

ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ [173]. 

 

ɿ ̔ʥʰʦʛʦ ʙʦʢʫ, ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ ʤʦʥʦʤʝʨʥʠʭ ʦʜʠʥʠʮʴ, ʪʘʢʠʭ ʷʢ DHI, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʅ (ʨʠʩʫʥʦʢ 1. 1), ʧʨʠ ʮʴʦʤʫ ʧʨʠ ʥʠʞʯʦʤʫ ʨʅ ʜʦʤʽʥʫʻ 

ʛʽʜʨʦʭʽʥʦʥ, ʘ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʨʅ - ʭʽʥʦʥ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ, ʤʝʣʘʥʽʥ ʤʦʞʝ ʜʽʷʪʠ ʷʢ ʜʦʥʦʨ ʘʙʦ ʘʢʮʝʧʪʦʨ ʝʣʝʢʪʨʦʥʽʚ 

(ʨʠʩʫʥʦʢ 1.15) [178]. 

 

 ʈʠʩ. 1.15 ʄʝʣʘʥʽʥ ʷʢ ʜʦʥʦʨ ʘʙʦ ʘʢʮʝʧʪʦʨ ʝʣʝʢʪʨʦʥʽʚ [178]. 

 

ʆʜʥʽʻʶ ʟ ʽʩʪʦʪʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ 

 ̒ʾʭ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠ ʯʦʤʫ ʩʠʥʪʝʪʠʯʥʠʡ ʤʝʣʘʥʽʥ ʤʘʻ ʥʘʙʘʛʘʪʦ ʚʠʱʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʣʘʥʽʥʦʤ, ʚʠʜʽʣʝʥʠʤ ʟ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ. ʋ ʨʦʙʦʪʘʭ 



[161, 162] ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʩʪʘʥʦʚʠʪʴ 10-11 

ʉʤĿʩʤ-1, ʪʦʜʽ ʷʢ ʩʠʥʪʝʪʠʯʥʠʡ ʤʝʣʘʥʽʥ ʧʦʢʘʟʘʚ ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʨʷʜʢʫ 10-8 ʉʤĿʩʤ-

1. ʎʷ ʨʽʟʥʠʮʷ ʫ ʟʥʘʯʝʥʥʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ, ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦ, ʟʫʤʦʚʣʝʥʘ ʙʽʣʴʰʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʩʢʣʘʜʫ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʫ ʚʠʛʣʷʜʽ ʙʽʣʢʽʚ ʽ 

ʧʨʠʩʫʪʥʦʩʪʽ ʜʝʬʝʢʪʽʚ [178]. 

ɺʧʣʠʚ ʛʽʜʨʘʪʘʮʽʾ ʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʧʦʚʝʜʽʥʢʫ ʤʝʣʘʥʽʥʫ, ʷʢʘ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʚ ʢʚʘʟʽʩʪʘʪʠʯʥʦʤʫ ʽ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʘʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, 

ʜʦʩʠʪʴ ʜʦʙʨʝ ʦʧʠʩʘʥʦ ʚ  ʩʪʘʪʪʷʭ [22, 89]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʢʨʠʚʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʚʠʱʝ ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʧʨʦʮʝʩʽʚ ʟʘʭʦʧʣʝʥʥʷ / 

ʟʚʽʣʴʥʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

 

1.4.2.2 ɺʣʘʩʪʠʚʦʩʪʽ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ ʟʚôʷʟʫʚʘʥʥʷ ʽʦʥʽʚ 

ʄʝʣʘʥʽʥ ʪʘʢʦʞ ʻ ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʩʪʘʙʽʣʴʥʠʤ ʚʽʣʴʥʠʤ ʨʘʜʠʢʘʣʦʤ, ʷʢʠʡ 

ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʷʢʠʡ 

ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʫ, ʟʣʝʛʢʘ ʘʩʠʤʝʪʨʠʯʥʫ ʣʽʥʽʶ [17]  ̔ ʙʫʚ ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʭ 

ʙʽʦʤʘʪʝʨʽʘʣʽʚ [32], ʚ ʷʢʦʤʫ ʧʦʚʽʜʦʤʣʷʣʦʩʷ, ʱʦ ʚʽʥ ʤʘʻ ʩʠʛʥʘʣ ʚʽʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʫ [179].  

ɺʽʜʦʤʦ ʪʘʢʦʞ, ʱʦ ʤʝʣʘʥʽʥ ʭʝʣʘʪʫʻ (ʟʚôʷʟʫʻ) ʽʦʥʠ ʤʝʪʘʣʽʚ ʫ ʩʚʦʾʡ 

ʩʪʨʫʢʪʫʨʽ ʟ ʯʠʩʣʝʥʥʠʤʠ ʟʚôʷʟʢʘʤʠ. ʉʧʠʩʦʢ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʚôʷʟʫʚʘʪʠʩʷ, ʜʦʩʠʪʴ ʦʙôʻʤʥʠʡ, ʚʢʣʶʯʘʶʯʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʣʫʞʥʠʭ, 

ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ, ʽʦʥʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʣʘʥʪʘʥʦʾʜʽʚ [45, 

180, 181]. ʎʽʢʘʚʠʤ ʪʘʢʦʞ ʻ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʽ ʩʠʣʘ ʟʚ'ʷʟʢʽʚ ʤʝʣʘʥʽʥʫ ʟ ʙʘʛʘʪʴʤʘ 

ʽʦʥʘʤʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ [182]. ʆʜʥʘʢ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʟ ʮʠʭ ʨʦʙ̔ʪ ʩʪʦʩʫʻʪʴʩʷ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ. ʎʝ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ 

ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʤʝʣʘʥʽʥʫ ʫ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ ʘʙʦ ʘʜʘʧʪʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [12, 32, 175, 183]. 

 

1.4 ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ 



ʇʨʠʨʦʜʥʠʡ ʽ ʩʠʥʪʝʪʠʯʥʠʡ ʤʝʣʘʥʽʥʠ ʚʞʝ ʟʥʘʡʰʣʠ ʩʚʦʻ ʤʽʩʮʝ ʚ 

ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ [1-4, 34, 35]. 

ɯʥʪʝʨʝʩ ʜʦ ʤʝʣʘʥʽʥʽʚ ʦʪʨʠʤʘʥʠʭ ʟ ʛʨʠʙʽʚ, ʨʦʩʣʠʥ, ʧʽʛʤʝʥʪʽʚ ʪʚʘʨʠʥ ʪʘ 

ʣʶʜʠʥʠ, ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ ʤʝʣʘʥʽʥʦ-ʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [11] 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʾʭ ʧʝʨʩʧʝʢʪʠʚʦʶ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʬʦʪʦ- ʽ ʽʥʰʠʭ ʚʠʜʘʭ 

ʟʘʭʠʩʪʫ [176], ʥʝʡʨʦʙʽʦʣʦʛʽʾ, ʟʘʭʠʩʪʽ ʚʽʜ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ (ʟʦʢʨʝʤʘ, 

ʙʽʦʩʝʥʩʦʨʠʮʽ) [19], ʘ ʪʘʢʦʞ ʚ ʙʦʨʦʪʴʙʽ ʟ ʤʝʣʘʥʦʤʦʶ [20]. ʄʝʣʘʥʽʥ, ʚʢʣʶʯʘʶʯʠ 

ʛʨʠʙʥʠʡ, ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʬʦʪʦʚʦʣʴʪʘʾʮʽ [2, 4, 177], ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʨʦʙʢʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥʫ ʟ ʽʥʰʠʤʠ ʩʧʦʣʫʢʘʤʠ [5, 22].  

ʄʝʣʘʥʽʥ ʧʨʦʷʚʣʷʻ ʨʽʟʥʽ ʩʪʫʧʝʥʽ ʬʦʪʦʩʪʘʙʽʣʴʥʦʩʪʽ [184, 185], ʘʣʝ 

ʬʘʢʪʠʯʥʘ ʬʦʪʦʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʣʘʥʽʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʪʘʢʠʭ ̫ ʢ ʜʞʝʨʝʣʦ ʧʦʭʦʜʞʝʥʥʷ ʤʝʣʘʥʽʥʫ (ʧʨʠʨʦʜʥʠʡ ʯʠ ʩʠʥʪʝʪʠʯʥʠʡ), ʩʪʫʧʝʥʶ 

ʛʽʜʨʘʪʘʮʽʾ, pH, ʥʘʷʚʥʦʩʪʽ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʛʤʝʥʪʥʠʭ ʛʨʘʥʫʣ [186] ʽ ʚʧʣʠʚʫ ʝʥʝʨʛʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʟʨʘʟʦʢ [184, 185]. ʆʜʥʘʢ, ʚ ʧʨʠʥʮʠʧʽ, 

ʤʝʣʘʥʽʥʠ ʤʦʛʣʠ ʙ ʧʽʜʽʡʪʠ ʷʢ ʧʦʛʣʠʥʘʶʯʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʧʨʠʩʪʨʦʷʭ ʚ ʙʽʦʝʣʝʢʪʨʦʥʽʮʽ [12]. ʊʘʢʦʞ ʧʠʪʘʥʥʷ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ ʤʝʣʘʥʽʥʫ 

ʨʦʛʣʷʜʘʣʦʩʷ ʚ ʨʦʙʦʪʽ [187].  ɼʦ ʧʠʪʘʥʥʷ ʬʦʪʦʩʪʘʙʽʣʴʥʦʩʪʽ ʪʽʩʥʦ ʚʽʜʥʦʩʠʪʴʩʷ 

ʧʠʪʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ. ʄʝʣʘʥʽʥ ʚʠʷʚʣʷʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʫ 

ʙʽʣɹh ʦʩʪʽ ʨʦʟʯʠʥʥʠʢʽʚ. ʆʜʥʘʢ ʬʦʪʦʦʧʨʦʤʽʥʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ, ʨʅ 

(ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʡ ʧʨʠ ʚʠʩʦʢʦʤʫ ʨʅ) ʽ ʧʨʠʩʫʪʥʽʩʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʘʢʪʠʚʥʠʭ 

ʽʦʥʽʚ ʤʝʪʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʣʘʥʽʥʫ [17, 32]. 

ʂʦʣʠ ʤʦʚʘ ʟʘʭʦʜʠʪʴ ʧʨʦ ʛʥʫʯʢʽ ʧʦʣʽʤʝʨʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʨʤʽʥ çʛʥʫʯʢʽè ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʜʚʦʭ ʟʥʘʯʝʥʥʷʭ: 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʘʙʦ ʤʝʭʘʥʽʯʥʘ ʛʥʫʯʢʽʩʪʴ [32]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʥʽʢʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʧʦʛʣʠʥʘʥʥʷ ʤʝʣʘʥʽʥʫ, ʷʢʠʡ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʬʦʪʦʥʘ, ʤʝʣʘʥʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ 



ʧʦʢʨʠʪʪʷ ʣʽʥʟ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʪʦʥʽʚ [188, 189] ʽ ʫ ʩʬʝʨʽ 

ʤʝʜʠʮʠʥʠ [190]. 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʣʘʥʽʥʫ ʻ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʙʘʨʚʥʠʢʘ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ 

ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʣʘʥʽʥʫ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʠʥʢʫ [123, 187, 

191-193]. ɼʦ ʧʨʠʢʣʘʜʫ, ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʛʽʜʨʘʪʘʮʽʻʶ ʥʘ ʡʦʛʦ ʢʦʣ̔ʨ, ʷʢʠʡ 

ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʤʽʥʦʶ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʤʝʣʘʥʽʥʫ, ʢʦʣʠ ʧʣʽʚʢʠ ʟ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʘʙʩʦʨʙʫʶʪʴ ʚʦʜʫ [124]. ʊʘʢʦʞ ʤʝʣʘʥʽʥ ʨʦʟʛʣʷʜʘʣʠ ʚ ʨʦʣʽ 

ʧʦʪʝʥʮʽʡʥʦʛʦ çʝʣʝʢʪʨʦʥʥʦʛʦ ʯʦʨʥʠʣʘè, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʯʫʜʦʚʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ [194]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ DHI ʤʝʣʘʥʽʥ ʜʽʻ ʷʢ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨ [96], ʤʦʞʝ 

ʚʠʨʦʙʣʷʪʠ ʧʝʨʝʢʠʩ, ʚʦʜʝʥʴ ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʦʜʥʶ, ʧʦʪʝʥʮʽʡʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ [32]. 

ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʥʥʦʾ ʛʝʥʝʨʘʮʽʾ ʤʝʣʘʥʽʥʫ ʪʘ ʡʦʛʦ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʝʭʘʥʽʯʥʽʡ ʛʥʫʯʢʦʩʪʽ ʚ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ [195], ʱʦ ʟ ʤʝʣʘʥʽʥʫ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʛʥʫʯʢʠʡ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ (ʨʠʩʫʥʦʢ 1.16, ʟʣʽʚʘ), ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʻʤʥʽʩʪʶ 24 

ʤɸĿʛʦʜĿʛ-1 ʟ ʤʘʢʩʠʤʫʤʦʤ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 20 ʤɺʪĿʩʤī2. ɺʠʩʦʢʘ ʻʤʥʽʩʪʴ 

ʧʽʜʪʚʝʨʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟ ʦʧʦʨʫ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʛʽʜʨʘʪʦʚʘʥʽ ʤʝʣʘʥʽʥʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʝʘʣʴʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʧʦʨʷʜʢʫ ~103 ʥʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚʦʜʠ, ʤ̔ʦʚʽʨʥʦ, 

ʯʝʨʝʟ ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʨʦʪʦʥʽʚ [86]. ʊʘʢʘ ʨʦʟʨʦʙʢʘ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ 

ʤʝʣʘʥʽʥ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʛʥʫʯʢʠʭ ʝʣʝʢʪʨʦʜʽʚ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ [196-209]. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʝʣʘʥʽʥ ʤʦʞʝ 

ʜʽʷʪʠ ʫ ̫ʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʩʦʢʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪ ʁ[32]. 



 

ʈʠʩ. 1.16 (ʟʣʽʚʘ) ʈʝʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦ-ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʘ ʛʥʫʯʢ̔ʡ 

ʧʽʜʢʣʘʜʠʥʮʽ ʟ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ (PET) [195]. (ʩʧʨʘʚʘ) ʈʝʘʣʴʥʝ 

ʟʦʙʨʘʞʝʥʥʷ pH ʩʝʥʩʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʣʘʥʽʥʫ ʥʘ ʧʦʣʽʝʪʠʣʝʥʦʚʽʡ 

ʧʽʜʢʣʘʜʠʥʮ ̔[32, 210]. 

 

 ʊʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʤʝʣʘʥʽʥʫ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʧʨʠʩʪʨʦʾ ʟ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ, ʭʝʣʘʪʫʚʘʚʰʠ ʡʦʛʦ ʽʦʥʘʤʠ ʥʘʪʨʽʶ ʟ ʧʠʪʦʤʦʶ ʻʤʥʽʩʪʶ 30,4 Ñ 1,6 

ʤɸĿʛʦʜĿʛ-1 [118], ʩʪʚʦʨʝʥʦ ʢʘʪʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʜʘʪʥʽʩʪʴ ʤʝʣʘʥʽʥʫ 

ʟʚôʷʟʫʚʘʪʠ Mg2+ [211], ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ ʟ ʚʦʜʥʦʶ ʘʢʪʠʚʘʮʽʻʶ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ [212]. ʊʘʢʦʞ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ç̔ ʦʥʥʠʡ ʬʽʣʴʪʨè ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʽʦʥʽʚ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, 

ʥʘʧʨʠʢʣʘʜ Mg2+ ʽ Li+ [32, 213].  

ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʣʘʥʽʥʫ ʪʘ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʾ ʛʥʫʯʢʦʩʪʽ ʻ ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʽ ʩʪʘʙʽʣʴʥʠʡ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ pH ʩʝʥʩʦʨ, ʚʠʛʦʪʦʚʣʝʥʠʡ h ʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʩʫʣʴʬʘʪʦʚʘʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʥʘ ʛʨʘʬʝʥʽ ʽ ʛʥʫʯʢʽʡ ʧʦʣʽʝʪʠʣʝʥʦʚʽʡ ʧʽʜʢʣʘʜʠʥʮ̔ (ʨʠʩʫʥʦʢ 1.16, 

ʩʧʨʘʚʘ) [32, 210].  

ɼʦʩʠʪʴ ʮʽʢʘʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʪʦʥʢʽ ʧʣʽʚʢʠ ʤʝʣʘʥʽʥʫ ʥʘ ʟʦʣʦʪʠʭ 

ʝʣʝʢʪʨʦʜʘʭ ʫ ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʪʽ [94], ʜʝ ʫʪʚʦʨʶʚʘʣʠʩʷ 

ʟʦʣʦʪʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʜʝʥʜʨʠʪʽʚ, ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʟʚôʷʟʫʚʘʪʠ ʽʦʥʠ 

ʤʝʪʘʣʫ. ʇʦʪʝʥʮʽʡʥʦ, ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʫʪʚʦʨʝʥʥʷ in 

situ ʥʘʥʦʩʪʨʫʢʪʫʨ Au-ʤʝʣʘʥʽʥ ʽ ʙʽʦʩʫʤʽʩʥʠʭ ʨʝʟʠʩʪʠʚʥʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʘʤ'ʷʪʽ [32]. 



ɺʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʦ ʢʦʨʠʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ 

ʧʨʠʩʪʨʦʷʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘʢʠʭ ʷʢ: ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʰʠʨʦʢʦʩʤʫʛʦʚʽ 

ʦʜʥʦʬʦʪʦʥʥʽ ʜʝʪʝʢʪʦʨʠ (ʙʦʣʦʤʝʪʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ ʟ ʪʦʥʢʦʶ 

ʧʣʽʚʢʦʶ ʝʫʤʝʣʘʥʽʥʫ ʷʢ ʩʝʥʩʠʙʽʣʽʟʫʶʯʦʛʦ ʧʽʛʤʝʥʪʫ), ʚ ʦʨʛʘʥʽʯʥʽʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ [133, 214] ʽ ʙʘʛʘʪʦ 

ʽʥʰʠʭ [27]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʢʮʽʶ ʢʦʤʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ ʪʘ ʛʽʜʨʘʪʘʮʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʚʧʝʨʰʝ ʙʫʣʦ ʦʪʨʠʤʘʥʦ  ʦʨʛʘʥʽʯʥʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʥʘ 

ʦʩʥʦʚʽ ʙʽʦʤʘʪʝʨʽʘʣʽʚ (ʚ ʪ.ʯ. ʤʝʣʘʥʽʥʫ) (ʨʠʩʫʥʦʢ 1.17) [86]. ʎʽʢʘʚʦ ʁʚʣʘʩʪʠʚʽʩʪʶ 

ʮʠʭ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʙʫʣʦ ʪʝ, ʱʦ ʚ ʤʽʨʫ ʟʤʦʯʫʚʘʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʦʢʨʘʱʫʚʘʣʘʩʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʚʦʜʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʪʦʥʽʚ ʯʝʨʝʟ ʨʝʘʢʮʽʶ 

ʢʦʤʧʨʦʧʦʨʮʽʦʥʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʝʣʘʥʽʥ ʤʝʭʘʥʽʯʥʦ ʛʥʫʯʢʠʡ ʽ 

ʙʽʦʩʫʤʽʩʥʠʡ ʮʷ ʨʦʙʦʪʘ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʙʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ in vivo ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʴʥʽʩʪʶ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʦʛʽʨʰʫʶʪʴʩʷ 

ʟʽ ʟʚʦʣʦʞʝʥʥʷʤ [32]. 

 

ʈʠʩ. 1.17 ʉʭʝʤʘ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ʜʚʦʭ ʰʘʨʽʚ: PEDOT:PSS - ʷʢ ʧʨʦʚʽʜʥʠʡ ʢʘʥʘʣ, ʽ ʤʝʣʘʥʽʥ - ʷʢ ʽʦʥʥʠʡ 

ʟʘʪʚʦʨ [32, 86]. 

 

 ʇʝʨʰʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʣʘʥʽʥʫ ʚ ʛʽʙʨʠʜʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʙʫʣʠ ʨʦʙʦʪʠ [8, 215-217], ʜʝ ʘʚʪʦʨʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʠʩʪʨʦʾ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʘʣ-ʽʟʦʣʷʪʦʨ-ʢʨʝʤʥʽʡ ʟ 



ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʣʘʥʽʥʫ ʷʢ ʽʟʦʣʷʪʦʨʘ, ʧʨʠʩʪʨʽʡ ʧʘʤôʷʪʽ ʥʘ ʦʩʥʦʚʽ ʤʝʣʘʥʽʥʫ 

[218], ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʧʘʤôʷʪʽ [32, 219]. 

 ɿʘʚʜʷʢʠ ʛʽʛʨʦʩʢʦʧʽʯʥʽʡ ʧʨʠʨʦʜʽ ʤʝʣʘʥʽʥʫ ʪʘ ʡʦʛʦ ʛʽʜʨʘʪʘʮʽʡʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠʨʦʜʥʦ, ʱʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ 

ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ ʫ ʩʝʥʩʦʨʘʭ ʚʦʣʦʛʦʩʪʽ (ʨʠʩʫʥʦʢ 1.18) [32, 220-222]. ʎʝʡ 

ʜʘʪʯʠʢ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʘ ʧʽʜʢʣʘʜʠʥʮʽ ʟ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ (PET), ʘʣʝ 

ʘʚʪʦʨʠ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʞʦʜʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

ʈʠʩ. 1.18 (a) ʉʭʝʤʘʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʪʯʠʢʘ ʚʦʣʦʛʦʩʪʽ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ 

ʧʦʣʽʜʦʬʘʤʽʥʦʚʦʛʦ (PDA) ʤʝʣʘʥʽʥʫ; (b) ʦʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʩʪʨʦʶ; (c) 

ʛʨʘʬʽʢ ʦʧʽʨ-ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, ʧʦʙʫʜʦʚʘʥʠʡ ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʤʝʣʘʥʽʥʦʚʠʭ ʧʣʽʚʦʢ ( ʢ̫ ʚʠʜʥʦ, ʻ ʝʢʩʧʦʥʝʥʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʚʽʜ 

ʚʦʣʦʛʦʩʪ,̔ ʱʦ ʨʦʙʠʪʴ ʧʨʠʩʪʨʽʡ ʯʫʪʣʠʚʠʤ ʜʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ) [32, 222]. 

 

ɿʘʛʘʣʦʤ, ʤʝʣʘʥʽʥ ʷʢ ʢʦʤʧʦʥʝʥʪ ʚ ʦʨʛʘʥʽʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʙʫʚ 

ʦʧʠʩʘʥʠʡ ʚ ʦʛʣʷʜʘʭ [32, 151]. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʟʜʽʙʥʦʩʪʷʤʠ ʤʝʣʘʥʽʥʫ 

ʟʚôʷʟʫʚʘʪʠ ʣʽʢʠ, ʥʝʱʦʜʘʚʥʦ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʰʠʨʦʢʽ ʦʛʣʷʜʠ [223] ʧʨʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʣʘʥʽʥʫ ʚ ʙʽʦʤʝʜʠʮʠʥʽ, ʪʝʩʪʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ ʚ 

ʦʙʣʘʩʪʽ ʨʝʛʝʥʝʨʘʪʠʚʥʦʾ ʤʝʜʠʮʠʥʠ [224], ʧʦʨʽʚʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʥʘ ʧʨʠʢʣʘʜʽ ʟ ʧʦʣʽʜʦʬʘʤʽʥʦʤ [225], ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ 



ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ ʟ ʤʝʪʦʶ ʟʦʩʝʨʝʜʞʝʥʥʷ ʫʚʘʛʠ ʥʘ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʘʭ ʥʘ 

ʰʣʷʭʫ ʜʦ ʙʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ [226]. 

ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ ʟ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ, ʥʘ ʨʠʩʫʥʢʫ 1.19 

ʤʦʞʥʘ ʧʽʜʙʠʪʠ ʧʽʜʩʫʤʢʠ ʧʨʦ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʽ 

ʦʙʣʘʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ. 

 

ʈʠʩ. 1.19 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʟʚʝʨʭʫ) ʪʘ ʤʦʞʣʠʚʘ ʦʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʽʚʦʢ ʤʝʣʘʥʽʥʫ (ʚʥʠʟʫ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 2. ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʆɹôɭʂʊɯɺ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ 

ʆɻʃʗɼ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ʄɽʊʆɼʀʂ 

2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʦʜʥʽ ʨʦʟʯʠʥʠ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʝʢʩʪʨʘʢʮʽʾ [1, 

3-5, 227], ʤʝʭʘʥʽʟʤ ʷʢʦʾ ʦʧʠʩʘʥʦ ʥʠʞʯʝ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ (Sigma 

Aldrich-M8631). 

ɽʢʩʪʨʘʢʮʽʷ ʤʝʣʘʥʽʥʫ ʟ ʯʘʩʪʠʥ ʾʩʪʽʚʥʠʭ ʨʦʩʣʠʥ ʚʢʣʶʯʘʻ: (1) 

ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʚʠʩʫʰʝʥʦʾ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʨʦʟʯʠʥʦʤ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ 

ʧʨʦʪʷʛʦʤ ʧʨʠʙʣ. 4 ʛʦʜʠʥʠ; (2) ʚʠʜʘʣʝʥʥʷ ʨʦʩʣʠʥʥʦʾ ʤʘʩʠ ʟ ʨʦʟʯʠʥʫ; (3) 

ʦʢʠʩʥʝʥʥʷ ʨʦʟʯʠʥʫ ʜʦ ʨʅ 1-2 ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʥʝʯʠʩʪʦʛʦ 

ʤʝʣʘʥʽʥʫ ʫ ʚʠʛʣʷʜʽ ʢʦʨʠʯʥʝʚʦʾ ʤʘʩʠ; (4) ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʩʫʰʽʥʥʷ ʤʘʩʠ; (5) 

ʧʨʦʤʠʚʘʥʥʷ ʚʠʩʫʰʝʥʦʾ ʤʘʩʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʦʢʠʩʥʝʥʦʶ ʜʦ ʨʅ 1-2; ʽ (6) 

ʩʫʰʽʥʥʷ ʧʨʦʤʠʪʦʾ ʤʘʩʠ. ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʻ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ ʚʠʩʫʰʝʥʦʾ ʤʘʩʠ ʟ ʥʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ: (1) 

ʨʦʟʯʠʥʝʥʥʷ ʚʠʩʫʰʝʥʦʾ ʤʘʩʠ ʧʨʠʙʣ. 24% ʚʦʜʥʠʤ ʘʤʽʘʢʦʤ, ʧʦʪʽʤ (2) 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʥʦʛʦ ʘʤʽʘʢʫ [7, 227]. 

ʊʘʢʦʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʣʽʚʢʫ ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ 

ʤʝʪʦʜʫ: ʨʦʟʯʠʥ ʧʨʠʙʣʠʟʥʦ 25 ʛ ʤʝʣʘʥʽʥʫ (ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ) ʫ ʩʫʤʽʰʽ 1 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, 0,1 ʤʣ ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ ʪʘ 0,4 ʤʣ 96% ʝʪʘʥʦʣʫ, ʘ ʧʦʪʽʤ 

ʚʠʩʫʰʫʚʘʥʥʷ ʤʝʣʘʥʽʥʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 30 ʛʨʘʜʫʩʽʚ ʜʦ ʩʪʘʥʫ 

ʧʣʽʚʢʠ [227]. 

ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʦʜʽʙʥʘ ʜʦ 

ʩʠʥʪʝʪʠʯʥʦʛʦ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʥʦʤʝʨʽ 5,6-ʽʥʜʦʣʭʽʥʦʥʫ, ʱʦ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʭʨʦʤʘʪʦʛʨʘʬʽʻʶ ʪʘ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ [1, 3].  

ɸʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ PL ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ (Sigma 

Aldrich-M8631, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʦʢʠʩʣʝʥʥʷ ʪʠʨʦʟʠʥʫ ʧʝʨʝʢʠʩʦʤ ʚʦʜʥʶ) 

ʤʝʣʘʥʽʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʮʽʡ ʨʦʙʦʪʽ, ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʧʦʜʽʙʥʽ. ɿʥʘʯʥʽ 



ʚʽʜʤʽʥʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʫ ʨʦʟʯʠʥʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ. ʇʨʠʨʦʜʥʠʡ ʤʝʣʘʥʽʥ ʜʦʙʨʝ ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʪʦʜʽ ʷʢ ʩʠʥʪʝʪʠʯʥʠʡ 

ʤʝʣʘʥʽʥ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʨʦʟʯʠʥʥʠʡ. ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ 

ʜʣʷ ʤʝʣʘʥʽʥʫ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʮʝʪʦʥʽʪʨʠʣ.  

ʋ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ɹ ʥʘʩʪʫʧʥʽ ʝʬʝʢʪʠʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʛʫʢ PL ʤʝʣʘʥʽʥʫ. ʉʧʦʯʘʪʢʫ ʙʫʣʦ 

ʚʠʙʨʘʥʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ (ʇɸʈ) ʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ 

ʥʘʪʨʽʶ (SDBS) ʷʢ ʘʥʽʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʫ (ʨʠʩʫʥʦʢ 2.1(ʘ)) ʪʘ 

ʘʩʪʨʘʬʣʦʢʩʠʥ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʧʦʣʽʤʝʪʠʥʦʚʠʭ ʙʘʨʚʥʠʢʽʚ ʷʢ ʢʘʪʽʦʥʥʠʡ 

ʢʦʤʧʦʥʝʥʪ (ʨʠʩʫʥʦʢ 2.1(b)). SDBS (Sigma-Aldrich; #289957) ʜʦʜʘʚʘʣʠ ʜʦ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʚ ʧʨʝʤʽʮʝʣʷʨʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

 

ʈʠʩ. 2.1. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ SDBS (ʘ) ʪʘ 

ʧʦʣʽʤʝʪʠʥʦʚʦʛʦ ʙʘʨʚʥʠʢʘ ʘʩʪʨʘʬʣʦʢʩʠʥʫ (b). 

 

ʇʦʣʽʤʝʪʠʥʦʚʠʡ ʙʘʨʚʥʠʢ ʘʩʪʨʘʬʣʦʢʩʠʥ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚ ɯʥʩʪʠʪʫʪʽ 

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ(ʅɸʅʋ) ʽ ʜʦʜʘʚʘʚʩʷ ʜʦ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

5Ŀ10-5 wt%. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ SDBS ʪʘ ʘʩʪʨʘʬʣʦʢʩʠʥʫ, 

ʚʢʣʶʯʘʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ PL, ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʨʘʥʽʰʝ [228, 229].  

ʊʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL, ʜʦʩʣʽʜʞʝʥʦ 

ʧʨʠʨʦʜʥʠʡ ʤʝʣʘʥʽʥ, ʘʢʮʝʧʪʦʨ ʝʣʝʢʪʨʦʥʽʚ TNF ʪʘ ʢʦʤʧʦʟʠʪʠ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʟ TNF. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ TNF ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.2. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʘ ʟʘʧʠʩ ʫʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (T = 296K). ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ 

TNF ʩʪʘʥʦʚʠʣʘ C = 5Ŀ10-5 wt% (ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1: 1) [7]. 



 

ʈʠʩ. 2.2 ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ 2,4,7-Trinitrofluorenone (TNF). 

 

ɿʨʝʰʪʦʶ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʣʘʥʽʥʫ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ï PCBM. PCBM ï ʮʝ ʧʦʭʽʜʥʠʡ ʬʫʣʝʨʝʥʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʣʝʢʫʣʠ ʉ60 ʽʟ 

ʧʨʠʻʜʥʘʥʠʤ ʜʦ ʥʝʾ ʜʦʥʦʨʥʠʤ ʬʨʘʛʤʝʥʪʦʤ, ʥʘʟʚʘ ʷʢʦʛʦ ʚʢʣʶʯʝʥʘ ʚ ʘʙʨʝʚʽʘʪʫʨʫ 

ʤʦʣʝʢʫʣʠ: [6,6]-Phenyl-C61-butyric acid methyl ester (PCBM) (ʨʠʩʫʥʦʢ 2.3). 

 

ʈʠʩ. 2.3 ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ PCBM. 

 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʘʮʝʪʦʥʽʪʨʠʣʴʥʽ ʨʦʟʯʠʥʠ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʦʤ ʝʢʩʪʨʘʢʮʽ ʾ [1, 3-5, 227, 

230]. ɼʦʩʣʽʜʞʝʥʦ ʤʦʣʝʢʫʣʠ PCBM (Sigma-Aldrich; #684449) ʫ ʧʣʽʚʢʘʭ 

ʧʦʣʽʩʪʠʨʦʣʫ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, ʘʮʝʪʦʥʽʪʨʠʣ, N-

ʤʝʪʠʣʧʽʨʦʣʽʜʦʥ - NMP) ʫ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 10-3, 10-4,  ̔5Ŀ10-5 wt%  (ʤʘʩʘ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʨʦʟʯʠʥʫ). ʉʫʤʽʰʽ PCBM ʟ ʤʝʣʘʥʽʥʦʤ 

ʫ ʨʽʚʥʠʭ ʤʘʩʦʚʠʭ ʧʨʦʧʦʨʮʽʷʭ (1:1; 10-3, 5Ŀ10-4, and 5Ŀ10-5 wt%) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʚʽʞʦ ʾʩʫʤʽʰʽ ʪʘ ʧʽʩʣʷ 24 ʛʦʜʠʥ, ʢʦʣʠ 



ʩʬʦʨʤʫʚʘʚʩʷ ʦʩʘʜ ʤʝʣʘʥʽʥ-ʈʉɺʄ. ɼʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʩʧʝʢʪʨʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʦʩʘʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʦ ʧʣʽʚʢʠ PCBM 

ʥʘ ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʠʥʮʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʨʦʟʯʠʥʫ PCBM ʚ ʪʦʣʫʦʣʽ. ɼʣʷ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʦʣʫʦʣʫ ʧʣʽʚʢʠ PCBM ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʥʘʛʨʽʚʘʣʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 200ÁC, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʦʣʴʚʘʪʥʘ ʦʙʦʣʦʥʢʘ ʪʦʣʫʦʣʫ ʚʠʜʘʣʷʣʘʩʷ 

ʟ ʬʨʘʛʤʝʥʪʽʚ ʬʫʣʝʨʝʥʫ. ʉʧʝʢʪʨʠ PL ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 650ï850 ʥʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 296, 77 ʽ 4,2 ʂ. 

 

2.2 ʆʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʣʘʥʽʥʫ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

2.2.1 ʄʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ 

Cʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚʠʤʽʨʶʚʘʣʠʩ ɹʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ Lambda 

1050 UV/VIS/NIR (Perkin Elmer) (ʚ ʨʦʙʦʪʽ [28]) ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Shimadzu UV2450 UV-VIS (ʚ ʨʦʙʦʪʽ [7]) ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʩʢʘʥʫʚʘʥʥʷ 240 ʥʤ/ʭʚ ʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 2 ʥʤ. ʋʩʽ ʩʧʝʢʪʨʠ ʟʙʠʨʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʘʪʥʦʾ ʢʚʘʨʮʦʚʦʾ ʢʶʚʝʪʠ ʨʦʟʤʽʨʫ 1 ʩʤ. ɼʣʷ ʢʦʨʝʢʮʽʾ ʬʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʽʚ, ʦʪʨʠʤʘʥʝ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. 

ʉʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʾ PL ʚ ʩʪʘʪʪʷʭ [6, 28] ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ USB2000+UV-VIS-ES ʯʝʨʝʟ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʜʽʘʤʝʪʨʦʤ 600 

ʤʢʤ (Ocean Optics B.V.) ʪʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ LifeSpec II (Edinburgh 

Instruments Ltd). ɺʠʤʽʨʶʚʘʥʥʷ PL ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʦʤʝʪʨʽʾ ʥʘ ʚʽʜʙʠʚʘʥʥʷ. ɼʣʷ 

ʟʙʫʜʞʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʾ PL, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʚʽʪʣʦʜʽʦʜʠ LLS-270 ʪʘ LLS-385 

(Ocean Optics B.V.), ʱʦ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʴ 

ɚʝx=270 ʪʘ 385 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʟʙʫʜʞʝʥʥʷ PL ʚ UV-ʜʽʘʧʘʟʦʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʚʽʪʣʦʜʽʦʜ EPLED-255 (Edinburgh Instruments Ltd) ʟ ɚʝx= 

(255 Ñ 10) ʥʤ, ʟ ʰʠʨʠʥʦʶ ʽʤʧʫʣʴʩʫ 900 ʧʩ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 40 Õɺʪ. 



ɺ ʨʦʙʦʪʽ [7] ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʝʣʘʥʽʥʫ 

ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ Jobin Yvon (Horiba Scientific), 

ʬʣʶʦʨʠʤʝʪʨʘ FluoroLog-3 ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 3 ʥʤ ʪʘ ʯʘʩʦʤ ʽʥʪʝʛʨʘʮʽʾ 0,5 

ʩ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʜʦʧʫʩʢʘʻ ʽʥʪʝʨʚʘʣʠ 

ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 1 ʥʤ. ʉʢʘʥʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘʤʠ ʧʨʦʚʦʜʠʣʦʩʷ 

ʟʘ ʦʜʥʘʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʢʦʨʝʢʮʽʾ ʬʦʥʫ. ʉʧʝʢʪʨʠ ʙʫʣʠ 

ʧʦʧʝʨʝʜʥʴʦ ʩʢʦʨʠʛʦʚʘʥʽ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʧʦʪʫʞʥʦʩʪʽ ʧʫʯʢʘ 

ʥʘʢʘʯʢʠ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʣʦʥʥʦʛʦ 

ʧʨʦʤʝʥʷ. 

ɺ ʨʦʙʦʪʽ [230] ʉʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ PL ʚʠʤʽʨʶʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ 

Hitachi MPF-4. ʉʪʘʮʽʦʥʘʨʥʽ ʪʘ ʨʦʟʜʽʣʝʥʽ ʚ ʯʘʩʽ ʩʧʝʢʪʨʠ PL ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʥʦʭʨʦʤʘʪʦʨʘ SPM-2 ʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʜʦʜʘʪʢʦʤ. ʐʠʨʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʠʥʠ ʩʪʘʥʦʚʠʣʘ 0,2ï0,4 ʥʤ. PL ʟʙʫʜʞʫʚʘʣʠ ʽʤʧʫʣʴʩʥʠʤ 

ʘʟʦʪʥʠʤ ʣʘʟʝʨʦʤ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ ɚex =337,1 ʥʤ ʟ ʯʘʩʪʦʪʦʶ 

ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ 100 ɻʮ, ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ 10 ʥʩ ʽ ʧʦʪʫʞʥʽʩʪʶ 

ʽʤʧʫʣʴʩʫ 5 ʤʢɺʪ [231]. 

3D-ʢʘʨʪʠ ʟʙʫʜʞʝʥʥʷ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL (ʢʘʨʪʠ PLE), ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʮʽʾ ʩʧʝʢʪʨʽʚ ʩʪʘʮʽʦʥʘʨʥʦʾ PL ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 

ʟʙʫʜʞʝʥʥʷ, ʜʝ ʚʽʩʴ X-ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL, ɚem, ʘ ʚʽʩʴ Y-ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ PL, ɚex, ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʦʤ ʟʙʫʜʞʝʥʥʷ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ NanoLog (Horiba Ltd ), ʦʙʣʘʜʥʘʥʦʛʦ ʢʨʝʤʥʽʻʚʠʤ ʜʝʪʝʢʪʦʨʦʤ. 

ɼʣʷ ʤʦʥʦʭʨʦʤʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʭʽʜʥʽ/ʚʠʭʽʜʥʽ ʱʽʣʠʥʠ 2 ʥʤ [28]. ʗʢ 

ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʟʙʫʜʞʝʥʥʷ ʩʠʩʪʝʤʘ ʤʘʻ ʢʩʝʥʦʥʦʚʫ ʣʘʤʧʫ [5]. 

 

2.2.2 ʄʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʜʽʣʝʥʠʭ ʫ ʯʘʩʽ ʩʧʝʢʪʨʽʚ 

ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʽ ʯʘʩʽʚ ʞʠʪʪʷ ʦʢʨʝʤʠʭ ʩʤʫʛ 

ʩʧʝʢʪʨʫ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ 



ʈʦʟʜʽʣʝʥʽ ʚ ʯʘʩʽ cʧʝʢʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (TRES), ʢʽʥʝʪʠʢʘ PL ʪʘ 3D-

ʢʘʨʪʠ TRES ʚʠʤʽʨʶʚʘʣʠʩʴ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ʯʘʩʦ-ʢʦʨʝʣʴʦʚʘʥʦʛʦ 

ʧʽʜʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʬʦʪʦʥʫ (TCSPC) ʩʧʝʢʪʨʦʤʝʪʨʦʤ LifeSpec II (Edinburgh 

Instruments Ltd) ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʘ ʧʨʠ ʥʠʟʴʢʠʭ, ʟʦʢʨʝʤʘ ʛʝʣʽʻʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʟʙʫʜʞʝʥʥʷ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʽʢʦʩʝʢʫʥʜʥʠʡ ʽʤʧʫʣʴʩʥʠʡ ʜʽʦʜʥʠʡ ʣʘʟʝʨ EPL-405 (Edinburgh Instruments Ltd) 

ʟ ɚʝx= (405 Ñ 10) ʥʤ, ʧʦʪʫʞʥʽʩʪʶ 5 ʤɺʪ ʽ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 54 ʧʩ ʪʘ 

ʽʤʧʫʣʴʩʥʠʡ ʘʟʦʪʥʠʡ ʣʘʟʝʨ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚex = 337,1 ʥʤ [28]. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʥʝʪʠʢʠ PL ʧʨʦʚʦʜʠʣʦʩʷ ʥʝ ʜʣʷ ʩʪʨʦʛʦ ʬʽʢʩʦʚʘʥʦʾ 

ʝʥʝʨʛʽʾ, ʘ ʜʣʷ ʧʝʚʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʽʢʥʘ, ʷʢʝ ʩʪʘʥʦʚʠʣʦ ʧʨʠʙʣʠʟʥʦ 5 ʤʝɺ. 

ʄʽʥʽʤʘʣʴʥʘ ʧʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʘ ʩʪʘʥʦʚʠʣʘ 80 ʤɺʪ. ɼʽʘʤʝʪʨ ʦʩʚʽʪʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 0.3 ʤʤ. ʊʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ ʙʫʣʘ 

ʪʘʢʦʶ, ʱʦʙ ʜʦʩʷʛʘʣʦʩʴ ʧʦʚʥʝ ʟʘʪʫʭʘʥʥʷ PL. ɹʣʦʢ-ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʦʢʨʝʤʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʤʫʛ PL ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.4 [232, 

233].  

 

ʈʠʩ. 2.4 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʦʚʦ-ʢʦʨʝʣʴʦʚʘʥʦʛʦ ʦʜʥʦʬʦʪʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ LifeSpec2 [232]. 



ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ [230] ʜʣʷ ʟʘʧʠʩʫ ʯʘʩʪʠʥʠ ʢʽʥʝʪʠʢʠ ʪʘ TRES ʩʧʝʢʪʨʽʚ 

PL ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʘ ʩʠʩʪʝʤʘ ʟ çʯʘʩʦʚʠʤ ʚʽʢʥʦʤè 0,1 ʥʩ 

[231]. ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʣʘ ʟʘʧʠʩʫʚʘʪʠ ʩʧʝʢʪʨʠ PL ʟ ʨʽʟʥʠʤʠ ʥʘʥʦʩʝʢʫʥʜʥʠʤʠ 

ʯʘʩʦʚʠʤʠ ʟʘʪʨʠʤʢʘʤʠ ts ʚ̔ ʜʥʦʩʥʦ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ.  

ʏʘʩ ʟʘʪʫʭʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʝʯʦʚʠʥʠ ʟʚʠʯʘʡʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʝʨʝʜʥʽʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʤʦʣʝʢʫʣʘ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʜʦ 

ʪʦʛʦ ʤʦʤʝʥʪʫ, ʧʦʢʠ ʥʝ ʧʦʚʝʨʥʝʪʴʩʷ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ 

ʤʦʣʝʢʫʣʠ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʝʥʝʨʛʽʾ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʫ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʟʘʻʤʦʜʽʾ ʟʙʫʜʞʝʥʦʾ 

ʤʦʣʝʢʫʣʠ ʟ ʦʪʦʯʝʥʥʷʤ [234]. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʞʠʪʪʷ ʰʣʷʭʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʫʤʦʶ ʜʠʩʢʨʝʪʥʠʭ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

Ὅὸ В ὊὩ  ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ ʯʘʩʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʠ 

ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʞʠʪʪʷ ʟ ʙʽʣʴʰ ʥʽʞ ʦʜʥʠʤ ʧʽʢʦʤ, ʱʦ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʨʽʟʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʝʢʦʤʙʽʥʘʮʽʾ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʥʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʦʧʨʽʻʪʘʨʥʘ ʧʨʦʛʨʘʤʘ 

Fluorescence Analysis Software Technology (FAST), ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ 

Edinburgh Instruments Ltd [235, 236]. ʎʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʝ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ 

LifeSpec2 [233]. 

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ Ű ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ 

ʤʝʪʦʜʠʢʘ ʯʘʩʦ-ʢʦʨʝʣʴʦʚʘʥʦʛʦ ʧʽʜʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʬʦʪʦʥʫ (TCSPC) ʟ 

ʧʽʢʦʩʝʢʫʥʜʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ LifeSpec II. ɺʠʤʽʨʷʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL F(t) ʧʦʚ'ʷʟʘʥʘ ʟ ʽʩʪʠʥʥʦʶ ʢʨʠʚʦʶ ʟʘʪʫʭʘʥʥʷ I (t) ʽʥʪʝʛʨʘʣʴʥʠʤ 

ʨʽʚʥʷʥʥʷʤ [6]: 

Ὂὸ ᷿Ὅὸ ὸᴂὋὸὨὸᴂ (2.1) 



ʜʝ G(t') - ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʬʫʥʢʮʽʷ ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʘ, ʱʦ ʻ ʟʛʦʨʪʢʦʶ 

ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʫ (IRF), ʱʦ ʦʧʠʩʫʻ ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ ʟʙʫʜʞʝʥʥʷ. 

ʆʪʨʠʤʘʥʫ ʟʘʣʝʞʥʽʩʪʴ PL ʚʽʜ ʯʘʩʫ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʠʨʘʟʦʤ [237]: 

Ὅὸ В ὃÅØÐ  (2.2) 

ʜʝ i - ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ, Ű - ʯʘʩ ʞʠʪʪʷ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ, Ai - ʚʘʛʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ IRF ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʢʦʣʦʾʜʥʠʡ 

ʨʦʟʯʠʥ LUDOX. IRF ʚʨʘʭʦʚʫʚʘʣʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʯʘʩʽʚ ʞʠʪʪʷ PL, ʙʣʠʟʴʢʠʭ 

ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʛʦʥʢʠ ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ PL 

ʟʘ ʬʦʨʤʫʣʦʶ (2.2).  

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ PL 

ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ TRES ʪʘ 3D ʢʘʨʪʫ TRES ï ʩʧʝʢʪʨʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ PL ʚʽʜ ʯʘʩʫ 

ʟʘʪʨʠʤʢʠ, td, ʧʽʩʣʷ ʤʘʢʩʠʤʫʤʫ ʟʙʫʜʞʫʶʯʦʛʦ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ.  

3D ʢʘʨʪʘ TRES ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʝʢʪʨʘʣʴʥʫ ʢʦʥʪʫʨʥʫ ʢʘʨʪʫ ʷʢ ʬʫʥʢʮʽʶ 

ʜʚʦʭ ʟʤʽʥʥʠʭ - ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚem (ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td (ʥʩ) 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ PL. ɯʥʪʝʥʩʠʚʥʽʩʪʴ PL - ʮʝ ʬʫʥʢʮʽʷ ʢʦʣʴʦʨʫ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ. ɺʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʧʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʚʦʥʠʤ, ʘ ʥʠʟʴʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʟʥʘʯʝʥʘ ʬʽʦʣʝʪʦʚʠʤ ʢʦʣʴʦʨʘʤʠ. ɼʦʚʞʠʥʠ ʭʚʠʣʴ PL 

(ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 420ï700 ʥʤ) ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ, ʘ ʯʘʩ 

ʟʘʪʨʠʤʢʠ - ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ (ʜʽʘʧʘʟʦʥ ʯʘʩʫ td = -0,1 - 8,0 ʥʩ, ʜʝ td = 0 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʫ IRF). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ Ű ʽ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ TRES ʩʧʝʢʪʨʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ F900 (Edinburgh Instruments Ltd, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ). ɺʠʤʽʨʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 420-730 ʥʤ ʽʟ ʢʨʦʢʦʤ 2 ʥʤ. ʏʘʩ 

ʟʘʪʨʠʤʢʠ ʜʣʷ ʧʦʙʫʜʦʚʘʥʠʭ ʤʠʪʪʻʚʠʭ ʩʧʝʢʪʨʽʚ PL, td , ʙʨʘʚʩʷ ʚʽʜ ʥʫʣʷ ʧʨʠ 

ʤʘʢʩʠʤʫʤʽ ʽʤʧʫʣʴʩʫ ʣʘʟʝʨʘ ʟʙʫʜʞʝʥʥʷ (IRF) [6].  



ʇʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʦʤʝʪʨʦʤ LifeSpec II ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɿ 

F900 ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʧʨʦʭʦʜʠʪʴ ʚ ʥʘʩʪʫʧʥʽ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: 

1) ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ Signal Rate. ʉʪʦʩʫʻʪʴʩʷ ʪʘʢʠʭ 

ʚʘʞʣʠʚʠʭ ʧʦʧʝʨʝʜʥʽʭ ʥʘʣʘʰʪʫʚʘʥʴ ʷʢ: ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʱʽʣʠʥʠ, ʘʪʝʥʶʘʪʦʨʘ, ʧʦʣʷʨʠʟʘʪʦʨʘ. 

 

ʈʠʩ. 2.5 ɺʠʛʣʷʜ ʚʽʢʥʘ çSignal Rateè ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʟ 

ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ. 

ʄʘʶʯʠ ʨʦʟʫʤʽʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʯʘʩʫ ʞʠʪʪʷ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʯʘʩʪʦʪʫ 

ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. ʇʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʢʦʨʦʪʰʠʤ, ʥʽʞ ʫ 10 ʨʘʟʽʚ ʙʽʣʴʰʘ ʥʘʡʜʦʚʰʠʡ ʯʘʩ ʞʠʪʪʷ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʷʪʠ. ʎʝʡ ʢʨʦʢ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ, ʷʢʱʦ ʽʤʧʫʣʴʩʥʝ 

ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʧʨʘʮʶʻ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʽʜʨʘʭʫʥʢʫ ʩʠʛʥʘʣʫ ʚʽʜ 

ʜʝʪʝʢʪʦʨʘ ʟʘ TCSPC ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ > 5%  ʚʽʜ 

ʯʘʩʪʦʪʠ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʣʘʟʝʨʘ ʚʩʪʘʥʦʚʣʝʥʘ 

1 ʄɻʮ, ʪʦ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 50 000 cps, 

ʨʝʛʫʣʶʶʯʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʽʘʬʨʘʛʤʠ ʪʘ/ʘʙʦ ʰʠʨʠʥʫ ʩʤʫʛʠ ʟʙʫʜʞʝʥʥʷ 

ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

2) ɺʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ (ʨʫʯʥʝ ʘʙʦ ʙʘʛʘʪʦʨʘʟʦʚʝ): 



 

ʈʠʩ. 2.6 ɺʠʤʽʨʶʚʘʥʥʷ ʯʘʩ̔ʚ ʞʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ TCSPC. 

3) ɺʠʤʽʨʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʫ (IRF) 

4) ɺʠʤʽʨʶʚʘʥʥʷ TRES-Map. ɺʠʤʽʨʶʚʘʥʥʷ TRES-Map ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʟ ʨʦʟʜʽʣʝʥ̫ ʤ ʚ ʯʘʩʽ, ʧʨʠ ʮʴʦʤʫ ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦ ʧʦʝʪʘʧʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʮʽʻʾ ʢʘʨʪʠ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ TRES ʩʧʝʢʪʨʠ, ʫ ʚʠʛʣʷʜʽ, ʷʢ ʥʘ ʨʠʩ. 

2.7. 

 

ʈʠʩ. 2.7 ʇʨʠʢʣʘʜ TRES ʩʧʝʢʪʨʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʘʪʫʭʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʜʥ̔̒ ʾ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʤʦʞʣʠʚʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 2-ʭ ʤʝʪʦʜʠʢ ï ʥʘʙʣʠʞʝʥʥʷʤ 



ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʭʚʦʩʪʘ (Exp. Tail Fit) ʽ ʥʘʙʣʠʞʝʥʥʷʤ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ 

ʟʛʦʨʪʢʦ  ʁ(Exp. Reconvolution Fit). 

 

ʈʠʩ. 2.8 ʇʨʠʢʣʘʜʠ ʚʠʙʦʨʫ ʦʙʣʘʩʪʝʡ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʭʚʦʩʪʘ, ʚ 

ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʦʤʫ (ɸ) ʽ ʣʽʥʽʡʥʦʤʫ (ɺ) ʛʨʘʬʽʢʘʭ. 

ʇʨʠ ʮʴʦʤʫ, ʧʽʢ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʻ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʯʘʪʢʦʤ 

ʜʽʘʧʘʟʦʥʫ ʥʘʙʣʠʞʝʥʥʷ. ɼʽʘʧʘʟʦʥ ʜʣʷ ʧʽʜʛʦʥʢʠ ʭʚʦʩʪʘ ʧʦʚʠʥʝʥ ʧʦʯʠʥʘʪʠʩʷ ʪʘʤ, 

ʜʝ ʧʦʚʥʽʩʪʶ ʟʘʪʫʭʘʻ IRF. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʝʪʦʜ Reconvolution Fit Analysis ʚʠʢʦʨʠʩʪʦʚʫʶʪ,ɹ ʱʦʙ 

ʧʽʜʽʛʥʘʪʠ ʚʠʤʽʨʷʥʝ ʟʘʪʫʭʘʥʥʷ ʟʨʘʟʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦ-, ʜʚʦʭ-, ʪʨʴʦʭ- ʘʙʦ 

ʯʦʪʠʨʴʦʭ- ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ. ʊʘʢʝ ʥʘʙʣʠʞʝʥʥʷ ʜʘ̒ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʯʘʩʠ ʞʠʪʪʷ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ ʪʘ 

ʽʥʰʽ ʧʦʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ Tail Fit Analysis, ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ, ʜʝ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʣʠʰʝ ʟʘʪʫʭʘʥʥʷ, Reconvolution Fit Analysis ʚʠʪʷʛʫʻ ʧʘʨʘʤʝʪʨʠ 

ʯʘʩʽʚ ʞʠʪʪʷ ʟʘ ʚʝʩʴ ʯʘʩ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʜʥʽʡ ʬʨʦʥʪ ʚʽʜʧʦʚʽʜʽ ʟʨʘʟʢʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʦʞʥʘ ʥʘʜʽʡʥʦ ʚʠʪʷʛʪʠ ʤʝʥʰʠʡ ʯʘʩ ʞʠʪʪʷ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʥʘʚʽʪʴ 

ʤʝʥʰʠʤ ʟʘ ʰʠʨʠʥʫ ʽʤʧʫʣʴʩʫ ʟʙʫʜʞʝʥʥʷ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ɦ ʦ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ Tail Fit Analysis, ʚʢʣʶʯʘʻʪʴʩʷ ʦʙʣʘʩʪʴ IRF. 



 

ʈʠʩ. 2.9 ʇʨʠʢʣʘʜʠ ʚʠʙʦʨʫ ʦʙʣʘʩʪʝʡ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ 

ʟʛʦʨʪʢʦʶ, ʚ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʦʤʫ (ɸ) ʽ ʣʽʥʽʡʥʦʤʫ (ɺ) ʛʨʘʬʽʢʘʭ. 

 

 

ʈʠʩ. 2.10 ʇʨʠʢʣʘʜ ʥʘʙʣʠʞʝʥʥʷ 3-x ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ  ʁʟʛʦʨʪʢʦʶ ʚ ʦʙʣʘʩʪʽ 

çBè ʢʨʠʚʦʾ ʟʘʪʫʭʘʥʥʷ ʟʨʘʟʢʘ. 

 

 

 



ʈʆɿɼɯʃ 3. ʉʇɽʂʊʈɸʃʔʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɹɯʆʇʆʃɯʄɽʈʋ 

ʄɽʃɸʅɯʅʋ ʈɯɿʅʆɻʆ ʇʆʍʆɼɾɽʅʅʗ 

3.1 ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʥ̔ʽʚ 

ʌʦʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʧʽʛʤʝʥʪʽʚ ʤʝʣʘʥʽʥʫ ʙʫʣʠ ʚʠʚʯʝʥʽ 

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦ [1, 3-5]. ɺ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʚʠʚʯʝʥʥʽ 

ʩʧʝʢʪʨʽʚ PL ʪʘ ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʤʝʣʘʥʽʥʽʚ ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ʇʝʨʝʜ ʚʠʚʯʝʥʥʷʤ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʩʧʦʯʘʪʢʫ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʪʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʽ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ.  

ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʤʦʨʬʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʻ ʢʨʘʡ ʦʧʪʠʯʥʦʛʦ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʊʘʫʮʘ [139]: 

(ɽĿŬ)0.5 = g(ɽ - Eg )           (3.1) 

ʜʝ E - ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ, Eg ï ʦʧʪʠʯʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, Ŭ - 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ɔ - ʧʦʩʪʽʡʥʘ. ʅʘ ʨʠʩʫʥʢʫ 3.1 ʧʦʢʘʟʘʥʠʡ ʩʧʝʢʪʨ 

ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʫ ʚʠʛʣʷʜʽ ʙʝʟʩʪʨʫʢʪʫʨʥʦʾ ʢʨʠʚʦʾ, ʷʢʠʡ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʚʠʨʘʟʦʤ (3.1). 

 



ʈʠʩ. 3.1 ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (1) ʪʘ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ (2) ʧʨʠ T = 296 K; C =  5Ŀ10-3 wt%. 

 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʰʦʾ ʛʨʫʧʠ ʧʦʢʘʟʘʣʠ [3], ʱʦ Eg ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 1,4 ʝɺ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ. ɼʘʥʽ ʟ ʨʠʩʫʥʢʫ 3.1 ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (3.1), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ Eg ʜʣʷ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 1,35 ʝɺ, ʪʦʜʽ ʷʢ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ Eg ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣ. 1,5 ʝɺ. 

 

3.2 ʉʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʾ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʮʽʾ ʚʦʜʦʨʦʟʯʠʥʥʠʭ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʥ̔ʽʚ 

ʅʘ ʨʠʩʫʥʢʫ 3.2 ʥʘʚʝʜʝʥʦ ʩʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʦʛʦ 

(ʨʠʩʫʥʦʢ 3.2 (ʘ), ʢʨʠʚʘ 1) ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ. 3.2 (ʘ), ʢʨʠʚʘ 2 

ʪʘ  ʨʠʩʫʥʦʢ. 3.2 (b)). 

 

ʈʠʩ. 3.2 (ʘ) ʉʧʝʢʪʨʠ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ (1) ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ (2) ʧʨʠ ɚʝx = 255 ʥʤ, ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧ. LifeSpec II. (b) ʩʧʝʢʪʨʠ PL 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ ɚʝx = 270 ʥʤ (1) ʽ 385 ʥʤ (2), 

ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ USB2000+UV-VIS-ES. 

 

ʅʘ ʨʠʩʫʥʢʫ 3.3 ʟʦʙʨʘʞʝʥʽ 3D ʢʘʨʪʠ PLE (ʟʙʫʜʞʝʥʥʷ- ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ), 

ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʯʝʥʥʷ PL ʧʨʠ ʟʘʜʘʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

ʟʙʫʜʞʝʥʥʷ (ʚʝʨʪʠʢʘʣʴʥʘ ʰʢʘʣʘ) ʪʘ ʜʘʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 



(ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʢʘʣʘ) ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʦʛʦ (a) ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ (b) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ T = 296K. ʐʢʘʣʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ, ʧʦʟʥʘʯʝʥʘ ʢʦʣʴʦʨʦʤ, ʧʦʢʘʟʘʥʘ ʧʨʘʚʦʨʫʯ ʛʨʘʬʽʢʘ. ɺʠʩʦʢʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʧʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ, ʘ ʥʠʟʴʢʘ - ʩʠʥʽʤ. ɿ ʢʘʨʪ 

PLE ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʯʝʥʥʷ ʤʝʣʘʥʽʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 430ï550 ʥʤ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 350ï450 

ʥʤ.   

 

ʈʠʩ. 3.3 3D ʢʘʨʪʠ PLE ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʦʛʦ (ʘ) ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ (b); ʊ = 296ʂ; C = 5Ŀ10-5 wt%. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ 3.2 ʽ 3.3, ʻ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ʚ ʩʧʝʢʪʨʘʭ PL 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʽʚ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣ ɹʟʙʫʜʞʝʥʥʷ, 

ɚʝx. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʧʝʢʪʨʠ PL ʦʙʦʭ ʪʠʧʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʽʚ ʧʦʜʽʙʥʽ. ʎʝ ʚʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʩʭʦʞʽ ʟʘ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʩʢʣʘʜʦʤ. ʆʜʥʘʢ ʧʦʤʽʪʥʘ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʚ 

ʨʦʟʯʠʥʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. ʇʨʠʨʦʜʥʠʡ ʤʝʣʘʥʽʥ 

ʧʦʚʥʽʩʪʶ ʨʦʟʯʠʥʥʠʡ ʫ ʚʦʜʽ, ʪʦʜʽ ʷʢ ʩʠʥʪʝʪʠʯʥʠʡ - ʣʠʰʝ ʯʘʩʪʢʦʚʦ. ɺʽʜʤʽʥʥʦʩʪʽ 

ʚ ʩʧʝʢʪʨʘʭ PL ʧʨʠʨʦʜʥʦʛʦ  ̔ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʾʭ ʨʽʟʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ. ʋ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥ ʤʦʞʝ ʙʫʪʠ ʫ ʬʦʨʤʽ ʥʝʨʦʟʯʠʥʥʠʭ 

ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ɼʣʷ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʮʽ ʥʘʥʦʘʛʨʝʛʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʜʣʷ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʤʝʣʘʥʽʥʫ ʤʘʻ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 



ʟʩʫʚʫ ʚ ʩʧʝʢʪʨʽ PL, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥ ʫ ʢʘʨʪʘʭ PL ʧʨʠʨʦʜʥʦʛʦ 

ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. ʈʦʟʤʽʨ ʥʝʨʦʟʯʠʥʥʠʭ ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʝʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ ʚ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʪʘ/ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

 

3.3 ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʫ ʯʘʩʽ 

ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʥ̔ʽʚ 

ʅʘ ʨʠʩʫʥʢʫ 3.4 (ʘ) ʧʦʢʘʟʘʥʘ 3D-ʢʘʨʪʘ TRES ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ T = 296K. ɿ ʮʽʻʾ 3D-ʢʘʨʪʠ TRES 

ʚʠʜʥʦ, ʱʦ ʥʘʡʰʚʠʜʰʽ ʟʤʽʥʠ ʩʧʝʢʪʨʽʚ PL ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 

ʧʽʩʣʷ ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ td = -0,1 - 1 ʥʩ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ʚ ʰʠʨʦʢʽʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʦʙʣʘʩʪʽ (420ï700 ʥʤ). ʅʘ ʜʦʜʘʯʫ 

ʜʦ ʰʚʠʜʢʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʚʽʯʝʥʥʷ ʚ ʩʧʝʢʪʨʘʭ PL ʻ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʽʣʴʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (t = -0,1 - 8,0 ʥʩ), ʱʦ ʧʝʨʝʚʘʞʘʻ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

470ï530 ʥʤ. 

ʅʘ ʨʠʩʫʥʢʫ 3.4 (b) ʧʦʢʘʟʘʥʦ TRES ʩʧʝʢʪʨ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠ T  = 296 K, ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʜʦ ʤʘʢʩʠʤʫʤʫ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʾ 

ʩʤʫʛʠ PL ʧʨʠ 516 ʥʤ. ʉʧʝʢʪʨʠ ʚʠʤʽʨʶʚʘʣʠʩʴ ʟ ʨʽʟʥʠʤʠ ʯʘʩʦʚʠʤʠ ʟʘʪʨʠʤʢʘʤʠ, 

td, ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ td =  50 ï 15620 ʧʩ ʟ ʢʨʦʢʦʤ 1730 ʧʩ. ʅʘʡʰʚʠʜʰʝ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʟʘ ʮʝʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʦʙʣʘʩʪʷʭ 420ï480 ʪʘ 550ï700 ʥʤ. ʋ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʩʧʝʢʪʨʽ PL (ʢʨʠʚʘ 11), 

ʦʪʨʠʤʘʥʦʤʫ ʰʣʷʭʦʤ ʚʽʜʥʽʤʘʥʥʷ ʢʨʠʚʦʾ 10 (td = 15620 ʧʩ) ʚʽʜ ʢʨʠʚʦʾ 1 (td = 50 

ʧʩ), ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʦʚʽ ʩʤʫʛʠ PL ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 450, 600, 680 ʥʤ. ʅʦʚʽ 

ʩʤʫʛʠ PL ʙʫʜʫʪʴ ʦʙʛʦʚʦʨʝʥʽ ʥʠʞʯʝ. 

 



 

ʈʠʩ. 3.4 (ʘ) 3D -ʢʘʨʪʘ TRES: ɯʥʪʝʥʩʠʚʥʽʩʪʴ PL ʷʢ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚem(ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td(ʥʩ) ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

(b) ʅʦʨʤʘʣʽʟʦʚʘʥʠʡ TRES ʩʧʝʢʪʨ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

ʂʨʠʚ̔ (1) - (10) ʜʣʷ td = 50ï15620 ʧʩ, ʚʠʤʽʨʷʥʽ ʟ ʢʨʦʢʦʤ 1730 ʧʩ. ʂʨʠʚʽ (11, 12) 

- ʮʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ PL, ʦʪʨʠʤʘʥʘ ʷʢ ʨʽʟʥʠʮʷ  ʢʨʠʚʠʭ 1 ʽ 10 (11) ʪʘ ʨʽʟʥʠʮʷ 

ʢʨʠʚʠʭ 2 ʽ 10 (12); T = 296 K, ɚex = 405 ʥʤ; C = 5Ŀ10-5 wt%. 

 

 



 

ʈʠʩ. 3.5 (ʘ) 3D-ʢʘʨʪʘ TRES: ɯʥʪʝʥʩʠʚʥʽʩʪʴ PL ʷʢ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ - 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚem (ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td(ʥʩ) ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

(b) ʅʦʨʤʘʣʽʟʦʚʘʥʠʡ TRES ʩʧʝʢʪʨ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ. 

ʂʨʠʚʽ (1) - (10) ʜʣʷ td = 200ï4700 ʧʩ, ʚʠʤʽʨʷʥʽ ʟ ʢʨʦʢʦʤ 500 ʧʩ. ʂʨʠʚʽ (11, 12) - 

ʮʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ PL, ʦʪʨʠʤʘʥʘ ʷʢ ʨʽʟʥʠʮʷ ʢʨʠʚʠʭ 1 ʽ 10 (11) ʪʘ ʨʽʟʥʠʮʷ 

ʢʨʠʚʠʭ 2 ʽ 10 (12); T  = 296 K, ɚex = 405 ʥʤ; C = 5Ŀ10-5 wt%. 

 

 ʇʦʨʽʚʥʷʥʥʷ ʢʘʨʪ PL ʪʘ TRES, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ 3.4 ʪʘ 3.5 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ (ʨʠʩʫʥʦʢ 3.4) ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 

3.5) ʧʨʠ 296K ʚʢʘʟʫʻ ʥʘ ʾʭ ʚʝʣʠʢʫ ʩʭʦʞʽʩʪʴ ʷʢ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ ʚ ʜʠʥʘʤʽʮʽ ʟʘʪʫʭʘʥʥʷ PL ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ɺ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʩʤʫʛʠ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 600 ʽ 680 ʥʤ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʨʦʟʜʽʣʝʥʠʭ ʚ ʯʘʩʽ ʩʧʝʢʪʨʽʚ PL. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ 



ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʮʝʥʪʨʽʚ ʩʚʽʯʝʥʥʷ ʮʠʭ ʩʤʫʛ ʚʩʝʨʝʜʠʥʽ ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʝʷʢʽ ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʧʝʨʝʜʜʠʤʝʨʥʦʤʫ, ʜʠʤʝʨʥʦʤʫ ʪʘ ʝʢʩʠʤʝʨʥʦʤʫ ʩʪʘʥʘʭ, ʱʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʥʦʚʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʫ PL ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

3.4 ʂ̔ ʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʮʽʾ ʪʘ ʯʘʩʠ ʞʠʪʪʷ 

ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʾ PL  ̔PL ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʚ ʯʘʩʽ ʤʝʣʘʥʽʥʽʚ ʙʫʣʦ  

ʜʦʧʦʚʥʝʥʦ ʢʽʥʝʪʠʢʦ  ʁ ʟʘʪʫʭʘʥʥʷ  ̔ ʯʘʩʘʤʠ ʞʠʪʪʷ. ʈʠʩʫʥʦʢ 3.6 ʟʦʙʨʘʞʫʻ 

ʢʽʥʝʪʠʢʫ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʟʙʫʜʞʝʥʦʛʦ ʧʨʠ ɚʝx = 255 

(ʨʠʩʫʥʦʢ 3.6 (ʘ)) ʪʘ 405 ʥʤ (ʨʠʩʫʥʦʢ 3.6 (b)). ɿʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʚʽʜ 

ʯʘʩʫ ʟʘʪʫʭʘʥʥʷ td ʨʝʻʩʪʨʫʚʘʣʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ɚ(PL) = 315ï680 ʥʤ.  

 

ʈʠʩ. 3.6 (ʘ) ʂʽʥʝʪʠʢʘ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ; ɚʝx = 255 

ʥʤ; IRF (1); ɚ(PL) = 315 ʥʤ (2), 440 ʥʤ (3) ʽ 500 ʥʤ (4). (b) ʂʽʥʝʪʠʢʘ PL 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ; ɚʝx = 405 ʥʤ; IRF (ʢʨʠʚʘ 1). ɚ(PL) = 

440 (2), 460 (3), 500 (4), 520 (5) ʽ 640 (6) ʥʤ. 

 



ʊʘʙʣʠʮʷ 3.1 ʧʦʢʘʟʫʻ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ PL, Ű, ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʤʽʨʷʥʠʭ 

ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ. ɺʥʝʩʦʢ ʢʦʞʥʦʾ ʽʟ ʩʢʣʘʜʦʚʠʭ ʟʘʪʫʭʘʥʥʷ ʫ ʩʧʝʢʪʨ PL 

ʧʦʜʘʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ ʫ ʩʫʩʽʜʥʽʭ ʩʪʦʚʧʮʷʭ. 

 

ʊʘʙʣʠʮʷ 3.1 ʏʘʩʠ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ 

ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL, ɚ(PL), ʽ ʟʙʫʜʞʝʥʥʷ, ɚʝx. 

ɚ(PL), ʥʤ ɚex, ʥʤ Ű1, ps % Ű2, ps % ɢ2 

315 255 955 39 4140 61 1.078 

440 255 960 25 4210 75 1.177 

510 255 990 20 6580 80 1.046 

420 405 450 28 3300 72 1.908 

440 405 800 34 4780 66 1.634 

460 405 800 33 5890 67 2.155 

480 405 840 34 6100 66 2.118 

500 405 950 34 6730 66 2.285 

520 405 800 31 5460 69 2.073 

560 405 710 30 5690 70 1.497 

600 405 660 32 5270 68 1.404 

640 405 470 34 3890 66 1.730 

680 405 430 38 3200 62 1.458 

 

ʈʠʩʫʥʦʢ 3.7 ʽʣʶʩʪʨʫʻ ʢʽʥʝʪʠʢʫ ʟʘʪʫʭʘʥʥʷ PL ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʫ ʚʦʜʽ (ʘ) ʪʘ ʘʮʝʪʦʥʽʪʨʠʣʽ (ʙ) ʧʨʠ ʟʙʫʜʞʝʥʥʽ PL ʽʤʧʫʣʴʩʥʠʤ ʣʘʟʝʨʦʤ 

ʟ ɚex= 405 ʥʤ. ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʚʽʜ ʯʘʩʫ ʟʘʪʫʭʘʥʥʷ td ʚʠʤʽʨʶʚʘʣʠ ʫ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ɚem = 

420ï680 ʥʤ. ʋ ʪʘʙʣʠʮʷʭ 3.2 ʪʘ 3.3 ʥʘʚʝʜʝʥʦ ʯʘʩʠ ʞʠʪʪʷ, Ű, ʦʙʯʠʩʣʝʥʽ ʟʘ 

ʚʠʤʽʨʷʥʠʤʠ ʢʽʥʝʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ (ʨʠʩʫʥʦʢ 3.7) ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ PL (450ï650 ʥʤ). 

 



 

ʈʠʩ. 3.7 ʂʽʥʝʪʠʢʘ PL ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʫ ʚʦʜʽ (ʘ) ʪʘ 

ʘʮʝʪʦʥʽʪʨʠʣʽ (b); C = 5Ŀ10-5 wt%; ɚex = 405 ʥʤ; T = 296 K; IRF (ʢʨʠʚʘ 1); ɚ(PL)   

= 420 (2), 440 (3), 480 (4), 500 (5), 520 (6), 560 (7), 600 (8), 640 (9) ʪʘ 680 (10) 

ʥʤ . 

 

ʊʘʙʣʠʮʷ 3.2 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʽʚ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ɚ(PL); ɚex = 405 ʥʤ; C = 5Ŀ10
-5 wt%; T296 

ʂ. 

ɚ(PL),ʥʤ ɚex , ʥʤ Ű1 , ps % Ű2, ps % ɢ2  



420 405 450 28 3300 72 1.908 ʄ 

440 405 800 34 4780 66 1.634 M 

480 405 840 34 6100 66 2.118 M 

500 405 950 34 6730 66 2.285 M 

520 405 800 31 5460 69 2.073 M 

560 405 710 30 5690 70 1.497 ʄ 

600 405 660 32 5270 68 1.404 ʄ 

640 405 470 34 3890 66 1.730 ʄ 

680 405 430 38 3200 62 1.458 M 

 

ʊʘʙʣʠʮʷ 3.3 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʽʚ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ(PL); ɚex = 405 ʥʤ; C = 

5Ŀ10-5 wt%; T296 ʂ. 

ɚ(PL),ʥʤ ɚe , ʥʤ Ű1 , ps % Ű2, ps % ɢ2  

420 405 790 36 4700 64 1.514 ʄ 

440 405 970 36 5830 64 1.930 M 

480 405 1090 32 7020 68 1.930 M 

500 405 1220 33 7740 67 1.830 M 

520 405 1030 30 7530 70 1.938 M 

560 405 910 26 6910 74 1.502 ʄ 

600 405 790 28 7280 72 1.640 ʄ 

640 405 690 34 6360 65 1362 ʄ 

680 405 520 39 4790 61 1.506 M 

 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʧʝʢʪʨʠ ʽ ʜʠʥʘʤʽʢʘ ʟʘʪʫʭʘʥʥʷ PL 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʤʝʣʘʥʽʥʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʜʽʙʥʽ ʚ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ. ʂʨʠʚʽ ʟʘʪʫʭʘʥʥʷ PL ʤʘʶʪʴ 



ʜʚʦʢʦʤʧʦʥʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʚʠʜʢʦʛʦ ʪʘ ʧʦʚʽʣʴʥʦʛʦ 

ʟʘʪʫʭʘʥʥʷ. ɿʘʪʫʭʘʥʥʷ PL ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ: 

    IPL(t) = A1Ŀe
-t/Ű

1 +A2Ŀe
-t/Ű

2   (3.2) 

ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL Ű1 ʪʘ Ű2 ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ ʚʽʜʧʦʚʽʜʥʦ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʥʘʥʦʩʝʢʫʥʜʥʠʡ ʢʦʤʧʦʥʝʥʪ PL ʻ 

ʜʦʤʽʥʫʶʯʠʤ ʽʟ ʚʥʝʩʢʦʤ ʫ ʤʝʞʘʭ 60-70% (ʪʘʙʣʠʮʽ 3.1, 3.2, 3.3). 

 

3.5 ʆʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʫ ʯʘʩʽ 

ʪʘ ʢʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ ʤʝʣʘʥʽʥʫ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʅʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʦʨʦʟʜʽʣʴʥʠʭ ʩʧʝʢʪʨʽʚ PL ʥʘʰʦʾ ʛʨʫʧʠ [6, 28] 

ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙ̔ʪ [1, 3], ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʟ 

ʚʠʭʽʜʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʽʰʠʭ ʘʛʨʝʛʘʪʽʚ. ʋʪʚʦʨʝʥʥʷ 

ʪʘʢʠʭ ʘʛʨʝʛʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʦʯʝʚʠʜʥʠʤ ʽʟ ʟʘʣʝʞʥʦʩʪʽ PL ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʝʣʘʥʽʥʫ. ʇʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʣʘʥʽʥʫ ʚ ʨʦʟʯʠʥʘʭ ʧʝʨʝʚʘʞʘʶʪʴ ʅ- ʽ J-

ʧʦʜʽʙʥʽ ʥʘʥʦʘʛʨʝʛʘʪʠ, ʘ ʧʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʘʶʪʴ ʧʝʨʝʚʘʞʘʪʠ ʚʠʭʽʜʥʽ 

"ʙʘʟʦʚʽ ʥʘʥʦʘʛʨʝʛʘʪʠ". ʑʦʙ ʟ'ʷʩʫʚʘʪʠ ʩʢʣʘʜʥʫ ʧʨʠʨʦʜʫ ʥʘʥʦʘʛʨʝʛʘʮʽʾ ʤʝʣʘʥʽʥʫ, 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʯʘʩʦʨʦʟʜʽʣʴʥʫ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʶ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟʯʠʥʥʦʛʦ ʪʘ ʩʣʘʙʦʨʦʟʯʠʥʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠ 296 ʽ 4.2 ʂ [28].  

ʅʘ ʨʠʩʫʥʢʫ 3.8 (ʘ) ʧʦʢʘʟʘʥʘ 3D-ʢʘʨʪʘ TRES ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ T = 4,2 ʂ.  



 

ʈʠʩʫʥʦʢ 3.8 (ʘ) 3D-ʢʘʨʪʘ TRES: ɯʥʪʝʥʩʠʚʥʽʩʪʴ PL ʷʢ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ - 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚem(ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td(ʥʩ) ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ PL ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ. 

(b) ʅʦʨʤʘʣʽʟʦʚʘʥʠʡ TRES ʩʧʝʢʪʨ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ td = 200 (ʢʨʠʚʘ 1), 1830 (2), 5100 (3), 6730 (4), 10000 (5), 

11630 ʧʩ (6); T =  4,2 K, T = 296 K, ɚex = 405 ʥʤ; C = 5Ŀ10-5 wt%. 

 

ʗʢ ʚʠʜʥʦ ʟ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʨʪ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ʩʠʣʴʥʦ 

ʟʤʽʱʝʥʝ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ. ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ PL ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 420ï470 ʥʤ. ʊʦʤʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 296 

ʜʦ 4,2 ʂ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛʠ PL ʧʨʠ 600 ʥʤ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʦʞ ʥʘ 



ʨʠʩʫʥʢʫ 3.8 (b) ʧʦʢʘʟʘʥʠʡ TRES ʩʧʝʢʪʨ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʧʝʢʪʨʠ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʟ ʨʽʟʥʠʤʠ ʯʘʩʦʚʠʤʠ 

ʟʘʪʨʠʤʢʘʤʠ td ʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 200ï11630 ʧʩ. ʅʘʡʰʚʠʜʰʝ ʩʧʘʜʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʫ ʮʴʦʤʫ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 420ï500 ʥʤ. ʋ ʩʧʝʢʪʨʽ PL ʧʨʠ ʰʚʠʜʢʽʡ ʯʘʩʦʚʽʡ ʟʘʪʨʠʤʮʽ td = 200 ʧʩ 

(ʢʨʠʚʘ 1, ʨʠʩʫʥʦʢ 3.8 (b)) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʚ ʜʽʘʧʘʟʦʥʽ 440ï490 ʥʤ. ʋ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ, ʚ ʩʤʫʟʽ PL ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 505 ʥʤ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʩʧʝʢʪʨʘ PL (ʨʠʩʫʥʦʢ 3.8 (b)). 

 ʅʘ ʨʠʩʫʥʢʫ 3.9 ʧʦʢʘʟʘʥʦ ʢʽʥʝʪʠʢʫ ʟʘʪʫʭʘʥʥʷ  PL, ʘ ʚ ʪʘʙʣʠʮʽ 3.4 ʟʽʙʨʘʥʦ 

ʚʩʽ ʯʘʩʠ ʞʠʪʪʷ, ʦʪʨʠʤʘʥʽ ʟ ʮʠʭ ʟʘʪʫʭʘʥʴ ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ T = 4,2 ʂ.  

 

ʈʠʩʫʥʦʢ 3.9 ʂʽʥʝʪʠʢʘ PL ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʜʣʷ 

ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚ(PL) ʧʨʠ T = 4,2 K; ɚex = 405 ʥʤ; IRF 

(ʢʨʠʚʘ 1); ɚ(PL) = 450 (2), 500 (3), 550 (4) ʪʘ 600 (5) ʥʤ; C = 5Ŀ10-5 wt%. 

 

ʊʘʙʣʠʮʷ 3.4 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʽʚ ʞʠʪʪʷ PL ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ (M - aceto) ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ɚ(PL) 

ʧʨʠ T = 4,2 K; C = 5Ŀ10-5 wt%. 



ɚ(PL), 

ʥʤ 

ɚe , ʥʤ Ű1 , ps % Ű2, ps % ɢ2  

450 405 1060 24 4240 76 1.288 ʄ-aceto 

500 405 930 18 4600 82 1.071 ʄ-aceto 

550 405 990 20 5340 80 1.108 ʄ-aceto 

600 405 740 17 4850 83 1.117 ʄ-aceto 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʴ 3.2ï3.4, ʜʠʥʘʤʽʢʘ ʟʘʪʫʭʘʥʥʷ PL ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʤʝʣʘʥʽʥʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ 4,2 ʂ ʙʘʛʘʪʦ 

ʚ ʯʦʤʫ ʩʭʦʞʽ. ɺʦʥʠ ʤʘʶʪʴ ʜʚʦʢʦʤʧʦʥʝʥʪʥʫ ʩʪʨʫʢʪʫʨʫ (ʨ̔ ʚʥ̫ʥʥʷ 3.2) ʟ 

ʰʚʠʜʢʠʤʠ ʪʘ ʧʦʚʽʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʪʫʭʘʥʥʷ.   

ɺʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ PL ʧʦʢʘʟʫʻ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ 

ʤʦʞʣʠʚʽ ʷʢ ʧʝʨʝʜʜʠʤʝʨʥʽ, ʪʘʢ ʽ ʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʝʢʦʚʦʾ 

ʫʧʘʢʦʚʢʠ ʭʨʦʤʦʬʦʨʽʚ. ʇʝʨʝʜʜʠʤʝʨʥʽ ʪʘ ʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʤʦʥʦʤʝʨʥʝ, ʝʢʩʠʤʝʨʥʝ (ʝʢʩʠʧʣʝʢʩʥʝ) ʪʘ ʜʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʫ ʩʧʝʢʪʨʘʭ PL. ʗʢ ʧʨʘʚʠʣʦ, ʤʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʤʘʻ ʙʽʣʴʰ ʰʚʠʜʢʽ ʯʘʩʠ ʞʠʪʪʷ 

ʟʽ ʟʤʽʱʝʥʥʷʤ ʧʽʢʽʚ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʠʤʝʨʥʠʤ 

ʩʚʽʯʝʥʥʷʤ PL. 

ʋ ʯʘʩʦʨʦʟʜʽʣʴʥʠʭ ʩʧʝʢʪʨʘʭ PL ʝʢʩʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ td, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʚʛʠʤʠ ʯʘʩʘʤʠ ʞʠʪʪʷ 

ʝʢʩʠʤʝʨʽʚ. ɿʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʫʜʥʦʱʽʚ 

ʟʙʣʠʞʝʥʥʷ ʤʦʣʝʢʫʣ ʱʦ ʫʪʚʦʨʶʶʪʴ ʝʢʩʠʤʝʨ, ʝʢʩʠʤʝʨʥʘ PL ʟʥʠʢʘʻ, ʷʢ ʮʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʜʣʷ ʩʤʫʛ PL ʧʨʠ 600 ʽ 680 ʥʤ. ʋ ʩʧʝʢʪʨʽ ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ 

(ʨʠʩʫʥʦʢ 3.8 (b), ʢʨʠʚʽ 1, 2) ʧʝʨʝʚʘʞʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ 

ʦʢʨʝʤʠʭ ʭʨʦʤʦʬʦʨʽʚ. ʉʪʨʫʢʪʫʨʘ ʩʤʫʛ ʧʨʠ 450 ʽ 490 ʥʤ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ N -́ʢʦʥ'ʶʛʦʚʘʥʠʭ ʣʘʥʦʢ ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ. ʉʣʘʙʢʘ 

PL ʫ ʩʤʫʟʽ ʧʨʠ 600 ʥʤ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʝʢʩʠʤʝʨʥʘ PL, 

ʦʩʢʽʣʴʢʠ ʩʤʫʛʠ ʤʘʶʪʴ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʞʠʪʪʷ. ʆʜʥʘ ʟ ̔ʩʤʫʛ ʽʩʥʫʻ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʣʝ ʟ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʞʠʪʪʷ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ 3D 



-ʢʘʨʪʽ TRES (ʨʠʩʫʥʦʢ 3.8 (ʘ)). ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʝʷʢʽ ʤʦʣʝʢʫʣʠ ʤʦʞʫʪʴ 

ʧʝʨʝʙʫʚʘʪʠ ʷʢ ʫ ʧʝʨʝʜʜʠʤʝʨʥʦʤʫ, ʪʘʢ ʽ ʚ ʜʠʤʝʨʥʦʤʫ ʩʪʘʥʘʭ. ɿʥʠʢʘʻ PL ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʢʩʠʤʝʨʽʚ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʟ ʜʠʤʝʨʥʠʭ - ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʤʘʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʞʠʪʪʷ. 

ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘʥʦʢʣʘʩʪʝʨʠ ʤʝʣʘʥʽʥʫ ʤʦʞʫʪʴ ʘʛʨʝʛʫʚʘʪʠʩʷ ʫ ʙʽʣʴʰ 

ʫʧʘʢʦʚʘʥʽ ʘʛʨʝʛʘʪʠ. ʄʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʘʛʨʝʛʘʪʫ, ʪʘʢʦʞ 

ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʧʝʨʝʜʜʠʤʝʨʥʽ ʩʪʘʥʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʧʝʨʝʢʨʠʪʪʷ -́

ʝʣʝʢʪʨʦʥʽʚ. ʇʨʠ ʦʧʪʠʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʮʽ ʜʽʣʷʥʢʠ ʻ ʪʘʢʦʞ ʜʞʝʨʝʣʘʤʠ 

ʝʢʩʠʤʝʨʥʦʛʦ ʩʚʽʯʝʥʥʷ. 

 

3.6 ʆʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʢʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

3.6.1 ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʢʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ SDBS 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʚʠʚʯʝʥʥʽ ʩʧʝʢʪʨʽʚ PL ʪʘ ʢʽʥʝʪʠʢʠ 

ʟʘʪʫʭʘʥʥʷ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʤʝʣʘʥʽʥʽʚ ʪʘ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʟʘʨʷʜʞʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ SDBS ʪʘ ʙʘʨʚʥʠʢʘ ʘʩʪʨʘʬʣʦʢʩʠʥʫ. 

ɼʦʩʣʽʜʞʝʥʽ ʚʦʜʥʽ ʥʘʥʦʩʫʩʧʝʥʟʽʾ ʤʝʣʘʥʽʥʫ ʻ ʥʝ ʩʪʘʙʽʣʴʥʠʤʠ ʽ ʤʘʶʪʴ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʘʛʨʝʛʘʮʽʾ. ʇʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʮʝʩʫ ʘʛʨʝʛʘʮʽʾ. ʇʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʥʘ ʤʝʞʽ ʨʽʜʠʥʘ-ʪʚʝʨʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʤʝʣʘʥʽʥʫ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʟʤʝʥʰʫʶʯʠ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʪʘ ʦʙʤʝʞʫʶʯʠ ʘʛʨʝʛʘʮʽʶ ʫ ʚʝʣʠʢʽ 

ʯʘʩʪʠʥʢʠ. ʅʘ̫ʚʥʽʩʪʴ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʚ ʤʦʣʝʢʫʣʽ SDBS ʩʧʨʠʷʻ ʡʦʛʦ 

ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʤʝʣʘʥʽʥʫ ʚʥʘʩʣʽʜʦʢ ʾʭ ʩʪʝʢʦʚʦʾ 

ʚʟʘʻʤʦʜʽʾ. ʆʜʥʘʢ ʚʟʘʻʤʦʜʽʷ ʟʘʨʷʜʞʝʥʠʭ ʤʦʣʝʢʫʣ ʇɸʈ ʟ ʢʽʥʮʝʚʠʤʠ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʛʨʫʧʘʤʠ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ɼ-A ʢʦʤʧʣʝʢʩʽʚ 



ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʣʘʥʽʥʦʚʠʭ ʛʨʫʧ ʟ ʧʦʚʝʨʭʥʝʚʦ -ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ PL ʤʝʣʘʥʽʥʽʚ. 

ʋ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʽʦʥʥʠʡ SDBS (ʨʠʩʫʥʦʢ 2.1 (ʘ)) 

ʷʢ ʝʬʝʢʪʠʚʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ ʜʣʷ ʜʦʥʦʨ-ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʟ ʤʝʣʘʥʽʥʦʤ. ɼʦʜʘʚʘʥʥʷ SDBS ʜʦ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʇɸʈ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʤʽʮʝʣʷʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʧʝʢʪʨʽʚ PL ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 3.10). ɼʣʷ ʚʠʭʽʜʥʦʛʦ 

ʢʦʣʦʾʜʥʦʛʦ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚ ʩʧʝʢʪʨʘʭ PL ʻ ʩʤʫʛʠ ʟ ʤʘʢʩʠʤʫʤʘʤʠ 

ʧʨʠ 336, 409 ʽ 510 ʥʤ (ʨʠʩʫʥʦʢ 3.10, ʢʨʠʚʘ 1). ʅʦʚʘ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʨʠ 390 

ʥʤ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʷʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʤʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ SDBS ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ PL ʧʽʩʣʷ 

ʜʦʤʽʰʫʚʘʥʥʷ ʇɸʈ ʜʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ. ʅʦʚʫ ʩʤʫʛʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʥʽʦʥʘʤʠ SDBS ʽ ʢʘʪʽʦʥʘʤʠ ʤʝʣʘʥʽʥʫ ʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ SDBS ʽ ʤʝʣʘʥʽʥʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʫʪʚʦʨʶʶʪʴʩʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʉʊ ʢʦʤʧʣʝʢʩʠ ʤʝʣʘʥʽʥ-SDBS. 

 

ʈʠʩ. 3.10 ʉʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʾ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (1), 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ SDBS (2) ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ SDBS (3); 

ɚʝx = 255 ʥʤ; ʚʠʤʽʨʷʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ LifeSpec II. 

 



ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ɼ-A ʧʘʨʠ M-SDBS ʙʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ SDBS, ʷʢʽ ʧʦʛʣʠʥʘʶʪʴ ʩʚʽʪʣʦ ʚ UV ʩʧʝʢʪʨʘʣʴʥʽʡ 

ʦʙʣʘʩʪʽ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʟ ʣʝʛʢʦ ʟʙʫʜʞʫʶʯʠʤʠ ˊ-

ʝʣʝʢʪʨʦʥʘʤʠ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ SDBS ʤʘʶʪʴ ʰʠʨʦʢʫ ʩʤʫʛʫ ʚ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 260ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʥʠʞʯʦʤʫ HOMO-

LUMO ʝʣʝʢʪʨʦʥʥʦʤʫ ʧʝʨʝʭʦʜʫ, ʧʦʚ'ʷʟʘʥʦʤʫ ʟ ʙʝʥʟʦʣʴʥʠʤ ʢʽʣʴʮʝʤ. ʋ ʩʧʝʢʪʨʽ 

PL SDBS ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʤʫʛʠ  292 ʥʤ ʽ 340 ʥʤ (ʨʠʩʫʥʦʢ 3.10, ʢʨʠʚʘ 2). 

ʉʧʝʢʪʨʘʣʴʥʽ ʧʝʨʝʭʦʜʠ PL ʧʦʚ'ʷʟʘʥʽ ʟ ʟʙʫʜʞʝʥʥʷʤ ʙʝʥʟʦʣʫ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ ʤʽʞ ʙʝʥʟʦʣʦʤ ʪʘ ʟʘʨʷʜʞʝʥʠʤ ʬʨʘʛʤʝʥʪʦʤ SDBS ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. 

ʉʫʤʫʛʫ 292 ʥʤ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ LUMO-HOMO ʧʝʨʝʭʦʜʦʤ ʙʝʥʟʦʣʫ, ʩʤʫʛʘ 340 

ʥʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ SDBS. ʅʘʷʚʥʽʩʪʴ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʫ ʤʦʣʝʢʫʣʽ SDBS 

ʪʘʢʦʞ ʩʧʨʠʷʻ ɼ-A ʧʦʛʣʠʥʘʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʣʘʥʽʥʫ ʚʢʣʶʯʘʶʯʠ ʚʟʘʻʤʦʜʽʶ 

ʩʪʝʢʘ ʪʘ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ M-SDBS. 

ɼʘʣʽ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʝʣʘʥʽʥʦʤ ʽ 

SDBS, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʨʦʟʜʽʣʝʥʫ ʚ ʯʘʩʽ PL. ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ 

ʟʘʪʫʭʘʥʥʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʪʘ ʤʝʣʘʥʽʥʫ ʟ SDBS ʟʘʣʝʞʥʦ ʚʽʜ ɚʝx ʪʘ 

ɚ(PL) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.11. ʂʨʠʚʽ ʟʘʪʫʭʘʥʥʷ PL ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ 

ʤʝʣʘʥʽʥʫ ʟ SDBS ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ UV ʜʽʘʧʘʟʦʥʽ ʧʨʠ ɚʝx = 255 ʥʤ ʽ ɚ(PL) = 

400 ʥʤ (ʨʠʩʫʥʦʢ 3.11 (ʘ)) ʽ ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ ʧʨʠ ʜʦʚʰʠʭ ɚʝx ʪʘ ɚ(PL) 

(ʨʠʩʫʥʦʢ 3.11 (b)). ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʪʘʢʦʞ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ 

ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ PL ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ 

ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ʈʦʟʨʘʭʦʚʘʥʽ ʯʘʩʠ ʞʠʪʪʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ PL ʧʨʠ ʨʽʟʥʠʭ ɚʝx ʪʘ ɚ(PL) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.5. ʇʦʨʽʚʥʷʥʥʷ 

ʰʚʠʜʢʦʾ, Ű1 , ʪʘ ʧʦʚʽʣʴʥʦʾ, Ű2 , ʢʦʤʧʦʥʝʥʪ ʯʘʩʽʚ ʞʠʪʪʷ PL ʨʦʟʯʠʥʽʚ ʨʽʟʥʠʭ 

ʤʝʣʘʥʽʥʽʚ ʪʘ ʤʝʣʘʥʽʥʫ ʟ SDBS (ʪʘʙʣʠʮʽ 3.1 ʽ 3.5) ʧʦʢʘʟʫʻ ʜʝʱʦ ʰʚʠʜʰʫ Ű1 ʜʣʷ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ. ɺ ʮʽʣʦʤʫ ʟʤʽʥʠ Ű1 ̔  Ű2 ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʤʝʣʘʥʽʥʫ ʟ SDBS 

ʥʝ ʻ ʽʩʪʦʪʥʠʤʠ ʽ ʣʠʰʝ 20% ʟʙʽʣʴʰʝʥʥʷ Ű2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʟʙʫʜʞʝʥʥʽ PL ʚ 

UV ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʪʘʙʣʠʮʷ 3.5; ɚʝx = 255ʥʤ, ɚ(PL) = 400ʥʤ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʜʚʦʝʢʩʧʦʥʝʥʪʥʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ PL, ʰʚʠʜʢʘ 



ʢʦʤʧʦʥʝʥʪʘ ʯʘʩʫ ʞʠʪʪʷ PL ʨʦʟʯʠʥʽʚ ʨʽʟʥʠʭ ʤʝʣʘʥʽʥʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 1000 

ʧʩ, ʪʦʜʽ ʷʢ ʧʦʚʽʣʴʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 3,2 ʜʦ 6,7 ʥʩ (ʪʘʙʣʠʮʽ 3.1 ʽ 3.5).  

 

ʈʠʩ. 3.11 (ʘ) ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʢʨʠʚʘ 

1) ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ SDBS (ʢʨʠʚʘ 2). ɚʝx = 255 ʥʤ, ɚ(PL) = 400 ʥʤ. (b) 

ʂʽʥʝʪʠʢʘ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʢʨʠʚʽ 2,4) ʪʘ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʟ SDBS (ʢʨʠʚʽ 3, 5); IRF - ʢʨʠʚʘ 1;  ɚʝx = 405 ʥʤ,  ɚ(PL) = 460 (2, 3) ʽ 

510 (4, 5) ʥʤ. 

 

ʊʘʙʣʠʮʷ 3.5 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʽʚ ʞʠʪʪʷ PL (Ű) ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ ʩʫʤʽʰʽ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ SDBS ʧʨʠ ʨʽʟʥʠʭ ɚex ʪʘ ɚ(PL). 

ɚ(PL),ʥʤ ɚex , ʥʤ Ű1 , ps % Ű2, ps % ɢ2  

400 255 1380 25 5020 72 1.138 ʄ 

400 255 1440 24 6140 76 1.050 M+SDBS 

460 405 1064 28 4570 72 1.015 ʄ 

460 405 1020 25 4360 75 1.177 M+SDBS 

510 405 1030 22 4840 78 1.042 ʄ 

510 405 920 18 4640 82 0.970 M+SDBS 

 

ʇʨʠ ʣʘʟʝʨʥʦʤʫ ʟʙʫʜʞʝʥʥʽ (ɚex = 405 ʥʤ) ʩʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʽ ʤʝʣʘʥʽʥʫ ʟ SDBS ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ. ʈʠʩʫʥʦʢ 3.12 ʽʣʶʩʪʨʫʻ 

ʢʽʥʝʪʠʢʫ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʘ) ʪʘ ʩʫʤʽʰʝʡ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʟ SDBS (b). ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʚʽʜ ʯʘʩʫ ʟʘʪʫʭʘʥʥ ̫ td 

ʚʠʤʽʨʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ɚem = 440ï680 ʥʤ. ʂʽʥʝʪʠʢʘ ʤʘ̒ ʪʨʠʢʦʤʧʦʥʝʥʪʥʫ 



ʩʪʨʫʢʪʫʨʫ ʟ ʰʚʠʜʢʠʤʠ, ʩʝʨʝʜʥʽʤʠ ʪʘ ʧʦʚʽʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʪʫʭʘʥʥʷ. 

ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʪʨʠʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ 

IPL (t) = A1 Ā e-t/Ű
1 + A2 Ā e

-t/Ű
2 + A3 Ā e

-t/Ű
3  (3.3) 

ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL Ű1 ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, Ű2 ʪʘ Ű3 ʫ 

ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʥʝʪʠʢʘ ʟ SDBS ʜʝʤʦʥʩʪʨʫ ̒

ʜʝʱʦ ʧʦʚʽʣʴʥʽʰʫ ʨʝʣʘʢʩʘʮʽʶ, ʷʢʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʫʪʥʦʩʪʽ 

SDBS. ʊʘʙʣʠʮʽ 3.6 ʪʘ 3.7 ʧʦʢʘʟʫʶʪʴ ʪʨʠ ʯʘʩʠ ʞʠʪʪʷ, Ű(PL), ʦʙʯʠʩʣʝʥʽ ʟʘ 

ʚʠʤʽʨʷʥʠʤʠ ʢʽʥʝʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ (ʨʠʩʫʥʦʢ 3.12). 

 

ʈʠʩʫʥʦʢ 3.12 ɿʘʪʫʭʘʥʥʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (ʘ) ʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ SDBS (b) ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɚ(PL); ɚex = 405 ʥʤ; T = 296 K; IRF (ʢʨʠʚʘ 1), ɚ(PL) = 440 (2), 500 (3), 520 (4), 

560 (5), 600 (6), 640 (7) ʪʘ 680 (8) ʥʤ; C = 5Ŀ10-5 wt%. 

 



ʊʘʙʣʠʮʷ 3.6 ʏʘʩʠ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʜʣʷ ʨʽʟʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ(PL); ɚex = 405 ʥʤ; T = 296 K; C = 5Ŀ10-5 wt%. 

ɚ(PL), 

ʥʤ 

ɚex, 

ʥʤ 

Ű1, ps % Ű2, ps % Ű 3, ps % ɢ2  

440 405 90 6 1140 32 4440 62 1.003 m 

500 405 90 7 1390 30 5870 63 1.005 m 

520 405 80 9 1280 25 5380 66 1.099 m 

560 405 20 2 1170 30 5830 58 1.236 m 

600 405 10 19 680 24 3340 57 1.050 m 

640 405 10 38 1380 62   1.022 m 

680 405 10 44 910 56   1.030 m 

 

ʊʘʙʣʠʮʷ 3.7 ʏʘʩʠ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ SDBS 

ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ(PL); ɚex = 405 ʥʤ; T = 296 K; C = 5Ŀ10-5 wt%. 

ɚ(PL), 

ʥʤ 

ɚex , 

ʥʤ 

Ű1 , ps % Ű2, ps % Ű 3, ps % ɢ2  

440 405 410 10 2400 38 9800 52 1.144 m-sdbs 

500 405 190 8 1990 34 7880 58 1.176 m-sdbs 

520 405 160 9 1760 31 7140 60 1.139 m-sdbs 

560 405 70 10 1130 21 5190 69 1.141 m-sdbs 

600 405 17 15 740 21 4220 64 1.071 m-sdbs 

640 405 19 33 2370 67   1.099 m-sdbs 

680 405 60 42 1160 58   1.188 m-sdbs 

 

3.6.2 ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ ʢʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ 

ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ 

ʑʝ ʦʜʥʽʻʶ ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʟôʷʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʤʝʪʠʥʦʚʦʛʦ ʙʘʨʚʥʠʢʘ ʟ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 



ʥʦʚʦʛʦ ʩʢʣʘʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʪʘʢʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʝʣʘʥʽʥʫ ʟ 

ʨʽʟʥʠʤʠ ˊ-ʩʧʨʷʞʝʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʮʘ̔ʥʽʥʦʚʠʡ 

ʙʘʨʚʥʠʢ ʘʩʪʨʘʬʣʦʢʩʠʥ (ʨʠʩʫʥʦʢ 2.1 (b)) ʜʣʷ ʥʝʢʦʚʘʣʝʥʪʥʦʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ 

ʤʝʣʘʥʽʥʫ. ʄʦʣʝʢʫʣʠ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʫ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʫ ʨʦʟʯʠʥʘʭ, ʷʢ ʽ ʙʘʛʘʪʦ 

ʧʦʣʽʤʝʪʠʥʦʚʠʭ  ʙʘʨʚʥʠʢʽʚ, ʻ ʪʨʘʥʩ-ʽʟʦʤʝʨʘʤʠ [238]. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʭʨʦʤʦʬʦʨʫ ʙʘʨʚʥʠʢʘ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʻ ʨʦʟʰʠʨʝʥʘ ʟʘʨʷʜʞʝʥʘ ˊ ïʝʣʝʢʪʨʦʥʥʘ 

ʛʫʩʪʠʥʘ, ʱʦ ʯʝʨʛʫʻʪʴʩʷ ʚʟʜʦʚʞ ʧʦʣʽʤʝʪʠʥʦʚʦʛʦ ʣʘʥʮʶʛʘ ʽ ʧʦ ʯʝʨʟʽ  

ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ [239]. ʇʦʨʷʜʦʢ ˊïʟʚôʷʟʢʽʚ 

ʚʠʨʽʚʥʶʻʪʴʩʷ ʷʢ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘʢ ʽ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʪʘ ʢʦʨʦʪʢʽ ʯʘʩʠ ʞʠʪʪʷ ʯʝʨʝʟ 

ʪʨʘʥʩ-ʮʠʩ ʢʦʥʬʦʨʤʘʮʽʡʥʽ ʟʤʽʥʠ ʚ ʤʦʣʝʢʫʣʽ ʙʘʨʚʥʠʢʘ, ʩʣʽʜʫʶʯʠ ʝʬʝʢʪʠʚʥʠʤ 

ʥʝʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʤ ʧʨʦʮʝʩʘʤ. ʆʯʝʚʠʜʥʦ ʱʦ 

ʢʦʥʬʦʨʤʘʮʽʡʥʽ ʟʤʽʥʠ ʚ ʤʦʣʝʢʫʣʽ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ʩʪʝʨʠʯʥʽ 

ʧʘʩʪʢʠ ʜʣʷ ʡʦʛʦ ʘʛʨʝʛʫʚʘʥʥʷ. ʄʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʘʛʨʝʛʘʮʽʶ ʤʦʣʝʢʫʣ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽ ʾʜʦ 10-3 wt% [228]. ʉʧʝʢʪʨʠ 

PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʚ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ (10-5 ï 10-6 

wt%) ʤʘʶʪʴ ʩʤʫʛʠ 564 ʽ 590 ʥʤ (ʨʠʩʫʥʦʢ 3.13 (ʘ)). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛʠ PL ʧʨʠ 564 ʥʤ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʩʤʫʛʘ 

590 ʥʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʩʪʘʻ ʰʠʨʰʦʶ. ʏʘʩ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ɚ(PL) = 560 - 610 ʥʤ) ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ (C = 10-5 ï 10-3 wt%). ʇʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʯʘʩ ʞʠʪʪʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 40-50 ʧʩ (ʨʠʩʫʥʦʢ 3.13 (b), ʢʨʠʚʘ 

1). ɿʘʤʦʨʦʞʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʘʙʦ ʾʭ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʙʽʣʴʰʫʻ ʩʪʽʡʢʽʩʪʴ ʙʘʨʚʥʠʢʘ ʪʘ ʩʪʚʦʨʶʻ ʩʪʝʨʠʯʥʽ ʧʘʩʪʢʠ ʜʣʷ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʤʽʥ ʫ ʥʠʭ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨʷʥʠʡ ʯʘʩ ʞʠʪʪʷ PL ʙʣʠʟʴʢʠʡ ʜʦ  

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ ʯʘʩʫ ʞʠʪʪʷ ʤʦʣʝʢʫʣʠ. ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ ʯʘʩ ʞʠʪʪʷ ʚ 

ʟʘʤʦʨʦʞʝʥʠʭ ʨʦʟʯʠʥʘʭ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʧʨʠ 77K ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʴʦʤʘ 



ʢʦʤʧʦʥʝʥʪʘʤʠ ʟ Ű1 = 150-300 ʧʩ, Ű2 = 1,5-2,6 ʥʩ ʪʘ Ű3 = 3,5-10 ʥʩ [229]. 

 

ʈʠʩ. 3.13 (ʘ) ʉʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ 

(1) ʪʘ ʩʫʤʽʰʽ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (2-3) ʫ ʚʦʜʽ;  ɚʝx = 255 

ʥʤ; ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ LifeSpec II.  

(b) ʉʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ ʘʩʪʨʘʬʣʦʢʩʠʥʫ (1), ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ 

(2) ʪʘ ʩʫʤʽʰʽ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (3) ʫ ʚʦʜʽ; ɚʝx = 405 ʥʤ; 

ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ USB2000+UV-VIS-ES. 

 

ʅʘ ʨʠʩʫʥʢʫ 3.13 (ʘ) ʧʦʢʘʟʘʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (1) ʪʘ ʩʫʤʽʰʽ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (2-3) ʧʨʠ UV 

ʟʙʫʜʞʝʥʥʽ ʧʨʠ ɚʝx = 255 ʥʤ. ʋ ʩʧʝʢʪʨʘʭ PL ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʩʤʫʛʠ ʧʨʠ 410 ʪʘ 511 ʥʤ, ʧʨʦʪʝ ʜʦʜʘʚʘʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʜʦ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʩʧʝʢʪʨʽ PL. ɺ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ 

ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʨʠ 394 ʥʤ, ʘ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʤʠ ʙʘʯʠʤʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ. ʉʚʽʯʝʥʥʷ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʩʢʣʘʜʘʻʪʴʩʷ ʷʢ ʽʟ ʤʦʣʝʢʫʣʷʨʥʦʾ PL ʟʽ ʩʤʫʛʦʶ ʧʨʠ 569 ʥʤ, ʪʘʢ ʽ 

ʟ PL ʤʘʣʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʚ ʜʽʘʧʘʟʦʥʽ 590-610 ʥʤ [228]. ʅʦʚʘ 

ʩʤʫʛʘ ʧʨʠ 394 ʥʤ, ʱʦ ʚʠʥʠʢʣʘ ʚ ʩʫʤʽʰʘʭ ʙʘʨʚʥʠʢʘ ʽ ʤʝʣʘʥʽʥʫ, ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ɼ-A ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʪʘ 

ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʤʝʣʘʥʽʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʻ ʩʚʽʜʯʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʘʪʽʦʥʘʤʠ 



ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʪʘ ʘʥʽʦʥʘʤʠ ʤʝʣʘʥʽʥʫ. ɺʟʘʻʤʦʜʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʘʩʪʨʘʬʣʦʢʩʠʥʫ-ʤʝʣʘʥʽʥʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʟʘʻʤʦʜʽʶ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʟ ʤʝʣʘʥʽʥʦʤ ʙʫʣʦ ʟʘʧʠʩʘʥʦ 

ʩʧʝʢʪʨʠ PL ʧʨʠ ʨʽʟʥʠʭ ɚʝx. ʅʘ ʨʠʩʫʥʢʫ 3.13 (b) ʧʦʢʘʟʘʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL 

ʨʦʟʯʠʥʽʚ ʘʩʪʨʘʬʣʦʢʩʠʥʫ (1), ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ (2) ʪʘ ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (3) ʧʨʠ ɚʝx = 405 ʥʤ. ʋ ʩʧʝʢʪʨʘʭ PL ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 3.13 (b), ʢʨʠʚʘ 2), ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʤʫʛʫ ʧʨʠ 500 ʥʤ ʽ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʝ ʧʣʝʯʝ ʧʨʠ 450 ʥʤ. ɺʠʭʽʜʥʠʡ ʨʦʟʯʠʥ ʘʩʪʨʘʬʣʦʢʩʠʥʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʠʤ ʩʧʝʢʪʨʦʤ PL ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 566 ʽ ʧʣʝʯʝʤ 

ʧʨʠ 590 ʥʤ. ɺʘʞʣʠʚʦ, ʱʦ ʩʧʝʢʪʨ PL ʩʫʤʽʰʽ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʥʝ ʻ 

ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʩʧʝʢʪʨʽʚ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʦ-ʧʝʨʰʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʪʫʭʘʥʥʷ 

PL ʤʝʣʘʥʽʥʫ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ ɚ(PL) > 500 ʥʤ; ʧʦ-ʜʨʫʛʝ, ʩʚʽʯʝʥʥʷ 

ʧʦʚôʷʟʘʥʝ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʧʨʠ ɚ(PL) > 550 ʥʤ ʪʘʢʦʞ ʟʘʟʥʘʻ ʟʤʽʥ, ʜʝ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʩʤʫʛʠ ʧʨʠ 580, 608 ʪʘ 660 ʥʤ. ʅʦʚʽ ʜʦʚʛʦʭʚʠʣʴʦʚʽ ʩʤʫʛʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʘʛʨʝʛʘʮʽʻʶ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʣʘʥʽʥʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ PL ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʩʪʨʘʬʣʦʢʩʠʥʫ 

(ʨʠʩʫʥʦʢ 3.14 (b), ʢʨʠʚʘ 2), ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 3.14 (b), ʢʨʠʚʽ 3 ʪʘ 4) ʪʘ ʩʫʤʽʰʽ 

ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (ʨʠʩʫʥʦʢ 3.14 (ʘ), ʢʨʠʚʽ 2-5) ʧʦʢʘʟʘʣʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʯʘʩʽʚ ʞʠʪʪʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ. ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥʫ ʟ SDBS, ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL 

ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʯʘʩʘʤʠ 

ʞʠʪʪʷ PL ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ʏʘʩʠ 

ʞʠʪʪʷ(Ű) PL ʜʣʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ, ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ(PL) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.8. ʏʘʩ 

ʞʠʪʪʷ PL 40-50 ʧʩ ʯʠʩʪʦʛʦ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʟ 

ʤʝʣʘʥʽʥʦʤ ʜʦ Ű2 = 2330 ʧʩ (ʪʘʙʣʠʮʷ 3.8, ɚ(PL) = 580 ʥʤ). ʊʘʢʘ ʟʤʽʥʘ ʢʽʥʝʪʠʢʠ 

ʟʘʪʫʭʘʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʦʣʝʢʫʣʠ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. ʅʘʷʚʥʽʩʪʴ 



ʰʚʠʜʢʦ ʾʢʦʤʧʦʥʝʥʪʠ ʟ Ű1 = 90-120 ʧʩ ʫ ʢʽʥʝʪʠʮ ̔ʟʘʪʫʭʘʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʧʨʠ 

ɚ(PL) = 580 ʪʘ 610 ʥʤ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ J-ʧʦʜʽʙʥʽ ʘʛʨʝʛʘʪʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. 

 

ʈʠʩ. 3.14 (ʘ) ʂʨʠʚʽ  ʟʘʪʫʭʘʥʥʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʧʨʠ ɚ(PL) = 440 (2), 520 (3), 580 (4), 610 (5); IRF (1).  

(b) ʂʨʠʚʽ  ʟʘʪʫʭʘʥʥʷ PL ʜʣʷ ʦʙʦʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ - ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʧʨʠ ɚ(PL) 

= 570 ʥʤ (2) ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ ɚ(PL) = 440 ʥʤ (3), 520 ʥʤ (4); IRF 

(1). ɚʝx = 405 ʥʤ. 

 

ʊʘʙʣʠʮʷ 3.8 ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʽʚ ʞʠʪʪʷ (Ű) PL ʘʩʪʨʘʬʣʦʢʩʠʥʫ (ɸ), ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ (ʄ) ʪʘ ʩʫʤʽʰʽ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ (ʄ+ɸ) ʧʨʠ ʨʽʟʥʠʭ ɚ (PL). 

ɚ(PL), ʥʤ ɚe, ʥʤ Ű1 , ps % Ű2, ps % ɢ2  

570 405 40 100 - - 1.120 ɸ 

440 405 580 24 4650 76 1.282 ʄ 

510 405 640 25 4760 75 1.245 ʄ 

440 405 920 30 4270 70 1.197 ʄ+ɸ 

520 405 630 21 4220 79 1.111 M+ɸ 

580 405 120 40 2330 60 1.164 ʄ+ɸ 

610 405 90 41 2280 59 1.194 M+ɸ 

 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʚ ʩʫʤʽʰʘʭ ʟ ʤʝʣʘʥʽʥʦʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʘʛʨʝʛʘʮʽʾ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʠʜʠʤʠʭ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ 

ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʪʘ ʦʩʘʜʫ. 



 ʅʘ ʨʠʩʫʥʢʫ 3.15 ʧʦʢʘʟʘʥʽ TRES ʩʧʝʢʪʨʠ ʧʨʠ ɚʝx = 405 ʥʤ ʩʫʤʽʰʝʡ 

ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʟ ʨʽʟʥʠʤ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ, td. ʉʧʝʢʪʨʠ ʙʫʣʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʥʘ ʩʤʫʟʽ PL ʤʝʣʘʥʽʥʫ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʯʘʩ ʞʠʪʪʷ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ɚ(PL) = 470 ʥʤ ʽ ʧʣʝʯʝʤ ʧʨʠ 525 ʥʤ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʩʧʝʢʪʨʽʚ 

ʚʠʜʥʦ, ʱʦ ʬʦʨʤʘ ʚʢʣʘʜʫ PL ʤʝʣʘʥʽʥʫ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ, 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ td = 0 - 3000ps. ʄʠʪʪʻʚʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʟ ʧʽʢʦʤ ʧʨʠ ɚ(PL) = 590 - 595 ʥʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʘʛʨʝʛʦʚʘʥʠʤ ʬʦʨʤʘʤ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. 

ɺʘʞʣʠʚʦ, ʱʦ ʤʠʪʪʻʚʽ ʩʧʝʢʪʨʠ PL ʚ ʦʙʣʘʩʪʽ ʩʚʽʯʝʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ td. ʇʨʠ td  = 0 - 500 ʧʩ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL ʘʩʪʨʘʬʣʦʢʩʠʥʫ 

ʧʝʨʝʚʘʞʘʻ ʫ ʩʧʝʢʪʨʘʭ PL (ʨʠʩʫʥʦʢ 3.15 (ʘ), ʢʨʠʚʽ 1-4). ʇʨʠ td > 800 ʧʩ ʫ 

ʤʠʪʪʻʚʠʭ ʩʧʝʢʪʨʘʭ PL ʧʝʨʝʚʘʞʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. ʅʘ 

ʨʠʩʫʥʢʫ 3.15, ʜʝ ʧʦʻʜʥʫʶʪʴʩʷ ʩʧʝʢʪʨʠ PL ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʣʝʯʝʡ ʧʨʠ 570 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʩʚʽʯʝʥʥʶ ʘʩʪʨʘʬʣʦʢʩʠʥʫ, ʽ ʩʤʫʛʠ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 

590 - 595 ʥʤ ʟ ʧʦʜʘʣʴʰʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ʫ ʜʽʘʧʘʟʦʥʽ 600 - 700 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ PL ʘʛʨʝʛʦʚʘʥʦʾ ʬʦʨʤʠ ʘʩʪʨʘʬʣʦʢʩʠʥʫ. 

 ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘʩʪʨʘʬʣʦʢʩʠʥ ʚʟʘʻʤʦʜʽʻ ʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ, ʫʪʚʦʨʶʶʯʠ ɼ-A ʢʦʤʧʣʝʢʩʠ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʤʦʣʝʢʫʣʠ ʙʘʨʚʥʠʢʘ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʣʘʥʽʥʫ, ʫʪʚʦʨʶʶʯʠ ʨʽʟʥʽ ʪʠʧʠ 

ʥʘʥʦʘʛʨʝʛʘʪʽʚ. ʊʘʢʝ ʧʦʛʣʠʥʘʥʥʷ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʤʝʣʘʥʽʥʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ, ʥʘʧʨʠʢʣʘʜ, ʫ ʬʣʫʦʨʝʩʮʝʥʪʥʽʡ ʤʽʢʨʦʩʢʦʧʽʾ 

ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ.  



 

ʈʠʩ. 3.15 TRES ʩʧʝʢʪʨʠ ʚʦʜʥʠʭ ʩʫʤʽʰʝʡ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʽʟ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ, td, ʚ ʜʽʘʧʘʟʦʥʽ (ʘ) ʚʽʜ 0 ʜʦ 900 ʧʩ ʟ ʢʨʦʢʦʤ 

100 ʧʩ ʽ (b) ʚʽʜ 1000 ʜʦ 2800 ʧʩ ʟ ʢʨʦʢʦʤ 200 ʧʩ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ, 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʘ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL, ʢʽʥʝʪʠʢʠ ʟʘʪʫʭʘʥʥʷ ʪʘ ʯʘʩʽʚ ʞʠʪʪʷ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʧʝʢʪʨʠ 

ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʦʧʠʩʫʶʪʴʩʷ ʙʝʟʩʪʨʫʢʪʫʨʥʦʶ ʢʨʠʚʦʶ ʫ ʚʠʛʣʷʜʽ ʝʢʩʧʦʥʝʥʪʠ, ʷʢʘ 

ʧʣʘʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ UV ʜʦ IR ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʯʥʫ 

ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘ ʨʽʚʥʽ 1.5 ʝɺ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʽ 1.35 ʝɺ ʜʣʷ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ʏʠʤ ʜʦʚʰʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ, ʪʠʤ 

ʙʽʣʴʰʦʶ ʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ PL (ʨʠʩʫʥʦʢ 3.3 ï 3D ʢʘʨʪʠ PLE). 

ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʚʥʫʪʨʽʰʥʴʦʜʠʩʢʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʧʨʷʞʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ PL ʩʠʥʪʝʪʠʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʽʚ ʻ 

ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ï ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚ ʜʠʥʘʤʽʮʽ 



ʟʘʪʫʭʘʥʥʷ PL ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ ʟʙʫʜʞʝʥʥʷ (ʩʤʫʛʠ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 450, 600 ʽ 

680 ʥʤ). ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ ʟʘʪʫʭʘʥʥʷ PL ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ 

ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ 

ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ.. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʩʭʦʞʽ ʟʘ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʩʢʣʘʜʦʤ ʽ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʮʝʥʪʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʠʭ ʩʤʫʛ ʚʩʝʨʝʜʠʥʽ ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. 

ɺʽʜʤʽʥʥʦʩʪʽ ʚ ʩʧʝʢʪʨʘʭ PL ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʝʣʘʥʽʥʽʚ ʟʫʤʦʚʣʝʥʽ, ʟʦʢʨʝʤʘ, ʾʭ ʨʽʟʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ. 

ɺʠʚʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ PL ʧʦʢʘʟʫʻ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ 

ʤʦʞʣʠʚʽ ʷʢ ʧʝʨʝʜʜʠʤʝʨʥʽ, ʪʘʢ ʽ ʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʝʢʦʚʦʾ 

ʫʧʘʢʦʚʢʠ ʭʨʦʤʦʬʦʨʽʚ. ʇʝʨʝʜʜʠʤʝʨʥʽ ʪʘ ʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʤʦʥʦʤʝʨʥʝ, ʝʢʩʠʤʝʨʥʝ (ʝʢʩʠʧʣʝʢʩʥʝ) ʪʘ ʜʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʫ ʩʧʝʢʪʨʘʭ PL. ʄʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʤʘʻ ʙʽʣʴʰ ʰʚʠʜʢʽ ʯʘʩʠ ʞʠʪʪʷ ʟʽ ʟʤʽʱʝʥʥʷʤ 

ʧʽʢʽʚ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʫ ʦʙʣʘʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʠʤʝʨʥʠʤ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʚʛʠʤʠ ʯʘʩʘʤʠ ʞʠʪʪʷ. 

ɿʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʫʜʥʦʱʽʚ ʟʙʣʠʞʝʥʥʷ 

ʤʦʣʝʢʫʣ ʱʦ ʫʪʚʦʨʶʶʪʴ ʝʢʩʠʤʝʨ, ʟʥʠʢʘʻ ʝʢʩʠʤʝʨʥʘ PL, ʧʦʚôʷʟʘʥʘ ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʤʠ ʩʪʘʥʘʤʠ (ʩʤʫʛʠ PL ʧʨʠ 600 ʽ 680 ʥʤ), ʘ ʟ ʜʠʤʝʨʥʠʭ - 

ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʤʘʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʞʠʪʪʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʫ ʪʘ ʩʠʣʴʥʦʶ ʣʦʢʘʣʽʟʘʮʽʻʶ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʜʚʦʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʘʭ. ʋ ʩʧʝʢʪʨʽ PL ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʤʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʦʢʨʝʤʠʭ ʭʨʦʤʦʬʦʨʽʚ. ʉʪʨʫʢʪʫʨʘ ʩʤʫʛ ʧʨʠ 450 

ʽ 490 ʥʤ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ N ʜʣʷ -́ʢʦʥ'ʶʛʦʚʘʥʠʭ ʣʘʥʦʢ 

ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ.  

ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʢʽʥʝʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ PL ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥʫ ʟ ʘʥʽʦʥʥʠʤʠ (SDBS) 

ʪʘ ʢʘʪʽʦʥʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʘʩʪʨʘʬʣʦʢʩʠʥ). ʇʦʢʘʟʘʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ (ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ) ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʥʦʘʛʨʝʛʘʪʠ ʟʤʽʰʘʥʦʛʦ 



ʪʠʧʫ.  ɸʩʪʨʘʬʣʦʢʩʠʥ ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ,  ʫʪʚʦʨʶʶ ̒ D-A ʢʦʤʧʣʝʢʩʠ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʣʝʢʫʣʠ ʙʘʨʚʥʠʢʘ 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʣʘʥʽʥʫ, ʫʪʚʦʨʶʶʯʠ J-ʧʦʜʽʙʥʽ ʘʛʨʝʛʘʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 4. ʆʉʆɹʃʀɺʆʉʊɯ ʄɸʂʈʆʉʂʆʇɯʏʅʆɰ ʉʊʈʋʂʊʋʈʀ ɯ 

ʇʈʀʈʆɼɸ ʆʇʊʀʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʅɸʅʆʂʃɸʉʊɽʈɯɺ 

ʄɽʃɸʅɯʅʋ 

4.1 ʆʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ. ʉʊ 

ʢʨʠʩʪʘʣʠ. 

ɺʟʘʻʤʦʜʽʷ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʜʦʧʦʤʘʛʘʻ ʟ'ʷʩʫʚʘʪʠ ʧʨʠʨʦʜʫ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʤʝʣʘʥʽʥʫ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʨʛʘʥʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ (ʉʊ ʢʨʠʩʪʘʣʽʚ). 

ɿʙʫʜʞʝʥʽ ʩʪʘʥʠ ʚ ʦʨʛʘʥʽʯʥʠʭ ʉʊ ʢʨʠʩʪʘʣʘʭ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʭʚʠʣʴʦʚʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʽ ʜʚʦʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʚ ʦʩʴʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʩʪʝʢʫ [240, 241]. ʊʘʢʘ ʜʝʣʦʢʘʣʽʟʘʮʽʷ ʟʙʫʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ˊ-ʦʨʙʽʪʘʣʷʤʠ ʩʫʩʽʜʥʽʭ ʜʠʩʢʽʚ ʪʘ 

ʤʘʣʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʠʩʢʘʤʠ. ɼʝʣʦʢʘʣʽʟʘʮʽʷ ʟʙʫʜʞʝʥʥʷ ʚʽʜʨʽʟʥʷʻ ʉʊ ʢʨʠʩʪʘʣʠ 

ʚʽʜ ʽʥʰʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʫ ̫ ʢʠʭ ʧʘʨʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʥʘ 

ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʷʚʠʱʝ ʩʪʘʚʠʪʴ ʉʊ ʢʨʠʩʪʘʣʠ ʫ ʧʨʦʤʽʞʥʠʡ ʢʣʘʩ 

ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʢʨʠʩʪʘʣʘʤʠ. ʋ ʉʊ ʢʨʠʩʪʘʣʘʭ ʩʭʝʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʘʻ ʉʊ-ʧʝʨʝʭʦʜʠ, 

ʟʤʽʱʝʥʽ ʫ ʙʽʢ ʤʝʥʰʠʭ ʝʥʝʨʛʽʡ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ, ʥʽʞ ʩʪʘʥʠ 

ʤʦʣʝʢʫʣʷʨʥʠʭ EF (ʨʠʩʫʥʦʢ. 4.1) [240]. 

 



 

ʈʠʩ. 4.1 ɽʣʝʢʪʨʦʥʥʘ ʜʽʘʛʨʘʤʘ ʤʝʣʘʥʽʥʫ. CT ʧʦʟʥʘʯʘʻ ʨʽʚʝʥʴ ʧʝʨʝʥʝʩʝʥʥʷ 

ʟʘʨʷʜʫ, ʘ CB - ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ.  

 

 ɼʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʱʝ ʦʜʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ 

ʪʠʧʦʚʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʋʩʝʨʝʜʠʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʩʢʫ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʩʧʨʷʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʢʦʧʦʣʽʤʝʨʽʚ 

ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ɺ ʮʴʦʤʫ ʧʣʘʥʽ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ ʚ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʘʭ ʧʦʜʽʙʥʽ 

ʜʦ ʟʙʫʜʞʝʥʴ ʫ ʩʧʨʷʞʝʥʠʭ ʧʦʣʽʤʝʨʘʭ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʙʫʜʞʝʥʥʷ ʚ 

ʩʧʨʷʞʝʥʠʭ ʧʦʣʽʤʝʨʘʭ ʫʪʚʦʨʶʶʪʴʩʷ EF, ʷʢʽ ʧʦʪʽʤ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʚ 

CT-ʩʪʘʥʠ. ʗʢ ʽ ʫ ʩʧʨʷʞʝʥʠʭ ʧʦʣʽʤʝʨʘʭ, ʝʣʝʤʝʥʪʘʨʥʦʶ ʦʙʣʘʩʪʶ ʣʦʢʘʣʽʟʘʮʽʾ EF 

ʻ ˊ-ʩʧʨʷʞʝʥʘ ʜʽʣʷʥʢʘ ʤʘʢʨʦʤʦʣʝʢʫʣʠ [242]. ʗʢʱʦ EF ʚ ʩʧʨʷʞʝʥʠʭ ʧʦʣʽʤʝʨʘʭ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʉʊ ʩʪʘʥ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʩʧʨʷʞʝʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, ʪʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʡ ʩʪʘʥ ʌʨʝʥʢʝʣʷ ʚ ʤʝʣʘʥʽʥʦʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʘʭ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʉʊ ʩʪʘʥ ʤʽʞ ʜʚʦʤʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʠʩʢʘʤʠ. ʄʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʷʢ ʽ ʚ ʉʊ ʢʨʠʩʪʘʣʘʭ, ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʷʢ ʚʽʣʴʥʽ, ʪʘʢ ʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʉʊɽ. ʊʘʢʽ ʩʪʘʥʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʷʢ 

ʚ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘʢ ʽ ʚ ʩʧʝʢʪʨʘʭ PL. ɺʨʘʭʦʚʫʶʯʠ ʥʝʚʝʣʠʢʫ ʩʠʣʫ ʦʩʮʠʣʷʪʦʨʘ 



ʧʝʨʝʭʦʜʫ ʜʣʷ ʉʊ ʧʝʨʝʭʦʜʽʚ, ʉʊ ʩʪʘʥʠ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʜʦʚʛʠʤʠ 

ʯʘʩʘʤʠ ʞʠʪʪʷʤ ʫ ʩʧʝʢʪʨʘʭ PL. ʂʨʽʤ ʪʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʠʩʢʘʤʠ 0,35 ʥʤ, CT-ʩʪʘʥʠ ʟ 

ʨʘʜʽʫʩʦʤ 0,35 ʥʤ ʤʘʶʪʴ ʚʥʝʩʪʠ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ PL.  

 ʆʜʥʠʤ ʟ ʧʽʜʪʚʝʨʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʦʜʝʣʽ ʟʙʫʜʞʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ ʻ ʪʝ, ʱʦ ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL ʤʝʣʘʥʽʥʫ, ʤʝʣʘʥʽʥʫ ʟ SDBS ʪʘ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʙʨʝ 

ʦʧʠʩʫʶʪʴʩʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʚ 

ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ʇʨʠ ʦʧʪʠʯʥʦʤʫ 

ʟʙʫʜʞʝʥʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʤʦʣʝʢʫʣʷʨʥʽ EF ʟôʷʚʣʷʶʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ ʟʙʫʜʞʝʥʥʷ ʚ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʘʭ. ɼʝʷʢʽ ʟ ʮʠʭ ʝʢʩʠʪʦʥʽʚ ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ ʩʪʘʥ. ɯʥʰʘ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣʷʨʥʠʭ ʝʢʩʠʪʦʥʽʚ ʙʝʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʚʽʣʴʥʽ ʉʊɽ. ɺʽʣʴʥʽ ʉʊɽ, ʚʟʘʻʤʦʜʽʶʯʠ ʟʽ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʣʦʢʘʣʽʟʦʚʘʥʽ ʉʊɽ. 

ʇʽʢʦʩʝʢʫʥʜʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʽʚ ʞʠʪʪʷ PL ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ 

ʯʘʩʫ ʞʠʪʪʷ ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ, ʪʦʜʽ ʷʢ ʥʘʥʦʩʝʢʫʥʜʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʽʚ ʞʠʪʪʷ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʉʊɽ. ʗʢ ʚʠʜʥʦ ʟ 3D ʢʘʨʪʠ PLE (ʨʠʩʫʥʦʢ 3.3), 

ʤʦʞʥʘ ʯʽʪʢʦ ʚʠʜʽʣʠʪʠ ʩʧʝʢʪʨʘʣʴʥʫ ʦʙʣʘʩʪʴ 360-420 ʥʤ ʚʽʜʥʦʩʥʦ ʩʪʘʥʽʚ, ʯʝʨʝʟ 

ʷʢʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʤʦʣʝʢʫʣʷʨʥʽ ʝʢʩʠʪʦʥʠ. ʇʦʢʨʠʚʘʶʯʠ ʥʘʥʦʢʣʘʩʪʝʨʠ 

ʤʝʣʘʥʽʥʫ ʤʦʣʝʢʫʣʘʤʠ SDBS ʘʙʦ ʘʩʪʨʘʬʣʦʢʩʠʥʫ, ʷʢʽ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʧʘʩʪʢʘʤʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʝʢʩʠʪʦʥʽʚ, ʤʦʞʥʘ ʚʽʜʨʽʟʥʠʪʠ ʩʚʽʪʽʥʥʷ ʉʊɽ ʟ ʦʙôʻʤʫ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʠʨʦʢʫ ʩʤʫʛʫ ʚ ʜʽʘʧʘʟʦʥʽ ʩʚʽʯʝʥʥʷ 450-520 ʥʤ ʫ 

ʩʧʝʢʪʨʘʭ PL ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥ-ʘʩʪʨʘʬʣʦʢʩʠʥ (ʨʠʩʫʥʦʢ 3.15) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʉʊɽ ʟ ʦʙôʻʤʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. 

 ɺ ʩʧʝʢʪʨʘʭ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʧʨʠ ɚʝx =  405 

ʥʤ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ, ʧʦʚôʷʟʘʥʽʡ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʘʩʪʨʘʬʣʦʢʩʠʥʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʤʽʥʠ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʘʩʪʨʘʬʣʦʢʩʠʥʫ. ʋ ʮʽʡ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ (500-520 ʥʤ) PL ʤʝʣʘʥʽʥʫ ʟʘʪʫʭʘʻ ʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʘ 



ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʨʠ 490 ʥʤ. ʊʘʢʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʘʭ PL ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ (77ʂ) 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1, 3-5]. ʎʽ ʟʤʽʥʠ ʧʦʷʩʥʶʚʘʣʠʩʴ ʥʘʷʚʥʽʩʪʶ 

ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʽʚ ʫ ʤʝʣʘʥʽʥʦʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʘʭ, ʷʢʽ ʜʽʶʪʴ ʷʢ ʧʘʩʪʢʠ 

ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ ʽ ʩʣʽʜʫʶʪʴ ʟʘ ʨʝʣʘʢʩʘʮʽʻʶ ʝʢʩʠʤʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ɚ(PL)> 500 ʥʤ). ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʟʤʽʰʘʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʟ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʤʦʣʝʢʫʣʠ ʘʩʪʨʘʬʣʦʢʩʠʥʫ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʤʠ ʩʪʘʥʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʽ ʫʪʚʦʨʶʶʪʴ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʉʊ ʢʦʤʧʣʝʢʩʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʫʭʘʥʥʷ ʝʢʩʠʤʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʯʝʥʥʷ ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ. 

 

4.2 ʇʨʠʨʦʜʘ ʩʧʝʢʪʨʽʚ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʅ-ʘʛʨʝʛʘʪʽʚ ʤʝʣʘʥʽʥʫ 

ʅʘ ʨʠʩʫʥʢʫ 4.2 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʝʢʩʠʤʝʨʥʦʾ PL H-ʘʛʨʝʛʘʪʫ (ʩʤʫʛʘ 525 

ʥʤ [28]) ʤʝʣʘʥʽʥʫ (ʘ) ʫ ʚʦʜʽ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʪʘ (b) ʟʘʣʝʞʥʦʩʪʽ PL 

ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ ʥʠʟʴʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ. 



  

ʈʠʩ. 4.2 (ʘ) ʇʨʠʢʣʘʜ ʝʢʩʠʤʝʨʥʦʾ PL ʅ-ʘʛʨʝʛʘʪʫ ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ - ʩʤʫʛʘ 525 ʥʤ, (1) C = 2Ŀ 10-2 wt%, (2) C 

= 10-5 wt%, ʢʨʠʚʘ ( 3) ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ PL ʦʪʨʠʤʘʥʦʶ ʷʢ ʨʽʟʥʠʮʷ ʢʨʠʚʠʭ 1 ʽ 

2, (4) PL ʧʨʠ T = 77 ʂ. ɺʠʤʽʨʶʚʘʥʥʷ PL ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʘʟʦʪʥʠʤ 

ʣʘʟʝʨʦʤ (ɚex = 337.1 ʥʤ) ʧʨʠ ʚʽʜʙʠʪʪʽ ʚ ʢʶʚʝʪʘʭ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ: 10-5 wt% ï 1 ʩʤ, 2Ŀ10-2 wt% ï 10 ʤʢʤ.  

(b) ʇʨʠʢʣʘʜ ʟʘʣʝʞʥʦʩʪʽ PL ʚʦʜʦʨʦʟʯʠʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚʽʜ ʥʠʟʴʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (C = 10-6 wt%) ʧʨʠ (1) T = 4,2 K ʪʘ (2) 296 K; ʢʨʠʚʘ (3) ʻ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ PL ʦʪʨʠʤʘʥʦʶ ʷʢ ʨʽʟʥʠʮʷ ʢʨʠʚʠʭ 1 ʽ 2; ɚex = 405 ʥʤ. 

 

ʇʦʧʝʨʝʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʣʘʥʽʥʫ ʚ ʤʝʞʘʭ ʥʘʰʦʾ ʛʨʫʧʠ [6] ʪʘ 

ʜʘʥʠʭ PL ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʚ UV ʦʙʣʘʩʪʽ (ɚex = 337,1 ʥʤ; ʨʠʩʫʥʦʢ 4.2 

(ʘ)) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʚʽʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʥʦʤʝʨʫ (397 



ʥʤ). ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʢʦʣʠ ʤʦʥʦʤʝʨ ʥʝʤʦʞʣʠʚʦ ʟʙʫʜʠʪʠ, EF 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʦʣʽʤʝʨʽ (ɚ(PL) = 440 ʥʤ). ʉʤʫʛʘ 534 ʥʤ ʤʦʞʝ ʙʫʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʭ ʉʊɽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʙʘʨ'ʻʨʫ, ʩʤʫʛʘ 498 ʥʤ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʙʘʨ'ʻʨʥ ̔ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥ ̔ʉʊɽ. 

 

4.3 ʇʨʠʨʦʜʘ ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʢʩʠʪʦʥʽʚ 

ɸʥʘʣʽʟ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʟʘʪʫʭʘʥʥʷ PL ʪʘʢʦʞ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʝʣʘʥʽʥʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʟ ʜʝʷʢʦʶ ʟʘʪʨʠʤʢʦʶ ʯʘʩʫ ʱʦʜʦ 

ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ, ȹT. ɿʥʘʯʝʥʥʷ ȹT, ʚʠʤʽʨʷʥʝ ʥʘ ʧʦʣʦʚʠʥʽ ʤʘʢʩʠʤʫʤʫ 

ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʱʦʜʦ ʡʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʨʘʶ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʠʩʫʥʦʢ 4.3 

ʧʦʢʘʟʫʻ ʢʽʥʝʪʠʢʫ PL ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʧʽʩʣʷ ʟʙʫʜʞʝʥʥʷ ʣʘʟʝʨʥʠʤ 

ʽʤʧʫʣʴʩʦʤ ʜʣʷ ʨʦʟʯʠʥʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʧʨʠ 4.2K (ʘ) ʪʘ 296 ʂ (b). 

ɺʠʨʽʰʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʫ ʧʦʚʝʜʽʥʮʽ ʝʢʩʠʪʦʥʽʚ ʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʻ 

ʾʭ ʣʦʢʘʣʽʟʘʮʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʢʽʥʝʪʠʯʥʠʭ 

ʢʨʠʚʠʭ ʜʣʷ ʚʩʽʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʚʽʯʝʥʥʷ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʫ ʚʦʜʥʦʤʫ ʪʘ 

ʘʮʝʪʦʥʽʪʨʠʣʦʚʦʤʫ ʨʦʟʯʠʥʘʭ ʧʨʠ 296 ʽ 4,2 ʂ ʽʩʥʫʻ ʟʘʪʨʠʤʢʘ ʧʦʷʚʠ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 50ï180 ʧʩ (ʨʠʩʫʥʦʢ 4.3). ʎʝ ʤʦʞʝ 

ʚʢʘʟʫʚʘʪʠ ʥʘ ʪʝ, ʱʦ ʝʢʩʠʪʦʥʥʽ ʩʪʘʥʠ ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʝʣʘʥʽʥʦʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʙʝʟʙʘʨôʻʨʥʦ ʘʚʪʦʣʦʢʘʣʽʟʫʶʪʴʩʷ ʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ. 

 

 



 

ʈʠʩ. 4.3 ʂʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ  PL (ɚex = 405 ʥʤ) ʨʦʟʯʠʥʫ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʤʝʣʘʥʽʥʫ (ʘ) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 4,2 ʂ, ɚem = 480 ʥʤ (2), 530 ʥʤ (3), 590 ʥʤ (4) 

ʪʘ (b) ʫ ʚʦʜʽ ʧʨʠ 296 ʂ, ɚem = 450 ʥʤ (2), 510 ʥʤ (3) ʽ 600 ʥʤ (4); IRF (ʢʨʠʚʘ 1); 

C = 5Ŀ10-5 wt%. 

 

ʇʽʩʣʷ ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʝʣʘʥʽʥʽʚ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʽ ʝʢʩʠʪʦʥʠ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ. ʆʯʝʚʠʜʥʦ, ʮʝ ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʉʊɽ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʻ ʟʙʫʜʞʝʥʥʷ ʉʊɽ ʤʘʣʦʡʤʦʚʽʨʥʦ ʯʝʨʝʟ 

ʤʘʣʫ ʩʠʣʫ ʦʩʮʠʣʷʪʦʨʘ ʧʝʨʝʭʦʜʫ, ʾʭ ʟʙʫʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ. ʉʊɽ ʟʘʧʦʟʠʯʫʶʪʴ 

ʜʝʷʢʫ ʩʠʣʫ ʦʩʮʠʣʷʪʦʨʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʣʴʥʠʭ ʝʢʩʠʪʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʌʨʝʥʢʝʣʷ 

ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʦʛʣʠʥʘʥʥʽ. 

 



4.4 ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ ʽ ʧʨʠʨʦʜʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʝʣʘʥʽʥʫ 

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ  ʧʽʢʦʩʝʢʫʥʜʥʦʾ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʨʦʟʯʠʥʽʚ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (296 ʽ 4,2 ʂ) ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʦʜʝʣʴ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʪʘ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ. 

ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ ʤʝʣʘʥʽʥʫ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʘʭ [56, 115]. ʋ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʤʝʣʘʥʽʥʫ, ʤʦʣʝʢʫʣʠ 5,6-

ʽʥʜʦʣʭʽʥʦʥʫ ʭʽʤʽʯʥʦ ʟʚôʷʟʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʧʣʦʩʢʽ ʜʚʦʚʠʤʽʨʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʠ ʫ ʚʠʛʣʷʜʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. ɼʽʘʤʝʪʨ ʜʠʩʢʽʚ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 2 ʥʤ ʽ ʙʽʣʴʰʝ. ʋ ʧʣʦʱʠʥʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʦʜʥʦʚʠʤʽʨʥʽ ʧʦʣʽʤʝʨʥʽ ʭʨʦʤʦʬʦʨʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʦʚʞʠʥʦʶ ʪʘ ʩʪʫʧʝʥʝʤ  

-́ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʨʷʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ˊ-ʝʣʝʢʪʨʦʥʥʫ ʩʪʝʢʦʚʫ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʜʠʩʢʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʙʘʟʦʚʽ ʫʢʣʘʜʝʥʽ H-ʥʘʥʦʘʛʨʝʛʘʪʠ ʟ ʧʝʨʽʦʜʦʤ 

ʫʢʣʘʜʘʥʥʷ ʧʨʠʙʣʠʟʥʦ 0,30-0,34 ʥʤ ʽ ʚʠʩʦʪʦʶ 2 ʥʤ ʽ ʙʽʣʴʰʝ [56, 115]. 

ʇʦʣʽʤʝʨʥʘ ʽ ʩʪʝʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʦʚʠʭ ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʤʝʣʘʥʽʥʫ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʛʦʜʦʤ ʟʚôʷʟʘʥʽ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟ ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʠʭ ʦʩʥʦʚʥʠʭ ʅ-

ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ˊ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʪʝʢʫ ʘʙʦ ʙʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʠʩʢʘʤʠ. ɺʦʥʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʅ- ʪʘ J-ʧʦʜʽʙʥʽ ʥʘʥʦʘʛʨʝʛʘʪʠ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʙʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚʽʜʧʦʚʽʜʥʦ. ɺʠʩʦʪʘ ʪʘ ʜʦʚʞʠʥʘ ʪʘʢʠʭ 

ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʩʪʘʥʦʚʠʪʴ ʜʦ 20 ʥʤ ʽ ʙʽʣʴʰʝ. ɰʭ ʚʟʘʻʤʦʜʽʷ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʠʩʢʘʤʠ ʚ ʩʪʝʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʤʦʥʦʤʝʨʥʝ ʪʘ ʝʢʩʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʩʧʝʢʪʨʘʭ PL, ʘ ʪʘʢʦʞ 

ʩʚʽʯʝʥʥʷ ʚʽʜ ʨʦʟʰʠʨʝʥʠʭ ʅ-ʘʛʨʝʛʘʪʽʚ ʯʝʨʝʟ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʫʧʘʢʦʚʢʫ. 

ʇʽʜ ʤʦʥʦʤʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʩʚʽʯʝʥʥʷ ʦʜʥʦʛʦ ʟ 

ʧʦʣʽʤʝʨʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʠʩʢ ʤʝʣʘʥʽʥʫ. 

ɽʢʩʠʤʝʨʥʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʠʩʢʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʙʫʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʝ 



ʥʘ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʢʘʭ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. ʗʢ ʧʨʘʚʠʣʦ, 

ʤʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʤʘʻ ʤʝʥʰʠʡ ʯʘʩ ʞʠʪʪʷ ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʠʤʝʨʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽ ʟʤʽʱʫʻʪʴʩʷ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ ʙʽʢ ʚʽʜʥʦʩʥʦ ʝʢʩʠʤʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʋ ʙʘʟʦʚʠʭ ʥʘʥʦʘʛʨʝʛʘʪʘʭ ʯʦʪʠʨʠ ʘʙʦ ʥʘʚʽʪʴ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ 

ʫʪʚʦʨʶʶʪʴ ʩʪʝʢʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʥʦʚʠʤʽʨʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʟ 

ʤʽʞʜʠʩʢʦʚʦʶ ʜʠʩʪʘʥʮʽʻʶ R = 0,30ï0,34 ʥʤ [56]. ɿʘ ʩʚʦʾʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘʢʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʙʣʠʟʴʢʽ ʜʦ ʦʜʥʦʚʠʤʽʨʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʧʽʜ ʯʘʩ ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʽ ʝʢʩʠʪʦʥʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʜʠʩʢʘ, ʘ ʉʊɽ ʤʽʞ ʜʠʩʢʘʤʠ. ʅʘʡʥʠʞʯʠʤʠ ʟʙʫʜʞʝʥʠʤʠ 

ʩʪʘʥʘʤʠ ʪʘʢʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʻ ʉʊɽ [240, 241], ʜʝʣʦʢʘʣʽʟʦʚʘʥʽ 

ʚʩʝʨʝʜʠʥʽ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. ɺʝʣʠʢʠʡ ʩʪʫʧʽʥʴ 

ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʟʙʫʜʞʝʥʥʷ ʚ ʢʨʠʩʪʘʣʘʭ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ (ʉʊ ʢʨʠʩʪʘʣʠ) 

ʩʪʘʚʠʪʴ ʾʭ ʫ ʧʨʦʤʽʞʥʠʡ ʢʣʘʩ ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʢʨʠʩʪʘʣʘʤʠ. ʋ ʉʊ ʢʨʠʩʪʘʣʘʭ ʩʭʝʤʘ ʨʽʚʥʷ 

ʝʥʝʨʛʽʾ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʉʊ ʩʪʘʥʠ ʟʤʽʱʫʶʪʴʩʷ ʚʽʜ ʤʝʥʰʠʭ ʝʥʝʨʛʽʡ 

ʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʠʞʯʝ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣʷʨʥʠʭ ʝʢʩʠʪʦʥʽʚ. 

ʋ ʩʪʨʦʛʦ ʦʜʥʦʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ ʚʟʘʻʤʦʜʽʷ ʟ ʧʦʣʝʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʢʨʠʩʪʘʣʽ. ɼʣʷ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʢʨʠʩʪʘʣʘ ʟ ʜʦʚʞʠʥʦʶ L ʪʘ ʧʝʨʽʦʜʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ R 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʯʘʩʠ ʞʠʪʪʷ Űex ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʝʢʩʠʪʦʥʘ [243-245]. ɼʣʷ 

ʨʦʟʰʠʨʝʥʠʭ ʦʜʥʦʚʠʤʽʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ R/L ʽ ɚ/L < 1, ʜʝ ɚ -ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ,  
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ʜʝ Ű0 - ʯʘʩ ʞʠʪʪʷ ʟʙʫʜʞʝʥʥʷ ʟ ʝʥʝʨʛʽʻʶ E(0) ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʤʦʣʝʢʫʣʽ, ʘ d - 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʤʦʣʝʢʫʣʽ. ʊʦʤʫ ʯʘʩ 



ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʢʩʠʪʦʥʥʠʭ ʩʪʘʥʽʚ ʫ ʩʪʨʦʛʦ ʦʜʥʦʚʠʤʽʨʥʠʭ ʽʜʝʘʣʴʥʠʭ 

ʨʦʟʰʠʨʝʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʘʭ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ (Űex ~ R/ɚ å 10-3) 

ʢʦʨʦʪʰʠʡ, ʥʽʞ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʤʦʣʝʢʫʣʽ. ɺʝʣʠʯʠʥʘ 1/Űex ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʙʫʜʞʝʥʥʷ ʝʢʩʠʪʦʥʽʚ ʬʦʪʦʥʘʤʠ. ɿʛʽʜʥʦ ʟ [243], ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʫʜʞʝʥʥʷ ʬʦʪʦʥʽʚ 

ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʣʘʥʮʶʟʽ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʝ 

ʡʤʦʚʽʨʥʦʩʪʽ ʟʙʫʜʞʝʥʥʷ 1/Ű0 ʚʽʣʴʥʦʾ ʤʦʣʝʢʫʣʠ. ɺ ʜʚʦʚʠʤʽʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʨʠʩʪʘʣʘʭ ʟʘ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚ ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʞʠʪʪʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ (R/ɚ)2 å10-6. ɿʘ ʮʠʭ ʫʤʦʚ ʯʘʩ ʞʠʪʪʷ 

ʝʢʩʠʪʦʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10-14ï10-15 ʩ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʥʦʛʦ 

ʟʘʪʫʭʘʥʥʷ PL. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʙʠ ʤʝʣʘʥʽʥ ʙʫʚ ʜʦʙʨʝ ʚʧʦʨʷʜʢʦʚʘʥʠʤ 

ʧʦʣʽʤʝʨʦʤ ʟ ʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʚʘʛʦʶ ʪʘ ʜʦʚʞʠʥʦʶ L/ɚ > 1, ʪʦʜʽ ʧʨʠ 

ʦʧʪʠʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ PL ʙʫʣʘ ʙ ʚ ʧʩ ʽ ʩʫʙʧʽʢʦʩʝʢʫʥʜʥʦʤʫ 

ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 ɼʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʦʙʤʝʞʝʥʦʶ ʜʦʚʞʠʥʦʶ, 

ʢʦʣʠ 2 L << ɚ, ʩʠʣʘ ʦʩʮʠʣʷʪʦʨʘ ʧʝʨʝʭʦʜʫ ʚ ʥʘʡʥʠʞʯʠʡ ʝʢʩʠʪʦʥʥʠʡ ʩʪʘʥ,  F, 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ F å 0,85 Ŀ f0 Ŀ (2 L/R), ʜʝ f0 - ʩʠʣʘ ʦʩʮʠʣʷʪʦʨʘ ʤʦʥʦʤʝʨʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ʆʩʢʽʣʴʢʠ ʯʘʩ ʞʠʪʪʷ ʝʢʩʠʪʦʥʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʠʣʽ 

ʦʩʮʠʣʷʪʦʨʘ ʧʝʨʝʭʦʜʫ, ʜʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʚʽʥ ʧʨʦʧʦʨʮʽʡʥʠʡ Ű0 Ŀ R/2L ʽ 

ʧʦʨʽʚʥʷʥʠʡ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʯʘʩʦʤ. 

ɼʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʟʽ ʟʥʘʯʥʠʤ ʉʪʦʢʩʦʚʠʤ ʟʩʫʚʦʤ ʤʘʢʩʠʤʫʤ PL ʪʘʢʦʞ 

ʟʤʽʱʫʻʪʴʩʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʢʦʥ'ʶʛʦʚʘʥʠʤʠ ʬʣʫʦʨʦʬʦʨʘʤʠ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʩʢʘ ʜʣʷ EF ʻ 

ʩʣʘʙʢʦʶ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʟʙʫʜʞʫʶʪʴʩʷ 

ʧʦʣʽʤʝʨʠ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ, ʽ ʮʷ ʚʟʘʻʤʦʜʽʷ ʻ ʦʜʥʦʚʠʤʽʨʥʦʶ. ʋ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʜʠʩʢʽʚ, ʟʙʫʜʞʫʶʪʴʩʷ ʉʊɽ. ʉʘʤʽ ʉʊɽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ 

ʩʠʣʫ ʦʩʮʠʣʷʪʦʨʘ ʧʝʨʝʭʦʜʫ, ʘʣʝ ʾʭ ʝʥʝʨʛʝʪʠʯʥʘ ʙʣʠʟʴʢʽʩʪʴ ʜʦ EF ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʧʦʟʠʯʝʥʥʷ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʘ ʚʽʜ EF ʪʘ ʧʦʩʠʣʝʥʥʷ ʉʊɽ ʧʝʨʝʭʦʜʽʚ. 



 

ʈʠʩ. 4.4 (ʘ) ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʦʮʝʩʠ ʟʙʫʜʞʝʥʥʷ ʪʘ 

ʨʝʣʘʢʩʘʮʽʾ EF ʪʘ ʉʊɽ ʫ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ. (b) ʉʭʝʤʘ ʘʛʨʝʛʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʤʝʣʘʥʽʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ EF ʪʘ ʉʊɽ [131, 132]. 

 

ʇʨʦʮʝʩʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʝʣʘʢʩʘʮʽʾ ʟʙʫʜʞʝʥʠʭ EF ʪʘ ʉʊɽ ʧʦʢʘʟʘʥʽ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʜʽʘʛʨʘʤʽ (ʨʠʩʫʥʦʢ 4.4 (ʘ)). ʊʫʪ ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢ EF, ʪʘʢ ʽ ʉʊɽ 

ʤʦʞʫʪʴ ʙʝʟʙʘʨ'ʻʨʥʦ ʘʚʪʦʣʦʢʘʣʽʟʫʚʘʪʠʩʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʢʦʧʦʣʽʤʝʨʘʤʠ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʫ ʙʘʟʦʚʦʤʫ ʥʘʥʦʘʛʨʝʛʘʪʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʙʘʨôʻʨʽʚ ʜʣʷ ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʾ. ʋ ʨʘʟʽ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʙʘʨôʻʨʥʘ 

ʘʚʪʦʣʦʢʘʣʽʟʘʮʽʷ ʝʢʩʠʪʦʥʽʚ, PL ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟ'ʷʚʣʷʻʪʴʩʷ ʙʘʨ'ʻʨ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʝʢʩʠʪʦʥʽʚ, ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

PL ʚʽʣʴʥʠʭ ʪʘ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʢʩʠʪʦʥʽʚ ʪʘ ʽʩʪʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

PL.  

 



ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ CT ʢʨʠʩʪʘʣʽʚ ʟ ʚʠʩʦʢʠʤ  

ʩʪʫʧʝʥʝʤ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʟʙʫʜʞʝʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʽʥʰʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʫ ʷʢʠʭ ʧʘʨʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ. ʎʝ 

ʷʚʠʱʝ ʩʪʘʚʠʪʴ ʉʊ ʢʨʠʩʪʘʣʠ ʫ ʧʨʦʤʽʞʥʠʡ ʢʣʘʩ ʤʽʞ ʟʚʠʯʘʡʥʠʤʠ  

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʢʨʠʩʪʘʣʘʤʠ. ʋ ʉʊ 

ʢʨʠʩʪʘʣʘʭ ʩʭʝʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʤʘʻ ʉʊ-ʧʝʨʝʭʦʜʠ, ʟʤʽʱʝʥʽ ʫ ʙʽʢ ʤʝʥʰʠʭ 

ʝʥʝʨʛʽʡ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ, ʥʽʞ ʩʪʘʥʠ ʤʦʣʝʢʫʣʷʨʥʠʭ EF, ʘ 

ʪʘʢʦʞ ʤʘʶʪʴ ʜʦʚʰʽ ʯʘʩʠ ʞʠʪʪʷ ʟʽ ʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ ʫ PL. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ, 

ʧʨʠ ʦʧʪʠʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ̔ ʣʴʥʽ ʉʊɽ (ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ ʚ 

ʧ̔ ʢʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥ)̔, ʷʢʽ ʚʟʘʻʤʦʜʽʶʯʠ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʣʦʢʘʣʽʟʦʚʘʥʽ ʉʊɽ (ʥʘʥʦʩʝʢʫʥʜʥʠʡ ʜʽʘʧʘʟʦʥ). ʐʠʨʦʢʘ ʩʤʫʛʘ 

ʚ ʜʽʘʧʘʟʦʥʽ 450-520 ʥʤ ʫ ʩʧʝʢʪʨʘʭ PL ʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʉʊɽ ʟ ʦʙôʻʤʫ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʉʊɽ ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʢ ʧʨʠ ʢʽʤʥʘʪʥʽʡ, ʪʘʢ 

ʽ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʤʫʛʠ ʧʨʠ 600 ʽ 680 ʥʤ). ʊʘʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʥʠʢʘʻ ʚ ʙʘʟʦʚʠʭ ʘʛʨʝʛʘʪʘʭ, ʢʦʣʠ ʩʫʩʽʜʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʥʦʜʠʩʢʠ ʙʣʠʟʴʢʽ ʜʦ 

ʚʽʜʩʪʘʥʽ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʽ ʫʪʚʦʨʶʶʪʴ ʜʠʤʝʨʥʽ ʢʣʘʩʪʝʨʠ.  

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʦʨʦʟʯʠʥʥʠʡ 

ʧʨʠʨʦʜʥʠʡ ʤʝʣʘʥʽʥ ʩʭʠʣʴʥʠʡ ʜʦ ʫʪʚʦʨʝʥʥʷ ʅ-ʘʛʨʝʛʘʪʽʚ ʟ ʭʘʨʘʢʪʝʨʥʦʶ  

ʝʢʩʠʤʝʨʥʦʶ ʩʤʫʛʦ  ʁʧʨʠ 525 ʥʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 50ï180 ʧʩ ʚ 

ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʝʢʩʠʪʦʥʠ ʙʝʟʙʘʨ'ʻʨʥʦ ʘʚʪʦʣʦʢʘʣʽʟʫʶʪʴʩʷ, ʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ PL ʨʦʟʯʠʥʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʙʽʦʧʦʣʽʤʝʨʫ 

ʤʝʣʘʥʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (296 ʪʘ 4.2 K) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʜʝʣʴ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʪʘ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʣʘʥʽʥʫ.  



ɿʛʽʜʥʦ ʷʢʦʾ, ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʘ ʤʦʜʝʣʴ 

ʨʝʣʘʢʩʘʮʽʾ ʟʙʫʜʞʝʥʥʷ ʯʝʨʝʟ EF ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʭʨʦʤʦʬʦʨʽʚ ʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʩʧʨʷʞʝʥʥʷ ʚ ʤʝʞʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʩʢʘ ʪʘ ʉʊɽ, ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʚʩʝʨʝʜʠʥʽ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ ʫ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʜʠʩʢʽʚ. ʉʘʤʽ ʉʊɽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʩʠʣʫ ʦʩʮʠʣʷʪʦʨʘ 

ʧʝʨʝʭʦʜʫ, ʘʣʝ ʾʭ ʝʥʝʨʛʝʪʠʯʥʘ ʙʣʠʟʴʢʽʩʪʴ ʜʦ EF ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʧʦʟʠʯʝʥʥʷ ʩʠʣʠ 

ʦʩʮʠʣʷʪʦʨʘ ʚʽʜ EF ʪʘ ʧʦʩʠʣʝʥʥʷ ʉʊɽ ʧʝʨʝʭʦʜʽʚ. ɺʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ 

ʦʜʥʦʚʠʤʽʨʥʦʩʪʽ ʫ ʙʘʟʦʚʠʭ ʥʘʥʦʘʛʨʝʛʘʪʘʭ ʤʝʣʘʥʽʥʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʙʘʨ'ʻʨ ʜʣʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʝʢʩʠʪʦʥʽʚ, ʪʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ PL ʚʽʣʴʥʠʭ ʪʘ ʘʚʪʦʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʝʢʩʠʪʦʥʽʚ ʪʘ ʽʩʪʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ PL.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 5. ʆʉʆɹʃʀɺʆʉʊɯ ʉʇɽʂʊʈɯɺ ʌʆʊʆʃʖʄɯʅɽʉʎɽʅʎɯɰ ɯɿ 

ʈʆɿɼɯʃɽʅʅʗʄ ʋ ʏɸʉɯ ʊɸ ʂɯʅɽʊʀʂɸ ɿɸʊʋʍɸʅʅʗ ʂʆʄʇʆɿʀʊɯɺ 

ʄɽʃɸʅɯʅʋ ɿ ɸʂʎɽʇʊʆʈʆʄ ɽʃɽʂʊʈʆʅɯɺ TNF 

5.1 ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥʫ ʟ TNF 

TNF ʻ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʤ ʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ 

[246, 247]. ɿʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ɸg ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʽʦʥʽʟʘʮʽʾ Ig 

ʜʦʙʨʝ ʚʽʜʦʤʽ ʜʣʷ TNF ʽ ʩʪʘʥʦʚʣʷʪʴ 0,95 ʪʘ 7,4 ʝɺ ʚʽʜʧʦʚʽʜʥʦ [5].  

ʄʝʣʘʥʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʤʦʣʝʢʫʣʷʨʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ 

(ʥʘʧʨʠʢʣʘʜ, ʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʷʭ, ʧʘʤôʷʪʽ ʪʦʱʦ). ʊʘʢʠʤ ʯʠʥʦʤ, ʫʪʚʦʨʝʥʥʷ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ (D-A) ʧʘʨ ʤʝʣʘʥʽʥʫ ʟ TNF ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʷʢ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʪʘʢ ʽ ʨʦʟʰʠʨʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʣʘʥʽʥʫ. ʊʦʤʫ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ 

ʝʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʤʝʣʘʥʽʥʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠʨʦʜʥʠʭ, ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʠʭ 

ʟʥʘʥʥ ɹʧʨʦ D-A ʢʦʤʧʣʝʢʩʠ ʤʽʞ ʤʝʣʘʥʽʥʦʤ ʪʘ TNF ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʨʦʟʜʽʣʝʥʦʾ ʚ ʯʘʩʽ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ D-A ʢʦʤʧʣʝʢʩʽʚ ʟ 

ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ ʝʬʝʢʪʠʚʥʠʤ 

ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ 2,4,7-ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥ (TNF) ʫ ʦʩʥʦʚʥʦʤʫ ʪʘ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʘʭ. ɹʫʣʠ ʚʠʚʯʝʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ, ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ 

ʟʘʪʫʭʘʥʥʷ, ʩʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʾ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ (PL), ʯʘʩʦʨʦʟʜʽʣʴʥʽ 

ʩʧʝʢʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (TRES), 3D-ʢʘʨʪʠ ʟʙʫʜʞʝʥʥʷ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL 

(ʢʘʨʪʠ PLE) ʪʘ 3D-ʢʘʨʪʠ TRES ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʤʝʣʘʥʽʥʫ ʟ TNF. 

ʅʘ ʨʠʩʫʥʢʫ 5.1 (ʢʨʠʚʘ 3) ʧʦʢʘʟʘʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʤʝʣʘʥʽʥʫ ʟ TNF. ʋ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ 

TNF ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʩʤʫʛʠ ʟ ʧʽʢʦʤ ʧʨʠ 480 ʽ 570 ʥʤ, ʷʢʠʭ ʥʝʤʘʻ ʫ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʠʥʘʥʥʷ ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ ʪʘ TNF (ʢʨʠʚʽ 1,2, ʨʠʩʫʥʦʢ 5.1). ʇʦʷʚʘ ʜʚʦʭ 



ʥʦʚʠʭ ʩʤʫʛ ʧʨʠ 480 ʽ 570 ʥʤ ʫ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʤʝʣʘʥʽʥʫ ʟ TNF ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʫʪʚʦʨʝʥʥʷʤ D-A ʢʦʤʧʣʝʢʩʽʚ ʫ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʤʽʞ ʦʣʽʛʦʤʝʨʘʤʠ 

ʤʝʣʘʥʽʥʫ ʪʘ TNF [5, 248]. 

 

ʈʠʩ. 5.1 ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ (1), TNF (2) ʪʘ 

ʤʝʣʘʥʽʥʫ ʟ TNF (3). 

 

5.2 ʉʧʝʢʪʨʠ ʩʪʘʮʽʦʥʘʨʥʦʾ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥʫ ʟ TNF 

 ʅʘ ʨʠʩʫʥʢʫ 5.2 (ʢʨʠʚʽ 1ï4) ʧʦʢʘʟʘʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʩʧʝʢʪʨʠ PL ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF (ʢʨʠʚʽ 1,2), ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ (ʢʨʠʚʽ 3,4) ʪʘ TNF (ʢʨʠʚʘ 

5) ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚex = 255 (ʢʨʠʚʽ 

2,4) ʽ 405 (1,3,5) ʥʤ. 



 

ʈʠʩ. 5.2 ʉʪʘʮʽʦʥʘʨʥʽ (1-5) ʩʧʝʢʪʨʠ PL ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ (3,4), 

ʤʝʣʘʥʽʥʫ ʟ TNF (1,2) ʪʘ TNF (5); ɚex = 255 ʥʤ (2, 4) ʪʘ 405 ʥʤ (1, 3, 5). 

 

ɼʣʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʩʧʝʢʪʨʠ PL, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 5.2 (ʢʨʠʚʽ 3, 4), 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ 335, 417 ʪʘ 510 ʥʤ. ɿʥʘʯʥʽ ʟʤʽʥʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʟ TNF ʫ ʩʧʝʢʪʨʘʭ PL (ʢʨʠʚʽ 1, 2) - ʫ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ɚ(PL) < 500 ʥʤ, ʩʤʫʛʠ ʟʚʫʞʫʶʪʴʩʷ, ʘ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʩʤʫʛʠ ʧʨʠ 600, 664 ʪʘ 675 ʥʤ. 

ʋʩʽ ʟʤʽʥʠ ʩʧʝʢʪʨʽʚ PL ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʤʝʣʘʥʽʥʫ ʟ TNF ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʧʨʠ 295 K ʤʦʞʥʘ ʪʘʢʦʞ ʧʦʙʘʯʠʪʠ ʥʘ 3D 

ʢʘʨʪʽ PLE (ʨʠʩʫʥʦʢ 5.3). ʅʘ ʮʽʡ ʢʘʨʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʧʦʜʘʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ 

ʢʦʣʴʦʨʫ. ɼʽʘʛʨʘʤʘ ʢʦʣʴʦʨʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʢʘʟʘʥʘ ʧʨʘʚʦʨʫʯ ʥʘ ʛʨʘʬʽʢʫ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʚʽʩʴ ʢʘʨʪʠ PLE ʧʦʢʘʟʫʻ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʟʙʫʜʞʝʥʥʷ ʩʚʽʪʣʘ, ʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʩʴ ʧʦʢʘʟʫʻ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿ ʢʘʨʪʠ ʚʠʜʥʦ, 

ʱʦ ʜʣʷ ʢʦʞʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʰʠʨʦʢʘ 

ʙʝʟʩʪʨʫʢʪʫʨʥʘ ʩʤʫʛʘ PL. ʋ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ (ʨʠʩʫʥʦʢ 5.3 (ʘ)), ʢʦʣʠ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʩʚʽʪʣʘ ʟʙʫʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 315ï525 ʥʤ, 

ʤʘʢʩʠʤʫʤ ʩʤʫʛʠ PL ʟʤʽʱʫʻʪʴʩʷ ʚʽʜ 430 ʜʦ 570 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 



PL ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʤʫʟʽ 490 ʥʤ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʩʚʽʪʣʦʤ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 

395 ʥʤ.  

ʈʠʩ. 5.3 PLE ʢʘʨʪʠ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ (ʘ) ʪʘ ʤʝʣʘʥʽʥʫ ʟ TNF (b). 

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ PL ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʩʚʽʯʝʥʥʷ ʤʝʣʘʥʽʥʫ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʜʣʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʟ TNF. ʄʘʢʩʠʤʫʤ ʩʤʫʛʠ PL 

ʟʤʽʱʫʻʪʴʩʷ ʟ 327 ʜʦ 550 ʥʤ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʩʚʽʪʣʘ ʟʙʫʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 300 ʜʦ 450 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʘ 380-400 ʥʤ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ɚex = 330-340 ʥʤ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ɚex = 300-

320 ʥʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ 640-695 ʥʤ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 640-695 ʥʤ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 380-470 ʽ 550-

630 ʥʤ. 

 

5.3 ʉʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʽʟ ʨʦʟʜʽʣʝʥʥʷʤ ʫ ʯʘʩʽ ʪʘ ʢʽʥʝʪʠʢʘ 

ʟʘʪʫʭʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥʫ ʟ TNF 

ʅʘ ʨʠʩʫʥʢʫ 5.4 ʧʦʢʘʟʘʥʦ ʢʽʥʝʪʠʢʫ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF 

ʧʨʠ ʟʙʫʜʞʝʥʥʽ PL ̔ ʤʧʫʣʴʩʥʠʤ ʣʘʟʝʨʦʤ ʟ ɚex = 405 ʥʤ. ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

PL ʚʽʜ ʯʘʩʫ ʟʘʪʫʭʘʥʥʷ t ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚ (PL). ʋ ʪʘʙʣʠʮʽ 5.1 ʥʘʚʝʜʝʥʽ ʯʘʩʠ ʞʠʪʪʷ Ű(PL), 

ʦʙʯʠʩʣʝʥʽ ʟʘ ʚʠʤʽʨʷʥʠʤʠ (ʨʠʩʫʥʦʢ 5.4) ʢʽʥʝʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ ʚ ʰʠʨʦʢʦʤʫ 



ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ PL (440-680 ʥʤ). ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL ʜʦʙʨʝ 

ʦʧʠʩʫʶʪʴʩʷ ʪʨʠʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ: 

IPL(t)= A1e
-t/Ű

1 +A2 e
-t/Ű

2 + A3 e
-t/Ű

3   (5.1) 

ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʫ ʧʽʢʦ- ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. 

 

ʈʠʩ. 5.4. ʂʽʥʝʪʠʢʘ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚ (PL): IRF (1), 440 (2), 470 (3), 500 (4), 600 (5), 680 (6) 

ʥʤ; ɚex = 405 ʥʤ. 

 

ʊʘʙʣʠʮʷ 5.1 ʏʘʩʠ ʞʠʪʪʷ PL ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʜʣʷ ʨʽʟʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚ (PL); ɚex = 405 ʥʤ. 

ɚ(PL), 

ʥʤ 
ɚex , ʥʤ Ű1, ps % Ű2, ps % Ű3, ps % ɢ2 

440 405 1530 2 2950 60 4440 38 1.056 

470 405 220 1 2570 53 4810 46 1.081 

500 405 420 5 2650 60 5810 35 1.116 

600 405 370 7 2000 45 4100 48 1.081 

680 405 360 71 1750 28 4250 1 1.215 



 

ʈʠʩ. 5.5 3D ʢʘʨʪʘ TRES: ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ (ʘ) ʪʘ 

ʤʝʣʘʥʽʥʫ ʟ TNF (b) ʷʢ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ - ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td (ʥʩ); ɚex = 405 ʥʤ. 

 

ʅʘ ʨʠʩʫʥʢʫ 5.5 ʧʦʢʘʟʘʥʽ 3D ʢʘʨʪʠ TRES ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ (ʘ) ʪʘ ʤʝʣʘʥʽʥʫ ʟ TNF (ʙ) ʷʢ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ - ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʥʤ) ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td (ʥʩ). PL - ʮʝ ʬʫʥʢʮʽʷ ʢʦʣʴʦʨʫ ʫ 

ʜʦʚʽʣʴʥʠʭ ʦʜʠʥʠʮʷʭ. ɼʦʚʞʠʥʠ ʭʚʠʣʴ PL (ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 420-700 ʥʤ) 

ʪʘ ʯʘʩ ʟʘʪʨʠʤʢʠ (ʯʘʩʦʚʠʡ ʜʽʘʧʘʟʦʥ td = -0,8-6 ʥʩ) ʥʘʥʦʩʷʪʴʩʷ ʫʟʜʦʚʞ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʝʡ ʚʽʜʧʦʚʽʜʥʦ.  

ɿ ʢʘʨʪ TRES, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 5.5, ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ TRES ʤʝʣʘʥʽʥʫ ʟ TNF (b) ʧʦʨʽʚʥʷʥʦ ʟ TRES ʤʝʣʘʥʽʥʫ (a) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ɚ(PL) < 470 ʥʤ ʪʘ ɚ(PL) > 540 ʥʤ. 

ɼʣʷ ʤʝʣʘʥʽʥʫ ʟ TNF ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ɚ(PL) < 470 ʥʤ, ʘ ʥʦʚʽ ʩʤʫʛʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ɚ(PL)> 540 ʥʤ. ʅʠʞʯʝ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʮʽ ʟʤʽʥʠ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʢʠ 

ʟʤʽʥ TRES ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʟʘʪʨʠʤʢʠ td. 

 



 

ʈʠʩ. 5.6 ʅʦʨʤʦʚʘʥʠʡ TRES ʩʧʝʢʪʨ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʜʣʷ td = -

200 (1), -22 (2), 22 (3), 111 (4) ʪʘ 156 ʧʩ (5); ɚex = 405 ʥʤ. 

 

ʅʘ ʨʠʩʫʥʢʫ 5.6 ʧʦʢʘʟʘʥʦ TRES ʩʧʝʢʪʨʠ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF, 

ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ PL 440 ʥʤ ʟ ʥʘʡʜʦʚʰʠʤ ʯʘʩʦʤ ʞʠʪʪʷ 

(ʷʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 5.5 (b)). ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʧʝʢʪʨʠ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʟ ʨʽʟʥʠʤʠ 

ʟʘʪʨʠʤʢʘʤʠ td ʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ td = -200 - 156 ʧʩ. ʏʘʩʠ td = -200 ʪʘ -22 ps 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷʤ TRES ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʬʨʦʥʪʽ ʽʤʧʫʣʴʩʫ 

ʟʙʫʜʞʫʶʯʦʛʦ ʣʘʟʝʨʘ. ɼʣʷ ʮʠʭ ʯʘʩʽʚ ʟʘʪʨʠʤʢʠ ʚ TRES ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ 435, 464, 505. ʅʘʡʜʦʚʰʘ ʩʤʫʛʘ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 680 ʥʤ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʠ td = -22 ʧʩ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ td ʜʦ 156 ʧʩ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʤʫʛʠ ʧʨʠ 

530, 595 ʪʘ 609 ʥʤ (ʢʨʠʚʽ 4,5), ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʠʭ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ td 

(ʨʠʩʫʥʢʠ 5.6, 5.7 (ʘ)). 



 

ʈʠʩ. 5.7 ʅʦʨʤʦʚʘʥʽ TRES ʩʧʝʢʪʨʠ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʜʣʷ:  

ʘ) td = 100 (1), 143 (2), 186 (3), 229 (4), 271 (5), 314 (5), 357 (6) ʧʩ. 

b) td = 400 (1), 630 (2), 860 (3), 1090 (4), 1320 (5). 1550 (6), 1780 (7), 2010 (8), 

2240 (9), 2470 (10) ʧʩ. ʂʨʠʚʘ (11) - ʮʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ PL, ʦʪʨʠʤʘʥʘ ʷʢ 

ʨʽʟʥʠʮʷ ʢʨʠʚʠʭ (1) ʪʘ (10), ʢʨʠʚʘ (12) ʻ ʩʪʘʮʽʦʥʘʨʥʦʶ PL; ɚex = 405 ʥʤ. 

  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 5.7 (ʘ) (ʢʨʠʚʽ 1ï6), ʥʘʡʙʽʣʴʰʝ ʟʨʦʩʪʘʥʥʷ PL 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ɚem > 470 ʥʤ ʜʣʷ ʩʤʫʛ ʟ ʤʘʢʩʠʤʫʤʘʤʠ 

ʧʨʠ 520, 600 ʪʘ 680 ʥʤ ʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ td = 140ï400 ʧʩ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ td ʟ 400 ʜʦ 2470 ʧʩ (ʨʠʩʫʥʦʢ 5.7 (b)) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛ PL ʧʨʠ 520, 600 ʪʘ 680 ʥʤ. ʅʘʩʠʯʝʥʥʷ ʧʨʠ ʟʘʪʫʭʘʥʥʽ ʮʠʭ 

ʩʤʫʛ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʧʨʠ td = 1090 ʧʩ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ td ʚʽʜ 2500 ʜʦ 9000 ʧʩ 

TRES ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʚʩʷ ʽ ʙʫʚ ʧʦʜʽʙʥʠʡ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʧʝʢʪʨʫ 

PL (ʨʠʩʫʥʢʠ 5.7 (b), 5.8). 



 

ʈʠʩ. 5.8 ʅʦʨʤʦʚʘʥʠʡ TRES (1-4) ʪʘ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʧʝʢʪʨʠ PL (5) ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʧʨʠ td = 22 (1), 400 (2), 2470 (3) ʧʩ. ʂʨʠʚʘ (4) - ʮʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ PL, ʦʪʨʠʤʘʥʘ ʷʢ ʨʽʟʥʠʮʷ ʢʨʠʚʠʭ (2) ʽ (3); ɚex = 405 ʥʤ. 

 

 ʅʘ ʨʠʩʫʥʢʫ 5.8 ʧʦʢʘʟʘʥʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʧʝʢʪʨ PL ʽ TRES ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʧʨʠ td = 22, 400, 2470 ʧʩ. ɺʠʜʥʦ, ʱʦ ʧʨʠ td = 2470 ʧʩ 

(ʢʨʠʚʘ 3, ʨʠʩʫʥʦʢ 5.8) ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʧʝʢʪʨ ʪʘ TRES ʩʧʝʢʪʨʠ ʧʦʜʽʙʥʽ. ʂʨʠʚʘ 4, 

ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʚʽʜʥʽʤʘʥʥʷ ʢʨʠʚʦʾ 3 (td = 2470 ʧʩ) ʚʽʜ ʢʨʠʚʦʾ 2 (td = 400 ʧʩ), 

ʚʽʜʦʙʨʘʞʘʻ ʰʚʠʜʢʫ ʢʦʤʧʦʥʝʥʪʫ ʩʧʝʢʪʨʫ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF, 

ʷʢʠʡ ʟʘʪʫʭʘʻ ʤʝʥʰ ʥʽʞ ʟʘ 1 ʥʩ (ʨʠʩʫʥʦʢ 5.8). ʋ ʮʴʦʤʫ TRES ʩʧʝʢʪʨʽ ʩʤʫʛʠ ʧʨʠ 

545, 614 ʪʘ 687 ʥʤ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ td> 2 ʥʩ, ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʢʦʤʧʦʥʝʥʪ ʧʦʚʽʣʴʥʦʾ ʝʤʽʩʽʾ ʫ ʩʧʝʢʪʨʘʭ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF. 

ʗʢ ʚʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʫ ʨʷʜʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʽʪ [56, 116] ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ ʤʝʣʘʥʽʥʫ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʤʝʣʘʥʽʥʫ ʤʦʣʝʢʫʣʠ 5,6-ʽʥʜʦʣʭʽʥʦʥʫ ʭʽʤʽʯʥʦ ʟʚôʷʟʫʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʧʣʦʩʢʽ ʜʚʦʤʽʨʥʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʫ ʚʠʛʣʷʜʽ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʥʘʥʦʜʠʩʢʽʚ ʟ ʜʽʘʤʝʪʨʦʤ ʜʠʩʢʘ ʙʣʠʟʴʢʦ 2 ʥʤ ʘʙʦ ʙʽʣʴʰʝ. ʆʜʥʦʚʠʤʽʨʥʽ ʧʦʣʽʤʝʨʥʽ 

ʭʨʦʤʦʬʦʨʠ ʫʪʚʦʨʶʶʪʴ ʜʚʦʚʠʤʽʨʥʽ 2D ʤʦʣʝʢʫʣʷʨʥʽ ʜʠʩʢʠ ʫ ʧʣʦʱʠʥʽ ʟ ʨʽʟʥʦʶ 

ʜʦʚʞʠʥʦʶ ʪʘ ʩʪʫʧʝʥʷʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʨʷʞʝʥʥʷ [142]. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ 

ʝʣʝʢʪʨʦʥʥʽʡ ʚʟʘʻʤʦʜʽʾ ʩʪʝʢʘ ʤʽʞ ʜʠʩʢʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʙʘʟʦʚʽ ʫʢʣʘʜʝʥʽ 



ʥʘʥʦʘʛʨʝʛʘʪʠ ʟ ʧʝʨʽʦʜʦʤ ʫʢʣʘʜʢʠ ʧʨʠʙʣʠʟʥʦ 0,3 - 0,34 ʥʤ ʽ ʚʠʩʦʪʦʶ, ʱʦ 

ʜʦʨʽʚʥʶʻ 2 ʽ ʙʽʣʴʰʝ ʥʤ. ʇʦʣʽʤʝʨʥʘ ʽ ʩʪʝʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʠʭ ʥʘʥʦʘʛʨʝʛʘʪʽʚ 

ʤʝʣʘʥʽʥʫ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʩʚʦʾʤʠ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘʢʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʙʣʠʟʴʢʽ ʜʦ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʧʨʠ ʦʧʪʠʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʤʦʣʝʢʫʣʷʨʥʽ 

ʝʢʩʠʪʦʥʠ ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʥʘ ʧʦʣʽʤʝʨʥʠʭ ʭʨʦʤʦʬʦʨʘʭ ʚʩʝʨʝʜʠʥʽ ʜʠʩʢʫ, 

ʘ ʉʊɽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʜʠʩʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʩʧʝʢʪʨʘʭ PL ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ EF, ʪʘʢ ʽ ʉʊɽ ʟ ʨʽʟʥʠʤʠ ʯʘʩʘʤʠ ʞʠʪʪʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʧʽʢʦʩʝʢʫʥʜʥʦʶ ʯʘʩʦʚʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʣʘʥʽʥʫ ʟ 

TNF ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ (ʉʊ- ʢʦʤʧʣʝʢʩʽʚ) ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ TNF [5]. 

ʋʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʜʦʥʦʨʥʠʤʠ ʪʘ ʘʢʮʝʧʪʦʨʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʦʜʥʘ ʟ ʤʦʣʝʢʫʣ (TNF) ʤʘʻ ʟʥʘʯʥʫ 

ʝʣʝʢʪʨʦʥʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʽ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʫ ʥʝʟʘʡʥʷʪʫ ʤʦʣʝʢʫʣʷʨʥʫ 

ʦʨʙʽʪʘʣʴ(LUMO), ʘ ʽʥʰʘ (ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʤʝʣʘʥʽʥʫ) ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽʦʥʽʟʘʮʽʾ [249, 250]. ɹʽʣʴʰ ʪʦʛʦ, ʽʩʥʫʻ ʧʝʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʦʜʠʥ ʽʟ ˊ-ʝʣʝʢʪʨʦʥʽʚ ʤʦʣʝʢʫʣʠ ʜʦʥʦʨʘ (ʤʝʣʘʥʽʥ) ʜʝʷʢʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʪʠʤʝ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʽʡ ʦʨʙʽʪʘʣʽ ʘʢʮʝʧʪʦʨʘ (TNF), ʟʙʝʨʽʛʘʶʯʠ ʪʦʡ ʩʘʤʠʡ ʥʘʧʨʷʤʦʢ ʩʧʽʥʫ, 

ʷʢʠʡ ʚʽʥ ʤʘʚ ʥʘ ʦʨʙʽʪʘʣʽ ʤʦʣʝʢʫʣʠ-ʜʦʥʦʨʘ. ʎʷ ʩʠʪʫʘʮʽʷ ʨʽʚʥʦʟʥʘʯʥʘ ʪʦʤʫ, ʱʦ 

ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʜʦʥʦʨʘ ʜʦ ʘʢʮʝʧʪʦʨʘ ʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʩʣʘʙʢʠʡ ʢʦʤʧʣʝʢʩ. 

ʉʠʣʴʥʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʡ ʩʪʫʧʽʥʴ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʪʘʥʽ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʤʠ ʢʦʤʧʣʝʢʩʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʽʛʨʘʪʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʾʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ, ʻ ʪʝ, ʱʦ 

ʧʦʣʽʤʝʨʥʽ ʭʨʦʤʦʬʦʨʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʢʦʥ'ʶʛʘʮʽʾ ˊ-ʝʣʝʢʪʨʦʥʽʚ ʜʽʶʪʴ ʷʢ 

ʝʣʝʢʪʨʦʥʠ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʽ ʤʝʣʘʥʽʥʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʨʷʜ, ʱʦ ʟʘʣʠʰʠʚʩʷ 



ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʽ ʤʝʣʘʥʽʥʫ, ʤʦʞʝ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʥʝ ʥʘ ʚʫʛʣʝʮʝʚʽʡ 

ʜʽʣʷʥʮʽ, ʥʘʡʙʣʠʞʯʽʡ ʜʦ ʘʢʮʝʧʪʦʨʘ, ʘ ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʡ ʫʟʜʦʚʞ ʫʩʴʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ. 

ʇʦʣʽʤʝʨʥʽ ʭʨʦʤʦʬʦʨʠ ʚ ʧʣʦʱʠʥʽ ʥʘʥʦʜʠʩʢʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʣʘʥʽʥʫ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʜʦʚʞʠʥʦʶ ʪʘ ʩʪʫʧʝʥʝʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʩʧʨʷʞʝʥʥʷ. ɼʣʷ 

ʩʧʨʷʞʝʥʠʭ ʤʝʣʘʥʽʥʦʚʠʭ ʭʨʦʤʦʬʦʨʽʚ ʭʘʨʘʢʪʝʨʥʝ ʯʝʨʛʫʚʘʥʥʷ ʦʜʠʥʘʨʥʦʛʦ ʪʘ 

ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʦʜʥʘʢʦʚʦʶ ʱʽʣʴʥʽʩʪʶ ʟʘʨʷʜʫ ʥʘ ʘʪʦʤʘʭ ʚʫʛʣʝʮʶ. 

ʇʦʣʽʤʝʨʠ ʟʽ ʩʧʦʣʫʯʝʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽ ʚ 

ʥʠʭ ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʟʘʨʷʜ. ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʽʞ 

ʭʨʦʤʦʬʦʨʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ TNF ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʚʝʜʝʥʥʷ ʟʘʨʷʜʫ ʚ ʧʦʣʽʤʝʨʥʠʡ 

ʭʨʦʤʦʬʦʨ. ɿʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʧʦʩʪʽʡʥʽʡ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʟʚ'ʷʟʢʫ ʽ ʩʠʣʴʥʽʡ 

ʚʽʙʨʦʥʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟʘʨʷʜ, ʱʦ ʽʥʞʝʢʪʫʻʪʴʩʷ ʚ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʦʣʽʤʝʨʥʠʡ 

ʣʘʥʮʶʛ, ʩʘʤʦʟʘʭʦʧʣʶʻʪʴʩʷ ʟʘ ʯʘʩ ʤʝʥʰʝ 100 ʬʩ. ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙʣʘʩʪʴ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʟʘʨʷʜʫ ʚ ʩʧʨʷʞʝʥʦʤʫ ʧʦʣʽʤʝʨʽ ʤʘʻ ʨʦʟʤʽʨ 

6-10 ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ (10-14 ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ). ʅʘ ʜʽʣʷʥʮʽ ʜʝʣʦʢʘʣʽʟʘʮʽʾ 

ʟʘʨʷʜʫ ʧʦʜʚʽʡʥʽ ʪʘ ʦʜʠʥʘʨʥʽ ʟʚôʷʟʢʠ ʚʠʨʽʚʥʶʶʪʴʩʷ, ʘ ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʥʝ 

ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ˊ-ʦʨʙʽʪʘʣʷʤʠ, ʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʩʽʡ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ˊ-ʦʨʙʽʪʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. ʗʢʱʦ ʚ ʩʧʨʷʞʝʥʽʡ ʩʠʩʪʝʤʽ ʻ ʜʝʬʝʢʪ, ʪʦ 

ʽʥʞʝʢʪʦʚʘʥʠʡ ʟʘʨʷʜ ʤʦʞʝ ʧʝʨʝʤʽʩʪʠʪʠʩʷ ʽ ʧʦʚʥʽʩʪʶ ʣʦʢʘʣʽʟʫʚʘʪʠʩʷ ʥʘ ʮʴʦʤʫ 

ʜʝʬʝʢʪʽ. ɿ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʤʧʣʝʢʩʠ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, 

ʫʪʚʦʨʝʥʽ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ ʤʦʣʝʢʫʣʘʤʠ TNF, ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʨʘʜʽʫʩ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ. ʎʝʡ ʨʘʜʽʫʩ ʦʙʫʤʦʚʣʝʥʠʡ ʜʦʚʞʠʥʦʶ ʜʝʣʦʢʘʣʽʟʘʮʽʾ 

ʟʘʨʷʜʫ, ʧʝʨʝʥʝʩʝʥʦʛʦ ʚ ʧʦʣʽʤʝʨʥʠʡ ʣʘʥʮʶʛ, ʘʙʦ ʚʽʜʩʪʘʥʥʶ ʜʦ ʜʝʬʝʢʪʫ ʚ 

ʧʦʣʽʤʝʨʽ, ʥʘ ʷʢʠʡ ʚʽʥ ʧʦʪʨʘʧʠʚ. ɼʦʚʞʠʥʫ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʰʣʷʭʦʤ 

ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʠʥʘ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʤ 

ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ˊ-ʝʣʝʢʪʨʦʥʥʠʤ ʚʫʛʣʝʮʝʚʠʤ 

ʣʘʥʮʶʛʦʤ. 



ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʦʶ 

ʤʝʣʘʥʽʥʫ ʪʘ ʤʦʣʝʢʫʣʦʶ TNF, ʧʦʚ'ʷʟʘʥʝ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘ ʧʦʣʽʤʝʨʥʠʡ 

ʭʨʦʤʦʬʦʨ ʤʝʣʘʥʽʥʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʽʾ ʚ ʭʨʦʤʦʬʦʨʽ ʟ ˊ-

ʝʣʝʢʪʨʦʥʥʠʤ ʩʧʨʷʞʝʥʥʷʤ. ʗʢʱʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ 

ʭʨʦʤʦʬʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʯʝʨʛʫʚʘʥʥʷʤ ʦʜʠʥʘʨʥʠʭ ʽ ʧʦʜʚʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ, ʪʦ 

ʧʽʩʣʷ ʽʥʞʝʢʮʽʾ ʚ ʥʴʦʛʦ ʟʘʨʷʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ - 

ʜʝʣʦʢʘʣʽʟʘʮʽʷ ʧʦʜʚʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ. ɽʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʙʽʣʴʰʝ ʥʝ ʣʦʢʘʣʽʟʫʻʪʴʩʷ 

ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ˊ-ʦʨʙʽʪʘʣʷʤʠ (ʧʦʣʽʻʥʦʚʘ ʩʪʨʫʢʪʫʨʘ), ʘ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʩʽʡ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ˊ-ʦʨʙʽʪʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (ʧʦʣʽʤʝʪʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ). ʊʘʢʽ ʩʪʨʫʢʪʫʨʥʽ 

ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʟʤʽʥʠ ʧʦʣʽʤʝʨʥʦʛʦ ʭʨʦʤʦʬʦʨʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ [229]. ɺʠʨʽʚʥʶʚʘʥʥʷ ʟʚôʷʟʢʽʚ ʫ ʭʨʦʤʦʬʦʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʞʦʨʩʪʢʦʩʪʽ, ʜʦʚʞʠʥʠ ʜʝʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʙʫʜʞʝʥʥʷ 

ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʘ ʦʧʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʗʢ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʚ 

ʩʧʝʢʪʨʘʭ ʩʪʘʮʽʦʥʘʨʥʦʾ PL ʪʘ TRES ʩʧʝʢʪʨʘʭ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF, 

ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ EF ɚ(PL) < 500 ʥʤ [5] ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʤʫʛ PL ʟ ʤʘʢʩʠʤʫʤʠ ʧʨʠ 434 ʽ 464 ʥʤ ʟʨʦʩʪʘʶʪʴ, ʽ ʚʦʥʠ ʩʪʘʶʪʴ ʚʫʞʯʠʤʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʠʭ ʩʘʤʠʭ ʩʤʫʛ ʫ ʩʧʝʢʪʨʘʭ ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ. 

ɺʠʚʯʝʥʥʷ TRES ʩʧʝʢʪʨʽʚ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʟ TNF ʫ ʰʠʨʦʢʦʤʫ 

ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ td = 22ï2470 ʧʩ (ʨʠʩʫʥʦʢ 5.8) ʧʦʢʘʟʘʣʦ, ʱʦ ʫ ʩʧʝʢʪʨʘʭ PL 

ʧʨʠ ɚ(PL) > 500 ʥʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʰʚʠʜʢʽ ʪʘ ʧʦʚʽʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʥʽʚ ʽʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ. ʐʚʠʜʢʘ ʢʦʤʧʦʥʝʥʪʘ PL 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 5.7 (b) (ʢʨʠʚʘ 4). ʎʷ ʢʦʤʧʦʥʝʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʝʨʝʚʘʞʘʻ ʚ ʯʘʩʚʦʤʫ ʽʥʪʝʨʚʘʣʽ td = 140ï1000 ʧʩ. ʄʠʪʪʻʚʽ ʩʧʝʢʪʨʠ ʰʚʠʜʢʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟʽ ʩʤʫʛ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 545, 614 ʪʘ 687 ʥʤ 

(ʨʠʩʫʥʦʢ 5.8, ʢʨʠʚʘ 4). ʎʽ ʩʤʫʛʠ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʯʘʩʠ ʞʠʪʪʷ PL, ʘʣʝ, ʦʯʝʚʠʜʥʦ, 

ʨʽʟʥʫ ʧʨʠʨʦʜʫ ʟʙʫʜʞʝʥʥʷ. ʉʤʫʛʘ PL ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 600 ʥʤ, ʷʢʘ ʨʘʥʽʰʝ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚ ʩʧʝʢʪʨʘʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʣʘʥʽʥʫ [6], ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʉʊɽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʥʘʥʦʜʠʩʢʘʤʠ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ. ʉʤʫʛʫ 545 ʥʤ 

ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʉʊ ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʤʠ 

ʧʦʣʽʤʝʨʥʠʤʠ ʭʨʦʤʦʬʦʨʘʤʠ ʚ ʦʜʥʦʤʫ ʥʘʥʦʜʠʩʢʫ. ʉʚʽʯʝʥʥʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ 



ʦʙʣʘʩʪʽ 640-695 ʥʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ɚex = 380-470 ʥʤ (ʦʙʣʘʩʪʴ ʟʙʫʜʞʝʥʥʷ 

ʜʦʥʦʨʘ) ʪʘ ɚex = 550-630 ʥʤ (ʦʙʣʘʩʪʴ ʟʙʫʜʞʝʥʥʷ ʘʢʮʝʧʪʦʨʘ) ʽ ʡʦʛʦ ʤʦʞʥʘ 

ʧʦʚ'ʷʟʘʪʠ ʟ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʤʽʞ ʚʝʨʭʥʽʤʠ ʟʘʡʥʷʪʠʤʠ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʦʨʙʽʪʘʣʷʤʠ ʜʦʥʦʨʘ ʪʘ ʘʢʮʝʧʪʦʨʘ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʤ ʧʝʨʝʭʦʜʦʤ (ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ) ʚʽʜ ʥʘʡʥʠʞʯʦʾ 

ʥʝʟʘʡʥʷʪʦʾ ʦʨʙʽʪʘʣʽ ʘʢʮʝʧʪʦʨʘ (LUMO) ʜʦ ʥʘʡʚʠʱʦʾ ʟʘʡʥʷʪʦʾ ʦʨʙʽʪʘʣʽ ʜʦʥʦʨʘ 

(HOMO). ʎʷ ʩʤʫʛʘ ʚ TRES ʧʦʯʠʥʘʻ ʟ'ʷʚʣʷʪʠʩʷ ʚʞʝ ʧʨʠ td = -22 ʧʩ. ʐʚʠʜʢʫ 

ʢʦʤʧʦʥʝʥʪʫ ʩʚʽʯʝʥʥʷ ʚʽʜ ʩʪʘʥʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʾʭ 

ʧʨʷʤʠʤ ʟʙʫʜʞʝʥʥʷʤ ʙʝʟ ʧʨʦʤʽʞʥʠʭ ʩʪʘʥʽʚ. ʂʦʤʧʦʥʝʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉʊ 

ʩʪʘʥʽʚ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ ʯʘʩʘʭ ʟʘʪʨʠʤʢʠ (ʜʦ 8 ʥʩ), ʪʘ ʾʭ ʯʘʩʦʚʘ 

ʢʦʨʝʣʷʮʽʷ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʠʡ ɽF ʩʪʘʥ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ 

ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʧʽʢʦʩʝʢʫʥʜʥʦʶ 

ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʤʝʣʘʥʽʥʫ ʟ TNF 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ TNF. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ 

ʤʘʢʨʦʤʦʣʝʢʫʣʦʶ ʤʝʣʘʥʽʥʫ ʪʘ TNF, ʧʦʚ'ʷʟʘʥʝ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʥʘ 

ʧʦʣʽʤʝʨʥʠʡ ʭʨʦʤʦʬʦʨ ʤʝʣʘʥʽʥʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʽʾ ʚ 

ʭʨʦʤʦʬʦʨʽ ʟ -́ʝʣʝʢʪʨʦʥʥʠʤ ʩʧʨʷʞʝʥʥʷʤ. ɽʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʙʽʣʴʰʝ ʥʝ 

ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ˊ-ʦʨʙʽʪʘʣʷʤʠ (ʧʦʣʽʻʥʦʚʘ ʩʪʨʫʢʪʫʨʘ), ʘ 

ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʩʽʡ ʦʜʥʦʚʠʤʽʨʥʽʡ ˊ-ʦʨʙʽʪʘʣʴʥʽʡ ʩʠʩʪʝʤʽ (ʧʦʣʽʤʝʪʠʥʦʚʘ 

ʩʪʨʫʢʪʫʨʘ). 

ɼʦʩʣʽʜʞʝʥʥʷ TRES ʩʧʝʢʪʨʽʚ ʤʝʣʘʥʽʥʫ ʟ TNF ʧʦʢʘʟʘʣʦ, ɦ ʦ ʚ ʩʧʝʢʪʨʘʭ PL 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʰʚʠʜʢʫ ʽ ʧʦʚʽʣʴʥʫ ʢʦʤʧʦʥʝʥʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʄʠʪʪʻʚʽ 



ʩʧʝʢʪʨʠ ʰʚʠʜʢʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 3ʭ ʩʤʫʛ, ʷʢʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʯʘʩʠ 

ʞʠʪʪʷ PL, ʘʣʝ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ʟʙʫʜʞʝʥʥʷ: 

ʇʝʨʰʘ ʩʤʫʛʘ (ʧʨʠ 600ʥʤ) ʧʦʚ'ʷʟʘʥʘ ʟ ʉʊ-ʧʝʨʝʭʦʜʘʤʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʥʘʥʦʜʠʩʢʘʤʠ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ, ʜʨʫʛʘ (ʧʨʠ 545ʥʤ)- ʟ ʉʊ-ʧʝʨʝʭʦʜʘʤʠ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʧʦʣʽʤʝʨʥʠʤʠ ʭʨʦʤʦʬʦʨʘʤʠ ʚ ʦʜʥʦʤʫ 

ʥʘʥʦʜʠʩʢʫ, ʘ ʪʨʝʪʷ (ʚ ʜʽʘʧʘʟʦʥʽ 640-695 ʥʤ) - ʟ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ HOMO-LUMO ʤʽʞ ʜʦʥʦʨʦʤ ʽ ʘʢʮʝʧʪʦʨʦʤ. ʐʚʠʜʢʫ ʢʦʤʧʦʥʝʥʪʫ ʉʊ-

ʩʪʘʥʫ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʾʭ ʧʨʷʤʠʤ ʟʙʫʜʞʝʥʥʷʤ ʙʝʟ 

ʧʨʦʤʽʞʥʠʭ ʩʪʘʥʽʚ. ʇʦʚʽʣʴʥʫ ʢʦʤʧʦʥʝʥʪʫ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʯʝʨʝʟ 

ʧʨʦʤʽʞʥʠʡ EF ʩʪʘʥ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʈʆɿɼɯʃ 6. ʆʉʆɹʃʀɺʆʉʊɯ ʉʇɽʂʊʈɯɺ ʌʆʊʆʃʖʄɯʅɽʉʎɽʅʎɯɰ 

ʂʆʄʇʆɿʀʊɯɺ ʄɽʃɸʅɯʅʋ ɿ ɸʂʎɽʇʊʆʈʆʄ ɽʃɽʂʊʈʆʅɯɺ PCBM 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ PL ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʣʘʥʽʥʫ ʪʘ ʝʣʝʢʪʨʦʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʭʽʜʥʦʛʦ ʬʫʣʝʨʝʥʫ ï [6,6]-Phenyl-C61-butyric acid 

methyl ester (PCBM). ʊʘʢʽ ʤʦʣʝʢʫʣʷʨʥʽ ʢʦʤʧʦʟʠʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʽ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, 

ʟʦʢʨʝʤʘ, ʦʨʛʘʥʽʯʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʦʚʠʟʥʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʚʯʝʥʥʶ ʩʧʝʢʪʨʽʚ PL, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʮʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʫ 

ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʭʣʦʨʦʬʦʨʤʽ, ʘʮʝʪʦʥʽʪʨʠʣʽ ʪʘ ʪʦʣʫʦʣʽ), ʘ ʪʘʢʦʞ ʫ ʤʘʪʨʠʮʽ 

ʧʦʣʽʩʪʠʨʦʣʫ; ʮʽ ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʦʢʨʝʤʘ ʨʽʜʢʦʛʦ 

ʛʝʣʽʶ (4,2 ʂ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʜʝʪʘʣʴʥʽʰʝ ʨʦʟʛʣʷʥʫʪʠ 

ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ ʩʪʘʥʫ ʘʛʨʝʛʘʮʽʾ ʪʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʤʝʣʘʥʽʥʫ ʟ PCBM. 

 

6.1 ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʣʝʨʝʥʽʚ 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʬʫʣʝʨʝʥʽʚ ʚ UV-Vis ʯʘʩʪʠʥʽ 

ʟʙʝʨʽʛʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ ʤʦʣʝʢʫʣ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ ʘʙʦ ʨʦʟʯʠʥʽ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ 

ʬʫʣʝʨʝʥʠ ʻ ʪʠʧʦʚʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ. ɸʣʝ ʟʤʝʥʰʝʥʥʷ ʩʠʤʝʪʨʽʾ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʦʣʷ ʚ ʬʫʣʝʨʝʥʽ ʚʧʣʠʚʘʻ ʥʘ ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʪʘ ʝʥʝʨʛʽʾ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʙʫʜʞʝʥʴ (ʟʩʫʚ ʽ ʨʦʟʱʝʧʣʝʥʥʷ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʨʽʚʥʽʚ). ʆʧʪʠʢʘ ʬʫʣʝʨʝʥʽʚ ʦʜʥʘʢʦʚʦ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʭ, 

ʪʘʢ ʽ ʚʽʜ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʝʨʰʠʡ ʧʨʦʮʝʩ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʷʚʠ ʝʢʩʠʪʦʥʽʚ ʌʨʝʥʢʝʣʷ, ʜʨʫʛʠʡ ð ʝʢʩʠʪʦʥʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ (ʉʊ 

- ʝʢʩʠʪʦʥʽʚ). ɼ̔ ʘʛʨʘʤʘ ʝʣʝʢʪʨʦʥʥʠʭ ʨʽʚʥʽʚ C60 ʫ ʪʚʝʨʜʦʤʫ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ 

ʩʪʘʥʘʭ ʥʘʚʝʜʝʥʘ ʚ ʩʪʘʪʪʷʭ [251, 252]. ʆʧʪʠʯʥʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʟʦʥʘʤʠ ʟ 

ʥʘʡʚʠʱʦʶ ʟʘʡʥʷʪʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʦʨʙʽʪʘʣʣʶ (HOMO) ʽ ʥʘʡʥʠʞʯʦʶ 

ʥʝʟʘʡʥʷʪʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʦʨʙʽʪʘʣʣʶ (LUMO) ʟʘʙʦʨʦʥʝʥʽ ʩʠʤʝʪʨʽʻʶ. ɼʚʘ 

ʥʠʞʯʠʭ ʧʝʨʝʭʦʜʠ: (hu Ÿ t1u) - ʟʘʙʦʨʦʥʝʥʽ, (hu Ÿ t1g) ï 

ʜʦʟʚʦʣʝʥʽ. ɺʩʝʨʝʜʠʥʽ ʩʤʫʛʠ HOMO - LUMO C60  ʟʥʘʭʦʜʷʪʴʩʷ ʟʘʙʦʨʦʥʝʥʽ 



ʩʠʤʝʪʨʽʻʶ ʝʢʩʠʪʦʥʠ ʌʨʝʥʢʝʣʷ ʽ CT - ʝʢʩʠʪʦʥʠ ʟ ʝʥʝʨʛʽʷʤʠ 1,55, 1,87, 2,2, 2,4 

ʝɺ [253]. ʇʝʨʰʠʡ ʜʦʟʚʦʣʝʥʠʡ ʝʢʩʠʪʦʥ ʤʘʻ ʝʥʝʨʛʽʶ 3,6 ʝɺ. 

 

6.1.1 ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʤʦʥʦʤʝʨʥʠʭ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ PCBM ʪʘ 

ʾʭ ʘʛʨʝʛʘʪʽʚ 

ʍʽʤʽʯʥʘ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʠ PCBM ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 1-[3-

(Methoxycarbonyl)propyl]-1-phenyl-[6.6]C61. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʜʦʥʦʨʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ, PCBM ʤʘʻ ʢʨʘʱʫ ʨʦʟʯʠʥʥʽʩʪʴ, ʥʽʞ ʯʠʩʪʽ ʤʦʣʝʢʫʣʠ C60 . ɺʠʚʯʝʥʥʷ 

ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʘʭ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʣʝʢʪʨʦʥʥʫ ʙʫʜʦʚʫ 

ʤʦʣʝʢʫʣ, ʾʭ ʚʟʘʻʤʦʜʽʶ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʦʪʝʥʮʽʡʥʫ ʧʝʨʝʜʘʯʫ 

ʝʥʝʨʛʽʾ ʚ ʧʨʦʮʝʩʘʭ ʚʟʘʻʤʦʜʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʣʝʨʝʥʦʚʠʭ ʧʣʽʚʦʢ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʩʧʝʢʪʨʠ PL PCBM 

ʫ ʨʦʟʯʠʥʘʭ ʥʝ ʜʦʩʣʽʜʞʝʥʦ ʚʩʝʙʽʯʥʦ, ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

PL ʤʦʣʝʢʫʣ PCBM ʫ ʧʣʽʚʢʘʭ ʧʦʣʽʩʪʠʨʦʣʫ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ 

(ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, ʘʮʝʪʦʥʽʪʨʠʣ, N-ʤʝʪʠʣʧʽʨʦʣʽʜʦʥ - NMP) ʫ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ɼʣʷ ʤʦʣʝʢʫʣ ʉ60 ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʩʣʘʙʢʠʡ ʧʽʢ PL, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʽʟ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ hu Ÿ t1u [251, 252]. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʮʽ 

ʧʝʨʝʭʦʜʠ ʚʠʷʚʣʷʶʪʴʩʷ ʯʘʩʪʢʦʚʦ ʜʦʟʚʦʣʝʥʠʤʠ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʽʾ 

ʢʦʣʠʚʘʣʴʥʦʾ ʤʦʜʠ ʘʙʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʨʷʜʢʫ [252, 254-256]. ʎʝʡ ʧʽʢ 

ʩʠʣʴʥʽʰʠʡ ʫ ʨʦʟʯʠʥʘʭ ʽʟ PCBM. ʎʝ ʷʚʠʱʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, 

ʱʦ ʤʦʣʝʢʫʣʘ ʉ60 ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʜʠʧʦʣʴ ʟʘʚʜʷʢʠ ʜʦʥʦʨʥʦʤʫ ʧʦʣʽʤʝʨʥʦʤʫ 

ʬʨʘʛʤʝʥʪʫ. ɸ ʜʣʷ ʤʦʣʝʢʫʣ ʟ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʥʝ ʽʩʥʫʻ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʾ 

ʩʠʤʝʪʨʽʾ, ʪʦʙʪʦ ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʥʝ ʻ ʥʽ ʩʠʤʝʪʨʠʯʥʠʤ, ʥʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʤ [254-

256]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʪʘʥ hu ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ hu,g . ʊʦʤʫ, 

ʟʚʠʯʘʡʥʦ, ʧʝʨʝʭʽʜ ʩʪʘʻ ʯʘʩʪʢʦʚʦ ʜʦʟʚʦʣʝʥʠʤ, ʽ ʡʦʛʦ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

6.1.2 ʇʦʛʣʠʥʘʥʥʷ ʪʘ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ PCBM ʫ ʧʦʣʽʩʪʠʨʦʣʽ 



 

ʈʠʩ. 6.1 ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ (1) ʽ PL (2,3) ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ PCBM ʫ 

ʧʦʣʽʩʪʠʨʦʣʽ ʧʨʠ 4,2 (1,2) ʽ 296 (3) ʂ; ɚex = 337,1 ʥʤ; ʉ = 10-4 (1) ʽ 10-5 (2, 3) 

wt%. 

 

ʅʘ ʨʠʩʫʥʢʫ 6.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ PCBM ʚ ʧʦʣʽʩʪʠʨʦʣʽ 

(ʢʨʠʚʘ 1) ʧʨʠ 4,2ʂ. ʂʦʥʮʝʥʪʨʘʮʽʷ PCBM ʚ ʧʦʣʽʩʪʠʨʦʣʽ ʜʣʷ ʮʠʭ ʚʠʤʽʨʽʚ 

ʩʪʘʥʦʚʠʣʘ ʉ = 10-4 wt%. ɺ ʩʧʝʢʪʨʽ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʢʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ PCBM 

ʚ ʧʦʣʽʩʪʠʨʦʣʽ ʧʨʠ 4,2 ʂ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʤʫʛʫ ʧʦʛʣʠʥʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

PCBM ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 695 ʥʤ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 4,2 ʂ ʜʦ 

296 ʂ, ʢʨʠʚʽ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʰʠʨʶʪʁʴʩʷ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʩʤʫʛ ʩʪʘʶʪʴ 

ʤʝʥʰ ʧʦʤʽʪʥʠʤʠ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʉ60 ʦʧʠʩʘʥʘ ʚʠʱʝ ʩʪʨʫʢʪʫʨʘ ʩʤʫʛʠ 

ʚʽʜʩʫʪʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ̔ ʟʘʙʦʨʦʥʝʥʠʤ ʧʦ ʩʠʤʝʪʨʽ ʾʧʝʨʝʭʦʜʦʤ hu ­ 

tu [251]. ʋ ʩʧʝʢʪʨʘʭ PL, ʮʝʡ ʧʝʨʝʭʽʜ ʜʦʟʚʦʣʝʥʠʡ ʯʝʨʝʟ ʥʝʧʘʨʥʫ ʤʦʜʫ ʚʽʙʨʦʥʥʠʭ 

ʢʦʣʠʚʘʥʴ [252-256]. ʋ ʚʠʧʘʜʢʫ ʟ PCBM, ʧʨʠʩʫʪʥʽʩʪʴ ʜʦʥʦʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʧʝʨʝʪʚʦʨʶʻ ʤʦʣʝʢʫʣʫ ʚ ʜʠʧʦʣʴ. ɼʣʷ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ, ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʥʝ ʤʘʻ 

ʩʪʨʦʛʦ ʧʝʚʥʫ ʩʠʤʝʪʨʽʶ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʤʘʻ ʟʤʽʰʘʥʫ 

(ʩʠʤʝʪʨʠʯʥʫ ʽ ʘʥʪʠʩʠʤʝʪʨʠʯʥʫ) ʩʠʤʝʪʨʽ ʁ hu,g. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʧʝʨʝʭʽʜ ʜʦ 

ʥʘʡʥʠʞʯʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ hu,g ­ tu ʩʪʘʻ ʯʘʩʪʢʦʚʦ ʜʦʟʚʦʣʝʥʠʡ ʽ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ.    



  PL PCBM ʫ ʧʦʣʽʩʪʠʨʦʣʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ C = 10-5 

(ʨʠʩʫʥʦʢ 6.1) ʽ 10-4 (ʨʠʩʫʥʦʢ 6.2) wt% ʧʨʠ 296 ʽ 4,2 ʂ. ʇʨʠ ʥʠʟʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ (ʨʠʩʫʥʦʢ 6.1) ʫ ʩʧʝʢʪʨ ̔PL PCBM ʧʨʠ 296 K (ʢʨʠʚʘ 3), ʩʤʫʛʘ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 705 ʥʤ ʧʨʠʧʠʩʫʻʪʴʩʷ ʤʦʥʦʤʝʨʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʟ ̔ʩʪʘʥʫ 

tu. ʇʽʩʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 4,2 ʂ ʮʷ ʩʤʫʛʘ ʟʚʫʞʫʻʪʴʩʷ (ʨʠʩʫʥʦʢ 6.1, 

ʢʨʠʚʘ 2), ʘʣʝ ʾʾ ʧʦʣʦʞʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

 

ʈʠʩ. 6.2 ʉʧʝʢʪʨʠ PL ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ PCBM ʫ ʧʦʣʽʩʪʠʨʦʣʽ ʧʨʠ 296 (1) ʽ 4,2 

(2) ʂ; ɚex = 337.1 ʥʤ; ʉ = 10-4 wt%. 

 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ PCBM ʫ ʨʦʟʯʠʥʽ ʧʦʣʽʩʪʠʨʦʣʫ ʜʦ 10-4 wt% 

(ʨʠʩʫʥʦʢ 6.2) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʠʧʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʚ ʩʧʝʢʪʨʘʭ PL ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 296 ʂ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ PL 

(ʨʠʩʫʥʦʢ 6.2, ʢʨʠʚʘ 1) ʩʪʘʥʦʚʠʪʴ 712 ʥʤ, ʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 4,2 ʂ 

(ʨʠʩʫʥʦʢ 6.2, ʢʨʠʚʘ 2) ʤʘʢʩʠʤʫʤ ʟʤʽʱʫʻʪʴʩʷ ʜʦ 706 ʥʤ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ ʚ ʧʣʽʚʮʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʘ ʯʘʩʪʠʥʘ ʟ 

ʥʠʭ ʧʝʨʝʙʫʚʘʻ ʚ ʧʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʢʩʠʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 4,2 ʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʤʽʨʥʠʭ ʪʨʫʜʥʦʱʽʚ, ʽ ʫʪʚʦʨʝʥʥʷ 

ʝʢʩʠʤʝʨʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʋ ʩʧʝʢʪʨʘʭ PL ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʦʥʦʤʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɽʢʩʠʤʝʨʠ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ 



ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʥʦʤʝʨʘʤ, ʘʣʝ ʚ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʰʠʨʦʢʽ ʙʝʟʩʪʨʫʢʪʫʨʥʽ ʩʤʫʛʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʦʤʧʣʝʢʩʽʚ, ʥʘʧʨʠʢʣʘʜ ʬʽʟʠʯʥʠʭ 

ʜʠʤʝʨʽʚ. ʎʝ ʜʠʤʝʨʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʣʠʰʝ ʚ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. ʆʩʥʦʚʥʠʡ ʩʪʘʥ 

ʪʘʢʦʾ ʧʘʨʠ ʥʝʩʪʘʙʽʣʴʥʠʡ. 

 

6.1.3 ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʨʦʟʯʠʥʫ PCBM ʚ ʭʣʦʨʦʬʦʨʤʽ 

 

ʈʠʩ. 6.3 ʉʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ PCBM ʫ ʭʣʦʨʦʬʦʨʤʽ ʧʨʠ 296 (1, 2) ʽ 77 (3, 4) 

ʂ; ɚex = 337,1 ʥʤ; C = 10-5 (1, 3) and 10-3 (2, 4) wt%. 

 

ʅʘ ʨʠʩʫʥʢʫ 6.3 ʧʦʢʘʟʘʥʽ ʩʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ PCBM ʫ 

ʭʣʦʨʦʬʦʨʤʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩ ɹʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ C = 10-5 (1, 3) ʪʘ 10-

3 (2, 4) wt% ʧʨʠ 296 (1, 2) ʪʘ 77 (3, 4) K.  ɼʣʷ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (C = 10-5 

wt%), ʧʨʠ 296 ʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʤʫʛʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 702 ʥʤ (ʨʠʩʫʥʦʢ 6.3, 

ʢʨʠʚʘ 1), ʱʦ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʤʦʥʦʤʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ̔ʩʪʘʥʫ tu. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 77 ʂ ʮʷ ʩʤʫʛʘ (ʨʠʩʫʥʦʢ 6.3, ʢʨʠʚʘ 3) ʟʚʫʞʫʻʪʴʩʷ, ʘʣʝ 

ʾʾ ʧʦʣʦʞʝʥʥʷ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ PCBM ʚ ʨʦʟʯʠʥʽ 

ʜʦ 10-3 wt% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʪʠʧʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʩʧʝʢʪʨʫ PL (ʨʠʩʫʥʦʢ 6.3, ʢʨʠʚʽ 

2,  4). ʇʨʠ 296 ʂ ʧʦʣʦʞʝʥʥʷ ʩʤʫʛʠ PL (ʨʠʩʫʥʦʢ 6.3, ʢʨʠʚʽ 1, 2) ʻ ʦʜʥʘʢʦʚʠʤ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʧʨʠ 77 ʂ ʩʤʫʛʘ ʟʤʽʱʫʻʪʴʩʷ ʜʦ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ 



ʭʚʠʣʴ ʽ ʾʾ ʤʘʢʩʠʤʫʤ ʧʨʦ̫ʚʣʷʻʪʴʩʷ ʧʨʠ 720 ʥʤ (ʨʠʩʫʥʦʢ 6.3, ʢʨʠʚʘ 4). ʊʘʢʘ 

ʧʦʚʝʜʽʥʢʘ PL ʨʦʟʯʠʥʽʚ PCBM ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ 

ʟ ʧʨʦʮʝʩʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʘʛʨʝʛʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʨʦʙʠʤʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʩʫʚ ʩʧʝʢʪʨʽʚ PL ʨʦʟʯʠʥʽʚ PCBM ʫ ʭʣʦʨʦʬʦʨʤʽ ʧʨʠ ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚôʷʟʘʥʠʡ ʧʝʨʝʚʘʞʥʦ ʟ ʧʦʷʚʦʶ ʘʛʨʝʛʘʪʽʚ ʪʠʧʫ ʬʽʟʠʯʥʠʭ ʜʠʤʝʨʽʚ. ʌʽʟʠʯʥʠʡ 

ʜʠʤʝʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʤʦʣʝʢʫʣ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʧʨʦʩʪʦʨʽ 

ʙʣʠʞʯʝ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʥʽʞ ʜʦ ʽʥʰʠʭ ʤʦʣʝʢʫʣ, ʽ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʝʚʥʠʤ 

ʯʠʥʦʤ. ʄʦʣʝʢʫʣʠ ʫ ʬʽʟʠʯʥʦʤʫ ʜʠʤʝʨʽ ʥʝ ʫʪʚʦʨʶʶʪʴ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʦʜʠʥ ʟ 

ʦʜʥʠʤ. 

ʈʽʟʥʠʮʶ ʚ ʩʧʝʢʪʨʘʭ PL ʤʦʣʝʢʫʣ PCBM ʚ ʭʣʦʨʦʬʦʨʤʽ ʪʘ ʧʦʣʽʩʪʠʨʦʣʽ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʽʟʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʦʣʝʢʫʣ PCBM ʟ ʤʘʪʨʠʮʝʶ. ʂʦʣʠ 

ʧʦʣʽʩʪʠʨʦʣʴʥʽ ʧʣʽʚʢʠ ʚʠʩʠʭʘʶʪʴ, ʫʪʚʦʨʶʶʪʴʩʷ ʧʦʨʠ, ʤʦʣʝʢʫʣʠ PCBM 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʧʦʨʠ ʽ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʧʝʨʝʜʜʠʤʝʨʥʠʭ ʩʪʘʥʘʭ. ʇʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʣʝʢʫʣʠ PCBM ʚ ʧʦʨʘʭ ʧʨʠ ʦʧʪʠʯʥʦʤʫ ʟʙʫʜʞʝʥʥʽ 

ʤʦʞʫʪʴ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʨʘʜʽʫʩʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʽ ʛʝʥʝʨʫʚʘʪʠ ʝʢʩʠʤʝʨʥʝ 

ʦʧʨʦʤʽʥʝʥʥʷ. ʗʢʱʦ ʜʽʘʤʝʪʨ ʧʦʨ ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ, ʱʦ ʚʩʝʨʝʜʠʥʫ ʤʦʞʝ 

ʧʦʤʽʩʪʠʪʠʩʷ ʣʠʰʝ ʦʜʥʘ ʤʦʣʝʢʫʣʘ PCBM, ʪʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʙʫʜʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩ ̫ʤʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ. 

 

6.1.4 ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʯʠʥʫ PCBM ʚ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ 

ʅʘ ʨʠʩʫʥʢʫ 6.4 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ PL ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʯʠʥʽʚ PCBM ʫ 

ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʧʨʠ ʥʠʟʴʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉ = 10-5 wt% ʧʨʠ 296 

ʂ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟʙʫʜʞʝʥʥʷ. ʋ ʪʘʙʣʠʮʽ 6.1 ʥʘʚʝʜʝʥʦ ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ 

ʤʘʢʩʠʤʫʤʽʚ ʩʤʫʛ PL ʜʣʷ PCBM ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. ʊʘʢʦʞ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʦʟʯʠʥʫ PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ PL 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ (ɚex). ʇʨʠ ɚex = 405 ʥʤ 

ʤʘʢʩʠʤʫʤ ʩʤʫʛʠ PL PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʨʠ 673 ʥʤ, ʘ ʧʨʠ ɚex = 

255 ʥʤ ʩʤʫʛʘ PL PCBM ʤʘʻ ʤʘʢʩʠʤʫʤ ʧʨʠ 690-700 ʥʤ. 



 

ʈʠʩ. 6.4 ʉʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ ʈʉɺʄ (1-4, 6) ʽ ʉ60 (5) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ (1, 6), 

ʭʣʦʨʦʬʦʨʤʽ (2), ʪʦʣʫʦʣʽ (3, 5), NMP (4) ʧʨʠ 296 ( 1-4, 6) ʽ 4,2 (5) ʂ ʧʨʠ ɚex = 

255 (6), 337,1 (2, 5) ʽ 405 (1, 3, 4) ʥʤ; ʉ = 10-5 wt%. 

 

ʊʘʙʣʠʮʷ 6.1 ʇʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʽʚ ʩʤʫʛ PL (ɚmax ) ʜʣʷ ʈʉɺʄ ʫ ʨʽʟʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʧʨʠ 296 ʂ, ʉ = 10-5 wt%. 

ʈʦʟʯʠʥʥʠʢ ɚex, ʥʤ ɚmax, ʥʤ 

ɸʮʝʪʦʥʽʪʨʠʣ 405 673 

ɸʮʝʪʦʥʽʪʨʠʣ 255 690-700 

ʊʦʣʫʦʣ 405 704-707 

NMP 405 711 

ʍʣʦʨʦʬʦʨʤ 337 702 

ʇʦʣʽʩʪʠʨʦʣ 337 700-709 

 

ʅʘ ʨʠʩʫʥʢʫ 6.4 ʪʘʢʦʞ ʧʦʢʘʟʘʥʠʡ ʩʧʝʢʪʨ PL C60 ʚ ʪʦʣʫʦʣʽ ʧʨʠ ʉ = 10-5 

wt%, 4,2 ʂ (ʢʨʠʚʘ 5). ʋ ʮʴʦʤʫ ʩʧʝʢʪʨʽ ʟôʷʚʣʷʶʪʴʩʷ ʩʤʫʛʠ PL, ʱʦ ʤʽʩʪʷʪʴ ʷʢ 

ʤʦʣʝʢʫʣʷʨʥʽ (668, 700 ʥʤ), ʪʘʢ ʽ ʘʛʨʝʛʦʚʘʥʽ ʬʦʨʤʠ (ʩʤʫʛʘ 737 ʥʤ) C60. ɿ 



ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ PL PCBM ʽ C 60 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʩʤʫʛʘ 673 ʥʤ ʜʣʷ PCBM ʤʘʻ ʪʫ ʞ ʧʨʠʨʦʜʫ, ʱʦ ʽ ʩʤʫʛʘ 668 ʥʤ ʜʣʷ C60 .  

ʍʦʯʘ PCBM ʤʘʻ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʯʠʥʥʠʢʘ ʤʦʣʝʢʫʣʘ ʤʦʞʝ ʙʫʪʠ ʥʝʡʪʨʘʣʴʥʦʶ ʘʙʦ ʧʦʣʷʨʥʦʶ. ɼʣʷ ʧʦʣʷʨʥʦʾ 

ʬʦʨʤʠ PCBM ʟʘʨʷʜ ʚʽʜ ʜʦʥʦʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ 

ʬʫʣʝʨʝʥʦʚʫ ʯʘʩʪʠʥʫ. ʉʧʝʢʪʨ PL ʧʦʣʷʨʥʦʾ ʬʦʨʤʠ PCBM ʤʦʞʝ ʙʫʪʠ ʙʣʠʟʴʢʠʤ 

ʜʦ ʽʦʥʥʦʾ ʬʦʨʤʠ C60  ̔ ʤʘʻ ʩʚʽʯʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʤʫʛʠ ʟ ʧʽʢʦʤ ʧʨʠ 700 ʥʤ 

[257]. ɽʣʝʢʪʨʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʥʝʡʪʨʘʣʴʥʦʾ ʬʦʨʤʠ PCBM ʙʣʠʟʴʢʘ ʜʦ C60, ʪʦʤʫ 

ʩʤʫʛʘ PL ʧʨʠ 673 ʥʤ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʮʽʡ ʬʦʨʤʽ. 

 

6.1.5 ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʤʦʣʝʢʫʣ PCBM ʫ ʧʣʽʚʮʽ ʟ ʨʦʟʯʠʥʫ 

ʪʦʣʫʦʣʫ 

ʅʘ ʨʠʩʫʥʢʫ 6.5 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ PL ʧʣʽʚʦʢ PCBM, ʦʪʨʠʤʘʥʠʭ ʟ ʨʦʟʯʠʥʫ 

ʪʦʣʫʦʣʫ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 296 ʜʦ 4,2 ʂ ʩʧʝʢʪʨʠ PL ʟʤʽʱʫʚʘʣʠʩʷ ʚ 

ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʽ ʩʤʫʛʠ ʟʚʫʞʫʚʘʣʠʩʷ (ʨʠʩʫʥʦʢ 6.5). ʄʘʢʩʠʤʫʤʠ 

ʩʤʫʛ PL ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (296, 77 ʪʘ 4,2 ʂ) ʙʫʣʠ ʧʨʠ 723, 731 ʪʘ 727 

ʥʤ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʨʦʟʯʠʥʽʚ PCBM ʫ ʪʦʣʫʦʣʽ ʤʘʢʩʠʤʫʤ ʩʤʫʛʠ PL ʧʨʠʧʘʜʘʻ ʥʘ 

707 ʥʤ (ʨʠʩ. 6.4, ʢʨʠʚʘ 3). ʉʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ ʟʩʫʚ ʤʘʢʩʠʤʫʤʽʚ 

ʩʤʫʛ PL ʫ ʧʣʽʚʢʘʭ PCBM ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʠʡ ʟ ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʠʧʽʚ ʘʛʨʝʛʘʪʽʚ, ʩʪʨʫʢʪʫʨʥʦ ʧʦʜʽʙʥʠʭ ʜʦ ʬʽʟʠʯʥʠʭ ʜʠʤʝʨʽʚ. 

 



ʈʠʩ. 6.5 ʉʧʝʢʪʨʠ PL ʧʣʽʚʦʢ PCBM ʧʨʠ 296 (1), 77 (2) ʽ 4,2 (3) ʂ; ɚex = 337,1 ʥʤ. 

 

6.2 ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʤʦʣʝʢʫʣ ʬʫʣʝʨʝʥʫ ʚ ʤʝʣʘʥʽʥʽ 

ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʣʘʥʽʥʫ ʙʣʠʟʴʢʘ ʜʦ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʤʦʥʦʤʝʨ 5,6-̔ ʥʜʦʣʭʽʥʦʥʫ [2, 32, 

37, 38]. ʄʦʣʝʢʫʣʠ 5,6-̔ ʥʜʦʣʭʽʥʦʥʫ ʭʽʤʽʯʥʦ ʟʚôʷʟʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ 

ʧʦʣʽʤʝʨʠ ʘʙʦ ʧʣʦʩʢʽ ʜʚʦʚʠʤʽʨʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʦʣʽʛʦʤʝʨʠ [1, 6, 7, 28, 36, 44, 115] 

ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ, ʚ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʭʨʦʤʦʬʦʨʠ ʟ 

ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ p-p ʩʧʨʷʞʝʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ, ʟ ʜʚʦʚʠʤʽʨʥʠʭ ʦʣʽʛʦʤʝʨʽʚ 

ʤʦʞʫʪ ɹʫʪʚʦʨʶʚʘʪʠʩʷ ʦʜʥʦʚʠʤʽʨʥʽ ʫʢʣʘʜʝʥʽ ʘʛʨʝʛʘʪʠ ( ʥʘʥʦʢʣʘʩʪʝʨʠ). 

 

ʈʠʩ. 6.6 ʉʧʝʢʪʨʠ PL ʘʮʝʪʦʥʽʪʨʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ (ʢʨʠʚʘ 1) ʪʘ 

ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥʫ ʟ PCBM ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 5Ŀ10-5 wt% (ʢʨʠʚʽ 2, 4) ʽ 5Ŀ10-4 wt% 

(ʢʨʠʚʘ 3) ʧʨʠ 296 ʂ (ʢʨʠʚʽ 1-3) ʽ 4,2 ʂ (ʢʨʠʚʘ 4). 

 

ʅʘ ʨʠʩʫʥʢʫ 6.6 ʥʘʚʝʜʝʥʦ ʩʧʝʢʪʨʠ PL ʘʮʝʪʦʥʽʪʨʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʯʠʩʪʦʛʦ 

ʤʝʣʘʥʽʥʫ (ʢʨʠʚʘ 1) ʽ ʤʝʣʘʥʽʥʫ ʟ PCBM (ʢʨʠʚʽ 2-4) ʚ ʨʽʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʧʨʠ 296 

ʂ (ʢʨʠʚʽ 1-3) ʽ 4,2 ʂ (ʢʨʠʚʘ 4). ʉʧʝʢʪʨʠ PL ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʶʪʴ ʰʠʨʦʢʫ ʩʤʫʛʫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʙʣ. 470 ʥʤ. ʏʝʨʝʟ ʩʣʘʙʢʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʦʣʽʛʦʤʝʨʘʤʠ ʤʝʣʘʥʽʥʫ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ 



ʧʝʨʝʜʜʠʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʩʣʘʙʢʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʫ ʚʟʘʻʤʦʜʽʶ 

ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʚ ʩʧʝʢʪʨʘʭ PL ʨʦʟʯʠʥʽʚ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʷʢ ʤʦʣʝʢʫʣʷʨʥʫ, 

ʪʘʢ ʽ ʝʢʩʠʤʝʨʥʫ (ʩʤʫʛʘ 470 ʥʤ - ʨʠʩ. 6.6, ʢʨʠʚʘ 1) PL ʤʝʣʘʥʽʥʫ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʦʣʽʛʦʤʝʨʽʚ, ʩʪʫʧʝʥʶ p-p ʩʧʨʷʞʝʥʥʷ ʤʦʥʦʤʝʨʽʚ ʚ ʦʣʽʛʦʤʝʨʽ, ʘ ʪʘʢʦʞ 

ʩʪʫʧʝʥʶ ʧʝʨʝʢʨʠʪʪʷ ʫʢʣʘʜʝʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʝʣʘʥʽʥʫ ʚ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ, 

ʤʘʢʩʠʤʫʤ ʩʤʫʛʠ PL ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 460 ʜʦ 480 ʥʤ. ʄʦʥʦʤʝʨʥʝ ʩʚʽʯʝʥʥʷ ʤʘʻ 

ʤʝʥʰʠʡ ʯʘʩ ʞʠʪʪʷ, ʥʽʞ ʝʢʩʠʤʝʨʥʝ, ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʢʩʠʤʝʨʥʦʛʦ ʧʽʢʫ ʽ ʜʦʤʽʥʫʻ ʚ ʩʧʝʢʪʨʘʭ PL ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʪʚʦʨʝʥʥʷ ʝʢʩʠʤʝʨʥʠʭ ʩʪʘʥʽʚ ʤʽʞ 

ʜʚʦʤʘ ʦʣʽʛʦʤʝʨʘʤʠ ʤʝʣʘʥʽʥʫ ʫʪʨʫʜʥʝʥʝ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʘ ʚ ʩʧʝʢʪʨʘʭ 

PL ʨʦʟʯʠʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʦʥʦʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʭʨʦʤʦʬʦʨʽʚ ʚ ʦʣʽʛʦʤʝʨʘʭ. ʆʩʢʽʣʴʢʠ ʤʝʣʘʥʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʭʽʜʥʠʭ ʽʥʜʦʣʫ, 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ (4,2 ʂ) ʩʧʝʢʪʨʠ PL ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʟʽ ʩʤʫʛʦʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 400 ʥʤ (ʨʠʩ. 6.6, ʢʨʠʚʘ 4) ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʦʥʦʤʝʨʥʦʛʦ 

ʩʚʽʯʝʥʥʷ. 

ʇʨʠ ʟʤʽʰʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ PCBM ̔  ʤʝʣʘʥʽʥʫ ʚ ʨʽʚʥʠʭ ʤʘʩʦʚʠʭ ʧʨʦʧʦʨʮʽʷʭ 

ʫ ʩʧʝʢʪʨʘʭ PL ʩʚʽʞʦʧʨʠʛʦʪʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ (ʨʠʩ. 6.6, ʢʨʠʚʽ 2-4), ʧʦʨʷʜ ʟ 

ʤʦʥʦʤʝʨʥʠʤ ʩʚʽʯʝʥʥʷʤ ʤʝʣʘʥʽʥʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ PL PCBM, ʷʢ ʫ 

ʤʦʣʝʢʫʣʷʨʥʽʡ (ʩʤʫʛʠ 700-706 ʥʤ) ʪʘʢ ʽ ʘʛʨʝʛʦʚʘʥʽʡ ʬʦʨʤʘʭ (ʩʤʫʛʘ 727 ʥʤ). ɿ 

ʨʠʩʫʥʢʘ 6.6 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʝ 

ʩʚʽʯʝʥʥʷ PCBM. ʉʤʫʛʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣ PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʤʘʻ 

ʤʘʢʩʠʤʫʤ ʧʨʠ 673 ʘʙʦ 690 ʥʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ (ʪʘʙʣ. 

6.1). ɺʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ PCBM ʟ ʤʝʣʘʥʽʥʦʤ ʮʽ ʩʤʫʛʠ ʟʥʠʢʘʶʪʴ, ʘ ʚ ʩʧʝʢʪʨʘʭ 

PL ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʤʫʛʘ ʧʨʠ 705, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ̔ʩʚʽʯʝʥʥʷʤ 

ʩʣʘʙʢʠʭ CT ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥ ï PCBM. ʉʣʘʙʢʝ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʩʽʥʥʷ ʝʢʩʠʤʝʨʥʦʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʤʝʣʘʥʽʥʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʥʦʤʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʦʾ ʩʤʫʛʠ PL ʧʨʠ 416 ʥʤ (ʨʠʩ. 

6.6, ʢʨʠʚʘ 3 ). ɼʣʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥ- PCBM, ʦʭʦʣʦʜʞʝʥʠʭ ʜʦ 4,2 ʂ, ʫ ʩʧʝʢʪʨʘʭ 

PL ʧʦʨʷʜ ʽʟ ʤʦʣʝʢʫʣʷʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ PCBM (ʩʤʫʛʘ 700 ʥʤ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʚʽʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʘʛʨʝʛʘʪʽʚ PCBM (ʩʤʫʛʘ 725 ʥʤ). 



ʋ ʩʫʤʽʰʽ ʤʝʣʘʥʽʥʫ ʪʘ PCBM ʚ ʨʦʟʯʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʣʴʥʘ ʚʟʘʻʤʦʜʽʷ 

ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʟ ʤʦʣʝʢʫʣʘʤʠ PCBM. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ PCBM ʘʛʨʝʛʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ, ʥʘʥʦʢʣʘʩʪʝʨʠ ʩʪʘʶʪʴ ʚʘʞʯʠʤʠ ʽ ʫʪʚʦʨʶʶʪʴ ʦʩʘʜ. ʅʘ ʨʠʩʫʥʢʫ 6.7 

ʧʦʢʘʟʘʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʩʧʝʢʪʨʫ PL ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʩʪʘʥʫ 

ʘʛʨʝʛʘʮʽ.ʾ ʂʨʠʚʘ 1 ʥʘ ʨʠʩ. 6.7 ʚʽʜʦʙʨʘʞʘʻ ʩʧʝʢʪʨ PL ʩʚʽʞʦʧʨʠʛʦʪʦʚʣʝʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʝʣʘʥʽʥ - PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ. ʋ ʩʧʝʢʪʨʘʭ PL ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ 

ʩʤʫʛʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ (494 ʥʤ) ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL 

PCBM (ʩʤʫʛʠ ʧʨʠ 672 ʽ 725 ʥʤ). ʏʠʩʪʠʡ ʨʦʟʯʠʥ PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʤʘʻ 

ʩʤʫʛʠ PL ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 673 ʘʙʦ 690 ʥʤ ʟʘʣʝʞʥʦ ʚʽʜ ɚex. 

 

ʈʠʩ. 6.7 ʉʧʝʢʪʨʠ PL ʩʫʤʽʰʝʡ ʤʝʣʘʥʽʥ - ʈʉɺʄ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʉ = 5Ŀ10-5 wt% ʧʽʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ (ʢʨʠʚʘ 1) ʽ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ (ʢʨʠʚʘ 2); ʦʩʘʜʫ 

ʤʝʣʘʥʽʥ-ʈʉɺʄ (3) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻ  ʁʉ = 10-3 wt%; ʧʣʽʚʢʠ 

ʤʝʣʘʥʽʥ - ʈʉɺʄ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʦʩʘʜʫ (4); T = 296 ʂ, ɚex = 385 (1), 337,1 

(2,4), 405 (3) ʥʤ. 

 

ʅʘʥʦʢʣʘʩʪʝʨʠ ʤʝʣʘʥʽʥʫ ʩʧʨʠʷʶʪʴ ʘʛʨʝʛʘʮʽʾ ʤʦʣʝʢʫʣ PCBM ʥʘ ʥʠʭ ʽ 

ʧʦʩʠʣʶʶʪʴ PL ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʽʜ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʜʦ 

PCBM. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʩʧʝʢʪʨʘʭ PL ʘʛʨʝʛʘʪʽʚ PCBM ʚ ʦʨʛʘʥʽʯʥʠʭ 



ʨʦʟʯʠʥʥʠʢʘʭ ʥʘ ʧʨʦʪʠʚʘʛʫ ʤʝʣʘʥʽʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ PCBM ʽ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 6.7 (ʢʨʠʚʘ 1), 

ʫ ʩʧʝʢʪʨʽ PL ʨʦʟʯʠʥʫ ʩʫʤʽʰʽ ʤʝʣʘʥʽʥ - PCBM ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ʩʤʫʛʘ ʧʨʠ 431 

ʥʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ (D-ɸ) 

ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ PCBM. ɺʠʤʽʨʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʯʝʨʝʟ 

24 ʛʦʜʠʥʠ ʧʽʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʽ ʤʝʣʘʥʽʥ - PCBM, ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʝʢʪʨʠ 

PL (ʨʠʩ. 6.7, ʢʨʠʚʘ 2) ʟʥʘʯʥʦ ʟʤʽʥʠʣʠʩʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ 

ʝʢʩʠʤʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ PL ʚ 

ʦʙʣʘʩʪʽ 413 ʥʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʟ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ TNF ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʩʚʽʯʝʥʥʷ D-ɸ ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥ ï TNF [7]. ʊʦʤʫ, ʤʦʞʥʘ 

ʪʘʢʦʞ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʣʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥ ï PCBM ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʚʽʯʝʥʥʷ 

D-ɸ ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥ ï PCBM. ʋ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ PL 

ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ï PCBM ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ 

672 ʥʤ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʤʫʛʠ 725 ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ 

ʘʛʨʝʛʘʮʽʾ ʤʦʣʝʢʫʣ PCBM. 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ PCBM ʜʦ ʉ = 10-3 wt% ʫ ʪʘʢʠʭ ʩʫʤʽʰʘʭ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʘʜʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʝʣʘʥʽʥ - PCBM, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʛʨʝʛʘʮʽʾ ʤʦʣʝʢʫʣ PCBM ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʤʘʩʠ. ʅʘ ʨʠʩʫʥʢʫ 6.7 (ʢʨʠʚʘ 3) ʧʦʢʘʟʘʥʽ ʩʧʝʢʪʨʠ PL 

ʨʦʟʯʠʥʽʚ (ʦʩʘʜʫ) ʤʝʣʘʥʽʥʫ - PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

PCBM ʜʦ 10-3 wt%. ʋ ʩʧʝʢʪʨʽ PL ʦʩʘʜʫ ʤʝʣʘʥʽʥ - PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ 737 ʥʤ, ʧʦʚ'ʷʟʘʥʦʾ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʥʦʘʛʨʝʛʘʪʽʚ PCBM ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʪʘ ʛʘʩʽʥʥʷ PL ʤʝʣʘʥʽʥʫ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ. 

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʝʥʝʨʛʽʾ ʝʢʩʠʪʦʥʫ ʤʝʣʘʥʽʥʫ ʥʘ ʘʙʩʦʨʙʦʚʘʥʽ ʤʦʣʝʢʫʣʠ PCBM. ʇʨʦʮʝʩ 

ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ ʬʫʣʝʨʝʥʫ ʰʣʷʭʦʤ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʤʽʞ ʥʠʤ ʽ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʨʘʥʽʰʝ [258]. ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʤʦʣʝʢʫʣʦʶ ʬʫʣʝʨʝʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʪʠʤ, ʱʦ ʬʫʣʝʨʝʥ ʻ 



ʝʬʝʢʪʠʚʥʠʤ ʦʢʠʩʥʁ ʚʘʯʝʤ (ʘʢʮʝʧʪʦʨʦʤ). ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʝʡ 

ʧʨʦʮʝʩ ʝʬʝʢʪʠʚʥʠʡ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʪʘ PCBM. ʅʘ 

ʤʘʣʶʥʢʫ 6.7 (ʢʨʠʚʘ 4) ʧʦʢʘʟʘʥʽ ʪʘʢʦʞ ʩʧʝʢʪʨʠ PL ʧʣʽʚʢʠ, ʦʪʨʠʤʘʥʦʾ ʟ ʦʩʘʜʫ 

ʤʝʣʘʥʽʥʫ-PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 200ÁC. ʂʨʽʤ ʩʤʫʛʠ 737 ʥʤ, ʫ 

ʩʧʝʢʪʨʽ PL ʧʣʽʚʢʠ ʤʝʣʘʥʽʥ - PCBM ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʠʨʦʢʘ ʙʝʟʩʪʨʫʢʪʫʨʥʘ 

ʩʤʫʛʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 575 ʥʤ. 

 

ʈʠʩ. 6.8 ʂʽʥʝʪʠʢʘ PL ʘʮʝʪʦʥʽʪʨʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʦʩʘʜʫ ʤʝʣʘʥʽʥʫ - PCBM, (2-4) 

ʽ ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ (5) ʧʨʠ 296 ʂ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 

500 ʥʤ (4,5), 720 ʥʤ (2), 750 ʥʤ (3). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʫ 

(ʢʨʠʚʘ 1); ɚex = 405 ʥʤ. 

 

ʅʘ ʨʠʩʫʥʢʫ 6.8 ʧʦʢʘʟʘʥʦ ʢʽʥʝʪʠʢʫ PL ʨʦʟʯʠʥʽʚ (ʦʩʘʜʫ) ʢʦʤʧʦʟʠʪʫ 

ʤʝʣʘʥʽʥ - PCBM (2-4) ʽ ʤʝʣʘʥʽʥʫ (5) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 296 ʂ ʜʣʷ ʨʽʟʥʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʢʦʤʧʦʟʠʪʫ ʤʝʣʘʥʽʥ - PCBM (ʦʩʘʜ) 

ʢʽʥʝʪʠʢʫ PL ʚʠʤʽʨʶʚʘʣʠ ʚ ʦʙʣʘʩʪʷʭ ʩʚʽʯʝʥʥʷ ʤʝʣʘʥʽʥʫ (500 ʥʤ) ʽ PCBM (720 ʽ 

750 ʥʤ). ɼʦʜʘʪʢʦʚʦ ʚʠʤʽʨʶʚʘʣʠ ʢʽʥʝʪʠʢʫ PL ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ (500 ʥʤ). 

ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ PL ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʦ- ʘʙʦ ʪʨʴʦʭʝʢʩʧʦʥʝʥʮʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ: 

IPL (t)= A1e
-t/Ű

1 +A2 e
-t/Ű

2 + A3e
-t/Ű

3  (6.1) 

 



ʟ ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ʋ ʪʘʙʣʠʮʽ 

6.2 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʯʘʩʠ ʞʠʪʪʷ PL ʜʣʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ - PCBM (ʦʩʘʜʽʚ) 

ʽ ʤʝʣʘʥʽʥʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ. ʂʽʥʝʪʠʢʘ ʟʘʪʫʭʘʥʥʷ PL ʚ ʦʙʣʘʩʪʽ ʤʝʣʘʥʽʥʫ ʤʽʩʪʠʪ ɹ

ʰʚʠʜʢʽ ʪʘ ʧʦʚʽʣʴʥʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ. ɺʚʘʞʘʻʪʴʩʷ [2, 28], ʱʦ 

ʰʚʠʜʢʘ ʢʦʤʧʦʥʝʥʪʘ PL ʧʦʚôʷʟʘʥʘ ʟ ʤʦʥʦʤʝʨʥʠʤ ʩʚʽʯʝʥʥʷʤ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ, ʘ ʧʦʚʽʣʴʥʘ ï ʟ ʝʢʩʠʤʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʮʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. 

ɸʛʨʝʛʘʮʽʷ ʤʦʣʝʢʫʣ PCBM ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʤʝʣʘʥʽʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʛʘʩʽʥʥʷ ʝʢʩʠʤʝʨʥʦʾ PL ʤʝʣʘʥʽʥʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʝʢʩʠʤʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʯʠʩʪʦʛʦ ʤʝʣʘʥʽʥʫ ʧʦʚʽʣʴʥʘ ʩʢʣʘʜʦʚʘ ʝʤʽʩʽʾ (ɚPL = 500 ʥʤ) 

ʩʪʘʥʦʚʠʪʴ 4517 ʧʩ, ʘ ʧʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʟ PCBM ʮʷ ʢʦʤʧʦʥʝʥʪʘ ʯʘʩʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ 4013 ʧʩ (ʪʘʙʣ. 6.2). 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʯʘʩʠ ʞʠʪʪʷ PL ʯʠʩʪʠʭ ʤʦʣʝʢʫʣ PCBM (ʉ = 5Ŀ10-5 

wt%, ɚex = 405 ʥʤ) ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. ɿʥʘʯʝʥʥʷ ʯʘʩʽʚ ʞʠʪʪʷ 

ʩʪʘʥʦʚʣʷʪʴ 1170 ʧʩ (ɚPL = 670 ʥʤ) ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ, 1607 ʧʩ (ɚPL = 700 ʥʤ) ʫ 

ʪʦʣʫʦʣʽ ʪʘ 1490 ʧʩ (ɚPL = 700 ʥʤ) ʫ ʪʚʝʨʜʽʡ ʤʘʪʨʠʮʽ ʟ ʧʦʣʽʩʪʠʨʦʣʫ. 

ʊʘʙʣʠʮʷ. 6.2 ʏʘʩʠ ʞʠʪʪʷ PL ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥ - PCBM (ʦʩʘʜ) ʽ ʤʝʣʘʥʽʥʫ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 296 K ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ PL, ɚex = 

405 ʥʤ. 

 ɚPL, 

ʥʤ 

Ű1 , ʧʩ % Ű2, ʧʩ % Ű3, ʧʩ % ʭ 2 

ʤʝʣʘʥʽʥ 

-ʈʉɺʄ 

500 145 4 1066 18 4013 78 1100 

720 1550      1,020 

750 1489      1,022 

ʤʝʣʘʥʽʥ 500 124 8 1057 25 4517 67 1,065 

 



 

ʈʠʩ. 6.9 ʉʧʝʢʪʨʠ PL ʧʣʽʚʢʠ ʤʝʣʘʥʽʥ - PCBM (1) ʪʘ ʦʩʘʜʫ ʤʝʣʘʥʽʥ ï PCBM (2) 

ʚ ʨʦʟʯʠʥʽ ʘʮʝʪʦʥʽʪʨʠʣʫ ʧʨʠ 4,2 ʂ, ɚex = 337,1 ʥʤ. 

 

ʅʘ ʨʠʩ. 6.9 ʧʦʢʘʟʘʥʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ (4,2 ʂ) ʩʧʝʢʪʨʠ PL ʦʩʘʜʫ 

ʤʝʣʘʥʽʥ - PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ (ʢʨʠʚʘ 2) ʪʘ ʧʣʽʚʢʠ ʤʝʣʘʥʽʥ - PCBM (1), 

ʦʪʨʠʤʘʥʦʾ ʟ ʮʴʦʛʦ ʦʩʘʜʫ. ɺʠʤʽʨʷʥʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʧʝʢʪʨʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ 

ʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʧʦʜʽʙʥʽ ʜʦ ʩʧʝʢʪʨʽʚ PL ʥʘʥʦʢʣʘʩʪʝʨʽʚ C60. ʉʧʝʢʪʨʠ PL ʪʘʢʦʞ 

ʤʘʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ PCBM. ʎʝ 

ʥʘʙʘʛʘʪʦ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʩʚʽʯʝʥʥʷ ʚʽʜ ʯʠʩʪʠʭ ʧʣʽʚʦʢ PCBM. ʄʘʢʩʠʤʫʤ 

ʩʤʫʛʠ ʮʴʦʛʦ ʩʚʽʯʝʥʥʷ ʧʨʠ 296 ʂ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ 737 ʥʤ (ʨʠʩ. 6.7). ʄʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʘ PL ʬʫʣʝʨʝʥʦʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʫʤʦʚʣʝʥʘ ʝʬʝʢʪʠʚʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʝʥʝʨʛʽʾ ʚʽʜ 

ʤʝʣʘʥʽʥʫ ʜʦ ʤʦʣʝʢʫʣ PCBM. ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 4,2 ʂ ʧʦʣʦʞʝʥʥʷ 

ʤʘʢʩʠʤʫʤʫ PL ʬʫʣʝʨʝʥʦʚʦʾ ʯʘʩʪʠʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʟʤʽʱʫʚʘʪʠʩʷ ʚ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ ʙʽʢ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʽ 

ʟʤʽʥʠ ʷʩʢʨʘʚʽʰʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʧʝʢʪʨʘʭ PL ʩʠʩʪʝʤ 

ʤʝʣʘʥʽʥ-PCBM (ʨʠʩ. 6.6). ʉʧʦʩʪʝʨʝʞʫʚʘʥʝ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʽʢʽʚ PL 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʬʫʣʝʨʝʥʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʾʭ ʟʩʫʚ ʜʦ ʤʝʥʰʠʭ 



ʜʦʚʞʠʥ ʭʚʠʣʴ ʤʦʞʥʘ ʧʦʚôʷʟʘʪʠ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʤ ʧʨʦʷʚʦʤ ʝʬʝʢʪʫ ʨʦʟʤʽʨʥʦʛʦ 

ʢʚʘʥʪʫʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ [257], ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚ ʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʘʭ. ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʧʦʚʝʜʽʥʢʫ ʘʛʨʝʛʘʮʽʾ ʤʝʣʘʥʽʫ ʟ PCBM, ʘ ʪʘʢʦʞ 

ʧʦʪʝʥʮʽʡʥʫ ʘʛʨʝʛʘʮʽʶ ʩʘʤʦʛʦ PCBM, ʙʫʣʠ ʚʠʚʯʝʥʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ 

ʩʧʝʢʪʨʠ PL C60 ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. 

 

6.3 ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʧʝʢʪʨʠ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ C60 

ʅʘ ʨʠʩ. 6.10 ʧʦʢʘʟʘʥʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ (T = 4,2 ʂ) ʩʧʝʢʪʨʠ PL 

ʨʦʟʯʠʥʽʚ C60 ʚ ʪʦʣʫʦʣʽ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʬʫʣʝʨʝʥʫ 5Ŀ10 -5 wt% (ʢʨʠʚʘ 

1) ʽ 10-3 wt% (ʢʨʠʚʘ 2). ʉʧʝʢʪʨʠ PL ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʧʝʨʧʦʟʠʮʽʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ (ʩʤʫʛʠ ʧʨʠ 668 ʽ 700 ʥʤ) ʪʘ ʘʛʨʝʛʦʚʘʥʦʾ (737, 

748 ʽ 820 ʥʤ) ʬʦʨʤ C60. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ C60 ʚ ʨʦʟʯʠʥʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ PL ʤʦʣʝʢʫʣʷʨʥʦʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʩʚʽʯʝʥʥʷ 

ʥʘʥʦʘʛʨʝʛʦʚʘʥʠʭ ʬʦʨʤ C60 ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ C60 

ʩʧʝʢʪʨ PL ʪʘʢʦʞ ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʝʢʫʣ ʉ60 ʫ ʪʦʣʫʦʣʽ ʥʘʥʦʘʛʨʝʛʘʪʠ ʫ 

ʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʦʟʤʽʨʘʭ. 

 



ʈʠʩ. 6.10 ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʧʝʢʪʨʠ PL C60 ʚ ʪʦʣʫʦʣʽ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ: 5Ŀ10-5 wt% (ʢʨʠʚʘ 1) ʽ 10-3 wt% (ʢʨʠʚʘ 2), ɚex = 337,1 ʥʤ, T = 4,2 

ʂ. 

 

ʋ ʩʧʝʢʪʨʽ PL (ʨʠʩʫʥʦʢ 6.10, ʢʨʠʚʘ 2) ʥʘʥʦʘʛʨʝʛʘʪʽʚ ʬʫʣʝʨʝʥʫ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʽʥʪʝʥʩʠʚʥʫ ʩʤʫʛʫ ʧʨʠ 748 ʥʤ ʪʘ ʾʾ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʫ ʚʽʙʨʦʥʥʫ ʧʦʭʽʜʥʫ 

ʧʨʠ 820 ʥʤ. ʉʧʝʢʪʨʠ PL ʧʣʽʚʢʠ ʬʫʣʣʝʨʝʥʫ, ʥʘʥʝʩʝʥʦʾ ʥʘ ʢʚʘʨʮʦʚʫ ʧʽʜʢʣʘʜʠʥʢʫ 

ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʦʣʫʦʣʫ, ʤʘʣʠ ʧʦʜʽʙʥʫ ʬʦʨʤʫ ʜʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʧʝʢʪʨʫ PL C60 ʫ ʪʦʣʫʦʣʽ ʧʨʠ 10
-3 wt% (ʨʠʩʫʥʦʢ 6.10, ʢʨʠʚʘ 2). ʏʘʩ ʞʠʪʪʷ PL 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʣʽʚʢʠ ʬʫʣʝʨʝʥʫ ʧʨʠ 4,2 ʂ ʩʪʘʥʦʚʠʪʴ 1,7 ʥʩ, ʪʦʙʪʦ ʷʢ ʯʘʩ ʞʠʪʪʷ 

ʚ ʥʘʥʦʘʛʨʝʛʦʚʘʥʦʾ ʬʦʨʤʠ C60 . ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʢʽʣʴʢʘ ʧʦʷʩʥʝʥʴ ʧʦʭʦʜʞʝʥʥʷ 

PL ʬʫʣʝʨʝʥʫ ʚ ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ. ɺʚʘʞʘʻʪʩʴʷ, ʱʦ PL ʚʠʥʠʢʘʻ ʥʘ ʜʝʬʝʢʪʘʭ 

(ʛʨʘʥʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ ʛʨʘʥʫʣ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʩʠʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʫ t1u-hu , ʱʦ ʟʘʙʦʨʦʥʝʥʦ ʧʘʨʥʽʩʪʶ ʚ ʜʠʧʦʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ [259]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ [260], PL ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʣʦʢʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ 

ʟʙʫʜʞʝʥʴ (ʝʢʩʠʪʦʥʥʦ-ʧʦʣʷʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ) ʥʘ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʽʡ ʩʬʝʨʠʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʬʫʣʝʨʝʥʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʦʞʥʘ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʤʝʭʘʥʽʟʤʫ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʯʝʨʝʟ ʩʘʤʦʟʘʭʦʧʣʝʥʽ ʝʢʩʠʪʦʥʠ ʌʨʝʥʢʝʣʷ ʥʘ 

ʢʣʘʩʪʝʨʽ C60. ʄʦʞʣʠʚʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʥʘʷʚʥʽʩʪʶ 

ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʠʭ p-ʟʚ'ʷʟʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʦʜʚʽʡʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ. ʅʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʩʪʦʨʦʥʽ ʚʽʜʥʦʩʥʦ ʩʤʫʛʠ 743 ʥʤ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʩʤʫʛʠ ʥʘ 704 ʥʤ ʽ 684 ʥʤ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʟʫʤʦʚʣʝʥʝ 

ʣʦʢʘʣʴʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʤʦʣʝʢʫʣ C60, ʘ ʪʘʢʦʞ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʥʥʽ 

ʩʪʘʥʠ ʤʦʣʝʢʫʣ C60 (X-ʧʘʩʪʢʠ) [260]. ʂʨʽʤ ʪʦʛʦ, ʥʘʰʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʝʢʩʠʪʦʥʠ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ, ʣʦʢʘʣʽʟʦʚʘʥʽ ʥʘ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣʘʭ, ʪʘʢʦʞ 

ʤʦʞʫʪʴ ʟʙʫʜʞʫʚʘʪʠʩʷ ʚ ʤʽʩʮʷʭ ʜʝʬʝʢʪʽʚ ʥʘʥʦʢʨʠʩʪʘʣʽʚ C60 [261]. 

 



ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 

ɼʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʠ PL PCBM, ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʭʣʦʨʦʬʦʨʤʽ, ʪʦʣʫʦʣʽ ʪʘ 

ʧʦʣʽʩʪʠʨʦʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 4,2, 77 ʪʘ 296 ʂ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ ʪʘ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ PL ʟ ʤʘʢʩʠʤʫʤʘʤʠ 

ʧʨʠ 670 ʽ 705 ʥʤ. ʉʧʦʩʪʝʨʝʞʫʚʘʥʘ ʩʤʫʛʘ PL ʧʨʠ 670 ʥʤ ʧʦʚôʷʟʘʥʘ ʟ 

ʥʝʡʪʨʘʣʴʥʦʶ ʬʦʨʤʦʶ PCBM, ʘ ʩʤʫʛʘ 705 ʥʤ ï ʟ ʽʦʥʥʦʶ ʬʦʨʤʦʶ ʤʦʣʝʢʫʣʠ. 

ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ PL ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ ʟʘ 

ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ PCBM ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ. 

ɺʠʷʚʣʝʥʦ ʝʬʝʢʪ ʧʦʩʠʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ PL PCBM ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ 

ʤʝʣʘʥʽʥʦʤ. ɽʬʝʢʪ ʦʙʫʤʦʚʣʝʥʠʡ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʝʥʝʨʛʽʾ 

ʟʙʫʜʞʝʥʥʷ ʚʽʜ ʤʝʣʘʥʽʥʫ ʜʦ ʤʦʣʝʢʫʣ PCBM, ʘʙʩʦʨʙʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ, ʟ ʥʘʩʪʫʧʥʦʶ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʶ ʨʝʢʦʤʙʽʥʘʮʽʻʶ ʥʘ 

ʥʠʭ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ PL ʤʦʣʝʢʫʣ PCBM ʤʝʣʘʥʽʥʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʧʝʢʪʨʽʚ PL ʨʦʟʯʠʥʽʚ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ 

ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥʽʚ PCBM ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʩʣʘʙʢʠʭ 

ʉʊ-ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ PCBM. ɿʦʢʨʝʤʘ, ʧʨʠʨʦʜʫ ʩʤʫʛʠ 

705 ʥʤ ʫ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʟ PCBM ʧʦʚôʷʟʘʥʘ ʟ ʫʪʚʦʨʝʥʥʷʤ CT ʢʦʤʧʣʝʢʩʽʚ 

ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʪʘ PCBM. ʂʨʽʤ ʪʦʛʦ, ʧʦʷʚʘ ʽʥʪʝʥʩʠʚʥʠʭ ʩʤʫʛ PL 

400ï430 ʥʤ ʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ ʤʝʣʘʥʽʥʫ ʟ PCBM ʪʘ ʛʘʩʽʥʥʷ 

ʝʢʩʠʤʝʨʥʦʾ ʩʤʫʛʠ ʤʝʣʘʥʽʥʫ ʧʨʠ 460ï480 ʥʤ ʧʦʚôʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʣʘʙʢʠʭ 

CT ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʦʥʦʤʝʨʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʦʣʽʛʦʤʝʨʫ ʤʝʣʘʥʽʥʫ ʽ PCBM. 

 

 

 

 

 

 



ɺʀʉʅʆɺʂʀ 

ʆʪʞʝ, ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʨʽʰʝʥʘ 

ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ  ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʩʘʤʧʝʨʝʜ ʬʦʪʦʣʶʤʽʥʽʩʮʝʥʮʽʾ, ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ 

ʧʨʠʨʦʜʥʦʛʦ ʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʱʦ ʾʭ 

ʟʫʤʦʚʣʶʶʪʴ, ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʤʫʛ PL ʪʘ ʯʘʩʽʚ 

ʞʠʪʪʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʝ ʩʚʽʯʝʥʥʷ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ 

ʨʘʤʢʘʭ ʮʽʣʴʦʚʦʾ ʥʘʫʢʦʚʦʾ ʪʝʤʠ ʅɸʅ ʋʢʨʘʾʥʠ "ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʚʠʤʽʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʨʠʩʪʘʣʽʚ". 

ɺʠʩʥʦʚʢʠ, ʱʦ ʫʟʘʛʘʣʴʥʶʶʪʴ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʦʣʷʛʘʶʪʴ 

ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʙʝʟʩʪʨʫʢʪʫʨʥʦʶ ʢʨʠʚʦʶ ʫ ʚʠʛʣʷʜʽ ʝʢʩʧʦʥʝʥʪʠ ʷʢʘ 

ʧʣʘʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ UV ʜʦ IR ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ, ʚʠʟʥʘʯʝʥʦ 

ʦʧʪʠʯʥʫ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘ ʨʽʚʥʽ 1.5 ʝɺ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ 

ʽ 1.35 ʝɺ ʜʣʷ ʩʠʥʪʝʪʠʯʥʦʛʦ ʤʝʣʘʥʽʥʫ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʤʝʣʘʥʽʥʫ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ. ʏʠʤ ʜʦʚʰʘ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ, ʪʠʤ ʙʽʣʴʰʦʶ ʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʜʣʷ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ PL. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʚʥʫʪʨʽʰʥʴʦʜʠʩʢʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʧʨʷʞʝʥʥʷ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ PL ʩʠʥʪʝʪʠʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʽʚ ʻ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʨʠʩʠ ï ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣ ̔

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚ ʜʠʥʘʤʽʮʽ ʟʘʪʫʭʘʥʥʷ PL ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ (ʩʤʫʛʠ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 600 ʽ 680). ʂʽʥʝʪʠʯʥʽ ʢʨʠʚʽ 

ʟʘʪʫʭʘʥʥʷ PL ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʜʚʦʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʟ 

ʯʘʩʘʤʠ ʞʠʪʪʷ PL ʫ ʧʽʢʦʩʝʢʫʥʜʥʦʤʫ ʪʘ ʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʩʭʦʞʽ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 



ʩʢʣʘʜʦʤ ̔  ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʮʝʥʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʠʭ 

ʩʤʫʛ ʚʩʝʨʝʜʠʥʽ ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʝʣʘʥʽʥʫ. ɺʽʜʤʽʥʥʦʩʪʽ ʚ 

ʩʧʝʢʪʨʘʭ PL ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʝʣʘʥʽʥʽʚ ʟʫʤʦʚʣʝʥʽ, ʟʦʢʨʝʤʘ, ʾʭ ʨʽʟʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ. 

3. ɿʘ ʜʦʧʦʤʦʛʦʶ PL ʤʝʣʘʥʽʥʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ ʤʝʣʘʥʽʥʫ ʤʦʞʣʠʚʽ ʷʢ ʧʝʨʝʜʜʠʤʝʨʥʽ, 

ʪʘʢ ʽ ʜʠʤʝʨʥʽ ʩʪʘʥʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʝʢʦʚʦʾ ʫʧʘʢʦʚʢʠ ʭʨʦʤʦʬʦʨʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʤʦʥʦʤʝʨʥʝ, ʝʢʩʠʤʝʨʥʝ 

(ʝʢʩʠʧʣʝʢʩʥʝ) ʪʘ ʜʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʩʧʝʢʪʨʘʭ PL. ɼʝʷʢʽ 

ʩʤʫʛʠ ʩʧʝʢʪʨʽʚ PL ʤʝʣʘʥʽʥʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʧʦʚʦʜʷʪʴʩʷ ʷʢ ʝʢʩʠʤʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʫʜʥʦʱʽʚ ʟʙʣʠʞʝʥʥʷ 

ʤʦʣʝʢʫʣ ʱʦ ʫʪʚʦʨʶʶʪʴ ʝʢʩʠʤʝʨ, ʟʥʠʢʘʻ ʝʢʩʠʤʝʨʥʘ PL, ʧʦʚôʷʟʘʥʘ ʟ 

ʧʝʨʝʜʜʠʤʝʨʥʠʤʠ ʩʪʘʥʘʤʠ (ʩʤʫʛʠ PL ʧʨʠ 600 ʽ 680 ʥʤ), ʘ ʟ 

ʜʠʤʝʨʥʠʭ - ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʤʘʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ ʞʠʪʪʷ. ʊʘʢʦʞ, ʫ 

ʩʧʝʢʪʨʘʭ PL ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʣʘʥʽʥʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʩʤʫʛʫ 525 ʥʤ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʟʥʠʢʘʻ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (4,2 ʂ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʫ ʪʘ ʩʠʣʴʥʦʶ ʣʦʢʘʣʽʟʘʮʽʻʶ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʜʚʦʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʘʭ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʘʛʨʝʛʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʘʥʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʤʝʣʘʥʽʥʫ ʟ 

ʘʥʽʦʥʥʦʶ ʇɸʈ SDBS ʪʘ ʢʘʪʽʦʥʥʠʤ ʧʦʣʽʤʝʪʠʥʦʚʠʤ ʙʘʨʚʥʠʢʦʤ 

ʘʩʪʨʘʬʣʦʢʩʠʥʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʘʥʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʟʘʨʷʜʫ (ʉʊ- ʩʪʘʥʽʚ). ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʪʫʭʘʥʥʷ ʝʢʩʠʤʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʯʝʥʥʷ ʚʽʣʴʥʠʭ 

ʝʢʩʠʪʦʥʽʚ ʫ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʤʝʣʘʥʽʥʫ. ʉʊ ʝʢʩʠʪʦʥʠ (ʉʊɽ) 

ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʢ ʧʨʠ ʢʽʤʥʘʪʥʽʡ, ʪʘʢ ʽ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʤʫʛʠ ʧʨʠ 600 ʽ 680 ʥʤ). ʊʘʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 



ʚʠʥʠʢʘʻ ʚ ʙʘʟʦʚʠʭ ʘʛʨʝʛʘʪʘʭ, ʢʦʣʠ ʩʫʩʽʜʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʥʦʜʠʩʢʠ 

ʙʣʠʟʴʢʽ ʜʦ ʚʽʜʩʪʘʥʽ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʽ ʫʪʚʦʨʶʶʪʴ ʜʠʤʝʨʥʽ 

ʢʣʘʩʪʝʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʣʘʥʽʥ ʥʘʣʝʞʠʪʴ ʜʦ  ʢʣʘʩʫ 

CT ʢʨʠʩʪʘʣʽʚ. ɺʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 50ï180 ʧʩ ʚ 

ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢ EF, ʪʘʢ ʽ ʉʊɽ ʤʦʞʫʪʴ 

ʙʝʟʙʘʨ'ʻʨʥʦ ʘʚʪʦʣʦʢʘʣʽʟʫʚʘʪʠʩʷ, ʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʚʽʯʝʥʥʷ 

ʚʽʣʴʥʠʭ ʝʢʩʠʪʦʥʽʚ. 

5. ɼʣʷ ʙʽʦʧʦʣʽʤʝʨʫ ʤʝʣʘʥʽʥʫ ʭʘʨʘʢʪʝʨʥʘ ʥʘʥʦʢʣʘʩʪʝʨʥʘ ʤʦʜʝʣʴ, ʚ 

ʷʢʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʟʙʫʜʞʝʥʥʷ ʯʝʨʝʟ ʝʢʩʠʪʦʥʠ 

ʌʨʥʝʢʝʣʷ (EF) ʪʘ ʉʊ ʝʢʩʠʪʦʥʠ (ʉʊɽ), ʱʦ ʢʦʨʝʣʶʻ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʽ ʨʦʟʰʠʨʶʻ ʾʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʣʘʥʽʥʫ, ʷʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ PL ʤʝʣʘʥʽʥʫ ʧʽʜ ʯʘʩ 

ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ EF (390-

500 ʥʤ) ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʭʨʦʤʦʬʦʨʽʚ ʤʝʣʘʥʽʥʫ ʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʩʧʨʷʞʝʥʥʷ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʠʩʢ ʪʘ ʉʊɽ, 

ʜʝʣʦʢʘʣʽʟʦʚʘʥʠʭ ʚʩʝʨʝʜʠʥʽ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʠʩʢʽʚ. 

ʈʽʚʥʽ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʉʊ-ʧʝʨʝʭʦʜʘʤ, ʟʤʽʱʝʥʽ ʫ ʙʽʢ ʤʝʥʰʠʭ 

ʝʥʝʨʛʽʡ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ, ʥʽʞ ʩʪʘʥʠ 

ʤʦʣʝʢʫʣʷʨʥʠʭ EF. ɰʭ ʝʥʝʨʛʝʪʠʯʥʘ ʙʣʠʟʴʢʽʩʪʴ ʜʦ EF ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʧʦʟʠʯʝʥʥʷ ʩʠʣʠ ʦʩʮʠʣʷʪʦʨʘ ʚʽʜ EF ʪʘ ʧʦʩʠʣʝʥʥʷ ʉʊɽ ʧʝʨʝʭʦʜʽʚ. 

6. ʅʘ ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʤʝʣʘʥʽʥʫ ʟ 

ʘʢʮʝʧʪʦʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ TNF ʪʘ PCBM ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʨʦʜʫ ʩʤʫʛ 

ʤʠʪʪʝʚʠʭ ʩʧʝʢʪʨʽʚ PL ʪʘ ʯʘʩʠ ʞʠʪʪʷ ʨʽʟʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ 

ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʮʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʦʢʨʝʤʠʭ ʡʦʛʦ 

ʢʦʤʧʦʥʝʥʪ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ  ʧʨʦ  ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʉʊ ʢʦʤʧʣʝʢʩʽʚ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʤʝʣʘʥʽʥʫ ʟ TNF ʽ PCBM.  

ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ PL ʤʦʣʝʢʫʣ PCBM ʤʝʣʘʥʽʥʦʤ 



ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ PCBM ʥʘ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ.  

7. ɼʣ ̫ʤʝʣʘʥʽʥʫ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʨʠʪʦ 

ʧʝʨʝʩʧʝʢʪʠʚʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ ʙʽʦ- 

ʝʣʝʢʪʨʦʥʽʢʠ, ʟʙʝʨʝʞʝʥʥ ̫̔  ʛʝʥʝʨʘʮʽʾ ʝʥʨʝʛʽʾ, ʩʝʥʩʦʨʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʜʣʷ ʩʝʥʩʠʙʽʣʽʟʘʮʽʾ PL ʩʝʥʩʦʨʽʚ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʢʨʠʚʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʪʘʢʠʤ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ 

ʤʝʣʘʥʽʥʫ ʷʢ: ʭʽʤʽʯʥʝ ʪʘ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʰʠʨʦʢʦʩʤʫʛʦʚʝ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ, ʟʚʷʟʫʚʘʥʥʷ ʚʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ, ʤʝʪʘʣʽʚ ʪʘ ʣʽʢʽʚ, ʩʠʣʴʥʘ ʥʝʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʨʝʣʘʢʩʘʮʽʷ 

ʬʦʪʦʟʙʫʜʞʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ, ʛʽʙʨʠʜʥʘ ʝʣʝʢʪʨʦʥʥʦ-ʽʦʥʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʾʾ ʛ̔ ʜʨʘʪʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ. 
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