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ɸʥʦʪʘʮʽʷ 

ɹʘʨʘʙʘʰ ʄ.ʖ. ʈʦʟʨʦʙʢʘ ʦʩʥʦʚ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʤʧʣʘʪʽʚ ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.16.01 ï çʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʪʝʨʤiʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣiʚè - 

(13 ï ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ). - ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ", ʂʠʾʚ, 

2020. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʝʥʩʦʨʠʢʠ, ʬʦʪʦʥʽʢʠ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʙʽʦʤʝʜʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. 

ɺʢʘʟʘʥʫ ʧʨʦʙʣʝʤʫ ʚʠʨʽʰʝʥʦ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʢʣʘʜʠʥʦʢ ʜʣʷ 

ʦʧʪʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʝʬʝʢʪ ʷʢʦʾ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʩʫʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʩʠʛʥʘʣʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʜʠʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʦʜʝʨʞʘʥʦʛʦ ʜʣʷ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʘʥʘʣʽʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʷʢ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʬʽʟʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʪʘʢ ʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʫʯʘʩʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʪʘ 

ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʥʘʨʦʙʦʢ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ 

ʥʘ ʦʩʥʦʚʽ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʟ ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ. ʆʪʨʠʤʘʥʽ 

ʢʦʤʧʦʟʠʮʽʾ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʜʦʟʚʦʣʷʶʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ ʦʙôʻʢʪʽʚ, ʪʝʭʥʦʣʦʛʽʷ 
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ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʥʦʚʠʤʽʨʥʠʭ ʘʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ ʚʫʛʣʝʮʝʚʠʭ, ʤʝʪʘʣʝʚʠʭ, ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ 

ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ɸʄʅ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ ʩʭʝʤʠ ʝʣʝʢʪʨʦʬʦʪʦʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʦʧʦʣʦʛʽʾ ʪʝʤʧʣʘʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. ɺ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʘʭ ʜʞʝʨʝʣʦʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʻ 

ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ (ʧʨʠ ʦʜʥʦʨʽʜʥʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʛʫʩʪʠʥʽ ʟʘʨʷʜʫ), ʘʙʦ ʧʨʠ 

ʛʣʘʜʢʽʡ ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʴʦʚʘʥʘ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ, ʘʙʦ 

ʤʦʜʫʣʴʦʚʘʥʠʡ ʦʙôʻʤʥʠʡ ʟʘʨʷʜ. ʆʩʪʘʥʥʽʡ ʪʠʧ ʪʝʤʧʣʘʪʫ ʻ ʝʣʝʢʪʨʝʪʥʠʤ.  

ʈʝʣʴʻʬʥʘ ʪʘ ʧʦʣʴʦʚʘ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʬʦʨʤʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. 

ʈʦʟʤʽʨ ʪʝʤʧʣʘʪʫ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʢʚʘʜʨʘʪʥʠʭ ʩʘʥʪʠʤʝʪʨʽʚ. ʅʘ ʧʦʚʝʨʭʥʶ 

ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʤʦʞʣʠʚʝ ʦʩʘʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʘʢʫʫʤʽ ʽʟ ʛʘʟʦʚʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ. ʊʦʚʱʠʥʘ ʰʘʨʫ 

ʨʝʯʦʚʠʥʠ, ʩʘʤʦʟʙʠʨʘʥʥʷ ʷʢʦʛʦ ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʟʘʨʷʜʘʤʠ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʘʤʠ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʩʢʣʘʜʘʻ ʚʽʜ ʢʽʣʴʢʘʩʦʪ ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʜʽʝʣʝʢʪʨʠʢʽʚ 

ʜʦ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʤʝʪʘʣʽʚ.  

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʢʣʘʜʦʢ ʜʣʷ ʦʧʪʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʝʬʝʢʪ ʷʢʦʾ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʩʫʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʩʠʛʥʘʣʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʜʠʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʜʝʨʞʘʥʦʛʦ ʜʣʷ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʘʥʘʣʽʪʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʢʝʨʦʚʘʥʠʡ ʪʝʤʧʣʘʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʨʦʟʦʨʦʾ ʧʽʜʢʣʘʜʢʠ (d=3 ʤʤ, 40³40 ʤʤ) ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (ɸʄʅ-ʇɺʂ, d=1 ʤʢʤ) ʪʘ ʤʝʪʘʣʝʚʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʘ (d< 100 

ʥʤ). ɺʠʟʥʘʯʝʥʽ ʤʝʭʘʥʽʟʤʠ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʣʴʻʬʥʘ ʪʘ ʧʦʣʴʦʚʘ ʪʦʧʦʣʦʛʽʷ ʪʝʤʧʣʘʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʦʚʦʛʦ ʧʦʣʷ. ʉʪʚʦʨʝʥʥʷ ʚ ʦʙôʻʤʽ ɸʄʅ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʷʨʠʟʘʮʽʾ ɸʄʅ ʧʨʠ ʾʾ 
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ʥʘʛʨʽʚʘʥʥʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʨʷʜʽʚ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʩʝʣʝʢʪʠʚʥʝ ʦʩʘʜʞʝʥʥʷ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ɸʄʅ. ʉʪʚʦʨʝʥʠʡ ʝʣʝʢʪʨʝʪʥʠʡ 

ʪʝʤʧʣʘʪ ʟ ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʧʝʨʽʦʜ 1-10 ʤʢʤ, ʨʝʣʴʻʬ 3,5-300 ʥʤ) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙôʻʤʥʠʤ ʟʘʨʷʜʦʤ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ~20 ʄɺ/ʤ. 

ʇʨʦʩʪʦʨʦʚʘ ʟʜʘʪʥʽʩʪʴ ʪʝʤʧʣʘʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʙô̒ ʤʥʦʛʦ ʟʘʨʷʜʫ 

ɸʄʅ ʽ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 30 ʥʤ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʘʛʨʝʛʘʪʫ ʟʦʣʦʪʘ ʧʨʠ ʥʘʧʠʣʝʥʽ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʘʛʨʝʛʘʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 3-5 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʨʦʟʤʽʨʦʤ 6-8 ʥʤ ʫ ʤʘʪʨʠʮʽ ʇɺʂ. ʄʘʢʩʠʤʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʪʝʤʧʘʣʪʘ ʦʙʤʝʞʫʻʪʴʩʷ ʟʘʨʦʜʢʦʤ ʟʦʣʦʪʘ 1,6 ʥʤ. 

ʄʦʜʝʨʥʽʟʦʚʘʥʦ ʪʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦ ʚʘʢʫʫʤʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʪ 

ɺʋʇ-5ʄ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (Delphi 7) ʢʝʨʦʚʘʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʦʨʦʰʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʪʘ ɸʄʅ ʧʣʽʚʦʢ. ʈʦʟʨʦʙʣʝʥʦ 

ʨʝʻʩʪʨʘʮʽʶ ʥʘ ʇʂ ʧʘʨʘʤʝʪʨʽʚ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʚʱʠʥʠ, ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʟ ʚʽʜʪʚʦʨʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

ʄʝʭʘʥʽʟʤʦʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʟʦʣʦʪʘ-ʇɺʂ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ ʻ ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʞʝʥʠʭ ʘʙʦ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ ʪʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚ 

ʫʧʦʨʷʜʢʦʚʘʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ɽ=20 ʄɺ/ʤ. ʊʨʘʥʩʧʦʨʪ ʧʘʨʠ ʘʪʦʤʽʚ 

ʦʩʘʜʫ ʫ ʣʦʢʘʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ɸʄʅ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʫ ʘʪʦʤʽʚ ʦʩʘʜʫ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʷʢʽ ʚʪʷʛʫʶʪʴ 

ʘʪʦʤʠ ʪʘ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚ ʦʙʣʘʩʪʽ ʛʨʘʜʽʻʥʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʝʤʧʣʘʪʫ ʧʽʜ 

ʯʘʩ ʥʘʧʠʣʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʪʨʘʥʩʧʦʨʪ ʘʪʦʤʽʚ ʦʩʘʜʫ ʜʦ ʦʙʣʘʩʪʝʡ 

ʧʦʚʝʨʭʥʽ, ʜʝ ʣʦʢʘʣʽʟʦʚʘʥʦ ʟʘʨʷʜ, ʫ ʷʢʠʭ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʚʠʱʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʽʟ ʧʘʨʠ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʽ ʘʪʦʤʠ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʩʢʣʘʜʘʶʪʴ ʩʫʪʪʻʚʫ 

ʜʦʣʶ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʥʦʢʣʘʩʪʝʨ ʟʦʣʦʪʘ 

ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ɸʄʅ ʽ ʫʪʚʦʨʝʥʥʷ ʩʢʫʧʯʝʥʴ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʘʛʨʝʛʘʮʽʷ). ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʽʦʥʽʚ, ʱʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʫ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʦʣʽʤʝʨʥʽʡ 

ʤʘʪʨʠʮʽ. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʧʨʠ 

ʥʘʧʠʣʝʥʥʽ ʟʦʣʦʪʘ ʥʘ ɸʄʅ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʥʘ ʩʪʘʜʽʾ ʟʨʦʩʪʘʥʥʷ ʟʘʨʦʜʢʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ɸʄʅ, ʪʘʢ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʧʦʨʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 

ʪʝʤʧʣʘʪʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʣʝʢʪʠʚʥʝ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʽʩʪ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ɸʄʅ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰ 10 ʥʤ.  

ʈʦʟʨʦʙʣʝʥʦ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʝʥʩʦʨʽʢʠ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ 

ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʥʘ ʤʽʜʽ, ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʜʚʽʡʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ. 

ʉʪʚʦʨʝʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʟ ʤʽʜʥʠʤ ʧʽʜʰʘʨʦʤ ʥʘ ʩʢʣʷʥʽʡ 

ʧʽʜʢʣʘʜʮʽ, ʷʢʽ ʤʘʶʪʴ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʽ ʝʬʝʢʪʠ. ɼʦʩʣʽʜʞʝʥʦ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʫ ʽ ʤʦʨʬʦʣʦʛʽʶ ʪʘʢʠʭ ʧʣʽʚʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʢʦʤʙʽʥʘʮʽʡʥʦʾ ʪʘ ʘʜʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ͍͙͙͎͒ͣͦͦ ͒͊ͨ͊ͦͤͯ͘͜. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʢʠ, ʷʢ 

ʘʤʦʨʬʥʦʧʦʜʽʙʥʫ.  

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. ʆʧʪʠʯʥʽ ʨʝʟʦʥʘʥʩʠ ʧʣʽʚʦʢ, 

ʷʢʽ ʦʩʘʜʞʝʥʥʽ ʥʘ ʩʢʣʦ, ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. ɿʨʘʟʦʢ ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʘʤʧʣʽʪʫʜʦʶ ʩʠʛʥʘʣʫ ʂʈ ʚʦʣʦʜʽʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ ʫ ʷʢʠʭ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʣʘʟʤʦʥʥʠʡ ʝʬʝʢʪ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ 

ʂʈ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʦʪʦʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʥʝ ʪʝʧʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʢʦʣʴʦʨʫ, ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʦʶ ʝʢʩʧʦʟʠʮʽʡʥʦʾ 

ʧʣʷʤʠ. ɺʢʘʟʘʥʠʡ ʝʬʝʢʪ ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʦʢ ʪʘ 

ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʨʦʷʚʦʤ ʙʘʛʘʪʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ 
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ʨʝʟʦʥʘʥʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʽʚʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʦʚʦʛʦ ʧʦʣʷ ʂʈ. 

ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ
 
ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʉʪʚʦʨʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʧʣʘʟʤʦʥʥʦʛʦ ʥʘʥʦʤʘʪʝʨʽʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ ʤʽʜʽ, ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʟ ʰʘʨʦʤ ʤʝʪʘʣʦʬʪʘʣʦʮʽʘʥʽʥʫ 

(Cu:a-ʉ:Fʝʈʩ). ʇʦʢʘʟʘʥʦ, ʱʦ ʧʣʘʟʤʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʠʭ (d~10 ʥʤ) 

ʧʣʽʚʦʢ ʤʽʜʽ, ʘʤʦʨʬʥʦʾ ʤʘʪʨʠʮʽ (a-ʉ) ʪʘ ʥʘʥʦʢʣʘʩʪʝʨʽʚ FePc ʫ ʷʢʦʩʪʽ ʘʥʘʣʽʪʫ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʝʩʷʪʠʢʨʘʪʥʠʤ ʧʦʩʠʣʝʥʥʷʤ ʩʧʝʢʪʨʫ ʂʈ ʠ ʰʠʨʦʢʦʶ 

ʩʤʫʛʦʶ ʩʧʝʢʪʨʫ ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ 300 ʥʤ ʜʦ 560 ʥʤ. ʇʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʣʘʟʤʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ ʨʘʟʦʤ ʟ ʩʧʝʢʪʨʘʤʠ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ. ɺʧʣʠʚ ʩʚʽʪʣʘ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ ʪʘ ʩʤʫʛʦʶ 

ʨʝʟʦʥʘʥʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʪʫ. ʆʪʨʠʤʘʥʽ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʥʘʧʨʘʚʣʝʥʦʤʫ ʧʦʣʽʧʰʝʥʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʩʠʣʝʥʦʾ ʧʦʚʝʨʭʥʝʶ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (surface-enhanced Raman 

spectroscopy, SERS). 

ʉʪʚʦʨʝʥʦ ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʬʽʢʩʘʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʝʥʥʷ ʪʝʤʧʣʘʪʫ ʥʘ ʇʂ. 

ɸʜʘʧʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʤ ʟʤʽʥʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʫ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. ʉʪʚʦʨʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʮʠʬʨʦʚʦʾ, 

ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʪʘ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ 

ʟʨʘʟʢʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ, ʷʢ ʚʝʣʠʯʠʥʘ 

ʜʠʩʧʝʨʩʽʾ ʡʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ, ʷʢʠʡ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʦʙôʻʤ ʨʦʙʦʪʠ ʧʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʛʦʣʦʛʨʘʤ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ɸʄʅ-ʟʦʣʦʪʦ. ʗʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʫʪʚʦʨʝʥʥʽ 

ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʚ ɸʄʅ, ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʟʦʣʦʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʜʦ ʟʘʜʘʥʦʾ ʪʦʧʦʣʦʛʽʾ ʩʚʽʪʦʚʦʛʦ ʧʦʣʷ ʪʝʤʧʣʘʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʨʦʜʢʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. 
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ɺʠʟʥʘʯʝʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʤʦʞʫʪʴ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʧʦ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ, ʨʦʟʤôʷʢʰʫʶʯʠ ʾʾ, ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 30 

ʥʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʛʫʣʶʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ɸʄʅ ʚʤʽʩʪ ʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʜʦʤʽʰʦʢ, ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʟʦʣʦʪʠʭ ʢʣʘʩʪʝʨʽʚ ʪʘ ʾʭ ʘʛʨʝʛʘʪʽʚ ʚ ʟʨʘʟʢʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʪʦʥʢʠʭ 

ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. ʆʧʪʠʯʥʽ ʨʝʟʦʥʘʥʩʠ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ 

ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʯʦʛʦ 

ʩʚʽʪʣʘ. ʉʝʨʝʜ ʟʨʘʟʢʽʚ ʟ ʙʣʠʟʴʢʠʤ ʨʽʚʥʝʤ ʧʦʛʣʠʥʘʥʥʷ, ʟʨʘʟʦʢ ʟ ʥʘʡʙʽʣʴʰʦʶ 

ʘʤʧʣʽʪʫʜʦʶ ʩʠʛʥʘʣʫ ʂʈ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʧʣʽʚʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʟʙʫʜʞʫʶʯʦʛʦ 

ʩʚʽʪʣʘ ʟʤʽʥʶʶʪʴ ʢʦʣʽʨ ʪʘ ʩʧʝʢʪʨ ʂʈ. 

ʉʪʚʦʨʝʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʟ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʦʩʥʦʚʽ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʟ ʤʽʜʥʠʤ ʧʽʜʰʘʨʦʤ ʥʘ ʩʢʣʷʥʽʡ 

ʧʽʜʢʣʘʜʮʽ, ʷʢʽ ʤʘʶʪʴ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʽ ʝʬʝʢʪʠ. ɼʦʩʣʽʜʞʝʥʦ ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʫ ʽ ʤʦʨʬʦʣʦʛʽʶ ʪʦʥʢʠʭ ʧʣʽʚʦʢ (ʘ-ʉ), (ʘ-ʉ:ʉu) ʥʘ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʪʘ ʥʘ ʤʽʜʥʦʤʫ ʧʽʜʰʘʨʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʢʦʤʙʽʥʘʮʽʡʥʦʾ ʪʘ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʢʠ, ʷʢ ʘʤʦʨʬʥʦʧʦʜʽʙʥʫ. ʈʦʟʨʦʙʣʝʥʦ 

ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ 

ʟʤʽʥʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ 

ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʤʦʜʫʣʷ ʇʂ.  

ʈʦʟʨʦʙʣʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʦʾ ʩʧʝʢʣ-

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʫ ʟʨʘʟʢʽʚ. ɺʠʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʷʢ ʚʝʣʠʯʠʥʘ 

ʜʠʩʧʝʨʩʽʾ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʫ ʟʨʘʟʢʘ. 

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʡʥʫ ʩʠʩʪʝʤʫ ʫ ʩʢʣʘʜʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 
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ʤʝʪʘʣʫ ʪʘ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʬʘʟʽ. ɼʘʥʽ ʦʙôʻʢʪʠ, ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦʶ 

ʪʦʧʦʣʦʛʽʻʶ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʝʥʩʦʨʠʢʠ, 

ʦʧʪʦʣʝʢʪʨʦʥʽʢʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʮʽ ʪʦʱʦ. ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʦʞ 

ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʾʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʽʚ. ʊʘʢʽ ʧʣʽʚʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʽʢʨʦ ï ʪʘ 

ʥʘʥʦʝʣʝʢʪʨʦʥʠʮʽ, ʟʦʢʨʝʤʘ ʫ ʤʝʪʦʜʠʮʽ ʧʦʩʠʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʂʈ (SERS), ʷʢʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʢʨʝʤʽ ʤʦʣʝʢʫʣʠ ʪʘ ʥʘʥʦʯʘʩʪʠʥʢʠ. ʂʨʽʤ ʪʦʛʦ, 

ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʙʽʦ ï ʪʘ ʤʝʜʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ, ʬʦʪʦʥʠʮʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʬʘʟʦʫʪʚʦʨʝʥʥʷ, ʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ, 

ʥʘʥʦʢʦʤʧʦʟʠʪ, ʥʘʥʦʢʣʘʩʪʝʨʠ, ʝʣʝʢʪʨʝʪʥʠʡ ʪʝʤʧʣʘʪ, ʪʦʥʢʘ ʧʣʽʚʢʘ, ʘʤʦʨʬʥʠʡ 

ʚʫʛʣʝʮʴ, ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ, ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʧʣʘʟʤʦʥʥʠʡ ʨʝʟʦʥʘʥʩ. 
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This dissertation is devoted to the solution of an important scientific and 

technical problem - the development and fabrication of plasmon resonance 

platforms for sensorics, photonics, optoelectronics and biomedical applications. 

The problem is solved by developing a technology for the manufacture of 

nanostructured metal-dielectric substrates for optical sensors; the effect of this 

technology is manifested in a significant signal amplification in the studies of 
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visible absorption and Raman scattering in the analytes adsorbed on the surface 

of nanostructures. 

The study of this problem is necessary and important both for solving a 

number of fundamental and applied problems in the physical materials science, 

and for further practical application of the obtained results in the modern 

nanotechnologies. The generalization and critical analysis of these developments 

contribute to the development of technology for obtaining nanostructures in 

order to optimize and predict their properties. 

A new approach to the technology of manufacturing templates based on 

the localized bulk charge of a dielectric layer, including vacuum coating of 

metal thin films, is proposed. The obtained compositions with a given topology 

of bulk charge allow to affect the optical and electrical properties of these 

objects, the technology of formation of which consists in creating nanosized 

active structures based on thin layers of carbon, metal, metal-dielectric or 

amorphous molecular semiconductors (AMS) by means of multibeam 

electrophotophysical process. The template topology is programmed by the light 

field intensity. In electrostatic templates, the source of the inhomogeneous 

electric field is the surface relief (at a uniform surface charge density); for 

smooth surfaces the inhomogeneity is initiated due to the modulated surface 

charge density or modulated bulk charge. The templates of the latter type are 

electrets. 

The relief and field topologies of the template surface are formed during 

the electrophotographic process by exposure to light field. The template size is a 

few square centimeters. A wide range of organic and inorganic compounds can 

be deposited on the surface of the electret template in vacuum from gas or liquid 

phases. The thickness of the substance layer, self-assembly of which is 

effectively controlled by electrostatic charges near the template surface, is 

determined by shielding conditions and ranges from several hundred nanometers 

for dielectrics to tens of nanometers for metals. 
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A technology of manufacturing nanostructured metal-dielectric substrates 

for optical sensors is developed, the effect of which is manifested in a significant 

signal amplification in the studies of visible absorption and Raman scattering in 

the analytes adsorbed on the surface of nanostructures. 

A composite controlled template comprised of a transparent substrate (d = 

3 mm, 40³40 mm), amorphous molecular semiconductor (AMS-PVK, d = 1 

ɛm), and metallic gold film (d< 100 nm) is developed. The mechanisms of its 

formation in the electrophotographic process are determined. It is shown that the 

relief and field topologies of the template are determined by the light field. The 

formation of electric charge in the AMS volume occurs as a result of 

polarization of the AMS under heating in the electric field of surface charges. 

Selective deposition of gold on the AMS surface is found out. The electret 

template with organized structure (period 1-10 ɛm, relief 3.5-300 nm) is 

characterized by bulk charge with an electric field of ~ 20 MW/m. The spatial 

capacity of the template depends on the volume charge of the AMS and is 

approximately 30 nm. It is determined by the average size of the gold aggregate 

during deposition. The average aggregate consists of 3-5 nanoclusters of 6-8 nm 

size in the PVK matrix. The maximum capability of the template is limited by 

the gold nucleus size of 1.6 nm. 

VUP-5M vacuum universal post was modernized and computerized. A 

software (Delphi 7) for controlling the process of thermal deposition of metal 

and AMS films is developed. The system for PC registration of film deposition 

parameters is developed. Real-time measurements of the temperature, thickness, 

optical density and electrical conductivity of films are proposed, which provides 

obtaining films with reproduced parameters. 

The mechanism of ordering in the gold-PVK system during thermal 

deposition in vacuum on the template surface involves the transport of charged 

or polarized nano-objects and the formation of phases on the surface in an 

ordered electric field of E = 20 MW/m. The transport of a pair of adatoms in a 

local electric field near the AMS surface is performed due to electrokinetic 
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effect. As a result, the adatoms acquire dipole moments which draw atoms and 

nanoparticles during deposition into the template areas with electric field 

gradient. This leads to the transport of adatoms to those areas of the surface 

where the charge is localized, and solid phase forms from the vapor there. 

It is shown that the adatoms of gold nuclei make up a significant fraction 

of the total number of atoms. It is determined that after the condensation from 

the vapor the gold nanoclusters are in liquid state, and their movement along the 

AMS surface and the formation of aggregates of nanoclusters (aggregation) 

occur. This process occurs under the action of the electrostatic field of ions 

localized in the dielectric polymer matrix. The influence of the electric field on 

the nucleation during deposition of gold on AMS is shown. This occurs both at 

the stage of growth of nuclei due to the transfer of atoms on the surface and in 

the solid phase of AMS, and as a result of the transport of components in the gas 

phase in the electric field of the template. As a result, there is a selective 

nucleation and growth of gold nanoparticles on the AMS surface with a size 

exceeding 10 nm. 

A platform for sensorics based on thin layers of amorphous carbon on 

copper is developed with the implementation of double amplification as a result 

of the effect of charge transfer and the local field increase. Thin films of 

amorphous carbon with copper sublayer on a glass substrate, which have 

plasmon-resonant effects, are fabricated. The composition, structure and 

morphology of these films are studied using the methods of Raman and 

adsorption spectroscopy in the visible range. It is found out that the obtained 

spectra characterize the structure of the film as amorphous one. 

A technique for identification and control of the properties of optical 

resonances of thin metallic films is developed. The optical resonances of the 

films deposited on glass are identified by comparing the absorption spectra and 

Raman spectra at different wavelengths of exciting light. The sample with the 

largest amplitude of the Raman signals had the maximum value of optical 
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resonances. This allows to diagnose the metallic films in which the plasmon 

effect is present. 

It is shown that photoinduced changes of non-thermal nature occur in the 

thin films of amorphous carbon under the action of light appropriate for Raman 

scattering, which are accompanied by changes in color, size and shape of the 

exposure spot. This effect is caused by change in the structure of the films and is 

associated with the manifestation of multiphoton absorption. It allows to control 

the resonant characteristics of the films using the light field of Raman scattering. 

This effect can be used for development and production of devices for 

information recording. 

A technology of obtaining plasmon nanomaterial based on thin layers of 

copper and amorphous carbon with a layer of metallophthalocyanine (Cu:a-

ʉ:Fʝʈʩ) is developed. It is shown that the plasmon properties of thin (d~10 nm) 

films of copper, amorphous matrix (a-C) and nanoclusters FePc as an analyte 

provide a tenfold increase in the Raman spectrum and a wide band of the 

absorption spectrum from 300 nm to 560 nm. The technique of visualization of 

plasmon properties in a metal-dielectric composite using photoluminescence of 

a glass substrate together with absorption and Raman spectra is demonstrated. 

The effect of light allows to control the magnitude and band of resonant 

properties of this composite. The obtained metallic films can be used for a 

targeted improvement of the surface-enhanced Raman spectroscopy (SERS). 

An adaptive system for recording optical information in real time with 

registering the parameters of template formation on a PC is developed. The 

adaptive properties of the system are provided by controlling the change in the 

surface potential of the amorphous molecular semiconductor during its heating. 

Computer software of digital, holographic and speckle interferometry for 

construction of a phase portrait of samples is developed. A criterion of quality of 

the surface of samples, i.e. the value of dispersion of its phase portrait, which 

essentially reduces the volume of work on the identification of holograms, is 

proposed. 
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For the first time, a mechanism for forming a cluster structure of a 

composite based on the AMS-gold system is proposed. This mechanism is 

manifested in the formation of volume charge in the AMS, selective deposition 

of gold in accordance with a given topology of template light field. It is 

determined that the nuclei formed on the surface of polymer matrix are in liquid 

state. It is found out that gold particles which remain in the liquid state can move 

along the polymer matrix, softening it, at a distance of up to 30 nm. It is 

demonstrated that by adjusting the volume and location of charged impurities by 

means of AMS volume charge, it is possible to control the location of gold 

clusters and their aggregates in the sample. 

A method for identifying optical resonances in thin metallic films is 

developed. Optical resonances are identified by comparing the absorption 

spectra and Raman spectra at different wavelengths of exciting light. Among the 

samples with close level of absorption, the sample with the highest amplitude of 

Raman signal had the maximum value of optical resonances. As a rule, these 

films change the color and Raman spectrum under the impact of exciting light. 

On the base of thin films of amorphous carbon with a copper sublayer on 

a glass substrate, nanomaterials with photo-induced structure, which have 

plasmon resonance effects, are developed. The composition, structure and 

morphology of thin films (a-C), (a-C:Cu) on a glass substrate and on a copper 

sublayer are studied, using the methods of Raman and adsorption spectroscopy. 

It is determined that the obtained spectra characterize the structure of the films 

as amorphous. An adaptive system for real-time registration of optical 

information by changing the surface potential of electric charge during heating 

of an amorphous molecular semiconductor is developed. The parameters of the 

registration process are visualized by the PC control module. 

Software for processing digital speckle interferometry and holographic 

interferometry for the construction of phase portrait of the samples is developed. 

Such criterion for surface quality as the value of dispersion of the sample phase 

portrait is determined. 
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 The practical significance of the obtained results is a developed technology 

for obtaining an electret template with high spatial capacity in the form of a 

composite system consisting of metal thin films and amorphous carbon in the 

crystalline phase. These objects due to their unique properties that can be controlled 

by the spatial topology of the optical field, are promising material for sensors, 

optoelectronics, computer technology, etc. The present work also presents the 

developing a method for identifying optical resonances of thin metal films on a 

dielectric substrate, which allows to determine them in real time without the use of 

analytes. Such films are widely used in micro - and nanoelectronics, particulary in 

the technique of Surface Enhanced Raman Spectroscopy (SERS), which allows to 

observe individual molecules and nanoparticles. In addition, they are used in the 

production of semiconductors, bio - and medical technologies, photonics. 

Key words: nucleation, phase formation, thermal sputtering, nanocomposite, 

nanoclusters, electret templates, amorphous carbon, thin film, electrophotographic 

method, Raman scattering, plasmon resonance. 
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ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2008. ʊ.6, ˉ 1. ʉ. 217-236. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʨʦʟʛʣʷʥʫʪʦ ʜʝʬʝʢʪʠ ʘʪʦʤʥʦʛʦ ʽ ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʽʚ ʙʫʜʦʚʠ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ 

ʪʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʥʘʧʨʫʞʝʥʴ ʧʝʨʰʦʛʦ i ʜʨʫʛʦʛʦ ʨʦʜʫ). (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

9. ɻʨʠʥʴʢʦ ɼ.ʆ. ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʪʝʤʧʣʘʪʥʦʶ ʤʝʪʦʜʦʶ / ɼ.ʆ.ɻʨʠʥʴʢʦ, ɽ.ʆ.ɸʥʜʨʝʝʚ, ʖ.ʄ.ɹʘʨʘʙʘʰ, 

ʄ.ɸ.ɿʘʙʦʣʦʪʥʠʡ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ɯ.ɽ.ʄʘʪʷʰ, ʃ.ʖ. ʂʫʥʠʮʴʢʘ //ɿʙʽʨʥʠʢ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2008, ʊ.6, 

ˉ 3. ʉ. 977-984. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ). (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

10. ɹʘʨʘʙʘʰ ʄ.ʖ. ʊʝʤʧʣʘʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʤʝʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ / ʄ.ʖ.ɹʘʨʘʙʘʰ //ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2009. ʊ. 7, ˉ 2. ʉ. 403-410. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʩʘʤʦʩʪʽʡʥʦ ʩʪʚʦʨʝʥʦ ʪʝʤʧʣʘʪ ʩʢʣʘʜʥʦʾ ʪʦʧʦʣʦʛʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʛʦʣʦʛʨʘʬʽʯʥʦʾ ʣʽʪʦʛʨʘʬʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ). 

(ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

11. ɹʘʨʘʙʘʰ ʄ.ʖ. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʘʧʨʫʞʝʥʴ ʚ ʘʤʦʨʬʥʠʭ ʩʧʣʘʚʘʭ 

/ʄ.ʖ.ɹʘʨʘʙʘʰ, ʃ.ʖ.ʂʫʥʠʮʴʢʘ, ʖ.ɸ.ʂʫʥʠʮʴʢʠʡ //ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ 

ʪʽʣʘ. 2009. ʊ. 10, ˉ3. ʉ. 660-664. (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

12. ɹʽʛʫʥ ʈ.ɯ. ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʪʦʥʢʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ /ʈ.ɯ.ɹʽʛʫʥ, 

ɿ.ɺ.ʉʪʘʩʶʢ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ʖ.ɸ.ʂʫʥʠʮʴʢʠʡ // ʍʽʤʽʷ, ʬʽʟʠʢʘ ʪʘ ʪʝʭʥʦʣʦʛʽʷ 

ʧʦʚʝʨʭʥʽ. 2010. ʊ. 1, ˉ 2. ʉ. 128-137. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 
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ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʟʘʨʷʜʫ ʚ ʤʝʪʘʣʝʚʠʭ ʟʨʘʟʢʘʭ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ). (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

13. ʂʦʩʦʨʦʪʦʚ ɺ.ʌ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʤʧʣʘʪ ʢʘʢ ʦʩʥʦʚʘ ʧʦʣʫʯʝʥʠʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʦʙʲʝʢʪʦʚ /ɺ.ʌ.ʂʦʩʦʨʦʪʦʚ, ʃ.ɺ.ʑʝʜʨʠʥʘ, 

ʄ.ʖ.ɹʘʨʘʙʘʰ, ʖ.ɸ.ɿʘʛʦʨʫʡʢʦ //ʄʝʪʘʣʣʦʬʠʟ. ʅʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛ. 2011. ʊ. 

33, (ʩʧʝʮ.ʚʠʧʫʩʢ). ʉ. 1-19. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʛʣʷʥʫʪʦ 

ʽʥʜʫʢʦʚʘʥʽ ʧʦʣʷʨʥʽ ʩʪʘʥʠ ʫ ʥʝʧʦʣʷʨʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʢʘʭ, ʷʢʽ ʻ ʧʦʚôʷʟʘʥʠʤʠ 

ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʥʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʤʧʣʘʪ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

14. ɿʘʙʦʣʦʪʥʳʡ ʄ.ɸ. ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʤʧʣʘʪʘʭ 

/ ʄ.ɸ.ɿʘʙʦʣʦʪʥʳʡ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ɼ.ɸ.ɻʨʠʥʴʢʦ, ʖ.ʄ.ɹʘʨʘʙʘʰ, 

ʆ.ʇ.ɼʤʠʪʨʝʥʢʦ, ʅ.ʇ. ʂʫʣʠʰ //ʇʦʣʽʤʝʨʥʠʡ ʞʫʨʥʘʣ. 2011. ʊ. 33, ˉ4. ʉ. 361-

369. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʛʣʷʥʫʪʦ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʪʝʤʧʣʘʪʫ ʥʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽʡ ʧʽʜʢʣʘʜʠʥʢʠ). 

(ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

15. ɹʘʨʘʙʘʰ ʄ.ʖ. ʀʟʤʝʨʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʪʦʜʦʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ /ʄ.ʖ.ɹʘʨʘʙʘʰ, ʀ.ɺ.ɹʝʣʦʫʩʦʚ, 

ʖ.ɸ.ʂʫʥʠʮʢʠʡ //ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ. 2012. ˉ3, ʊ. 78. ʉ. 28-34. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʮʠʬʨʦʚʦʛʦ ʟʘʧʠʩʫ 

ʛʦʣʦʛʨʘʬʽʯʥʠʭ ʪʘ ʩʧʝʢʣ-ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʢʘʨʪʠʥ). (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

16. ɿʘʙʦʣʦʪʥʳʡ ʄ.ɸ. ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʧʣʘʥʘʨʥʳʭ ʪʝʤʧʣʘʪʘʭ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʩʠʣʘʤʠ / 

ʄ.ɸ.ɿʘʙʦʣʦʪʥʳʡ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ɼ.ɸ.ɻʨʠʥʴʢʦ, ʕ.ʃ.ʄʘʨʪʳʥʯʫʢ, 

ʆ.ʇ.ɼʤʠʪʨʝʥʢʦ, ʅ.ʇ. ʂʫʣʠʰ //ʇʦʣʽʤʝʨʥʠʡ ʞʫʨʥʘʣ. 2012. ʊ. 34, ˉ 3. ʉ. 

298-305. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʪʘʥʛʝʥʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ ʩʠʣ ʫ 

ʰʘʨʽ ʧʦʧʝʨʝʜʥʴʦ ʨʽʚʥʦʤʽʨʥʦ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʧʣʘʩʢʦʛʦ 

ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ). (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 
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17. ɿʘʙʦʣʦʪʥʳʡ ʄ.ɸ. ʇʣʘʥʘʨʥʳʝ ʪʝʤʧʣʘʪʳ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʣʦʷʭ /ʄ.ɸ.ɿʘʙʦʣʦʪʥʳʡ, 

ɼ.ɸ.ɻʨʠʥʴʢʦ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ʅ.ʇ.ʂʫʣʠʰ, ʆ.ʇ. ɼʤʠʪʨʝʥʢʦ //ʅʘʥʦʪʝʭʥʠʢʘ. 

2012. ˉ 4. ʉ. 3-7. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ). (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

18. ɹʘʨʘʙʘʰ ʄ.ʖ. ʆʩʘʜʞʝʥʥʷ ʩʧʦʣʫʢ ʢʘʨʙʘʟʦʣʫ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ: 

ʤʦʣʝʢʫʣʷʨʥʽ ʨʦʟʯʠʥʠ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ, ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʟ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʪʘ ʟʦʣʦʪʦʤ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ 

/ʄ.ʖ.ɹʘʨʘʙʘʰ, ɼ.ʆ.ɻʨʠʥʴʢʦ //ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2012. ʊ. 10, ˉ 3. ʉ. 595-608. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʘʚʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʦʜʥʦʯʘʩʥʦʾʛʘʟʦʬʘʟʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʽ ʪʝʤʧʣʘʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.) 

(ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

19. Barabash M.Yu. Template as an instrument of group nanotechnology / M.Yu. 

Barabash //Journal of Nano- and Electronic Physics. 2013. Vol. 5, ˉ 3. 

P.03009(4ʩʩ). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʤʘʪʨʠʮʽ 

ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣʫ (PVCʘ) ʧʨʠ ʛʘʟʦʬʘʟʥʽʡ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

20. ɹʘʨʘʙʘʰ ʄ.ʖ. ɻʘʟʦʬʘʟʥʠʡ ʩʠʥʪʝʟ ʩʧʦʣʫʢ ʢʘʨʙʘʟʦʣʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ /ʄ.ʖ.ɹʘʨʘʙʘʰ, ɽ.ʃ.ʄʘʨʪʠʥʯʫʢ, ʖ.ɸ.ʂʫʥʠʮʴʢʠʡ 

//ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 2014. ʊ. 15, ˉ 1. ʉ. 162-168. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʦʪʨʠʤʘʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ 

ʟʦʣʦʪʦ- PVʉʘ ʽ ʦʮʽʥʝʥʽ ʾʭ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ). (ʬʘʭʦʚʝ ʚʠʜʘʥʥʷ). 

21. ɹʘʨʘʙʘʰ ʄ.ʖ. ɿʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʟʦʣʦʪʘ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ / ʄ.ʖ. ɹʘʨʘʙʘʰ, ɽ.ʃ. ʄʘʨʪʠʥʯʫʢ, ɼ.ʆ. ɻʨʠʥʴʢʦ, ʈ.ɺ. 

ʃʠʪʚʠʥ //ɾʫʨʥʘʣ ʅʘʥʦ- ʪʘ ɽʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ. 2014. Vol.6, ˉ 1. P.01029 

(6cc). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 
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ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ Au ʚ ʤʝʞʘʭ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʠʭ ʽ ʥʝʡʪʨʘʣʴʥʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ). (ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

22. Barabash M.Yu. Getting of nanocomposites thin films on the basis of 

carbazole from gas phase and their properties / M.Yu. Barabash //Journal of 

Nano- and Electronic Physics. 2014. Vol. 6, ˉ 1. P.01010(3pp). (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 2-3 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʘʟʦʣʫ, ʦʪʨʠʤʘʥʽ 

ʪʦʥʢʽ ʧʣʽʚʢʠ ʢʘʨʙʘʟʦʣʚʤʽʩʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʘʢʮʝʧʪʦʨʘʤʠ CdSe, ʉ60, TNF). 

(ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

23. Shevchenko A.B. The Bloch point in uniaxial ferromagnets as a quantum 

mechanical object /A.B. Shevchenko M.Yu. Barabash //Nanoscale Research 

Letters. 2014. Vol. 9, ˉ 6. P. 132. 

(http://www.nanoscalereslett.com/content/9/1/132) (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʧʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ ʪʘ 

ʥʘʜʙʘʨôʻʨʥʦʛʦ ʚʽʜʙʠʪʪʷ ʙʣʦʭʽʚʩʴʢʦʾ ʪʦʯʢʠ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʜʝʬʝʢʪʫ ʚ 

ʦʜʥʦʚʽʩʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʧʣʽʚʢʘʭ ʟ ʩʠʣʴʥʦʶ ʤʘʛʥʽʪʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ. 

(ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

24. Shevchenko A.B. Quantum oscillations of interacting nanoscale structural 

inhomogeneties in domain wall of magnetic stripe domain /A.B. Shevchenko, 

M.Yu. Barabash //Nanoscale Research Letters. 2016. Vol. 11. P.473. (DOI 

10.1186/s11671-016-1680-6.) (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʦʩʮʠʣʷʮʽʡ ʥʘʥʦʤʘʩʰʪʘʙʥʠʤʠ 

ʫʪʚʦʨʝʥʥʷʤʠ ʜʦʤʝʥʥʦʾ ʩʪʽʥʢʠ ʚ ʦʜʥʦʚʽʩʥʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʧʣʽʚʢʘʭ ʩ 

ʩʠʣʴʥʦʶ ʤʘʛʥʽʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ). (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

25. ɹʘʨʘʙʘʰ ʄ.ʖ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʘʤʦʨʬʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʤʧʣʘʪʦʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ /ʄ.ʖ. ɹʘʨʘʙʘʰ, ɺ.ɽ. ʄʘʨʪʳʥʯʫʢ, ʈ.ɺ. ʃʠʪʚʠʥ //ɾʫʨʥʘʣ ʅʘʥʦ- ʪʘ 

ɽʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ. 2017. ʊ. 9, ˉ 2, ʈ. 02020(6cc). 

(DOI:10.21272/jnep.9(2).02020) (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʣʝʥʦ 

http://www.nanoscalereslett.com/content/9/1/132
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ʤʝʪʦʜʠʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ ʛʦʣʦʛʨʘʤʠ ʟ 

ʧʝʨʽʦʜʦʤ 0.8-6 ʤʢʤ ʽ ʚʠʩʦʪʦʶ ʨʝʣʴʻʬʫ 3.5-650 ʥʤ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

26. ɹʘʨʘʙʘʰ ʄ.ʖ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʩʪʝʢʣʷʥʥʦʡ 

ʧʦʜʣʦʞʢʝ ʠ ʥʘ ʪʦʥʢʦʤ ʩʣʦʝ ʤʝʜʠ /ʄ.ʖ. ɹʘʨʘʙʘʰ, ɸ.ɸ. ʂʦʣʝʩʥʠʯʝʥʢʦ, ɼ.ʉ. 

ʃʝʦʥʦʚ //ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2017. ʊ. 15, ˉ 4. ʉ.781-793. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʠ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʉʂʈ) 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʥʘʧʠʣʝʥʥʥʷ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

27. ɹʘʨʘʙʘʰ ʄ.ʖ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ /ʄ.ʖ. ɹʘʨʘʙʘʰ //ɾʫʨʥʘʣ ʅʘʥʦ- ʪʘ 

ɽʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ. 2018. -ʊ. 10, ˉ 1. ʉ. 01025(5cc). DOI: 

10.21272/jnep.10(1).01025. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʦʪʨʠʤʘʥʥʷ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ 

ʩʧʝʢʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

28. ɹʘʨʘʙʘʰ ʄ.ʖ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʢʘʢ ʩʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ /ʄ.ʖ. ɹʘʨʘʙʘʰ, ʈ.ɺ. 

ʃʠʪʚʠʥ, ɼ.ʉ. ʃʝʦʥʦʚ, ɸ.ɸ. ʂʦʣʝʩʥʠʯʝʥʢʦ, ɺ.ɽ. ʄʘʨʪʳʥʯʫʢ, ʃ.ɺ. ʈʷʙʦʚ 

//ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 

2018. ʊ. 16, ˉ 1. ʉ. 33-46. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʥʘʚʝʜʝʥʦ 

ʤʝʪʦʜʠʢʫ ʮʠʬʨʦʚʦʛʦ ʟʘʧʠʩʫ ʛʦʣʦʛʨʘʬʽʯʥʠʭ ʪʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ ʢʘʨʪʠʥ 

ʟ ʧʦʜʘʣʴʰʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ ʦʙ'ʻʢʪʽʚ). (ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

29. Barabash M.Yu. Method for Identification of Optical Resonances of Metal 

Films /M.Yu. Barabash G.G.Vlaykov, A.A. Kolesnichenko, L.V. Rybov 

//Lecture Notes in Mechanical Engineering. Advances in Thin Films, 

Nanostructured Materials, and Coatings. Springer Nature Singapore Pte ltd. 
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-2019. P. 169-177. doi.org/10.1007/978-981-13-6133-3_17 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʩʪʚʦʨʝʥʦ ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʧʨʠ 

ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ). (ʽʥʦʟʝʤʥʝ ʚʠʜʘʥʥʷ). 

30. ɹʘʨʘʙʘʰ ʄ.ʖ.ʕʬʬʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʘʤʦʨʬʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʧʣʝʥʢʘʭ ʩ ʧʦʜʩʣʦʝʤ ʤʝʜʠ ʩ 

ʫʯʘʩʪʠʝʤ ʬʪʘʣʦʮʠʘʥʠʥʘ ʞʝʣʝʟʘ / ʄ.ʖ. ɹʘʨʘʙʘʰ, ʅ.ʇ.ʉʫʧʨʫʥ, ɸ.ɸ. 

ʂʦʣʝʩʥʽʯʝʥʢʦ, ɼ.ʉ. ʃʝʦʥʦʚ, ʈ.ɺ. ʃʠʪʚʠʥ //ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ñʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2020. T.18, ˉ1. ʉ.41-52. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʩʪʚʦʨʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ 

ʧʣʘʟʤʦʥʥʦʛʦ ʥʘʥʦʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ ʤʽʜʽ, ʘʤʦʨʬʥʦʛʦ 

ʚʫʛʣʝʮʶ ʟ ʰʘʨʦʤ ʤʝʪʘʣʦʬʪʘʣʦʮʽʘʥʽʥʫ (Cu:a-ʉ:Fʝʈʩ)). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

31. ɹʘʨʘʙʘʰ ʄ.ʖ. ʄʝʪʘʣʝʚʘ ʨʝʧʣʽʢʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʷʢ ʽʥʩʪʨʫʤʝʥʪ çʨʦʟʫʤʥʦʛʦè ʪʝʢʩʪʠʣʶ / ʄ.ʖ. ɹʘʨʘʙʘʰ, ʅ.ʇ. ʉʫʧʨʫʥ, ɸ.ɸ. 

ʂʦʣʝʩʥʽʯʝʥʢʦ, ɼ.ʆ. ɻʨʠʥʴʢʦ, ɼ.ʉ. ʃʝʦʥʦʚ, ʉ.ʆ. ʉʧʝʨʢʘʯ / ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ñʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾò. 2020. T.18, ˉ 2. ʉ. 

345-356. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ ʪʠʨʘʞʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʪʝʤʧʣʘʪʽʚ ʫ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ çʨʦʟʫʤʥʦʛʦè ʪʝʢʩʪʠʣʶ). (ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus). 

 

ʇʘʪʝʥʪʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ: 

32. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 55127 ʋʢʨʘʾʥʘ ʄʇʂ G03H 1/100 

ɽʣʝʢʪʨʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʥʘʜʛʨʘʪʢʠ ʟ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ / 

ʄ.ɸ.ɿʘʙʦʣʦʪʥʠʡ, ʖ.ʄ.ɹʘʨʘʙʘʰ, ɼ.ʆ.ɻʨʠʥʴʢʦ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ʄ.ʇ.ʂʫʣʽʰ, 

ʖ.ɯ.ʇʨʠʣʫʮʴʢʠʡ ˉ u201005288; ɿʘʷʚʣ. 30.04.2010. ʆʧʫʙʣ. 10.12.2010. ɹʶʣ. 

ˉ 23. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʜʝʪʘʣʴʥʦʤʫ ʦʧʠʩʽ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʥʘʜʛʨʘʪʢʠ). 
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33. ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ58732. ʋʢʨʘʾʥʘ ʄʇʂ G03H 1/100. ʉʧʦʩʽʙ 

ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʥʘʜʛʨʘʪʢʠ ʟ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ./ ʄ.ɸ.ɿʘʙʦʣʦʪʥʠʡ, ɽ.ʃ. 

ʄʘʨʪʠʥʯʫʢ, ɼ.ʆ.ɻʨʠʥʴʢʦ, ʄ.ʖ.ɹʘʨʘʙʘʰ, ʄ.ʇ. ʂʫʣʽʰ, ʆ.ʇ. ɼʤʠʪʨʝʥʢʦ ʪʘ 

ʽʥ. ˉ u201011133; ɿʘʷʚʣ. 16.09.2010. ʆʧʫʙʣ. 26.04.2011. ɹʶʣ. ˉ 8. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʩʪʚʦʨʝʥʥʷ ʩʭʝʤʠ ʫʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ 

ʥʘʜʛʨʘʪʢʠ ʟ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ). 

 

ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʡ: 

34. ɹʘʨʘʙʘʰ ʄ.ʖ. ʉʦʟʜʘʥʠʝ ʧʣʘʥʘʨʥʦʛʦ ʪʝʤʧʣʘʪʘ ʩ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. /ʄ.ʖ.ɹʘʨʘʙʘʰ //ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

ñʉʫʯʘʩʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ: ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ (ʉʄʄʊ-2008)ò: 

ʪʝʟʠʩʠ (12-14 ʣʠʩʪʦʧʘʜʘ 2008, ʂʠʾʚ). ʂʠʾʚ,. ʉ.155. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ:ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʥʘ ʦʩʥʦʚʽ 

ʬʦʪʦʯʫʪʣʠʚʠʭ ʧʣʽʚʦʢ ɸʄʅ). 

35. ɹʘʨʘʙʘʰ ʄ.ʖ. ʉʦʟʜʘʥʠʝ ʪʝʤʧʣʘʪʦʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. /ʄ.ʖ.ɹʘʨʘʙʘʰ // II ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ñʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʽʢʨʦ- ʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʌʄʄʅ-2008ò: ʉʙ. ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ (8-10 ʞʦʚʪʥʷ 2008, 

ʍʘʨʢʽʚ), ʋʢʨʘʾʥʘ. ʉ.235-238. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʝʤʧʣʘʪʫ). 

36. Barabash ʄ.Yu. Application of thermoelectret properties of polymer 

semiconductor thin films (PSF) for holographic interferometry. /ʄ.Yu. 

Barabash //International Meeting ñClusters and Nanostructured Materials 

(CNM-2)ò: ʤʘʪʝʨʽʘʣʠ (27-30 September, Uzhgorod). Uzhgorod, 2009. P.126. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʦʛʦ 

ʚʠʜʫ ʦʧʪʠʯʥʦʾ ʧʘʤ'ʷʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʫ ʩʠʩʪʝʤʘʭ ʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ). 

37. Barabash ʄ.Yu., Ordering of nanostructure with template synthesis. /ʄ.Yu. 

Barabash, L.Yu. Kunitska D.O. Grynko //International Meeting òClusters and 
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Nanostructured Materials (CNM-2)ò: ʤʘʪʝʨʽʘʣʠ (27-30 September 2009, 

Uzhgorod). Uzhgorod, 2009. P. 107. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʧʨʦʮʝʩ ʢʦʥʜʝʥʩʘʮʽʾ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʪʝʤʧʣʘʪʫ). 

38. ɹʘʨʘʙʘʰ ʄ.ʖ. ʉʦʟʜʘʥʠʝ ʪʝʤʧʣʘʪʦʚ ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ. 

/ʄ.ʖ.ɹʘʨʘʙʘʰ, ʖ.ɸ.ʂʫʥʠʮʢʠʡ, ɻ.ɻ. ɺʣʘʡʢʦʚ. //ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ñʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ-2010: 

ɹʝʣʘʨʫʩʴ-ʈʦʩʩʠʷ-ʋʢʨʘʠʥʘò: ʤʘʪʝʨʽʘʣʠ (19-22 ʦʢʪʷʙʨʷ 2010, ʂʠʝʚ). ʂʠʝʚ, 

2010. ʉ.548. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʢʘʟʘʥʦ, ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʪʝʤʧʣʘʪʫ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ). 

39. Barabash ʄ.Yu. Selective phase formation by the electrostatic template. 

/ʄ.Yu. Barabash, G.G. Vlaykov, D.A. Grynko, Yu.ɸ. Kunitsky //ñInternational 

Conference on the Physics and Technology of Thin Films and Nanosystems 

ICPTTFN-XIIIò: ʤʘʪʝʨʽʘʣʠ (16-21 May 2011, Ivano-Frankivsk). Ivano-

Frankivsk, 2011. ʈ.224. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʩʪʠʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ). 

40. Grynko D.A. Template as instrument of nanotechnology. /D.A. Grynko, 

ʄ.Yu. Barabash, Yu.ɸ. Kunitsky G.G. Vlaykov //ñInternational Conference on 

the Physics and Technology of Thin Films and Nanosystems ICPTTFN-XIIIò: 

ʤʘʪʝʨʽʘʣʠ (16-21 May 2011, Ivano-Frankivsk). Ivano-Frankivsk, 2011. ʈ.36. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ ʽʟ ʟʘʜʘʥʦʶ 

ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ). 

41. ʂʦʩʦʨʦʪʦʚ ɺ.ʌ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʤʧʣʘʪ ʢʘʢ ʦʩʥʦʚʘ ʧʦʣʫʯʝʥʠʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʦʙʲʝʢʪʦʚ. /ɺ.ʌ. ʂʦʩʦʨʦʪʦʚ, ʃ.ɺ. ʑʝʜʨʠʥʘ, 

ʖ.ʄ. ɹʘʨʘʙʘʰ, ʄ.ʖ. ɹʘʨʘʙʘʰ, ʖ.ɸ. ɿʘʛʦʨʫʡʢʦ //II ɺʩʝʫʢʨʘʠʥʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ñʉʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ: 

ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʉʄʄʊ-2011ò: ʪʝʟʠʩʠ (16-18 ʥʦʷʙʨʷ 2011, ʂʠʝʚ). 

ʂʠʝʚ, ʉ. 154. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʛʣʷʥʫʪʽ ʽʥʜʫʢʦʚʘʥʽ ʧʦʣʷʨʥʽ 

ʩʪʘʥʠ ʫ ʥʝʧʦʣʷʨʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʢʘʭ, ʷʢʦ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʥʠʭ 
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ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʥʠʭ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʤʧʣʘʪ). 

42. Barabash ʄ.Yu,
 
Nanostructured template. /ʄ.Yu. Barabash, Yu.A. ʂunitsky, 

G.G.Vlaykov //ñMultifunctional Nanomaterials: Mediterranean - East Europe 

meeting (Nano Euro Med-2011)ò: ʤʘʪʝʨʽʘʣʠ (12-14 May 2011, Uzhgorod). 

Uzhgorod, ʈ. 109. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ ʟʘ ʣʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʠʭ ʧʦʣʽʚ). 

43. Barabash M.Yu. Electrodynamics of metal-polymer layers. /M.Yu. Barabash, 

G.G. Vlaykov, //ñSummer school Intrenational research and practice 

cjyference: Nanotechnology and nanomaterials (NANO-2013)ò: ʪʝʟʠʩʠ 

ʜʦʢʣʘʜʽʚ (Augus t -25 September -01, 2013, Bukovel). Lviv , 2013. P.176-177. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʫ ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ). 

44. Barabash M.Yu. The creating ordered of nanostructure with template 

synthesis. /M.Yu Barabash, G.G.Vlaykov, D.A. Grynko, E.L. Martynchuk 

//òXIV ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨò: ʤʘʪʝʨʽʘʣʠ (20-25 ʪʨʘʚʥʷ 2013, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ). ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ, 2013. ʉ. 113. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʢʘʟʥʦ, ʱʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʤʦʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʢʦʥʜʝʩʘʮʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ). 

45. Shevchenko A.B. Structural nanoinhomogeneities of the domain wall in the 

magnetic films as quantum mechanical objects. /A.B. Shevchenko, M.Yu. 

Barabash, G.G. Vlaykov /International research and practice conference: 

Nanotechnology and nanomaterials (NANO-2014): ʪʝʟʠʩʠ (23-30 August 2014, 

Yeremche-Lviv), Lviv. P.85. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʢʘʟʘʥʦ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ ʪʘ ʥʘʜʙʘʨôʻʨʥʦʛʦ 

ʚʽʜʙʠʪʪʷ ʙʣʦʭʽʚʩʴʢʦʾ ʪʦʯʢʠ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʜʝʬʝʢʪʫ ʚ ʦʜʥʦʚʽʩʥʠʭ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʧʣʽʚʢʘʭ). 

46. Barabash M.Yu. Spectroscopy of amorphous carbon on glass substrate and 

amorphous carbon on thin copper layer. ʪʝʟʠʩʠ /M.Yu. Barabash, E.L. 
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Martynchuk, R.V. Litvin //ñXXII Galyna Puchkovska International School-

Seminar Spectroscopy of Molecules and Crystalsò: ʪʝʟʠʩʠ (September 27 ï 
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ʉʧʠʩʦʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʪʘ ʩʢʦʨʦʯʝʥʴ 

ɼʅʂ - ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 

CdSe - ʢʘʜʤʽʡ ʩʝʣʝʥ 

FM - ʨʝʞʠʤʠ ʨʦʩʪʫ ʌʨʘʥʢʘ-ʚʘʥ ʜʝʨ ʄʝʨʚʝ 

VW - ʨʝʞʠʤʠ ʨʦʩʪʫ ʌʦʣʤʝʨʘ-ɺʝʙʝʨʘ 

SK - ʨʝʞʠʤʠ ʨʦʩʪʫ ʉʪʨʘʥʩʴʢʦʛʦ-ʂʨʘʩʪʘʥʦʚʘ 

ʊʇɽ - ʪʨʝʪʠʥʥʠʡ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ 

ʂʇ - ʢʘʨʙʘʟʦʣʚʤʽʩʪʢʽ ʧʦʣʽʤʝʨʠ 

ɸɽ - ʘʢʮʝʧʪʦʨʠ ʝʣʝʢʪʨʦʥʽʚ 

ʂʇɿ - ʢʦʤʧʣʝʢʩ ʽʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ 

ɸʄʅ - ʘʤʦʨʬʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ  

ʇɺʂ - ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ 

ʄɺʂ  ʤʦʥʦ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ 

ʇɽʇʂ - ʧʦʣʽ-N-ʝʧʦʢʩʠʧʨʦʧʽʣʢʘʨʙʘʟʦʣ 

ʊɽʅʌ - ʪʝʪʨʘʥʽʪʨʦʬʣʶʦʨʝʥʦʥ 

ʊʅʌ - ʪʨʠʥʽʪʨʦʬʣʶʦʨʝʥʦʥ  

ʇɸɻɽ - ʧʦʣʽʘʥʪʨʘʮʝʣʽʥʛʣʽʮʠʜʽʣʦʚʦʛʦ ʝʬʽʨʫ 

ʇɻʂ - ʧʦʣʽ-N-ʛʣʽʮʠʜʽʣʢʘʨʙʘʟʦʣʫ 

ʂʉʇʆ - ʢʘʨʙʘʟʦʣʚʤʽʩʥʦʛʦ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʫ 

ʉ60 ʽ ʉ70 - ʬʫʣʝʨʝʥ 

ɺʋʇ - ʚʘʢʫʫʤʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʪ 

ɸʎʇ - ʘʥʘʣʦʛʦʚʠʡ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʎɸʇ - ʮʠʬʨʦʚʠʡ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ɯʏ - ʽʥʬʨʘʯʝʨʚʦʥʘ 

ʂʈ - ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ 

SEIRA - surface enhanced infrared absorption 

SERS - surface Enhanced Raman Scattering 

ʇʇʂʈ - ʧʽʜʩʠʣʝʥʝ ʧʦʚʝʨʭʥʝʶ ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ 

ʇʄʉ - ʧʦʣʷʨʠʟʘʮʽʡʥʘ-ʤʦʜʫʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʄʊʉɼ - ʤʝʪʦʜ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ ʜʝʧʦʣʷʨʠʟʘʮʽʾ 

ɸʉʄ - ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ 

ITO - ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ɯʊʆ (In2O3)0,9 - (SnO2)0,1 

ʇEM - ʤʽʢʨʦʩʢʦʧʽʷ ʥʘ ʧʨʦʩʚʽʪ 

(ʘ-ʉ) - ʘʤʦʨʬʥʠʡ ʚʫʛʣʝʮʴ 

(ʘ-ʉ:ʅ) - ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʠʡ ʘʤʦʨʬʥʠʡ ʚʫʛʣʝʮʴ 

(Cu:ʘ-ʉ) - ʢʦʤʧʦʟʠʪʥʘ ʤʽʜʥʘ ʧʣʽʚʢʘ ʟ ʘʤʦʨʬʥʠʤ ʚʫʛʣʝʮʝʤ 

(Cu:a-

ʉ:FePc) 
- 
ʢʦʤʧʦʟʠʪʥʘ ʤʽʜʥʘ ʧʣʽʚʢʘ ʟ ʘʤʦʨʬʥʠʤ ʚʫʛʣʝʮʝʤ ʪʘ 

ʬʪʘʣʦʮʽʘʥʽʥʦʤ ʟʘʣʽʟʘ 

(FePc) - ʬʪʘʣʦʮʽʘʥʽʥ ʟʘʣʽʟʘ 
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ɺʩʪʫʧ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɺʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʥʘʥʦʤʘʩʰʪʘʙʽ, ʟʦʢʨʝʤʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʥʦʦʙôʻʢʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʤʧʣʘʪʽʚ, ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʬʽʟʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʩʫʯʘʩʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. ʊʝʤʧʣʘʪ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ 

ʥʘʥʦʦʙôʻʢʪʽʚ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʙʣʠʞʥʴʦʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʽʥ ʻ 

ʟʘʩʦʙʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʯʦʚʠʥʠ ʫ 

ʥʘʥʦʤʘʩʰʪʘʙʽ. ʇʨʦʙʣʝʤʘ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ 

ʧʣʽʚʦʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ, ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʮʽ 

ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʦʩʦʙʣʠʚʽ ʦʧʪʠʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʝʤʧʣʘʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʩʧʨʷʤʦʚʫʶʪʴ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʨʝʯʦʚʠʥʠ, ʚʠʢʣʠʢʘʶʪʴ ʾʾ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʚʘʪʠ ʦʙôʻʢʪʠ ʽʟ ʧʝʚʥʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘ ʪʦʧʦʣʦʛʽʻʶ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʦʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʦʙôʻʤʥʦʛʦ 

ʟʘʨʷʜʫ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ 

ʤʝʪʘʣʝʚʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ. ʆʪʨʠʤʘʥʽ ʢʦʤʧʦʟʠʮʽʾ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ 

ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʜʦʟʚʦʣʷʶʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ ʦʙôʻʢʪʽʚ, ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʥʘʥʦʚʠʤʽʨʥʠʭ ʘʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ 

ʚʫʛʣʝʮʝʚʠʭ, ʤʝʪʘʣʝʚʠʭ, ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ɸʄʅ) ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ ʩʭʝʤʠ 

ʝʣʝʢʪʨʦʬʦʪʦʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʪʝʤʧʣʘʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. ɺ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ 

ʪʝʤʧʣʘʪʘʭ ʜʞʝʨʝʣʦʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʻ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ 

(ʧʨʠ ʦʜʥʦʨʽʜʥʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʛʫʩʪʠʥʽ ʟʘʨʷʜʫ), ʘʙʦ ʧʨʠ ʛʣʘʜʢʽʡ ʧʦʚʝʨʭʥʽ 



34 

 

ʤʦʜʫʣʴʦʚʘʥʘ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ, ʘʙʦ ʤʦʜʫʣʴʦʚʘʥʠʡ ʦʙôʻʤʥʠʡ 

ʟʘʨʷʜ. ʆʩʪʘʥʥʽʡ ʪʠʧ ʪʝʤʧʣʘʪʫ ʻ ʝʣʝʢʪʨʝʪʥʠʤ.  

ʈʝʣʴʻʬʥʘ ʪʘ ʧʦʣʴʦʚʘ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʬʦʨʤʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. 

ʈʦʟʤʽʨ ʪʝʤʧʣʘʪʫ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʢʚʘʜʨʘʪʥʠʭ ʩʘʥʪʠʤʝʪʨʽʚ. ʅʘ ʧʦʚʝʨʭʥʶ 

ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʯʥʠʭ 

ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʘʢʫʫʤʽ ʽʟ ʛʘʟʦʚʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ. ʊʦʚʱʠʥʘ ʰʘʨʫ 

ʨʝʯʦʚʠʥʠ, ʩʘʤʦʟʙʠʨʘʥʥʷ ʷʢʦʛʦ ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʟʘʨʷʜʘʤʠ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʘʤʠ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʩʢʣʘʜʘʻ ʚʽʜ ʢʽʣʴʢʘʩʦʪ ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʜʽʝʣʝʢʪʨʠʢʽʚ 

ʜʦ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʤʝʪʘʣʽʚ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʠʚʯʝʥʥʷ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʫ ʪʦʥʢʠʭ ʚʫʛʣʝʮʝʚʠʭ, 

ʤʝʪʘʣʝʚʠʭ ʪʘ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʢʘʭ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʘʟʝʨʽʚ, ʚ ʧʨʠʩʪʨʦʷʭ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʭʥʽʢʠ ʪʘ 

ʽʥʰʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʘʭ, ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ ʪʘ ʧʨʦʩʚʽʪʣʶʶʯʠʭ ʧʦʢʨʠʪʪʽʚ 

ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʧʦʨʷʜ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʡ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʘʤʦʨʬʥʠʭ ʚʫʛʣʝʮʝʚʠʭ, ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʧʣʠʚʫ ʦʩʪʘʥʥʴʦʾ ʥʘ ʦʧʪʠʯʥʽ, 

ʝʣʝʢʪʨʠʯʥʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚʝʜʝʪʴʩʷ ʧʦʰʫʢ 

ʥʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʧʣʽʚʦʢ.  

ɺʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ 

ʤʝʪʘʣʽʚ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʘʭ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ʉʫʯʘʩʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ ʙʘʟʫʻʪʴʩʷ ʩʘʤʝ ʥʘ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʊʘʢʠʤ ʧʣʽʚʢʘʤ ʧʨʠʪʘʤʘʥʥʽ ʧʝʨʢʦʣʷʮʽʡʥʦ-

ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʦʥʠ ʤʘʶʪʴ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʥʝʣʽʥʽʡʥʽ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘʢʠʭ ʧʣʽʚʦʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʽʥʪʝʥʩʠʚʥʦʾ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʚʽʜʩʫʪʥʷ ʫ ʤʘʢʨʦʟʨʘʟʢʽʚ ʽ 

ʣʝʞʠʪʴ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ.  
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ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʷʢ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʬʽʟʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʪʘʢ ʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʩʫʯʘʩʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʮʠʭ ʥʘʨʦʙʦʢ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ ʊʝʭʥʽʯʥʦʤʫ ʮʝʥʪʨʽ ʅɸʅ ʋʢʨʘʾʥʠ ʚ 

ʨʘʤʢʘʭ ʨʷʜʫ ʙʶʜʞʝʪʥʠʭ ʪʝʤ: ñɼʦʩʣʽʜʞʝʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʢʣʘʩʪʝʨʥʠʭ ʪʘ 

ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚ ʝʚʪʝʢʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʞʘʨʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʥʠʭò (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0107U000134, 

2007-2011 ʨʨ.), ñʈʦʟʨʦʙʢʘ ʥʘʜʯʫʪʣʠʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʘʣʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʨʝʟʦʥʘʩʥʠʭ ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʣʷ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ 

ʩʠʩʪʝʤ, ʾʭ ʜʽʘʛʥʦʩʪʠʢʘ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷò ( ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0110U005430, 

2010 ʨ.), ñɼʦʩʣʽʜʞʝʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʢʣʘʩʪʝʨʥʠʭ ʪʘ ʬʨʘʢʪʘʣʴʥʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʤʝʪʘʣʦʢʩʠʜʥʠʭ, ʤʝʪʘʣʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʨ̌ʘʬʝʥʦʚʠʭ ʩʠʩʪʝʤ, 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʫʥʽʢʘʣʴʥʠʤʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠò (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U007778, 2012-2016 

ʨʨ.), ñʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʽʚ, ʥʘʥʦʯʘʩʪʠʥʦʢ, 

ʬʨʘʢʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠò (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0110U005429, 2010 ʨ.), ñʈʦʟʨʦʙʢʘ 

ʬʽʟʠʯʥʠʭ ʟʘʩʘʜ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʩʠʥʪʝʟʫ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʥʦʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʠʟʴʢʦʚʠʤʽʨʥʠʭ ʤʝʟʦʩʢʦʧʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʘʭò (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0117U002596, 2017 ʨ.), ñʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʷʚʠʱ ʫ ʥʠʟʴʢʦʚʠʤʽʨʥʠʭ 
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ʩʠʩʪʝʤʘʭ ʟ ʦʨʛʘʥʽʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚò 

(  ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U007624, 2017-2021 ʨʨ.). 

 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʤʧʣʘʪʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ: 

- ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʢʝʨʦʚʘʥʠʡ ʪʝʤʧʣʘʪ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʪʦʧʦʣʦʛʽʯʥʦ-ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʬʦʪʦʥʽʢʠ, ʩʝʥʩʦʨʠʢʠ. ɺʠʟʥʘʯʠʪʠ 

ʤʝʭʘʥʽʟʤʠ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʧʨʠ 

ʥʘʧʠʣʝʥʥʽ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʶ ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ.  

- ʄʦʜʝʨʥʽʟʫʚʘʪʠ ʚʘʢʫʫʤʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʪ ɺʋʇ-5ʄ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʪʝʭʥʦʣʦʛʽʶ ʩʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʪʝʤʧʣʘʪʽʚ ʟ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

- ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʤʝʭʘʥʽʟʤ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʨʦʟʤʽʨ ʪʘ ʨʽʩʪ ʟʘʨʦʜʢʽʚ ʟʦʣʦʪʘ ʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ.   

- ʈʦʟʨʦʙʠʪʠ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʨʝʧʣʽʢʠ ʪʝʤʧʣʘʪʫ ʽʟ ʟʘʜʘʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ 

ʟʘʙʘʨʚʣʝʥʥʷʤ.  

- ʉʪʚʦʨʠʪʠ ʧʣʘʪʬʦʨʤʫ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʫ, ʘʤʦʨʬʥʦʛʦ 

ʚʫʛʣʝʮʶ ʪʘ ʚʠʚʯʠʪʠ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʨʬʦʣʦʛʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʙʽʥʘʮʽʡʥʦʾ, ʘʜʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

- ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʬʝʢʪʽʚ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʫ 

ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ʚʫʛʣʝʮʶ ʪʘ ʤʽʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʂʈ). 

- ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʟʙʫʜʞʝʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʬʦʪʦʽʥʜʫʢʦʚʘʥʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʽ ʧʣʽʚʢʠ ʢʦʤʧʦʟʠʪʫ ʪʘ ʥʘ 
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ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʩʪʨʫʢʪʫʨʦʶ ʧʽʜ ʚʧʣʠʚʦʤ ʩʚʽʪʣʘ ʂʈ.  

- ʈʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʫ ʟ ʧʣʘʟʤʦʥʥʦ-

ʨʝʟʦʥʘʥʩʥʠʤ ʝʬʝʢʪʦʤ ʥʘ ʦʩʥʦʚʽ ʪʦʥʢʠʭ ʰʘʨʽʚ ʤʽʜʽ, ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ 

ʤʝʪʦʜʠʢʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʣʘʟʤʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ ʨʘʟʦʤ ʟ 

ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ɺʠʟʥʘʯʠʪʠ 

ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʩʚʽʪʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʩʧʝʢʪʨʫ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ.  

- ʉʪʚʦʨʠʪʠ ʘʜʘʧʪʠʚʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩ ʨʝʻʩʪʨʘʮʽʾ 

ʦʧʪʠʯʥʠʭ ʧʦʣʽʚ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦ-ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʭʘʥʽʟʤʠ ʪʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʪʘ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʪʝʤʧʣʘʪʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʰʘʨʽʚ, ʧʣʽʚʢʠ ʤʝʪʘʣʦʚʤʽʩʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ 

ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ (ɸʄʅ) ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʢʣʷʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ 

ʜʝʧʦʣʷʨʠʟʘʮʽʾ, ʩʢʘʥʫʶʯʦʾ ʪʫʥʝʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʛʣʠʥʘʥʥʷ 

ʽ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ-ʤʦʜʫʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, 

ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʧʨʦʩʚʽʪ ʇɽʄ ʪʘ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ.  

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

- ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʽʚ ʫ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ 

ʥʝʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ.  

- ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʨʝʣʘʢʩʘʮʽʻʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʟʚʠʪʢʦʤ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʪʘ ʨʝʣʴʻʬʫ ɸʄʅ. 
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- ɺʠʟʥʘʯʝʥʘ ʢʽʥʝʪʠʢʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʚʧʣʠʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɸʄʅ ʥʘ ʤʝʭʘʥʽʟʤ ʦʩʘʜʞʝʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ. 

- ʇʦʢʘʟʘʥʦ, ʱʦ ʪʦʧʦʣʦʛʽʷ ʦʩʘʜʞʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ, ʦʜʝʨʞʘʥʠʭ ʥʘʧʠʣʝʥʥʷʤ ʫ ʚʘʢʫʫʤʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʦʧʦʣʦʛʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʨʝʟʦʥʘʥʩʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ (ʚʽʜ 10 ʥʤ). 

- ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʭʘʥʽʟʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ 

ʪʝʤʧʘʣʘʪʘ ʟ ʦʙôʻʤʥʠʤ ʟʘʨʷʜʦʤ ʧʦʣʷʛʘʻ ʚ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʦʤʫ ʨʫʩʽ ʘʪʦʤʽʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ.  

- ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʪʝʤʧʣʘʪʫ ʥʘ ʨʦʟʤʽʨ ʟʦʣʦʪʠʭ 

ʥʘʥʦʯʘʪʩʠʥʦʢ. 

- ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʫ ʪʦʥʢʠʭ 

ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʦʢ. 

ʇʦʢʘʟʘʥʦ ʱʦ ʨʝʟʦʥʘʥʩʠ ʧʨʠ ʨʽʟʥʠʭ ʪʦʚʱʠʥʘʭ ʧʣʽʚʦʢ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ 

ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 

ʟʙʫʜʞʝʥʦʛʦ ʩʚʽʪʣʘ.  

- ʇʦʢʘʟʘʥʦ, ʱʦ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʧʣʘʪʬʦʨʤʘʤ ʥʘ ʦʩʥʦʚʽ (ɸʄʅ, Au, Cu, 

a-C) ʚʣʘʩʪʠʚʘ ʨʝʟʦʥʘʥʩʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤʠ 

ʨʝʟʦʥʘʥʩʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʘʥʘʣʽʪʽʚ. 

- ʈʦʟʨʦʙʣʝʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦ-ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʥʘ ʦʩʥʦʚʽ (ɸʄʅ, Au, 

Cu, a-C). 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʡʥʫ ʩʠʩʪʝʤʫ ʫ ʩʢʣʘʜʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 
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ʤʝʪʘʣʫ ʪʘ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʬʘʟʽ. ɼʘʥʽ ʦʙôʻʢʪʠ, ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦʶ 

ʪʦʧʦʣʦʛʽʻʶ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʝʥʩʦʨʠʢʠ, 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʦʱʦ. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ 

ʧʣʽʚʦʢ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʾʭ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʽʚ. ʊʘʢʽ ʧʣʽʚʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʥʽʮʽ, ʟʦʢʨʝʤʘ, ʫ ʤʝʪʦʜʠʮʽ ʧʦʩʠʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʂʈ 

(SERS), ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʢʨʝʤʽ ʤʦʣʝʢʫʣʠ ʪʘ 

ʥʘʥʦʯʘʩʪʠʥʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʙʽʦ- ʪʘ ʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʬʦʪʦʥʽʮʽ.  

ʅʠʟʢʘ ʧʦʣʦʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʘʜʘʧʪʦʚʘʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʦʩʽʙʥʠʢʫ ñʅʘʥʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ ʫ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭò ʘʚʪʦʨʽʚ ɸ.ɹ.ʐʝʚʯʝʥʢʦ, ɻ.ɻ.ɺʣʘʡʢʦʚ, ʄ.ʖ.ɹʘʨʘʙʘʰ, 

ɸ.ɺ.ʄʽʥʽʮʴʢʠʡ, ʷʢʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ɺʯʝʥʦʶ ʨʘʜʦʶ ʅʊʋʋ ñʂʇɯò, 

ʧʨʦʪʦʢʦʣ ˉ11 ʚʽʜ 01 ʛʨʫʜʥʷ 2014 ʨ. ʋʟʘʛʘʣʴʥʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʻ ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʧʘʪʝʥʪʠ ʥʘ ʝʣʝʢʪʨʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ 

ʥʘʜˇʨʘʪʢʠ ʟ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ 

ʰʘʨʫ (ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 55127 ʚʽʜ 10.12.10.) ʪʘ ʥʘ 

ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʥʘʜˇʨʘʪʢʠ ʟ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ (ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ58732 ʚʽʜ 26.04.11). 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʧʨʠ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʫʯʘʩʪʽ. ɸʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʪʽʢʘʥʥʷ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʭ ʪʘ ʢʚʘʥʪʦʚʠʭ ʷʚʠʱ ʫ 

ʤʝʟʦʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʰʘʨʘʤʠ ʤʝʪʘʣʝʚʠʭ ʪʘ ɸʄʅ ʩʪʨʫʢʪʫʨ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ, ʬʦʪʦʬʽʟʠʯʥʠʭ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
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ʪʦʥʢʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ. ɸʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʚ 

ʦʙʨʦʙʮʽ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʠʩʝʨʪʘʥʪ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʚ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʢʣʘʜʘʥʥʽ 

ʟʘʷʚʦʢ ʥʘ ʧʘʪʝʥʪʠ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʽʜʝʡ ʪʘ ʧʨʦʧʦʟʠʮʽʡ, ʚʠʩʫʥʫʪʠʭ ʫ 

ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʣʝʞʠʪʴ ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ. ɸʚʪʦʨʦʤ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʟʜʽʡʩʥʝʥʦ ʾʭ ʘʥʘʣʽʟ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫʩʽ ʚʠʩʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʜʦ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ: 

International Conference Functional Materials ñICFM-2007ò, October 1-6, 2007 

Criemea, Ukraine; ʂʦʥʬʝʨʝʥʮʽʾ ñʅʘʥʦʨʦʟʤʽʨʥʽ ʩʠʩʪʝʤʠ. ɹʫʜʦʚʘ-ʚʣʘʩʪʠʚʦʩʪʽ-

ʪʝʭʥʦʣʦʛʽʾ (ʅɸʅʉʀʉ 2007)ò, ʂʠʾʚ, ʋʢʨʘʾʥʘ; 2
nd

 International Conference 

ñPhysical and Chemical Principles of Formation and modification of micro ï 

and nanostructures (FMMN-2008)ò, Kharkov; 1-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ "ʅɸʅʆ-2008", "ʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ-2008: ɹʝʣʘʨʫʩʴ-

ʈʦʩʩʠʷ-ʋʢʨʘʠʥʘ"; çXII-ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ ʥʘʥʦʩʪʨʫʢʪʫʨè 2009, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ɯɯ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ - 2010: ɹʝʣʘʨʫʩʴ-

ʈʦʩʩʠʷ-ʋʢʨʘʠʥʘ ʅɸʅʆ-2010; Baltic polymer symposium, Palanga, Lithuania, 

ñBPS-2010ò, 2010, Kaunas University of Technology Vilnius University; çXII 

ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨè 2011, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ; The European Materials Conference 

Spring Meetings E-MRS 2012, May 14-18 ïCongress Center, Strasbourg, 

France; VIII International Conference "Electronics and applied physics", 24-27 

October 2012, Taras Shevchenko National University of Kyiv; International 

research and practice conference: Nanotechnology and nanomaterials NANO-

2014, 23-30 August 2014 Yeremche-Lviv, EMRS 2014-Fall Meeting 15
th
-19

th
 

September Warsaw-Poland, International Research an Practice Conference 
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ñNanotechnology and Nanomaterialsò (NANO-2015), 26-29 August 2015, Lviv, 

XXII Galyna Puchkovska International School-Seminar ñSpectroscopy of 

Molecules and Crystalsò September 27 ï October 4, 2015, International 

Research an Practice Conference ñNanotechnology and Nanomaterialsò, 24-27 

August 2016, Lviv, (NANO-2016, 2017,2018), 23-26 August 2017, Chernivtsi, 

XVɯ ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʬʽʟʠʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ 

ʥʘʥʦʩʠʩʪʝʤ ʄʂʌʊʊʇʅ-XVɯ, 15-20 ʪʨʘʚʥʷ, 2017 ʨ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 

ʋʢʨʘʾʥʘ, Proceedings of the 2018 IEEE 8-th International Conference on 

Nanomaterials: Applications & Properties (NAP-2018), Zatoka, Ukraine 

September 9-14, 2018, 5
-th 

International Meeting Clusters and nanostructured 

materials (CNM-5ô2018), 22-26 October Ukraine, International Conference on 

the Physics and Technology of Thin Films and Nanosystems ICPTTFN-XVII, 

2019, May, 20-25, Yaremche, Ukraine, International reaserch and practice 

conference ñNanotechnology and nanomaterials (NANO-2020)ò (Lviv, Ukraine, 

2020). 

 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʚ 

56 ʧʫʙʣʽʢʘʮʽʷʭ, ʩʝʨʝʜ ʷʢʠʭ 4 ʤʦʥʦʛʨʘʬʽʾ, 27 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (13 

ʟ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus), 2 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ, ʪʝʟʠ 23 

ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʦʛʣʷʜʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ (ʨʦʟʜʽʣ 1), ʦʧʠʩʫ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʦʟʜʽʣ 2), 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ (ʨʦʟʜʽʣʠ 3-6) ʽ ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 360 ʩʪʦʨʽʥʦʢ, ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ 

314 ʩʪʦʨʽʥʦʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ 108 ʨʠʩʫʥʢʽʚ, 9 ʪʘʙʣʠʮ ɹʽ 269 ʧʦʩʠʣʘʥ ɹʪʘ 2 

ʜʦʜʘʪʢʠ.



42 

 

 

ʈʆɿɼɯʃ 1  

ʆɻʃʗɼ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ 

ʅɸʅʆʉʊʈʋʂʊʋʈ 

 

1.1. ʉʧʨʷʤʦʚʘʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʥʘʥʦʩʪʨʫʢʪʫʨ 

 

ʆʧʘʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʥʘʥʦʢʣʘʩʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʚ ʩʪʨʫʢʪʫʨʠ ʽʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʦʨʷʜʢʫ ʦʜʠʥʠʮʴ - ʜʝʩʷʪʢʽʚ 

ʥʘʥʦʤʝʪʨʽʚ ʩʪʚʦʨʶʻ ʥʠʟʢʫ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʷʢ ʢʚʘʥʪʦʚʽ ʪʘʢ ʽ ʢʣʘʩʠʯʥʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ 

ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʷʢʽʩʥʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ [1-3]. 

ʉʫʯʘʩʥʘ ʧʨʦʤʠʩʣʦʚʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ ʦʧʘʥʫʚʘʣʘ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʩʧʦʩʦʙʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʨʝʯʦʚʠʥ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴ [4] ʷʢ ʧʦʜʨʽʙʥʝʥʥʷ - 

ʥʘʥʝʩʝʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʩʫʮʽʣʴʥʠʭ ʰʘʨʽʚ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʜʘʣʝʥʥʷʤ ʟʘʡʚʦʛʦ, 

ʪʦʙʪʦ ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʟ ñʛʦʨʠ ʚʥʠʟò. ʂʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʮʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʩʪʫʧʘʻ ʣʽʪʦʛʨʘʬʽʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʻ ʦʨʛʘʥʽʟʘʮʽʷ 

ʨʝʯʦʚʠʥʠ ñʟʥʠʟʫ ʚʛʦʨʫò [1-4], ʚʽʜ ʤʦʣʝʢʫʣ ʽ ʢʦʤʧʣʝʢʩʽʚ ʜʦ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ - ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʬʘʟ ʥʘ ʾʭ ʦʩʥʦʚʽ.  

ʈʦʟʨʦʙʥʠʢʠ ʪʫʥʝʣʴʥʦʛʦ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʽʚ ʪʘ ʽʥʰʠʭ 

ʥʘʥʦʟʦʥʜʦʚʠʭ ʧʨʠʣʘʜʽʚ ʚʨʘʟʠʣʠ ʣʶʜʩʪʚʦ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʦʢʨʝʤʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʪʘ ʘʪʦʤʘʤʠ, ʧʦʙʫʜʦʚʦʶ ʟ ʥʠʭ ʫʧʦʨʷʜʢʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ. ɸʣʝ ʪʘʢʽ ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʘʪʦʤʘʨʥʦʾ 

ʪʦʯʥʦʩʪʽ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ. ʎʝʡ ʬʘʢʪ ʦʙʤʝʞʫʻ ʾʭ 

ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚʠʪʢʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʢʘ 
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ʤʝʪʦʜʽʚ ʩʧʨʷʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʥʦʦʙôʻʢʪʽʚ ʚ 

ʽʻʨʘʨʭʽʯʥʽ ʥʘʜʩʪʨʫʢʪʫʨʠ. ʉʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʨʝʯʦʚʠʥʠ ʟʥʠʟʫ ʚʛʦʨʫ ʩʪʘʻ 

ʝʬʝʢʪʠʚʥʦʶ ʚ ʫʤʦʚʘʭ ʧʦʪʦʢʽʚ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ ʚ ʤʘʩʰʪʘʙʽ ʦʜʠʥʠʮʴ ʪʘ 

ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʦʩʢʽʣʴʢʠ ʜʦ ʮʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʘʩʰʪʘʙʫ ʥʘʣʝʞʘʪʴ 

ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʦʩʥʦʚʥʠʭ ʥʘʡʙʽʣʴʰʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʨʝʯʦʚʠʥʠ: 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʽ ʚʟʘʻʤʦʜʽʡ ʚʽʜ ʽʦʥʥʠʭ, ʢʦʚʘʣʝʥʪʥʠʭ ʜʦ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʽ ʤʝʪʘʣʝʚʠʭ, ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʢʦʤʽʨʦʢ- ʦʜʠʥʠʮʴ 

ʩʠʤʝʪʨʽʾ ʪʘ ʨʦʟʤʽʨʠ ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ - ʥʘʡʤʝʥʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʘʟʠ. 

ʉʫʙôʻʢʪʘʤʠ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʻ ʘʪʦʤʠ, ʝʣʝʢʪʨʦʥʠ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʘ 

ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʡ ʥʘʣʝʞʠʪʴ ʜʽʘʧʘʟʦʥʫ ʚʽʜ ʪʝʧʣʦʚʠʭ ʜʦ ʢʽʣʴʢʦʭ ʝʣʝʢʪʨʦʥ-

ʚʦʣʴʪʽʚ.  

ʅʝʣʽʥʽʡʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʻ ʢʝʨʦʚʘʥʦʶ [5]. ʗʢʱʦ 

ʢʝʨʫʶʯʠʡ ʬʘʢʪʦʨ ʨʝʟʦʥʫʻ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʟʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ, 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʪʘ ʯʘʩʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʜʥʦʯʘʩʥʦ, ʪʦ ʚ ʩʠʥʝʨʛʝʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʭʘʨʘʢʪʝʨʥʘ ʝʥʝʨʛʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʘʚʽʪʴ 

ʩʫʙʪʝʧʣʦʚʦʶ [6], ʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʻʪʴʩʷ ʩʪʽʡʢʦʶ ʜʦ ʚʠʧʘʜʢʦʚʠʭ 

ʚʧʣʠʚʽʚ ʽ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʜʽʾ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ 

ʚʽʜʣʘʛʦʜʞʝʥʽ ʧʨʠʥʮʠʧʠ ʩʘʤʦʟʙʠʨʘʥʥʷ ʯʠʩʣʝʥʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ï 

ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ, ʙʽʣʢʠ, ʤʝʤʙʨʘʥʠ, ʧʨʦʮʝʩʠ ʨʝʧʣʽʢʘʮʽʾ [7], ʱʦ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʦʧʦʣʦʛʽʯʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʣʝʢʦʜʽʶʯʠʭ ʪʘ ʙʣʠʟʢʦʜʽʶʯʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ. ʆʢʨʽʤ ʨʝʧʣʽʢʘʮʽʾ 

ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ (ɼʅʂ) ʥʘʡʙʽʣʴʰʝ ʚʨʘʞʝʥʥʷ ʩʧʨʘʚʣʷʶʪʴ 

ʜʚʘ ʧʨʦʮʝʩʠ: ʬʦʪʦʩʠʥʪʝʟ ʥʘ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʘʭ [8] ʪʘ ʩʝʣʝʢʪʠʚʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʽʦʥʽʚ ʯʝʨʝʟ ʢʘʥʘʣʠ ʚ ʤʝʤʙʨʘʥʘʭ [9]. ɺ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʘʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠʨʦʜʥʽʤʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʟ ʚʠʩʦʢʠʤ ʢʚʘʥʪʦʚʠʤ ʚʠʭʦʜʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʝ 

ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʪʝʥʮʽʘʣʫ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ. ʇʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʻ ʜʠʩʢʨʝʪʥʠʤ ʽʟ 

ʣʦʢʘʣʽʟʘʮʽʻʶ ʦʢʨʝʤʠʤʠ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʘʙʦ ʢʣʘʩʪʝʨʘʤʠ ʚ 



44 

 

ʩʪʨʫʢʪʫʨʽ ʙʽʣʢʘ ʽ ʪʫʥʝʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 1ï

3 ʥʤ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʯʘʩʦʤ ʚʽʜ ʧʽʢʦʩʝʢʫʥʜ ʜʦ ʩʦʪʝʥʴ ʩʝʢʫʥʜ. ʄʝʤʙʨʘʥʥʽ 

ʢʘʥʘʣʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʽʦʥʽʚ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʚ ʢʘʥʘʣʽ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʪʨʠ ʘʙʦ ʯʦʪʠʨʠ ʽʦʥʠ. ɿʘ 

ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʯʘʩʪʠʥʢʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʦʥʽʚ ʟ ʫʯʘʩʪʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʙʽʣʢʽʚ ʩʪʽʥʦʢ ʢʘʥʘʣʫ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʩʦʪʠʭ ʯʘʩʪʢʠ 

ʝʣʝʢʪʨʦʥʚʦʣʴʪʽʚ.  

ʌʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʚ ʧʨʦʮʝʩʘʭ 

ʛʦʤʦʛʝʥʥʦʛʦ ʘʙʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽ ʨʦʩʪʫ ʟʘʨʦʜʢʽʚ [10] ʘʙʦ 

ʰʣʷʭʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʰʘʨʫʚʘʥʥʷ ʚ ʘʜʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ [11] ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʘʜʩʦʨʙʮʽʾ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ. ʆʪʞʝ, ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʨʛʘʥʽʟʫʶʯʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʦʮʝʩʠ ʩʘʤʦʟʙʠʨʘʥʥʷ: ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʨʽʻʥʪʘʮʽʶ ʪʘ ʢʦʥʬʦʨʤʘʮʽʶ ʤʦʣʝʢʫʣ, ʘʜʩʦʨʙʮʽʶ, ʤʦʣʝʢʫʣʷʨʥʽ ʧʨʦʮʝʩʠ 

ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʦʤ, ʧʦʚʝʨʭʥʝʚʽ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʜʠʬʫʟʽʶ, ʪʫʥʝʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. ɽʣʝʢʪʨʠʯʥʽ ʧʦʣʷ, ʷʢ ʤʘʢʨʦʩʢʦʧʽʯʥʝ ʪʘʢ ʽ 

ʣʦʢʘʣʴʥʽ, ʟʜʘʪʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʦʮʝʩʠ 

ʩʘʤʦʟʙʠʨʘʥʥʷ ʯʝʨʝʟ ʟʤʽʥʫ ʩʠʤʝʪʨʽʾ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʟʤʽʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ 

ʚʠʩʦʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʜʣʷ ʥʘʥʦʦʙôʻʢʪʽʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ʊʝʤʧʣʘʪʦʤ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʫ ʧʨʦʩʪʦʨʽ 

ʤʢ̔ʨʦʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʦʙôʻʢʪʽʚ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʙʣʠʞʥʻʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ. ʊʝʤʧʣʘʪ ʻ ʦʜʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʨʝʯʦʚʠʥ ʫ ʥʘʥʦʤʘʩʰʪʘʙʽ [12].  
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ɺ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʫ ʧʨʦʧʦʥʫʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩ [13], ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʥʠʡ 

ʜʣʷ ʢʩʝʨʦʢʦʧʽʶʚʘʥʥʷ ʚ ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʘʭ. ɼʣʷ ʜʠʥʘʤʽʯʥʦʾ  ʨʝʻʩʪʨʘʮʽʾ 

ʬʘʟʦʚʠʭ ʛʦʣʦʛʨʘʤ ʚʽʜʦʤʠʡ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʡ ʨʽʟʥʦʚʠʜ ï 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ʽʟ ʚʽʣʴʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʦʨʛʘʥʽʯʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ [12] ʚ ʨʝʘʣʽʟʘʮʽʾ [14]. 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʢʦʛʦ ʪʝʤʧʣʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʠʬʫʟʽʡʥʦʶ ʜʦʚʞʠʥʦʶ ʩʢʣʘʜʦʚʠʭ (ʤʦʣʝʢʫʣ, ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʽ 

ʪ.ʽʥ., ʷʢʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ, ʚʟʘʻʤʦʜʽʾ ʽʟ ʧʦʚʝʨʭʥʝʶ ʪʘ ʪʦʧʦʣʦʛʽʾ) ʪʘ 

ʧʝʨʽʦʜʦʤ ʦʧʪʠʯʥʦʛʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʧʦʣʷ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʙʘʛʘʪʦʜʞʝʨʝʣʴʥʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʦʧʦʣʦʛʽʾ ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʽ ʚ ʩʫʯʘʩʥʽʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ 

ʬʦʪʦʣʽʪʦʛʨʘʬʽʾ, ʩʧʨʦʤʦʞʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʜʽʣʝʥʥʷ ʧʦʨʷʜʢʫ ʜʝʩʷʪʢʽʚ 

ʥʘʥʦʤʝʪʨʽʚ. ʄʘʥʽʧʫʣʶʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʷʢ ʩʫʙʩʪʨʫʢʪʫʨʘʤʠ ʪʘ 

ʧʨʦʤʝʥʝʚʘ ʪʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʟʜʘʪʥʽ 

ʧʨʦʩʫʥʫʪʠ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʚ ʥʘʥʦʤʝʪʨʦʚʠʡ ʜʽʘʧʘʟʦʥ. ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʘ 

ʪʝʤʧʣʘʪʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʧʨʦʷʚʠʪʠʩʷ ʚ ʧʨʦʮʝʩʘʭ, ʜʝ ʣʽʤʽʪʫʶʯʠʤʠ ʻ 

ʧʦʚʝʨʭʥʝʚʽ ʟʘʣʠʰʢʠ ʚʠʜʘʣʝʥʠʭ ʬʦʪʦʨʝʟʠʩʪʽʚ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʠʭ ʬʘʟ ʨʝʯʦʚʠʥʠ, ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʧʦʚʝʨʭʥʝʶ ʪʝʤʧʣʘʪʫ. 

ɺ [15-17] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ 

ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽʟ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʪʦʧʦʣʦʛʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʫ ʪʝʤʧʣʘʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʪʝʭʥʽʢ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʩʚʽʪʣʦʚʠʭ ʧʦʣʽʚ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʪʝʤʧʣʘʪʫ, ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ, ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ 

ʨʦʟʧʦʜʽʣ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. ʊʦʧʦʣʦʛʽʷ ʪʘ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨ ʧʨʠ ʪʘʢʦʤʫ 

ʩʧʦʩʦʙʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʘ ʨʦʟʤʽʨʠ  ̔

ʦʨʛʘʥʽʟʘʮʽʷ ʥʘʥʦʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʦʤ ʩʘʤʦʟʙʠʨʘʥʥʷ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ 380 

ʥʤ ʤʦʞʥʘ ʦʜʝʨʞʫʚʘʪʠ ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʽ ʪʘ ʢʦʤʧʦʟʠʪʥʽ 

ʩʪʨʫʢʪʫʨʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʧʝʨʽʦʜʦʤ 200 ʥʤ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʮ  ʁʚʝʣʠʯʠʥʫ. ʇʨʠ 

ʪʘʢʠʭ ʨʦʟʤʽʨʘʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʦʷʚʣʷʶʪʴʩʷ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥ ̫ʙʣʠʞʥʴʦʧʦʣʴʦʚʠʭ ʪʘ ʧʣʘʟʤʦʥʥʠʭ ʝʬʝʢʪʽʚ ʫ ʚʠʜʠʤʽʡ ʪʘ 

ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʯʘʩʪʠʥʘʭ ʩʧʝʢʪʨʫ, ʥʘʧʨʠʢʣʘʜ ʧʽʜʩʠʣʝʥʝ 

ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʽʜʩʠʣʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʘʥʽʟʦʪʨʦʧʽʷ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʜʞʝʥʴ ʬʦʪʦʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʪʘ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. 

ʃʦʢʘʣʽʟʦʚʘʥʠʡ ʟʘʨʷʜ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʪʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʥʘ 

ʧʣʽʚʢʫ ʪʝʤʧʣʘʪʫ ʩʬʦʢʫʩʦʚʘʥʠʭ ʧʫʯʢʽʚ ʝʣʝʢʪʨʦʥʽʚ ʘʙʦ ʽʦʥʽʚ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʽʦʜ ʥʘʥʦʩʪʨʫʢʪʫʨ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʪʝʭʥʽʢʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʢʩʧʦʟʠʮʽʾ. ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʟʙʠʨʘʥʥʷ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʟ ʦʛʣʷʜʫ ʥʘ ʜʠʬʫʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚʽʜ ʚʽʜʩʪʘʥʽ, 

ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ ʪʝʭʥʽʢʠ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

 

1.2. ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ 

 

ʊʝʤʧʣʘʪʥʽ ʤʝʪʦʜʠ [17] ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʽʟ: 

¶ ʟʘʜʘʥʠʤ ʨʝʣʴʻʬʦʤ, 

¶ ʟʘʜʘʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʦʥʦʨʥʠʭ ʘʙʦ/ʪʘ ʘʢʮʝʧʪʦʨʥʠʭ 

ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʽ.  

ʊʝʤʧʣʘʪ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [15,16]. ɿʘ 

ʩʭʝʤʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ. 1.1, ʤʦʞʥʘ ʚʠʛʦʪʦʚʠʪʠ ʰʠʨʦʢʠʡ ʨʷʜ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʫ ʪʘ ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʇʝʨʝʚʘʛʦʶ ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ  ̒ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ˇʨʘʬʝʥʫ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪ ̔

ʧʨʠʣʘʜʫ ʟʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ: ʫ ʪʦʧʦʣʦʛʽʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʭ ʦʙʣʘʩʪʝʡ ʪʘ ʨʝʣʴʻʬʫ. ʄʝʪʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʜʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ-ˇʨʘʬʝʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʟʦʥʥʦʾ ʩʭʝʤʠ ˇʨʘʬʝʥʫ, ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ ʧʝʚʥʦʾ ʪʦʧʦʣʦʛʽʾ ʨʝʣʴʻʬʫ ʪʘ ʪʦʧʦʣʦʛʽʾ ʦʙʣʘʩʪʝʡ ʽʟ ʤʦʣʝʢʫʣʷʨʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʜʦʥʦʨʽʚ ʘʙʦ ʘʢʮʝʧʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʩʢʣʘʜʥʽ ʧʨʠʣʘʜʠ ʽʟ 

ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

 

       

                                ʘ                                                        ʙ 

 

ʈʠʩ. 1.1 ʉʭʝʤʘ ʪʝʤʧʣʘʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʫ 

ʪʘ ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [17]: ʘ - ʪʦʧʦʣʦʛʽʷ ʝʣʝʤʝʥʪʽʚ, ʙ - 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ. 1 - ʪʝʤʧʣʘʪ, 2 - ʨʝʣʴʻʬ, 3 - ʦʙʣʘʩʪʴ 

ʢʦʥʜʝʥʩʘʮʽʾ ʜʦʥʦʨʥʦʾ ʩʧʦʣʫʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, 4 - ʦʙʣʘʩʪʴ ʢʦʥʜʝʥʩʘʮʽʾ 

ʘʢʮʝʧʪʦʨʥʦʾ ʩʧʦʣʫʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, 5 -  ʝʣʝʢʪʨʦʜ 

ˤ͙͎͍͔ͦͭͦͤͤ͡Ύ ͪ ͔͡ΈΊͺ͎ͤͦͦ ͭ ͔ͣͨ͊ͭͯ͡ 

˽͙͍͔͔ͪ͒ͤͤΎ ͐ ͪ͊ͺ͔ͤͯ ͯ  ͟ ͦͤͭ͊ͭ͟ ͜ ͘ 

͔ͭͣͨ͊ͭͦͣ͡ 

˹͔͔͊ͤͫͤͤΎ ͙͒ͦͤͦͪͤͻ ͦ ͔͚͋͊ͫͭ͡ ͤ  ͊

͍͔ͨͦͪͻͤΌ 

˹͙͔͊ͨͤͤ͡Ύ ͔͔͍͙ͣͭ͊͡ͻ ͔͔͍ͭͪͦ͒͟͜͡ ͤ  ͊

͍͔ͨͦͪͻͤΌ  
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ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʫ ʪʘ 

ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʜʚʦʭ ʧʠʪʘʥʴ: 

¶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʽʚ ˇʨʘʬʝʥʫ ʪʘ ʧʝʨʝʥʦʩʫ ʾʭ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ; 

¶ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʽʟ ʟʘʜʘʥʠʤ ʨʝʣʴʻʬʦʤ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʫ ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ñʟʥʠʟʫ-ʚʛʦʨʫò.  

ʇʨʦʩʪʦʨʦʚʘ ʪʦʧʦʣʦʛʽʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʫ ʪʘ 

ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʷʮʽʾ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʥʦʨʥʠʭ  ̔ ʘʢʮʝʧʪʦʨʥʠʭ ʦʙʣʘʩʪʝʡ ʪʘ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʘʞʣʠʚʦ, ʱʦ ʽʟʦʣʷʮʽʷ 

ʦʢʨʝʤʠʭ ʦʙʣʘʩʪʝʡ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʚʠʢʣʶʯʥʦ ʪʦʧʦʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ˇʨʘʬʝʥʦʧʦʜʽʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʪʦʧʦʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʣʘʜʽʚ ʥʘ 

ʦʩʥʦʚʽ ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʠʪʠ ʪʦʧʦʣʦʛʽʶ ʨʝʣʴʻʬʫ 

ʪʘ ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʥʦʨʥʽ ʪʘ ʘʢʮʝʧʪʦʨʥʽ ʦʙʣʘʩʪʽ. 

 

1.3. ʉʘʤʦʨʝʛʫʣʶʶʯʽ ʧʨʦʮʝʩʠ 

 

ʉʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ 

ʧʨʠʨʦʜʽ. ɺʦʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ, ʘʣʝ ʟʘʚʞʜʠ ʟ ʦʜʥʽʻʶ 

ʩʧʽʣʴʥʦʶ ʤʝʪʦʶ - ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʋ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʩʘʤʦʟʙʽʨʢʘ (self-

assembling) ʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ (self-organization).  

ʉʘʤʦʟʙʽʨʢʘ (ʩʘʤʦʫʧʦʨʷʜʢʫʚʘʥʥʷ) - ʮʝ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ [18]. 

ɰʾ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʻ ʭʝʤʦʩʦʨʙʮʽʷ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʘʢʮʽʷʭ ʤʽʞ ʘʜʩʦʨʙʘʪʦʤ ʪʘ ʘʜʩʦʨʙʫʶʯʦʶ ʧʦʚʝʨʭʥʝʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʠʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʜʩʦʨʙʦʚʘʥʦʶ ʤʦʣʝʢʫʣʦʶ ʽ ʧʦʚʝʨʭʥʝʶ, ʚʟʘʻʤʦʜʽʷ 

 ͊
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ʤʽʞ ʩʘʤʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʣʘʙʢʦʶ. ɺ ʦʨʛʘʥʽʯʥʦʤʫ ʽ 

ʥʝʦʨʛʘʥʽʯʥʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʩʘʤʦʟʙʽʨʢʠ.  

ʇʣʽʚʢʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʾ ʪʦʚʱʠʥʠ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʩʘʤʦʟʙʽʨʢʠ, ʤʘʶʪʴ ʜʫʞʝ ʥʠʟʴʢʫ ʱʽʣʴʥʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʽ ʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ. ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʪʨʘʬʘʨʝʪ ʜʣʷ 

ʣʽʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘʥʦʤʝʪʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʥʜʽʚ ʩʢʘʥʫʶʯʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʘʙʦ 

ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ.  

ʄʦʣʝʢʫʣʷʨʥʽ ʙʣʦʢʠ ʜʣʷ ʩʘʤʦʟʙʽʨʢʠ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ: ʛʨʫʧʫ, ʱʦ ʧʨʠʢʨʽʧʣʶʶʪʴ ʾʭ ʜʦ ʧʦʚʝʨʭʥʽ, ʧʨʦʤʽʞʥʫ 

ʛʨʫʧʫ ʽ ʧʦʚʝʨʭʥʝʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʛʨʫʧʫ. ʎʽ ʛʨʫʧʠ ʥʝ ʻ ʚʟʘʻʤʦʟʘʤʽʥʥʠʤʠ. 

ʊʘʢ, ʬʫʥʢʮʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʨʘʱʝ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʛʨʫʧ, ʥʽʞ ʥʝʦʨʛʘʥʽʯʥʠʭ, ʭʦʯʘ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʪʘʥʥʽʭ ʚʠʚʯʝʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. ʂʦʤʙʽʥʘʮʽʷ ʨʽʟʥʠʭ ʟʘ ʩʢʣʘʜʦʤ 

ʛʨʫʧ ʧʦʩʪʽʡʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʬʦʨʤ ʩʘʤʦʟʙʽʨʢʠ. 

 

ʈʠʩ. 1.2. ʌʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʤʘʣʶʥʢʘ ʰʣʷʭʦʤ ʩʘʤʦʟʙʽʨʢʠ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʾ ʧʣʽʚʢʠ [18]: ʘ - ʦʩʘʜʞʝʥʥʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ; ʙ 

- ʩʪʚʦʨʝʥʥʷ ʤʘʣʶʥʢʘ ʟʦʥʜʦʤ ʩʢʘʥʫʶʯʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ; ʚ - 

ʦʩʘʜʞʝʥʥʷ ʧʘʣʘʜʽʻʚʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʛ - ʦʩʘʜʞʝʥʥʷ ʥʽʢʝʣʶ  



50 

 

ʇʨʦʮʝʩ, ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʟʙʽʨʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʘʥʦʤʝʪʨʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʢʨʝʤʥʽʻʚʽʡ ʧʽʜʢʣʘʜʮʽ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.2.  

ʆʩʪʨʽʚʮʽ ʧʘʣʘʜʽʶ ʥʘ ʧʦʚʝʨʭʥʽ ʩʣʫʞʘʪʴ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʥʽʢʝʣʶ. ɿʘ ʨʘʭʫʥʦʢ ʙʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʽʢʝʣʝʚʠʭ ʦʩʪʨʽʚʮʽʚ ʥʘ 

ʧʘʣʘʜʽʾ ʧʨʦʤʽʞʢʠ ʤʽʞ ʧʘʣʘʜʽʻʚʠʤ ʦʩʪʨʽʚʮʷʤʠ ʟʘʧʦʚʥʶʶʪʴʩʷ, ʽ ʩʪʚʦʨʶʻʪʴʩʷ 

ʪʦʚʩʪʘ ʧʣʽʚʢʘ ʥʽʢʝʣʶ, ʱʦ ʤʘʻ ʩʫʮʽʣʴʥʫ ʙʝʟʜʝʬʝʢʪʥʫ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʠʛʦʪʦʚʘʥʫ ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦʬʽʣʴʦʚʘʥʫ ʤʝʪʘʣʝʚʫ ʧʣʽʚʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʷʢ ʤʘʩʢʫ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʪʨʘʚʣʝʥʥʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 15-20 ʥʤ, ʭʦʯʘ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ ʦʙʤʝʞʝʥʠʡ ʣʠʰʝ ʨʦʟʤʽʨʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʩʘʤʦʟʙʽʨʢʠ ʤʦʣʝʢʫʣ [18-26].  

ʉʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʚ ʦʙ'ʻʤʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʉʘʤʦʦʨʛʘʥʽʟʘʮʽʷ - ʮʝ 

ʧʨʦʮʝʩ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʚʥʦʛʦ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ ʜʘʥʦʾ ʘʪʦʤʥʦʾ ʩʠʩʪʝʤʠ [18].  

ʉʧʦʥʪʘʥʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʚ ʦʙôʻʤʽ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʩʦʙʦʤ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʠʭ ʜʨʦʪʽʚ ʽ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ [21-26]. ɿ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʻ ʧʨʦʮʝʩ ʩʧʦʥʪʘʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʂʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ 

ʨʝʯʦʚʠʥʠ ʙʽʣʴʰ ʩʪʽʡʢʠʡ, ʥʽʞ ʘʤʦʨʬʥʠʡ, ʪʦʤʫ ʙʫʜʴ-ʷʢʘ ʘʤʦʨʬʥʘ ʬʘʟʘ ʤʘʻ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʚʽʥ 

ʧʨʦʪʽʢʘʻ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ, ʚ ʷʢʠʭ ʮʝ ʩʝʨʝʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ. 

ɻʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʝʨʝʜʦʚʠʱʘ ʻ ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʘʨʦʜʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ 

ʩʠʩʪʝʤʠ ʥʘ ʚʝʣʠʯʠʥʫ Dg=gam-gcr, ʜʝ gam ʽ gcr, - ʝʥʝʨʛʽʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʪʘ 

ʘʤʦʨʬʥʦʾ ʬʘʟ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ. ʎʴʦʤʫ 

ʟʤʝʥʰʝʥʥʶ ʦʙ'ʻʤʥʦʾ ʝʥʝʨʛʽʾ ʧʨʦʪʠʩʪʦʾʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʟʨʦʩʪʘʶʯʠʭ ʟʘʨʦʜʢʽʚ. ʇʦʷʚʘ ʟʘʨʦʜʢʽʚ ʟ ʨʘʜʽʫʩʦʤ r ʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʻʶ s*
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʥʘ 
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ʚʝʣʠʯʠʥʫ ʷʢʘ ʥʝʤʦʥʦʪʦʥʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ (ʨʘʜʽʫʩʫ) ʟʘʨʦʜʢʽʚ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.3. 

3
2 * 4ˊ

4ˊ ů .
3

r
G r g

å õ
D = - Dæ ö

ç ÷      (1.1) 

ʉʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʨʦʜʢʽʚ ʚʠʤʘʛʘʻ ʟʜʽʡʩʥʝʥʥʷ ʥʘʜ ʩʠʩʪʝʤʦʶ 

ʨʦʙʦʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʦʙʩʷʛʫ ʟʘʨʦʜʢʽʚ ʚʠʚʽʣʴʥʷʻ 

ʝʥʝʨʛʽʶ ʚ ʩʠʩʪʝʤʽ. ɿʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʤʘʢʩʠʤʫʤ ʜʣʷ ʢʣʘʩʪʝʨʘ ʟ 

ʢʨʠʪʠʯʥʠʤ ʨʘʜʽʫʩʦʤ 

*2ů .crr g= D     (1.2) 

ɿʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʟ ʨʘʜʽʫʩʦʤ ʤʝʥʰʝ ʽ ʙʽʣʴʰʝ 

ʢʨʠʪʠʯʥʦʛʦ ʚʠʤʘʛʘʻ ʤʝʥʰʦʾ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʥʽʞ ʜʣʷ ʢʣʘʩʪʝʨʘ 

ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ, ʽ ʩʠʩʪʝʤʘ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʦʶ. 

ʋʪʚʦʨʝʥʽ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʢʣʘʩʪʝʨʠ ʟ 

ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʢʨʠʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘʤʠ ʪʫʪ ʞʝ ʨʦʟʧʘʜʘʶʪʴʩʷ. ʄʽʞ ʪʠʤ 

ʟʘʚʞʜʠ ʽʩʥʫʻ ʜʝʷʢʘ ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ. 

 

ʈʠʩ. 1.3. ɿʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʟʘʨʦʜʢʘ ʷʢ ʬʫʥʢʮʽʷ ʡʦʛʦ 

ʨʘʜʽʫʩʘ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʽ ʚʢʣʘʜʠ ʚʽʜ ʟʤʽʥʠ ʦʙ'ʻʤʫ ʽ ʧʦʚʝʨʭʥʽ ʟʘʨʦʜʢʘ 

[18] 
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ɿʘʨʦʜʢʠ ʟ ʢʨʠʪʠʯʥʠʤ ʨʦʟʤʽʨʦʤ ʤʘʶʪʴ ʩʧʨʠʷʪʣʠʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʤʦʚʠ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ nn 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʦʜʢʽʚ ʟ ʢʨʠʪʠʯʥʠʤ ʨʦʟʤʽʨʦʤ ʽ ʰʚʠʜʢʦʩʪʽ ʾʭ 

ʟʨʦʩʪʘʥʥʷ: 

 

nn~exp( / )exp( / ),cr B a BG k T E k T-D -        (1.3) 

ʜʝ DGcr - ʟʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ, kB - 

ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ, ʊ - ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

ʏʣʝʥ exp(-Ea/kBT) ʚʨʘʭʦʚʫʻ ʚʥʝʩʦʢ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ ʚ ʩʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ 

ʽ ʾʭ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ Ea. 

ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ DGcr ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʘ T
2
, ʪʦ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʽʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ exp(-1/T 
3
). ʆʯʝʚʠʜʥʦ, ʱʦ 

ʟʘʨʦʜʞʝʥʥʷ ʢʦʞʥʦʾ ʚʠʟʥʘʯʝʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʫʟʴʢʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʥʠʞʯʝ ʷʢʦʛʦ ʥʽʯʦʛʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʘ ʚʠʱʝ 

ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʧʘʜʫ ʟʘʨʦʜʢʽʚ ʧʨʦʪʽʢʘʶʪʴ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, ʱʦ ʥʝ 

ʟʘʣʠʰʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʥʘʚʽʪʴ ʟʘʨʦʜʢʘʤ ʟ ʢʨʠʪʠʯʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ.  

ʉʧʦʥʪʘʥʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨ ʟ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ. ɿ 

ʾʾ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʶʪʴ ʥʘʥʦʢʨʠʩʪʘʣʽʪʠ ʷʢ ʚ ʥʝʦʨʛʘʥʽʯʥʠʭ, ʪʘʢ ʽ ʚ 

ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. 

ʄʝʪʦʜʠ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʚʞʠʚʘʥʽ ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʾ, ʜʦʟʚʦʣʷʶʪʴ 

ʩʧʦʜʽʚʘʪʠʩʷ ʥʘ ʧʦʷʚʫ ʫ ʩʘʤʦʤʫ ʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʜʽʘʛʥʦʩʪʠʢʠ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ 

ʥʘʥʦʢʨʠʩʪʘʣʘʭ ʽ ʟʘʙʝʟʧʝʯʫʶʯʠʭ ʨʝʢʦʨʜʥʽ ʯʫʪʣʠʚʦʩʪʽ ʽ ʰʚʠʜʢʽʩʪʴ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʜʷʢʠ ʧʦʷʚʽ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʛʦ ʢʣʘʩʫ ʦʧʪʠʯʥʠʭ ʤʽʪʦʢ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʥʘʥʦʢʨʠʩʪʘʣʠ ʚʠʷʚʠʣʠʩʷ ʥʘʚʽʪʴ ʤʝʥʰ ʰʢʽʜʣʠʚʠʤʠ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʫ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʥʽʞ ʦʨʛʘʥʽʯʥʽ ʙʘʨʚʥʠʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ 
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ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʥʦʚʠʭ ʥʝʨʫʡʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʮʝʧʪʦʨʥʠʭ 

ʤʦʣʝʢʫʣ ʽ ʤʘʨʢʝʨʽʚ ʟʘʭʚʦʨʶʚʘʥʴ. ʆʧʝʨʘʪʠʚʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʨʢʝʨʽʚ ʧʫʭʣʠʥʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟʘ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʶ ʩʭʝʤʦʶ ʚ ʦʜʥʦʤʫ ʢʣʽʥʽʯʥʦʤʫ ʪʝʩʪʽ, ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʟʤʽʥʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʤʝʜʠʮʠʥʠ, ʘ ʧʦʷʚʘ ʪʝʭʥʦʣʦʛʽʾ ʪʦʯʥʦʾ ʦʧʪʠʯʥʦʾ 

ʣʦʢʘʣʽʟʘʮʽʾ ʫ ʪʢʘʥʠʥʘʭ ʣʽʢʽʚ ʨʘʟʦʤ ʟʽ ʩʚʦʾʤʠ ʤʽʰʝʥʷʤʠ ʜʦʟʚʦʣʠʪʴ 

ʧʦʣʝʛʰʠʪʠ ʨʦʟʨʦʙʢʫ ʣʽʢʽʚ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ [21-26]. 

ʋ ʟʚôʷʟʢʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʥʘʥʦʧʨʠʣʘʜʽʚ 

ʚʠʥʠʢʣʘ ʟʘʜʘʯʘ ʚʠʨʦʱʫʚʘʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʽʟ 

ʤʥ̔ʽʤʘʣʴʥʠʤ ʨʦʟʢʠʜʦʤ ʨʦʟʤʽʨʽʚ. ʇʦʰʫʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʪʨʴʦʭ ʥʘʧʨʷʤʢʘʭ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʟ ʙʣʠʟʴʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʢʘʪʘʣʽʟʘʪʦʨʫ, ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʫ ʥʘʥʦʚʽʢʥʘʭ 

ʤʘʩʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʫ ʤʘʩʦʧʝʨʝʥʦʩʽ ʜʦ ʟʦʥʠ 

ʨʦʩʪʫ. 

ʊʝʤʧʣʘʪʥʽ ʧʽʜʭʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘʥʦʢʨʠʩʪʘʣʽʚ 

ʤʦʞʫʪʴ ʤʘʪʠ ʧʝʨʩʧʝʢʪʠʚʫ ʚ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʠʩʪʨʦʷʭ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʩʝʥʩʦʨʠʢʠ. ʊʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʠʩʪʝʤ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʘ ʥʦʚʦʶ ʟʘʜʘʯʝʶ. ʉʝʨʝʜ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘʥʦʢʨʠʩʪʘʣʠ CdS ʪʘ CdSe, ʙʝʟʫʤʦʚʥʦ, 

ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʩʝʥʩʦʨʠʮʽ, ʤʝʜʠʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ, 

ʥʝʪʨʘʜʠʮʽʡʥʽʡ ʝʥʝʨʛʝʪʠʮʽ. ɺʦʜʥʦʯʘʩ ʚʠʨʦʱʝʥʥʷ ʪʘʢʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʻ 

ʚʽʜʥʦʩʥʦ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʤʘʩʠʚʽʚ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʚʠʚʯʝʥʦ ʜʦʩʠʪʴ ʩʣʘʙʢʦ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʥʠʭ ʤʝʪʦʜʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʣʽʪʦʛʨʘʬʽʯʥʠʤʠ 

ˇʨʫʥʪʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʠʤʫʣʷʮʽʾ ʩʝʣʝʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʬʘʟʦʫʪʚʦʨʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ ʬʘʟʦʫʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʦʙʣʠʚʠʭ ʤʽʩʮʷʭ ʥʘʥʦʨʝʣʴʻʬʫ ʪʘ ʫ ʩʠʣʴʥʠʭ, ʨʝʛʫʣʷʨʥʦ 

ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ. ʊʦʤʫ ʥʘʡʙʣʠʞʯʠʤʠ ʟʘʜʘʯʘʤʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʨʦʩʪʦʨʦʚʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʥʘ 
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ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʨʝʛʫʣʷʨʥʦʾ ʩʠʩʪʝʤʠ ñʟʘʨʦʜʢʽʚ-ʢʘʪʘʣʽʟʘʪʦʨʽʚò, 

ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʩʝʥʩʦʨʘʭ ʙʽʦʣʦʛʽʯʥʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 

 

1.4. ʇô̒ ʟʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʤʧʣʘʪ ʷʢ ʦʩʥʦʚʘ ʦʪʨʠʤʘʥʥʷ ʦʨʛʘʥʽʟʦʚʘʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʦʙô̒ ʢʪʽʚ 

 

ɯʥʜʫʢʦʚʘʥʽ ʧʦʣʷʨʥʽ ʩʪʘʥʠ ʫ ʥʝʧʦʣʷʨʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʢʘʭ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʥʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʥʠʭ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʤʧʣʘʪ [19,20]. 

ʆʩʪʘʥʥʽʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʤʽʩʪʠʪʴ ʪʝʨʤʦʧʨʫʞʥʠʡ 

ʙʘʣʘʩʪ ʪʘ ʪʦʥʢʠʡ ʰʘʨ ʟ ʥʝʧʦʣʷʨʥʦʛʦ ʧôʻʟʦʝʣʝʢʪʨʠʢʘ, ʚ ʷʢʦʤʫ ʬʦʨʤʫʶʪʴʩʷ 

ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ. ʈʝʘʣʽʟʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʉʘʤʦʦʨʛʘʥʽʟʦʚʘʥʥʠʡ ʟʨʽʩʪ ʢʦʛʝʨʝʥʪʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʦʩʪʨʽʚʮʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʜʝʬʝʢʪʽʚ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ˇʨʘʪʦʢ, ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʦʙô̒ ʢʪʽʚ [21]. ɸʢʪʫʘʣʴʥʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʾʭʥʴʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʚʠʩʦʢʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʦʙʣʠʟʫ ʢʚʘʥʪʦʚʦʾ ʪʦʯʢʠ [22]. ɯʩʥʫʶʪʴ ʪʨʠ 

ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʠʨʦʜʫ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ [23]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʽʚ ʩʧʦʥʪʘʥʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʎʽ ʝʬʝʢʪʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʷʚʠʱ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʪʨʠʤʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʪʨʫʢʪʫʨ ʩʧʠʨʘʻʪʴʩʷ 

ʥʘ ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ ʪʘ ʛʘʟʦʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ ʟ 

ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʨʦʩʪʫ 

ʛʝʪʝʨʦʝʧʽʪʘʢʩʠʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ï (ʨʠʩ.1.4). ʈʝʞʠʤ ʌʨʘʥʢʘ-ʚʘʥ ʜʝʨ ʄʝʨʚʝ 
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(Frank-van der Merve, FM). ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʰʘʨʦʚʠʡ 

(ʜʚʦʚʠʤʽʨʥʠʡ) ʨʽʩʪ ʤʘʪʝʨʽʘʣʫ ɺ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʤʘʪʝʨʽʘʣʫ ɸ. ʄʘʪʝʨʽʘʣʠ ɸ ʪʘ 

ɺ ʧʦʛʦʜʞʝʥʽ ʟʘ ʧʦʩʪʽʡʥʦʶ ˇʨʘʪʢʠ. ʈʝʞʠʤ ʌʦʣʤʝʨʘ-ɺʝʙʝʨʘ (Volmer-Weber, 

VW), ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʦʩʪʨʽʚʮʝʚʠʭ (ʪʨʴʦʭʤʽʨʥʠʭ) ʨʽʩʪ ʤʘʪʝʨʽʘʣʫ ɺ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ɸ. ʈʝʞʠʤ ʉʪʨʘʥʩʴʢʦʛʦ-ʂʨʘʩʪʘʥʦʚʘ (Stranski-Krastanow, SK). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʩʪʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʰʘʨʦʚʠʡ ʨʽʩʪ 

ʤʘʪʝʨʽʘʣʫ ɺ ʥʘ ʧʽʜʢʣʘʜʮʽ ɸ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʤʦʯʫʶʯʦʛʦ ʰʘʨʫ, ʘ ʧʦʪʽʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʨʦʩʪʫ ʪʨʴʦʭʤʽʨʥʠʭ ʦʩʪʨʽʚʮʽʚ ʟ ʤʘʪʝʨʽʘʣʫ ɺ ʥʘ 

ʧʦʢʨʠʪʽʡ ʧʽʜʢʣʘʜʮʽ. ʄʘʪʝʨʽʘʣʠ ɸ ʪʘ ɺ ʥʝʫʟʛʦʜʞʝʥʽ ʟʘ ʧʦʩʪʽʡʥʦʶ ˇʨʘʪʢʠ. ʋ 

ʛʝʪʝʨʦʝʧʽʪʘʢʩʘ̔ʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, ʫʟʛʦʜʞʝʥʠʭ ʟʘ ʧʦʩʪʽʡʥʦʶ ˇʨʘʪʢʠ, ʨʝʞʠʤ 

ʨʦʩʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʝʥʝʨʛʽʡ ʚʽʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʤʘʪʝʨʽʘʣʽʚ ɸ - ɔ1, ʠ ɺ - ɔ2, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʾ ʛʨʘʥʠʮʽ ʾʭ ʨʦʟʜʽʣʫ- ɔ12. ʂʦʣʠ 

ʧʦʚʝʨʭʥʝʚʘ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʧʽʜʢʣʘʜʢʠ ɔ1 ʧʝʨʝʚʝʨʰʫʻ ʩʫʤʫ ʧʦʚʝʨʭʥʝʚʦʾ 

ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʝʧʽʪʘʢʩʽʘʣʴʥʦʛʦ ʰʘʨʫ ɔ2 ʪʘ ʝʥʝʨʛʽʾ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ɔ12 ʪʦʙʪʦ 

ɔ2+ɔ12<ɔ1, ʪʦ ʦʩʘʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ɺ ʟʤʦʯʫʻ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ ɸ ʠ 

ʚʠʥʠʢʘʻ ʨʝʞʠʤ ʌʨʘʥʢʘ-ʚʘʥ ʜʝʨ ʄʝʨʚʝ. 

 

ʈʠʩ.1.4. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʨʴʦʭ ʨʝʞʠʤʽʚ ʨʦʩʪʫ ʜʣʷ 

ʛʝʪʝʨʦʝʧʽʪʘʢʩʠʘʣʴʥʠʭ ʩʠʩʪʝʤ: ʌʨʘʥʢʘ-ʚʘʥ ʜʝʨ ʄʝʨʚʝ (FM). ʌʦʣʤʝʨʘ-

ɺʝʙʝʨʘ (VW) ʪʘ ʉʪʨʘʥʩʴʢʦʛʦ-ʂʨʘʩʪʘʥʦʚʘ (SK) [19] 
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ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ɔ1+ɔ12 ʚʽʜʥʦʩʥʦ ɔ1 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʨʝʞʠʤʫ ʌʨʘʥʢʘ-ʚʘʥ ʜʝʨ ʄʝʨʚʝ ʜʦ ʨʝʞʠʤʫ ʌʦʣʤʝʨʘ-ɺʝʙʝʨʘ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣ ɺ ʥʝ ʟʤʦʯʫʻ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ɸ. ʋ 

ʛʝʪʝʨʦʝʧʽʪʘʢʩʘ̔ʣʴʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʟʘ ʧʦʩʪʽʡʥʦʶ 

ˇʨʘʪʢʠ ʤʽʞ ʦʩʘʜʞʝʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ɺ ʪʘ ʧʽʜʢʣʘʜʢʦʶ ɸ, ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ 

ʨʽʩʪ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʰʘʨʦʚʦ. ʆʜʥʘʢ ʙʽʣʴʰ ʪʦʚʩʪʠʡ ʰʘʨ ʦʩʘʜʞʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʤʘʻ ʙʽʣʴʰ ʧʨʫʞʥʫ ʝʥʝʨʛʽʶ. ʊʦʜʽ ʚʠʥʠʢʘʻ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ 

ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʽʟʦʣʴʦʚʘʥʠʭ ʦʩʪʨʽʚʮʽʚ. ɺ ʮʠʭ ʦʩʪʨʦʚʢʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʣʘʢʩʘʮʽʷ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ 

ʧʨʫʞʥʦʾ ʝʥʝʨʛʽʾ. ʊʘʢ ʚʠʥʠʢʘʻ ʨʝʞʠʤ ʨʦʩʪʫ ʉʪʨʘʥʩʴʢʦʛʦ-ʂʨʘʩʪʘʥʦʚʘ. ʋ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʥʘ ʧʽʜʢʣʘʜʮʽ ʫʪʚʦʨʶʶʪʴʩʷ ʦʩʪʨʦʚʢʠ, ʧʨʦʤʽʞʢʠ ʤʽʞ 

ʷʢʠʤʠ ʟʘʧʦʚʥʝʥʽ ʪʦʥʢʠʤ ʟʤʦʯʫʚʘʥʠʤ ʰʘʨʦʤ. ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ (ʨʠʩ.1.5) 

ʧʦʢʘʟʫʻ, ʱʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʝʷʢʽ ʦʙʣʘʩʪʽ ʧʘʨʘʤʝʪʨʽʚ (Q ʪʘ Ůo), ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ ʨʝʞʠʤʘʤʠ ʨʦʩʪʫ ʰʘʨʽʚ. ʇʝʨʝʚʘʛʦʶ ʮʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʻ ʪʝ, ʱʦ ʩʪʨʫʢʪʫʨʠ ʟôʷʚʣʷʶʪʴʩʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʭʦʜʽʚ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ, ʟʦʢʨʝʤʘ, ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʣʽʪʦʛʨʘʬʽʾ.  

 

ʈʠʩ.1.5. ʈʽʚʥʦʚʘʞʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʘ ʛʝʪʝʨʦʝʧʽʪʘʢʩʠʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʥʝʫʟʛʦʜʞʝʥʽʩʪʶ ˇʨʘʪʦʢ ʫ ʚʽʩʷʭ [19]: Q - ʢʽʣʴʢʽʩʪʴ ʦʩʘʜʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; Ůo 

- ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ˇʨʘʪʦʢ  
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 ɿ ʮʽʣʣʶ ʧʦʩʠʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʟʘ ʙʫʜʴ-

ʷʢʦʶ ʽʟ ʩʭʝʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʣʠ ʜʠʧʦʣʴïʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʧʽʜʢʣʘʜʢʘʤʠ ʪʘ ʘʜʩʦʨʙʦʚʘʥʠʤʠ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʢʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʥʢʽ ʰʘʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʣʘʩʫ ʥʝʧʦʣʷʨʥʠʭ ʧôʝʟʦʝʣʝʢʪʨʠʢʽʚ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʷʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʚʘʨʮ, ʘʨʩʝʥʽʜ ʛʘʣʽʶ ʪʘ ʩʝʣʝʥʽʜ 

ʮʠʥʢʫ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʩʽʚ, ʦʜʥʘʢ ʮʝ ʥʝ 

ʻ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʽʨʦʝʣʝʤʝʥʪʽʚ. ʋ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ, ʟʚôʷʟʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʟ ʾʭ ʥʝʦʜʥʦʨʽʜʥʠʤ 

ʥʘʛʨʽʚʘʥʥʷʤ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ ʚ ʦʙôʻʤʽ ʢʨʠʩʪʘʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʛʨʘʜʽʻʥʪʦʤ, ʚʩʽ ʥʝʧʦʣʷʨʥʽ ʧôʻʟʦʝʣʝʢʪʨʠʢʠ ʩʪʘʶʪʴ 

ʧʽʨʦʘʢʪʠʚʥʠʤʠ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʽʥʜʫʢʫʻʪʴʩʷ ʚ ʥʠʭ ʫ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʥʘ 

ʢʨʠʩʪʘʣ ʪʘ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʚ ʥʠʭ ʪʝʨʤʦʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʢʨʽʟʴ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʚʠʟʠʚʘʶʪʴ ʧʦʣʷʨʠʟʘʮʽʶ ʢʨʠʩʪʘʣʫ. ʎʝʡ 

ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʦʤʠʡ ʷʢ ʪʨʝʪʠʥʥʠʡ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʡ 

ʝʬʝʢʪ (ʊʇɽ) [24,25]. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʤʝʭʘʥʽʟʤʫ ʮʴʦʛʦ ʝʬʝʢʪʫ ʚʠʪʽʢʘʻ, ʱʦ 

ʚʽʥ ʤʘʻ ʤʽʩʮʝ ʫ ʚʩʽʭ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʩʘʭ ʧʨʠ ʫʤʦʚʽ ʧʨʦʩʪʦʨʦʚʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ ʢʨʠʩʪʘʣ. 

ɼʘʣʽ ʥʘ ʧʽʜʢʣʘʜʮʽ ʬʦʨʤʫʻʪʴʩʷ ʤʘʣʘ, ʘʣʝ ʤʘʢʨʦʩʢʦʧʽʯʥʘ ʦʙʣʘʩʪʴ, ʫ 

ʷʢʽʡ ʜʽʶʪʴ ʪʝʨʤʦʧʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʾʾ ʣʦʢʘʣʴʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ 

ʛʨʘʥʠʯʥʦ ʚʫʟʴʢʠʤ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ. ʇʨʠ ʮʴʦʤʫ ʚ ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʮʠʭ 

ʥʘʧʨʫʞʝʥʴ ʟʘʚʜʷʢʠ ʊʇɽ ʬʦʨʤʫʻʪʴʩʷ ʧʦʣʷʨʥʠʡ ʩʪʘʥ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ 

ʩʪʘʥʫ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʨʽʟʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʪʘ ʩʧʦʩʦʙʫ ʣʦʢʘʣʴʥʦʛʦ 

ʥʘʛʨʽʚʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʥʫ, ʬʦʨʤʫʶʯʠ ʜʠʧʦʣʽ 

ʚ ʯʘʩʪʽ ʢʨʠʩʪʘʣʫ ʟ ʦʨʽʻʥʪʘʮʽʻʶ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʧʦʣʴï

ʜʠʧʦʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʊʘʢʘ ʚʟʘʻʤʦʜʽʷ ʧʽʩʣʷ ʨʝʣʘʢʩʘʮʽʾ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʘʜʩʦʨʙʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʧʨʠʪʷʛʘʥʥʷ ʜʦ 

ʦʙʣʘʩʪʝʡ, ʷʢʽ ʤʽʩʪʷʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʫ ʧʦʣʷʨʠʟʘʮʽʶ, ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʙʣʘʩʪʽ ʽʥʜʫʢʦʚʘʥʠʭ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. ɺʩʝ ʮʝ ʩʪʚʦʨʶʻ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʪʨʫʢʪʫʨ.  

ɼʦ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʩʣʽʜ ʪʘʢʦʞ ʜʦʜʘʪʠ, ʱʦ ʥʘʥʦʤʘʩʰʪʘʙʥʽ ʦʙôʻʢʪʠ, 

ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʽ ʢʚʘʥʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʬʦʨʤʫʶʪʴʩʷ ʽ ʚ ʦʜʥʦʚʽʩʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʧʣʽʚʢʘʭ ʽʟ ʩʠʣʴʥʦʶ ʤʘʛʥʽʪʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ, ʫʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʪʝʤʧʣʘʪʽʚ Al 2O3, ZrO2, TiO2. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ 

ʜʘʥʠʭ ʦʙôʻʢʪʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʽʚʦʢ. ʊʘʢ ʟʦʢʨʝʤʘ, 

ʨʦʟʤʽʨ ʪʘ ʛʫʩʪʠʥʘ ʧʦʨ ʪʝʤʧʣʘʪʫ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷʭ ʤʘʛʥʽʪʥʦʾ 

ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ [26], ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʷʢʠʤʠ, ʚʠʟʥʘʯʘʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʝʬʝʢʪʫ ʢʚʘʥʪʦʚʦʛʦ ʜʝʧʽʥʽʥʥʛʫ ʜʦʤʝʥʥʦʾ ʩʪʽʥʢʠ ʪʘ ʾʾ 

ʩʫʙʩʪʨʫʢʪʫʨʠ [27-29]. ʂʚʘʥʪʦʚʽ ʦʩʮʠʣʷʮʽʾ ʥʘʥʦʤʘʩʰʪʘʙʥʠʭ ʫʪʚʦʨʝʥʴ ʚ 

ʪʘʢʠʭ ʧʣʽʚʢʘʭ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [30,31].  

 

1.5. ʄʝʪʦʜʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʣʘʟʤʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʫ ʯʘʩʪʠʥʢʘʭ ʪʘ 

ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʦʧʠʩʫ ʟʙʫʜʞʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʢʘʭ ʻ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ, ʷʢʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʦʣʷʨʠʟʫʻ ʥʘʥʦʯʘʩʪʠʥʢʫ, ʚʠʢʣʠʢʘʶʯʠ 

ʟʤʽʥʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1.6). 

 

ʈʠʩ.1.6. ʉʭʝʤʘ ʟʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʥʘʥʦʯʘʩʪʠʥʮʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ (ʚ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ 

ʤʘʣʝʥʴʢʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʘ ʜʦʚʞʠʥʫ 

ʭʚʠʣʽ) [32] 
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ɺ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʝ ʚʟʘʻʤʦʜʽʶʯʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ Ŭ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ ʂʣʘʫʟʽʫʩʘ-ʄʘʩʦʪʪʽ 

[33]: 
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ʅʘ ʨʠʩ. 1.7, ʷʢ ʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʦ ʜʽʡʩʥʫ ʯʘʩʪʠʥʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʟʦʣʦʪʘ, ʚʠʟʥʘʯʝʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʤʘʩʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

[32]. 
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ʈʠʩ. 1.7. ɼʽʡʩʥʘ ʯʘʩʪʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʦʣʦʪʘ, ʚʠʟʥʘʯʝʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʤʘʩʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [34] 

 

ɼʣʷ ʩʝʨʝʜʦʚʠʱʘ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ 2 (n=1,44) ʨʝʟʦʥʘʥʩ 

ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠ 530 ʥʤ. 
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ʊʝʦʨʽʷ ʄʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʩʧʽʚʤʽʨʥʽʩʪʴ ʜʦʚʞʠʥʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʽʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʨʠʩ.1.8, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ 

ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ ʙʣʠʞʥʽʤʠ ʧʦʣʷʤʠ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʣʽʚ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ.  

 

ʈʠʩ.1.8. ʇʝʨʝʨʽʟʠ ʨʦʟʩʽʷʥʥʷ, ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʝʢʩʪʠʥʢʮʽʾ ʜʣʷ ʟʦʣʦʪʦʾ ʩʬʝʨʠ 

ʜʽʘʤʝʪʨʦʤ 60 ʥʤ ʚ ʤʘʪʨʠʮʽ ʽʟ n=1,5 ʟʛʽʜʥʦ ʪʝʦʨʽʾ ʄʽ [32] 

 

  

ʘ ʙ 

ʈʠʩ.1.9. ɺʧʣʠʚ ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʨʝʟʦʥʘʥʩʥʫ 

ʯʘʩʪʦʪʫ ʟʛʽʜʥʦ ʪʝʦʨʽʾ ʄʽ [32] 

 

ʌʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʫʪʪ̒ ʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʦʥʘʥʩʥʫ 

ʯʘʩʪʦʪʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.9. ʗʢ ʽ ʚ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽʡ ʪʝʦʨʽʾ 
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ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʟʩʫʚʫ ʨʝʟʦʥʘʥʩʫ (ʨʠʩ.1.10).  

ɿʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʘʜʽʘʮʽʡʥʠʤ 

ʰʣʷʭʦʤ, ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ, ʪʘ ʥʝʨʘʜʽʘʮʽʡʥʠʤ [33,35]. 

ʅʝʨʘʜʽʘʮʽʡʥʠʡ ʨʦʟʧʘʜ ʧʣʘʟʤʦʥʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʝʬʘʟʫʚʘʥʥʷ 

ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʢʘʭ ʧʨʠ ʨʦʟʩʽʷʥʥʽ ʥʘ 

ʬʦʥʦʥʘʭ, ʽʦʥʘʭ ˇʨʘʪʢʠ, ʝʣʝʢʪʨʦʥʘʭ ʚʥʫʪʨʽʰʥʽʭ ʦʨʙʽʪʘʣʝʡ, ʛʨʘʥʠʮʷʭ ʧʣʽʚʢʠ, 

ʜʦʤʽʰʢʘʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʘʭ. ɺ ʪʝʨʤʽʥʘʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʟʛʽʜʥʦ 

ʧʨʠʥʮʠʧʫ ʇʘʫʣʽ ʧʝʨʝʭʦʜʠ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʚʽʣʴʥʽ ʩʪʘʥʠ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʽ ʧʝʨʝʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʞʟʦʥʥʠʤʠ (ʟʘ ʫʯʘʩʪʶ d ʟʦʥʠ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ) ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤʠ ʟ ʫʯʘʩʪʶ ʜʽʨʦʢ (ʟʙʫʜʞʝʥʠʭ 

ʩʪʘʥʽʚ).  
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ʈʠʩ.1.10. ɺʧʣʠʚ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʤʘʪʨʠʮʽ ʥʘ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ - ʘ 

ʪʘ ʜʽʘʤʝʪʨʘ ʦʙʦʣʦʥʢʠ - ʙ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽʟ n=1,5 ʥʘ ʨʝʟʦʥʘʥʩʥʫ 

ʯʘʩʪʦʪʫ ʟʛʽʜʥʦ ʪʝʦʨʽʾ ʄʽ [32] 

 

ʈʘʜʽʘʮʽʡʥʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʜʣʷ ʨʦʟʧʘʜʫ ʧʣʘʟʤʦʥʽʚ ʥʘ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʢʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ h ʜʣʷ ʟʦʣʦʪʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʜʽʘʤʝʪʨʫ [32] ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1.11. ʏʘʩʪʠʥʢʠ ʽʟ ʜʽʘʤʝʪʨʦʤ 

ʫ ʯʚʝʨʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʤʦʞʫʪʴ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʧʨʦʤʽʥʶʚʘʪʠ, 
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ʧʝʨʝʪʚʦʨʶʶʯʠ ʝʥʝʨʛʽʶ ʧʣʘʟʤʦʥʫ-ʧʦʣʷʨʠʪʦʥʫ ʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʭʚʠʣʶ. 

ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʩʪʝʤʠ ʽʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥʦʢ [35].  

ɹʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʻ ʧʝʨʽʦʜʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ 

ʘʙʦ ʧʣʘʟʤʦʥʥʽ ʢʨʠʩʪʘʣʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʩʪʚʦʨʝʥʠʭ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʽʦʜʠʯʥʦʛʦ ʯʝʨʛʫʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ 

ʧʣʘʟʤʦʥʥʦʤʫ ʢʨʠʩʪʘʣʽ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ɹʨʝʛʛʽʚʩʴʢʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʽʟ 

ʜʽʝʣʝʢʪʨʠʢʘ ʪʘ ʤʝʪʘʣʫ. ʊʦʚʱʠʥʘ ʤʝʪʘʣʫ ʚ ʮʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʤʝʥʰʦʶ ʟʘ ʪʦʚʱʠʥʫ ʩʢʽʥ-ʰʘʨʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʚʟʘʻʤʦʜʽʾ 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. 

 

ʈʠʩ 1.11. ʈʘʜʽʘʮʽʡʥʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʜʣʷ ʟʦʣʦʪʠʭ ʯʘʩʪʠʥʦʢ, ʚʠʟʥʘʯʝʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [32] 

 

ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʧʣʘʟʤʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʦʜʥʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ ʜʠʬʨʘʢʮʽʡʥʦʾ ˇʨʘʪʢʠ ʽʟ ʤʝʪʘʣʝʚʠʭ 

ʥʘʥʦʜʨʦʪʽʚ ʪʘ ʜʚʦʚʠʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ 

ʧʽʜʢʣʘʜʮʽ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʧʣʘʟʤʦʥʥʦ-

ʧʦʣʷʨʠʪʦʥʥʽ ʟʙʫʜʞʝʥʥʷ, ʧʣʘʟʤʦʥʥʽ ʟʙʫʜʞʝʥʥʷ ʚʟʜʦʚʞ ʦʢʨʝʤʦʛʦ ʥʘʥʦʜʨʦʪʫ, 

ʭʚʠʣʝʚʦʜʥʽ ʤʦʜʠ ʊɽ ʪʘ ʊʄ ʪʠʧʫ, ʣʦʢʘʣʴʥʽ ʟʙʫʜʞʝʥʥʷ ʚ ʦʢʨʝʤʠʭ 

ʥʘʥʦʯʘʩʪʠʥʢʘʭ. ʇʨʠ ʧʝʚʥʠʭ ʢʫʪʘʭ ʧʘʜʽʥʥʷ ʣʘʪʝʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʭʚʠʣʝʚʦʛʦ 
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ʚʝʢʪʦʨʘ ʜʠʬʨʘʛʦʚʘʥʦʾ ʭʚʠʣʽ ʚʠʷʚʣʷʻʪʴʩʷ ʨʽʚʥʦʶ ʭʚʠʣʝʚʦʤʫ ʚʝʢʪʦʨʫ 

ʧʣʘʟʤʦʥʽʚ ʽ ʚʠʥʠʢʘʻ ʨʝʟʦʥʘʥʩʥʘ ʚʟʘʻʤʦʜʽʷ ʧʣʘʟʤʦʥʥʠʭ ʟʙʫʜʞʝʥʴ ʽʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ, ʚʽʜʦʤʽ ʷʢ ʨʝʟʦʥʘʥʩʠ ɺʫʜʘ. ʇʨʠ ʪʘʢʠʭ ʢʫʪʘʭ 

ʧʘʜʽʥʥʷ ʧʘʜʘʶʯʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʨʝʟʦʥʘʥʩʥʦ ʟʙʫʜʞʫʻ ʧʣʘʟʤʦʥʠ, 

ʧʝʨʝʜʘʶʯʠ ʾʤ ʯʘʩʪʠʥʫ ʩʚʦʻʾ ʝʥʝʨʛʽʾ. ʎʝ ʷʚʠʱʝ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʷʢ 

ʧʨʦʚʘʣ ʫ ʢʫʪʦʚʽʡ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʨ̌ʘʪʢʦʶ ʧʨʦʤʝʥ.ʁ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʷʜ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ: 

1) ʤʝʪʦʜ ʨʦʟʢʣʘʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʣʘʩʢʠʤ ʭʚʠʣʷʤ [36-

38]; 

2) ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ FDTD [39]; 

3) ʤʝʪʦʜʠ ʤʘʪʨʠʮʴ ʧʝʨʝʥʦʩʫ ʽ ʨʦʟʩʽʶʚʘʥʥʷ [40,41]; 

4) ʤʝʪʦʜ ʨʦʟʢʣʘʜʫ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʤʦʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦ 

ʬʫʥʢʮʽʷʭ ɺʘʥô̒  [42]; 

5) ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ [43]; 

6) ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʰʫʢʫ ʦʛʠʥʘʶʯʦʾ ʬʫʥʢʮʽʾ [44]. 

ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ (FDTD) [45] ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʜʣʷ ʦʧʠʩʫ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʄʝʪʦʜ ʤʘʪʨʠʮʽ 

ʨʦʟʩʽʷʥʥʷ [46,47] ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʧʽʜʛʦʥʢʠ, ʘ ʚ ʷʢʦʩʪʽ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʩʝʨʝʜʦʚʠʱ ʦʙʠʨʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ 

ʜʣʷ ʤʘʩʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʠʩʧʝʨʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ. ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ 

ʦʩʪʘʥʥʴʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʙʣʠʞʥʽʭ ʧʦʣʽʚ. 

ʇʨʦʙʣʝʤʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ ʜʦ 

ʥʘʥʦʦʙôʻʢʪʽʚ ʻ ʦʧʠʩ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʽʟ ʩʫʪʪʻʚʦ ʥʝʦʜʥʦʨʽʜʥʠʤ  ʟʦʚʥʽʰʥʽʤ 

ʧʦʣʝʤ, ʪʘ ʦʧʠʩ ʚʟʘʻʤʦʜʽʾ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʯʘʩʪʠʥʢʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʦʜʥʦʨʽʜʥʠʤ ʧʦʣʝʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʙʣʠʞʥʴʦʧʦʣʴʦʚʠʭ ʚʟʘʻʤʦʜʽʡ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʽʜʭʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʾ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʧʽʜʭʦʜʽʚ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ ʢʣʘʩʠʯʥʦʾ ʘʙʦ ʢʚʘʥʪʦʚʦʾ 
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ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʰʪʘʙʫ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʘʤʦʜʽʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʃʽʧʤʘʥʘ-ʐʚʽʥʛʝʨʘ, ʜʝ 

ʦʙʣʘʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʨʘʭʦʚʫʻ ʩʪʨʫʢʪʫʨʫ ʩʝʨʝʜʦʚʠʱʘ [48-52]. 

 

1.6. ɿʙʫʜʞʝʥʥʷ ʧʣʘʟʤʦʥʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ  

 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʟʙʫʜʞʝʥʥʷ ʧʣʘʟʤʦʥʽʚ 

ʥʘ ʛʣʘʜʢʽʡ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʚʽʣʴʥʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ. ʇʣʘʟʤʦʥʥʽ 

ʟʙʫʜʞʝʥʥʷ ʻ ʧʦʟʜʦʚʞʥʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʙʫʜʞʫʶʯʦʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. ʆʪʞʝ, ʤʦʞʣʠʚʘ ʚʟʘʻʤʦʜʽʷ ʪʽʣʴʢʠ ʣʘʪʝʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ʃʘʪʝʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʟʘʻʤʦʜʽʻ ʽʟ ʚʽʣʴʥʠʤʠ 

ʝʣʝʢʪʨʦʥʘʤʠ ʤʝʪʘʣʫ. ʇʣʘʟʤʦʥʠ, ʷʢ ʽ ʬʦʪʦʥʠ, ʻ ʢʦʣʝʢʪʠʚʥʠʤʠ ʟʙʫʜʞʝʥʥʷʤʠ, 

ʷʢʽ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʫ ʪʝʨʤʽʥʘʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ. ɼʣʷ ʬʦʪʦʥʽʚ ʪʘ ʧʣʘʟʤʦʥʽʚ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʢʚʘʟʽʽʤʧʫʣʴʩʫ [33,35]. ɼʣʷ 

ʣʘʪʝʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʚʘʟʽʽʤʧʫʣʴʩʫ 

 

k ʬʦʪʦʥ Ɛ = kƐ+ Nq,     (1.6) 

 

ʜʝ k ʬʦʪʦʥ Ɛ - ʣʘʪʝʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʬʦʪʦʥʫ, kƐ - ʣʘʪʝʨʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ ʢʚʘʟʽʽʤʧʫʣʴʩʫ, q - ʣʘʪʝʨʘʣʴʥʠʡ ɹʨʝʛʽʚʩʴʢʠʡ ʚʝʢʪʦʨ, N - ʮʽʣʝ 

ʯʠʩʣʦ. ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʦʜʝʨʞʘʥʠʤ ʜʣʷ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣ- 

ʜʽʝʣʝʢʪʨʠʢ, ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʣʘʪʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʪʘ 

ʯʘʩʪʦʪʦʶ ï ʪʘʢ ʟʚʘʥʠʡ ʟʘʢʦʥ ʜʠʩʧʝʨʩʽʾ: 
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ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʪʘʣʫ ʚ ʮʽʡ ʤʦʜʝʣʽ ʚʠʩʪʫʧʘʻ ʷʢ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʫ ʨʝʟʦʥʘʥʩʫ. ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʩʫʚ ʨʝʟʦʥʘʥʩʫ ʫ ʯʝʨʚʦʥʫ ʦʙʣʘʩʪʴ. 

 

 

ʈʠʩ.1.12. ɼʠʩʧʝʨʩʽʷ ʧʣʘʟʤʦʥʽʚ ʥʘ ʛʣʘʜʢʽʡ ʧʦʚʝʨʭʥʽ ʧʦʚʽʪʨʷ - ʩʨʽʙʣʦ [32]: 1 

- ʧʣʘʩʢʘ ʭʚʠʣʷ, 2 - ʧʦʚʝʨʭʥʝʚʠʡ ʧʣʘʟʤʦʥ 

 

ʅʘ ʨʠʩ. 1.12 ʰʠʨʠʥʘ ʣʽʥʽʾ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʚʘʟʽʽʤʧʫʣʴʩʫ 

ʟʘʚʜʷʢʠ ʦʙʤʝʞʝʥʽʡ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ. ʅʠʟʴʢʦ ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʠ ʻ 

ʟʦʚʥʽʰʥʽʤʠ ʧʣʘʟʤʦʥʘʤʠ, ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʠ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʦʙôʻʤʽ. 

ʊʘʢʽ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʤʦʜʠ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʪʦʤʫ ʱʦ ʩʨʽʙʣʦ ʥʝ ʻ 

ʤʝʪʘʣʦʤ ʥʘ ʮʠʭ ʯʘʩʪʦʪʘʭ. ʇʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʪʘʮʽʦʥʘʨʥʫ ʤʝʞʫ 

ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʣʘʟʤʦʥʫ. ɺʝʣʠʢʘ ʰʠʨʠʥʘ ʣʽʥʽʾ ʦʟʥʘʯʘʻ 

ʩʠʣʴʥʝ ʟʘʪʫʭʘʥʥʷ [32]. ʋ ʪʦʥʢʠʡ ʧʣʽʚʮʽ ʤʝʪʘʣʫ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʜʚʘ ʧʣʘʟʤʦʥʠ ʥʘ ʛʨʘʥʠʮʷʭ ʤʝʪʘʣ-ʧʽʜʢʣʘʜʢʘ ʪʘ ʤʝʪʘʣ- 

ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. 
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1.7. ʈʝʻʩʪʨʘʮʽʷ ʦʧʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ 

 

ɺʽʜʢʨʠʪʪʷ ʛʦʣʦʛʨʘʬʽʾ ʪʘ ʨʦʟʨʦʙʢʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʦʙʨʦʙʢʠ ʦʧʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʠʤʫʣʶʚʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʻʩʪʨʘʮʽʶ 

ʪʘ ʧʨʦʷʚʣʝʥʥʷ ʛʦʣʦʛʨʘʤ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʽ, ʪʦʙʪʦ ʩʠʥʭʨʦʥʥʦ ʟʽ 

ʟʤʽʥʘʤʠ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʦʜʥʦ ʽʟ ʘʢʪʫʘʣʴʥʠʭ 

ʥʘʧʨʘʚʣʝʥʴ - ʨʦʟʨʦʙʢʘ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ 

ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ [53]. ʇʦ ʮʴʦʤʫ 

ʩʧʦʩʦʙʫ ʨʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʬʦʪʦʧʨʦʚʽʜʥʠʤʠ ʪʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʝʭʘʥʽʟʤ ʨʝʻʩʪʨʘʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʝʢʽʣʴʢʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ. ʉʧʦʯʘʪʢʫ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ 

ʨʽʚʥʦʤʽʨʥʦ ʟʘʨʷʜʞʘʶʪʴ ʫ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ. ɼʘʣʽ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤ 

ʚʥʘʩʣʽʜʦʢ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʢʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ ʧʦʚʝʨʭʥʝʚʦʾ 

ʛʫʩʪʠʥʠ ʟʘʨʷʜʫ ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠʭʦʚʘʥʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʦʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʜʠʤʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʧʣʽʚʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʦʚʽʜʥʠʤ ʧʽʜʰʘʨʦʤ ʟʨʘʟʢʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ. ʇʜ̔ ʯʘʩ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʩʠʣʠ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʝʬʦʨʤʫʶʪʴ 

ʧʣʽʚʢʫ ʪʘ ʧʨʠʭʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʝʣʴʻʬ 

ʧʦʚʝʨʭʥʽ [54]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʢʨʽʧʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʛʦʣʦʛʨʘʤʠ, ʜʦʩʪʘʪʥʴʦ 

ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʧʨʦʷʚʣʝʥʥʷ ʜʘʪʠ ʧʣʽʚʮʽ ʧʨʠʨʦʜʥʦ 

ʦʭʦʣʦʜʠʪʠʩʴ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʪʝʨʪʠ ʧʨʦʷʚʣʝʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʚʦʣʽ ʧʨʦʩʪʦ: ʜʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʚʩʴʦʛʦ ʣʠʰʝ ʧʨʦʧʫʩʪʠʪʠ ʢʨʽʟʴ ʧʨʦʚʽʜʥʠʡ 

ʧʽʜʰʘʨʦʢ ʟʨʘʟʢʘ ʽʤʧʫʣʴʩ ʩʪʨʫʤʫ ʙʽʣʴʰʦʾ ʪʨʠʚʘʣʦʾ, ʥʽʞ ʪʨʠʚʘʣʽʩʪʴ ʩʪʨʫʤʫ 

ʧʨʦʷʚʣʝʥʥʷ. ʇʽʩʣʷ ʩʪʠʨʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʽʚʢʠ ʾʾ ʟʥʦʚ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʥʦʚʦʾ ʛʦʣʦʛʨʘʤʠ. 

ʉʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʜʣʷ ʬʦʪʦʧʣʘʩʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ 

ʨʝʻʩʪʨʘʮʽʾ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ, ʱʦ ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ: 
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ʚʠʩʦʢʠʡ ʦʧʽʨ ʷʢ ʫ ʪʚʝʨʜʦʤʫ, ʪʘʢ  ̔ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʢʦʧʠʯʠʪʠ 

ʧʽʜ ʯʘʩ ʟʘʨʷʜʢʠ ʚʝʣʠʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʨʦʙʦʯʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʫ ʧʣʽʚʢʠ ~10
6
ɺÖʩʤ

-1
) ʠ ʥʝ ʜʘʪʠ ʨʝʣʘʢʩʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʤ ʩʠʣʘʤ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʧʣʽʚʢʠ ʫ ʨʽʜʢʠʡ ʩʪʘʥ ʧʨʠ ʧʨʦʷʚʣʝʥʥʽ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 

ʟʥʘʯʥʘ ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ ɯʏ-ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʾ ʩʚʽʪʣʦʯʫʪʣʠʚʦʩʪʽ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʧʨʠʭʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ; ʨʝʻʩʪʨʫʶʯʠ ʩʝʨʝʜʦʚʠʱʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʪʘ 

ʤʘʪʠ ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʷʚʣʝʥʥʷ 

ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʦʧʦʨʫ ʧʨʦʮʝʩʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʦʢ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʠʡ ʩʫʢʫʧʥʦʩʪʽ ʚʠʤʦʛ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʦʤʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʤʘʪʝʨʽʘʣʠ. ʊʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʦʪʦʧʣʘʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʨʝʻʩʪʨʘʮʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʫʭʝ, ʰʚʠʜʢʝ ʧʨʦʷʚʣʝʥʥʷ ʛʦʣʦʛʨʘʤ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʻʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʝʦʙʭʽʜʥʠʡ ʙʫʚ ʧʦʰʫʢ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ. ʋ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʦʪʦʧʣʘʩʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʨʝʻʩʪʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʨʙʘʟʦʣʚʤʽʩʪʢʽ ʧʦʣʽʤʝʨʠ (ʂʇ), ʷʢʽ ʤʽʩʪʷʪʴ ʟʚôʷʟʘʥʽ p - 

ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ - ʢʘʨʙʘʟʦʣʥʽ ʷʜʨʘ, ʪʘ ʩʝʥʩʠʙʽʣʽʟʦʚʘʥʽ, ʙʣʠʟʴʢʠʤʠ ʾʤ ʧʦ 

ʙʫʜʦʚʽ, p - ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ, ʘʢʮʝʧʪʦʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ (ɸɽ), ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʟ ʢʘʨʙʘʟʦʣʴʥʠʤʠ ʷʜʨʘʤʠ ʂʇ ʢʦʤʧʣʝʢʩ ʽʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ 

(ʂʇɿ),  

ʂʘʨʙʘʟʦʣʴʥʽ ʷʜʨʘ ʂʇ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʽʦʥʽʟʘʮʽʾ (Jg) ʫ 

ʟʚôʷʟʢʫ ʟ ʯʠʤ ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ, ʚʥʫʪʨʽʰʥʽʡ ʬʦʪʦʝʬʝʢʪ ʪʘ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʧʣʽʚʦʢ ʂʇ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʋʌ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. ʇʨʠ 

ʚʚʝʜʝʥʥʽ ʚ ʂʇ ʘʢʮʝʧʪʦʨʽʚ ʝʣʝʢʪʨʦʥʽʚ ʢ ʯʘʩʪʠʥʘʤ ʤʦʣʝʢʫʣ ʜʦ ɸɽ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʢʘʨʙʘʟʦʣʴʥʽ ʷʜʨʘ - ʢʦʤʧʣʝʢʩʠ ʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ ʽʟ 

ʩʧʝʮʠʬʽʯʥʠʤ ʢʦʚʘʣʝʥʪʥʠʤ ʟʚôʷʟʢʦʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʫ ʧʣʽʚʢʘʭ ʂʇ 
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ʥʦʚʦʾ ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʦʪʦʝʬʝʢʪʫ ʫ ʚʠʜʠʤʽʡ, ʙʣʠʞʥʽʡ 

ʪʘ ɯʂ-ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʫ. ʉʫʪʥʽʩʪʴ ʮʴʦʛʦ ʷʚʠʱʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʚʽ 

ʚʘʣʝʥʪʥʦ ʥʘʩʠʯʝʥʽ ʤʦʣʝʢʫʣʠ ʟ ʧʦʚʥʽʩʪʶ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʤʠ ʦʨʙʽʪʘʤʠ, ʷʢʽ 

ʟʘʡʥʷʪʽ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʘʨʘʤʠ, ʫʪʚʦʨʶʶʪʴ ʩʣʘʙʢʠʡ, ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʡ 

ʟʚ'ʷʟʦʢ ʢʦʚʘʣʝʥʪʥʦʛʦ ʪʠʧʫ.   

 

1.8. ʌʦʪʦʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʪʝʤʧʣʘʪʽʚ  

 

ɺ ʨʦʙʦʪʘʭ [55-60] ʜʦʩʣʽʜʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ 

ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʨʘʟʢʠ ʟ ʪʦʥʢʠʭ ʰʘʨʽʚ ʢʘʨʙʘʟʦʣʤʽʩʪʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʠʚʫ ʪʦʣʫʦʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʜʦʚʞʠʥʠ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʪʝʨʤʘʣʽʟʘʮʽʾ, ʱʦ ʧʦʷʩʥʶʻ ʮʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ 

ʥʴʶʪʦʥʽʚʩʴʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤ ʝʣʝʢʪʨʦʥʦʤ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʚʞʠʥʠ ʽ ʯʘʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ, ʪʝʤʧʝʨʘʪʫʨʠ 

ɸʄʅ ʪʘ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤ ʥʦʩʽʻʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ.  

ɸʤʦʨʬʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ (ɸʄʅ) ʥʘ ʦʩʥʦʚʽ 

ʩʝʥʩʠʙʽʣʽʟʦʚʘʥʥʠʭ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʤʘʶʪʴ ʬʦʪʦʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʟʴʢʦʤʫ ʜʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʭʚʠʣʴʦʚʠʭ 

ʜʽʘʧʘʟʦʥʘʭ [55,61]. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʤʦʣʝʢʫʣʠ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ 

ʜʽʶʪʴ ʥʝ ʣʠʰʝ ʷʢ ʮʝʥʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, ʘʣʝ ʪʘʢʦʞ ʷʢ ʮʝʥʪʨʠ (ʘʙʦ ʾʭ 

ʩʢʣʘʜʦʚʽ) ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ɸʄʅ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [55,38-64]. ɼʦʙʨʝ ʚʠʚʯʝʥʠʤʠ ʽ ʰʠʨʦʢʦ 



69 

 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ɸʄʅ ʻ ɸʄʅ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣʘ (ʇɺʂ), 

ʧʦʣʽ-N-ʝʧʦʢʩʠʧʨʦʧʽʣʢʘʨʙʘʟʦʣʘ (ʇɽʇʂ), (ʨʠʩ.1.13-1.14).  

 

 

 

ʈʠʩ. 1.13 ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʇɺʂ [55] 

 

ʌʦʪʦʯʫʪʣʠʚʽʩʪʴ ʮʠʭ ɸʄʅ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ 

ʢʘʨʙʘʟʦʣʴʥʠʭ ʷʜʝʨ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʫ ʟʘʤʢʥʝʥʫ ʩʧʨʷʞʝʥʫ ˊ ï ʝʣʝʢʪʨʦʥʥʫ 

ʩʠʩʪʝʤʫ, ʨʝʛʫʣʷʨʥʽʩʪʶ ʾʭ ʩʪʨʫʢʪʫʨʠ ʽ ʛʫʩʪʠʥʦʶ ʧʘʢʫʚʘʥʥʷ. ɺʽʜʦʤʦ [61,65-

67], ʱʦ ʫ ʨʷʜʽ ʩʪʨʫʢʪʫʨ ʇɺʂ (ʇɽʇʂ) ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʘʨʙʘʟʦʣʴʥʠʤʠ ʷʜʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ 

ʚ ʣʘʥʢʘʭ ʦʩʥʦʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ, ʷʢʠʤʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʩʫʩʽʜʥʽ 

ʤʦʥʦʤʝʨʥʽ ʣʘʥʢʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʘʨʙʘʟʦʣʴʥʠʤʠ ʷʜʨʘʤʠ ʚ 

ʧʦʣʽʤʝʨʥʦʤʫ ʣʘʥʮʶʟʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʛʥʫʯʢʦʩʪʽ ʽ ʦʜʥʦʯʘʩʥʦ 

ʜʦ ʧʦʢʨʘʱʘʥʥʷ ʫʤʦʚ ʱʦʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ 

(ʂʇɿ).  
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ʈʠʩ. 1.14 ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʇɽʇʂ [55] 

 

ɺ ʷʢʦʩʪʽ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʽʚ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʦʣʫʢʠ 2,4,7 

ï ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥ (ʊʅʌ) (ʨʠʩ. 1.15, ʘ), 2,4,5,7 ï ʪʝʪʨʘʥʽʪʨʦʬʣʶʦʨʝʥʦʥʫ 

(ʊɽʅʌ) (ʨʠʩ. 1.15, ʙ), ʬʫʣʝʨʝʥʠ ʉ60 ʽ ʉ70. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ɸʄʅ ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʩʚʽʪʣʦʯʫʪʣʠʚʽ ʤʘʪʝʨʽʘʣʠ, ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʷʢʠʭ ʦʭʦʧʣʶʻ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʚʠʜʠʤʠʡ ʜʽʘʧʘʟʦʥ. 

ɺʽʜʦʤʦ [61,65,67], ʱʦ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ ɸʄʅ ʧʨʦʮʝʩ ʬʦʪʦʛʝʥʝʨʘʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ, ʽʟ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʛʦʣʦʚʥʠʭ. 

ʇʝʨʰʠʡ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ 10
-11
-10

-12
ʩ. ʅʘ ʧʨʦʪʷʟʽ ʮʴʦʛʦ ʝʪʘʧʫ ʧʽʩʣʷ 

ʧʦʛʣʠʥʘʥʥʷ ʢʚʘʥʪʘ ʩʚʽʪʣʘ ʬʦʨʤʫʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʠʡ ʝʢʩʠʪʦʥʦʧʦʜʽʙʥʠʡ ʩʪʘʥ, 

ʷʢʠʡ ʟʘʚʜʷʢʠ ʘʚʪʦʽʦʥʽʟʘʮʽʾ ʧʝʨʝʭʦʜʠʪʴ ʚ ʽʦʥ, ʪʦʙʪʦ ʫ çʛʘʨʷʯʫè ʧʘʨʫ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ. ʋʪʚʦʨʝʥʘ ʛʘʨʷʯʘ ʧʘʨʘ ʚʪʨʘʯʘʻ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ ʟʘʚʜʷʢʠ 

ʥʝʧʨʫʞʥʽʡ ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ tt 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʫ ʪʝʨʤʘʣʽʟʘʮʽʾ rt. 
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ʈʠʩ. 1.15 ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ: ʘ - ʊʅʌ, ʙ - ʊɽʅʌ [55] 

 

ʇʨʦʮʝʩ ʪʝʨʤʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʚʝʨʰʝʥʠʤ [57,58,67], ʢʦʣʠ 

ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʧʘʨʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ DW, ʱʦ ʚʟʘʻʤʦʜʽʷ ʽʟ ʦʪʦʯʝʥʥʷʤ ʩʪʘʻ ʧʨʫʞʥʦʶ. 

ʊʝʨʤʘʣʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʨʫʭʦʤʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ ʚʽʜ 

ʬʦʪʦʛʝʥʝʨʫʶʯʦʛʦ ʮʝʥʪʨʫ ʜʦ ʤʦʣʝʢʫʣʠ ʢʘʨʙʘʟʦʣʫ ɸʄʅ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʪʝʧʣʦʚʽʡ 

ʨʽʚʥʦʚʘʟʽ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʇʦʪʽʤ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʜʨʫʛʠʡ ʝʪʘʧ. ʅʘ ʧʨʦʪʷʟʽ ʮʴʦʛʦ ʝʪʘʧʫ ʜʠʩʦʮʽʘʮʽʷ 

ʧʘʨʠ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʦʛʦ ʨʫʭʫ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʎʝʡ ʝʪʘʧ ʤʦʞʝ ʙʫʪʠ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʘʥʠʡ ʤʦʜʝʣʣʶ ʆʥʟʘʛʝʨʘ 



72 

 

(ʘʙʦ ʾʾ ʫʟʘʛʘʣʴʥʝʥʥʷʤ) [58,59,68,69], ʷʢʘ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʽʚ 

ʪʫʥʝʣʶʚʘʥʥʷ. ʆʜʥʘʢ, ʤʦʜʝʣʴ ʆʥʟʘʛʝʨʘ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʦʧʠʩʫ ʧʝʨʰʦʛʦ 

ʝʪʘʧʫ ʧʨʦʮʝʩʫ ʛʝʥʝʨʘʮʽʾ ʟʘʨʷʜʫ ʚ ɸʄʅ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʦʧʠʩʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʘ 

ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʽʩʪʴ ʧʨʦʮʝʩʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ 

ɸʄʅ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʡʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, 

ʦʩʢʽʣʴʢʠ ʚʠʤʽʨʷʪʠ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʝʪʘʧʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʘʙʦ ʣʶʤʽʥʝʩʮʝʥʮʽʾ). ʇʨʠ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʞʣʠʚʦ ʘʥʘʣʽʟʫʚʘʪʠ ʢʦʞʥʠʡ ʝʪʘʧ ʦʢʨʝʤʦ. 

ɺ ʨʦʙʦʪʽ [60] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ 

ʫ ʢʘʨʙʘʟʦʣʤʽʩʪʢʠʭ ɸʄʅ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʽ ʨʦʟʨʦʙʢʘ 

ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ.  

ɺʽʣʴʥʽ ʥʦʩʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ ɸʄʅ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʣʘʥʮʶʛʘ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʽʭ ʮʠʭ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʾʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɸʄʅ) ʽ ʪʦʤʫ ʧʦ ʨʽʟʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ. 

ɺ [60] ʚʠʚʯʝʥʠʡ ʧʨʦʮʝʩ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ 

ɸʄʅ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʪʘ ʚʽʜ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʜʘʻʪʴʩʷ ʪʝʨʤʘʣʽʟʘʮʽʻʶ, ʘ ʥʝ ʚʩʽʻʶ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩ ʬʦʪʦʛʝʥʝʨʘʮʽʾ. 

ɿʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ɖ ʚ ʘʥʪʨʘʮʝʥʽ ʽ ʧʝʥʪʘʮʝʥʽ, 

ʘ ʪʘʢʦʞ ʚ ʩʧʦʣʫʢʘʭ ʢʘʨʙʘʟʦʣʤʽʩʪʢʠʭ ʩʧʦʣʫʢʘʭ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚ ʨʦʙʦʪʘʭ 

[60,70]. ɺ ʥʠʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʧʦʛʣʠʥʘʶʯʦʛʦ ʩʚʽʪʣʘ. ɯʟ ʦʜʝʨʞʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʚʠʚʯʝʥʥʽ ʬʦʪʦʧʨʦʮʝʩʽʚ ʚ ʧʝʪʘʮʝʥʽ ʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʆʥʟʘʛʝʨʘ ʜʣʷ ʦʧʠʩʫ ʤʝʭʘʥʽʟʤʫ ʜʠʩʦʮʽʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦ-
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ʜʽʨʢʦʚʦʾ ʧʘʨʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ 

ʽʣʶʩʪʨʫʻ ʨʠʩ.1.16, ʥʘ ʷʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʢʨʠʚʫ 

ʦʜʝʨʞʘʥʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ ʨʦʙʦʪʠ [61]. 
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ʈʠʩ. 1.16. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (ʩʫʮʽʣʴʥʘ) ʪʘ ʪʝʦʨʝʪʠʯʥʘ (ʨʦʟʨʠʚʥʘ) ʢʨʠʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ ʚ ʧʝʥʪʘʮʝʥʽ ʚʽʜ ʝʥʝʨʛʽʾ ʢʚʘʥʪʫ ʟʙʫʜʞʝʥʥʷ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʟʷʪʽ ʟ ʨʦʙʦʪʠ [61], ʘ ʪʝʦʨʝʪʠʯʥʽ ʦʜʝʨʞʘʥʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʣʠ (1.16) 

 

ɺ ʨʦʙʦʪʽ [61] ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʧʦʣʽʤʝʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚ ʦʢʦʣʽ 

ʛʨʘʥʠʮʽ ʚʣʘʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʩʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ 

ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʙʣʠʞʝʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

2
ɖ( ɤ) ( ɤ ) ,

5

ad n

GC E nº - º,    (1.8) 

ʜʝ ʚʝʣʠʯʠʥʘ ʉ ï ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ, 
ad

GE  - ʰʠʨʠʥʘ ʘʜʽʘʙʘʪʠʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ.  

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʟʘʜʦʚʽʣʴʥʦʾ ʤʦʜʝʣʽ ʷʢʘ ʙ ʦʙˇʨʫʥʪʦʚʫʚʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

(1.8) ʥʝ ʽʩʥʫʚʘʣʦ. ɺ ʨʦʙʦʪʽ [63] ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʟʘʣʝʞʥʦʩʪʽ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ɖ(l) ʜʣʷ ʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʯʠʩʣʘ ɸʄʅ. ɺ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʨʘʟʢʠ 

ʪʦʚʱʠʥʦʶ 1,4-1,5 ʤʢʤ, ʦʜʝʨʞʘʥʽ ʥʘ ʩʢʣʷʥʽʡ ʦʩʥʦʚʽ ʽʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ 

ʧʽʜʰʘʨʦʤ SnO2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʠʚʫ ʽʟ ʪʦʣʫʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʜʘʨʪʥʠʤ 

ʤʝʪʦʜʦʤ [63]. 

ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʚ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ ʙʫʣʘ ʟʘʨʷʜʞʝʥʘ ʧʦʟʠʪʠʚʥʠʤʠ 

ʽʦʥʘʤʠ. ʇʦʚʝʨʭʥʝʚʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʤʽʨʶʚʘʣʠ ʜʠʥʘʤʽʯʥʠʤ ʟʦʥʜʦʚʠʤ 

ʤʝʪʦʜʦʤ. ʉʧʝʢʪʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ Sl ʚʠʟʥʘʯʘʣʠ ʧʦ 20% - ʥʦʤʫ ʩʧʘʜʫ 

ʧʦʪʝʥʮʽʘʣʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ɸʄʅ ʧʽʜ ʜʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

0,1 ʤɺʪ/ʩʤ
2
. ɺʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ ʧʽʩʣʷ ʟʘʨʷʜʢʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ɸʄʅ ʜʦ 

ʧʦʪʝʥʮʽʘʣʫ 190 ɺ. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉ-26. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʣʶʩʪʨʫʶʪʴ ʜʘʥʽ, 

ʧʨʠʚʝʜʝʥʥʽ ʫ ʪʘʙʣ. 1.1 ɺ ʥʽʡ ʧʨʠʚʝʜʝʥʽ ʜʘʥʽ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ Sl ʧʦ ʨʽʚʥʶ ʩʧʘʜʫ 0,2 ʧʦʪʝʥʮʽʘʣʠ (Sdv/v=0.2), ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʘ k(l), ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ɖ(l) ʪʘ 

ʝʥʝʨʛʽʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʫ. ɿʛʽʜʥʦ ʥʘʚʝʜʝʥʠʤ ʫ ʪʘʙʣ. 1.1 

ʨʝʟʫʣʴʪʘʪʘʤ, ʟʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʚʽʜ ɚ (ʘʙʦ ʝʥʝʨʛʽʾ 

ʢʚʘʥʪʫ ʩʚʽʪʣʘ Wʬ) ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʽʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ 

ʝʣʝʢʪʨʦʥʫ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ɖ(l) ʤʦʞʥʘ ʷʢʽʩʥʦ 

ʟʨʦʟʫʤʽʪʠ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʦʯʘʪʢʦʚʫ ʝʥʝʨʛʽʶ ʛʘʨʷʯʦʛʦ ʝʣʝʢʪʨʦʥʫ Wʝ (ʧʨʠ 

ʥʝʭʪʫʚʘʥʥʽ ʚʢʣʘʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ) ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ 

Wʬ-ɯd+ɽɸ+U. (ʊʫʪ U - ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʛʘʨʷʯʦʛʦ ʝʣʝʢʪʨʦʥʫ.) ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ȹWʝ/Wʝ ʧʨʠ ʟʤʽʥʽ Wʬ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ȹWʬ/(Wʬ-ɯd+ɽɸ+U), ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ɽɸ. ɺʽʜʤʽʪʠʤʦ, 

ʱʦ ʷʢʱʦ ʪʘʢʠʡ ʩʧʨʦʱʝʥʠʡ ʘʥʘʣʽʟ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʪʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ 

ʷʢʦʩʪʽ ʘʢʮʝʧʪʦʨʘ ʬʫʣʝʨʝʥʫ ʉ60, ʜʣʷ ʷʢʦʛʦ ʻ ʭʘʨʘʢʪʝʨʥʝ ʟʥʘʯʝʥʥʷ 

ɽɸ=2,65 ʝɺ, ʤʘʻʤʦ ʦʜʝʨʞʘʪʠ ʢʦʤʧʦʟʠʪ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʬʦʪʦʛʝʥʝʨʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ʫ ʷʢʦʤʫ ʚ ʦʙʣʘʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʚʽʪʣʘ.  
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʬʦʪʦʟʙʫʜʞʝʥʠʭ ʥʦʩʽʾʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʟʘʨʷʜʽʚ ʚ ɸʄʅ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ ʜʦʚʛʦʛʦ ʯʘʩʫ [70-72]. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʩʫʪʪʻʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʷʛʥʫʪʽ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ (ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥ ʯʘʩʫ ʪʘ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ, ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʟʘʛʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʦʥʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʪʘ tt ʽ rt, ʟʚôʷʟʦʢ ʤʽʞ tt ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʠʬʫʟʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʦʱʦ), ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʝ ʻ 

ʟôʷʩʦʚʘʥʠʤʠ. ʅʘʩʘʤʧʝʨʝʜ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʦʮʝʩ ʻ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤ. ʎʝ ʧʨʠʚʦʜʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʜʦ ʪʦʛʦ, ʱʦ ʥʦʩʽʡ ʟʘʨʷʜʫ ʧʽʜ ʯʘʩ 

ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʝ ʤʦʞʣʠʚʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʪʘʢʠʤʠ ʨʽʚʥʦʚʘʞʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʯʠ ʨʫʭʣʠʚʽʩʪʴ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʝʡ 

ʪʝʨʤʘʣʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʥʦʚʦʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʠʢʘʻʤʦʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʤʽʣʴʪʦʥʽʘʥʽʚ ʪʘ 

ʥʝʧʦʚʥʦʪʦʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚʟʘʻʤʦʜʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʛʘʨʷʯʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ [60], ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝʨʝʜʦʚʠʱʘ. ʄʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘʜʣʠʰʦʢ ʝʥʝʨʛʽʾ 

"ʛʘʨʷʯʦʛʦ" ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʾʾ ʧʝʨʝʭʦʜʫ 

ʜʦ ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣ ʽʟ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʭʦʜʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʷʯʠʭ ʝʣʝʢʪʨʦʥʽʚ ʽ ʦʪʦʯʝʥʥʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ [61], ʱʦ ʧʨʦʮʝʩ 

ʪʝʨʤʘʣʽʟʘʮʽʾ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʛʘʨʷʯʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ ʚʝʣʠʯʠʥʠ, ʢʦʣʠ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤʠ ʧʨʦʮʝʩʠ ʥʝʧʨʫʞʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʦʪʦʯʝʥʥʷʤ. ʎʝ ʩʪʘʻ, ʤʦʞʣʠʚʦ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʠʭ ʥʦʩʽʾʚ ʥʘ ʤʘʣʫ 

ʚʝʣʠʯʠʥʫ ȹʊ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʊ0. 

ɼʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʛʘʨʷʯʦʾ ʯʘʩʪʠʥʢʠ ʽʟ 

ʦʪʦʯʝʥʥʷʤ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʦʚʥʽʰʥʽ ʧʦʣʷ ʘʙʦ 

ʚʽʜʩʫʪʥʽ ʘʙʦ ʤʘʣʽ ʽ ʪʦʤʫ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʪʝʨʤʘʣʽʟʘʮʽʾ. 

ʇʨʠ ʪʘʢʦʤʫ ʨʦʟʛʣʷʜʽ ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʎʝ ʧʦʣʦʞʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʝʣʝʢʪʨʦʥʘ v(t): 
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( )v t =
3 ( )bk T t

m
,     (1.9) 

ʜʝ 
bk  - ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ; m ï ʤʘʩʘ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʨʫʭ ʥʦʩʽʷ ʟʘʨʷʜʫ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʧʽʜ 

ʯʘʩ ʪʝʨʤʘʣʽʟʘʮʽʾ, ʜʦʚʞʠʥʘ ʪʝʨʤʘʣʽʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [60]: 

Ű Ű

Ű

0 0

3
( ) ( )

t t

bk
r v t dt T t dt

m
= = Öñ ñ .    (1.10) 

ʇʨʦʮʝʩ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ ʥʝʨʽʚʥʦʚʘʞʥʠʤ ʝʣʝʢʪʨʦʥʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʚʟʘʻʤʦʜʽʻʶ ʽʟ ʬʦʥʦʥʘʤʠ. ʌʦʥʦʥʥʠʡ ʩʧʝʢʪʨ ʟʘʜʘʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʦʶ ɸʄʅ ʽ ʜʦʩʣʽʜʞʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʙʫʪʠ 

ʚʠʧʨʘʚʜʘʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʷʢ 

ʧʦʷʩʥʠʪʠ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʪʘʢ ʽ ʦʪʨʠʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʢʨʦʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ɸʄʅ. ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ 

ʧʨʦʮʝʩ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ï ʥʴʶʪʦʥʽʚʩʴʢʠʡ, ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ()( )0T t T- . ʊʦʜʽ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʢʽʥʝʪʠʢʘ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

0

( ) 2ɢ
( ( ) ),

3 b

dT t
T t T

dt k
=- -    (1.11) 

ʜʝ c - ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ 

ʥʝʨʽʚʥʦʚʘʞʥʠʤ ʛʘʨʷʯʠʤ ʝʣʝʢʪʨʦʥʦʤ. ɺʝʣʠʯʠʥʘ c, ʟʚʠʯʘʡʥʦ, ʧʦʚʠʥʥʘ 

ʟʘʣʝʞʘʪʠ ʷʢ ʚʽʜ ʬʦʨʤʠ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ, ʪʘʢ ʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʽʟ ʤʦʣʝʢʫʣʘʤʠ ʟʨʘʟʢʘ. ʆʜʥʘʢ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʘʥʘʣʽʟʽ ʚʠʙʝʨʝʤʦ ʾʾ ʢʦʥʩʪʘʥʪʦʶ.  

ɺ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ T(0) ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʻʶ 

>w ʧʦʛʣʠʥʝʥʦʛʦ ʢʚʘʥʪʘ ʩʚʽʪʣʘ ʪʘ ʨʦʙʦʪʦʶ ɸ ʥʝʦʙʭʽʜʥʦʶ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ. ʇʘʨʘʤʝʪʨ ɸ ʤʘʻ ʟʘʣʝʞʘʪʠ ʚʽʜ ʟʥʘʯʝʥʴ ɯd, ɽɸ ʪʘ ʝʥʝʨʛʽʡ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʧʝʨʝʙʫʜʦʚ 
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(0) ( ɤ )

3 b

T A
k

= - .      (1.12) 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.11) ʻ ʯʘʩʪʠʥʥʠʤ ʚʠʧʘʜʢʦʤ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʘʟʫ  

( )
Ŭ( ( ) (0))ndT t

T t T
dt
=- - ,     (1.11 ʘ) 

ʜʝ ʧʘʨʘʤʝʪʨ n ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ, ʘ ʨʦʟʤʽʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ Ŭ ï ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.11) ʧʨʠ ʫʤʦʚʽ (1.12) ʤʘʻ ʚʠʛʣʷʜ  

0

2ɢ 2 2ɢ
( ) (1 exp( )) ( ɤ )exp( ).

3 3 3b b b

T t T t A t
k k k

= - - + - -         (1.13) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (1.13) ʽ ʥʘʩʪʫʧʥʫ ʫʤʦʚʫ (1.14): 

Ű 0( ) ,T t T T= +D                        (1.14) 

ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʯʘʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ tt ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ 

Ű 0

3 1 2( ɤ )
ln ( ) .

2ɢ 3

b

b

k A
t T

T k

è ø-
= -é ù

Dê ú
                      (1.15) 

ɯʟ ʨʽʚʥʷʥʴ (1.10) ʽ (1.15) ʚʠʪʽʢʘʻ, ʱʦ ʨʘʜʽʫʩ ʪʝʨʤʘʣʽʟʘʮʽʾ ʜʦʨʽʚʥʶʻ: 

Ű
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2 3
( ɤ ) 1 .

2ɢ
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3

b

b

k T
r A

m
A T

k

è ø
é ùD
é ù= - Ö -
é ù- -
é ù
ê ú

                               (1.16) 

ɺʠʨʘʟʠ (1.15) ʽ (1.17) ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʡʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ tt ʽ rt, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʝʚʽʜʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ c: 

( ) ( )
Ű Ű

00

2
2 ( ɤ )

1 .
22 ɤ1 ɤln( )

33 bb

A
Tmr t

A A TT
kT k

è ø
- é ùD

é ù= -
å õ- é ù- --æ öé ùD ê úç ÷

     (1.17) 

ʇʨʠ ʦʙʛʦʚʦʨʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ (ʬʦʨʤʫʣʠ (1.15-1.17) ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, 

ʱʦ ʜʦʚʞʠʥʘ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʝ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʥʦʶ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʚʝʣʠʯʠʥʦʶ. ɿʥʘʯʝʥʥʷ rt ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ 
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ʧʨʦ ʚʝʣʠʯʠʥʫ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ɖ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ, 

ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʧʘʨʠ ʜʽʨʢʘ ï ʝʣʝʢʪʨʦʥ. ʊʘʢ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʪʨʘʜʠʮʽʡʥʦʾ ʤʦʜʝʣʽ ʆʥʟʘʛʝʨʘ [68] ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ rt ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʟ 

ʜʘʥʠʭ [57,58,69] ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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Ű
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c
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(1.18) 

ʜʝ ʌ0 ï ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʧʝʨʚʠʥʥʦʛʦ ʧʨʦʮʝʩʫ ʘʚʪʦʽʦʥʽʟʘʮʽʾ, ʘ rc ʽ ɔ 

ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʽ: 

2

0

,ɔ
4ˊŮŮ 2

c

b b

e eE
r

k T k T
= = ,                                       (1.19) 

ʜʝ Ů - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʘ Ů0 - ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʣʘ, ɽ ï 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ.  

ɸʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ rt ʷʢ ʬʫʥʢʮʽʾ ɖ(>w), ʱʦ ʚʠʧʣʠʚʘʻ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.18), ʩʢʣʘʜʥʠʡ [61]. ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʚʩʽʭ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʽ, ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ) 

ʙʽʣʴʰʦʤʫ ʟʥʘʯʝʥʥʶ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʟʘʨʷʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʘʨʠ ʟʘʨʷʜʽʚ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ 

ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʧʦʛʣʠʥʘʶʯʦʛʦ ʩʚʽʪʣʘ ʚʢʘʟʫʻ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʦʩʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. 

ɯʟ ʬʦʨʤʫʣʠ (1.16) ʚʠʧʣʠʚʘʻ, ʱʦ rt ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ >w (ʘʙʦ 

ʟʤʝʥʰʝʥʥʷʤ l); ʮʝ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ, ʟʚʝʜʝʥʠʤʠ ʚ 

ʪʘʙʣʠʮʽ 1.1 [56,62]. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʚʠʨʘʟʫ (1.16) ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ, ʦʜʝʨʞʘʥʠʤʠ [61] ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʥʪʘʮʝʥʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1.16. 

ɼʦʙʨʝ ʫʟʛʦʜʞʝʥʘ ʧʦʚʝʜʽʥʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ rt(l) ʫʟʛʦʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʽ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʚʪʨʘʪʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʝʥʝʨʛʽʾ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʥʦʩʽʷ 
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ʟʘʨʷʜʫ ʟʘʚʜʷʢʠ ʟʽʪʢʥʝʥʥʶ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɯʟ ʚʠʨʘʟʫ (1.20) 

ʪʘʢʦʞ ʚʠʪʽʢʘʻ, ʱʦ ʜʦʚʞʠʥʘ ʪʝʨʤʘʣʽʟʘʮʽʾ ʟʨʦʩʪʘʻ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʊʘʙʣʠʮʷ. 1.1.  

ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʽ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ 

ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚ ɸʄʅ ʧʨʠ ʜʚʦʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʝʣʠʯʠʥʘ Id ï ʧʦʪʝʥʮʽʘʣ ʽʦʥʽʟʘʮʽʾ ɸʄʅ, ɽʘ ï ʝʥʝʨʛʽʷ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʘ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ [60] 
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ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʘʨʷʜʫ ʚ ʇɺʂ, ʇɽʇʂ, ʩʝʥʩʽʙʽʣʽʟʦʚʘʥʠʭ ʘʢʮʝʧʪʦʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ (ʊʅʌ, 

ʊɽʅʌ) ʜʦʚʝʣʠ ʽʩʪʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. ɺ ʨʦʙʦʪʽ [60] ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʘʤʦʨʬʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ʇʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʽ ʻ ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ, 

ʷʢʠʡ ʟʘʜʘʻ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ "ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʛʘʨʷʯʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ" 

ʚʽʜ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʷʯʦʛʦ ʥʦʩʽʷ ʟʘʨʷʜʫ ʽ ʦʪʦʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʧʦ ʩʪʝʧʝʥʽ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚʠʟʥʘʯʘʻ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. ʆʩʥʦʚʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ ʤʦʜʝʣʽ ʻ ʜʦʧʫʱʝʥʥʷ, ʱʦ: 

¶ ʧʨʦʮʝʩ ʪʝʨʤʘʣʽʟʘʮʽʾ ʻ ʟʘʚʝʨʰʝʥʠʤ, ʢʦʣʠ ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ 

ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʧʘʨʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʟʘʻʤʦʜʽʷ ʽʟ ʦʪʦʯʝʥʥʷʤ ʩʪʘʻ ʧʨʫʞʥʦʶ. 

¶ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ ʛʘʨʷʯʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ 

ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʝʣʴ ʪʝʨʤʘʣʽʟʘʮʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʽ ʤʦʜʝʣʽ ʆʥʟʘʛʝʨʘ [68] (ʘʙʦ ʾʾ ʤʦʜʠʬʽʢʘʮʽʡ) ʷʢʽʩʥʦ 

ʧʦʷʩʥʠʪʠ ʩʧʝʢʪʨʘʣʴʥʫ ʽ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʚʘʥʪʦʚʦʛʦ ʚʠʭʦʜʫ 

ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʷ ʟʘʨʷʜʫ. 

 

1.9. ɺʫʛʣʝʮʴ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʡʦʛʦ ʧʣʽʚʦʢ 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʦʧʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ 

ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʫ 

ʦʧʪʠʯʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʧʦʥʫʢʘʻ ʰʫʢʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʚʠʚʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʪʘ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɼʦ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʘʤʦʨʬʥʽ ʚʫʛʣʝʮʝʚʽ ʧʣʽʚʢʠ ʟ 
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ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ ʙʣʠʟʴʢʠʤ ʘʣʤʘʟʫ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʧʨʦʟʦʨʽʩʪʴ 

ʚ ɯʏ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʟ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ. ʋʥʽʢʘʣʴʥʝ 

ʧʦʻʜʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʢʨʠʚʘʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʧʣʽʚʦʢ ʚ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ʣʘʟʝʨʽʚ, 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʭʥʽʢʠ ʽ ʽʥʰʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʷʢʦʩʪʽ 

ʟʘʭʠʩʥʠʭ ʽ ʧʨʦʩʚʽʪʣʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ 

ʩʪʚʦʨʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʘʤʦʨʬʥʦʛʦ, ʥʘʥʦ-, ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʦʩʘʜʞʝʥʥʷ ʮʠʭ ʧʣʽʚʦʢ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʧʣʽʚʦʢ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʪʦʤʫ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ɺʫʛʣʝʮʴ - ʫʥʽʢʘʣʴʥʘ ʨʝʯʦʚʠʥʘ, ʟʜʘʪʥʘ ʫʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʠʤ 

ʪʠʧʦʤ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʽ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʣʤʘʟ, ʱʦ ʤʘʻ sp
3
-ʛʽʙʨʠʜʠʟʘʮʽʶ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ, ʚʦʣʦʜʽʻ ʚʠʥʷʪʢʦʚʦ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ (100 ɻʇʘ) ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ (ʜʦ 2000 ɺʪ/ʤ*ʂ), ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʦʧʪʠʯʥʦʶ 

ʧʨʦʟʦʨʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ɯʏ (ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ) ʜʦ ʋʌ (ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʰʠʨʦʢʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ (5,49 ʝɺ) [73], ʥʠʟʴʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʩʪʠʨʘʥʥʷ ʽ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ [74]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʮʝʡ ʤʘʪʝʨʽʘʣ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʽ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʨʽʞʫʯʠʭ ʤʝʭʘʥʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʘʭʠʩʥʠʭ ʪʘ 

ʘʥʪʽʚʽʜʙʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʝʣʝʤʝʥʪʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʘ ʚʠʜʠʤʦʾ, ʜʝʪʝʢʪʦʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʛʨʘʬʽʪ, ʱʦ ʤʘʻ sp
2
-ʪʠʧ ʛʽʙʨʠʜʠʟʘʮʽʾ, ʻ ʤ'ʷʢʠʤ, ʤʘʻ 

ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʘʣʝ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʩʪʠʨʘʥʥʷ. ɻʨʘʬʽʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʪʚʝʨʜʦʪʽʣʴʥʠʡ 

ʤʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ [75]. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʢ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʟ sp
3
 ʽ sp

2
 - ʪʠʧʦʤ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʧʣʽʚʢʠ ʟ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʶ 

ʘʤʦʨʬʥʦʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʛʨʘʬʽʪʫ.  

 

1.10 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ 

ʚʫʛʣʝʮʶ 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʪʦʥʢʽ ʧʣʽʚʢʠ ʘʤʦʨʬʥʦʛʦ 

ʚʫʛʣʝʮʶ [76]. ɺʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ ʽ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʧʨʦʟʦʨʽʩʪʴ ʫ ʚʠʜʠʤʦʤʫ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʤʘʪʝʨʽʘʣʠ ʚ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʤʝʜʠʢʦ-

ʙʽʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ [77], ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʣʘʜʽʚ ʤʽʢʨʦ-, ʦʧʪʦ- ʽ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ [75,78]. 

ʇʣʽʚʢʠ ʘ-ʉ:ʅ ʤʘʶʪʴ ʤʝʪʘʩʪʘʙʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʫʪʚʦʨʝʥʫ ʟʚôʷʟʢʘʤʠ sp
3
 

ʽ sp
2
 ʛʽʙʨʠʜʠʟʘʮʽʾ - ʟʚ'ʷʟʘʥʠʤʠ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʽ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʦʜʥʶ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ ʧʣʽʚʦʢ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʚ'ʷʟʘʥʦʛʦ ʚ ʧʣʽʚʮʽ ʚʫʛʣʝʮʶ sp
3
/sp

2
 ʪʠʧʘʤʠ 

ʛʽʙʨʠʜʠʟʘʮʽʾ, ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʫ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ [79-81]. ʂʨʽʤ ʪʦʛʦ, ʘʤʦʨʬʥʘ ʩʪʨʫʢʪʫʨʘ ʮʠʭ 

ʧʣʽʚʦʢ ʫʩʫʚʘʻ ʚʠʤʦʛʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʢʣʘʜʢʠ ʽ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʾʭ ʦʩʘʜʞʝʥʥʷ. ʊʦʤʫ ʦʪʨʠʤʘʥʥʷ 

ʧʣʽʚʦʢ ʘ-ʉ:ʅ ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʩʘʜʞʝʥʥʷʤ ʘʣʤʘʟʫ ʘʙʦ 

ʛʨʘʬʽʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʮʽ ʰʘʨʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɸʤʦʨʬʥʽ ʧʣʽʚʢʠ ʚʫʛʣʝʮʶ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʘ ʪʠʧʽʚ 

[75]: 

1. ʘ-ʉ:ʅ ʧʣʽʚʢʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʦʜʥʶ (40-60%) ʽ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʟ 

sp
2
-ʪʠʧʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ (ʚʠʱʝ 80%). ʊʘʢʽ ʧʣʽʚʢʠ ʚʦʣʦʜʽʶʪʴ ʥʠʟʴʢʦʶ 

ʪʚʝʨʜʽʩʪʶ (<10 ɻʇʘ), ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ 
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ʟʦʥʠ (2-4 ʝɺ) ʽ ʚʝʣʠʢʠʤ ʦʧʦʨʦʤ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ 

ʧʦʣʽʤʝʨʧʦʜʽʙʥʽ ʧʣʽʚʢʠ ʚʫʛʣʝʮʶ, ʘʙʦ ʘ-ʉ:ʅ soft; 

2. ʧʣʽʚʢʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʥʶ ʤʝʥʰʝ 30% ʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ C-C 

ʟʚ'ʷʟʢʽʚ ʟ sp
3
 -ʪʠʧʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ ʤʝʥʰʝ 65% ʥʘʟʠʚʘʶʪʴ ʘʣʤʘʟʦʧʦʜʽʙʥʽ, ʘʙʦ 

ʘ-ʉʅ-hard ʧʣʽʚʢʘʤʠ. ɸʣʤʘʟʦʧʦʜʽʙʥʠʡ ʚʫʛʣʝʮʴ ʤʘʻ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ 1-2 ʝɺ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ (> 10 ʆʤÖʩʤ), ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ 

(ʧʦʨʷʜʢʫ 20-40 ɻʇʘ), ʥʠʟʴʢʠʤ ʪʝʨʪʷʤ ʽ ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ; 

3. ʧʣʽʚʢʠ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʢʦʶ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʟ sp
3
-ʪʠʧʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ 

(ʧʦʨʷʜʢʫ 70%) ʽ ʚʤʽʩʪʦʤ ʚʦʜʥʶ 20-30% ʥʘʟʠʚʘʶʪʴ ʧʣʽʚʢʘʤʠ ʘʤʦʨʬʥʦʛʦ 

ʛʠʜʨʦʛʝʥʽʟʦʚʘʥʦʛʦ ʪʝʪʨʘʝʜʨʘʣʴʥʦʛʦ ʚʫʛʣʝʮʶ (ta-ʉ:H). ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʦʣʦʜʽʻ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʚʝʨʜʦʩʪʽ ʽ ʤʦʜʫʣʷ ʖʥʛʘ (ʚʠʱʝ 300 ɻʇʘ). 

ʆʧʪʠʯʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʣʠʟʴʢʦ 2,5 ʝɺ; 

4. ʧʣʽʚʢʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʦʜʥʶ (<20%) ʽ ʧʝʨʝʚʘʞʥʠʤ sp
2
-ʪʠʧʦʤ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʦʨʙʽʪʘʣʝʡ ʚʽʜʥʦʩʷʪʴ ʜʦ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʭ. ʎʽ ʧʣʽʚʢʠ 

ʚʦʣʦʜʽʶʪʴ ʥʠʟʴʢʠʤ ʦʧʦʨʦʤ, ʥʠʟʴʢʠʤ ʚʥʫʪʨʽʰʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ ʽ 

ʤʘʣʝʥʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʤʝʥʰʝ 1 ʝɺ). 

 

1.11. ̂ ʨʘʬʝʥ ʪʘ ˇʨʘʬʝʥʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ 

 

ˆʨʘʬʝʥ ʪʘ ˇʨʘʬʝʥʦʧʦʜʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʜʚʦʚʠʤʽʨʥʽ 

ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ 

ʝʣʝʢʪʨʦʥʽʮʽ ʟʨʦʙʠʪʠ ʢʨʦʢ ʜʦ ʧʨʠʣʘʜʽʚ ʥʘʥʦʤʝʪʨʦʚʦʾ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʪʘ 

ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ [17]. 

ʊʝʤʧʣʘʪ  ̒ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʩʪʝʤ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. 

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ˇʨʘʬʝʥʫ ʪʘ 

ˇʨʘʬʝʥʦʧʦʜʽʙʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʜʚʦʭ ʧʠʪʘʥʴ: 



84 

 

1. ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʽʚ ˇʨʘʬʝʥʫ ʪʘ ʧʝʨʝʥʦʩʫ ʾʭ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ; 

2. ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʽʟ ʟʘʜʘʥʠʤ ʨʝʣʴʻʬʦʤ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʌʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦ-ʬʦʪʦʛʨʘʬʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ [17] ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʦʣʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʩʠʣ ʪʘ ʩʪʚʦʨʝʥʥʽ ʫʤʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ  ̔ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʫ 

ʧʨʦʮʝʩʘʭ ñʟʥʠʟʫ-ʚʛʦʨʫò. ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʦʣʝ ʩʪʚʦʨʶʻ ʧʦʪʝʥʮʽʘʣʴʥʠʡ 

ʨʝʣʴʻʬ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʦʪʝʥʮʽʘʣʫ ʙʣʠʟʴʢʦ 10 ɺ ʜʣʷ ʽʦʥʽʟʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʷʢʝ  ̔  ̒ ʚʠʨʽʰʘʣʴʥʦʶ ʩʠʣʦʶ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʚʠʤʘʛʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ. 

1. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʬʦʪʦʧʨʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʇɺʂ, 

CdSe, Au, ɸʄʅ). 

2. ʈʦʟʨʦʙʢʘ ʘʧʘʨʘʪʫʨʠ ʪʘ ʤʝʪʦʜʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʣʽʚʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʻʬʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ. 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʧʦʣʽʚ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ, ʟʦʢʨʝʤʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. 

4. ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʦʧʦʣʦʛʽʯʥʦ-ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʬʘʟ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

ʥʘ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʘʭ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʤʽʪʥʘ 

ʫʚʘʛʘ, ʦʩʢʽʣʴʢʠ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʤʝʪʘʣ-ʧʦʣʽʤʝʨ ʤʘʶʪʴ ʪʘʢʦʞ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʝʥʩʦʨʠʢʠ, ʢʘʪʘʣʽʟʫ, ʬʦʪʦʥʽʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ, ʘ 

ʛʘʟʦʬʘʟʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ ʢʦʣʦʾʜʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʽʟ ʨʦʟʯʠʥʽʚ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʫʪʪʻʚʦ ʚʽʜʤʽʥʥʽ ʧʨʦʮʝʩʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʬʘʢʪʦʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷʤ ʨʝʯʦʚʠʥʠ. ɿʦʢʨʝʤʘ, ʛʘʟʦʬʘʟʥʘ ʪʝʭʥʦʣʦʛʽʷ 
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ʧʨʦʧʦʥʫʻ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʘʯ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʯʽʪʢʠʭ ʤʝʞ ʨʦʟʜʽʣʫ 

ʤʽʞ ʰʘʨʘʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʫʧʦʨʷʜʢʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʠ. 

ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʢʣʘʩʪʝʨʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-

ʧʦʣʽʤʝʨ ʚ ʦʙʣʘʩʪʷʭ ʩʠʣʴʥʦʛʦ ʪʘ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽʟ 

ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʪʝʤʧʣʘʪʫ ʥʝ ʪʽʣʴʢʠ 

ʟʥʠʞʫʻ ʙʘʨôʻʨ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʜʝ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʽ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽʟ ʧʦʚʝʨʭʥʝʶ ɸʄʅ ʧʝʨʝʚʠʱʫʻ 0,1 ʝɺ. ʊʦʙʪʦ, ʧʦʣʝ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ ʪʨʘʥʩʧʦʨʪʫ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʜʝ  ̔ʤʦʞʫʪʴ 

ʚʽʜʙʫʚʘʪʠʩʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʦʣʝʤ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ [52]. 

ʎʽ ʚʟʘʻʤʦʜʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ  ̒

ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦʾ 

ʜʦʚʞʠʥʠ ʪʘ ʯʘʩʫ ʞʠʪʪʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʦʮʽʥʢʠ ʝʥʝʨʛʽʡ ʚʟʘʻʤʦʜʽʡ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʪʦʤʽʚ ʟʦʣʦʪʘ 

- ʷʢ ʜʠʬʫʟʽʡʥʦʛʦ, ʪʘʢ  ̔ʢʽʥʝʪʠʯʥʦʛʦ. 

 

1.12. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ 

 

 ʈʦʟʰʠʨʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʤʧʣʘʪʽʚ, ʚʧʣʠʚ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʱʦʜʦ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʤʧʣʘʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʥʘʧʨʘʚʣʷʶʪʴ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʨʝʯʦʚʠʥʠ, 

ʚʠʢʣʠʢʘʶʪʴ ʾʾ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʟ ʧʝʚʥʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʽ ʪʦʧʦʣʦʛʽʻʶ ʰʘʨʫ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʴʦʚʽ ʚʟʘʻʤʦʜʽʾ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ.  
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ɯʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʷʚʠʱ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʚ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ ɸʄʅ, ʤʽʜʴ, ʟʦʣʦʪʦ, ʤʽʜʴ-ʚʫʛʣʝʮʴ-

ʬʪʘʣʦʮʽʘʥʽʥ ʪʘ ʨʦʟʨʦʙʮʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʟ ʨʝʟʦʥʘʥʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʙʫʜʫʚʘʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ 

ʩʪʚʦʨʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʯʫʪʣʠʚʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʚʽʜʽʛʨʘʶʪʴ ʪʦʥʢʽ ʧʣʽʚʢʠ ʤʝʪʘʣʽʚ 

ʟ ʦʩʪʨʽʚʮʝʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʚʠʟʥʘʯʘʻ ʬʘʢʪʦʨ ʧʦʚʝʨʭʥʽ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽ ̫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʝʨʦʚʘʥʠʭ ʪʝʤʧʣʘʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʫ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʰʘʨʽ. ʂʝʨʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʪʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ, 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʫ 

ʚʘʢʫʫʤʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʣʽʚʦʢ ʢʦʤʧʦʟʠʪʫ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʇʂ, 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʙʝʟʜʦʤʽʰʢʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʘʢʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ, ʫ ʩʢʣʘʜʽ ʰʘʨʽʚ ʚʫʛʣʝʮʝʚʠʭ, 

ʤʝʪʘʣʝʚʠʭ ʪʘ ɸʄʅ. ʅʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʟʦʥʜʦʚʠʭ, 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʾʭ 

ʨʝʟʦʥʘʥʩʥʦ-ʧʣʘʟʤʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ 

ʪʝʤʧʣʘʪʽʚ ʟ ʦʙôʻʤʥʠʤ ʟʘʨʷʜʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ.  

ɽʢʦʥʦʤʽʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʚʦʨʝʥʥ,̫ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ ʫ ʧʣʘʟʤʦʥʠʮʽ, ʧʨʠʣʘʜʽʚ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʟʘʙʘʨʚʣʝʥʽ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʴ, 

ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ 

ʯʽʪʢʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, 

ʧʨʦ ʪʝʭʥʦʣʦʛʽʶ ʾʭ ʦʪʨʠʤʘʥʥʷ ʪʘ ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʱʦ ʚ ʥʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ. ɰʭ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʚʣʷʻ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʦʧʪʦ, ʤʽʢʨʦ ï ʽ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʪʦʱʦ. ɺʘʞʣʠʚʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʘ 
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ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʣʘʜʘʭ ʽ ʧʨʠʩʪʨʦʷʭ ʜʣʷ 

ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ, ʥʘʥʦʤʝʭʘʥʽʢʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʢʚʘʥʪʦʚʦʾ 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʦʱʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʝʨʦʚʘʥʠʭ 

ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʽʜ 10 ʥʤ - 10 ʤʢʤ 

ʥʘ ʦʩʥʦʚʽ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ɸʄʅ) ʟ 

ʤʝʪʘʣʽʟʦʚʘʥʠʤ ʰʘʨʦʤ (ʝʣʝʢʪʨʝʪʥʠʡ ʪʝʤʧʣʘʪ) ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʽ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ. 
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ʈʆɿɼɯʃ 2  

ʆɹôɭʂʊʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

2.1. ʊʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʪʘ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ, 

ʪʝʨʤʽʯʥʠʡ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ ʤʝʪʦʜ ʦʩʘʜʞʝʥʥʷ 

 

ʋ ʨʦʙʦʪʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚʘʢʫʫʤʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʦʩʪ (ɺʋʇ-

5ʄ). ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ʤʽʜʽ, ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ 

ʬʪʘʣʦʮʽʘʥʽʥʫ (ʨʠʩ. 2.1). ʆʢʨʝʤʦ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʦʩʘʜʞʝʥʥʷ ʟʦʣʦʪʘ ʥʘ 

ʧʦʚʝʨʭʥʶ ʪʘ ʫ ʦʙ`ʻʤ ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (ɸʄʅ). 

ʁʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʝʟʜʦʤʽʰʢʦʚʽ ʧʣʽʚʢʠ ʤʝʪʘʣʽʚ, 

ʚʫʛʣʝʮʶ ʪʘ ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʥʘʧʠʣʝʥʥʷ, ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ 

ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʦʙôʻʤʫ ʟ ʥʝʚʝʣʠʢʠʤ ʪʝʧʣʦʚʠʤ ʚʧʣʠʚʦʤ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ, ʚʠʨʦʱʫʚʘʥʥʷ ʧʣʽʚʦʢ ʚʽʜʙʫʚʘʚʩʷ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʜʚʦʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. ʆʜʥʘ ʩʠʩʪʝʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʠ ʦʪʨʠʤʘʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɼʨʫʛʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʠ ʦʪʨʠʤʘʥʽ 

ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ ʤʽʜʽ ʪʘ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ. ʂʘʨʙʘʟʦʣʽʣʤʽʩʪʢʽ 

ʧʦʣʽʤʝʨʠ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʚ ɯʥʩʪʠʪʫʪʽ ʬʽʟʠʢʦ-ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʚʫʛʣʝʭʽʤʽʾ 

ʽʤ. ʃ. ʄ. ʃʠʪʚʠʥʝʥʢʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ɼʦʥʝʮʢɹ, ʋʢʨʘʾʥʘ, ʫ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʙʘʥʢʽʚʩʴʢʝ ʟʦʣʦʪʦ ʟ 999,9, ʤʽʜʴ 

ʄ00 ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ, ʚʫʛʣʝʮʴ ʷʧʦʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʚʘʢʫʫʤʥʦʾ 

ʪʝʭʥʽʢʠ. 

ʇʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ɸʄʅ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ 

ʩʧʽʣʴʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʘʢʫʫʤʽ ʟ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ [82]. 

ʂʦʤʧʦʥʝʥʪʠ ʧʣʽʚʦʢ ʧʦʣʽʚʽʥʽʣʢʘʨʙʦʟʦʣʘ (ʇɺʂ) ʦʩʘʜʞʫʚʘʣʠ ʰʣʷʭʦʤ  
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʦʜʥʦʯʘʩʥʠʤ 

ʦʩʘʜʞʝʥʥʷʤ ʫ ʚʘʢʫʫʤʽ [84]: 1 - ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ; 2 - ʟʨʘʟʢʠ; 3 - ʩʠʩʪʝʤʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʢʣʘʜʦʢ; 4 - ʜʚʠʛʫʥ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; 5 - 

ʟʘʩʣʽʥʢʘ; 6 - ʚʠʧʘʨʦʚʫʚʘʯ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ; 7 - ʚʠʧʘʨʦʚʫʚʘʯ 

ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ; 8 - ʚʠʧʘʨʦʚʫʚʘʯ ʤʝʪʘʣʫ; 9 - ʢʚʘʨʮʦʚʽ 

ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ ʪʘ ʤʘʩʠ ʧʣʽʚʢʠ; 10 - ʩʚʽʪʣʦʚʦʜʠ; 

11 -ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʝʢʨʘʥʽʚ; 12 - ʢʦʥʪʨʦʣʝʨ ʢʚʘʨʮʦʚʠʭ ʨʝʟʦʥʘʪʦʨʽʚ; 

13 - ʜʘʪʯʠʢ ʪʠʩʢʫ ʽʟ ʢʦʥʪʨʦʣʝʨʦʤ; 14 - - ɸʎʇ, ʎɸʇ; ʧʣʘʪʘ ʩʧʦʣʫʯʝʥʥʷ; 15 

- ʦʧʪʠʯʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ; 16 - ʢʦʥʪʨʦʣʝʨ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʧʽʜʢʣʘʜʠʥʦʢ; 17, 18,19 - ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʯʘ; 20 - ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʽ ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʤʘʥʽʧʫʣʷʪʦʨʠ; 21 - ʚʘʢʫʫʤʥʘ 

ʫʩʪʘʥʦʚʢʘ ɺʋʇ-5ʄ 
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ʯʘʩʪʢʦʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʚʘʢʫʫʤʽ ʧʦʨʦʰʢʫ ʧʦʣʽʤʝʨʫ ʇɺʂ 

(ʤʦʣ. ʤʘʩʘ 10 000), ʧʝʨʝʥʦʩʫ ʧʨʦʜʫʢʪʽʚ ʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʫʯʢʫ ʥʘ ʚʽʜʩʪʘʥʴ 

15 ʩʤ ʟ ʢʦʥʜʝʥʩʘʮʽʻʶ ʥʘ ʧʽʜʢʣʘʜʮʽ. ɺ ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʜʘʪʢʦʚʝ 

ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʚʧʣʠʚʦʤ ʥʘ ʧʘʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ 

ʝʥʝʨʛʽʻʶ 0,7-1 keV ʟ ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ 1-3 ʤɸ/ʩʤ
2
. ɸʢʮʝʧʪʦʨʠ CdSe, 

ʬʫʣʝʨʝʥ ʉ60 ʪʘ ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥ (Tʅʌ) ʩʫʙʣʽʤʫʚʘʣʠ [83] ʟ 

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʨʦʟʞʘʨʶʚʘʥʥʷʤ ʫ ʚʘʢʫʫʤʽ. 

ʊʠʩʢ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʩʪʘʥʦʚʠʚ 3Ö10
-2
 ʇʘ. 

ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʦʣʷʨʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʧʦʣʫʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʻʶ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʋ 

ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʷʨʠʟʘʮʽʾ, 

ʨʦʙʦʪʘ ʚʠʭʦʜʫ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʫ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʫʙʣʽʤʘʪʦʨʘ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ [82]. ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʧʣʽʚʦʢ ʽʟ ʟʘʜʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ 

ʧʣʽʚʢʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʨʦʱʫʚʘʥʥʷ ʧʣʽʚʦʢ. ʉʠʛʥʘʣʠ ʨʝʟʦʥʘʪʦʨʥʠʭ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ-ʩʚʽʜʢʽʚ 

ʤʘʩʠ, ʱʦ ʚʠʧʘʨʦʚʫʚʘʣʠʩʴ, ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʽʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʾʭ ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʏʫʪʣʠʚʽʩʪʴ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ ʩʪʘʥʦʚʠʣʘ 6Ö10
-8
 

ʢʛ/ʤ2, ʧʨʦʛʨʘʤʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʜʨʝʡʬ ʯʘʩʪʦʪʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 10 

ɻʮ/ʛʦʜ. ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʢʣʘʜʦʢ ʫ ʢʘʤʝʨʽ, ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʠʡ ʤʘʥʽʧʫʣʷʪʦʨ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ. 

ɽʢʩʧʦʟʠʮʽʷ ʧʽʜʢʣʘʜʦʢ ʫ ʧʫʯʢʘʭ ʩʫʙʣʽʤʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʪʘ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʦʚʘʥʠʭ ʟʘʩʣʽʥʦʢ.  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʥʘ ʦʩʥʦʚʽ ʬʦʪʦʜʽʦʜʥʦʾ ʣʽʥʽʡʢʠ ʪʘ ʜʠʬʨʘʢʮʽʡʥʦʾ 

ˇʨʘʪʢʠ ʜʦʟʚʦʣʷʻ ʨʝʻʩʪʨʫʚʘʪʠ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʧʨʦʮʝʩʽ ʨʦʩʪʫ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʘʛʨʝʛʘʮʽʾ ʪʘ ʘʜʩʦʨʙʮʽʾ ʫ ʢʦʤʧʦʟʠʪʘʭ. ʅʝʦʙʭʽʜʥʠʡ ʧʨʦʬʽʣʴ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ ʢʦʤʧʦʟʠʪʫ ʪʘ ʢʽʥʝʪʠʢʘ ʨʦʩʪʫ 

ʟʘʜʘʚʘʣʠʩʷ ʷʢ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚʠʢʦʥʘʥʝ ʤʦʚʦʶ 

LabVIEW. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ 

ʦʩʘʜʞʝʥʥʷ ʟ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2. ɺ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʽʟʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʝ ʟʦʣʦʪʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʩʦʢʫ 

ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʡʦʛʦ ʘʪʦʤʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʟʚʠʯʘʡʥʠʭ 

ʫʤʦʚʘʭ, ʥʝʩʢʣʘʜʥʽʩʪʴ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʧʨʦʩʪʦʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ 

ʥʘʡʪʦʥʰʠʭ ʦʩʘʜʽʚ ʜʦʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʧʨʦʚʦʜʠʣʠ 

ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʪʠʩʢʫ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ~10
-2
 ʇʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ 

ʽʟ ʪʘʥʪʘʣʦʚʦʛʦ ʯʦʚʥʠʢʘ. 

 

ʈʠʩ. 2.2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʢʣʘʜʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʧʣʽʚʦʢ ʟ 

ʦʨʛʘʥʽʯʥʠʤ ʽ ʥʝʦʨʛʘʥʽʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʧʽʣʴʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ 

ʬʘʟʠ [83]: ɸ, ɺ, ʉ - ʨʝʟʦʥʘʪʦʨʥʽ ʢʚʘʨʮʦʚʽ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ ʤʘʩʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʣʽʚʢʠ; 1 - ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʟʘʜʘʥʥʷ ʢʽʥʝʪʠʢʠ 

ʨʦʩʪʫ ʢʦʤʧʦʥʝʥʪʠ ɸ; 2, 3 - ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʟʘʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʦʥʝʥʪʽʚ ɺ ʽ ʉ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ; Al, B2, ʉɿ - 

ʚʠʧʘʨʦʚʫʚʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʢʦʤʧʦʥʝʥʪʽʚ ɸ, ɺ, ʉ, 4 - ʤʦʜʫʣʴ ʢʦʥʪʨʦʣʶ, 5 - 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ, 6 ï ʨʫʭʦʤʽ ʝʢʨʘʥʠ, 7, 8, 9 ï ʧʨʦʛʨʘʤʥʽ ʧʨʦʧʦʨʮʽʡʥʦ-

ʽʥʪʝʛʨʫʶʯʽ-ʜʠʬʝʨʝʥʮʶʶʯʽ ʨʝʛʫʣʷʪʦʨʠ  
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ʆʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʪʘ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʥʘ 

ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʨʠʣʘʜ ɺʋʇ-

5ʄ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʡ ʤʝʪʦʜ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʢʫʫʤʥʘ ʜʫʛʘ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʨʦʟʨʷʜʫ ʷʢʦʾ ʫ ʧʘʨʘʭ ʢʘʪʦʜʘ (ʤʝʪʘʣ, ʛʨʘʬʽʪ), ʛʝʥʝʨʫʻ 

ʧʦʪʽʢ ʧʣʘʟʤʠ ʟ ʝʥʝʨʛʽʻʶ ʽʦʥʽʚ ʚ ~ 10 eV. ʇʣʘʟʤʘ ʽʤʽʪʫʻʪʴʩ ̫ ʢʘʪʦʜʥʦʶ 

ʧʣʷʤʦʶ ʢʘʪʦʜʘ ʤʽʢʨʦ-ʤʝʪʨʦʚʠʭ ʨʦʟʤʽʨʽʚ. ʋ ʥʽʡ ʩʪʚʦʨʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. ɯʦʥʥʠʡ ʧʦʪʽʢ 

ʜʫʛʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʧʽʜʢʣʘʜʢʦʶ ʫʪʚʦʨʶʻ ʰʘʨ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʦʚʱʠʥʘ ʰʘʨʫ ʧʨʦʧʦʨʮʽʡʥʘ ʱʽʣʴʥʦʩʪʽ ʽʦʥʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʽʜʢʣʘʜʢʫ ʽ ʯʘʩʫ 

ʝʢʩʧʦʟʠʮʽʾ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʢʘʪʦʜʘ, ʘ ʚ ʽʦʥʥʦʤʫ ʧʦʪʦʮʽ ʧʨʠʩʫʪʥʽ ʡʦʛʦ ʤʽʢʨʦʯʘʩʪʠʥʢʠ. 

ʊʦʤʫ ʜʣʷ ʦʯʠʱʝʥʥʷ ʽʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ 

ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ [85]. 

ʋ ʨʦʙʦʪʽ ʮʝʡ ʤʝʪʦʜ ʙʫʚ ʤʦʜʠʬʽʢʦʚʘʥʠʡ. ɹʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʫʛʘ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʤʽʞ ʩʠʤʝʪʨʠʯʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ, ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ (100 ɸ) ʟ ʚʝʣʠʢʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʦʤ (0,1 ʆʤ). ʋ ʷʢʦʩʪʽ ʬʽʣʴʪʨʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʝʪʘʣʝʚʘ ʛʫʙʢʘ ʟ ʦʧʪʠʯʥʦʶ ʱʽʣʴʥʽʩʪʶ d = 1, ʪʦʚʱʠʥʦʶ 

5Ŀ10
-2
 ʤ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʚ ʥʘʜ ʚʠʧʘʨʥʠʢʦʤ ʥʘ ʚʽʜʩʪʘʥʽ 12Ŀ10

-2
 ʤ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʣʦ ʟʤʽʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʪʦʜʥʦʾ ʧʣʷʤʠ, ʩʪʘʙʽʣʴʥʝ ʛʦʨʽʥʥʷ ʜʫʛʠ 

ʧʨʠ ʟʤʽʥʽ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʾʭ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʽ ʦʪʨʠʤʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʧʦʢʨʠʪʪʽʚ ʙʝʟ ʟʥʘʯʥʠʭ ʜʝʬʝʢʪʽʚ. ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʥʘʧʠʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʚ ʗʧʦʥʽʾ ʚʫʛʣʝʮʝʚʽ ʩʪʨʠʞʥʽ 

ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʘ ʟ ʟʘʪʦʯʝʥʠʤʠ ʢʽʥʮʷʤʠ. ʉʢʣʷʥʘ ʧʽʜʢʣʘʜʢʘ ʟʨʘʟʢʘ 

ʟʥʘʭʦʜʠʣʦʩʷ ʥʘʜ ʚʠʧʘʨʥʠʢʦʤ ʥʘ ʚʽʜʩʪʘʥʽ h=10
-1
 ʤ, ʱʦ ʩʧʨʠʷʣʦ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʦʩʘʜʞʝʥʥʶ ʚʫʛʣʝʮʶ. ɺʘʢʫʫʤʥʘ ʢʘʤʝʨʘ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʚʠʧʘʨʥʠʢʽʚ (ʚʫʛʣʝʮʶ ʪʘ ʤʽʜʽ) ʚ ʦʜʥʦʤʫ ʮʠʢʣʽ, ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʙʝʟ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʢʘʤʝʨʠ. 

ʇʨʠ ʥʘʧʠʣʝʥʥʽ ʤʽʜʽ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʨʫʛʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʥʘʧʠʣʝʥʥʷʤ ʟ ʚʠʚʦʜʦʤ ʜʘʥʠʭ (ʪʦʚʱʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʛʣʠʥʘʥʥʷ, 
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ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ) ʥʘ ʯʘʩʪʦʪʦʤʽʨ ʽ ʥʘ ʝʢʨʘʥ ʤʦʥʽʪʦʨʘ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ (ʇʂ) ʟʘ ʜʦʧʦʤʦʛʦʶ 4-ʢʘʥʘʣʴʥʦʛʦ ɸʎʇ ʟ ʧʣʘʪʦʶ ʩʧʨʷʞʝʥʥʷ 

(ʜʠʚ.ʜʦʜʘʪʦʢ 2). ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʤʽʢʨʦ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʧʦʪʦʢʫ ʧʘʨʠ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʬʽʣʴʪʨ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʘʥʦʜʘ ʚʠʧʘʨʥʠʢʘ ʜʦ 

ʧʽʜʢʣʘʜʢʠ ʩʪʘʥʦʚʠʣʘ 10
-1
ʤ. ɿʨʘʟʢʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʰʘʨʽʚ (10õ100 ʥʤ) ʤʽʜʽ 

ʥʘ ʧʽʜʢʣʘʜʮʽ ʟʽ ʩʢʣʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʩʪʘʥʦʚʠʣʘ ɽ= 

60 õ 80 ɺ/ʩʤ. ʆʪʨʠʤʘʥʽ ʧʣʽʚʢʠ ʤʘʣʠ ʦʧʽʨ 7õ3.5 10
6
ʆʤ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʥʘʧʠʣʝʥʥʷ ʤʽʜʥʽ ʧʣʽʚʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʫ ʚʘʢʫʫʤʽ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ɼʘʥʠʡ 

ʩʧʦʩʽʙ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʧʝʚʥʦʶ ʢʝʨʦʚʘʥʽʩʪʶ. 

ʋ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʦʢ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʣʽʢʘʪʥʝ ʩʢʣʦ 

(cat.no.7102, CHINA) ʪʦʚʱʠʥʦʶ 10
-3
ʤ, ʨʦʟʤʽʨʦʤ (2.54³4)Ö10

-2
ʤ, ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n0=1,51, ʧʨʦʟʦʨʽ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

300õ1000 ʥʤ. ʇʨʠ ʦʯʠʱʝʥʥʽ ʚʦʥʠ ʧʽʜʜʘʚʘʣʠʩʷ ʦʙʨʦʙʮʽ ʫ ʢʠʧʣʷʯʽʡ ʤʠʣʴʥʽʡ 

ʚʦʜʽ, ʟ ʧʦʜʘʣʴʰʦʶ ʧʨʦʤʠʚʢʦʶ ʫ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʽ, 30% ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʽ 

ʩʫʰʽʥʥʷʤ. ʄʽʜʥʽ ʢʦʥʪʘʢʪʠ (R=1 Oʤ) ʰʠʨʠʥʦʶ 5Ö10
-3
ʤ ʙʫʣʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʥʘʥʝʩʝʥʽ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘ ʨʦʟʽʛʨʽʪʽ ʜʦ 300
ʦ
ʉ ʧʽʜʢʣʘʜʢʠ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʫ ʧʨʦʮʝʩʽ ʾʭ ʥʘʧʠʣʝʥʥʷ. ʊʠʩʢ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʫ ʢʘʤʝʨʽ 

ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ   (10
-2
 õ 10

-3
 ʇʘ).  

 

2.2. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

2.2.1 ɯʏ, ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʤʝʪʦʜʠ 

 

 ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʠʭ ʽ ʩʪʨʫʢʪʫʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʟʜʘʪʥʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʘʙʦ ʧʦʛʣʠʥʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. ʉʧʝʢʪʨʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʥʦʚʠʭ ʩʧʦʣʫʢ, ʘʣʝ ʽ ʤʝʭʘʥʽʟʤʠ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ, ʢʦʥʬʦʨʤʘʮʽʡʥʠʡ ʩʢʣʘʜ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʟʨʘʟʢʽʚ, ʨʝʛʫʣʷʨʥʽʩʪʴ 
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ʧʨʠʻʜʥʘʥʥʷ ʣʘʥʦʢ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʽ, ʘ ʪʘʢʦʞ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ 

ʦʨʽʻʥʪʘʮʽʶ ʽ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʙʣʦʮʽ ʧʦʣʽʤʝʨʽʚ [86-89]. 

ɺʽʜʦʤʦ [90], ʱʦ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ ʧʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ 

ʥʝʧʦʚʪʦʨʥʠʤ, ʥʝ ʽʩʥʫʻ ʜʚʦʭ ʨʝʯʦʚʠʥ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘʣʝ 

ʦʜʥʘʢʦʚʠʤʠ ʩʧʝʢʪʨʘʤʠ. ʉʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʦʢʨʝʤʠʭ 

ʛʨʫʧ ʘʪʦʤʽʚ ʽ ʟʚʝʜʝʥʽ ʫ ʢʦʨʝʣʷʮʽʡʥʽ ʜʽʘʛʨʘʤʠ ʛʨʫʧʦʚʠʭ ʯʘʩʪʦʪ, ʢʦʨʠʩʥʽ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʨʝʯʦʚʠʥʠ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʘʛʨʝʛʘʪʥʦʤʫ ʩʪʘʥʽ, 

ʨʦʟʰʠʬʨʦʚʫʚʘʪʠ ʥʝʚʽʜʦʤʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʝʯʦʚʠʥʫ. ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʩʪʫʧʝʥʽ ʨʝʛʫʣʷʨʥʦʩʪʽ ʪʘ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʢʦʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʟʨʘʟʢʽʚ [89]. ʇʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ɯʏ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʨʽʟʴ ʨʝʯʦʚʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʯʘʩʪʦʪʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʷʢʠʤ ʚʣʘʩʥʠʤ ʯʘʩʪʦʪʘʤ 

ʢʦʣʠʚʘʥʴ ʤʦʣʝʢʫʣ ʯʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ɺ ɯʏ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʣʠʰʝ ʥʘ ʪʠʭ ʯʘʩʪʦʪʘʭ, ʥʘ ʷʢʠʭ ʫ ʧʨʦʮʝʩʽ ʢʦʣʠʚʘʥʴ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʦʣʝʢʫʣʠ. 

ʋ ʨʦʙʦʪʽ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʬʦʨʤ ʢʘʨʙʘʟʦʣʫ ʟʘ 

ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʩʧʝʢʪʨʘʤʠ. ʄʝʪʦʜ ɯʏ-ʧʦʛʣʠʥʘʥʥʷ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ 

(SEIRA - surface enhanced infrared absorption) ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʙʘʟʽ 

ʩʝʨʽʡʥʦʛʦ ʬʫʨôʻ-ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker IFS-66 (ʅʽʤʝʯʯʠʥʘ) ʚ ʦʙʣʘʩʪʽ 400-

4000 ʩʤ
-1
 ʫ ʛʝʦʤʝʪʨʽʾ ʥʘ ʚʽʜʙʠʚʘʥʥʷ ʽ ʧʨʦʧʫʩʢʘʥʥʷ. ʁʦʛʦ ʧʨʠʥʮʠʧʦʚʫ 

ʦʧʪʠʯʥʫ ʩʭʝʤʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.3.  

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʦʜʝʨʞʘʥʠʭ ʦʩʘʜʞʝʥʥʷʤ ʽʟ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʣʽʚʦʢ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ɯʏ ʩʧʝʢʪʨʠ ʧʣʽʚʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʢʘʨʙʘʟʦʣ 

ʪʘ ʧʦʨʦʰʢʽʚ ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ ʪʘ ʤʦʥʦ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ [84]. ʈʝʯʦʚʠʥʠ 

ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʧʽʜʢʣʘʜʢʠ ʽʟ ʢʨʝʤʥʽʶ ʤʘʨʢʠ ʂɼɹ, ʧʦʢʨʠʪʽ ʧʣʽʚʢʦʶ ʟʦʣʦʪʘ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 20 ʥʤ, ʪʝʨʤʽʯʥʦ ʥʘʧʠʣʝʥʦʛʦ ʫ ʚʘʢʫʫʤʽ. ʇʣʽʚʢʠ ʇɺʂ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 300 ʥʤ ʦʪʨʠʤʫʚʘʣʠ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʧʦʨʦʰʢʫ ʧʦʣʽʤʝʨʘ ʇɺʂ (ʩʝʨ. ʤʦʣ. ʤʘʩʘ 
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10000), ʧʝʨʝʥʦʩʫ ʧʨʦʜʫʢʪʽʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʫʯʢʫ ʚ ʢʘʤʝʨʽ ʽ ʢʦʥʜʝʥʩʘʮʽʾ 

ʥʘ ʧʽʜʢʣʘʜʮʽ (ʧʦʟʥʘʯʝʥʽ Tʇɺʂ). 

 

 

ʈʠʩ. 2.3. ʇʨʠʥʮʠʧʦʚʘ ʦʧʪʠʯʥʘ ʩʭʝʤʘ ʬʫʨôʻ-ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker IFS-66 ʪʘ 

ʭʽʜ ʧʨʦʤʝʥʽʚ ʫ ʢʶʚʝʪʥʽʡ ʢʘʤʝʨʽ ʧʨʠʣʘʜʫ [91]: 1 ï ʜʞʝʨʝʣʦ ɯʏ-ʩʚʽʪʣʘ; 2 ï 

ʩʚʽʪʣʦʨʦʟʧʦʜʽʣʴʥʘ ʧʣʘʩʪʠʥʢʘ; 3 ï ʨʫʭʦʤʝ ʜʟʝʨʢʘʣʦ; 4 ï ʥʝʨʫʭʦʤʝ ʜʟʝʨʢʘʣʦ; 

5 ï ʬʦʢʫʩʫʶʯʝ ʜʟʝʨʢʘʣʦ; 6 ï ʜʝʪʝʢʪʦʨ (ʢʨʠʩʪʘʣ ʜʝʡʪʝʨʦʚʘʥʦʛʦ 

ʪʨʠʛʣʽʮʠʥʩʫʣʴʬʘʪʫ (ɼʊɻʉ) 

 

ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʧʣʽʚʢʠ ʇɺʂ, ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʷʢʠʭ 

ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʜʦʜʘʪʢʦʚʠʤ ʚʧʣʠʚʦʤ ʥʘ ʧʘʨʠ ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ 

(ʧʦʟʥʘʯʝʥʽ Iʇɺʂ). ʆʪʨʠʤʘʥʽ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʫ ʚʘʢʫʫʤʽ ʧʣʽʚʢʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʢʘʨʙʘʟʦʣ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʦʩʘʜʘʤʠ ʽʟ ʚʠʭʽʜʥʦʛʦ ʇɺʂ ʽ ʤʦʥʦ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ 

(ʧʦʟʥʘʯʝʥʽ Mʇɺʂ), ʥʘʥʝʩʝʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʨʦʟʤʝʣʝʥʦʛʦ ʧʦʨʦʰʢʫ ʥʘ ʪʽ 

ʞ ʧʽʜʢʣʘʜʢʠ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ. 

ɯʏ ʩʧʝʢʪʨʠ ʤʘʪʝʨʽʘʣʽʚ ʚʠʤʽʨʶʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʽ ʚ ʦʙʣʘʩʪʽ 4000-550 ʩʤ
-1
 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʩʪʘʚʢʠ ʚʽʜʙʠʪʪʷ ʟ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʧʨʠʣʘʜʫ Ñ1-2 ʩʤ
-1
. ʆʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽʩʥʠʡ 

ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʪʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʪʝʨʽʘʣʫ ʥʘʜʘʻ ʘʥʘʣʽʟ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʢʩʠʤʫʤʽʚ ʫ ʩʧʝʢʪʨʘʭ.  
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ʂʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ (ʂʈ) ʩʚʽʪʣʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʋ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʟʨʘʟʦʢ ʦʧʨʦʤʽʥʶʶʪʴ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʽ ʘʥʘʣʽʟʫʶʪʴ 

ʨʦʟʩʽʷʥʠʡ ʩʚʽʪʣʦ. ʉʧʝʢʪʨʘʣʴʥʽ ʩʤʫʛʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʩʧʝʢʪʨʘʭ ʂʈ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʝʨʪʘʣʴʥʠʤ ʽ ʢʦʣʠʚʘʣʴʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʫ ʤʦʣʝʢʫʣʽ. ʇʦʨʷʜ ʟ 

ʽʥʬʨʘʯʝʨʚʦʥʠʤ (ɯʏ) ʧʦʛʣʠʥʘʥʥʷʤ, ʂʈ ʩʚʽʪʣʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ  ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʣʝʢʫʣ. 

ʗʚʠʱʘ ʂʈ ʩʚʽʪʣʘ ʧʦʣʷʛʘʻ ʫ ʧʦʷʚʽ ʚ ʩʧʝʢʪʨʽ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʥʦʚʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ, ʯʠʩʣʦ ʪʘ ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʽ ʟ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʙʫʜʦʚʦʶ ʨʝʯʦʚʠʥʠ. ʇʨʦʮʝʩ ʂʈ ʩʚʽʪʣʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʟʚô̫ ʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʘʢʪʽʚ: ʧʦʛʣʠʥʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʬʦʪʦʥʫ ʟ ʝʥʝʨʛʽʻʶ 
0ɤ  

ʪʘ ʚʠʧʨʦʤʽʥʝʥʥʷ ʬʦʪʦʥʫ ʟ ʝʥʝʨʛʽʻʶ ( )0ɤ ɤ ɤ¡ ¡= +W, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʽʚ ʤʦʣʝʢʫʣʠ ʟ ʧʦʣʝʤ ʧʘʜʘʶʯʦʾ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ 

[90]. ʇʨʠ ʂʈ ʩʚʽʪʣʘ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ ʢʦʣʠʚʘʥʥʷ ʘʪʦʤʽʚ ʟ 

ʭʘʨʘʢʪʝʨʥʦʶ ʯʘʩʪʦʪʦʶ W ʤʦʜʫʣʶʶʪʴ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʥʘʚʦʜʠʪʴʩʷ 

ʟ ʝʣʝʢʪʨʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʤʦʣʝʢʫʣʠ ʯʠ ʨʝʯʦʚʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ 

ʚʠʧʨʦʤʽʥʝʥʥʷ.  

 

2.2.2. ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʽʜʩʠʣʝʥʥʷ 

 

ʇʽʜʩʠʣʝʥʝ ʧʦʚʝʨʭʥʝʶ ʢʦʤʙʽʥʘʮʽʡʥʝ ʨʦʟʩʽʶʚʘʥʥʷ (ʇʇʂʈ) ʩʫʯʘʩʥʠʡ 

ʤʝʪʦʜ ʢʦʣʠʚʘʣʴʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʷʚʠʱʽ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʤʦʣʝʢʫʣʘʤʠ, ʘʜʩʦʨʙʦʚʘʥʠʤʠ ʥʘ 

ʰʦʨʩʪʢʫʚʘʪʠʭ ʧʦʚʝʨʭʥʷʭ ʘʙʦ ʥʘʥʦʯʘʩʪʠʥʢʘʭ. ɿʘʚʜʷʢʠ, ʟʥʘʯʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʦʩʠʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʤʝʪʦʜ ʇʇʂʈ ʜʦʟʚʦʣʷʻ 

ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʦʙô̒ ʢʪʠ ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʞ ʜʦ ʚʠʷʚʣʝʥʥʷ 

ʧʦʦʜʠʥʦʢʠʭ ʤʦʣʝʢʫʣ. ʊʘʢʠʡ ʤʝʪʦʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʧʝʨʝʭʦʜʽʚ ʙʽʦʦʨʛʘʥʽʯʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʤʝʪʘʣʝʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʷʢʦʤʫ 

ʥʘʣʝʞʠʪʴ ʧʽʜʩʠʣʝʥʥʷ ʧʦʚʝʨʭʥʝʶ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʷʥʥʷ (ʘʥʛʣ. 



97 

 

SERS-Surface Enhanced Raman Scattering) (SERS) [92,93], ʧʽʜʩʠʣʝʥʝ 

ʧʦʚʝʨʭʥʝʶ ɯʏ ʧʦʛʣʠʥʘʥʥʷ (ʘʥʛʣ. SEIRA-Surface Enhanced InfraRed 

Absorption) [94-98], ʦʜʥʦ- ʽ ʜʚʦʬʦʪʦʥʥʘ ʣʶʤʽʥʝʩʮʝʥʮʽʷ [99-101]. ɼʦ ʜʨʫʛʦʾ 

ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʧʨʦʮʝʩʠ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʤʦʣʝʢʫʣʠ ʥʘ ʤʝʪʘʣʽ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʩʠʣʝʥʥʷ ʧʨʦʮʝʩʫ ʛʝʥʝʨʘʮʽʾ ʜʨʫʛʦʾ 

ʛʘʨʤʦʥʽʢʠ. 

ʉʧʝʢʪʨʦʩʢʦʧʽʷ (ʇʇʂʈ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʥʘ ʤʽʞʬʘʟʥʽʡ ʛʨʘʥʠʮʽ. ʇʇʂʈ ʩʚʽʪʣʘ ʚʠʥʠʢʘʻ ʧʨʠ 

ʘʜʩʦʨʙʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʣʝʢʫʣ ʥʘ ʤʝʪʘʣʘʭ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʫ ʚʠʜʠʤʦʤʫ 

ʟʨʦʩʪʘʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʥʘ 

4-15 ʧʦʨʷʜʢʽʚ.  

ʄʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʇʇʂʈ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦʩʠʣʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʂʈ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣʠ ʥʘ ʤʝʪʘʣʽ ʚʠʢʣʠʢʘʥʦ ʧʦʻʜʥʘʥʥʷʤ 

ʜʚʦʭ ʯʠʥʥʠʢʽʚ: ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ [102] ʽ ʭʽʤʽʯʥʦʛʦ [103]. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʬʘʢʪʦʨ ʧʦʩʠʣʝʥʥʷ ʂʈ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʩʪʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʘʙʦ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ ʟ ʤʝʪʘʣʦʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʣʝʢʫʣʠ, ʷʢʘ ʧʦʣʷʨʠʟʦʚʘʥʘ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʙʫʜʦʚʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ, ʨʦʟʤʽʨ, 

ʬʦʨʤʘ ʽ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ. ʍʽʤʽʯʥʠʡ ʬʘʢʪʦʨ ʧʦʩʠʣʝʥʥʷ ʂʈ ʧʦʣʷʛʘʻ 

ʫ ʧʦʩʠʣʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦ-ʭʽʤʽʯʥʠʭ 

ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ ʟ ʧʦʚʝʨʭʥʝʶ. ɼʘʥʠʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʫ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʦʣʝʢʫʣʦʶ ʽ ʧʦʚʝʨʭʥʝʶ ʤʝʪʘʣʫ ʻ ʚʝʣʠʯʠʥʦʶ 

ʘʪʦʤʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʪʦʙʪʦ ʥʘ ʜʝʢʽʣʴʢʦʭ ʧʝʨʰʠʭ ʤʦʥʦʰʘʨʘʭ. ʉʫʪʴ ʭʽʤʽʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʤʝʭʘʥʽʟʤʫ ʧʽʜʩʠʣʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʜʠʥʘʤʽʯʥʠʡ, ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ ʤʽʞ ʤʝʪʘʣʦʤ ʽ ʘʜʩʦʨʙʦʚʘʥʦʶ ʤʦʣʝʢʫʣʦʶ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 4 

ʩʪʘʜʽʾ: 1 - ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʘ ʽ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ -ʝʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ; 2 

- ʧʝʨʝʭʽʜ ʝʣʝʢʪʨʦʥʘ ʥʘ ʥʠʞʯʫ ʚʘʢʘʥʪʥʫ ʤʦʣʝʢʫʣʷʨʥʫ ʦʨʙʽʪʘʣʴ; 3 - ʧʝʨʝʭʽʜ 

ʝʣʝʢʪʨʦʥʘ ʟ ʥʠʞʯʦʾ ʚʘʢʘʥʪʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʙʽʪʘʣʽ (ʟ ʟʤʽʥʝʥʠʤʠ 

ʥʦʨʤʘʣʴʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʝʷʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ) 
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ʥʘʟʘʜ ʜʦ ʤʝʪʘʣʫ; 4 - ʧʦʚʝʨʥʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʡʦʛʦ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʦʢʩʦʚʦʛʦ ʬʦʪʦʥʫ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʤʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʧʨʠ ʭʽʤʽʯʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʧʦʩʠʣʝʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʢʘʥʘʣ ʜʣʷ ʧʝʨʝʥʦʩʫ 

ʟʙʫʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʜʦ ʤʦʣʝʢʫʣʠ [104]. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʭʽʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ 

ʧʽʜʩʠʣʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ ʽ ʤʝʪʘʣʫ, ʦʨʽʻʥʪʘʮʽʷ ʽ 

ʨʦʟʤʽʨ ʘʜʩʦʨʙʠʨʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ, ʧʨʠʨʦʜʘ ʤʝʪʘʣʫ ʽ ʧʦʪʝʥʮʽʘʣ, ʧʨʠʢʣʘʜʝʥʠʡ 

ʜʦ ʧʦʚʝʨʭʥʽ [105]. 

ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ, ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, 

ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʬʪʘʣʦʮʽʘʥʽʥʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ 

Shimadzu UV-2401PC. ʉʧʝʢʪʨʠ ʂʈ ʟʨʘʟʢʽʚ ʟʥʽʤʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw InVia Raman Microscope, ʧʨʠ ʜʚʦʭ ʟʥʘʯʝʥʥʷʭ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ 633 ʽ 785 ʥʤ ʟ ʘʥʘʣʽʟʦʤ ʯʘʩʪʦʪʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʠʩ. 2.4).  

 

 

ʈʠʩ. 2.4. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʫ ʛʝʦʤʝʪʨʽʾ ʥʘ ʚʽʜʙʠʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʫ ɯʏ ʧʨʠʩʪʘʚʮʽ 

[91] 

 

ʇʝʨʝʜʙʘʯʫʚʘʥʘ ʧʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʦʞʝʥʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʽʢʽʚ 

ʩʪʘʥʦʚʠʣʘ Ñ1 ʩʤ
-1
. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ SEIRA ʚ ʛʝʦʤʝʪʨʽʾ ʥʘ ʚʽʜʙʠʚʘʥʥʷ ʫ 
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ʢʶʚʝʪʥʫ ʢʘʤʝʨʫ ʧʨʠʣʘʜʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʨʠʩʪʘʚʢʫ ʥʘ ʚʽʜʙʠʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʘʜʘʻ ʥʘ ʟʨʘʟʦʢ ʧʽʜ ʢʫʪʦʤ 16,5Á. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʫ SEIRA ʫ ʛʝʦʤʝʪʨʽʾ ʥʘ ʧʨʦʧʫʩʢʘʥʥʷ ʫ ʢʶʚʝʪʥʫ ʢʘʤʝʨʫ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʨʠʩʪʘʚʢʫ ʥʘ ʧʨʦʧʫʩʢʘʥʥʷ. 

ʌʦʪʦʥʥʽ ʢʨʠʩʪʘʣʠ ʪʘ ʧʣʘʟʤʦʥʥʦ-ʧʦʣʷʨʠʪʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʟʦʥʘʥʩʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʽʣʴʢʦʤʘ ʚʥʫʪʨʽʰʥʽʤʠ ʨʝʟʦʥʘʥʩʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʽʟ ʨʽʟʥʦʶ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʰʪʫʯʥʦ ʚʠʛʦʪʦʚʣʝʥʦʛʦ 

ʦʙôʻʢʪʘ. ʇʣʘʟʤʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʥʝ ʨʘʜʽʘʮʽʡʥʠʤʠ, ʘʣʝ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ 

ʝʥʝʨʛʽʶ ʽ ʩʪʚʦʨʶʚʘʪʠ ʣʦʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ. ʇʝʨʽʦʜʠʯʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢ ʦʙôʻʤʥʽ, ʪʘʢ ʽ 

ʧʦʚʝʨʭʥʝʚʽ, ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ ʦʨʛʘʥʽʟʦʚʘʥʽ ʨʘʜʽʘʮʽʡʥʽ 

ʤʦʜʠ ʪʘ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʽ ʧʝʨʝʭʦʜʠ ʚ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣʘʭ ʘʙʦ 

ʥʘʥʦʯʘʩʪʠʥʢʘʭ. ʄʘʥʽʧʫʣʷʮʽʷ ʪʠʧʦʤ ʩʠʤʝʪʨʽʾ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʨʝʟʦʥʫʶʯʠʭ ʭʚʠʣʴ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʨʝʜʦʚʠʱ ʜʦʟʚʦʣʷʻ ʩʠʥʪʝʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʢʣʘʩ ʝʬʝʢʪʽʚ:  

¶ ʧʽʜʩʠʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ~10 ʧʦʨʷʜʢʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʢʨʝʤʽ ʤʦʣʝʢʫʣʠ ʪʘ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʘ ʥʝ ʾʭ ʩʪʘʪʠʩʪʠʯʥʽ 

ʘʥʩʘʤʙʣʽ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʧʣʘʟʤʦʥʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʦʧʪʠʯʥʠʤ 

ʟʙʫʜʞʝʥʥʷʤ ʧʨʠ ʧʝʚʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʭʚʠʣʝʚʦʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʙʣʠʞʥʻʧʦʣʴʦʚʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʨʷʜʢʫ ʥʘʥʦʤʝʪʨʽʚ;  

¶ ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʨʝʟʦʥʘʥʩʫ ʚ ʦʙʣʘʩʪʷʭ ʽʟ 

ʟʥʘʯʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʣʦʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ 

ʧʦʨʦʛʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʷʚʠʱ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʜʝʪʝʢʪʫʚʘʪʠ ʦʧʪʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʙʣʠʞʥʴʦ-ʧʦʣʴʦʚʝ ʟʙʫʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʫʪʨʠʤʫʚʘʪʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʦʣʷʭ ʽ 

ʙʝʟʢʦʥʪʘʢʪʥʦ ʤʘʥʽʧʫʣʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʥʦʦʙôʻʢʪʘʤʠ; 



100 

 

¶ ʩʪʚʦʨʝʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʽʟ ʘʥʦʤʘʣʴʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚʩʫʧʝʨʝʯ ʟʚʠʯʥʠʤ ʟʘʢʦʥʘʤ ʢʣʘʩʠʯʥʦʾ ʦʧʪʠʢʠ.  

ʈʝʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʦʝʢʪʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ 

ʪʝʭʥʽʢʠ, ʧʨʦʩʫʥʫʪʠ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʥʦʤʝʪʦʨʦʚʠʡ ʜʽʘʧʘʟʦʥ 

ʪʘ ʩʪʚʦʨʠʪʠ ʷʢʽʩʥʦ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽʩʥʦ ʥʦʚʠʭ ʤʝʜʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʩʝʥʩʦʨʽʚ. ʍʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ 

ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʷʚʠʱ ʫ ʚʠʜʠʤʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʥʘʣʝʞʘʪʴ  ʜʽʘʧʘʟʦʥʫ ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʢʽʣʴʢʘʩʦʪ ʥʘʥʦʤʝʪʨʽʚ. ɼʣʷ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʘ ʪʝʨʘʛʝʨʮʦʚʦʾ ʦʙʣʘʩʪʝʡ ʨʦʟʤʽʨʠ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʽʢʨʦʤʝʪʨʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. 

ʆʜʥʽʻʶ ʽʟ ʧʨʦʙʣʝʤ ʥʘ ʰʣʷʭʫ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʦʝʢʪʽʚ ʻ ʩʪʚʦʨʝʥʥʷ 

ʜʦʩʪʫʧʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʪʘ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʭ ʦʜʥʦ-, 

ʜʚʦʭ- ʪʘ ʪʨʴʦʭ- ʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣ- ʜʽʝʣʝʢʪʨʠʢ, ʦʨʛʘʥʽʯʥʽ ʘʙʦ 

ʥʝʦʨʛʘʥʽʯʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ-ʜʽʝʣʝʢʪʨʠʢ, ʤʝʪʘʣ- ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʎʷ ʟʘʜʘʯʘ 

ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʝʥʘ ʪʝʤʧʣʘʪʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʦʟʨʦʙʢʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʧʽʜʢʣʘʜʦʢ ʜʣʷ ʦʧʪʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʜʠʤʦʛʦ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʪʘ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ, ʢʦʤʙʽʥʘʮʽʡʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʜʝʨʞʘʥʦʛʦ ʜʣʷ 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨ ʘʥʘʣʽʪʫ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʪʝʤʧʣʘʪʽʚ. 

 

2.3. ʄʝʪʦʜ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʤʦʜʫʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʇʄʉ)  

 

ʇʦʣʷʨʠʟʘʮʽʡʥʘ-ʤʦʜʫʣʷʮʽʡʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʻʩʪʨʫʚʘʪʠ ʨʽʟʥʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʜʣʷ s ʪʘ p 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʜʘʶʯʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
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ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʦʜʫʣʷʪʦʨ ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʈɽʄ, ʨʠʩ.2.4 ʪʘ 

ʩʭʝʤʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ. ɹʝʟʧʦʩʝʨʝʜʥʷ ʨʝʻʩʪʨʘʮʽʷ 

ʚʝʣʠʯʠʥʠ Dr 

2 2

s pR RDr= -      (2.1) 

ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʧʽʜʥʷʪʠ ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ. ɼʦʚʞʠʥʘ 

ʭʚʠʣʽ ʪʘ ʥʘʧʽʚʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʢʪʨʘ ʜʠʩʧʝʨʩʽʾ 

ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʪʘ ʚʽʜ ʜʠʩʠʧʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʧʣʘʟʤʦʥʥʫ ʨʝʟʦʥʘʥʩʥʫ 

ʯʘʩʪʦʪʫ wʨ. ɺ ʤʦʜʝʣʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

 

2

ɤ
Ů

ne
m*

= ,     (2.2) 

ʜʝ n - ʢʦʥʮʝʥʪʨʘʮʽʷ, m
*
 - ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, e - ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʩʪʘʣʘ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʚʽʜʙʠʚʘʥʥʷ ʩʚʽʪʣʘ (ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʚʘʥʥʷ 
2

sR  ʪʘ 2

pR  s- ʪʘ ʨ-

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʨʽʟʥʠʮʽ r) 

ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʦʧʪʠʯʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.5. ʋ 

ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʅʝ-Ne-ʣʘʟʝʨ LGN-113 ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 0,63 ʪʘ 1,15 ʤʢ ʪʘ 

ʤʦʥʦʭʨʦʤʘʪʦʨ ʄDR-4 ʟ ʛʘʣʦʛʝʥʥʦʶ ʣʘʤʧʦʶ 150 W ʥʘ ʚʭʦʜʽ ʪʘ 

ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʥʘ ʚʠʭʦʜʽ. ʉʫʪʴ ʪʝʭʥʽʢʠ ʇʄʉ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʟʠʤʫʪ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʠʭʽʜʥʦʾ ʭʚʠʣʽ ʟʤʽʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ (w=3.14Ö10
5
 Hz) 

ʚʽʜ ʧʘʨʘʣʝʣʴʥʦʛʦ ʜʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʧʘʜʽʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʦʜʫʣʷʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ ʈɽʄ, ʜʽʶʯʠʡ ʥʘ 

ʬʦʪʦʧʨʫʞʥʦʤʫ ʝʬʝʢʪʽ [106].  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʮʠʣʽʥʜʨʫ, ʥʘ ʧʣʦʩʢʽʡ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʧʣʽʚʢʘ. ʌʦʪʦʜʝʪʝʢʪʦʨ (ʢʨʝʤʥʽʻʚʠʡ ʯʠ ʛʝʨʤʘʥʽʻʚʠʡ ʬʦʪʦʜʽʦʜ 
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ʈD), ʧʝʨʝʪʚʦʨʶʻ ʚʽʜʙʠʪʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʫ ʷʢʦʤʫ 

ʟʤʽʥʥʘ ʥʘ ʯʘʩʪʦʪʽ ʤʦʜʫʣʷʮʽʾ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʘ ʧʘʨʘʤʝʪʨʫ r. 

 

 

ʈʠʩ. 2.5. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [107]: 2

sR (q,l) ʪʘ 2

pR (q,l) ʪʘ r(q,l): LGN, MDR - He-Ne ʣʘʟʝʨ 

ʯʠ ʤʦʥʦʭʨʦʤʘʪʦʨ; l/4 - ʯʚʝʨʪʴʭʚʠʣʴʦʚʘ ʬʘʟʦʚʘ ʧʣʘʩʪʠʥʘ; ʈɽʄ - 

ʬʦʪʦʧʨʫʞʥʠʡ ʤʦʜʫʣʷʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ; ʨ-, s-ʣʽʥʽʡʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʽʟ 

ʘʟʠʤʫʪʘʤʠ, ʧʘʨʘʣʝʣʴʥʠʤ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʧʣʦʱʠʥʽ ʧʘʜʽʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ; ʈD - ʬʦʪʦʜʝʪʝʢʪʦʨ; G - ʧʨʠʟʤʘ ɻʣʘʥʘ; qcr - ʢʨʠʪʠʯʥʠʡ ʢʫʪ 

ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ; N0, N1, N2 - ʟʘʣʦʤʣʝʥʽ ʽʥʜʝʢʩʠ ʩʢʣʘ, 

ʤʝʪʘʣʘ ʪʘ ʧʦʚʽʪʨʷ, ʚʽʜʧʦʚʽʜʥʦ  

 

ʊʠʤ ʩʘʤʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʽʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 2

sR  ʪʘ 2

pR ʥʘ 

ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʧʦʟʙʘʚʣʷʻ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʧʦʭʠʙʦʢ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʥʝʤʠʥʫʯʠʤ ʨʦʟʢʠʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɸʣʝ ʚʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʚ 

ʧʘʨʘʤʝʪʨʽ r ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʽʤʘʥʥʷ ʟʥʠʢʘʶʪʴ ʟʘʛʘʣʴʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʬʫʥʢʮʽʡ 2

sR  ʪʘ 2pR  ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʩʢʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʝʬʝʢʪ (ʽʟʦʪʨʦʧʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʧʣʽʚʢʠ, ʧʽʜʢʣʘʜʠʥʢʠ ʪʘ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ, 

ʥʘʷʚʥʽʩʪʴ ʥʝʨʝʟʦʥʘʥʩʥʠʭ ʢʦʤʧʦʥʝʥʪ). ʇʦʯʘʪʢʦʚʫ ʬʘʟʫ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ 
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ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʩʠʥʭʨʦʥʥʦ-ʬʘʟʦʚʠʤ ʜʝʪʝʢʪʦʨʦʤ ʦʙʠʨʘʻʤʦ 

ʪʘʢ, ʱʦ ʧʘʨʘʤʝʪʨ r>0 ʧʨʠ ʟʚʠʯʘʡʥʽʡ ʫʤʦʚʽ 2

sR > 2

pR  ʧʨʠʡʤʘʻ ʧʦʟʠʪʠʚʥʠʡ 

ʟʥʘʢ [107].  

ɿʨʘʟʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʢʚʘʨʮʦʚʽ ʧʣʘʩʪʠʥʢʠ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʶ 

ʧʣʽʚʢʦʶ, ʷʢʽ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟôʻʜʥʫʶʯʠʩʴ ʽʤʝʨʩʽʡʥʦʶ ʨʽʜʠʥʦʶ 

(ʛʣʽʮʝʨʠʥ) ʽʟ ʢʚʘʨʮʦʚʠʤ ʩʝʛʤʝʥʪʦʤ, ʫʪʚʦʨʶʚʘʣʠ ʥʘʧʽʚʮʠʣʽʥʜʨ ʜʽʘʤʝʪʨʦʤ 

4 ʩʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʣʘʩʷ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʥʘ 

ʽʥʪʝʨʬʝʡʩʽ ʫ ʛʣʽʮʝʨʠʥʽ, ʟʘʚʜʷʢʠ ʙʣʠʟʴʢʠʤ ʟʘʣʦʤʣʶʶʯʠʤ ʽʥʜʝʢʩʘʤ, ʽ 

ʟʙʝʨʽʛʘʣʦʩʴ ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ ʥʘʧʽʚʮʠʣʽʥʜʨʫ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʟʤʽʥʘʭ 

ʟʨʘʟʢʽʚ. 

 ɼʦʩʣʽʜʞʝʥʦ ʦʧʪʠʢʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ, ʧʦʨʫʰʝʥʦʛʦ ʟʙʫʜʞʝʥʥʷʤ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʦʜ ʫ ʧʣʽʚʢʘʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʦʨʛʘʥʽʢʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ, ʯʘʩʪʦʪʠ ʪʘ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʙʫʜʞʝʥʥʷ ʂʨʝʯʤʘʥʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʷʥʦʛʦ ʥʘʧʽʚʮʠʣʽʥʜʨʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʫʪʦʚʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʽʜʙʠʚʘʥʥʷ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʟʠʤʫʪʠ ʧʦʣʷ ʷʢʦʛʦ 

ʧʘʨʘʣʝʣʴʥʽ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʣʦʱʠʥʽ ʧʘʜʽʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʫ r(q,l), 

ʤʽʩʪʷʪʴ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʚʠʢʣʶʯʥʦ ʽʟ ʢʣʘʩʪʝʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʧʣʽʚʦʢ. ɿʙʫʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʣʦʢʘʣʴʥʠʭ ʧʣʘʟʤʦʥʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʙʦʭ ʪʠʧʽʚ 

ʧʦʣʷʨʠʟʘʮʽʾ; ʧʦʚʝʨʭʥʝʚʽ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʠ ʟʙʫʜʞʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ s-

ʧʦʣʷʨʠʟʦʚʘʥʠʤ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ r(q) ʚ ʦʙʣʘʩʪʽ r(q,l) ʥʝʛʘʪʠʚʥʦʛʦ ʟʥʘʢʫ 

ʤʽʩʪʠʪʴ ʣʽʥʽʡʥʫ ʜʽʣʷʥʢʫ, ʚʝʣʠʯʠʥʘ ʪʘ ʟʥʘʢ ʥʘʭʠʣʫ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʦʣʷʨʠʟʘʮʽʶ, ʜʦʤʽʥʫʶʯʫ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʦʜ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʘ r=
2( )sR l- 2( )pR l, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʧʨʦʩʪʦʨʽ 

r(q,l), ʽʣʶʩʪʨʫʻ ʧʨʦʩʪʦʨʦʚʠʡ ʪʦʧʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʶ ʟʙʫʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʘʟʤʦʥʽʚ ʚʽʜ ʘʟʠʤʫʪʫ 

ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʬʦʨʤʠ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʢʣʘʩʪʝʨʽʚ ʫ 
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ʢʦʦʨʜʠʥʘʪʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʅʝʟʘʣʝʞʥʠʤ ʘʨʛʫʤʝʥʪʦʤ, ʷʢʠʡ ʩʧʨʠʷʻ 

ʜʦʩʪʦʚʽʨʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʻ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʣʽʚʦʢ, ʦʪʨʠʤʘʥʽ ʝʣʝʢʪʨʦʥʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ ʥʘ 

ʧʨʦʩʚʽʪ. 

ʆʪʨʠʤʘʥʫ ʤʝʪʦʜʦʤ ʇʄʉ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʣʘʩʪʝʨʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʧʣʽʚʦʢ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʪʠʧʦʚʠʭ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ 

ʢʘʪʝʛʦʨʽʷʭ - ʨʝʟʦʥʘʥʩʘʭ ʪʘ ʟʘʪʫʭʘʥʥʷʭ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʚʠʜʽʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ, ʧʨʦʩʪʦʨʦʚʦ 

ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʪʘ ʧʽʜʢʣʘʜʢʠ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʩʠʩʪʝʤʠ. ʇʝʨʝʡʪʠ ʚʽʜ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʘ 

ʨʦʟʤʽʨʽʚ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʪʠʧʦʚʠʭ ʜʣʷ ʊɽʄ, ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʡ ʫ ʧʦʜʽʙʥʽʡ ʩʠʩʪʝʤʽ. ʆʜʥʘʢ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʥʝʦʙʭʽʜʥʠʤ ʻ ʫʨʘʭʫʚʘʥʥʷ 

ʙʣʠʞʥʴʦʧʦʣʴʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ 

ʬʫʥʢʮʽʡ ɻʨʽʥʘ [108-110] 

 

2.4. ʄʝʪʦʜ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ ʜʝʧʦʣʷʨʠʟʘʮʽʾ (ʄʊʉɼ) ɸʄʅ 

 

ɸʄʅ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʤʧʣʘʪʫ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʚʽʪʣʦʚʦʾ 

ʜʽʾ ʻ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʝʨʤʦʝʣʝʢʪʨʝʪʘʤ. ɼʣʷ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʪʝʨʤʦʘʢʪʠʚʘʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʎʽ ʤʝʪʦʜʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʤʽʨʽ 

ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʝʣʝʢʪʨʠʢʘ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʝʣʘʢʩʘʮʽʾ. 

ʈʝʣʘʢʩʘʮʽʡʥʠʡ ʧʨʦʮʝʩ - ʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʫ ʩʠʩʪʝʤʽ 

ʤʥʦʞʠʥʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʪʝʧʣʦʚʦʤʫ ʨʫʩʽ [111]. ʇʨʠ ʧʝʨʝʭʦʜʽ ʟ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʚ ʨʽʚʥʦʚʘʞʥʠʡ ʜʽʝʣʝʢʪʨʠʢ ʜʦʣʘʻ ʘʢʪʠʚʘʮʽʡʥʠʡ 

ʙʘʨ'ʻʨ. ɿʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʚʽʪʣʦ, ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, 

ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪ.ʜ.) [112,113] ʩʧʨʠʷʶʪʴ ʧʦʜʦʣʘʥʥʶ ʮʴʦʛʦ 

ʙʘʨ'ʻʨʫ. ɿʘʟʚʠʯʘʡ ʧʨʠ ʚʠʤʽʨʽ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʝʣʝʢʪʨʠʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʚʠʜ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ, ʽʥʰʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. 
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ʄʝʪʦʜ ʊʉɼ ʧʦʣʷʛʘʻ ʫ ʧʦʧʝʨʝʜʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʟʨʘʟʢʘ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ, ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʠʧʦʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨ̫ʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʝʪʥʦʛʦ ʟʘʨʷʜʫ ʫ ʟʨʘʟʢʫ. ʊʘʢʠʡ ʟʘʨʷʜ 

ʬʦʨʤʫʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʢʠʭ ʷʢ ʦʨʽʻʥʪʘʮʽʷ 

ʧʦʩʪʽʡʥʠʭ ʜʠʧʦʣʽʚ, ʟʘʭʦʧʣʝʥʥʷ ʟʘʨʷʜʫ ʛʣʠʙʦʢʠʤʠ ʧʘʩʪʢʘʤʠ, ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʜʝʬʝʢʪʘʤʠ, ʜʦʤʽʰʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ, ʰʣʷʭʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʽʚ ʧʦʙʣʠʟʫ 

ʤʝʞʽ ʨʽʟʥʠʭ ʬʘʟ ʨʝʯʦʚʠʥʠ ʧʣʽʚʢʠ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʘ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʝʣʝʢʪʨʝʪʥʠʡ ʟʘʨʷʜ ʬʽʢʩʫʻʪʴʩʷ. 

ʇʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʨʷʜʢʠ ʝʣʝʢʪʨʝʪʽʚ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦ-ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʝʣʝʢʪʨʝʪʘ. ʗʚʠʱʝ ʨʝʣʘʢʩʘʮʽʾ ʟʘʨʷʜʫ ʚ 

ʝʣʝʢʪʨʝʪʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʨʦʮʝʩʽʚ. ɼʦ 

ʟʦʚʥʽʰʥʽʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʝʪʽʚ 

ʽʦʥʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ, ʜʦ ʚʥʫʪʨʽʰʥʽʭ - ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʘʙʦ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʝʣʝʢʪʨʝʪʫ, ʟʘʭʦʧʣʝʥʥʷ ʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʽʥʞʝʢʮʽʾ ʟ ʧʦʚʝʨʭʥʝʚʠʭ 

ʨʽʚʥʽʚ [114,115]. ʇʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʣʘʢʩʘʮʽʷ ʟʘʨʷʜʫ ʟʘʡʤʘʻ 

ʪʨʠʚʘʣʠʡ ʯʘʩ, (ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʥʝ ʟʥʘʯʥʘ). ʊʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʜʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʬʦʥʦʥʠ ʧʝʨʝʜʘʶʪʴ ʥʦʩʽʷʤ ʟʘʨʷʜʫ ʟʨʘʟʢʘ 

ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʋ ʟʦʚʥʽʰʥʴʦʤʫ ʣʘʥʮʶʛʫ ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ ʜʝʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʪʽʢʘʥʥʷʤ ʟʚʽʣʴʥʝʥʠʭ ʥʘʜʣʠʰʢʦʚʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʟ 

ʜʽʝʣʝʢʪʨʠʢʘ ʚ ʝʣʝʢʪʨʦʜʠ ʽ (ʘʙʦ) ʟʤʽʥʦʶ ʽʥʜʫʢʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

[116]. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʛʦ ʩʪʨʫʤʫ ʤʘʻ ʤʘʢʩʠʤʫʤʠ. 

ʌʦʨʤʘ ʽ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʭʘʥʽʟʤ ʝʣʝʢʪʨʠʯʥʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʘʩʪʦʢ ʚ ʦʙ'ʻʢʪʽ [111,113]. ʑʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʚ 

ʟʘʨʷʜʞʝʥʦʤʫ ʜʽʝʣʝʢʪʨʠʢʫ (ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ [111]: 
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ʜʝ ɚï ʦʙôʻʤʥʘ ʨʽʚʥʦʚʘʞʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʢʘ; q, Õ, D, n ï ʟʘʨʷʜ, 

ʨʫʭʣʠʚʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʨʷʜʫ, Ůï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʢʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ; Ů0ï ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʣʘ; E(x,t)ï ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʝʨʰʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ); Pï ʧʦʣʷʨʠʟʘʮʽʷ ʜʽʝʣʝʢʪʨʠʢʘ, ʦʙʫʤʦʚʣʝʥʘ ʧʦʣʷʨʠʟʘʮʽʻʶ 

ʜʠʧʦʣʽʚ.  

ʋ ʮʽʡ ʬʦʨʤʫʣʽ ʧʝʨʰʠʡ ʯʣʝʥ ʦʧʠʩʫʻ ʩʪʨʫʤ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʨʽʚʥʦʚʘʞʥʦʶ ʦʙ'ʻʤʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʜʽʝʣʝʢʪʨʠʢʘ; ʜʨʫʛʠʡ ʯʣʝʥ - ʩʪʨʫʤ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʠʡ ʜʨʝʡʬʦʤ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʦʣʽ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʷʜʢʠ ʜʽʝʣʝʢʪʨʠʢʘ; ʪʨʝʪʽʡ ʯʣʝʥ - 

ʩʪʨʫʤ ʧʨʦʚʽʜʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʠʡ ʜʠʬʫʟʽʻʶ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ; 

ʯʝʪʚʝʨʪʠʡ ʯʣʝʥ - ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʽʚ); ʧ'ʷʪʠʡ ʯʣʝʥ 

- ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʜʠʧʦʣʽʚ (ʪʦʢ 

ʜʝʧʦʣʷʨʠʟʘʮʽʾ). ɺʠʨʘʟ ʜʣʷ ʪʝʨʤʦʩʪʽʤʫʣʽʨʦʚʘʥʥʘʷ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʦʨʽʻʥʪʘʮʽʻʶ ʜʠʧʦʣʽʚ, ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ɤd - ʯʘʩʪʦʪʥʠʡ ʬʘʢʪʦʨ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʽʚ (ʯʘʩʪʦʪʘ ʩʧʨʦʙ ʧʦʢʠʥʫʪʠ 

ʧʦʪʝʥʮʽʡʥʫ ʷʤʫ); Wd - ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʽʚ (ʧʦʪʝʥʮʽʡʥʠʡ 

ʙʘʨ'ʻʨ, ʷʢʠʡ ʨʦʟʜʽʣʷʻ ʧʦʪʝʥʮʽʡʥʽ ʷʤʠ), ɓ - ʰʚʠʜʢʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʥʘʛʨʽʚʫ 

ʜʽʝʣʝʢʪʨʠʢʘ (ʊ=ʊ0+ ɓt, ʛʜʝ ʊ0 - ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ [111,113]. 

ʗʢʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʜʽʝʣʝʢʪʨʠʢ ʻ ʥʝʚʨʝʛʫʣʴʦʚʘʥʠʤ, ʩʪʨʫʤʠ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʨʦʟʧʦʜʽʣʦʤ ʟʘ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʛʦ ʩʪʨʫʤʫ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ [117,118]: 



107 

 

() ( )
0

0

0

exp exp ,

T

T

W W
j T G W dT dW

kT kT

w

b

¤ è øå õ
¡= - - -é ùæ ö¡ç ÷é ùê ú

ñ ñ  

ʋ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʢʦʣʠ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʽʥʝʪʠʢʠ ʪʝʨʤʽʯʥʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʚʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʘʞʝʥʘ [115,119]: 
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ʜʝ G(W) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʟʘ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ, ɤ ï ʯʘʩʪʦʪʥʠʡ ʬʘʢʪʦʨ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʜʝʬʝʢʪʽʚ, ɓ ï ʰʚʠʜʢʽʩʪʴ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ, T ʪʘ T0 ï ʧʦʪʦʯʥʘ ʽ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ G(W,ɤ) ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ ʘʙʦ j(T), ʘʙʦ ű(T), ʱʦ ʻ ʥʝ ʧʨʦʩʪʦʶ ʧʨʦʮʝʜʫʨʦʶ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ ʚʠʜʽʣʷʻ ʪʨʠ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ (ʨʠʩ.2.6). 

 

ʘ ʙ ʚ 

 

ʈʠʩ. 2.6. ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (V): ʘ - ʨʝʣʘʢʩʘʮʽʷ ʧʦʪʝʥʮʽʘʣʫ ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʩʪʦʨʦʥʥʴʦʛʦ ʟʘʨʷʜʫ ʨʽʚʥʦʚʘʞʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʜʽʝʣʝʢʪʨʠʢʘ (ʉ ~ const); ʙ - ʧʦʯʘʪʢʦʚʘ ʜʽʣʷʥʢʘ ʟʨʦʩʪʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʝʥʥʷ ʻʤʥʦʩʪʽ ʟʨʘʟʢʘ ʧʽʜ ʜʽʻʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ (ʉ Í const); ʚ - ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʜʽʣʷʥʢʘ ʩʧʘʜʫ ʧʦʪʝʥʮʽʘʣʫ ʦʙʫʤʦʚʣʝʥʘ ʦʨʽʻʥʪʘʮʽʻʶ ʜʠʧʦʣʽʚ ʜʽʝʣʝʢʪʨʠʢʘ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʦʣʽ ʩʪʦʨʦʥʥʴʦʛʦ ʟʘʨʷʜʫ [118] 
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a ʗʢʱʦ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ɸʄʅ ʚʽʜʩʫʪʥʽ ʧʦʣʷʨʥʽ ʛʨʫʧʠ, ʘ ʟʘʨʷʜ ʟ 

ʧʘʩʪʦʢ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʚʽʣʴʥʷʻʪʴʩʷ, ʪʦ ʨʝʣʘʢʩʘʮʽʷ ʟʘʨʷʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʽʚʥʦʚʘʞʥʦʾ ʦʙ'ʻʤʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʂʽʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʽʝʣʝʢʪʨʠʢʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʽʚʥʦʚʘʞʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (ʨʠʩ. 2.6, ʘ).  

ʙ ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʥʘʛʨʽʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʢʘ, ʫ ʥʴʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʪʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ ʻʤʥʦʩʪʽ 

ʟʨʘʟʢʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

(ʨʠʩ. 2.6, ʙ).  

ʚ ʗʢʱʦ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʜʽʝʣʝʢʪʨʠʢʫ ʻ ʥʦʩʽʾ ʟʘʨʷʜʫ, ʟʘʭʦʧʣʝʥʽ ʥʘ ʛʣʠʙʦʢʽ 

ʧʘʩʪʢʠ, ʥʝ ʩʧʫʩʪʦʰʝʥʽ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʩʪʘʣʘʩʷ 

ʜʠʧʦʣʴʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, ʪʦ ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ: 1 - ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʘʨʷʜ, ʟʘʭʦʧʣʝʥʠʡ ʧʘʩʪʢʘʤʠ, ʪʦ 

ʧʦʣʝ ʦʨʽʻʥʪʦʚʘʥʠʭ ʜʠʧʦʣʽʚ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʝʢʨʘʥʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʤ ʧʦʣʝʤ 

ʩʪʦʨʦʥʥʴʦʛʦ ʟʘʨʷʜʫ. ʂʽʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.6, ʘ; 2 - ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʢʽʥʝʪʠʢʘ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʻ ʜʚʦʩʪʫʧʽʥʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʘ Tʢʨ1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʧʘʜ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʜʦʜʘʪʢʦʚʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʜʠʧʦʣʽʚ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʦʣʽ 

ʩʪʦʨʦʥʥʴʦʛʦ ʟʘʨʷʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʜʠʧʦʣʽʚ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʘ Tʢʨ1<T<ʊʢʨ2 ʨʝʣʘʢʩʘʮʽʷ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʜʽʝʣʝʢʪʨʠʢʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʽʚ ʪʘ ʨʽʚʥʦʚʘʞʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʘ ² ʊʢʨ2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʣʘʢʩʘʮʽʷ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ 

ʜʽʝʣʝʢʪʨʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʨʽʚʥʦʚʘʞʥʦʾ ʦʙ'ʻʤʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʜʝʟʦʨʽʻʥʪʘʮʽʾ 

ʜʠʧʦʣʽʚ (ʨʠʩ. 2.6, ʚ).  

ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʥʘ ʦʩʥʦʚʽ 

ʘʤʦʨʬʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ɸʄʅ) ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 2.7, ʘ,ʙ.  
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ʈʠʩ. 2.7 ʉʪʨʫʢʪʫʨʘ ʪʝʤʧʣʘʪʫ ʪʘ ʧʨʠʩʪʨʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʨʷʜʫ ʚ ʦʙôʻʤʽ 

ɸʄʅ: ʘ - ʩʪʨʫʢʪʫʨʘ ʪʝʤʧʣʘʪʘ, ʙ - 1 - ʢʦʨʦʥʘʪʦʨ, Uk=20 ʢɺ, ʯʘʩ ʟʘʨʷʜʢʠ 

tʟ=3 ʩʝʢ, dʝʣʝʢʪʨʦʜʫ=30 ʤʢʤ, 2 - ʟʦʥʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ɸʄʅ, 3 - ʩʪʨʫʢʪʫʨʘ ʪʝʤʧʣʘʪʘ (ʟʥʠʟʫ-ʚʛʦʨʫ) ʧʽʜʢʣʘʜʢʘ ʟ ʩʢʣʘ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʰʘʨ (ɯʊʆ, R=10 ʆʤ/ʢʚʘʜʨʘʪ) ʟ ʤʽʜʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʰʘʨ 

ɸʄʅ, 4 - ʙʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʛʨʽʚʫ ɸʄʅ ʽʤʧʫʣʴʩʦʤ 

ʩʪʨʫʤʫ, t ʽʤʧʫʣʴʩʘ ¢100 ʤʩʝʢ., ʫ ʷʢʦʩʪʽ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ɸʄʅ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʽʨ ʰʘʨʫ ɯʊʆ, 5 - ʽʥʪʝʛʨʘʪʦʨ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ 

ʧʦʩʠʣʶʚʘʯʽ, ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ t=10 cʝʢ, 6 - ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʟ 

ʧʨʠʣʘʜʘʤʠ ʚʚʽʜ-ʚʠʚʽʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 
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ʅʘ ʨʠʩ. 2.8 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ, ʥʘ ʷʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʟʠʪʠʚʥʦʛʦ  ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ (ʘʥʦʜ ʧʽʜ ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, Å=30 

ʤʢʤ) ʫ ʪʝʤʨʷʚʽ ʙʫʚ ʥʘʥʝʩʝʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ. ʂʦʨʦʥʥʠʡ ʨʦʟʨʷʜ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʽʦʣʝʪʦʚʠʤ ʩʚʽʪʽʥʥʷʤ (ʢʦʨʦʥʦʶ). ʋ ʪʘʢʽʡ ʢʦʨʦʥʽ ʧʝʨʚʠʥʥʽ 

ʝʣʝʢʪʨʦʥʠ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʛʨʘʥʠʮʽ ʽʦʥʽʟʫʶʯʦʾ ʟʦʥʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʛʘʟʫ ʬʦʪʦʥʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫʩʝʨʝʜʠʥʽ 

ʢʦʨʦʥʠ. 

ʇʨʠʩʢʦʨʶʶʯʠʩʴ ʫ ʧʦʣʝ ʘʥʦʜʘ, ʮʽ ʝʣʝʢʪʨʦʥʠ ʫʜʘʨʥʦ ʟʙʫʜʞʫʶʪʴ ʘʪʦʤʠ 

ʪʘ ʡʦʥʠ ʛʘʟʫ ʽ ʚ ʘʢʪʘʭ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʧʦʨʦʜʞʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʣʘʚʠʥʠ. ʋ 

ʟʦʚʥʽʰʥʽʡ ʟʦʥʽ ʨʦʟʨʷʜʫ ʥʦʩʽʷʤʠ ʩʪʨʫʤʫ ʻ ʧʦʟʠʪʠʚʥʽ ʽʦʥʠ. ʋʪʚʦʨʝʥʠʡ ʥʠʤʠ 

ʧʦʟʠʪʠʚʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʟʘʨʷʜ ʨʫʭʘʻʪʴʩʷ ʫ ʙʽʢ ɸʄʅ, ʦʩʽʜʘʶʯʠ ʥʘ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʜʦʩʷʛʘʣʘ 120 ɺ/ʤʢʤ. 

ʍʘʨʘʢʪʝʨ ʢʨʠʚʦʾ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ 109 ʉ
ʦ
 ʧʨʦʪʷʛʦʤ 100 ʤʩ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʦʾ ʨʠʩ. 2.6., ʚ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʥʘʛʨʽʚʘʥʥʽ ɸʄʅ (ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ T = 65 ʉ
ʦ
) 

ʚʠʜʥʦ ʥʝʚʝʣʠʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 65 ʉ
ʦ
 

(ʊʢʨ1) ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʧʘʜ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ, ʷʢʠʡ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ~92ʉ
0
 (ʊʢʨ2). ʐʘʨ ɸʄʅ ʚʦʣʦʜʽʻ 

ʧʦʛʣʠʥʘʥʥʷʤ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ. ʊʦʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʧʦʧʝʨʝʜʥʴʦ 

ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʧʣʽʚʢʠ ɸʄʅ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ ɸʄʅ ʚ 

ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ ʫ ʪʝʤʨʷʚʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 ʉ
ʦ
 ʥʘʥʦʩʠʣʠ ʝʣʝʢʪʨʠʯʥʠʡ 

ʟʘʨʷʜ ʽ ʥʘʛʨʽʚʘʣʠ ɸʄʅ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 65 ʉ
ʦ
 ʧʨʦʪʷʛʦʤ 20 ʤʩ (ʨʠʩ. 2.8, 

ʢʨʠʚʘ 2), ʧʣʽʚʢʘ ʦʭʦʣʦʜʞʫʚʘʣʘʩʷ ʜʦ 20 ʉ
ʦ
, ʧʦʪʽʤ ʚʠʩʚʽʪʣʶʚʘʣʠ ʧʣʽʚʢʫ ɸʄʅ 

ʩʚʽʪʣʦʤ 5 ɺʪ/ʩʤ
2
 ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 470 ʥʤ ʧʨʦʪʷʛʦʤ 20 ʩʝʢ. ʇʽʜ ʜʽʻʶ ʩʚʽʪʣʘ 

ʚʽʜʙʫʚʘʣʘʩʷ ʨʝʣʘʢʩʘʮʽʷ ʩʪʦʨʦʥʥʴʦʛʦ ʟʘʨʷʜʫ ɸʄʅ. ʇʦʪʽʤ ʧʣʽʚʢʫ ɸʄʅ 

ʥʘʛʨʽʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʊ = 109 ʉ
ʦ
 ʧʨʦʪʷʛʦʤ 100 ʤʩʝʢ (ʨʠʩ. 2.8, ʢʨʠʚʘ 3).  

ɿʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ ʧʨʠ ʾʾ ʥʘʛʨʽʚʽ (ʨʠʩ. 2.8, 

ʢʨʠʚʘ 3) ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʣʘʢʩʘʮʽʶ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ, ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ ʚ 
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ʦʙôʻʤʽ ɸʄʅ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʠʧʦʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ɸʄʅ ʫ ʧʨʦʮʝʩʽ 

ʧʝʨʚʠʥʥʦʛʦ ʥʘʛʨʽʚʫ. ʇʽʢ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʚ ʦʙôʻʤʽ 

ɸʄʅ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 82 ʉ
ʦ
. ʅʘʙʣʠʞʝʥʘ ʦʮʽʥʢʘ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ 

ʮʝʥʪʨʽʚ ʟʘʭʦʧʣʝʥʥʷ ʦʙ'ʻʤʥʦʛʦ ʟʘʨʷʜʫ ʟʘ ʬʦʨʤʫʣʦʶ W = AkT ʜʘʻ ʚʝʣʠʯʠʥʫ 

W ~ 0,03 ʝɺ (ɸ = 1). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʯʥʘ ʨʝʣʘʢʩʘʮʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ 

ʧʣʽʚʢʠ ɸʄʅ, ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʦʟʦʣ ʚʤʽʩʪʥʠʭ ʧʦʣʽʤʝʨʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʫ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 65 ʉ
ʦ
 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ ʧʨʦʪʷʛʦʤ ~ 

15 ʤʩʝʢ, ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 65 ʉ
ʦ
 (ʊʢʨ1) < T < 92 C

ʦ
 (ʊʢʨ2) ʧʨʦʪʷʛʦʤ ~ 

10 ʤʩʝʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʧʘʩʪʢʘʭ ʚ ʦʙôʻʤʽ 

ɸʄʅ. 
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ʈʠʩ. 2.8. ʂʽʥʝʪʠʢʘ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ ʧʽʩʣʷ ʟʘʨʷʜʢʠ ʰʘʨʫ 

ɸʄʅ ʫ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ 1 (ʨʠʩ. 2, ʢʦʨʦʥʘʪʦʨ): 1 - ʪʝʨʤʽʯʥʘ ʨʝʣʘʢʩʘʮʽʷ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ɸʄʅ, 2 - ʢʽʥʝʪʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʰʘʨʫ ɸʄʅ, 3 - 

ʪʝʨʤʽʯʥʘ ʨʝʣʘʢʩʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʰʘʨʫ ɸʄʅ  

 

ʇʽʢ ʨʝʣʘʢʩʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʚ ʦʙôʻʤʽ ɸʄʅ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 82 ʉ
ʦ
. ʉʪʚʦʨʝʥʠʡ ʪʝʤʧʣʘʪ ʤʦʞʥʘ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 65  ʉ
ʦ
, ʙʝʟ ʘʨʦʤʘʪʠʯʥʠʭ 
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ʨʦʟʯʠʥʥʠʢʽʚ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ, ʟʘ ʫʤʦʚʠ ʟʙʝʨʽʛʘʥʥʷ ʫ ʛʝʨʤʠʪʠʯʥʦʤʫ 

ʢʦʥʪʝʡʥʝʨʽ.  

 

2.5. ɸʪʦʤʥʘ ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ 

 

ʄʦʨʬʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʘʥʫʶʯʦʤʫ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ (ɸʉʄ) NanʦScope IIIa, Digital Instrument, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʝʨʽʡʥʦʛʦ ʚʽʩʪʨʷ ʟ ʥʽʪʨʠʜʫ ʢʨʝʤʥʽʶ ʨʘʜʽʫʩʦʤ ʟʘʦʢʨʫʛʣʝʥʥʷ 10 ʥʤ ʚ ʨʝʞʠʤʽ 

ʧʝʨ̔ʦʜʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʠ ʯʘʩʪʦʪʽ ʩʢʘʥʫʚʘʥʥʷ 1 ɻʮ. ʉʠʩʪʝʤʘ NanoScope 

ʚʽʜ Digital Instruments ʻ ʩʫʯʘʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʣʽʜʝʨʦʤ ʫ ʛʘʣʫʟʽ 

ʩʢʘʥʫʶʯʦʾ ʟʦʥʜʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ [120]. ʊʘʢʠʡ ʤʽʢʨʦʩʢʦʧ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ 

ʢʦʤʧôʶʪʝʨʥʠʡ ʢʦʥʪʨʦʣʴ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʤʘʥʽʧʫʣʷʮʽʡ ʩʠʩʪʝʤʘʤʠ 

ʤʽʢʨʦʩʢʦʧʫ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʜʦ ʧʝʨʝʛʣʷʜʫ, ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

ʈʠʩ. 2.9. ʈʽʚʥʽ ʟʦʥʜ-ʧʦʚʝʨʭʥʷ, ʪʘ ʧʨʠʨʦʜʘ ʩʠʣ ʚʟʘʻʤʦʜʽʾ [120] 
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ɺʠʙʽʨ ʨʝʞʠʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʟʦʥʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʤʽʨʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ [121]. ʗʢʱʦ ʫ 

ʤʘʢʨʦʩʚʽʪʽ ʧʨʠʪʷʛʫʚʘʥʥʷ ʘʙʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʤʽʞ ʧʨʝʜʤʝʪʘʤʠ ʤʘʡʞʝ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʪʦ ʥʘ ʥʘʥʦʨʽʚʥʽ ʮʽ ʧʨʦʮʝʩʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ. 

ɿʦʥʜ ɸʉʄ ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ñʩʭʦʧʣʝʥʠʡò ʘʙʦ 

ñʚʽʜʰʪʦʚʭʥʫʪʠʡò ʮʽʻʶ ʧʦʚʝʨʭʥʝʶ. ʑʦʙ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ 

ʥʘʡʚʠʱʦʶ ʪʦʯʥʽʩʪʶ, ʧʦʪʨʽʙʥʦ ʧʨʘʚʠʣʴʥʦ ʩʢʦʤʧʝʥʩʫʚʘʪʠ ʨʽʚʥʦʜʽʡʥʫ ʩʠʣ ʟ 

ʙʦʢʫ ʧʦʚʝʨʭʥʽ ʩʠʣʦʶ ʧʨʠʢʣʘʜʝʥʦʶ ʜʦ ʟʦʥʜʫ ʟ ʙʦʢʫ ʩʢʘʥʝʨʘ ɸʉʄ. ʅʘ 

ʨʠʩ.2.9 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʩʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʟʦʥʜ ʧʨʠ ʡʦʛʦ ʧʽʜʚʝʜʝʥʥʽ 

ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʭʝʤʦʶ ʥʘ 

ʧʨʦʩʚʽʪ ʥʘ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ɹʽʦʣʘʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 800. ɿʦʙʨʘʞʝʥʥʷ 

ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʘʨʘʪʘ Olympus. 

 

2.6. ɽʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ 

 

ʌʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʚ ʧʣʽʚʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ [122,123] ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ 

ʟʨʘʟʢʘ ʛʦʣʦʛʨʘʤʦʶ ʟʘ ʪʨʠʧʨʦʤʝʥʝʚʦʶ ʩʭʝʤʦʶ. ʈʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤ ʥʘ 

ʧʣʽʚʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ.  

ɿʨʘʟʦʢ ʽʟ ʧʣʽʚʢʦʶ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʨʦʟʤʽʱʫʚʘʣʠ ʧʦʙʣʠʟʫ ʘʥʦʜʫ 

ʢʦʨʦʥʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʧʦʚʽʪʨʷʥʽʡ ʘʪʤʦʩʬʝʨʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʩʘʜʞʝʥʥʷ 

ʽʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚ ʪʝʤʨʷʚʽ ʬʦʨʤʫʚʘʣʠ ʦʜʥʦʨʽʜʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ. ʇʦʪʝʥʮʽʘʣ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʚ 120 ɺ.  

ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʝʢʩʧʦʥʫʶʯʦʤʫ ʩʚʽʪʣʦʚʦʤʫ ʧʦʣʽ ʬʦʨʤʫʻ ʪʦʧʦʣʦʛʽʶ 

ʪʝʤʧʣʘʪʫ. ʌʦʨʤʫʚʘʥʥʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ 

ʜʚʦʚʠʤʽʨʥʦʾ ˇʨʘʪʢʠ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʽʥʪʝʨʬʝʨʫʶʯʠʭ 

ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ. ʂʫʪ ʤʽʞ ʧʨʦʤʝʥʷʤʠ ʚʠʟʥʘʯʘʻ ʬʘʟʦʚʠʡ ʟʩʫʚ ʽ, ʦʪʞʝ, 

ʧʨʦʩʪʦʨʦʚʫ ʯʘʩʪʦʪʫ ˇʨʘʪʢʠ. ɿʤʽʥʶʶʯʠ ʢʽʣʴʢʽʩʪʴ ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ, ʾʭ 

ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʜʦʜʘʪʢʦʚʦ ʤʦʜʫʣʶʶʯʠ ʘʤʧʣʽʪʫʜʥʠʤʠ 
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ʘʙʦ ʬʘʟʦʚʠʤʠ ʪʨʘʥʩʧʘʨʘʥʪʘʤʠ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʚʽʪʣʦʚʝ ʧʦʣʝ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ ʩʠʤʝʪʨʽʾ ʽʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɺ ʥʘʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʝʢʩʧʦʟʠʮʽʾ ʪʝʤʧʣʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʣʘʟʝʨʥʠʭ 

ʧʨʦʤʝʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʚʟʜʦʚʞ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʢʦʥʫʩʘ ʽʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ 25
ʦ
. 

ʇʨʠ ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʤ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 

ʧʣʘʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʫʪʚʦʨʝʥʦʛʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʧʽʜʢʣʘʜʢʦʶ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʤ ʟʘʨʷʜʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʪʦʛʝʥʝʨʘʮʽʷ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʽ ʚʠʥʠʢʘʻ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ [122,124-127]. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʷʢʠʤ 

ʝʢʩʧʦʥʫʶʪʴ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʬʦʪʦʩʪʨʫʤʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʝʢʩʧʦʟʠʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʘʨʷʜʫ. ɻʫʩʪʠʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʧʨʦʤʦʜʫʣʴʦʚʘʥʘ ʝʢʩʧʦʥʫʶʯʠʤ 

ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. ʄʦʜʫʣʴʦʚʘʥʝ ʫ ʧʨʦʩʪʦʨʽ ʧʦʣʝ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʨʷʜʽʚ ʟʜʘʪʥʝ 

ʜʝʬʦʨʤʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ ʧʨʠ ʾʾ ʨʦʟʤôʷʢʰʝʥʥʽ.  

ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʚ <0.1 ʩʝʢʫʥʜ. 

ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʧʨʦʮʝʩʫ 

ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʤʦʜʫʣʷ [14]. ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ 

ʬʦʪʦʩʪʨʫʤʽʚ ʯʝʨʝʟ ʧʣʽʚʢʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʘʢʦʞ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ, 

ʧʨʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʝʢʩʧʦʥʫʶʯʠʤ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. ʁʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ 

ʥʦʩʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʛʣʠʙʦʢʠʭ ʧʘʩʪʦʢ, ʷʢʽ ʚ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʬʦʨʤʫʚʘʣʠʩʷ, ʚʠʜʠʤʦ, ʧʨʠ 

ʦʩʘʜʞʝʥʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʻʶ ʫ ʚʘʢʫʫʤʽ. ʆʪʞʝ ʚ ʤʽʩʮʷʭ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʽʚʢʠ ʤʦʞʣʠʚʝ ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʨʝʣʴʻʬʫ (ʨʝʣʴʻʬʥʦʛʦ 

ʪʝʤʧʣʘʪʫ), ʘ ʡ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ (ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ). ɻʫʩʪʠʥʘ 

ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʦʶ 

ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʫ ʝʢʩʧʦʥʫʶʯʠʡ ʛʦʣʦʛʨʘʤʽ ʽ, 

ʦʪʞʝ, ʤʘʻ ʪʫ ʩʘʤʫ ʪʦʧʦʣʦʛʽʶ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ʅʘʚʝʜʝʥ ̔ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʣʘʪʽʚ: ʤʝʪʦʜʠ ʛʘʟʦʬʘʟʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ, ʝʣʝʢʪʨʦʛʨʘʬʽʯʥ ̔ ʤʝʪʦʜʠ, ʤʝʪʦʜ ʦʧʪʠʯʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʛʣʠʥʘʥʥʷ, ʂʈ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʪʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ.  
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ʈʆɿɼɯʃ 3 

ɽʃɽʂʊʈɽʊʅʀʁ ʊɽʄʇʃɸʊ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ɻʈʋʇʆɺʆɰ 

ʅɸʅʆʊɽʍʅʆʃʆɻɯɰ 

 

3.1. ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʤʧʣʘʪʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

 

ɺʦʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʝʨʦʚʘʥʠʭ ʪʝʤʧʣʘʪʽʚ, ʜʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʛʦʣʦʛʨʘʬʽʯʥʦʾ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʧʫʣʴʩʥʠʭ ʪʘ ʩʪʘʣʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʫ 

ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ [14,17]. 

ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ̔ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʚʯʠʪʠ: ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʧʨʦʮʝʩʠ ʛʦʨʽʥʥʷ ʪʘ 

ʚʠʙʫʭʫ, ʜʠʥʘʤʽʢʫ ʨʦʟʯʠʥʽʚ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʝʣʝʢʪʨʦʣʽʟ 

ʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟ; ʜʦʩʣʽʜʠʪʠ ʪʘ ʦʮʽʥʠʪʠ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʠʨʦʙʘʭ; ʟʜʽʡʩʥʶʚʘʪʠ ʛʦʣʦʛʨʘʬʽʯʥʝ ʤʽʢʨʦʬʽʣʴʤʫʚʘʥʥʷ, 

ʦʧʪʠʯʥʫ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ (ʤʫʣʴʪʠʧʣʽʢʘʮʽʷ, ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ), ʪʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʦʧʪʠʯʥʦʾ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫ 

ʢʦʤʧôʶʪʝʨʘʭ.  

ʊʘʙʣʠʮʷ 3.1 

 

ʊʝʭʥʽʯʥʽ ʜʘʥʽ ʘʧʘʨʘʪʫʨʠ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʠʭ ʛʦʣʦʛʨʘʤ 

 

ʆʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʤʢʤ 0,4 é 0,95 

ɻʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ(ɼɽ), % 20 

ɻʦʣʦʛʨʘʬʽʯʥʘ ʯʫʪʣʠʚʽʩʪʴ, ɚ=0,63 ʠ ɼɽ=1 % ʤ
2
/ɼʞ 500 

ʉʤʫʛʘ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ, ʣʽʥ/ʤʤ 300 é 1000 

ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʟʘʧʠʩʫ ʧʨʠ ɼɽ ʤʝʥʰʝ 5% 100 

ʏʘʩ ʧʨʦʷʚʫ ʛʦʣʦʛʨʘʤʠ, ʩʝʢʫʥʜʘ 5 é 15Ö10
-3
 

ʇʣʦʱʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ɸʄʅ, ʩʤ 3³4 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ɻʉʈ, ʤʤ 200³500³100 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʢʘʧʩʫʣʠ ʟ ʥʦʩʽʻʤ, ʤʤ 160³110³50 

ʇʦʪʫʞʥʽʩʪʴ, ɺʪ 50 
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ʈʠʩ.3.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʧʘʨʘʪʫʨʠ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʠʭ ʛʦʣʦʛʨʘʤ:  

ʘ - ʢʦʨʝʪʢʘ ʽʟ ʟʨʘʟʢʦʤ, ʙ - ʙʣʦʢʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʪʚʦʨʝʥʥʷ ʪʝʤʧʣʘʪʫ 

 

ʈʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤʠ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʥʘ ʨʝʚʝʨʩʠʚʥʠʭ ʥʦʩʽʷʭ ʥʘ ʦʩʥʦʚʽ 

ʧʣʽʚʦʢ ʧʦʣʽʤʝʨʥʠʭ ɸʄʅ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʨʦʟʜʽʣʴʥʫ 

ʟʜʽʙʥʽʩʪʴ, ʩʫʭʝ ʪʘ ʰʚʠʜʢʝ ʧʨʦʷʚʣʝʥʥʷ ʛʦʣʦʛʨʘʤ, ʮʠʢʣʽʯʥʽʩʪʴ ʟʘʧʠʩʫ (ʨʠʩ.3.1).  

 

ʆʙʣʘʜʥʘʥʥʷ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʠʭ ʛʦʣʦʛʨʘʤ ʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

ʨʦʙʦʪʠ [14]. ɸʚʪʦʤʘʪʠʯʥʘ ʨʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤ ʥʘ ʧʣʽʚʢʘʭ ɸʄʅ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʪʨʠ ʦʩʥʦʚʥʠʭ ʩʪʘʜʽʾ (ʨʠʩ.3.2): 1 - ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤ - 
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ʨʽʚʥʦʤʽʨʥʘ ʟʘʨʷʜʢʘ ʧʦʚʝʨʭʥʽ ɸʄʅ ʚ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ ʧʦʟʠʪʠʚʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ, (ʜʠʚ. ʨʦʟʜʽʣ 2, ʩʪʦʨ.84, ʨʠʩ. 2.7);  2 ï ʝʢʩʧʦʟʠʮʽʷ (ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʛʦʣʦʛʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʶ ɸʄʅ), ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʘʨʷʜʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ɸʄʅ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ɸʄʅ; 3 ï ʧʨʦʷʚ ʛʦʣʦʛʨʘʤʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʰʚʠʜʢʠʡ ʥʘʛʨʽʚ ɸʄʅ ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ ʝʬʝʢʪʠʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ɸʄʅ. 

ʐʚʠʜʢʠʡ ʥʘʛʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ɸʄʅ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʥʘʛʨʽʚʘʥʥʷ. ʌʽʢʩʘʮʽʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ɸʄʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʾʾ 

ʦʭʦʣʦʜʞʝʥʥʽ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʟʘʧʠʩʫ ʛʦʣʦʛʨʘʤʠ, ʟʜʽʡʩʥʶʶʪʴ 

ʟʪʠʨʘʥʥʷ ʛʦʣʦʛʨʘʤʠ (ʧʦʚʪʦʨʥʝ ʥʘʛʨʽʚʘʥʥʷ ɸʄʅ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʧʽʜ ʜʽʻʶ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ɸʄʅ). 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʘʜʘʧʪʘʮʽʷ ʨʝʞʠʤʫ ʨʝʻʩʪʨʘʮʽʾ 

ʛʦʣʦʛʨʘʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʤʦʜʫʣʷ, ʚ ʩʢʣʘʜ ʷʢʦʛʦ 

ʚʭʦʜʷʪʴ ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʪʘ ʚʠʢʦʥʘʚʯʽ ʙʣʦʢʠ ʟ ʝʣʝʤʝʥʪʘʤʠ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ. ʇʘʨʘʤʝʪʨʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʘʩʪʫʧʥʽ: ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʪʘ 

ʨʝʞʠʤʦʤ ʟʘʨʷʜʢʠ ʧʦʚʝʨʭʥʽ ɸʄʅ ʫ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ; ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ 

ʝʢʩʧʦʥʫʚʘʥʥʷ ʧʣʽʚʢʠ; ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʥʘʛʨʽʚʫ ɸʄʅ ʫ ʯʘʩ ʧʨʦʷʚʫ 

ʛʦʣʦʛʨʘʤʠ. ʅʘʛʨʽʚ ɸʄʅ ʟʫʧʠʥʷʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʣʽʚʢʠ ʯʠ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʟʘʜʘʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤ ʧʨʠ ʟʤʽʥʽ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʨʦʙʦʪʠ.  

ʅʦʩʽʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ ʟ ʧʦʣʽʨʦʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʥʘ ʷʢʫ ʤʘʛʥʝʪʨʦʥʥʠʤ ʩʧʦʩʦʙʦʤ ʥʘʥʝʩʝʥʠʡ ʧʨʦʚʽʜʥʠʡ ʧʨʦʟʦʨʠʡ 

ʰʘʨ (ITO), ʟ ʤʽʜʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ. ɿʚʝʨʭʫ ʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʥʘʥʝʩʝʥʠʡ 

ɸʄʅ. ʅʦʩʽʡ ʤʽʩʪʠʪʴʩʷ ʚ ʢʘʧʩʫʣʽ ʟʘʧʠʩʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʥʦʩʽʷ ʧʨʠ 

ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤʠ. 
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3.2. ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʬʦʪʦʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ  

 

ɺʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʾ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ 10
6
-10

8
ɺ/ʤ ʻ ʘʤʦʨʬʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ 

(ɸʄʅ) ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʘʟʦʣʚʤʽʩʥʠʭ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɺʚʝʜʝʥʥʷ ʚ 

ʩʢʣʘʜ ɸʄʅ ʤʦʣʝʢʫʣ - ʘʢʮʝʧʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ [55,61]. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ 

ʤʦʣʝʢʫʣʠ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʘ ʜʽʶʪʴ ʷʢ ʮʝʥʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, ʘ ʪʘʢʦʞ ʷʢ 

ʩʢʣʘʜʦʚʽ ʮʝʥʪʨʽʚ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʽ ʪʨʘʥʩʧʦʨʪʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɺ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʷʭ, ʤʝʥʰʠʭ ʟʘ ʧʨʠʙʣʠʟʥʦ 10
6
 ɺ/ʤ, ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟ ʧʦʣʝʤ ʽ ʤʘʪʝʨʽʘʣʠ ʧʨʦʷʚʣʷʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʥʘʚʽʪʴ ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ. 

ʉʝʥʩʠʙʽʣʽʟʦʚʘʥʽ ʦʨʛʘʥʽʯʥʠʤʠ ʘʙʦ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ɸʄʅ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [55,61-

63,66,128].  

ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʪʦʧʨʦʚʽʜʥʠʢʠ ɸʄʅ [61] ʥʘ ʦʩʥʦʚʽ ʧʦʣʽ-

N-ʚʽʥʽʣʢʘʨʙʘʟʦʣʫ (ʇɺʂ), ʧʦʣʽ-N-ʝʧʦʢʩʠʧʨʦʧʽʣʢʘʨʙʘʟʦʣʫ (ʇɽʇʂ), 

ʧʦʣʽʘʥʪʨʘʮʝʣʽʥʛʣʽʮʠʜʽʣʦʚʦʛʦ ʝʬʽʨʫ (ʇɸɻɽ), ʧʦʣʽ-N-ʛʣʽʮʠʜʽʣʢʘʨʙʘʟʦʣʫ 

(ʇɻʂ), ʢʘʨʙʘʟʦʣʚʤʽʩʥʦʛʦ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʫ (ʂʉʇʆ). ʌʦʪʦʧʨʦʚʽʜʥʽʩʪʴ 

ʮʠʭ ɸʄʅ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ ʢʘʨʙʘʟʦʣʴʥʠʭ ʷʜʝʨ, ʱʦ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʟʘʤʢʥʝʥʫ ʩʧʨʷʞʝʥʫ p ï ʝʣʝʢʪʨʦʥʥʫ ʩʠʩʪʝʤʫ, ʨʝʛʫʣʷʨʥʽʩʪʶ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʽ ʛʫʩʪʠʥʦʶ, ʷʢʘ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʨʠʙʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘʨʷʜʞʝʥʠʭ ʥʦʩʽʾʚ ʫ ʩʠʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. 

ɺʽʜʦʤʦ, ʱʦ ʫ ʩʪʨʫʢʪʫʨ ɸʄʅ ʫ ʩʢʣʘʜʽ ʇɺʂ-ʇɽʇʂ-ʇɻʂ-ʂʉʇʆ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʧʦʣʽʧʰʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʢʘʨʙʘʟʦʣʴʥʠʤʠ ʷʜʨʘʤʠ. ɺ ɸʄʅ ʫʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʇɻʂ ʽ ʇɸɻɽ 

ʩʪʨʫʢʪʫʨʘ ʣʘʥʮʶʛʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʶ, ʘ ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ 

ʚʠʛʣʷʜ ʜʦʥʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʇʝʨʝʭʽʜ ʚʽʜ ʜʦʥʦʨʥʠʭ ʷʜʝʨ ʢʘʨʙʘʟʦʣʫ ʜʦ 

ʟʘʤʽʥʥʠʢʽʚ ʽʟ ʙʽʣʴʰ ʧʨʦʪʷʞʥʦʶ ʩʠʩʪʝʤʦʶ p ʝʣʝʢʪʨʦʥʽʚ ʟʤʝʥʰʫʻ ʝʥʝʨʛʽʶ 
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ʽʦʥʽʟʘʮʽʾ ʜʦʥʦʨʘ ʽ, ʦʪʞʝ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ɸʄʅ ʚ ʯʝʨʚʦʥʫ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ.  

ɺ ʷʢʦʩʪʽ ʩʝʥʩʠʙʽʣʽʟʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʦʘʢʮʝʧʪʦʨʥʽ 

ʩʧʦʣʫʢʠ 2,4,7ïʪʨʠʥʽʪʨʦ- ʘʙʦ 2,4,5,7 ï ʪʝʪʨʘʥʽʪʨʦ ʬʣʶʦʨʝʥʦʥʫ, ʢʠʩʣʦʪʠ 

2,4,7ïʪʨʠʥʽʪʨʦ-9-ʜʠʮʠʘʥʦʤʝʪʠʣʝʥʬʣʶʦʨʝʥ-4-ʢʘʨʙʦʢʩʠʣʽʢʫ, 

ʪʝʪʨʘʮʽʘʥʦʢʚʽʥʦʜʠʤʝʪʘʥʘ, ʘʥʜʝʮʠʣʽʢʘ ʝʬʽʨʫ ʢʠʩʣʦʪʠ, 2,7 ï ʜʠʥʽʪʨʦ, 

ʬʫʣʝʨʝʥʠ ʉ60 ʽ ʉ70. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ɸʄʅ ʜʦʟʚʦʣʷʻ 

ʩʠʥʪʝʟʫʚʘʪʠ ʩʚʽʪʣʦʯʫʪʣʠʚʽ ʤʘʪʝʨʽʘʣʠ, ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʷʢʠʭ ʦʭʦʧʣʶʻ ʚʠʜʠʤʠʡ ʜʽʘʧʘʟʦʥ. 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʷʢʽʩʥʦ ʦʧʠʩʫʶʪʴʩʷ ʩʪʨʠʙʢʦʚʦʶ 

ʤʦʜʝʣʣʶ ʬʦʪʦʛʝʥʝʨʘʮʽʾ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ, ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʪʨʠʙʦʢ ʝʣʝʢʪʨʦʥʫ ʟʽ ʟʙʫʜʞʝʥʦʾ ʤʦʣʝʢʫʣʠ ʥʘ ʧʨʦʤʽʞʥʽ ʩʪʘʥʠ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʭʚʠʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʦʜʝʥʴʧʦʜʽʙʥʦʛʦ ʘʪʦʤʫ, ʘ ʥʘ ʜʨʫʛʽʡ - 

ʜʨʝʡʬʦʚʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʚ'ʷʟʘʥʝ ʢʫʣʦʥʽʚʩʴʢʦʶ ʩʠʣʦʶ ʧʘʨʠ ʥʦʩʽʾʚ. 

ɼʠʩʦʮʽʘʮʽʷ ʟʚ'ʷʟʘʥʦʾ ʧʘʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʨʝʡʬʦʚʦʛʦ ʨʫʭʫ 

ʥʦʩʽʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʠʙʢʽʚ ʤʽʞ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʩʪʘʥʘʤʠ ʧʝʨʝʥʝʩʝʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʢʫʣʦʥʽʚʩʴʢʦʾ ʷʤʠ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʎʝʡ ʝʪʘʧ 

ʤʦʞʝ ʙʫʪʠ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʘʥʠʡ ʤʦʜʝʣʣʶ ʆʥʟʘʛʝʨʘ [58,59,65,67,68], ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʫʥʝʣʶʚʘʥʥʷ. ɺ ʨʦʙʦʪʘʭ [72,129] ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʘʥʪʨʘʮʝʥʽ, 

ʧʝʥʪʘʮʝʥʽ, ʘ ʪʘʢʦʞ ʚ ʢʘʨʙʘʟʦʣʤʽʩʪʢʠʭ ʩʧʦʣʫʢʘʭ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʝʥʝʨʛʽʾ ʢʚʘʥʪʘ ʩʚʽʪʣʘ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʆʥʟʘʛʝʨʘ ʜʣʷ ʦʧʠʩʫ 

ʤʝʭʘʥʽʟʤʫ ʜʠʩʦʮʽʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʘʨʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʪʝʨʤʘʣʽʟʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. 

ʊʨʘʥʩʧʦʨʪ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ ʚ ɸʄʅ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʩʪʨʠʙʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʈʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʢʣʘʜʫ ɸʄʅ ʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ. ʈʝʢʦʤʙʽʥʘʮʽʷ ʥʦʩʽʾʚ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 10
6
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8
ɺ/ʤ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫ ʥʝʟʥʘʯʥʘ, ʦʩʢʽʣʴʢʠ 
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ʩʪʨʠʙʢʦʚʠʡ ʪʨʘʥʩʧʦʨʪ ʜʽʨʦʢ ʽ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʨʦʩʪʦʨʦʚʦ 

ʨʦʟʥʝʩʝʥʠʤ ʩʘʡʪʘʤ ʽʟ ʨʽʟʥʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʙʫʜʦʚʦʶ [56,70,71,130].  

ʈʦʟʚʠʪʦʢ ʦʨʛʘʥʽʯʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʚʠʷʚʠʚ ʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʢʘʨʙʘʟʦʣʚʤʽʩʢʠʭ ʩʧʦʣʫʢ. ʈʦʟʨʦʙʣʝʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʪʥʽ ʧʨʠʣʘʜʠ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɺʂ [131]. 

ʇʨʦʜʦʚʞʫʶʪʴʩʷ ʧʦʰʫʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʦʨʛʘʥʽʢʘ-

ʥʝʦʨʛʘʥʽʢʘ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʦʥʷʯʥʠʭ 

ʙʘʪʘʨʝʡ, ʜʦʥʦʨʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʢʠʭ ʻ ʇɺʂ [130,132,133]. 

ʋʷʚʣʝʥʥʷ ʱʦʜʦ ʤʝʭʘʥʽʟʤʽʚ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ɸʄʅ ʟʘʩʪʦʩʦʚʥʽ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʪʝʤʧʣʘʪʦʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʝʪʥʠʡ, ʚ ʷʢʦʤʫ 

ʬʦʪʦʛʝʥʝʨʦʚʘʥʽ ʪʘ ʟʘʭʦʧʣʝʥʽ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʥʦʩʽʾ ʟʘʨʷʜʫ ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʨʝʣʘʢʩʫʶʪʴ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʚ 

ʪʝʤʨʷʚʽ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʜʽʙ [134]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʤʧʣʘʪʽʚ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ, ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʻ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʠʤʠ - ʾʭʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʽ ʦʩʘʜʞʝʥʥʷ 

ʧʠʣʫ ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ. ʇʦʢʘʟʘʥʦ [134-136], ʱʦ ʝʬʝʢʪʠʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʝʪʥʠʭ ʪʝʤʧʣʘʪʽʚ ʻ ʧʣʽʚʢʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʽ ʩʧʽʣʴʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ 

ʚʘʢʫʫʤʽ [136]. ɺ ʷʢʦʩʪʽ ʤʘʪʨʠʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʣʽʛʦʤʝʨʽʚ N-ʚʽʥʽʣʢʘʨʙʘʟʦʣʫ, 2,4,7 ï ʪʨʠʥʽʪʨʦʬʣʶʦʨʝʥʦʥʫ, ʘ ʪʘʢʦʞ 

ʩʝʣʝʥʽʜʫ ʢʘʜʤʽʶ [134-136]. 

 

3.3. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ  

 

ʌʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ 

ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ ʟʨʘʟʢʘ ʛʦʣʦʛʨʘʤʦʶ ʟʘ ʪʨʠʧʨʦʤʝʥʝʚʦʶ ʩʭʝʤʦʶ. ɸʚʪʦʤʘʪʠʯʥʘ 

ʨʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤ ʥʘ ʧʣʽʚʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (ɸʄʅ) ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ (ʨʠʩ. 3.2). 
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ɺ ʤʽʩʮʷʭ ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʽʚʢʠ ʤʦʞʣʠʚʝ ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʨʝʣʴʻʬʫ 

(ʨʝʣʴʻʬʥʦʛʦ ʪʝʤʧʣʘʪʫ), ʘ ʡ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ (ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ). 

ʉʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʝʣʝʢʪʨʝʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʧʦʩʽʙ ʾʭ ʢʦʥʪʨʦʣʶ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [14]. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.2. 

 

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ [137]: 1 - ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʨʝʻʩʪʨʘʮʽʾ 

ʛʦʣʦʛʨʘʤʠ - ʨʽʚʥʦʤʽʨʥʘ ʟʘʨʷʜʢʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʫ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ; 2 ï 

ʝʢʩʧʦʟʠʮʽʷ ʛʦʣʦʛʨʘʤʦʶ ʧʽʜ ʯʘʩ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ ʧʦʚʝʨʭʥʝʚʦʾ 

ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʘʨʷʜʫ  ̔ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ; 3 ï 

ʧʨʦʷʚʣʝʥʥʷ ʛʦʣʦʛʨʘʤʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʰʚʠʜʢʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʧʣʽʚʢʠ. 

ʄʦʜʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ ʨʝʣʴʻʬ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʟʦʙʨʘʞʝʥʥʷ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ 
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ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʥʘ ʟʤʽʥʘ ʧʦʪʝʥʮʽʘʣʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʘʤʦʨʬʥʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʚʠʪʦʢ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʨʝʣʴʻʬʫ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʧʽʩʣʷ ʟʘʨʷʜʢʠ ʪʘ ʝʢʩʧʦʥʫʚʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ 

[138,139]. ʅʘʚʝʜʝʥʘ ʨʝʣʘʢʩʘʮʽʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ɸʄʅ 

(ʢʨʠʚʘ 2) ʟ ʥʘʩʘʤʧʝʨʝʜ ʩʪʚʦʨʝʥʠʤ ʚʽʜôʻʤʥʠʤ ʦʙôʻʤʥʠʤ ʟʘʨʷʜʦʤ. ʅʘ ʢʨʠʚʽʡ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 3 ʭʘʨʘʢʪʝʨʥʠʭ ʜʽʣʷʥʢʠ 

[140,141]. ʅʘ ʧʝʨʰʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʦʙô̒ ʤʥʦʛʦ ʟʘʨʷʜʫ ʙʝʟ ʧʦʤʽʪʥʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ, ʥʘ ʜʨʫʛʦʤʫ - ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʨʝʣʘʢʩʘʮʽʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ, ʥʘ ʪʨʝʪʴʦʤʫ - ʢʽʥʮʝʚʘ ʨʝʣʘʢʩʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ 

ʦʙô̒ ʤʥʦʛʦ ʟʘʨʷʜʽʚ. ɿʥʘʯʝʥʥʷ ʪʝʨʤʦʩʪʠʤʫʣʴʦʚʘʥʦʛʦ ʟʘʨʷʜʫ (ʊʉɿ) ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʝʣʠʯʠʥʠ  ̔ʟʥʘʢʫ ʟʘʨʷʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ɸʄʅ,  ̔ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʥʝʪʠʢʫ ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ (ʢʨʠʚʘ 1). 
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ʈʠʩ. 3.3. ʂʽʥʝʪʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ 

ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʥʦʤʫ ʧʨʦʮʝʩ̔ [138]: 1 ʪʘ 2 - ʟʤʽʥʘ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ 

ʦʨʛʘʥʽʯʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʘʥʥʷ, 2 - ʽʟ ʧʦʧʝʨʝʜʥʽʤ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ, 3 - ʨʝʣʘʢʩʘʮʽʷ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ, 4 - ʨʦʟʚʠʪʦʢ 

ʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 5 - ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʽʚʢʠ. 
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 ʂʦʞʥʘ ʢʨʠʚʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʝ ʤʝʥʰʝ ʥʽʞ ʧô̫ ʪʴ ʨʘʟʽʚ. ʅʘ ʨʠʩ. 3.3. 

ʧʨʠʚʝʜʝʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʚʠʭ.  

 

3.4. ʌʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʪʝʤʧʣʘʪʫ ʥʘ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ 

 

ʊʝʤʧʣʘʪ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʦʨʛʘʥʽʯʥʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ [53,122,142] ʟ ʩʧʝʢʪʨʘʣʴʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʫ 

ʜʽʘʧʘʟʦʥʽ 300-950 ʥʤ ʪʘ ʩʪʨʽʯʢʦʶ ʧʝʨʝʜʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʜʦ 1000 

ʣʽʥ/ʤʤ. ʋ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʽʜʥʦʰʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʪʘ ʪʝʤʥʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʰʘʨʫ ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰ 10
3 
ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 300-410 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤôʷʢʰʝʥʥʷ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʰʘʨʽʚ ʪʘ ʧʝʨʝʭʦʜʫ ʾʭ ʫ ʚô̫ ʟʢʦʧʣʠʥʥʠʡ ʩʪʘʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʻ 

410 ʂ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʣʘʩʢʠʡ ʰʘʨ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʥʘʥʦʩʠʚʩʷ ʥʘ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʝ ʧʦʢʨʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʠʣʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ 

[84,143,144] ʥʘ ʧʦʚʝʨʭʥʶ ʩʢʣʘ. ʌʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʚʽʜʙʫʚʘʣʦʩʴ, 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʪʘ ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ. ɽʢʩʧʦʥʫʚʘʥʥʷ 

ʟʨʘʟʢʘ ʢʦʛʝʨʝʥʪʥʠʤ ʩʚʽʪʣʦʤ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ 

ʩʭʝʤʠ ʟʚʝʜʝʥʥʷ ʽʥʪʝʨʬʝʨʫʶʯʠʭ ʧʨʦʤʝʥʽʚ ʟ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʫʪʘ ʧʨʠ 

ʚʝʨʰʠʥʽ ʢʦʥʫʩʘ. ʇʽʜ ʚʧʣʠʚʦʤ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʚʘʚʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʠʡ ʟʘʨʷʜ, ʚʠʜ ʷʢʦʛʦ ʚʠʟʥʘʯʘʚʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʩʚʽʪʣʝʥʥʷ, ʧʘʨʘʤʝʪʨʘʤʠ ʰʘʨʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʬʦʪʦʧʨʦʚʦʜʥʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʧʫʩʢʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʢʨʽʟʴ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʝ ʧʦʢʨʠʪʪʷ, ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚôʷʟʢʦʧʣʠʥʥʠʡ ʩʪʘʥ. ʇʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʝʣʴʻʬ. ʉʪʚʦʨʝʥʠʡ ʪʝʤʧʣʘʪ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ 

ʨʝʣʴʻʬʦʬʘʟʦʚʠʭ ʛʦʣʦʛʨʘʤ [53,84,122,142], ʪʘʢ ʷʢ ʢʦʨʠʩʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʥʦʩʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʩʪʦʨʦʚʦ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ, ʘʣʝ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ.  
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ɿ ʦʧʠʩʫ ʩʧʦʩʦʙʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʫ ʚʠʪʽʢʘʻ, ʱʦ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʪʦʪʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʫʩʝʨʝʜʠʥʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ 

ʩʠʣ. ɿʘʜʘʯʘ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ ʜʝʬʦʨʤʫʶʯʠʭ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʩʠʣ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ [53,122,142]. ɺʢʣʶʯʝʥʥʷ 

ʚ ʘʥʘʣʽʟ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʙʠʪʴ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ 

ʩʪʦʨʦʥʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʦʶ. ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʦʨʦʥʥʽʤʠ 

ʟʘʨʷʜʘʤʠ ʪʝʤʧʣʘʪʫ ʧʽʜʢʨʝʩʣʶʻ ʬʘʢʪ [84,143-147] ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ 

ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʢʽʥʝʪʠʢʫ ʟʘʭʚʘʪʘ 

ʥʝʜʝʬʦʨʤʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʯʠ ʩʣʘʙʢʦʧʨʦʚʽʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ.  

 

3.5. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʫ ʬʦʪʦʧʨʦʚʽʜʥʦʤʫ ʪʝʤʧʣʘʪʽ 

 

ɼʦʩʣʽʜʞʝʥʘ ʧʨʠʨʦʜʘ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʰʘʨʽ 

ʧʦʧʝʨʝʜʥʴʦ ʨʽʚʥʦʤʽʨʥʦ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʧʣʘʩʢʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʛʦ 

ʰʘʨʫ ʧʽʜ ʜʽʻʶ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ I, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʽʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽʡ ʢʘʨʪʠʥʽ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʛʘʨʤʦʥʽʯʥʦʤʫ 

ʟʘʢʦʥʫ I=I0(1+m0cos(Kx)). ɿʘʚʜʷʢʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʰʘʨʫ ʟʘʨʷʜ, ʷʢʠʡ 

ʧʨʦʪʽʢʘʻ ʢʨʽʟʴ ʥʴʦʛʦ ʟʘʭʦʧʣʶʻʪʴʩʷ ʥʘ ʦʙô̒ ʤʥʠʭ ʧʘʩʪʢʘʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ɿʘʭʦʧʣʝʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʬʦʨʤʫʶʪʴ ʧʨʦʩʪʦʨʦʚʠʡ ʤʦʜʫʣʴʦʚʘʥʠʡ ʦʙô̒ ʤʥʠʡ 

ʟʘʨʷʜ  

( ) ( )
( )

2

1 30
ɟ , ɟ 1 cos( ) (1 exp( )d

y

y y
x y m Kx m

-
= + + -

D
                  (3.1) 

ʅʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʠʡ ʟʘ ʛʘʨʤʦʥʽʯʥʠʤ ʟʘʢʦʥʦʤ 

ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ.  
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0 2ů( ) ů (1 cos( ))x m Kx= - ,                                      (3.2) 

ʜʝ ʂ ï ʧʨʦʩʪʦʨʦʚʘ ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʽʾ ʩʚʽʪʣʘ ʪʘ ʟʘʨʷʜʽʚ, m1, m3, (m2) ï 

ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷʮʽʾ ʛʫʩʪʠʥʠ ʦʙôʻʤʥʦʛʦ (ʧʦʚʝʨʭʥʝʚʦʛʦ) ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʘʨʷʜʫ, yd - ʝʬʝʢʪʠʚʥʘ ʛʣʠʙʠʥʘ ʣʦʢʘʣʽʟʘʮʽʾ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ, 
yD- 

ʜʠʩʧʝʨʩʽʷ ʨʦʟʧʦʜʽʣʫ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʚʽʩʴ 0ʍ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʣʴʥʽʡ 

ʛʨʘʥʠʮʽ ʰʘʨʫ, ʚʽʩʴ 0Y-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʰʘʨʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʶʯʠʭ ʥʘ ʰʘʨ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʦʙô̒ ʤʥʠʭ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ ʩʠʣ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʣʝ (ʧʦʪʝʥʮʽʘʣʠ ű1 - ʫʩʝʨʝʜʠʥʽ, ű2  

- ʟʦʚʥʽ ʰʘʨʫ), ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ: 

[ ]
( )

2

0
1 1 3

0 1

ɟ
ű 1 cos( ) 1 exp(

Ů Ů

d

z

y y
m Kx m

è ø-
D =- + Ö + -é ù

Dé ùê ú
                          (3.3)  

2ű 0,D =                                                                 (3.4) 

( )1 2
0 1 2 0 20 0

ű ű
Ů Ů Ů ů 1 cos ,

y y
m Kx

y y= =

è øµ µ
- = -è øé ù ê úµ µê ú

                   (3.5) 

1 20 0
ű ű

y y= =
= ,                                (3.6) 

1ű ʫ d= -
=0,      (3.7) 

ʈʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ (3.3) ʪʘ ʃʘʧʣʘʩʘ (3.4) ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ű1 ʪʘ ű2 

ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʩʪʦʨʦʥʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʫʩʝʨʝʜʠʥʽ 

ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʡʦʛʦ ʝʢʩʧʦʥʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʤʦʜʫʣʴʦʚʘʥʠʤ 

ʩʚʽʪʣʦʤ. ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ (3.5) ʚʠʟʥʘʯʘʻ ʩʪʨʠʙʦʢ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʝʣʝʢʪʨʠʯʥʦ 

ʟʘʨʷʜʞʝʥʽʡ ʧʦʚʝʨʭʥʽ, ʘ (3.6) ʚʽʜʦʙʨʘʞʘʻ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠ 

ʧʝʨʝʪʠʥʽ ʝʣʝʢʪʨʠʯʥʦ ʥʝʟʘʨʷʜʞʝʥʦʾ ʛʨʘʥʠʮʽ, ʚʠʨʘʟ (3.6) ʦʧʠʩʫʻ ʨʝʘʣʽʟʘʮʽʶ 

ʟʘʟʝʤʣʝʥʥʷ ʧʦʚʝʨʭʥʽ y = - d.  

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (3.3-3.7) ʚʠʟʥʘʯʠʪʴ ʚʝʢʪʦʨʠ ʦʙô̒ ʤʥʠʭ F ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ 

P ʩʠʣ, ʷʢʽ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʰʘʨʫ ʘʤʦʨʬʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 
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ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʨʝʻʩʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

( )
( )

2

0 1 3 1( , ) ɟ 1 cos( ) 1 exp ű,d

y

y y
F x y m Kx m

å õå õ-
æ ö=- + Ö + - Ðæ ö

æ öæ öD
ç ÷ç ÷

           (3.8) 

( )( )( )

( )

0 2 1 2

2 1
1 2

0

0 0

0 0

1
( ) ů 1 cos ű ű

2

Ů Ů
ű ű ,

2Ů

y y

y y

P x m Kx

n

= =

= =

=- - Ö Ð -Ð +

-
Ð +Ð

              (3.9) 

ʜʝ (( , )F x y ) - ʚʝʢʪʦʨʘ ʦʙô̒ ʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ (( )P x ) ʩʠʣ, ʱʦ ʥʘʢʣʘʜʝʥʽ 

ʜʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ, n  - ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ, e1 - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʰʘʨʫ, e2 - ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʢʦʥʪʘʢʪʫʶʯʦʛʦ ʟ ʥʠʤ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ɿʥʘʯʝʥʥʷ e1 ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʰʘʨʫ, ʘʣʝ ʫ ʚʩʽʭ ʧʨʘʢʪʠʯʥʦ ʽʥʪʝʨʝʩʥʠʭ ʚʠʧʘʜʢʘʭ [84] ʟʚʠʯʘʡʥʦ ʙʣʠʟʴʢʘ ʜʦ 

3. 

ʅʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʫʷʚʣʝʥʥʷ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʦʙô̒ ʤʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ ʩʠʣ, ʷʢʽ 

ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ [54]: 

() () ( ) () ( )0 1 2
cos cos 2

nn n nʈ ʈ ʈ Kx P Kx= + Ö + Ö                        (3.10) 

() ( ) ( )( )

( ) ( ) ( )

0 0 2
0 2 1

0 1

1 2
1 1 22

1 0

ů
ů

2Ů Ů 2

Ů Ů

4Ů Ů

n

m
ʈ S Kd S Kd

S Kd S Kd S Kd

è ø
=- Ö - - -é ù

ê ú

-
-è øê ú

                 (3.11) 

() ( ) ( )( ) ( )1 0 2 1
2 0 2 1 0 12

0 1 0 1

ů Ů Ů
ů ů

2Ů Ů 2Ů Ů
nP m S Kd S Kd S Kd

-
= + - -   (3.12) 

() ( ) ( ) ( ) ( ) ( )2 0 1 2
2 2 1 1 1 22

0 2 0 1

ů Ů Ů

4Ů Ů 4Ů Ů
nP m S Kd S Kd S Kd S Kd S Kd

-
è ø= - - +è øê ú ê ú  (3.13) 

ʊʫʪ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 
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1 1 1( ) ( ) ( ) ( )S Ky sh Ky Z Kd m B Ky= -      (3.14) 

( ) ( ) ( )1 2 0 2 1 1 2
Ů ů Ů ŮZ Kd m B Kd B Kdè ø=- + +ê ú         (3.15) 

2

0
1 3

0

2

0
3

0

ɟ ( )
( ) exp( ) exp( ) 1 exp

2

ɟ ( )
exp( ) exp( ) 1 exp

2

y

d

y

d

y y
B Ky Ky Ky m dy

y y
Ky Ky m dy

è øå õ-
= - + - -é ùæ ö

Dç ÷ê ú

è øå õ-
- - + -é ùæ ö

Dç ÷ê ú

ñ

ñ

    (3.16) 

dKy

KydB
KyB

)(
)( 1

2
=       (3.17) 

dKy

KydS
KyS

)(
)( 1

2
=       (2.18) 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ (3.10-3.18) ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʚʠʨʘʟʘʤʠ (3.1), (3.2) ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʛʣʷʜ ʩʪʦʨʦʥʥʽʭ ʩʠʣ, ʥʘʢʣʘʜʝʥʠʭ ʜʦ ʰʘʨʫ. 

 

3.6. ʄʝʭʘʥʽʟʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʪʦʛʦ ʜʦ 

ʚô̫ ʟʢʦʧʣʠʥʥʦʛʦ ʩʪʘʥʫ ʰʘʨʫ ʪʝʤʧʣʘʪʫ 

 

ʅʘʛʨʽʪʠʡ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ ʰʘʨ ʪʝʤʧʣʘʪʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʚôʷʟʢʘ [53,122,142] ʥʝʩʪʠʩʥʝʥʘ ʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʰʘʨʫ, ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʧʣʘʩʢʫ 

ʥʝʜʝʬʦʨʤʦʚʘʥʫ ʦʩʥʦʚʫ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ 

(3.19,3.20) ʪʘ ʥʝʩʪʠʩʥʝʥʥʦʾ (3.21) [147] 

v v v 1 ɖ
v v v

ɟ ɟ

x x x
x y x

p

t x y x

µ µ µ µ
+ Ö + Ö =- Ö + ÖD

µ µ µ µ
,    (3.19) 

v v v 1 ɖ
v v v

ɟ ɟ

y y y

x y y

p

t x y y

µ µ µ µ
+ Ö + Ö =- Ö + ÖD

µ µ µ µ
,    (3.20) 

vv
0

yx

x y

µµ
+ =

µ µ
,       (3.21) 

v ( , , 0) v ( , , 0) 0x yx y t x y t= = = =,      (3.22) 

v ( , , ) v ( , , ) 0x yx y d t x y d t=- = =- =     (3.23) 
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( , ) ( , )

vv
ɖ( / / ) ( , )

v v

yx
y h x t y h x t T

y x

P x t= =

µµ
+ =

µ µ
,      (3.24) 

2

( , ) ( , ) 22

v ( , )
/ 2ɖ / ( ) ( , )

( ( , )
1

y

y h x t y h x t M n

h x t
P T P x t

y x h x t

x

= =

µ µ
- + =
µ µ µå õ

+æ ö
µç ÷

   (3.25) 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (3.22) ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʝʤʧʣʘʪʫ ʜʦ ʤʦʤʝʥʪʫ ʥʘʢʣʘʜʝʥʥʷ ʜʦ ʥʴʦʛʦ ʧʦʥʜʝʨʦʤʦʪʦʨʥʠʭ 

ʩʠʣ, ʫʤʦʚʠ "ʧʨʠʣʠʧʘʥʥʷ" (3.23) ʦʧʠʩʫʶʪʴ ʥʝʨʫʭʦʤʽʩʪʴ ʰʘʨʽʚ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʞʦʨʩʪʢʽʡ 

ʦʩʥʦʚʽ ʪʝʤʧʣʘʪʫ, ʚʠʨʘʟ (3.24), (3.25) ʻ ʬʦʨʤʦʶ ʟʘʧʠʩʫ 3-ʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

ʜʣʷ ʚʽʣʴʥʦʾ ʛʨʘʥʠʮʽ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ. ʊʫʪ vx(x,y,t), vy(x,y,t) - 

ʢʦʤʧʦʥʝʥʪʠ ʧʦʣʷ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ, ʈ - ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ, ɖ - 

ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ɟ - ʛʫʩʪʠʥʘ, ʊM - ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ, h - ʚʝʣʠʯʠʥʘ ʫʪʚʦʨʶʚʘʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʨʝʣʴʻʬʫ, ʚʽʩʴ 

ʆY ʥʘʧʨʘʚʣʝʥʘ ʟʘ ʥʦʨʤʘʣʣʶ ʜʦ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʦʚʱʠʥʠ d. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ [147], ʱʦ ʫ ʚʠʧʘʜʢʫ ʤʘʣʠʭ ʪʘ 

ʧʦʣʦʛʠʭ ʜʝʬʦʨʤʘʮʽʡ 
2ˊ

h
k

<<  ʚʢʣʘʜʦʤ ʥʝʣʽʥʽʡʥʠʭ ʯʣʝʥʽʚ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ 

(3.19-3.25) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʘ ʣʽʥʝʘʨʽʟʦʚʘʥʫ ʟʘʜʘʯʫ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ : 

( ) ( )
( )

v , , , ,1 ɖ
v , ,

ɟ ɟ

x

x

x y t p x y t
x y t

t x

µ µ
=- Ö + ÖD

µ µ
    (3.26) 

( ) ( )
( )

, , , ,1 ɖ
v , ,

ɟ ɟ

y

y

v x y t p x y t
x y t

t y

µ µ
=- Ö + ÖD

µ µ
    (3.27) 

( ) ( )v , ,v , ,
0

yx
x y tx y t

x y

µµ
+ =

µ µ
      (3.28) 

v ( , , 0) v ( , , 0) 0x yx y t x y t= = = =     (3.29) 

( ) ( )
( , ) ( , )

v , ,v , ,
ɖ( / / ) 0

v v

yx

y h x t y h x t

y x

x y tx y t
= =

µµ
+ =

µ µ
    (3.30) 
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( )
( ) 2

( , ) ( , ) 2

v , , ( , )
, , / 2ɖ / ( , )

y

y h x t y h x t M n

x y t h x t
P x y t T P x t

y x
= =

µ µ
- + =

µ µ
 (3.31) 

( ) ( )
0

, , 0,v
t

y

h x t x y t dt= =ñ      (3.32) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʝʘʨʽʟʦʚʘʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʚʝʣʠʯʠʥʘ 

ʨʝʣʴʻʬʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʶʯʦʾ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʜʦʜʘʥʢʽʚ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʘʥʛʝʥʮʽʡʥʠʭ ʯʠ ʥʦʨʤʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟʦʚʥʽʰʥʽʭ ʩʠʣ. ʋ ʜʘʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʙʫʜʝʤʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʥʦʨʤʘʣʴʥʽ ʧʦʚʝʨʭʥʝʚʽ ʩʠʣʠ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʣʽʥʝʘʨʽʟʘʮʽʾ ʛʘʨʤʦʥʽʢʠ v(x,y,t) ʟ ʨʽʟʥʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʤʦʞʥʘ ʨʘʭʫʚʘʪʠ ʥʝ ʚʟʘʻʤʦʜʽʶʯʠʤʠ ʦʜʠʥ ʟ 

ʦʜʥʠʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
(0)

nP  ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ï ʚʦʥʘ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʝʨʝʚʠʟʥʘʯʝʥʥʶ ʪʠʩʢʫ ʪʘ ʥʝ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ. ʇʨʠʧʫʩʢʘʶʯʠ 

ʥʝʨʦʟʨʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʨʽʚʥʽʩʪʴ ʾʾ ʥʫʣʶ 

ʫ ʙʝʟʢʽʥʝʯʥʦ ʚʽʜʜʘʣʝʥʽʡ ʪʘ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʫʤʦʚʦʶ (3.29)), ʥʘʷʚʥʽʩʪʴ ʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʈn(x,t) ʤʦʞʝ 

ʙʫʪʠ ʚʠʙʨʘʥʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ [54]: 

( ){ ( ) ( ) ( ){ }(1)

1 2 2 3( , ) cos( ) [exp ɕ exp ɕ ] exp ɕ expn nP x t P kx A t t t tz= - - - + - - -(3.33) 

ʜʝ )1(

nP , ɕi (i= 1, 2, 3) - ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʘʤʧʣʽʪʫʜʫ ʪʘ ʢʽʥʝʪʠʢʫ 

ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, 

( ) ( )

( ) ( )
3 3 1 2 2 1

1 1 1 3 3 1

ɝ exp ɕ ɝ exp ɕ

exp ɕ ɝ exp ɕ

t t
A

t t

- - -
=

- - -x
,    (3.34) 

ʜʝ t1 - ʤʦʤʝʥʪ ʯʘʩʫ, ʫ ʷʢʠʡ ʩʠʣʘ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʤʝʪʦʜʫ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʙʠʪʪʷ ʚʝʢʪʦʨʘ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʥʘ ʧʦʪʝʥʮʽʡʥʫ 

ʪʘ ʦʙʝʨʪʘʣʴʥʫ ʯʘʩʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ [147]: 
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( )ű , ,
( , , ) ɟ

x y t
P x y t

t

µ
=-

µ
,    (3.35) 

( ) ( )ű , , ɣ , ,
v ( , , )x

x y t x y t
x y t

x y

µ µ
= +

µ µ
,    (3.36) 

( ) ( )ű , , ɣ , ,
v ( , , )y

x y t x y t
x y t

y x

µ µ
= -

µ µ
    (3.37) 

 

ʇʦʭʽʜʥʽ ʬʫʥʢʮʽʾ ( )ű , ,x y t  ʠ ( )ɣ , ,x y t  ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʽʚʥʷʥʥʷʤ  

( )ű , , 0x y tD = ʠ 
( )ɣ , ,

ɣ( , , )
x y t

x y t
t

µ
= D

µ
n ,   (3.38) 

ʜʝ 
ɖ

ɟ
=n  - ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (3.26-3.32) ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʈʽʰʝʥʥʷ 

ʨʽʚʥʷʥʴ (3.38) ʜʦʧʫʩʢʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ [147]: 

 

( ) ( ) () ( ){ }

( ) ( ) ( ) () ( ){ } ( )

( )

1 2

( )

3 4

ű( , , ) cos

exp ɕ sin exp ɕ

ii

i

ii

i i

i

x y t kx A ch k y d A sh k y d

t kx A ch k y d A sh k y d t

= + + +è ø è øê ú ê ú

+ + + +è ø è øê ú ê ú

ä

ä

  (3.39) 

( ) ( ) () ( ){ }

( ) ( ) ( ){ }

( )

1 2

( ) ( )

3 4

ɣ( , , ) cos ɓ ɓ

exp ɕ sin ɓ [ɓ ( )] exp(ɕ )

ii

i i

i

i i

i i i i

i

x y t kx C ch k y d C sh k y d

t kx C ch k y d C sh k y d t

= + + +è ø è øê ú ê ú

+ + + +è øê ú

ä

ä

 (3.40) 

 

ʊʫʪ ʧʽʜʛʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ɸ
(i)

j, ʉ
(i)

j (j=1,2,3,4) - ʜʝʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭ, ʫ, t 

ʚʝʣʠʯʠʥʠ, ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʪʘ ʥʘʯʘʣʴʥʠʤʠ 

ʫʤʦʚʘʤʠ ʟʘʜʘʯʽ , 
2

ɕ
ɓ 1 .i

i
k

= +
n

 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʥʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ (3.36,3.37), (3.39,3.40), ʦʪʨʠʤʘʻʤʦ 

ʥʘʩʪʫʧʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʣʷ ʧʦʣʷ ʪʠʩʢʫ ʪʘ ʰʚʠʜʢʦʩʪʝʡ [147,148]: 
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( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( )

2

2

1

, , ɟcos( ) ɕ exp ɝ [ [ ( )]

ɓ 1 ɓ 2
[ ( )]];

ɓ ɓ ɓ 2

i

i i

i

i i

i i i

P x y t kx A t sh k y d

ch k d ch kd
ch k d y

sh k d sh kd-

=- +

+ -
Ö +

+ -

ä

   (3.41) 

 

( )

( )
( ) ( ) ( )

( ) ( ) ( )

( )

2

( )

2

1

v ( , , ) sin exp(ɕ )[ [ ( )]

ɓ [ ɓ ( )]] sin( ) [ [ ɓ ( )]

ɓ 1 ɓ 2
[ ( )]]exp ɕ ;

ɓ ɓ ɓ 2

i

x i

i

i

i i i

i

i i

i

i i i

x y t kx k A t sh k d y

sh k y d kx k A ch k y d

ch k d ch kd
ch k y d t

sh k d sh kd-

= - Ö + +

+ - + -

+ -
+

+ -

ä

ä  (3.42) 

 

( )

( ) ( ) ( )

( ) ( ) ( )

( )

2

( )

2

2

1

1

v ( , , ) cos exp(ɕ )[ [ ( )]

ɓ [ ɓ( )]] cos( ) [ [ ( )]

ɓ 1 ɓ 2
ɓ [ ɓ( )]]exp(ɕ ) ;

ɓ ɓ ɓ 2

i

y i

i

i

i i

i

i i

i i i

i i i

x y t kx k A t ch k d y

ch k y d kx k A sh k y d

ch k d ch kd
sh k y d t

sh k d sh kd

-

-

= + -

- + - + -

+ -
- +

+ -

ä

ä   (3.43) 

 

ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʜʦʧʫʱʝʥʥʽ  

 

2

ɕ ɕ
1, 1i i d

k k
<< <<

n n
     (3.44) 

ʪʦʙʪʦ ʧʨʠ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʝʬʦʨʤʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʚʝʣʴʤʠ ʚôʷʟʢʦʶ 

ʨʽʜʠʥʦʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘʙʣʠʞʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

2

2 2

ɕ 1 ɕ
ɓ 1

2 2 2

i i
i

k k

å õ
º + - +ÖÖÖæ ö

ç ÷n n
            (3.45) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ (3.41-3.45), (3.27), (3.30, 3.31) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʜʠʩʧʝʨʩʽʡʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʨʦʩʪʦʨʦʚʦʶ ʯʘʩʪʦʪʦʶ k ʪʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʯʘʩʘʤʠ ʨʫʭʫ ʨʽʜʠʥʠ Ű ɕʞ ʞ= :  
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( ) ( )
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2
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2
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ɕ ( ) ( )
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2 ( )

( ) ( )
ɕ [ ( ) [ ( ) ( )]

( )

( ) ( )
[ ( ) ( )

8ɟ ( )

ʞ

ʞ

M

kd sh kd ch kd
kd ch kd kd sh kd sh kd kd ch kd k dsh kd

k k dch kd

kd sh kd ch kd
kd ch kd kd ch kd ch kd

k dch kd

T k kd sh kd ch kd
kd ch kd kd sh kd

k k dch kd

n

n

Ö +
- Ö + Ö - - Ö - Ö

Ö

Ö +
+ - Ö + Ö - Ö -

Ö

Ö +
Ö - Ö -

Ö

2

[3 ( ) 3 ( )

( ) ( )
( ) ( )]] [ ( ) [ ( ) ( )]] 0

8 ɟ ( )

M

sh kd kd ch kd

T k kd sh kd ch kd
kd sh kd kd sh kd kd ch kd sh kd

kd ch kdn

- Ö

Ö +
+ -- Ö Ö - Ö - =

Ö

 (3.46) 

ʈʽʰʝʥʥʷʤ ʨʽʚʥʷʥʥʷ (3.46) ʻ 

( )
22

( ) ( )
ɕ ,

2ɖ ( )

ʤ
ʞ

ʊ k sh kd ch kd kd

ch kd kd

-
=

+
    (3.47) 

 ̔

( )( )

( ) ( )

22

2

2 2
ɕ' 2ʞ

ch kd kd
k

kd sh kd

+
=

Ö
n .    (3.48) 

ʌʽʟʠʯʥʦ ʽʥʪʝʨʝʩʥʽ ʜʦʧʫʱʝʥʥʷ ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʝʭʪʫʚʘʥʥʽ ʚʢʣʘʜʦʤ ʯʣʝʥʽʚ, 

ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ɕ'ʞ  ʫ ʚʠʨʘʟʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʫʪʚʦʨʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʝʣʴʻʬʫ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʚʠʪʽʢʘʻ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ 

ʚʩʽʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʬʦʪʦʧʣʘʩʪʠʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʚʠʢʦʥʫʻʪʴʩʷ 

ɕ' ɕʞ ʞ>>       (3.49) 

ɺʩʪʘʥʦʚʠʚ ʤʘʣʽ ʚʝʣʠʯʠʥʠ (3.44) (ʧʨʠ i = 1, 2, 3) ʪʘ ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʫ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ (3.26-3.32) ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʟʙʫʨʝʥʴ, 

ʚʠʟʥʘʯʠʤʦ ʷʢʠʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʽ, ʚʠʟʥʘʯʝʥʠʭ (3.44), ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʘ ʟô̫ ʩʫʻʤʦ ʨʦʣʴ ʢʦʞʥʦʛʦ ʜʦʜʘʥʢʘ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʘʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʠʢʘʥʝ ʪʠʤ, ʱʦ ʚʽʜʥʦʩʥʠʡ ʚʢʣʘʜ ʜʦʜʘʥʢʽʚ ʨʽʟʥʦʛʦ ʧʦʨʷʜʢʫ 

ʤʘʣʦʩʪʽ ʫ ʚʠʨʘʟʽ ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʫʪʚʦʨʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʝʣʴʻʬʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ. ɯʩʥʫʻ ʦʙʣʘʩʪʴ ʯʘʩʽʚ, ʜʝ ʜʦʜʘʥʢʠ, 

ʧʨʦʧʦʨʮʽʡʥʽ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʷʤ 
2

ɟɕ

2ɖ

i

k
 ʜʘʶʪʴ ʚʢʣʘʜ ʫ ʨʝʣʴʻʬ 

(ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ) ʙʽʣʴʰʠʡ, ʥʽʞ ʜʦʜʘʥʢʠ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ 
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ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʨʽʰʝʥʥʷ ʧʨʠʚʝʜʝʤʦ 

ʚʠʨʘʟ ʜʣʷ vy(x,ʫ,t) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʪʘ ʧʦʨʽʚʥʷʻʤʦ 

ʡʦʛʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʨʘʟʦʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʣʝʥʠ ʪʽʣʴʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

( )
( )

( )( )

()

( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

1

2

1

1 22

1

1 22

1

cos ( )
v , , [ [ ]

2ɖ ɕ ɕ
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-

-

Ö
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+ -
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-
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( )2 2[ ( ) [ ( )] [ ( )]] ɕ exp( ɕ exp( ɕ ))ʞk y d ch k y d sh k y d t tÖ + Ö + - + - - - -   (3.50) 
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1
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2
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3
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3

kx kd ch(kd) P
k y d sh k y d

2 k ch kd kd

kd sh kd ch kd 2 k kd ch kd kd ch kd

kd ch kd 2 k kd sh kd sh kd kd ch kd

-

-

Ö
- Ö Ö Ö + Ö + -
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Ö + + Ö + Ö
-
Ö + Ö - - Ö

( )3 3[ ( ) [ ( )] [ ( )]] ɕ exp( ɕ exp( ɕ )).ʞk y d ch k y d sh k y d t tÖ + Ö + - + - - - 

ʈʦʟʢʣʘʜʘʶʯʠ (3.50) ʫ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ 
2

ɕɟ

ɖ

i

k
 (ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʠʨʘʟ ʜʣʷ 

ʩʫʤʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ), ʚʨʘʭʦʚʫʶʯʠ ʪʽʣʴʢʠ ʧʝʨʰʠʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʽ 

ʪʘ ʧʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟ ʚʠʭʽʜʥʦʶ ʬʦʨʤʫʣʦʶ (3.50) ʧʨʠ 

ʨʽʟʥʠʭ ʯʘʩʘʭ, ʦʪʨʠʤʘʻʤʦ ʢʨʠʪʝʨʽʡ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʣʝʥʽʚ ʪʽʣʴʢʠ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ (3.26-3.30). ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.4-3.7, ʥʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ 

h(k), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʯʘʩʘʭ t=10
-9
ʩ, 10

-8
ʩ, 10

-7
ʩ, 10

-6
ʩ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʫʨʘʭʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʤʘʣʦʩʪʽ. ɻʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʧʨʠ t > 10
-7
 ʩ ʨʦʣʴ ʯʣʝʥʽʚ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʫ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ  
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(ʜʠʚ. ʚʠʨʘʟ ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʨʝʣʴʻʬʫ) ʟʥʝʭʪʫʻʤʦ (ʤʝʥʰ 4%) ʥʝʩʫʪʪʻʚʦ ʪʘ 

ʦʪʞʝ, ʧʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʝʬʦʨʤʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʯʣʝʥʠ ʪʽʣʴʢʠ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ (ʪʦʙʪʦ 
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ʈʠʩ.3.4. ɿʘʣʝʞʥʽʩʪʴ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʧʨʠ [54]: t=10
-9
c, r=10 ʢʛ/ʤ

3
,  

ʊ=2Ö10
-2
ʅ/ʤ ʧʨʠ ʨʘʭʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ï 0(ai/nÖk

2
) (ʢʨʠʚʘ 1) ʪʘ ʜʨʫʛʦʛʦ 

0(ai/nÖk
2
)
2 
(ʢʨʠʚʘ 2) ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʽ  
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ʈʠʩ. 3.5. ɿʘʣʝʞʥʽʩʪʴ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʧʨʠ [54]: t=10
-8
c, r=10 ʢʛ/ʤ

3
,
 
   

ʊ=2Ö10
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ʅ/ʤ ʧʨʠ ʨʘʭʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ï 0(ai/nÖk

2
) (ʢʨʠʚʘ 1) ʪʘ ʜʨʫʛʦʛʦ 
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ʈʠʩ. 3.6. ɿʘʣʝʞʥʽʩʪʴ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʧʨʠ [54]: t=10
-7
c, r=10 ʢʛ/ʤ

3
,    

ʊ=2Ö10
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ʅ/ʤ ʧʨʠ ʨʘʭʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ï 0(ai/nÖk

2
) (ʢʨʠʚʘ 1) ʪʘ ʜʨʫʛʦʛʦ 

0(ai/nÖk
2
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2 
(ʢʨʠʚʘ 2) ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʽ  
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ʈʠʩ. 3.7. ɿʘʣʝʞʥʽʩʪʴ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʧʨʠ [54]: t=10
-6
c, r=10 ʢʛ/ʤ

3
,    

ʊ=2Ö10
-2
ʅ/ʤ ʧʨʠ ʨʘʭʫʚʘʥʥʽ ʧʝʨʰʦʛʦ ï 0(ai/nÖk

2
) (ʢʨʠʚʘ 1) ʪʘ ʜʨʫʛʦʛʦ 

0(ai/nÖk
2
)
2 
(ʢʨʠʚʘ 2) ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʽ  

 

ʋ ʮʴʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʟʘʜʘʯʘ (3.26-3.30) ʤʘʻ ʥʘʩʪʫʧʥʝ ʨʽʰʝʥʥʷ 

[54,146] 
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                 (3.54) 

ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʯʠ ʢʽʥʝʪʠʢʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʨʽʜʠʥʠ ʽ ʪʠʤ ʩʘʤʠʤ 

ʧʝʨʝʜʘʪʦʯʥʫ (ʯʘʩʪʦʪʥʫ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʘʢʦʛʦ ʰʘʨʫ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʜʘʪʦʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʦʚôʷʟʘʥʦʾ ʟ ʥʝʶ ʥʦʨʤʘʣʴʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ Vy/y=0(t), ʷʢʝ ʚʠʪʽʢʘʻ ʽʟ ʥʘʚʝʜʝʥʥʷ (3.52). ɺʠʜʥʦ, ʱʦ 

ʘʤʧʣʽʪʫʜʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦ ʤʽʨʽ ʨʦʩʪʫ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʩʠʣʠ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʬʫʥʢʮʽʻʶ ʈn(t) ʤʘʢʩʠʤʫʤʫ ʪʘ ʥʘʩʪʫʧʥʦʛʦ 

ʾʾ ʟʤʝʥʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦ ʟ ʥʝʶ ʟʤʝʥʰʫʻʪʴʩʷ ʽ Vy/y=0. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʈn(t) 

ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʝʣʠʯʠʥʘ Vy/y=0 ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ - ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ 

"ʟʘʣʽʢʦʚʫʚʘʥʥʷ" ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʧʨʠ t<<ti ʚʝʣʠʯʠʥʠ Vy/y=0(t), h(t), ʷʢ ʚʠʪʽʢʘʻ ʟ 

(3.52) ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʘʤʧʣʽʪʫʜʘ 

ʨʝʣʴʻʬʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( )
( ) ( )

( ) ( ) ( )
()

2 exp 4 4 exp 2

4ɖ 1 exp 4 2exp 2 4 exp
i

kd kd kdt
h k,t ~ f

k kd kd kd kd

- + -
Ö Ö
- - + - + -

t (3.55) 

ʜʝ f(ti) - ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʽʚ ti.  

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʢʨʠʚʠʭ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʣʘʙʢʫ 

ʟʘʣʝʞʥʽʩʪʴ vʫ, h ʦʪ ʊʤ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʯʘʩʽʚ. ɺ ʦʙʣʘʩʪʽ ʙʽʣʴʰʠʭ ʯʘʩʽʚ ʜʽʾ ʩʠʣ 

ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (t²t1,tʞ) ʧʝʨʝʜʘʪʦʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʊʤ. ʇʨʠ ʙʽʣʴʰʠʭ ʯʘʩʽʚ ʧʨʦʷʚʫ 

ʩʢʨʠʪʦʛʦ ʟʦʙʨʘʞʝʥʥʷ kʦʧʪ ʟʤʽʱʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 
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ʯʘʩʪʦʪ. ʎʝʡ ʧʨʦʮʝʩ ʟʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʠʤ ʰʚʠʜʰʝ, ʥʽʞ ʙʽʣʴʰʝ 

ʚʝʣʠʯʠʥʘ ʊʤ. 

ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ 

ʫʪʚʦʨʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʾ ʨʽʜʠʥʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʫ ʚʽʜ 

ʚôʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʚʝʜʝʥʠʡ ʯʠʩʣʦʚʠʡ ʘʥʘʣʽʟ (3.52,3.53) ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʫ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʮʴʦʛʦ ʚʠʪʽʢʘʻ, ʱʦ ʚ 

ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʯʘʩʽʚ ʧʨʦʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʫ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʚôʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ (ʱʦ 

ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ. ɺ 

ʦʙʣʘʩʪʽ ʙʽʣʴʰʠʭ ʯʘʩʽʚ ʧʨʦʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʂʦʧʪ 

ʚʽʜ ʚʝʣʠʯʠʥʠ ʚôʷʟʢʦʩʪʽ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʽ ʪʦʤʫ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʂʦʧʪ(t) ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʛʫʩʪʠʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰʠʭ 

(ʧʝʨʝʚʠʱʫʻ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘʛʨʽʪʦʛʦ ʰʘʨʫ) ʯʘʩʽʚ ʧʨʦʷʚʫ 

ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ.  

ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʟô̫ ʩʫʚʘʪʠ ʧʨʠʨʦʜʫ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ ʘʤʧʣʽʪʫʜʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʝʣʴʻʬʫ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ. ɿ ʪʘʢʦʶ ʤʝʪʦʶ 

ʜʦʩʣʽʜʠʤʦ ʢʽʥʝʪʠʢʫ ʣʽʥʽʡ ʩʪʨʫʤʫ ʨʽʜʠʥʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʧʨʦʮʝʩʽ 

ʜʝʬʦʨʤʘʮʽʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʽʰʝʥʥʷ (3.51,3.52) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʝʥʝʨʛʽʾ, ʷʢʝ ʚʽʜʦʙʨʘʞʘʻ ʟʘʢʦʥ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʧʣʽʚʢʠ ʥʦʨʤʘʣʴʥʠʤʠ ʩʠʣʘʤʠ. 

 

( )( )(1) 2

0

1
cos ,

ɚ
ʧʦʣʥ H k hW P kx h k t dt W W W= = + +ñ

l

t ,  (3.56) 

ʜʝ Ű

2ˊ
ɚ ,W

k
=  - ʛʫʩʪʠʥʘ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ, ʦʙʫʤʦʚʣʝʥʘ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ 

ʰʘʨʽʚ ʨʽʜʠʥʠ ʧʨʠ ʾʾ ʪʝʯʽʾ ʟʘ ʯʘʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʦʨʦʥʥʽʤʠ ʩʠʣʘʤʠ ʚʽʣʴʥʦʾ 
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ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʪʝʤʧʣʘʪʫ ʪʘ ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

2 22ɚ 0

Ű

0 0

v vɖ v v
4 4 .

ɚ

t

y yx x

d

W dx dy dt
x y y x

-

è øµ µå õ å õµ µå õ
= + + +é ùæ ö æ ö æ ö

µ µ µ µç ÷é ùç ÷ ç ÷ê ú
ñ ñ ñ    (3.57) 

ɺʝʣʠʯʠʥʘ Wʢ - ʛʫʩʪʠʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 

ɚ 0

2 2

0

ɟ
[v v ]

2ɚ
k x y

d

W dx dy
-

= +ñ ñ     (3.58) 

 

ɿʤʽʥʘ ʛʫʩʪʠʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Wh 

ʦʙʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʧʣʦʱʠʥʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʥʘ ʥʽʡ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʝʣʴʻʬʫ 

2 2

4

M
h

T k h
W º      (3.59) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʚʠʜʫ (3.51,3.52) ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʴ (3.57-

3.59) ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʽʾ ʩʠʣ ʧʨʠʭʦʚʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (3.56) ʚʽʜʥʦʩʥʠʡ ʚʢʣʘʜ ʜʦʜʘʥʢʽʚ 

ʟʤʽʥʶʻʪʴʩʷ. ʊʘʢ ʧʨʠ t=10
-4 

c<<tʞ ʚʠʢʦʥʫʻʪʴʩʷ 

()
( )

()
( )

() () ()Ű

Ű

Ű

, ,ʧʦʣʥ

h k

ʧʦʣʥ ʦʧʪ ʦʧʪ

W k W k
W k W k W k

W k W k
º >> , ʘ ʫ ʚʠʧʘʜʢʫ t=10

-3
cºtʞ 

ʟʥʝʭʪʫʚʘʪʠ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (3.42) ʤʦʞʥʘ ʚʞʝ ʪʽʣʴʢʠ ʚʢʣʘʜʦʤ Wʢ ʪʘ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
()
( )

() ()
( ) ( )
Ű

Ű

ʧʦʣʥ h

ʧʦʣʥ ʦʧʪ ʦʧʪ h ʦʧʪ

W k W k W k

W k W k W k

+
º

+
. 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʦʨʤʦʚʘʥʦʾ ʘʤʧʣʽʪʫʜʠ ʨʝʣʴʻʬʫ 

ʧʦʚʪʦʨʶʻ ʟʘʣʝʞʥʽʩʪʴ Wʧʦʣʥ(k). ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ (3.51), (3.52) ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʴ (3.57-3.59) ʤʦʞʥʘ ʟʨʦʙʠʪʠ 
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ʚʠʩʥʦʚʦʢ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʧʦʚʝʨʭ ʥʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʠʤ 

ʙʽʣʴʰʝ ʯʘʩ ʾʾ ʨʝʣʘʢʩʘʮʽʾ. 

ʋ ʦʙʣʘʩʪʽ t<<tʞ ʧʽʜ ʜʽʻʶ ʥʦʨʤʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʜʠʥʘ ʧʝʨʝʪʽʢʘʻ 

ʟ ʜʽʣʷʥʦʢ, ʜʝ ʟʤʽʥʥʘ, ʩʢʣʘʜʦʚʘ ʙʽʣʴʰʝ ʥʫʣʷ, ʫ ʜʽʣʷʥʢʠ, ʜʝ ʚʦʥʘ ʤʝʥʰʝ ʥʫʣʷ 

(ʨʠʩ. 3.4-3.7). ʈʦʙʦʪʘ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʜʦʨʽʚʥʶʻ 

ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʥʽ ʟʘʣʝʞʥʦʩʪʽ h(k,t) ʠ Wt(k,t) ʩʧʽʚʧʘʜʘʶʪʴ. 

ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʯʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʤʝʞʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʝʨʽʦʜʫ l ʚ ʦʙʣʘʩʪʽ d²0,63l, ʜʝ ʚʝʣʠʯʠʥʘ d ʥʝ ʦʢʘʟʫʻ ʚʧʣʠʚʫ ʥʘ ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʝʡ. ʈʽʜʠʥʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʜʚʦʭ ʥʘʧʽʚʮʠʣʽʥʜʨʘʭ, ʚʽʩʽ ʷʢʠʭ ʣʝʞʘʪʴ 

ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʪʦʯʢʘʭ, ʜʝ ʟʤʽʥʥʘ ʩʢʣʘʜʦʚʘ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʐʚʠʜʢʽʩʪʴ ʰʘʨʽʚ ʨʽʜʠʥʠ, ʷʢ ʬʫʥʢʮʽʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʽʩʽ ʥʘʧʽʚʮʠʣʽʥʜʨʫ 

ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʢʚʘʟʽʛʘʨʤʦʥʽʯʥʦʤʫ ʟʘʢʦʥʫ ʪʘ ʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘ ʚʠʜʘʣʝʥʥʽ l/4 ʚʽʜ ʚʽʩʽ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʻʪʴʩʷ ʪʦʚʱʠʥʘ ʰʘʨʫ, ʚ 

ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʨʝʣʴʻʬʫ ʮʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʩʧʘʜ h(k) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ k (ʨʠʩ. 3.5). 

ʇʨʠ ʬʽʢʩʦʚʘʥʦʤʫ k ʟʤʝʥʰʝʥʥʷ d (ʚ ʦʙʣʘʩʪʽ d<0,63l) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ h ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʰʘʨ ʨʽʜʠʥʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʱʫʻʪʴʩʷ ʜʦʢ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʦʟʤʽʨʫ ʨʫʭʫ ʨʽʜʠʥʠ, ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ 

ʛʨʘʜʽʻʥʪʠ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʩʠʣʫ ʪʝʨʪʷ. 

ʋ ʦʙʣʘʩʪʽ t~tʞ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʯʽʾ ʟʘʟʥʘʯʝʥʽ 

ʨʘʥʽʰ ʟʙʝʨʽʛʘʶʪʴʩʷ. ɿʤʽʱʝʥʥʷ kʦʧʪ ʫ ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʯʘʩʪʦʪ, ʙʽʣʴʰ ʰʚʠʜʢʠʡ ʩʧʘʜ h(k) ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ k ʫ ʦʙʣʘʩʪʽ k²kʦʧʪ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚʦʤ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʨʝʣʘʢʩʘʮʽʻʶ 

ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ PH
(1)

. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʦʙʣʘʩʪʽ t << tʞ: 

¶ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʯʽʾ ʥʘʛʨʽʪʦʛʦ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʠʣʫʚʘʥʥʷ ɸʄʅ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʤʝʞʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʽʦʜʫ ʩʪʦʨʦʥʥʽʭ 
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ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʈʫʭ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʘʭʦʧʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʤʠ ʰʘʨʘʤʠ ʾʾ 

ʥʠʟʴʢʦʣʝʞʘʯʠʭ ʰʘʨʽʚ; 

¶ ʫ ʤʝʞʘʭ ʧʝʨʽʦʜʫ ʧʦʪʦʢʠ ʰʘʨʫ ʨʽʜʠʥʠ ʨʫʭʘʶʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ 

ʪʘ ʧʨʠ ʾʭ ʟʽʪʢʥʝʥʥʽ ʨʝʟʫʣʴʪʫʶʯʠʡ ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʫ ʙʽʢ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ ʫ ʙʽʢ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʦʩʥʦʚʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʪʦʚʱʠʥʘ ʰʘʨʫ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ 

k
d

k

42,1
<< ; 

¶  ʫ ʦʙʣʘʩʪʽ 
k

d
4
>  ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʠʭʨʦʚʠʡ ʨʫʭ; ʟʥʘʯʝʥʥʷ 

k
d

4
=  ʻ 

ʤʝʞʝʶ ʜʨʽʙʥʦʛʦ ʙʘʩʝʡʥʫ; 

ɺ ʦʙʣʘʩʪʽ ʯʘʩʽʚ 0,1tʞ<t¢tʞ ʦʩʥʦʚʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘʛʨʽʪʦʛʦ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʣʫʚʘʥʥʷ ʰʘʨʫ 

ʪʝʤʧʣʘʪʫ ʻ: 

¶  ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʯʽʾ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ, 

ʤʦʜʝʣʶʶʯʦʛʦ ʰʘʨʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ ʟʤʽʥʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʯʽʾ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʥʥʷʤ ʚʧʣʠʚʫ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʪʘ ʨʝʣʘʢʩʘʮʽʻʶ ʈn; 

¶ ʧʦ ʤʽʨʽ ʩʧʘʜʫ ʈn, ʚʠʟʥʘʯʥʠʤ ʩʪʘʻ ʨʫʭ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʢʥʝʥʥʷ ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʫ ʦʙʣʘʩʪʽ d>
k

2,1
; 

¶  ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʧʨʠ ʷʢʽʡ ʧʝʨʝʜʘʪʦʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʟʤʝʥʰʫʻʪʴʩʷ; 

 

 

3.7. ɽʣʝʢʪʨʝʪʥʠʡ ʪʝʤʧʣʘʪ ʜʣʷ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʩʪʨʫʢʪʫʨ 

 

ʉʠʣʴʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ. 
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ʊʦʜʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʦʧʦʣʦʛʽʾ ʧʦʣʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. ɺ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʘʭ ʜʞʝʨʝʣʦʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʦʞʝ ʙʫʪʠ ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ (ʧʨʠ ʦʜʥʦʨʽʜʥʽʡ 

ʧʦʚʝʨʭʥʝʚʽʡ ʛʫʩʪʠʥʽ ʟʘʨʷʜʫ), ʘʙʦ ʤʦʜʫʣʴʦʚʘʥʘ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ, 

ʘʙʦ ʤʦʜʫʣʴʦʚʘʥʠʡ ʦʙôʻʤʥʠʡ ʟʘʨʷʜ. ʆʩʪʘʥʥʽʡ ʪʠʧ ʪʝʤʧʣʘʪʫ ʻ ʝʣʝʢʪʨʝʪʥʠʤ. 

ʊʘʢʽ ʪʝʤʧʣʘʪʠ ʜʦʚʰʝ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʘʛʘʪʦʢʨʘʪʥʦ [149]. 

ʆʪʞʝ, ʪʦʥʢʽ ʧʣʽʚʢʠ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʩʝʨʝʜʦʚʠʱʝ, ʘ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩ - ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʽʚ. ʈʝʣʴʻʬʥʘ ʪʘ ʧʦʣʴʦʚʘ ʪʦʧʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

ʬʦʨʤʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʟʠʮʽʾ 

ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ [53,150]. ʈʦʟʤʽʨ ʪʝʤʧʣʘʪʫ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʢʚʘʜʨʘʪʥʠʭ 

ʩʘʥʪʠʤʝʪʨʽʚ. ʍʘʨʘʢʪʝʨʥʘ ʧʨʦʩʪʦʨʦʚʘ ʧʨʦʪʷʞʥʽʩʪʴ ʩʬʦʨʤʦʚʘʥʠʭ ʪʘʢʠʤ 

ʯʠʥʦʤ ʩʪʨʫʢʪʫʨ ʣʝʞʠʪʴ ʚ ʩʫʙʤʽʢʨʦʥʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʧʦʨʷʜʢʫ 100 ʄɺ/ʤ. ʃʦʢʘʣʴʥʽ ʧʦʣʷ 

ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʤʝʪʦʜʘʤʠ [151] 

ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʥʘʥʦʯʘʩʪʠʥʦʢ, ʢʦʤʧʦʟʠʪʽʚ ʦʨʛʘʥʽʢʘ-

ʥʝʦʨʛʘʥʽʢʘ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʊʦʧʦʣʦʛʽʯʥʠʡ ʤʦʪʠʚ ʪʝʤʧʣʘʪʫ ʚʠʢʣʠʢʘʻ 

ʧʨʦʩʪʦʨʦʚʫ ʦʨʛʘʥʽʟʘʮʽʶ ʥʘʥʦʦʙôʻʢʪʽʚ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʩʫʯʘʩʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [152,153].  

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʽʚ ʚ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʦʩʥʦʚʽ ʬʦʪʦʯʫʪʣʠʚʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [15].  

ʂʘʨʙʘʟʦʣʚʤʽʩʪʢʽ ʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʻ 

ʝʬʝʢʪʠʚʥʠʤʠ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘʤʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ 30-100 ʄɺ/ʤ, ʪʦʜʽ ʷʢ 

ʽʟ ʟʥʠʞʝʥʥʷʤ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʾʭ ʬʦʪʦ- ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦ [61,154] ʽ ʤʘʪʝʨʽʘʣʠ 

ʥʘʙʫʚʘʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʩʦʢʘ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʬʦʪʦʩʪʨʫʤʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 
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ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʷʢʝ ʟʘʜʘʻ ʪʦʧʦʣʦʛʽʶ ʪʘ ʨʦʟʤʽʨʠ ʪʝʤʧʣʘʪʫ 

[155]. ʈʘʟʦʤ ʽʟ ʮʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʽ ʯʘʩ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ʟʘʭʦʧʣʝʥʦʛʦ ʚ ʧʘʩʪʢʠ ʟʘʨʷʜʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʤʽʞ 

ʬʦʨʤʫʚʘʥʥʷʤ ʝʣʝʢʪʨʝʪʥʦʛʦ ʩʪʘʥʫ ʧʣʽʚʢʠ ʪʘ ʦʩʘʜʞʝʥʥʷʤ 

ʬʫʥʢʮʽʦʥʘʣʽʟʫʶʯʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ.  

ʌʦʪʦʧʨʦʚʽʜʥʠʡ ʰʘʨ ʦʜʝʨʞʫʚʘʣʠ ʩʧʽʣʴʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʫ ʚʘʢʫʫʤʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ CdSe ʪʘ 2,4,7- 

ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥʫ, ʦʜʝʨʞʘʥʠʭ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʪʘ ʧʨʦʜʫʢʪʽʚ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʤʦʥʦʤʝʨʫ N-ʚʽʥʽʣʢʘʨʙʘʟʦʣʫ, ʜʦʜʘʪʢʦʚʦ ʟʙʫʜʞʝʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʦʤʝʥʝʤ ʝʥʝʨʛʽʻʶ 400 ʝɺ ʩʪʨʫʤʦʤ 0,7 ʤɸ/ʩʤ
2
 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢ [82,156,157,158]. ɺ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʣʦ ʽʟ ʰʘʨʦʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʦʢʩʠʜʫ ʦʣʦʚʘ ʦʧʦʨʦʤ 

20 ʆʤ/ʢʚ. ʉʢʣʘʜ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʦʮʽʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʢʚʘʨʮʦʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʜʘʪʯʠʢʽʚ, 

ʨʦʟʤʽʱʝʥʠʭ ʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʘʭ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʚ 

[15] ʦʜʝʨʞʘʥʽ ʥʘ ʢʦʤʧʦʟʠʪʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ 1,5 % (ʤʘʩ.) CdSe ʪʘ 0,3 % (ʤʘʩ.) 

2,4,7- ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥʫ. ʆʜʝʨʞʘʥʠʡ ʬʦʪʦʧʨʦʚʽʜʥʠʢ ʤʘʚ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 300-850 ʥʤ, ʛʦʣʦʛʨʘʬʽʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠ 

ʜʠʬʨʘʢʮʽʡʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 1 % ʩʢʣʘʜʘʣʘ 100 ʤ
2
/ɼʞ, ʩʤʫʛʠ ʧʨʦʩʪʦʨʦʚʠʭ 

ʯʘʩʪʦʪ 300·1000 ʣʽʥ/ʤʤ ʧʨʠ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ 820 ʥʤ. 

ʌʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʚ ʧʣʽʚʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ [122,123] ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ 

ʟʨʘʟʢʘ ʛʦʣʦʛʨʘʤʦʶ ʟʘ ʪʨʠʧʨʦʤʝʥʝʚʦʶ ʩʭʝʤʦʶ. ʈʝʻʩʪʨʘʮʽʷ ʛʦʣʦʛʨʘʤ ʥʘ 

ʧʣʽʚʮʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ.  

ɿʨʘʟʦʢ ʽʟ ʧʣʽʚʢʦʶ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʨʦʟʤʽʱʫʚʘʣʠ ʧʦʙʣʠʟʫ ʘʥʦʜʫ 

ʢʦʨʦʥʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʧʦʚʽʪʨʷʥʽʡ ʘʪʤʦʩʬʝʨʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʩʘʜʞʝʥʥʷ 

ʽʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʫ ʪʝʤʨʷʚʽ ʬʦʨʤʫʚʘʣʠ ʦʜʥʦʨʽʜʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ. ʇʦʪʝʥʮʽʘʣ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʚ 120 ɺ.  
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ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʝʢʩʧʦʥʫʶʯʦʤʫ ʩʚʽʪʣʦʚʦʤʫ ʧʦʣʽ ʬʦʨʤʫʻ 

ʪʦʧʦʣʦʛʽʶ ʪʝʤʧʣʘʪʫ. ʌʦʨʤʫʚʘʥʥʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ 

ʜʚʦʚʠʤʽʨʥʦʾ ˇʨʘʪʢʠ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʽʥʪʝʨʬʝʨʫʶʯʠʭ 

ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ. ʂʫʪ ʤʽʞ ʧʨʦʤʝʥʷʤʠ ʚʠʟʥʘʯʘʻ ʬʘʟʦʚʠʡ ʟʩʫʚ ʽ, ʦʪʞʝ, 

ʧʨʦʩʪʦʨʦʚʫ ʯʘʩʪʦʪʫ ˇʨʘʪʢʠ. ɿʤʽʥʶʶʯʠ ʢʽʣʴʢʽʩʪʴ ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ, ʾʭ 

ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʜʦʜʘʪʢʦʚʦ ʤʦʜʫʣʶʶʯʠ ʘʤʧʣʽʪʫʜʥʠʤʠ 

ʘʙʦ ʬʘʟʦʚʠʤʠ ʪʨʘʥʩʧʘʨʘʥʪʘʤʠ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʚʽʪʣʦʚʝ ʧʦʣʝ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ ʩʠʤʝʪʨʽʾ ʽʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɺ ʥʘʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʝʢʩʧʦʟʠʮʽʾ ʪʝʤʧʣʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʠ ʣʘʟʝʨʥʠʭ 

ʧʨʦʤʝʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʚʟʜʦʚʞ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʢʦʥʫʩʘ ʽʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ 25
ʦ
. 

ʇʨʠ ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʤ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 

ʧʣʘʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʫʪʚʦʨʝʥʦʛʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʧʽʜʢʣʘʜʢʦʶ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʤ ʟʘʨʷʜʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʪʦʛʝʥʝʨʘʮʽʷ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʽ ʚʠʥʠʢʘʻ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ [122]. ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʷʚʣʷʻʪʴʩʷ 

ʤʦʜʫʣʴʦʚʘʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʷʢʠʤ ʝʢʩʧʦʥʫʶʪʴ ʧʦʚʝʨʭʥʶ 

ʧʣʽʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʪʽʢʘʥʥʷ ʬʦʪʦʩʪʨʫʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʦʪʝʥʮʽʘʣ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʦʟʠʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ 

ʬʦʨʤʫʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ. ɻʫʩʪʠʥʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʧʨʦʤʦʜʫʣʴʦʚʘʥʘ ʝʢʩʧʦʥʫʶʯʠʤ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. 

ʄʦʜʫʣʴʦʚʘʥʝ ʫ ʧʨʦʩʪʦʨʽ ʧʦʣʝ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʨʷʜʽʚ ʟʜʘʪʥʝ ʜʝʬʦʨʤʫʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʧʣʽʚʢʠ ɸʄʅ ʧʨʠ ʾʾ ʢʦʥʪʨʦʣʴʦʚʘʥʥʦʤ ʥʘʛʨʽʚʘʥʥʽ.  

ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʚ < 0,1 ʩʝʢʫʥʜ. 

ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʧʨʦʮʝʩʫ 

ʨʝʻʩʪʨʘʮʽʾ ʛʦʣʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʤʦʜʫʣʷ [14]. 

ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʬʦʪʦʩʪʨʫʤʽʚ ʯʝʨʝʟ ʧʣʽʚʢʫ, ʷʢʽ ʧʨʦʧʦʨʮʽʡʥʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʚʽʜʙʫʚʘʪ̒ɹʩʷ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʛʣʠʙʦʢʽ 

ʧʘʩʪʢʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ, ʧʨʦʤʦʜʫʣʴʦʚʘʥʦʛʦ 

ʝʢʩʧʦʥʫʶʯʠʤ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ ʫ 

ʧʣʽʚʢʠ ɸʄʅ ʙʽʣʴʰʝ ʯʠʤ ʥʘ 2 ʧʦʨʷʜʢʠ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʟʦʥʠ ʾʭ  
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ʪʨʘʥʩʧʦʨʪʫ ʥʝ ʟʙʽʛʘʶʪʴʩʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʧʨʠ ʬʦʪʦʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʽ ʾʭ 

ʜʨʝʡʬʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʛʣʠʙʦʢʝ ʟʘʭʦʧʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘʚʽʪʴ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʙʽʣʴʰ 10 ɺ/ʤʢʤ. ʇʘʩʪʢʘʤʠ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʩʣʫʞʘʪʴ ʤʦʣʝʢʫʣʠ ʟ ʙʽʣʴʰʦʶ ʝʥʝʨʛʽʻʶ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʝʣʝʢʪʨʦʥʫ, ʥʽʞ ʫ ʤʦʣʝʢʫʣ ʟʦʥʠ ʪʨʘʥʩʧʦʨʪʫ ʝʣʝʢʪʨʦʥʽʚ. 

ʇʘʩʪʢʠ ʥʘʙʫʚʘʶʪʴ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʧʦʩʠʣʶʶʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʦʨʽʻʥʪʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʣʽʚʢʠ ɸʄʅ ʧʨʠ ʾʾ ʥʘʛʨʽʚʘʥʥʽ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʧʦʣʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ.  

ʆʪʞʝ, ʚ ʤʽʩʮʷʭ ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʽʚʢʠ ʤʦʞʣʠʚʝ ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʨʝʣʴʻʬʫ (ʨʝʣʴʻʬʥʦʛʦ ʪʝʤʧʣʘʪʫ), ʘ ʡ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ (ʝʣʝʢʪʨʝʪʥʦʛʦ 

ʪʝʤʧʣʘʪʫ) ʟʘ ʩʭʝʤʦʶ ʨʠʩ. 3.8. ɻʫʩʪʠʥʘ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ 

ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʦʶ ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʫ 

ʝʢʩʧʦʥʫʶʯʠʡ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʽ ʤʘʻ ʪʫ ʩʘʤʫ ʪʦʧʦʣʦʛʽʶ. ɺ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʽʟʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʝ ʟʦʣʦʪʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʩʦʢʫ 

ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʡʦʛʦ ʘʪʦʤʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʟʚʠʯʘʡʥʠʭ 

ʫʤʦʚʘʭ, ʥʝʩʢʣʘʜʥʽʩʪʴ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʧʨʦʩʪʦʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ 

ʥʘʡʪʦʥʰʠʭ ʦʩʘʜʽʚ ʜʦʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʧʨʦʚʦʜʠʣʠ 

ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʪʠʩʢʫ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ~10
-2
 ʇʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ 

ʽʟ ʪʘʥʪʘʣʦʚʦʛʦ ʯʦʚʥʠʢʘ. ʏʘʩ ʟʙʝʨʝʞʝʥʥʷ ʟʨʘʟʢʘ ʫ ʪʝʤʨʷʚʽ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ 

ʬʦʨʤʫʚʘʥʥʷʤ ʝʣʝʢʪʨʝʪʥʦʛʦ ʩʪʘʥʫ ʪʘ ʢʦʥʜʝʥʩʘʮʽʻʶ ʟʦʣʦʪʘ ʫ ʚʘʢʫʫʤʽ 

ʩʪʘʥʦʚʠʚ 3 ʜʦʙʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʭʝʤʦʶ ʥʘ ʧʨʦʩʚʽʪ ʥʘ ʦʧʪʠʯʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ɹʽʦʣʘʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 800. ʄʦʨʬʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʩʢʘʥʫʶʯʦʤʫ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤʫ ʤʽʢʨʦʩʢʦʧʽ (ɸʉʄ) NanʦScope IIIa ʚ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʢʦʥʪʘʢʪʽ ʢʨʝʤʥʽʻʚʠʤ ʟʦʥʜʦʤ ʽʟ ʥʦʤʽʥʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ 

ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʩʪʨʷ 10 ʥʤ. 
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ʈʠʩ. 3.8. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʩʠʩʪʝʤʠ ʚʧʦʨʷʜʢʦʚʘʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʦʣʦʪʠʭ ʢʣʘʩʪʝʨʽʚ [138]: ʘ ï ʝʢʩʧʦʟʠʮʽʷ ʩʚʽʪʣʦʤ ʟʘʨʷʜʞʝʥʦʾ 

ʧʣʽʚʢʠ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ, ʙ - ʫʪʚʦʨʝʥʥʷ ʟʘʭʦʧʣʝʥʠʭ ʟʘʨʷʜʽʚ ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ, ʚ 

- ʘʜʩʦʨʙʮʽʷ ʟʦʣʦʪʘ ʚ ʧʫʯʥʦʩʪʷʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʘʧʠʣʝʥʽ ʟʦʣʦʪʘ ʫ 

ʚʘʢʫʫʤʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʦʣʦʪʠʭ ʢʣʘʩʪʝʨʽʚ 

 

ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.9. ɼʚʦʚʠʤʽʨʥʘ ʧʨʦʩʪʦʨʦʚʦ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʦʚʘʥʘ 

ʤʦʜʫʣʴʦʚʘʥʠʤ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʨʠʩ. 3.9 ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʶ 

ʝʢʩʧʦʥʫʶʯʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʪʝʤʧʣʘʪʫ ʬʦʨʤʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʨʠʩ. 3.9, ʙ, ʷʢʘ ʻ ʩʠʩʪʝʤʦʶ ʧʨʦʩʪʦʨʦʚʦ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʟʦʣʦʪʠʭ ʦʩʪʨʽʚʮʽʚ. ɿʚʝʨʪʘʻ ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʦʣʦʪʦ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʫ ʧʝʚʥʠʭ ʯʽʪʢʦ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʦʙʣʘʩʪʷʭ, ʘ ʥʝ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ. ʉʣʽʜ ʙʫʣʦ ʯʝʢʘʪʠ, ʱʦ ʧʨʠ ʥʘʧʠʣʝʥʽ ʟʦʣʦʪʘ ʥʘ 
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ʨʝʣʴʻʬʥʫ ʧʦʚʝʨʭʥʶ, ʟʦʣʦʪʦ ʪʘʢʦʞ ʙʫʜʝ ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʥʘ ʜʥʽ ʣʫʥʦʢ, ʘʣʝ 

ʮʝ ʥʝ ʚʽʜʙʫʣʦʩʷ. ʇʦʨʽʚʥʷʥʥʷ ʨʠʩ. 3.9, ʘ ʪʘ ʙ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʩʠʤʝʪʨʽʷ ʥʘʥʝʩʝʥʠʭ ʥʘʧʠʣʝʥʥʷʤ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ 

ʟʘʜʘʶʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ (ʛʦʣʦʛʨʘʤʠ), ʷʢʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ [159]. 
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ʈʠʩ. 3.9. ɿʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʫ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ [138]: ʘ - 

ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ɸʄʅ, ʦʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʾ ʥʘʛʨʽʚʘʥʥʷ ʧʽʩʣʷ 

ʟʘʨʷʜʢʠ ʚ ʢʦʨʦʥʥʦʤʫ ʨʦʟʨʷʜʽ ʽ ʦʩʚʽʪʣʝʥʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʶ ʢʘʨʪʠʥʦʶ, ʙ - 

ʧʣʽʚʢʘ (ʘ) ɸʄʅ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ (ʪʝʤʥʽ ʦʙʣʘʩʪʽ ʮʝ ʟʦʣʦʪʽ 

ʯʘʩʪʠʥʢʠ ʩʦʨʙʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ). ʇʝʨʽʦʜ ʩʪʨʫʢʪʫʨʠ ʙʣʠʟʴʢʦ 2 ʤʢʤ  

 

ʇʦʚʝʨʭʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʤʘʻ ʧʝʨʽʦʜʠʯʥʠʡ ʨʝʣʴʻʬ ʚʠʩʦʪʦʶ 

ʙʽʣʷ 350 ʥʤ ʨʠʩ. 3.10-3.11, ʪʦʜʽ ʷʢ ʪʝʤʧʣʘʪʫ ʽʟ ʰʘʨʦʤ ʟʦʣʦʪʘ 500 ʥʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽ ʨʦʟʤʽʨʠ ʟʦʣʦʪʠʭ ʦʩʪʨʽʚʮʽʚ: 

ʜʽʘʤʝʪʨ ʩʪʘʥʦʚʠʪʴ 400-600 ʥʤ, ʚʠʩʦʪʘ-150 ʥʤ.  
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ʈʠʩ. 3.10. ʊʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ (ʧʦʢʘʟʘʥʦʾ ʥʘ 

ʨʠʩ 3.9), ʦʜʝʨʞʘʥʝ ʤʝʪʦʜʦʤ AʉM [138]: ʘ - ʨʝʣʴʻʬ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ ʧʽʩʣʷ 

ʟʘʧʠʩʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʙ - ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ 

ʟʦʣʦʪʘ ʥʘ ʧʦʣʽʤʝʨʥʫ ʧʣʽʚʢʫ ʘ. ʄʘʩʰʪʘʙ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 5 ʤʢʤ/ʧʦʜʽʣʢʫ, 

ʚʝʨʪʠʢʘʣʴʥʠʡ - 1000 ʥʤ/ʧʦʜʽʣʢʫ/ 
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ʈʠʩ. 3.11. ʈʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ (ʨʠʩ 3.9), ʦʜʝʨʞʘʥʠʡ 

ʤʝʪʦʜʦʤ ACM [138]: ʘ - ʨʝʣʴʻʬ ʧʣʽʚʢʠ ɸʄʅ ʧʽʩʣʷ ʟʘʧʠʩʫ 

ʽʥʪʝʨʝʬʝʨʝʡʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʙ - ʨʝʣʴʻʬ ʧʣʽʚʢʠ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʟʦʣʦʪʘ  

 

ɯʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʷʢʘ ʚ 

ʥʘʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʬʽʣʶ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

ʨʠʩ. 3.10, ʘ ʪʘ ʨʠʩ. 3.11, ʘ, ʟ ʪʦʧʦʣʦʛʽʻʶ ʟʦʣʦʪʦʛʦ ʦʩʘʜʫ ʨʠʩ. 3.10, ʙ ʪʘ ʨʠʩ. 

3.11, ʙ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʦʣʦʪʽ ʦʩʪʨʽʚʮʽ ʬʦʨʤʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʚ ʦʙʣʘʩʪʷʭ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʥʘʧʨʫʞʝʥʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ ʚ ʦʙʣʘʩʪʽ 

ʧʦʚʝʨʭʥʽ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʽʟ ʟʥʘʯʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʣʦʢʘʣʽʟʦʚʘʥʦ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ ʦʙʣʘʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʟʘʭʦʧʣʝʥʦʛʦ ʫ ʬʦʪʦʧʨʦʚʽʜʥʽʡ ʧʣʽʚʮʽ ʧʽʜ ʯʘʩ 
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ʝʢʩʧʦʟʠʮʽʾ ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. ɺ ʦʙʣʘʩʪʽ ʣʫʥʦʢ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʤʘʣʘ ʤʽʥʽʤʫʤ ʽ ʟʘʭʦʧʣʝʥʠʡ ʟʘʨʷʜ ʥʝ 

ʫʪʚʦʨʠʚʩʷ, ʟʦʣʦʪʽ ʢʣʘʩʪʝʨʠ ʥʝ ʦʩʘʜʞʫʶʪʴʩʷ (ʜʠʚ. ʨʠʩ. 3.10, ʙ ʪʘ ʨʠʩ. 3.11, ʙ) 

[160]. 

ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ ʦʮʽʥʶʚʘʣʘʩʴ ʽʟ 

ʜʦʜʘʪʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ [150] ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʨʝʣʴʻʬʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʫ 

ʧʦʣʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ 

ʦʜʝʨʞʘʥʦ ʦʮʽʥʢʫ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʚ 

ʝʣʝʢʪʨʝʪʥʦʤʫ ʩʪʘʥʽ 6 ɺ. ʆʪʞʝ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ 

ʚ ʧʨʠʧʫʱʝʥʥʽ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʮʽʥʶʻʪʴʩʷ ʫ 12 ɺ ʧʨʠ ʪʦʚʱʠʥʽ 

ʧʣʽʚʢʠ 820 ʥʤ ʽ ʧʝʨʽʦʜʽ ʩʬʦʨʤʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 2,1 ʤʢʤ. ɼʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʷʢ ʢʚʘʜʨʘʪ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ, ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʜʣʷ ʢʘʨʙʘʟʦʣʚʤʽʩʪʢʠʭ ʧʦʣʽʤʝʨʽʚ 

ʩʪʘʥʦʚʠʪʴ 1,4 [61]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʫ 150 ʄɺ/ʤ, ʘ ʧʦʙʣʠʟʫ ʾʾ 

ʧʦʚʝʨʭʥʽ ʫ 120 ʄɺ/ʤ. ɺʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʤʘʢʨʦʩʢʦʧʽʯʥʽ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʘʪʦʤʘʨʥʫ ʙʫʜʦʚʫ ʮʝʥʪʨʽʚ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʨʷʜʫ, ʪʦʤʫ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʻ ʚ ʧʝʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʫʩʝʨʝʜʥʝʥʠʤʠ 

ʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʮʽʥʢʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʥʠʟʫ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʮʝ, ʟʘʟʥʘʯʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʽʟ 

ʚʥʫʪʨʽʰʥʴʦ-ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʽ, ʙʝʟʫʤʦʚʥʦ, ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʝʬʝʢʪʠ ʫ ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ ʪʘ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ 

ʩʧʦʣʫʢ. ɻʫʩʪʠʥʘ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʦʧʠʩʘʥʦʛʦ ʝʣʝʢʪʨʝʪʫ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 1Ö10
5
 ɼʞ/ʤ

3
 ʘʙʦ 10

4
 ʝɺ ʥʘ ʢʦʤʽʨʢʫ ʧʦʚʝʨʭʥʝʚʦʾ ˇʨʘʪʢʠ, ʱʦ 

ʩʫʪʪʻʚʦ ʙʽʣʴʰʝ kT. ʆʪʞʝ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʟʥʘʯʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ ʩʘʤʦʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟʦʣʦʪʘ ʧʽʜ ʯʘʩ 

ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚ ʚʘʢʫʫʤʽ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ: ʪʨʘʥʩʧʦʨʪ 

ʟʘʨʷʜʞʝʥʠʭ ʘʙʦ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ ʪʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʊʨʘʥʩʧʦʨʪ ʘʪʦʤʽʚ ʪʘ ʢʣʘʩʪʝʨʽʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʟʦʣʦʪʘ ʚ ʣʦʢʘʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʡ ʝʬʝʢʪ [161]. ɺʠʥʠʢʥʝʥʥʷ ʫ ʘʪʦʤʽʚ 

ʟʦʣʦʪʘ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʣ, ʷʢʽ ʚʪʷʛʫʶʪʴ ʘʪʦʤʠ ʪʘ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʚ ʦʙʣʘʩʪʽ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʝʤʧʣʘʪʫ ʧʽʜ ʯʘʩ 

ʥʘʧʠʣʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʪʨʘʥʩʧʦʨʪʫ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʜʦ ʦʙʣʘʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʜʝ ʣʦʢʘʣʽʟʦʚʘʥʦ ʟʘʨʷʜ, ʚ ʷʢʠʭ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʚʠʱʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʚʝʨʜʦʾ ʬʘʟʠ ʽʟ ʧʘʨʠ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʽ ʷʚʠʱʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʢ ʚ 

ʚʘʢʫʫʤʽ, ʪʘʢ ʽ ʚ ʛʘʟʘʭ, ʨʽʜʠʥʘʭ, ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʘʭ ʪʘ ʨʦʟʪʦʧʘʭ. ɺ ʮʠʭ 

ʷʚʠʱʘʭ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʴ ʷʢ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ (ʽʦʥʠ, ʢʣʘʩʪʝʨʠ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ), ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʽ ʯʘʩʪʠʥʢʠ ʽʟ ʩʪʘʪʠʯʥʠʤ ʜʠʧʦʣʴʥʠʤ 

ʤʦʤʝʥʪʦʤ (ʥʘʧʨʠʢʣʘʜ ʤʦʣʝʢʫʣʠ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, ʥʝʡʪʨʘʣʴʥʽ 

ʢʣʘʩʪʝʨʠ ʘʩʠʤʝʪʨʠʯʥʦʾ ʙʫʜʦʚʠ), ʪʘʢ ʽ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʽ ʧʦʣʷʨʠʟʦʚʘʥʽ 

ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʯʘʩʪʠʥʢʠ (ʘʪʦʤʠ ʤʝʪʘʣʽʚ, ʤʦʣʝʢʫʣʠ 

ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʬʫʣʝʨʝʥʠ, ʥʘʥʦʪʨʫʙʢʠ). ʊʨʘʥʩʧʦʨʪ 

ʟʘʨʷʜʞʝʥʦʾ ʘʙʦ ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʯʘʩʪʠʥʢʠ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʥʘʧʨʷʤʢʫ 

ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ ʫʤʦʚ ʧʦʜʦʣʘʥʥʷ ʯʘʩʪʠʥʢʦʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ, ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʩʽʷʥʥʷ ʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʫʯʢʫ, ʜʠʬʫʟʽʾ, ʪʝʧʣʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʽ ʪ.ʧ. 

ʷʚʠʱ. ʊʦʙʪʦ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʪʝʤʧʣʘʪʫ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʜʫʞʝ ʰʠʨʦʢʠʤ 

ʨʷʜʦʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʘʢʫʫʤʽ, ʛʘʟʦʚʽʡ ʘʙʦ ʨʽʜʢʽʡ 

ʬʘʟʽ. 

ɺ ʥʘʚʝʜʝʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʦʙôʻʤ ʪʘ ʨʦʟʤʽʨʠ 

ʦʩʘʜʞʝʥʠʭ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʢʽʣʴʢʽʩʪʶ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ 

ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʟʦʣʦʪʘ, ʷʢʝ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ ʢʽʣʴʢʦʭ ʤʽʢʨʦʥʽʚ. ʎʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʫ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʦʚʱʠʥʽ 

ʟʦʣʦʪʦʛʦ ʦʩʘʜʫ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʥʝʦʜʥʦʨʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʝʢʨʘʥʫʻʪʴʩʷ ʽ ʪʨʘʥʩʧʦʨʪ ʩʪʘʻ ʧʨʦʩʪʦʨʦʚʦ ʦʜʥʦʨʽʜʥʠʤ. 
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ʅʘʡʤʝʥʰʠʡ ʧʝʨʽʦʜ ʩʬʦʨʤʦʚʘʥʦʾ ʛʦʣʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨʠ 

ʩʪʘʥʦʚʠʪʴ ʯʚʝʨʪʴ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ 

ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ. ʆʪʞʝ, ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʽʚ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʫ ʢʦʨʦʪʢʦʭʚʠʣʝʚʽʡ ʚʠʜʠʤʽʡ ʪʘ ʙʣʠʞʥʽʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ 

ʦʙʣʘʩʪʽ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʝʨʽʦʜʦʤ 

~100 ʥʤ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʨʦʩʪʘʪʠʤʝ ʧʨʦʧʦʨʮʽʡʥʦ, ʱʦ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʽʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʚʠʢʣʶʯʥʦ ʫ ʚʘʢʫʫʤʽ. ʉʫʪʪʻʚʘ ʧʨʦʩʪʦʨʦʚʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʷʚʠʱ ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʪʘ 

ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʱʝ ʥʘ ʧʦʨʷʜʦʢ ʟʤʝʥʰʠʪʠ 

ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

ʧʨʠ ʫʤʦʚʽ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠʢ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʝʪʥʠʭ ʪʝʤʧʣʘʪʽʚ ʫ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʩʬʦʨʤʦʚʘʥʦ 

ʪʘʢʠʡ ʪʝʤʧʣʘʪ ʧʣʦʱʝʶ 1 ʩʤ
2
, ʧʝʨʽʦʜʦʤ ʙʽʣʷ 2 ʤʢʤ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ 

ʤʝʪʦʜʦʤ ʧʨʠ ʝʢʩʧʦʟʠʮʽʾ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ 

ʛʦʣʦʛʨʘʤʦʶ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʩʠʤʝʪʨʽʷ ʦʩʘʜʞʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ 

ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ, ʦʜʝʨʞʘʥʠʭ ʥʘʧʠʣʝʥʥʷʤ ʫ 

ʚʘʢʫʫʤʽ, ʟʘʜʘʶʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʛʦʣʦʛʨʘʤʠ, ʷʢʝ ʚʠʢʦʨʠʩʪʘʥʝ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ 

ʦʩʘʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʩʢʣʘʜʘʣʘ 120 ʄɺ/ʤ. ʅʘ ʧʦʚʝʨʭʥʶ 

ʪʝʤʧʣʘʪʫ ʤʦʞʣʠʚʝ ʦʩʘʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʫ ʚʘʢʫʫʤʽ, ʽʟ ʛʘʟʦʚʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ.  

 

3.8. ʂʦʣʝʢʪʠʚʥʽ ʟʙʫʜʞʝʥʥʷ ʫ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʢ 

 

ʇʣʘʟʤʦʥʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʨʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ, 

ʧʦʚôʷʟʘʥʽ ʽʟ ʢʦʣʝʢʪʠʚʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʨʽʟʥʠʭ 
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ʩʝʨʝʜʦʚʠʱʘʭ. ʅʘ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʥʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʚʠʢʣʠʢʘʻ ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʟʤʽʥʠ ʛʫʩʪʠʥʠ 

ʟʘʨʷʜʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ. ʈʝʟʦʥʘʥʩʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʽʩʥʫʻ ʟʩʫʚ ʧʦ ʬʘʟʽ, ʙʣʠʟʴʢʠʡ ʜʦ p. 

ɺ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʘʭ ʨʝʟʦʥʘʥʩʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʧʪʠʯʥʽʡ ʦʙʣʘʩʪʽ, 

ʚʠʢʣʠʢʘʥʽ ʢʦʣʝʢʪʠʚʥʠʤ ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘʤʠ. ɺ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʠʥʠʢʘʶʪʴ ʝʢʩʠʪʦʥ-

ʧʦʣʷʨʠʪʦʥʠ. 

ʈʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ ʚ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʈʝʟʦʥʘʥʩʥʘ ʚʟʘʻʤʦʜʽʷ ʜʠʬʨʘʛʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽʟ ʣʦʢʘʣʴʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ ʢʦʣʝʢʪʠʚʥʠʭ 

ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʪʘʢʠʭ ʷʚʠʱ ʷʢ 

ʚʽʜʢʨʠʪʪʷ ʢʘʥʘʣʽʚ ʜʠʬʨʘʢʮʽʾ ʚ ʧʽʜʢʣʘʜʢʫ ʪʘ ʧʦʚʽʪʨʷ ʘʙʦ ʧʣʘʟʤʦʥʥʦ-

ʭʚʠʣʝʚʦʜʥʠʭ ʤʦʜ.  

ʆʧʠʩ ʧʣʘʟʤʦʥʥʠʭ ʟʙʫʜʞʝʥʴ [33] ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʟ ʦʛʣʷʜʫ 

ʥʘ ʜʝʢʽʣʴʢʘ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʦʧʠʩʫ ʧʣʘʟʤʦʥʽʚ ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʪʘ ʢʽʥʝʪʠʯʥʽ ʨʽʚʥʷʥʥʷ , ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ 

ʟʘʪʫʭʘʥʥʷ ʧʣʘʟʤʦʥʥʠʭ ʟʙʫʜʞʝʥʴ. ʆʙô̒ ʢʪʥʘ ʧʨʠʚôʷʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʦʧʠʩʽ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʩʧʦʩʽʙ ʦʧʠʩʫ ʩʘʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ: 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʦʣʷʨʠʟʫʻ ʯʘʩʪʠʥʢʠ (ʘʙʦ ʩʝʨʝʜʦʚʠʱʝ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ. ʉʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʦʢ ʤʦʞʝ ʙʫʪʠ 

ʩʫʪʪʻʚʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʽ ʚʠʢʣʠʢʘʪʠ ʧʦʣʷ , ʥʝʦʜʥʦʨʽʜʥʽ ʚ ʤʘʩʰʪʘʙʽ ʟʘʜʘʯʽ, ʷʢʽ 

ʚʘʞʢʦ ʦʧʠʩʫʚʘʪʠ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʽʟ ʜʚʦʭ ʯʘʩʪʠʥʦʢ 

ʥʝ ʻ ʩʫʤʦʶ ʧʦʣʷʨʠʟʦʚʥʦʩʪʝʡ. ʊʦʙʪʦ ʟʘʜʘʯʘ ʥʝ ʻ ʘʜʠʪʠʚʥʦʶ, ʷʢʱʦ ʤʠ 

ʭʦʯʝʤʦ ʢʦʨʝʢʪʥʦ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʦʧʠʩʫ ʩʠʩʪʝʤ 

ʯʘʩʪʠʥʦʢ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ 

[33]. 
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3.9. ʌʦʨʤʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ 

 

ʌʦʪʦʥʥʽ ʢʨʠʩʪʘʣʠ ʪʘ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʧʨʠʪʷʛʫʶʪʴ 

ʫʚʘʛʫ ʩʚʦʾʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʝʟʦʥʘʥʩʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʽʣʴʢʦʤʘ ʚʥʫʪʨʽʰʥʽʤʠ ʨʝʟʦʥʘʥʩʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʧʽʜʩʠʩʪʝʤʘʤʠ ʽʟ ʨʽʟʥʦʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ 

ʰʪʫʯʥʦ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʦʙôʻʢʪʘ. ʇʣʘʟʤʦʥʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʥʝʨʘʜʽʘʮʽʡʥʠʤʠ, ʘʣʝ 

ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʝʥʝʨʛʽʶ ʽ ʩʪʚʦʨʶʚʘʪʠ ʣʦʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ. ʇʝʨʽʦʜʠʯʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ ʦʨʛʘʥʽʟʦʚʘʥʽ ʨʘʜʽʘʮʽʡʥʽ ʤʦʜʠ ʪʘ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʽ ʧʝʨʝʭʦʜʠ ʚ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣʘʭ ʘʙʦ ʥʘʥʦʯʘʩʪʠʥʢʘʭ. 

ʄʘʥʽʧʫʣʷʮʽʷ ʪʠʧʦʤ ʩʠʤʝʪʨʽʾ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʜʣʷ ʨʝʟʦʥʫʶʯʠʭ ʭʚʠʣʴ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʨʝʜʦʚʠʱ ʜʦʟʚʦʣʷʻ 

ʩʠʥʪʝʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʢʣʘʩ ʝʬʝʢʪʽʚ [33,35]. 

ʅʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʤ ʻ ʥʘʩʪʫʧʥʽ: 

- ʇʽʜʩʠʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʜʝʩʷʪʴ ʽ ʙʽʣʴʰʝ ʧʦʨʷʜʢʽʚ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʢʨʝʤʽ ʤʦʣʝʢʫʣʠ ʪʘ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʘ ʥʝ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʽ ʘʥʩʘʤʙʣʽ [35].  

- ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʧʣʘʟʤʦʥʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʦʧʪʠʯʥʠʤ ʟʙʫʜʞʝʥʥʷʤ, ʚ 

ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʽʣʴʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʭʚʠʣʷʤ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʣʠʞʥʴʦʧʦʣʴʦʚʫ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʨʷʜʢʫ ʥʘʥʦʤʝʪʨʽʚ [35]. 

- ʇʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʨʝʟʦʥʘʥʩʫ ʚ ʦʙʣʘʩʪʷʭ ʽʟ 

ʟʥʘʯʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʣʦʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻ ʧʦʨʦʛʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʷʚʠʱ [162,163].  
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- ʉʪʚʦʨʝʥʥʷ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʽʟ ʘʥʦʤʘʣʴʥʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚʩʫʧʝʨʝʯ ʟʚʠʯʥʠʤ ʟʘʢʦʥʘʤ ʢʣʘʩʠʯʥʦʾ ʦʧʪʠʢʠ 

[164-166].  

ʈʝʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʦʝʢʪʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ 

ʪʝʭʥʽʢʠ, ʧʨʦʩʫʥʫʪʠ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʥʦʤʝʪʦʨʦʚʠʡ ʜʽʘʧʘʟʦʥ 

ʪʘ ʩʪʚʦʨʠʪʠ ʷʢʽʩʥʦ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽʩʥʦ ʥʦʚʠʭ ʤʝʜʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʩʝʥʩʦʨʽʚ. ʆʜʥʽʻʶ ʽʟ ʧʨʦʙʣʝʤ ʥʘ ʰʣʷʭʫ 

ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʧʨʦʝʢʪʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʝʨʽʦʜʠʯʥʠʭ ʪʘ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʭ ʦʜʥʦ-, ʜʚʦʭ- ʪʘ ʪʨʴʦʭ-ʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ 

ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ, ʥʘʥʦʯʘʩʪʠʥʢʠ-ʜʽʝʣʝʢʪʨʠʢ, ʤʝʪʘʣ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ.  

ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, ʦʨʛʘʥʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʤʧʣʘʪʽʚ, ʻ ʜʚʦʚʠʤʽʨʥʠʤʠ ʧʝʨʽʦʜʠʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʦʩʪʨʽʚʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʤʝʪʘʣʽʚ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʠʨʦʜʠ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʽʟ ʧʝʨʽʦʜʠʯʥʠʤ ʨʝʣʴʻʬʦʤ 

[167]. ʉʠʤʝʪʨʽʷ ʪʘ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨ ʟʘʜʘʶʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ, 

ʷʢʠʤ ʝʢʩʧʦʥʫʶʪʴ ʪʝʤʧʣʘʪ [15]. ɼʚʦʚʠʤʽʨʥʝ ʦʧʪʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʬʦʨʤʫʚʘʪʠʩʷ ʛʦʣʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʧʝʨʝʥʦʩʠʪʠʩʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʪʝʤʧʣʘʪʫ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [53,122,123,150,136,168,169] ʽ 

ʬʦʨʤʫʚʘʪʠ ʪʦʧʦʣʦʛʽʶ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ʄʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʝʨʽʦʜʠʯʥʽ 

ʩʪʨʫʢʪʫʨʠ ʦʜʝʨʞʫʚʘʣʠ ʰʣʷʭʦʤ ʥʘʧʠʣʝʥʥʷ ʰʘʨʫ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʤʝʪʦʜʘʤʠ [15,53,82,136,150,151,156,168,169,170] ʥʘ 

ʦʩʥʦʚʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʧʦʣʽʚʽʥʽʣʢʘʨʙʘʟʦʣʫ, CdSe ʪʘ 

ʬʫʣʝʨʝʥʫ C60 ʽʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ 1,5 ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ He-Ne ʣʘʟʝʨʘ. 

ʉʚʽʪʣʦʚʝ ʧʦʣʝ, ʷʢʠʤ ʝʢʩʧʦʥʫʶʪʴ ʬʦʪʦʧʨʦʚʽʜʥʠʢ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʚʝʨʭʥʝʚʠʡ ʨʝʣʴʻʬ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ [15,53,150,166]. 

ʉʢʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘʢʦʾ ʧʣʽʚʢʠ ʜʘʻ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ (ʨʠʩ. 3.12).  
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ʈʠʩ. 3.12. ʉʢʘʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ, ʪʦʧʦʣʦʛʽʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʱʦ 

ʝʢʩʧʦʥʫʻ ʬʦʪʦʧʨʦʚʽʜʥʠʢ (ʩʢʘʥʫʶʯʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ ʧʦʚʝʨʭʥʽ 

ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʧʦʣʽʤʝʨʫ) [84] 

 

ʈʝʟʦʥʘʥʩʥʽ ʷʚʠʱʘ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʩʪʨʫʢʪʫʨʽ ʟʦʣʦʪʠʡ ʦʩʪʨʽʚʮʝʚʠʡ ʰʘʨ 

ʪʦʚʱʠʥʦʶ ʜʦ 150 ʥʤ - ʧʦʣʽʤʝʨʥʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ 850 ʥʤ ʽʟ ʜʚʦʚʠʤʽʨʥʦʶ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʫ ʚʠʛʣʷʜʽ ˇʨʘʪʢʠ 500 ʤʤ
-1
 - ʧʨʦʚʽʜʥʠʡ ʧʨʦʟʦʨʠʡ 

ʰʘʨ SnO2 ï ʩʢʣʷʥʘ ʧʽʜʢʣʘʜʢʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʭʝʤʦʶ ʥʘ ʧʨʦʩʚʽʪ ʥʘ ʦʧʪʠʯʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ɹʽʦʣʘʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 800. ʄʦʨʬʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʩʢʘʥʫʶʯʦʤʫ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤʫ ʤʽʢʨʦʩʢʦʧʽ (ɸʉʄ) NanʦScope IIIa ʚ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʢʦʥʪʘʢʪʽ ʢʨʝʤʥʽʻʚʠʤ ʟʦʥʜʦʤ ʽʟ ʥʦʤʽʥʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ 

ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʩʪʨʷ 10 ʥʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʫʪʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ s ʪʘ p 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʂʨʝʯʤʘʥʘ ʚʠʢʦʥʫʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʤʦʜʫʣʷʮʽʡʥʦ-ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ He-Ne 

ʣʘʟʝʨʘ, ʧʨʦʧʫʱʝʥʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʤʦʜʫʣʷʪʦʨ 
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ʧʦʣʷʨʠʟʘʮʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʨʠʟʤʠ ʩʧʨʷʤʦʚʫʚʘʣʠ ʥʘ ʟʨʘʟʦʢ 

ʧʣʽʚʢʠ ʽʟ ʙʦʢʫ ʧʽʜʢʣʘʜʢʠ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ [107]. ɼʟʝʨʢʘʣʴʥʦ ʚʽʜʙʠʪʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʻʩʪʨʫʚʘʣʠ ʬʦʪʦʧʨʠʡʤʘʯʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʭʨʦʥʥʦ-

ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʯʘʩʪʦʪʽ ʤʦʜʫʣʷʮʽʾ. ʇʦʨʫʰʝʥʥʷ ʧʦʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ 

ʨʝʟʦʥʘʥʩʥʝ ʧʦʚʝʨʭʥʝʚʝ ʟʙʫʜʞʝʥʥʷ [107]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʦʜʝʨʞʘʥʠʭ ʦʩʪʨʽʚʮʝʚʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.13.  
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ʈʠʩ. 3.13. ʉʝʣʝʢʪʠʚʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ 

ʪʝʤʧʣʘʪʘ [84]: ʘ ï ʜʚʦʚʠʤʽʨʥʘ ʧʝʨʽʦʜʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟʦʣʦʪʠʭ ʦʩʪʨʽʚʮʽʚ 

(ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʥʘ ʧʨʦʩʚʽʯʫʚʘʥʥʷ, ʧʝʨʽʦʜ ʙʣʠʟʴʢʦ 2 ʤʢʤ), ʙ ï ʘʪʦʤʥʦ-

ʩʠʣʦʚʘ ʤʦʨʬʦʤʝʪʨʽʷ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚ ï ʧʨʦʬʽʣʦʛʨʘʤʘ 

ʧʦʯʘʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʘ, ʛ ï ʧʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ  
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ʇʦʚʝʨʭʥʷ ʪʝʤʧʣʘʪʫ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʧʝʨʽʦʜʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽʟ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʛʨʘʪʢʦʶ ʽ ʚʠʛʣʷʜʽ ʨʝʣʴʻʬʫ ʚʠʩʦʪʦʶ ʙʽʣʷ 200 ʥʤ, ʨʠʩ. 3.13, 

ʚ. ʂʦʥʜʝʥʩʘʮʽʷ ʟʦʣʦʪʘ ʥʘ ʧʦʣʽʤʝʨʥʫ ʧʣʽʚʢʫ ʚʠʩʦʪʦʶ ʜʦ 150 ʥʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʝʣʝʢʪʠʚʥʦ ʥʘ ʛʨʝʙʥʷʭ ʨʝʣʴʻʬʫ ʪʝʤʧʣʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʻʪʴʩʷ 

ʜʚʦʚʠʤʽʨʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʧʝʨʽʦʜʠʯʥʘ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʨʠʩ. 

3.13, ʘ, ʙ, ʛ ʽʟ ʩʢʣʘʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ. ʇʨʦʷʚʣʝʥʥʷ ʭʚʠʣʝʚʦʜʥʠʭ ʪʘ 

ʧʣʘʟʤʦʥʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʂʨʝʯʤʘʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦ - ʢʫʪʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʨʫʰʝʥʥʷ ʧʦʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʽʦʜʠʯʥʠʭ 

2D ʩʪʨʫʢʪʫʨʘʭ ʚʠʷʚʠʣʦ ʨʷʜ ʨʝʟʦʥʘʥʩʽʚ ʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʠʩʧʝʨʩʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʟʙʫʜʞʝʥʴ (ʨʠʩ. 3.14). ʈʝʟʫʣʴʪʘʪʠ ʨʠʩ. 3.14, ʙ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥ ʜʣʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚ ʜʚʦʚʠʤʽʨʥʽʡ ʧʝʨʽʦʜʠʯʥʽʡ 

ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʇʨʠ ʟʤʽʥʽ ʢʫʪʘ ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ ʥʘ ʟʨʘʟʦʢ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʝʢʮʽʷ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʘ 

ʧʣʦʱʠʥʫ ʧʣʽʚʢʠ. ɿʘ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʤʦʞʝ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ ʫ ʬʦʪʦʥʥʦʤʫ ʢʨʠʩʪʘʣʽ, ʪʦʤʫ ʱʦ ʧʨʦʝʢʮʽʷ ʭʚʠʣʴʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʧʦʪʨʘʧʣʷʻ ʫ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ. ɿʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʫ ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʜʣʷ 

ʚʠʱʠʭ ʟʦʥ ʥʘʚʽʪʴ ʫ ʥʘʙʣʠʞʝʥʥʽ ʧʫʩʪʦʾ ˇʨʘʪʢʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʠ/ʜʦʚʞʠʥʘ ʭʚʠʣʽ 1,6 ʚ ʥʘʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʤʦʞʫʪʴ 

ʽʩʥʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʨʝʟʦʥʘʥʩʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʟʙʫʜʞʝʥʴ 

ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʦʥʘʥʩʽʚ (ʨʠʩ. 3.14) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʽʟ ʪʦʧʦʣʦʛʽʻʶ ʨʠʩ. 3.13 ʪʘ 

ʦʮʽʥʦʢ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʠʩ. 3.14. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʦʢʘʟʘʚ ʚʽʜʤʽʥʥʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮʽ ʨʦʟʩʽʷʥʥʷ [45,46,171] ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ 

ʧʣʘʟʤʦʥʥʦ-ʭʚʠʣʴʦʚʦʜʥʽ ʤʦʜʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʽʟ ʤʦʨʬʦʣʦʛʽʻʶ ʨʠʩ. 
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3.12 ʤʝʪʦʜʘʤʠ [46,171] ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ 

ʨʦʟʜʽʣʝʥʥʷ ʟʤʽʥʥʠʭ, ʦʩʢʽʣʴʢʠ ʧʽʜʭʽʜ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʣʘʥʘʨʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʄʦʞʣʠʚʦ ʧʝʨʝʭʽʜ ʜʦ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʦʨʜʠʥʘʪ ʜʦʟʚʦʣʠʪʴ ʘʥʘʣʽʪʠʯʥʦ 

ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. 

 

 

 

ʘ ʙ 
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ʈʠʩ. 3.14. ʂʫʪʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ, ʚʠʤʽʨʷʥʽ ʟʘ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʂʨʝʯʤʘʥʘ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ He-Ne ʣʘʟʝʨʘ 

[84]: ʘ - ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʙ - ʚʽʜʙʠʪʪʷ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.6), ʚ - ʜʣʷ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʦʩʪʨʽʚʮʝʚʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.6, ʛ), ʛ - ʚ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ʩʪʨʫʢʪʫʨʽ ʽʟ 

ʰʪʫʯʥʠʤ ʜʝʬʝʢʪʦʤ (ʩʤʫʛʘ ʫ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ)  
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ɿʙʫʜʞʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʣʘʟʤʦʥʥʠʭ ʪʘ ʭʚʠʣʝʚʦʜʥʠʭ ʤʦʜ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʟʦʣʦʪʠʭ ʦʩʪʨʽʚʮʝʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ (ʨʠʩ. 3.14, ʚ). ʊʠʧʦʚʘ ʰʠʨʠʥʘ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʛʣʘʜʢʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʘ ʩʪʘʥʦʚʠʪʴ 2-5  ̄ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʥʘ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 632 ʥʤ [107]. ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.14, ʚ ʢʫʪʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʯʠʩʣʝʥʥʠʭ 

ʨʝʟʦʥʘʥʩʽʚ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʫʪʚʦʨʶʶʯʠ ʰʠʨʦʢʫ ʩʤʫʛʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʟʙʫʜʞʝʥʴ ʚ ʜʽʘʧʘʟʦʥʽ 47-65̄ . ʇʦʚôʷʟʘʪʠ ʮʝ ʤʦʞʥʘ ʽʟ 

ʧʦʣʝʛʰʝʥʥʷʤ ʫʤʦʚ ʫʟʛʦʜʞʝʥʥʷ ʭʚʠʣʝʚʠʭ ʚʝʢʪʦʨʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ 

ʪʘ ʧʣʘʟʤʦʥʽʚ ʥʘ ʧʝʨʽʦʜʠʯʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ɹʨʝʛʛʽʚʩʴʢʦʛʦ ʚʽʜʙʠʪʪʷ. ɼʣʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʢʣʘʜʦʚʠʭ ʢʚʘʟʽʽʤʧʫʣʴʩʘ ʬʦʪʦʥʘ 

ʪʘ ʧʣʘʟʤʦʥʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʫ ʚʠʛʣʷʜʽ [33,35]: 

k ʬʦʪʦʥ Ɛ = kƐ+ Nq,      

ʜʝ k ʬʦʪʦʥ Ɛ ʧʦʚʝʨʭʥʝʚʘ ʩʢʣʘʜʦʚʘ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʬʦʪʦʥʫ, kƐ ï ʧʦʚʝʨʭʥʝʚʘ 

ʩʢʣʘʜʦʚʘ ʢʚʘʟʽʽʤʧʫʣʴʩʫ ʧʣʘʟʤʦʥʫ, q ï ʧʦʚʝʨʭʥʝʚʠʡ ɹʨʝʛʽʚʩʴʢʠʡ ʚʝʢʪʦʨ, Nï 

ʮʽʣʝ ʯʠʩʣʦ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʪʢʘ ʤʘʻ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ 

ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʥʘʙʽʨ ʙʨʝʛʽʚʩʴʢʠʭ ʚʝʢʪʦʨʽʚ. ʇʨʠ ʟʤʽʥʽ ʢʫʪʘ ʚʚʝʜʝʥʥʷ 

ʩʚʽʪʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʤʽʞ ʤʦʜʘʤʠ ʽʟ ʙʣʠʟʴʢʠʤʠ 

ʭʚʠʣʝʚʠʤʠ ʚʝʢʪʦʨʘʤʠ, ʘʣʝ ʫʤʦʚʠ ʨʝʟʦʥʘʥʩʫ ʜʣʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʝʚʠʭ ʚʝʢʪʦʨʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʨʝʟʦʥʘʥʩʫ ʚ ʪʦʥʢʽ ʛʣʘʜʢʽ ʧʣʽʚʮʽ ʟʦʣʦʪʘ [45,107]. ɺʠʛʦʪʦʚʣʝʥʠʡ ʦʙôʻʢʪ ʷʚʣʷʻ 

ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʧʣʘʟʤʦʥ-ʧʦʣ̫ʨʠʪʦʥʥʫ ʩʪʨʫʢʪʫʨʫ  ʽʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ 

ʛʨʘʪʢʦʶ. ɼʝʬʝʢʪʠ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʦʙʤʝʞʫʶʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʝʟʦʥʘʥʩʥʠʭ ʤʦʜ ʜʣʷ ʧʝʚʥʠʭ ʭʚʠʣʝʚʠʭ ʚʝʢʪʦʨʽʚ. ɿʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ 

ʟʙʫʜʞʝʥʥʷ ʰʠʨʦʢʘ ʧʦʣʦʩʘ ʨʝʟʦʥʘʥʩʽʚ ʨʠʩ. 3.14, ʚ ʥʝ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ 

ʯʝʨʝʟ ʨʦʟʩʽʷʥʥʷ ʜʝʷʢʠʭ ʟʙʫʜʞʝʥʴ ʥʘ ʜʝʬʝʢʪʽ. 

ɼʣʷ ʜʚʦʚʠʤʽʨʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʣʦʪʠʭ ʦʩʪʨʽʚʮʽʚ ʽʟ ʣʽʥʽʡʥʠʤ 

ʜʝʬʝʢʪʦʤ (ʨʠʩ. 3.14, ʛ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʤʫʛʠ ʟʙʫʜʞʝʥʴ 

ʚ ʦʙʣʘʩʪʽ ʢʫʪʽʚ 45-53̄  ʪʘ 67-78̄  ʜʣʷ ʨ-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʜʦʚʞʠʥʽ 
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ʭʚʠʣʽ 632 ʥʤ (ʨʠʩ. 3.14, ʛ), ʪʦʜʽ ʷʢ ʥʘ ʙʝʟʜʝʬʝʢʪʥʽʡ ʜʽʣʷʥʮʽ ʦʙʣʘʩʪʴ 

ʨʝʟʦʥʘʥʩʫ ʩʪʘʥʦʚʠʪʴ 47-65̄  (ʨʠʩ. 3.14, ʚ). ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʙʝʟʜʝʬʝʢʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʨʝʟʦʥʘʥʩ ʜʣʷ s-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʥʝ ʚʠʷʚʣʷʻʪʴʩʷ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʙʫʜʞʝʥʥʷ ʪʽʻʾ ʞ ʩʪʨʫʢʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 1150 ʥʤ. ɼʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ ʤʝʭʘʥʽʯʥʦ ʥʘʥʝʩʝʥʦʾ ʨʠʩʢʠ 

ʰʠʨʠʥʦʶ 3 ʧʝʨʽʦʜʠ ˇʨʘʪʢʠ ʫ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʥʘ ʨʠʩ. 3.14, ʛ ʥʝ ʦʙʤʝʞʫʻ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʚʠʣʴ, ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ ʡʦʛʦ 

ʚʽʩʽ, ʪʦʜʽ ʷʢ ʟʙʫʜʞʝʥʥʷ ʽʟ ʽʥʰʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʩʽʶʶʪʴʩʷ ʥʘ ʪʘʢʦʤʫ 

ʚʝʣʠʢʦʤʫ ʜʝʬʝʢʪʽ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʦʨʫʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

ʰʪʫʯʥʦʛʦ ʜʝʬʝʢʪʫ ʥʘ ʨʝʟʦʥʘʥʩʥʝ ʧʦʛʣʠʥʘʥʥʷ ʫ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʝʤʧʣʘʪʥʠʤ 

ʤʝʪʦʜʦʤ ʧʝʨʽʦʜʠʯʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʝʪʥʠʭ 

ʪʝʤʧʣʘʪʽʚ ʫ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʩʬʦʨʤʦʚʘʥʦ ʪʘʢʠʡ ʪʝʤʧʣʘʪ 

ʧʣʦʱʝʶ ~1 ʩʤ
2
 ʽʟ ʧʝʨʽʦʜʦʤ ʙʽʣʷ 2 ʤʢʤ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʝʢʩʧʦʟʠʮʽʾ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʛʦʣʦʛʨʘʤʦʶ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʩʠʤʝʪʨʽʷ ʦʩʘʜʞʝʥʠʭ 

ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ, ʦʜʝʨʞʘʥʠʭ 

ʥʘʧʠʣʝʥʥʷʤ ʫ ʚʘʢʫʫʤʽ, ʟʘʜʘʶʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʛʦʣʦʛʨʘʤʠ, 

ʷʢʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʩʘʤʦʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʚ ʚʘʢʫʫʤʽ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʨʫʩʽ 

ʘʜʩʦʨʙʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʘʪʦʤʽʚ ʘʙʦ ʢʣʘʩʪʝʨʽʚ ʚ ʣʦʢʘʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʘ ʾʭ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʽʟ ʫʪʚʦʨʝʥʥʷʤ 

ʪʚʝʨʜʦʾ ʬʘʟʠ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ ʦʩʘʜʞʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʦʮʽʥʝʥʦ ʫ 120 ʄɺ/ʤ.  
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ʅʘ ʧʦʚʝʨʭʥʶ ʦʧʠʩʘʥʦʛʦ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʤʦʞʣʠʚʝ ʦʩʘʜʞʝʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʘʢʫʫʤʽ, 

ʽʟ ʛʘʟʦʚʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʨʝʯʦʚʠʥʠ, ʩʘʤʦʟʙʠʨʘʥʥʷ ʷʢʦʛʦ 

ʝʬʝʢʪʠʚʥʦ ʢʦʥʨʦʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʟʘʨʷʜʘʤʠ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʝʢʨʘʥʫʚʘʥʥʷ ʽ ʩʢʣʘʜʘʻ ʚʽʜ ʢʽʣʴʢʘʩʦʪ 

ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʜʣʷ ʤʝʪʘʣʽʚ. 

ʇʨʦʩʪʦʨʦʚʠʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʘʢʠʤ ʪʝʤʧʣʘʪʥʠʤ 

ʤʝʪʦʜʦʤ ʦʙʤʝʞʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʩʚʽʪʣʦʚʦʤʫ 

ʧʦʣʽ, ʘ ʨʦʟʤʽʨʠ ʽ ʩʪʨʫʢʪʫʨʘ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ.  

ʊʝʤʧʣʘʪʥʠʤ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʽ ʧʦʚʝʨʭʥʝʚʽ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʪʘ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʝʨʽʦʜʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʽʟ ʭʘʨʘʢʪʝʨʥʠʤ 

ʧʝʨʽʦʜʦʤ  ʙʽʣʷ 2ʤʢʤ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʩʧʝʢʪʨʠ ʾʭ ʧʦʛʣʠʥʘʥʥʷ, 

ʚʠʤʽʨʷʥʽ ʤʝʪʦʜʦʤ ʤʦʜʫʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʽʾ, ʤʘʶʪʴ ʦʟʥʘʢʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʬʦʪʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ʢʘʨʙʘʟʦʣʫ ʜʣʷ ʝʣʝʢʪʨʝʪʥʦʛʦ 

ʪʝʤʧʣʘʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʝʪʦʜʦʤ ʩʧʽʣʴʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʫ 

ʚʘʢʫʫʤʽ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʾʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ɼʚʦʚʠʤʽʨʥʽ ʧʝʨʽʦʜʠʯʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʪʘ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʽ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 632 ʥʤ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʚʽʜʙʠʪʪʷ ʚʠʷʚʣʷʶʪʴ ʨʝʟʦʥʘʥʩʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʘ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʠʭ 2D ʩʪʨʫʢʪʫʨ. 

ʇʦʨʫʰʝʥʥʷ ʚ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʠʭ ʣʽʥʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʦʥʘʥʩʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. 
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ʈʆɿɼɯʃ 4 

 

ɽʌɽʂʊʀ ʇʈʆʉʊʆʈʆɺʆ-ʉɽʃɽʂʊʀɺʅʆɻʆ  

ʌɸɿʆʋʊɺʆʈɽʅʅʗ ʇɯɼ ʏɸʉ ʂʆʅɼɽʅʉɸʎɯɰ ɿʆʃʆʊɸ ʅɸ ɺɯʃʔʅɯʁ 

ʇʆɺɽʈʍʅɯ ɽʃɽʂʊʈɽʊʅʆɻʆ ʊɽʄʇʃɸʊʋ 

 

4.1. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʧʽʣʴʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʫ ʚʘʢʫʫʤʽ 

 

ʈʦʟʚʠʪʦʢ ʬʦʪʦʥʽʢʠ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʩʝʥʩʦʨʠʢʠ ʚʠʤʘʛʘʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʟʘʻʤʦʜʽʡ ʚ 

ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʤʘʩʰʪʘʙʽ. ʇʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ 

ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʘʶʪʴ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ ʬʦʪʦʧʨʦʚʽʜʥʠʭ, ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʩʦʥʷʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [61,172,173] ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʞʠʚʠʭ 

ʩʠʩʪʝʤ.  

ʊʝʤʧʣʘʪʠ ʻ ʦʜʥʠʤ ʽʟ ʚʠʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ 

ʚʠʱʝ, ʪʝʤʧʣʘʪʦʤ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʫ ʧʨʦʩʪʦʨʽ 

ʤʽʢʨʦʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʦʙôʻʢʪʽʚ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʙʣʠʞʥʴʦʧʦʣʴʦʚʦʾ ʚʟʘʻʤʦʜʽʾ [15,16]. ʉʠʣʴʥʝ, ʧʨʦʩʪʦʨʦʚʦ ʦʨʛʘʥʽʟʦʚʘʥʝ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʦʣʝ ʪʝʤʧʣʘʪʫ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʢʽʥʝʪʠʯʥʦʛʦ ʪʘ 

ʜʠʬʫʟʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʨʝʯʦʚʠʥʠ, ʩʦʨʙʮʽʾ, ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, 

ʬʘʟʦʫʪʚʦʨʝʥʥʷ, ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʞʝʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ 

ʩʠʤʝʪʨʽʶ ʧʨʦʮʝʩʽʚ [174]. 

ɽʬʝʢʪʠʚʥʠʤ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ ʻ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ [84,146] ʘ 

ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʚ ʟʘʜʘʥʦʾ ʪʦʧʦʣʦʛʽʾ ʻ ʧʣʽʚʢʠ ʥʘ ʦʩʥʦʚʽ 
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ʧʦʣʽʚʽʥʢʘʨʙʘʟʦʣʫ (ʇɺʂ), ʜʦʧʦʚʘʥʽ ʘʢʮʝʧʪʦʨʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʩʧʦʣʫʢʘʤʠ ʪʘ ʟʦʣʦʪʦʤ ʱʦ 

ʚʠʛʦʪʦʚʣʝʥʽ ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

ʇɺʂ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʬʦʪʦʧʨʦʚʽʜʥʠʤʠ ʧʦʣʽʤʝʨʦʤ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʾ, ʟʦʢʨʝʤʘ ʚ ʪʝʭʥʦʣʦʛʽʾ ʩʫʯʘʩʥʠʭ 

ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʽʚ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʯʫʪʣʠʚʠʭ ʜʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʠʭ ʬʦʪʦʧʨʦʚʽʜʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʦʜʝʨʞʘʥʦ ʥʘ ʧʣʽʚʢʘʭ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʩʠʥʪʝʟʦʤ ʽʟ ʨʦʟʯʠʥʽʚ 

[61,128,175]. ɻʘʟʦʬʘʟʥʽ ʤʝʪʦʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʭ ʨʝʻʩʪʨʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʜʠʥʥʠʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʰʽ ʯʠʥʥʠʢʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [175,176]. ɻʘʟʦʬʘʟʥʝ ʦʩʘʜʞʝʥʥʷ ʥʘʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʽʪʢʠʭ ʤʝʞ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʪʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʤʥʠʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʣʦʢʘʣʴʥʠʤ ʧʦʣʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʠʥʪʝʟʫ ʩʦʥʷʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [177] ʪʘ ʚ 

ʩʝʥʩʦʨʠʮʽ [156]. ʂʦʤʙʽʥʘʮʽʷ ʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇɺʂ ʟ ʽʥʰʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʨʦʙʠʪʴ ʾʭ ʧʨʠʚʘʙʣʠʚʠʤʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ 

ʚʝʣʠʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ [57-59,61,62,65,67,68,72,82,178,179], ʱʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʝʣʝʢʪʨʦʬʦʪʦʛʘʬʽʾ ʫ ʷʢʦʩʪʽ ʩʝʥʩʦʨʽʚ ʪʘ ʚ ʪʝʤʧʣʘʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ [84]. 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʣʽʚʢʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʚʽʥʽʢʘʨʙʘʟʦʣ 

(ʇɺʂ), ʜʦʧʦʚʘʥʦʛʦ ʘʢʮʝʧʪʦʨʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʩʧʦʣʫʢʘʤʠ ʪʘ ʟʦʣʦʪʦʤ ʚ ʛʘʟʦʬʘʟʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʦʧʫʚʥʥʷ ʇɺʂ ʜʦʥʦʨʥʦ- ʘʢʮʝʧʪʦʨʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, 

ʟʦʢʨʝʤʘ CdSe, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ 

ʟʘʨʷʜʫ.  

ʄʝʪʦʜʠʢʘ ʛʘʟʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʪʽʚ ʇɺʂ. ʇʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʛʘʟʦʚʫ ʬʘʟʫ ʫ ʚʘʢʫʫʤʽ ʟ ʜʝʢʽʣʴʢʦʭ 
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ʜʞʝʨʝʣ ʽ ʩʧʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʂʦʤʧʦʥʝʥʪʠ ʧʣʽʚʦʢ ʇɺʂ 

ʦʩʘʜʞʫʚʘʣʠ ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʚʘʢʫʫʤʽ 

ʧʦʨʦʰʢʫ ʧʦʣʽʤʝʨʫ ʇɺʂ (ʩʝʨ.ʤʦʣ. ʤʘʩʘ 10 000), ʧʝʨʝʥʦʩʫ ʧʨʦʜʫʢʪʽʚ ʫ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʫʯʢʫ ʥʘ ʚʽʜʩʪʘʥʴ 15 ʩʤ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʽʜʢʣʘʜʮʽ. ɺ 

ʦʢʨʝʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʜʘʪʢʦʚʝ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ 

ʚʧʣʠʚʦʤ ʥʘ ʧʘʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʝʥʝʨʛʽʻʶ 0,7-1 ʂʝɺ ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ 

1-3 ʤɸ/ʩʤ
2
.  

 

ʈʠʩ. 4.1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ɺʋʇ-5ʄ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʦʢ, ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ [84]: 1 - ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ, 2 - ʧʽʜʢʣʘʜʢʘ, 3 - 

ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ ʽʟ ʧʨʠʚʦʜʦʤ 4, 5 - ʨʫʭʦʤʽ ʝʢʨʘʥʠ, 6, 7, 

8 - ʚʠʧʘʨʦʚʫʚʘʯʽ, 9 - ʨʝʟʦʥʘʪʦʨʥʽ ʢʚʘʨʮʦʚʽ ʜʘʪʯʠʢʠ, 10 - ʩʚʽʪʣʦʚʦʜʠ, 11 - 

ʪʝʧʣʦʚʽ ʝʢʨʘʥʠ ʚʠʧʘʨʦʚʫʚʘʯʽʚ, 12 - ʢʦʥʪʨʦʣʝʨ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ, 13- 

ʜʘʪʯʠʢ ʪʠʩʢʫ ʽʦʥʽʟʘʮʽʡʥʦʛʦ ʪʠʧʫ, 14 - ɸʎʇ, ʎɸʇ, 15 -ʜʠʬʨʘʢʮʽʡʥʠʡ 

ʤʽʥʽʩʧʝʢʪʨʦʤʝʪʨ, 16- ʢʦʥʪʨʦʣʝʨ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 17,18,19- 

ʢʦʥʪʨʦʣʝʨʠ ʚʠʧʘʨʦʚʫʚʘʯʽʚ, 20 - ʢʝʨʫʶʯʠʡ ʢʦʤʧôʶʪʝʨ, 21 - ʩʠʩʪʝʤʘ 

ʚʽʜʢʘʯʢʠ ʫʩʪʘʥʦʚʢʠ ɺʋʇ-5ʄ  
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ɸʢʮʝʧʪʦʨʠ CdSe ʪʘ ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥ (Tʅʌ) ʩʫʙʣʽʤʫʚʘʣʠ ʟ 

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʨʦʟʞʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ. ʊʠʩʢ 

ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʩʪʘʥʦʚʠʚ 3Ö10
-2
 ʇʘ. ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʦʣʷʨʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʻʶ 

ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʋ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʷʨʠʟʘʮʽʾ, ʨʦʙʦʪʘ ʚʠʭʦʜʫ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʫ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʩʫʙʣʽʤʘʪʦʨʘ, ʱʦ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ [158]. ʊʦʤʫ ʜʣʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʧʣʽʚʦʢ ʽʟ 

ʟʘʜʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ ʪʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʨʦʱʫʚʘʥʥʷ ʧʣʽʚʦʢ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ. ɺʠʨʦʱʫʚʘʥʥʷ ʧʣʽʚʦʢ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʘʢʫʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ɺʋʇ-5ʄ (ʋʢʨʘʾʥʘ) ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʦʨʠʛʽʥʘʣʴʥʦʾ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ [83]. ʅʘ 

ʨʠʩ. 4.1 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʧʣʽʚʦʢ, ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʦʩʘʜʞʝʥʥʷ ʟ 

ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2 (ʈʦʟʜʽʣ ɯɯ, ʜʦʜʘʪʦʢ ɯɯ).  

ʅʝʦʙʭʽʜʥʠʡ ʧʨʦʬʽʣʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ 

ʢʦʤʧʦʟʠʪʫ ʪʘ ʢʽʥʝʪʠʢʘ ʨʦʩʪʫ ʟʘʜʘʚʘʣʠʩʷ ʷʢ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʚʠʢʦʥʘʥʝ ʤʦʚʦʶ LabVIEW.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʦʥʘʪʦʨʥʠʭ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ-ʩʚʽʜʢʽʚ ʤʘʩʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʽʚ ʧʦʪʨʝʙʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠʣʠʧʘʥʥʷ ʤʦʣʝʢʫʣ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʾʭʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [180,181], ʷʢʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʬʦʨʤ ʢʘʨʙʘʟʦʣʫ ʟʘ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʩʧʝʢʪʨʘʤʠ. ɿ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʦʚʠ ʦʜʝʨʞʘʥʠʭ ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ 
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ʧʣʽʚʦʢ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ɯʏ ʩʧʝʢʪʨʠ ʧʣʽʚʦʢ (ʨʠʩ. 4.2), ʱʦ ʤʽʩʪʷʪʴ ʢʘʨʙʘʟʦʣ ʪʘ 

ʧʦʨʦʰʢʽʚ ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ (ʇɺʂ) ʪʘ ʤʦʥʦ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ (ʄɺʂ) 

[136]. ʈʝʯʦʚʠʥʠ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʧʽʜʢʣʘʜʢʠ ʽʟ ʢʨʝʤʥʽʶ ʤʘʨʢʠ ʂɼɹ, ʧʦʢʨʠʪʽ 

ʧʣʽʚʢʦʶ ʟʦʣʦʪʘ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 20 ʥʤ, ʪʝʨʤʽʯʥʦ ʥʘʧʠʣʝʥʦʛʦ ʫ ʚʘʢʫʫʤʽ. 

ʇʣʽʚʢʠ ʇɺʂ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 300 ʥʤ ʦʪʨʠʤʫʚʘʣʠ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʰʣʷʭʦʤ 

ʯʘʩʪʢʦʚʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʧʦʨʦʰʢʫ ʧʦʣʽʤʝʨʘ ʇɺʂ (ʩʝʨ. 

ʤʦʣ. ʤʘʩʘ 10 000), ʧʝʨʝʥʦʩʫ ʧʨʦʜʫʢʪʽʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʫʯʢʫ ʚ ʢʘʤʝʨʽ ʽ 

ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʽʜʢʣʘʜʮʽ (ʧʦʟʥʘʯʝʥʽ Tʇɺʂ). ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʧʣʽʚʢʠ ʇɺʂ, ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʷʢʠʭ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʜʦʜʘʪʢʦʚʠʤ 

ʚʧʣʠʚʦʤ ʥʘ ʧʘʨʠ ʝʣʝʢʪʨʦʥʥʠʤ ʧʫʯʢʦʤ (ʧʦʟʥʘʯʝʥʽ Iʇɺʂ). ʆʪʨʠʤʘʥʽ ʟ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʫ ʚʘʢʫʫʤʽ ʧʣʽʚʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʘʨʙʘʟʦʣ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʦʩʘʜʘʤʠ 

ʽʟ ʚʠʭʽʜʥʦʛʦ ʇɺʂ ʽ ʄɺʂ, ʥʘʥʝʩʝʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʨʦʟʤʝʣʝʥʦʛʦ ʧʦʨʦʰʢʫ 

ʥʘ ʪʽ ʞ ʧʽʜʢʣʘʜʢʠ ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʨʦʙʠʣʠ ʫ ʚʽʜʙʠʪʦʤʫ ʚʽʜ ʧʽʜʢʣʘʜʦʢ ʟ 

ʦʙ'ʻʢʪʦʤ ʧʫʯʢʘ ʫ ʧʨʦʪʦʯʥʽʡ ʢʶʚʝʪʽ ʚ ʘʪʤʦʩʬʝʨʽ ʦʩʫʰʝʥʦʛʦ ʘʟʦʪʫ. ʉʧʝʢʪʨʠ 

ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 400-4000 ʩʤ
-1
 ʽʟ ʯʘʩʦʤ ʥʘʢʦʧʠʯʝʥʥʷ 30-60 ʩ. 

ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʘʭ 2700-3600 ʩʤ
-1
 ʽ 1700-500 ʩʤ

-1
 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.2-4.3. 
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ʈʠʩ. 4.2. ʉʧʝʢʪʨʠ ɯʏ ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1700-500 ʩʤ
-1
 [84]: 1 - Tʇɺʂ,  

2 - Iʇɺʂ, 3 - ʇɺʂ, 4 - ʄɺʂ  
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ʋ ʩʧʝʢʪʨʘʭ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ [63,182,183] ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ 

ʜʣʷ ʢʘʨʙʘʟʦʣʫ ʦʙʣʘʩʪʴ 650-1650 ʩʤ
-1
 (ʨʠʩ. 4.3) ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

(ʢʦʣʠʚʘʥʥʷ ʂ) 722 ʩʤ
-1
 (ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ), 

1220ʩʤ
-1
 (ʧʣʦʩʢʽ ʢʦʣʠʚʘʥʥʷ ʛʨʫʧ ʉʅ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ ), 1230 ʩʤ

-1
 (ʉN 

ʢʦʣʠʚʘʥʥʷ), 1450 ʩʤ
-1
 ( ʥʝʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʘʨʙʘʟʦʣʫ).  

ʋ ʩʧʝʢʪʨʘʭ ʪʘʢʦʞ ʻ ʩʤʫʛʠ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 744, 700-750, 2900-

3000 ʩʤ
-1
 (ʛʨʫʧʘ ɸ1), ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʦʣʠʚʘʥʴ ʉʅ ʛʨʫʧ ʚʫʛʣʝʚʦʜʥʽʚ 

ʘʣʢʘʥʦʚʦʛʦ ʨʷʜʫ, 530-640 ʩʤ
-1
 (ʢʦʣʠʚʘʥʥʷ V (ʢʦʣʠʚʘʥʥʷ ʦʣʝʬʽʥʦʚʠʭ ʽ 

ʚʽʥʽʣʦʚʠʭ ʛʨʫʧ)) ʽ 3390-3180 ʩʤ
-1
, 1480-1580 ʩʤ

-1
, 1300-1350 ʩʤ

-1
 (ʢʦʣʠʚʘʥʥʷ 

N (ʢʦʣʠʚʘʥʥʷ NH ʛʨʫʧ ʫ ʨʽʟʥʦʤʫ ʚʘʣʝʥʪʥʦʤʫ ʦʪʦʯʝʥʥʽ)). 

ʂʦʣʠʚʘʥʥʷ ʚ ʧʣʽʚʢʘʭ ʊʇɺʂ ʽ Iʇɺʂ 530-640 ʩʤ
-1
 ʚʽʜʩʫʪʥʽ, ʪʦʜʽ ʷʢ ʚʦʥʠ 

ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʟʨʘʟʢʫ ʄɺʂ ʽ ʩʣʘʙʰʝ ʚ ʇɺʂ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʚʽʥʽʣʦʚʠʭ ʛʨʫʧ. ʉʤʫʛʠ 850-1074 ʩʤ
-1
 (ʢʦʣʠʚʘʥʥʷ ɸ2) 3-3¡ 

ʢʦʣʠʚʘʥʥʷ ʦʣʝʬʽʥʦʚʠʭ ʛʨʫʧ) ʩʣʘʙʢʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʊʈVʉʘ ʽ ʤʘʶʪʴ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʣʷ ʄɺʂ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʣʠʚʘʥʴ N 

ʤʽʥʽʤʘʣʴʥʘ ʚ PVCʘ. ɺ ʦʙʣʘʩʪʽ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʘʨʦʤʘʪʠʯʥʠʭ ʛʨʫʧ 

(850-950 ʩʤ
-1
, 1095 ʩʤ

-1
, 1369 ʩʤ

-1
, 1599-1700 ʩʤ

-1
) ʻ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʩʧʝʢʪʨʘʭ 

ʄɺʂ ʽ ʇɺʂ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʜʝʤʧʬʽʶʚʘʥʥʷ ʪʘʢʠʭ ʢʦʣʠʚʘʥʴ, 

ʪʘʢ ʩʘʤʦ ʽ ʚ ʧʣʽʚʢʘʭ ʊʇɺʂ ʽ Iʇɺʂ.  

 

ʈʠʩ. 4.3. ʉʧʝʢʪʨʠ ɯʏ ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 2700-3600 ʩʤ
-1
 [136]: 1 - 

Tʇɺʂ, 2 - ɯʇɺʂ, 3 - ʇɺʂ, 4 - Mɺʂ  
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ɺʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ, ʥʦʨʤʦʚʘʥʠʭ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ ʛʨʫʧʠ 

K, ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 4.1, ʜʦʟʚʦʣʷʻ ʩʧʽʚʩʪʘʚʠʪʠ ʤʦʣʷʨʥʫ ʜʦʣʶ ʨʽʟʥʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʭʽʤʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʘʨʙʘʟʦʣʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ:  

¶ ʚʽʥʽʣʦʚʽ ʛʨʫʧʠ ʧʨʠʩʫʪʥʽ ʷʢ ʚ Mɺʂ ʪʘʢ ʽ ʚ ʥʝʚʝʣʠʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʇɺʂ, 

ʽ ʚʽʜʩʫʪʥʽ ʚ ʧʨʦʜʫʢʪʘʭ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʜʞʝʥʥʷ; 

¶ ʥʝʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʘʨʙʘʟʦʣʴʥʠʭ ʷʜʝʨ ʫ ʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʄɺʂ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʫ ʚʟʘʻʤʦʜʽʶ ʢʘʨʙʘʟʦʣʴʥʠʭ 

ʛʨʫʧ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʇɺʂ ʽ ʧʣʽʚʢʘʭ ʊʇɺʂ, Iʇɺʂ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʝʤʧʬʽʶʚʘʥʥʷ; 

¶ ʚʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʣʠʚʘʥʴ ʧʦʣʽʤʝʨʥʦʛʦ ʢʘʨʢʘʩʫ ʥʘ ʦʩʥʦʚʽ ʘʣʢʘʥʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʱʦ ʤʝʥʰʫ ʦʣʽʛʦʤʝʨʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʊʈVK ʧʦʨʽʚʥʷʥʦ ʟ Iʇɺʂ ʽ ʇɺʂ; 

¶ ʫ ʚʠʭʽʜʥʦʤʫ ʇɺʂ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʨʫʧ NH ʪʘ NH2 ʥʝʟʥʘʯʥʘ ʽ ʧʦʤʽʪʥʦ 

ʙʽʣʴʰʘ ʚ ʧʨʦʜʫʢʪʘʭ ʊʇɺʂ, Iʇɺʂ. 

ʊʘʙʣʠʮʷ 4.1. 

ɺʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ, ʥʦʨʤʦʚʘʥʠʭ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ ʛʨʫʧʠ 

ʢʘʨʙʘʟʦʣʽʚ (ʂ) ʜʣʷ ʢʦʞʥʦʾ ʧʣʽʚʢʠ 

ɻʨʫʧʘ ʢʦʣʠʚʘʥʴ ʇɺʂ Mɺʂ Tʇɺʂ Iʇɺʂ 

K(ʢʘʨʙʘʟʦʣʠ) 1 1 1 1 

V(ʚʽʥʽʣʠ) 0,044 0,375 0 0 

A1+A2(ʘʣʢʽʣʠ) 1,06 1,362 1,37 1,56 

N (NH ʪʘ NH2 ʛʨʫʧʠ) 0,746 0,48 3,6 2,75 

 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʦʣʽʛʦʤʝʨʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ 

ʢʘʨʙʘʟʦʣʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʦʩʘʜʘʭ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʨʦʜʫʢʪʠ 

ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʢʣʘʜʫ ʢʘʨʙʘʟʦʣʫ, ʱʦ ʤʽʩʪʷʪʴ ʛʨʫʧʠ NH ʪʘ NH2. ʎʽ ʧʨʦʮʝʩʠ 

ʙʽʣʴʰ ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤ 

ʧʨʦʤʝʥʝʤ ʟ ʝʥʝʨʛʽʻʶ 0,7-1 ʂʝɺ ʛʫʩʪʠʥʦʶ ʩʪʨʫʤʫ 1-3 ʤɸ/ʩʤ
2
. 
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ʄʦʣʝʢʫʣʷʨʥʽ ʨʦʟʯʠʥʠ ʪʘ ʢʦʤʧʦʟʠʪʠ ʇɺʂ ʽʟ ʩʠʣʴʥʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ. 

ʆʜʝʨʞʘʥʽ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʽʟ ʩʠʣʴʥʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ 

ʪʨʠʥʽʪʨʦʬʣʫʦʨʝʥʦʥʦʤ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʨʠʩ. 4.4 

ʧʨʠʩʫʪʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʦʤʧʣʝʢʩʽʚ ʽʟ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ. ʌʦʨʤʫʚʘʥʥʷ ʂʇɿ ʫ ʢʦʤʧʦʟʠʪʘʭ ʇɺʂ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʥʘʤʠ ʫ [184] ʷʢ ʨʝʟʫʣʴʪʘʪ ʥʝʘʜʠʪʠʚʥʦʩʪʽ ʩʧʝʢʪʨʽʚ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɹʽʣʴʰʘ ʰʠʨʠʥʘ ʩʤʫʛ ʂʇɿ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʨʠʩ. 4.4 ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʣʽʚʢʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟ ʨʦʟʯʠʥʽʚ 

[61,84,128,175] ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʙʽʣʴʰʦʶ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʧʣʽʚʦʢ 

ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʠʤ ʨʦʟʢʠʜʦʤ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʟ ʝʢʨʘʥʫʶʯʠʤ ʦʪʦʯʝʥʥʷʤ. 
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ʈʠʩ. 4.4. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʇɺʂ ʟ ʘʢʮʝʧʪʦʨʘʤʠ [83]: 1 ï 

ʇɺʂ, 2 ï ʢʦʤʧʦʟʠʪ ʇɺʂ-CdSe 15% ʤʘʩ., 3 ï ʢʦʤʧʦʟʠʪ ʇɺʂ 11 ʤʘʩ.%, 4 ï 

ʢʦʤʧʦʟʠʪ ʇɺʂ-Tʅʌ 15% ʤʘʩ  

 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʇɺʂ. ʇʣʽʚʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ 

ʉdSe-ʇɺʂ ʦʜʝʨʞʫʚʘʣʠ ʦʜʥʦʯʘʩʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʫ ʚʘʢʫʫʤʽ, ʰʣʷʭʦʤ 
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ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʟ ʜʚʦʭ ʜʞʝʨʝʣ ʤʝʪʦʜʦʤ ʧʦʰʘʨʦʚʦʛʦ 

ʥʘʰʘʨʫʚʘʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʘʭ, ʱʦ ʨʫʭʘʣʠʩʷ ʦʙʝʨʥʝʥʦ. ʇʨʠ ʥʘʧʠʣʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʽʟʥʽ ʪʠʧʠ ʧʽʜʢʣʘʜʦʢ: ʩʢʣʷʥʽ, ITO, Si, KBr ʪʘ ʩʢʣʷʥʽ ʽʟ 

ʰʘʨʦʤ ʟʦʣʦʪʘ. 

ʉʭʝʤʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ CdSe-ʇɺʂ ʽ ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

CdSe-ʇɺʂ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ 4.6. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ CdSe-ʇɺʂ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

CdSe-ʇɺʂ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʧʨʦʛʨʘʤʥʦ. ʉʧʦʯʘʪʢʫ ʚʠʨʦʱʫʚʘʣʠ ʰʘʨ ʇɺʂ, 

ʧʦʪʽʤ ʚʽʜʙʫʚʘʣʦʩʷ ʦʜʥʦʯʘʩʥʝ ʦʩʘʜʞʝʥʥʷ CdSe ʽ ʇɺʂ. ʇʨʠ t = 770 ʩ 

ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ CdSe ʙʫʣʘ ʟʙʽʣʴʰʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʛʨʘʜʽʻʥʪʥʫ ʩʪʨʫʢʪʫʨʫ CdSe-ʇɺʂ. ʇʦʪʽʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʇɺʂ ʙʫʣʦ 

ʧʨʠʧʠʥʝʥʦ ʽ ʩʪʨʫʢʪʫʨʘ ʙʫʣʘ ʟʘʢʨʠʪʘ ʟʚʝʨʭʫ ʪʦʥʢʠʤ ʰʘʨʦʤ CdSe. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʠʛʦʪʦʚʣʝʥʦ ʦʙôʻʤʥʠʡ ʛʝʪʝʨʦʧʝʨʝʭʽʜ CdSe-ʇɺʂ (ʨʠʩ. 4.5). 

ʘ 

1

2

ʙ 

ʚ 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ (ʘ) - CdSe-

ʇɺʂ, ʙ - ʟʤʽʥʘ ʯʘʩʪʦʪʠ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ ʤʘʩʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ CdSe-ʇɺʂ: 1 ï CdSe; 2 ï ʇɺʂ; ʚ - ʧʘʨʘʤʝʪʨʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʪʦʨʥʠʭ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ, ʧʨʦʧʦʨʮʽʡʥʦʾ ʤʘʩʽ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ CdSe/ʇɺʂ 
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ʂʦʤʧʦʟʠʪʠ ʇɺʂ ʽʟ ʟʦʣʦʪʦʤ. ʇʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʇɺʂ 

ʚʠʛʦʪʦʚʣʷʣʠ ʦʜʥʦʯʘʩʥʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɿʦʣʦʪʦ 

ʚʠʧʘʨʦʚʫʚʘʣʠ ʪʝʨʤʦʨʝʟʠʩʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʟ ʪʘʥʪʘʣʦʚʦʛʦ ʯʦʚʥʠʢʘ. 

ʇʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʩʚʽʜʢʠ ʟ 

ʢʨʠʩʪʘʣʽʚ KBr ʽʟ ʥʘʩʪʫʧʥʠʤ ʚʽʜʰʘʨʫʚʘʥʥʷʤ ʚʽʣʴʥʦʾ ʧʣʽʚʢʠ ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ [185]. ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʦ-ʇɺʂ 24% ʤʘʩ. ʤʝʪʘʣʫ, ʪʦʚʱʠʥʦʶ ʙʽʣʷ 40 ʥʤ, 

ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʩʢʦʧʫ JEM-1230 (ʬʽʨʤʘ JEOL, ʗʧʦʥʽʷ) ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 0,5 

ʥʤ., ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.6, ʘ.  

ʅʘʥʦʢʣʘʩʪʝʨʠ ʤʘʶʪʴ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʩʬʝʨʠʯʥʦʾ ʽʟ ʨʦʟʤʽʨʦʤ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʟʦʣʦʪʘ ʙʽʣʷ 5ʥʤ. ʈʦʟʧʦʜʽʣ ʟʦʣʦʪʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʨʠʩ. 4.6, ʙ, ʪʦʧʦʣʦʛʽʶ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʽʟ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʨʠʩ. 4.6, ʚ) ʪʘ ʬʫʥʢʮʽʶ 

ʨʦʟʧʦʜʽʣʫ ʚʽʜʩʪʘʥʝʡ ʚ ʮʠʭ ʘʛʨʝʛʘʪʘʭ (ʨʠʩ. 4.6, ʛ) ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʝʣʴʥʦʛʦ ʌʫʨôʻ- ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ- ʘʥʘʣʽʟʫ ʬʨʘʛʤʝʥʪʽʚ ʚʠʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ [151,184,186]. ʈʦʟʧʦʜʽʣ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʤʘʻ ʧʦʨʽʛ ʙʽʣʷ 2 ʥʤ, ʱʦ ʜʦʙʨʝ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ 

ʟʦʣʦʪʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨʘ-ʨʽʜʠʥʘ-

ʢʨʠʩʪʘʣ [187]. ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʥʘ ʊɽʄ- ʟʦʙʨʘʞʝʥʥʷʭ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʛʨʝʛʘʮʽʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʻ ʩʫʪʪʻʚʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʽʚʢʠ Au/PVCa. ɺʽʜʩʪʘʥʴ ʤʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʚ 

ʘʛʨʝʛʘʪʘʭ ʣʝʞʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ 2-5 ʥʤ ʟ ʥʘʡʽʤʦʚʽʨʥʽʰʠʤ ʟʥʘʯʝʥʥʷʤ 4 ʥʤ, 

ʪʦʙʪʦ ʤʝʥʰʝ ʨʦʟʤʽʨʫ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʫ. 

ɺʽʜʩʪʘʥʽ ʙʽʣʴʰʝ ʨʘʜʽʫʩʘ ʢʦʨʝʣʷʮʽʾ, ʱʦ ʩʢʣʘʜʘʻ 10 ʥʤ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʜʦ ʤʽʞʘʛʨʝʛʘʪʥʠʭ. ɸʛʨʝʛʘʪʠ ʩʫʪʪʻʚʦ ʘʥʽʟʦʪʨʦʧʥʽ, ʤʘʶʪʴ ʝʣʽʧʩʦʧʦʜʽʙʥʫ 

ʬʦʨʤʫ ʽʟ ʙʽʣʴʰʦʶ ʥʘʧʽʚʚʽʩʩʶ ʚ ʥʘʧʨʷʤʽ ʨʦʩʪʫ ʧʣʽʚʢʠ (ʚʠʩʦʪʘ ʘʛʨʝʛʘʪʽʚ 

ʜʦʩʷʛʘʻ 40 ʥʤ, ʪʦʜʽ ʷʢ ʣʘʪʝʨʘʣʴʥʽ ʨʦʟʤʽʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʘʜʽʫʩʦʤ 

ʢʦʨʝʣʷʮʽʾ 10 ʥʤ), ʷʢ ʮʝ ʚʠʜʥʦ ʟ ʨʠʩ. 4.6, ʚ. ʅʘʥʦʢʣʘʩʪʝʨʠ ʤʘʶʪʴ ʬʦʨʤʫ, 
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ʙʣʠʟʴʢʫ ʜʦ ʩʬʝʨʠʯʥʦʾ ʽʟ ʨʦʟʤʽʨʦʤ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʟʦʣʦʪʘ ʙʽʣʷ 5ʥʤ. ʈʦʟʧʦʜʽʣ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʨʠʩ. 4.6, ʙ, 

ʪʦʧʦʣʦʛʽʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʽʟ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

(ʨʠʩ. 4.6, ʚ) ʪʘ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʚʽʜʩʪʘʥʝʡ ʚ ʮʠʭ ʘʛʨʝʛʘʪʘʭ (ʨʠʩ. 4.6, ʛ) 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʌʫʨôʻ- ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ- ʘʥʘʣʽʟʫ 

ʬʨʘʛʤʝʥʪʽʚ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ [151,184,186].  
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ʈʠʩ. 4.6. ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʦ-ʇɺʂ 24% 

ʤʘʩ. ʤʝʪʘʣʫ: ʘ - ʧʨʦʩʚʽʯʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʙ - ʨʦʟʧʦʜʽʣ ʟʦʣʦʪʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʚ - ʪʦʧʦʣʦʛʽʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʛʨʝʛʘʪʽʚ ʽʟ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʚʘʨʽʘʥʪʽ - ʢʦʣʽʨ ʧʝʨʝʜʘʻ 

ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʘʛʨʝʛʘʪʽ), ʛ - ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʩʪʘʥʝʡ ʚ ʮʠʭ 

ʘʛʨʝʛʘʪʘʭ 
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ʈʦʟʧʦʜʽʣ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʻ ʧʦʨʽʛ ʙʽʣʷ 2 ʥʤ, 

ʱʦ ʜʦʙʨʝ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ ʟʦʣʦʪʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨ-ʨʽʜʠʥʘ-ʢʨʠʩʪʘʣ [187]. ɸʥʘʣʽʟ 

ʨʦʟʧʦʜʽʣʫ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʥʘ ʊɽʄ- ʟʦʙʨʘʞʝʥʥʷʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʘʛʨʝʛʘʮʽʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʻ ʩʫʪʪʻʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʢʦʤʧʦʟʠʪʥʦʾ 

ʧʣʽʚʦʢʠ ʟʦʣʦʪʦ-ʇɺʂ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʚ ʘʛʨʝʛʘʪʘʭ ʣʝʞʠʪʴ ʚ 

ʽʥʪʝʨʚʘʣʽ 2-5 ʥʤ ʟ ʥʘʡʽʤʦʚʽʨʥʽʰʠʤ ʟʥʘʯʝʥʥʷʤ 4 ʥʤ, ʪʦʙʪʦ ʤʝʥʰʝ ʨʦʟʤʽʨʫ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʫ. ɺʽʜʩʪʘʥʽ ʙʽʣʴʰʝ ʨʘʜʽʫʩʘ ʢʦʨʝʣʷʮʽʾ, 

ʱʦ ʩʢʣʘʜʘʻ 10 ʥʤ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʤʽʞʘʛʨʝʛʘʪʥʠʭ. ɸʛʨʝʛʘʪʠ ʩʫʪʪʻʚʦ 

ʘʥʽʟʦʪʨʦʧʥʽ, ʤʘʶʪʴ ʝʣʽʧʩʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʽʟ ʙʽʣʴʰʦʶ ʥʘʧʽʚʚʽʩʩʶ ʚ ʥʘʧʨʷʤʽ 

ʨʦʩʪʫ ʧʣʽʚʢʠ (ʚʠʩʦʪʘ ʘʛʨʝʛʘʪʽʚ ʜʦʩʷʛʘʻ 40 ʥʤ, ʪʦʜʽ ʷʢ ʣʘʪʝʨʘʣʴʥʽ ʨʦʟʤʽʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʘʜʽʫʩʦʤ ʢʦʨʝʣʷʮʽʾ 10 ʥʤ), ʷʢ ʮʝ ʚʠʜʥʦ ʟ ʨʠʩ. 4.6, ʚ. 

ɸʛʨʝʛʘʮʽʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʠʥʘʥʥʷ, ʦʜʝʨʞʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʨʦʩʫ ʧʣʽʚʦʢ. ɽʚʦʣʶʮʽʷ 

ʩʧʝʢʪʨʘ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʽʜ ʯʘʩ ʨʦʩʪʫ 

ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʦ-ʇɺʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7. 

ɼʣʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʥʠʭ ʧʣʽʚʦʢ ʚ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʤʘʪʨʠʮʽ 

ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʥʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʦʣʠʚʘʥʴ ʣʦʢʘʣʴʥʠʭ ʧʣʘʟʤʦʥʽʚ, 

ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʯ ʬʦʨʤʦʶ ʢʣʘʩʪʝʨʽʚ, ʧʦʣʷʨʠʟʦʚʥʽʩʪʶ ʤʘʪʨʠʮʽ 

ʪʘ ʤʽʞʢʣʘʩʪʝʨʥʦʶ ʚʟʘʻʤʦʜʽʻʶ [151,188]. ɼʣʷ ʣʘʪʝʨʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʟʩʫʚ ʫ ʩʠʥʶ ʦʙʣʘʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʟʦʣʦʪʦʛʦ ʩʬʝʨʦʾʜʘ. ʅʦʨʤʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʣʦʢʘʣʴʥʽ 

ʧʣʘʟʤʦʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʯʝʨʚʦʥʦʤʫ ʟʩʫʚʽ. ʉʣʘʙʢʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ [188]. ɿ ʨʠʩ. 4.7 ʚʠʜʥʦ, 

ʱʦ ʚ ʧʣʽʚʢʘʭ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʽʟ ʪʦʚʱʠʥʦʶ 10-15 ʥʤ ʧʝʨʝʚʘʞʘʶʪʴ 

ʣʘʪʝʨʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʢʣʘʩʪʝʨʠ, ʪʦʜʽ ʷʢ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʚʽʜʥʦʩʥʘ 

ʜʦʣʷ ʥʦʨʤʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʢʣʘʩʪʝʨʽʚ ʰʚʠʜʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʉʧʽʚʩʪʘʚʣʷʶʯʠ ʥʘʥʦʢʣʘʩʪʝʨʥʫ ʪʦʧʦʣʦʛʽʶ, ʦʜʝʨʞʘʥʫ ʟ ʜʘʥʠʭ ʊɽʄ , ʟ 

ʝʚʦʣʶʮʽʻʶ ʩʧʝʢʪʨʽʚ ʨʠʩ. 4.7, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʣʠʚʘʥʥʷ 



176 

 

ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʘʛʨʝʛʘʪʘʭ ʻ ʟʚôʷʟʘʥʠʤʠ ʽ ʚ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʭ 

ʧʨʠʩʫʪʥʽ ʯʘʩʪʦʪʠ, ʭʘʨʘʢʪʝʨʥʽ ʩʘʤʝ ʜʣʷ ʘʛʨʝʛʘʪʽʚ. 

 

 

ʈʠʩ. 4.7. ɿʤʽʥʠ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ, 

ʦʜʝʨʞʘʥʽ ʚ ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʚ ʧʨʦʮʝʩʽ ʩʧʽʣʴʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ [135]  

 

ʇʨʦʮʝʩ ʘʛʨʝʛʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʢʦʤʧʦʟʠʪʥʦʾ 

ʧʣʽʚʢʠ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʠʡ ʢʦʨʝʣʴʦʚʘʥʠʤ ʨʫʭʦʤ 

ʥʘʜʢʨʠʪʠʯʥʠʭ ʤʝʪʘʣʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʫ ʩʢʣʦʧʦʜʽʙʥʽʡ ʨʦʟʤôʷʢʰʝʥʽʡ ʤʘʪʨʠʮʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʙʣʠʞʥʴʦʧʦʣʴʦʚʦʽ ʚʟʘʻʤʦʜʽʾ ʟ ʟʘʨʷʜʞʝʥʠʤʠ ʮʝʥʪʨʘʤʠ [189]. 

ɽʬʝʢʪʠʚʥʠʡ ʨʘʜʽʫʩ ʪʦʯʢʦʚʦʛʦ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʮʝʥʪʨʫ ʫ ʧʦʣʷʨʠʟʦʚʥʦʤʫ 

ʦʨʛʘʥʽʯʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 10 ʥʤ , ʱʦ ʯʫʜʦʚʦ ʚʽʜʧʦʚʽʜʘʻ 

ʨʘʜʽʫʩʫ ʢʦʨʝʣʷʮʽʾ ʘʛʨʝʛʘʪʽʚ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʨʠʩ. 4.6, ʚ) ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʥʘʥʦʢʦʤʧʦʟʠʪʽ ʟʦʣʦʪʦ-ʇɺʂ. ʄʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ 

ʟʘʨʷʜʞʝʥʠʭ ʮʝʥʪʨʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʾ 

ʝʤʽʩʽʾ ʟ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʦʙʛʦʚʦʨʶʚʘʣʘʩʷ ʨʘʥʽʰʝ [190]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʪʦʥʢʽ ʦʜʥʦʨʽʜʥʽ ʰʘʨʠ ʬʦʪʦʧʨʦʚʽʜʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʇɺʂ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʭ- ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʦʨʛʘʥʽʢʘ-ʥʝʦʨʛʘʥʽʢʘ 
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ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʛʦʪʦʚʣʷʪʠ ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɻʘʟʦʬʘʟʥʝ 

ʦʩʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʢʘʨʙʘʟʦʣʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʯʘʩʪʢʦʚʦʶ 

ʜʝʧʦʣʽʤʝʨʽʟʘʮʽʻʶ ʪʘ ʟʙʘʛʘʯʝʥʥʷʤ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʫ ʢʘʨʙʘʟʦʣʴʥʦʛʦ ʷʜʨʘ, 

ʟʦʢʨʝʤʘ ʘʟʦʪʦʚʤʽʩʥʠʤʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʦʾ ʬʘʟʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʢʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘʤʠ ʚʥʘʩʣʽʜʦʢ 

ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ [191,192]. ʋʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ 

ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʇɺʂ ʧʨʠ ʛʘʟʦʬʘʟʥʦʤʫ ʜʦʧʫʚʘʥʥʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʧʣʽʚʦʢ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ [84], 

ʥʝʘʜʠʪʠʚʥʽʩʪʶ ʩʧʝʢʪʨʽʚ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [62] ʪʘ 

ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʧʦʛʣʠʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʢʘʨʙʘʟʦʣʫ ʟ ʬʫʣʝʨʝʥʦʤ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ [193]. 

ʆʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʦʪʨʠʤʘʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʟʦʣʦʪʦ-ʇɺʂ ʽ 

ʦʮʽʥʝʥʽ ʾʭ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

ʟʦʣʦʪʦ-ʇɺʂ ʻ ʘʛʨʝʛʘʮʽʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ɺ ʤʝʞʘʭ ʩʫʪʪʻʚʦ 

ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʜʝ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʟʦʣʦʪʘ 

ʤʝʥʰʝ ʟʘ ʾʭ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ ʨʝʟʦʥʘʥʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʘ ʨʘʭʫʥʦʢ ʪʦʧʦʣʦʛʽʾ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʧʦʜʽʙʥʠʭ ʢʦʤʧʦʟʠʪʘʭ 

ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʷʩʢʨʘʚʠʭ ʧʨʦʷʚʽʚ ʚʥʫʪʨʽʰʥʴʦʾ ʬʦʪʦʝʤʽʩʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʛʘʟʦʬʘʟʥʦʛʦ ʇɺʂ ʚʠʛʦʪʦʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽ ʝʣʝʢʪʨʝʪʥʽ 

ʪʝʤʧʣʘʪʠ, ʚ ʷʢʠʭ ʬʦʪʦʛʝʥʝʨʦʚʘʥʽ ʪʘ ʟʘʭʦʧʣʝʥʽ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʥʦʩʽʾ 

ʟʘʨʷʜʫ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʤʘʶʪʴ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʧʦʨʷʜʢʫ ʜʽʙ [84]. 

ʊʝʤʧʣʘʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʘʭ ʢʝʨʦʚʘʥʦʾ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [15,16].  

 

4.2. ʊʠʨʘʞʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ 

 

ʉʫʯʘʩʥʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʙʝʟʣʽʯ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʟʤʽʥʠ ʚʽʟʫʘʣʴʥʦ ʩʧʨʠʷʪʣʠʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ (ʢʦʣʴʦʨʫ) ʧʨʝʜʤʝʪʽʚ ʪʘ 
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ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɼʣʷ ʮʴʦʛʦ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

çʨʦʟʫʤʥʠʡè ʪʝʢʩʪʠʣʴ ʽ ʦʜʷʛ ʟ ʥʦʚʠʤʠ ʝʬʝʢʪʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʢʘʥʠʥʘʤʠ. 

çʈʦʟʫʤʥʽè ʪʢʘʥʠʥʠ ʟʜʘʪʥʽ ʬʽʢʩʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ, 

ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʤʽʥʶʚʘʪʠ ʢʦʣʽʨ, ʩʚʽʪʠʪʠʩʷ, ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ 

ʨʠʩʫʥʦʢ. ʋ ʜʝʷʢʠʭ ʚʘʨʽʘʥʪʘʭ ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ çʨʦʟʫʤʥʦʛʦè 

ʪʝʢʩʪʠʣʶ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʦʜʽʙʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʢʨʠʣ ʤʝʪʝʣʠʢʽʚ ʪʘ ʽʥʰʠʭ ʢʦʤʘʭ. ʅʘʧʨʠʢʣʘʜ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʠʣ ʤʝʪʝʣʠʢʽʚ ʨʦʜʫ Morpho ʟʘʙʝʟʧʝʯʫʻ ʙʣʠʩʢʫʯʫ 

ʙʣʘʢʠʪʥʫ, ʧʝʨʝʣʠʚʯʘʩʪʝ ʟʘʙʘʨʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʽ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʫʩʦʯʢʠ ʢʨʠʣ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʦʧʘʣʘ, ʪʦʙʪʦ ʤʽʩʮʝ ʩʬʝʨ ʟʘʡʤʘʶʪʴ ʢʣʽʪʠʥʠ ʟ ʧʦʚʽʪʨʷʤ, ʤʽʞ 

ʷʢʠʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʭʠʪʠʥʦʚʽ ʧʝʨʝʛʦʨʦʜʢʠ (ʨʠʩ. 4.8) (ʧʦʟʜʦʚʞʥʽʤʠ ʨʝʙʨʘʤʠ 

ʥʘ ʣʫʩʦʯʢʘʭ). ʗʩʢʨʘʚʝ ʟʘʙʘʨʚʣʝʥʥʷ ʢʨʠʣ ʤʝʪʝʣʠʢʽʚ, ʱʦ ʧʝʨʝʣʠʚʘʶʪʴʩʷ 

ʧʦʷʩʥʶʻʪʴʩʷ çʟʤʽʰʘʥʥʷʤè ʝʬʝʢʪʽʚ ʜʠʬʨʘʢʮʽʾ ʪʘ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʩʚʽʪʣʘ ʥʘ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʫʙʤʽʢʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʾʭ ʢʨʠʣ. ʂʦʣʽʨ, ʫʪʚʦʨʝʥʠʡ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ, ʟʘʣʝʞʠʪʴ ʥʝ ʚʽʜ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣ, ʘ ʚʽʜ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʦʥʴ ʽ ʥʘʧʨʷʤʢʫ ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ ʚʽʜ ʜʞʝʨʝʣʘ. 

 

 

ʈʠʩ. 4.8. ʆʧʪʠʯʥʘ ʬʦʪʦʛʨʘʬʽʷ ʤʝʪʝʣʠʢʘ Morpho ʠ SEM ʟʦʙʨʘʞʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʨʠʣ [194] 
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ɯʥʰʘ ʥʘʟʚʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʫ - 

ʽʨʠʜʝʩʮʝʥʮʽʷ (ʽʨʠʟʘʮʽʷ). ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʦʩʥʦʚʦʶ ʽʨʠʜʝʩʮʝʥʮʽʾ ʩʣʫʞʘʪʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʫ ʬʦʨʤʽ ʨʝʙʨ, ʚʦʣʦʢʦʥ, ʧʣʘʩʪʠʥʦʢ, ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʫ 

ʨʝʛʫʣʷʨʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʨʷʜʠ ʘʙʦ ˇʨʘʪʢʠ (ʬʦʪʦʥʥʽ ʢʨʠʩʪʘʣʠ). ɺʘʞʣʠʚʦ, ʱʦ 

ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʯʝʨʛʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ˇʨʘʪʢʠ ʪʘ ʧʨʦʩʪʦʨʽʚ ʤʽʞ ʥʠʤʠ ʙʣʠʟʴʢʽ 

ʜʦ ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʚʽʪʣʦʚʦʛʦ ʩʧʝʢʪʨʫ. ʌʦʪʦʥʥʽ ʢʨʠʩʪʘʣʠ ʩʪʚʦʨʶʶʪʴ 

ʩʧʝʮʠʬʽʯʥʽ ʦʧʪʠʯʥʽ ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʜʠʬʨʘʢʮʽʷ ʪʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ. ɼʣʷ 

ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʚʽʪʣʦʚʽ ʭʚʠʣʽ, 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʽʜʙʠʪʽ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ˇʨʘʪʢʠ, ʚʠʷʚʣʷʣʠʩʷ ʚ ʦʜʥʘʢʦʚʽʡ ʬʘʟʽ. 

ɸʤʧʣʽʪʫʜʠ ʭʚʠʣʴ, ʜʣʷ ʷʢʠʭ ʮʷ ʫʤʦʚʘ ʜʦʪʨʠʤʫʻʪʴʩʷ, ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ, ʘ 

ʜʦʚʞʠʥʠ ʮʠʭ ʭʚʠʣʴ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʠʡ ʚʽʟʫʘʣʴʥʦ ʩʧʨʠʷʪʣʠʚʠʡ ʢʦʣʽʨʥʠʡ 

ʬʦʥ. ɺʽʜʪʽʥʢʠ ʽ ʷʩʢʨʘʚʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʢʦʣʴʦʨʫ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ, ʧʽʜ ʷʢʠʤ ʛʣʷʜʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʜʦ ʦʙ'ʻʢʪʫ. 

ɯʨʠʜʝʩʮʝʥʮʽʷ, ʢʨʽʤ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʨʽʟʥʽ ʢʦʣʴʦʨʠ, ʤʦʞʝ ʪʘʢʦʞ 

ʩʪʚʦʨʶʚʘʪʠ ʝʬʝʢʪʠ ʙʣʠʩʢʫ ʘʙʦ ʜʟʝʨʢʘʣʴʥʦʩʪʽ. ʊʘʢʠʡ çʘʢʪʠʚʥʠʡè ʢʘʤʫʬʣʷʞ 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʙʦʡʦʚʦʤʫ ʦʙʤʫʥʜʠʨʫʚʘʥʥʽ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʤʘʩʢʫʚʘʥʥʽ ʙʦʡʦʚʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. ɺ ʘʣʴʪʝʨʥʘʪʠʚʽ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʫ ʥʘʛʦʜʽ ʩʚʽʪʣʦ-ʧʦʛʣʠʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʚʽʜʦʤʽʡ ʪʝʭʥʦʣʦʛʽʾ çʩʪʝʣʩè, ʢʦʣʠ ʤʘʩʢʫʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʘʶʪʴ 

ʰʘʨʦʤ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʦʛʣʠʥʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ʂʨʽʤ ʟʚʠʯʘʡʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʤʘʩʢʫʚʘʣʴʥʽ 

ʪʢʘʥʠʥʥʽ ʧʦʢʨʠʪʪʷ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʩʪʚʦʨʶʚʘʪʠ ʚ ʽʥʰʠʭ ʜʽʘʧʘʟʦʥʘʭ 

ʩʧʝʢʪʨʫ (ʥʘʧʨʠʢʣʘʜ, ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ) ʜʝʷʢʽ çʚʽʜʙʠʪʽ ʧʘʪʝʨʥʠè, ʷʢʽ 

ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ çʰʪʨʠʭ ʢʦʜʘʤʠè, ʚʠʢʦʥʫʚʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʚʠʨʦʙʽʚ. ʋ 

ʙʦʡʦʚʽʡ ʦʙʩʪʘʥʦʚʮʽ ʚʦʥʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʢʦʜʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʨʽʟʥʷʪʠ ʩʫʧʨʦʪʠʚʥʠʢʘ, ʪʦʙʪʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʫʯʘʩʥʠʢʽʚ çʙʠʪʚʠè ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʩʚʽʡ/ʯʫʞʠʡè. 

 ʌʽʟʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ 

ʚʠʧʨʦʤʽʥʝʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʟ ʦʪʦʯʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʜʞʝʨʝʣʦ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʻ ʟ ʚʣʘʩʥʠʤʠ ʤʦʜʘʤʠ ʩʠʩʪʝʤʠ, ʧʦʙʣʠʟʫ ʷʢʦʾ ʚʽʥ 

ʨʦʟʪʘʰʦʚʘʥʠʡ. ʋ ʷʢʦʩʪʽ ʚʣʘʩʥʠʭ ʤʦʜ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʧʦʚʝʨʭʥʝʚʽ 

ʧʣʘʟʤʦʥʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ ʤʝʪʘʣʝʚʦʛʦ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʽʚ, 

ʦʙ'ʻʤʥʽ ʧʣʘʟʤʦʥʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʯʘʩʪʠʥʢʘʭ ʟ ʢʽʥʮʝʚʠʤ 

ʦʙ'ʻʤʦʤ, ʤʦʜʠ ʰʝʧʦʪʽʥʥʷ ʛʘʣʝʨʝʾ ʫ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʘ ʽʥ. 

 

  

 

ʈʠʩ. 4.9. ʂʨʝʡʟʠ ʫ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʦʣʘʪʽ (ʇɽʊʌ) - ʚʦʣʦʢʥʘ, ʨʦʟʪʷʛʥʫʪʽ ʚ 

ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ. ɼʽʣʷʥʢʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʣʽʝʬʽʨʥʦʛʦ ʚʦʣʦʢʥʘ [195]: 

I - ʟʘʨʦʜʞʝʥʥʷ ʢʨʝʡʟʽʚ, II - ʨʽʩʪ, III - ʧʦʰʠʨʝʥʥʷ ʢʨʝʡʟʽʚ, IV - ʬʦʨʤʫʚʘʥʥʷ 

ʬʽʙʨʠʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʢʥʘ; ʩʪʽʥʢʠ ʪʨʽʱʠʥʠ, ʪʨʽʱʠʥʘ, ʪʷʞʽ  

 

ʈʦʟʨʦʙʣʝʥʽ ʢʝʨʦʚʘʥʽ ʪʝʤʧʣʘʪʠ ʥʘ ʦʩʥʦʚʽ ɸʄʅ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʫ ʪʝʢʩʪʠʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʩʫ ʢʦʣʽʨʫʚʘʥʥʷ (ʬʘʨʙʫʚʘʥʥʷ ʽ 

ʜʨʫʢʫʚʘʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʥʘʧʨʠʢʣʘʜ, ʫ ʧʨʦʮʝʩʽ 

ʢʨʝʡʟʦʫʪʚʦʨʝʥʥʷ. ʊʝʨʤʽʥʦʤ ʢʨʝʡʟʦʫʪʚʦʨʝʥʥʷ ʧʦʟʥʘʯʘʶʪʴ ʷʚʠʱʝ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʧʦʨʦʞʥʝʯʽ ʪʘ ʥʘʥʦʧʦʨ ʫ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʣʽʤʝʨʫ ʚ ʘʜʩʦʨʙʮʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʇʽʜ ʯʘʩ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʦʣʦʢʥʘ ʚʠʥʠʢʘʻ ʩʠʩʪʝʤʘ ʤʽʢʨʦʪʨʽʱʠʥ ʪʘ ʥʘʥʦʧʦʨ, ʷʢʘ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʘʧʦʚʥʶʻʪʴʩʷ ʥʘʚʢʦʣʠʰʥʽʤ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʜʝʥʥʷ ʫ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʝʨʫ ʙʫʜʴ-
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ʷʢʠʭ ʥʝʩʫʤʽʩʥʠʭ ʟ ʥʠʤ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʽ ʾʭ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʫ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ (ʨʠʩ. 4.9). ʌʽʢʩʘʮʽʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʜʦʙʘʚʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʟʘʚʜʷʢʠ ʩʫʤʽʨʥʦʩʪʽ ʡʦʛʦ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʤʽʨʽʚ ʟ ʨʦʟʤʽʨʘʤʠ 

ʧʦʨ ʫ ʩʪʨʫʢʪʫʨʽ ʚʦʣʦʢʥʘ. ʇʦʚʝʨʭʥʷ ʧʦʣʽʤʝʨʫ ʤʦʞʝ ʙʫʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʤʧʣʘʪʫ. 

ʋʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʥʘʥʦʽʤʧʨʠʥʪ-

ʣʽʪʦʛʨʘʬʽʾ. ʋ ʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʣʽʤʝʨ, ʷʢʠʡ ʧʨʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʪʠʩʢʫ (ʪʦʙʪʦ ʚ ʪʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʦʣʽʤʝʨ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚ'ʷʟʢʦ-ʧʣʠʥʥʠʡ ʩʪʘʥ) 

çʟʘʛʘʥʷʣʠè ʚ ʫʧʦʨʷʜʢʦʚʘʥʽ ʪʨʽʱʠʥʠ ʤʘʪʨʠʮʽ, ʧʦʪʽʤ ʦʭʦʣʦʜʞʫʚʘʚʩʷ (ʨʠʩ. 

4.10). 

 

 

ʈʠʩ. 4.10. ʊʝʭʥʦʣʦʛʽʷ ʥʘʥʦʽʤʧʨʠʥʪ-ʣʠʪʦʛʨʘʬʽʾ. ɺʽʜʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʨʠʣʘ [195]: ʘ - ʥʘʢʣʘʜʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ ʥʘ 

ʧʽʜʢʣʘʜʢʫ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʪʨʽʱʠʥʘʤʠ, ʙ - ʨʦʟʤ'ʷʢʰʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ 

ʚʜʘʚʣʝʥʥʷ ʡʦʛʦ ʫ ʧʦʨʠ, ʚ - ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʚʽʜʜʽʣʝʥʥʷʤ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ 

ʚʽʜ ʤʘʪʨʠʮʽ, ʛ, ʜ - ʥʘʢʣʘʜʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

http://en.wikipedia.org/wiki/Nanoimprint_lithography
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ʋʪʚʦʨʝʥʘ ʧʦʣʽʤʝʨʥʘ ʧʣʽʚʢʘ, ʷʢʘ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜ ʤʘʪʨʠʮʽ ʟʘ 

ʨʘʭʫʥʦʢ ʥʘʢʣʘʜʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʣʘʪʝʨʘʣʴʥʦʾ (ʩʧʨʷʤʦʚʘʥʦʾ ʫ 

ʙʽʢ) ʩʠʣʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʘ ʩʪʨʫʢʪʫʨʘ, ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʾ 

ʚʠʷʚʠʣʠʩʷ ʙʣʠʟʴʢʽ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʘʥʘʣʦʛʫ. ʄʘʪʨʠʮʷ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʪʠʨʘʞʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ. 

ɺʠʨʦʙʠ ʟ ʥʘʥʦʨʝʣʴʻʬʦʤ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʯʠʩʣʝʥʥʽ ʤʘʩʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʽ ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʩʝʥʩʦʨʠʮʽ, ʦʧʪʠʯʥʽʡ ʽ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʦʥʷʯʥʽʡ 

ʝʥʝʨʛʝʪʠʮʽ ʽ ʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʪʝʢʩʪʠʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [33,161]. ɼʣʷ 

ʤʘʩʦʚʦ ʪʠʨʘʞʦʚʘʥʠʭ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʽʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʚʘʨʪʽʩʪʴ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʠʣʶ ʧʽʜ ʪʠʩʢʦʤ ʻ ʦʜʥʠʤ ʟ 

ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʤʘʩʦʚʦʛʦ ʪʠʨʘʞʫʚʘʥʥʷ. ɺʽʥ ʟ ʫʩʧʽʭʦʤ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʧʪʠʯʥʠʭ ʜʠʩʢʽʚ, ʟʘʭʠʩʥʠʭ ʛʦʣʦʛʨʘʤ, 

ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ. ɺʘʨʪʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʱʦ ʪʠʨʘʞʫʶʪʴ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʘʨʪʽʩʪʶ 

ʬʦʨʤʠ ʜʣʷ ʣʠʪʪʷ ʽ ʦʙʩʷʛʦʤ ʪʠʨʘʞʫ. 

ʇʨʠ ʪʠʨʘʞʫʚʘʥʥʽ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʽʩʪʦʪʥʠʤ ʩʪʘʻ ʫʨʘʭʫʚʘʥʥʷ ʨʷʜʫ 

ʯʠʥʥʠʢʽʚ [196,197], ʚʧʣʠʚʦʤ ʷʢʠʭ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʷʜʦʚʠʭ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ [198-201] ʯʘʩʪʦ ʥʝʭʪʫʶʪʴ ʘʙʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʨʦʱʝʥʦ. 

ɼʣʷ ʢʦʧʽʶʚʘʥʥʷ ʥʘʥʦʨʝʣʴʻʬʫ ʬʦʨʤʠ ʣʠʪʚʦʤ ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ ʪʠʩʢ 

ʧʽʜ ʚʠʢʨʠʚʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʟ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ, 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʪʽʢʘʥʥʷ 

ʚ'ʷʟʢʦʛʦ ʧʦʣʽʤʝʨʫ ʫ ʚʫʟʴʢʠʭ ʢʘʥʘʣʘʭ ʬʦʨʤʠ. ɼʣʷ ʮʴʦʛʦ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʠʩʢ ʙʣʠʟʴʢʦ 10
8
 ʅ/ʤ

2
. ʋ ʧʨʦʮʝʩʽ ʣʠʪʚʘ ʧʽʜ ʪʠʩʢʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙ'ʻʤʥʘ ʫʩʘʜʢʘ ʧʦʣʽʤʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʱʽʣʴʥʝʥʥʷ ʪʦʧʦʣʦʛʽʾ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʣʘʥʮʶʛʽʚ, ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʷʢ ʧʣʘʩʪʤʘʩʠ ʪʘʢ ʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʮʠʭ ʯʠʥʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʪʝʯʽʾ, ʨʦʟʰʠʨʝʥʥʷ ʽ 

ʫʩʘʜʢʠ ʧʦʣʽʤʝʨʫ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʬʦʨʤʦʫʪʚʦʨʶʶʯʫ ʧʦʚʝʨʭʥʶ 

ʬʦʨʤʠ ʜʣʷ ʣʠʪʚʘ.  
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ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʻ 

ʢʦʧʽʶʚʘʥʥʷ ʦʨʠʛʽʥʘʣʫ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʥʠʡ 

ʪʽʣʴʢʠ ʜʦ ʦʨʠʛʽʥʘʣʽʚ ʽʟ ʛʝʦʤʝʪʨʽʻʶ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟ'ʻʤ ʜʝʪʘʣʝʡ 

ʧʽʩʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʤʝʪʘʣʫ. ʎʷ ʧʨʠʥʮʠʧʦʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʬʦʨʤʠ ʫ ʚʠʛʣʷʜʽ ʦʩʦʙʣʠʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʨʦʟ'ʻʤʫ. ʇʨʦʪʝ ʪʦʯʥʽʩʪʴ ʢʦʧʽʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ 

ʣʽʤʽʪʫʻʪʴʩʷ, ʡʤʦʚʽʨʥʦ, ʧʨʦʮʝʩʘʤʠ ʜʝʬʝʢʪʦʫʪʚʦʨʝʥʥʷ ʥʘ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʭ 

ʛʨʘʥʠʮʷʭ ʤʝʞʽ ʧʨʦʚʽʜʥʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʘ ʧʦʚʝʨʭʥʷ-ʝʣʝʢʪʨʦʣʽʪ ʽ ʤʦʞʝ 

ʤʘʪʠ ʧʦʨʷʜʦʢ ʦʜʠʥʠʮʴ ʥʘʥʦʤʝʪʨʽʚ. ɼʣʷ ʪʦʯʥʦʩʪʽ ʢʦʧʽʶʚʘʥʥʷ ʚʘʞʣʠʚʠʡ 

ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʦʨʠʛʽʥʘʣʫ. 

ɯʩʪʦʪʥʝ ʽ ʤʝʭʘʥʽʯʥʝ ʚʥʫʪʨʽʰʥʻ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʘʨʦʱʫʚʘʥʦʤʫ ʤʝʪʘʣʽ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʷʢ ʦʨʠʛʽʥʘʣʫ, ʪʘʢ ʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʰʘʨʫ ʤʝʪʘʣʫ. 

ʅʘʚʽʪʴ ʧʨʦʩʪʠʡ ʧʝʨʝʣʽʢ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʠ 

ʪʠʨʘʞʫʚʘʥʥʽ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʣʠʪʚʦʤ ʧʦʣʽʤʝʨʽʚ ʧʽʜ ʪʠʩʢʦʤ ʧʦʢʘʟʫʻ ʩʢʣʘʜʥʽʩʪʴ ʽ 

ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ. 

ɺ ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʣʝʥʘ [198,199] ʽ ʙʘʛʘʪʦ ʜʝʩʷʪʠʣʽʪʴ ʫʩʧʽʰʥʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʪʦʯʥʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʠʭ ʽ ʧʨʝʩʬʦʨʤ ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ 

ʥʽʢʝʣʝʤ ʽ ʩʧʣʘʚʦʤ ʥʽʢʝʣʴ-ʢʦʙʘʣʴʪ. ʊʘʢʦʞ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʩʫʯʘʩʥʽ ʣʽʪʽʻʚʽ 

ʤʘʰʠʥʠ ʽʟ ʟʫʩʠʣʣʷʤ ʟʽʤʢʥʝʥʥʷ ʙʽʣʴʰʝ 200 ʊ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʽʩʥʫʻ ʽ ʧʽʩʣʷ 

ʥʝʚʝʣʠʢʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʩʦʚʝ ʪʠʨʘʞʫʚʘʥʥʷ 

ʥʘʥʦʦʙ'ʻʢʪʽʚ. 

ʇʨʦʩʪʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʽ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʪʠʨʘʞʫʚʘʥʥʷ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʘ ʰʣʷʭʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʩʪʠʭ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʝʚʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʦʮʽʥʢʘ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʧʨʦʩʪʠʭ ʥʘʥʦʦʙ'ʻʢʪʽʚ - 1D 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʧʣʘʩʪʤʘʩʠ ʧʽʜ 
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ʪʠʩʢʦʤ ʟ ʪʝʤʧʣʘʪʥʠʭ ʦʨʠʛʽʥʘʣʽʚ ʽʟ ʥʘʩʪʫʧʥʠʤ ʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ 

ʟʦʣʦʪʘ ʫ ʚʘʢʫʫʤʽ [202]. 

ʆʨʠʛʽʥʘʣʠ ˇʨʘʪʦʢ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 5 ʩʤ
2
 ʟ ʧʝʨʽʦʜʦʤ ʙʽʣʷ 700 ʥʤ 

ʚʠʛʦʪʦʚʣʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʬʦʨʤʫʚʘʥʥʷʤ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʪʝʤʧʣʘʪʫ ʧʨʠ ʛʦʣʦʛʨʘʬʽʯʥʽʡ ʝʢʩʧʦʟʠʮʽʾ ʚ ʟʫʩʪʨʽʯʥʠʭ ʧʫʯʢʘʭ. ɼʣʷ 

ʤʝʪʘʣʽʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʨʤʽʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʦʣʦʪʘ ʫ 

ʚʘʢʫʫʤʽ. ʌʦʨʤʦʫʪʚʦʨʶʶʯʽ ʧʦʚʝʨʭʥʽ ʣʠʪʪʻʚʠʭ ʬʦʨʤ ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ 

ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʟ ʩʫʣʴʬʘʤʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʊʚʝʨʜʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʜʝʪʘʣʽ ʬʦʨʤʠ ʪʦʚʱʠʥʦʶ 150 ʤʢʤ ʚʠʨʦʱʫʚʘʣʠ ʽʟ ʩʧʣʘʚʫ 

Ni-Co, ʧʦʪʽʤ ʥʘʨʦʱʫʚʘʥʥʷ ʜʝʪʘʣʽ ʥʽʢʝʣʝʤ ʧʨʦʜʦʚʞʫʚʘʣʠ ʚ ʽʥʰʽʡ ʚʘʥʥʽ ʜʦ 

ʪʦʚʱʠʥʠ 2 ʤʤ. 

ˆʨʘʪʢʠ ʪʠʨʘʞʫʚʘʣʠ ʣʠʪʚʦʤ ʧʨʦʟʦʨʦʛʦ ʧʦʣʽʢʘʨʙʦʥʘʪʫ ʥʘ ʣʽʪʪʻʚʽʡ 

ʤʘʰʠʥʽ DEMAG-430 (ʅʽʤʝʯʯʠʥʘ) ʧʨʠ ʟʫʩʠʣʣʽ ʟʽʤʢʥʝʥʥʷ 100 ʊ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʝʨʤʽʯʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʶ ʟʦʣʦʪʘ ʫ ʚʘʢʫʫʤʽ. ɼʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ ʥʘ 

ʙʽʯʥʠʭ ʛʨʘʥʷʭ ʨʝʣʴʻʬʫ ʥʘʧʠʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʽʜ ʢʫʪʦʤ 6 ̄ ʛʨʘʜʫʩʽʚ ʜʦ 

ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ ˇʨʘʪʢʠ. 

  
 

ʘ ʙ ʚ 

ʈʠʩ. 4.11 ʄʦʨʬʦʣʦʛʽʷ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ: ʘ - ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ, ʙ - ʤʝʪʘʣʝʚʘ ʢʦʧʽʷ ʪʝʤʧʣʘʪʫ, ʚ - ʨʝʟʫʣʴʪʘʪ ʪʠʩʥʝʥʥʷ  

 

ʄʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʶ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʝʤʥʽʻʚʦʛʦ ʟʦʥʜʘ ʟ ʨʘʜʽʫʩʦʤ 

ʟʘʢʨʫʛʣʝʥʥʷ 10 ʥʤ ʚ ʨʝʞʠʤʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʥʘ ʧʨʠʣʘʜʽ 
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FemtoSʩan. ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʭ ˇʨʘʪʦʢ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Unico. ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʽ ʨʽʚʝʥʴ ʜʝʬʝʢʪʥʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ (ʧʽʩʣʷ ʪʠʨʘʞʫʚʘʥʥʷ) ʤʦʞʫʪʴ ʙʫʪʠ ʦʮʽʥʝʥʽ ʽʟ 

ʟʘʛʘʣʴʥʦʛʦ ʧʣʘʥʫ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 4.11. ʇʣʦʱʘ ʜʝʬʝʢʪʽʚ ʩʢʣʘʜʘʻ ʤʝʥʰʝ 

1% ʧʦʚʝʨʭʥʽ. 

ʈʝʣʴʻʬʠ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ʪʠʨʘʞʦʚʘʥʠʭ 

ʜʝʪʘʣʝʡ ʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.12. ɼʣʷ 

ʟʨʫʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʬʽʣʴ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʬʦʨʤʠ 

ʚʽʜʦʙʨʘʞʝʥʠʡ ʚ ʽʥʚʝʨʪʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʥʝʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʽ ʧʦʣʽʤʝʨʥʦʾ ʢʦʧʽʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʦʜʠʥʠʯʥʠʭ 

ʜʝʬʝʢʪʽʚ ʽ ʟʘʙʨʫʜʥʝʥʴ. ʄʝʪʦʜʠʢʘ ʮʽʣʢʦʤ ʥʘʜʽʡʥʦ ʽ ʘʜʝʢʚʘʪʥʦ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʷʪʠ ʪʦʚʱʠʥʫ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʣʦʪʘ ʫ ʟʨʘʟʢʘʭ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʚʠʤ 3 ʽ 4, ʨʠʩ. 4.9. ɺ ʤʝʞʘʭ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʦʥʜʘ ʟ ʨʘʜʽʫʩʦʤ ʟʘʢʨʫʛʣʝʥʥʷ 10 ʥʤ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʶ ʽ ʧʦʣʽʤʝʨʥʠʤʠ ʢʦʧʽʷʤʠ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʥʝ ʚʜʘʣʦʩʷ. 

 

ʈʠʩ. 4.12. ʇʨʦʬʽʣʽ ʧʦʚʝʨʭʥʽ ʥʘʥʦʦʙôʻʢʪʽʚ [195]: 1 - ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ 

(ʽʥʚʝʨʪʦʚʘʥʠʡ), 2 - ʧʦʣʽʤʝʨʥʦʾ ʢʦʧʽʾ, 3 ʽ 4 - ʧʦʣʽʤʝʨʥʠʭ ʢʦʧʽʡ ʧʽʩʣʷ 

ʥʘʧʠʣʝʥʥʷ ʰʘʨʫ ʟʦʣʦʪʘ: 3 - ʪʦʚʱʠʥʦʶ ʙʽʣʷ 15 ʥʤ ʥʘ ʙʽʯʥʽ ʧʦʚʝʨʭʥʽ 

ʨʝʣʴʻʬʫ ʽ 4 - ʧʽʩʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʩʽʭ ʧʦʚʝʨʭʦʥʴ ʰʘʨʦʤ 

ʟʘʚʪʦʚʰʢʠ ʙʣʠʟʴʢʦ 40 ʥʤ 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ ʩʪʨʫʢʪʫʨʠ 3, ʨʠʩ. 4.9 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʟ ʧʦʜʚʦʻʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʯʘʩʪʦʪʦʶ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʽʦʜ ʙʽʣʷ 350 

ʥʤ) ʟʘ ʨʘʭʫʥʦʢ ʥʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʦʭʠʣʽ ʙʦʢʦʚʽ 

ʧʦʚʝʨʭʥʽ ʧʨʦʬʽʣʶ. 

ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 4.13-4.14, ʷʢʽʩʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʩʥʫʶʯʠʤ ʫʷʚʣʝʥʥʷʤ [45,46,170] ʧʨʦ 

ʜʠʬʨʘʢʮʽʶ ʩʚʽʪʣʘ ʥʘ ʦʜʥʦʚʠʤʽʨʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʂʨʘʡ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʣʽʢʘʨʙʦʥʘʪʫ ʩʪʘʥʦʚʠʪʴ 345 ʥʤ. ɽʢʩʪʨʝʤʫʤʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʨʠ 

510 ʥʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʣʦʢʘʣʴʥʠʭ ʧʣʘʟʤʦʥʽʚ ʚ ʥʘʥʦʯʘʩʪʢʘʭ ʦʩʪʨʽʚʮʝʚʦʛʦ 

ʟʦʣʦʪʘ. ɽʢʩʪʨʝʤʫʤʠ 800 ʥʤ ʽ 700 ʥʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʟʤʦʥʘʤ-

ʧʦʣʷʨʠʪʦʥʘʤ, ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʧʝʨʝʚʘʞʥʦ ʥʘ ʤʝʞʽ ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ. 

ɽʢʩʪʨʝʤʫʤʠ ʚ ʦʙʣʘʩʪʽ 600 ʥʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʟʙʫʜʞʝʥʴ, 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʝʨʝʚʘʞʥʦ ʥʘ ʤʝʞʽ ʟʦʣʦʪʦ-ʧʦʚʽʪʨʷ. 

 

 

ʈʠʩ. 4.13. ʉʧʝʢʪʨʠ ʝʢʩʪʠʥʢʮʽʾ 1D ʥʘʥʦʩʪʨʫʢʪʫʨ [195]: II- ʚʝʢʪʦʨ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʘʨʘʣʝʣʴʥʠʡ ʩʪʚʦʨʶʶʯʠʤ ʛʨʘʪʢʘʤ, L- 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ 
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ʇʦʨʽʚʥʶʶʯʠ ʩʧʝʢʪʨʠ ʝʢʩʪʠʥʢʮʽʾ ʪʨʘʧʝʮʝʚʠʜʥʠʭ ʧʨʦʬʽʣʽʚ ʽʟ ʧʝʨʽʦʜʦʤ 

700 ʥʤ ʪʘ ʩʠʥʫʩʦʧʦʜʽʙʥʦʾ ˇʨʘʪʢʠ ʧʝʨʽʦʜʦʤ 1200 ʥʤ, ʙʘʯʠʤʦ, ʱʦ ʚ ʦʩʪʘʥʥʽʡ 

ʤʦʜʠ 350-380 ʥʤ ʚʽʜʩʫʪʥʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʩʧʝʢʪʨʘʭ ʝʢʩʪʠʥʢʮʽʾ 

ʩʪʨʫʢʪʫʨ ʟ ʪʨʘʧʝʮʝʧʦʜʽʙʥʠʤ ʧʨʦʬʽʣʝʤ ʧʨʠʩʫʪʥʽ ʪʘʢʦʞ ʽ ʙʽʣʴʰ ʚʠʩʦʢʽ 

ʧʨʦʩʪʦʨʦʚʽ ʯʘʩʪʦʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʝʢʩʪʨʝʤʫʤʠ ʧʨʠ 350-380 ʥʤ. ɰʭ 

ʤʦʞʥʘ ʟʚôʷʟʘʪʠ ʽʟ ʧʣʘʟʤʦʥʘʤʠ ʥʘ ʙʦʢʦʚʠʭ ʩʪʽʥʢʘʤʠ ʪʨʘʧʝʮʝʚʠʜʥʦʛʦ 

ʧʨʦʬʽʣʶ. 

ɿʘʣʝʞʥʦʩʪʽ ʩʧʝʢʪʨʽʚ ʝʢʩʪʠʥʢʮʽʾ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʽ. ɺ ʥʠʭ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʱʝ ʦʜʥʘ ʤʦʜʘ ʽʟ ʤʘʢʩʠʤʫʤʦʤ 640-680 ʥʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʫʪʘ ʧʘʜʽʥʥʷ, ʷʢʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʘʜʽʥʥʽ ʻ ʘʥʪʠʩʠʤʝʪʨʠʯʥʦʶ ʚ ʮʝʥʪʨʽ 

ʟʦʥʠ ɹʨʽʣʶʝʥʘ ʽ ʥʝ ʟʙʫʜʞʫʻʪʴʩʷ [158]. 

 

ʈʠʩ. 4.14. ʉʧʝʢʪʨʠ ʝʢʩʪʠʥʢʮʽʾ 2D ʥʘʥʦʩʪʨʫʢʪʫʨ ʪʨʘʧʝʮʝʚʠʜʥʦʛʦ ʧʨʦʬʽʣʶ, 

ʱʦ ʚʢʨʠʪʽ ʰʘʨʦʤ ʟʦʣʦʪʘ ʪʦʚʱʠʥʦʶ 40 ʥʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ. 

ʂʫʪ ʧʘʜʽʥʥʷ ʚ ʛʨʘʜʫʩʘʭ ʥʘʚʝʜʝʥʠʡ ʙʽʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʢʪʨʽʚ [195] 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [83,158] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʥʘʨʥʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. ʆʜʝʨʞʘʥʽ ʥʘʤʠ 

ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʥʘʚʝʜʝʥʦ, ʟʦʢʨʝʤʘ, ʥʘ ʨʠʩ. 4.14, ʣʠʰʝ ʚ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʣʘʥʘʨʥʽ. ʄʦʜʝʣʶʚʘʥʥʷ 
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ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʘʤʠ ʬʫʥʢʮʽʡ ɻʨʽʥʘ [203], ʤʦʞʣʠʚʦ, ʚʠʷʚʠʪʴʩʷ ʙʽʣʴʰ 

ʧʨʦʜʫʢʪʠʚʥʠʤ. 

 

4.3. ʉʝʣʝʢʪʠʚʥʝ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʟʦʣʦʪʘ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ 

 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʤʧʣʘʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʩʭʝʤʠ 

ʩʪʚʦʨʝʥʥʷ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʜʘʥʦʾ ʫʧʦʨʷʜʢʦʚʘʥʦʾ 

ʪʦʧʦʣʦʛʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ: ʩʪʚʦʨʝʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʟʘ ʛʫʩʪʠʥʦʶ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʟʚôʷʟʘʥʦʛʦ ʚ ʦʙôʻʤʽ ʧʣʽʚʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ 

(ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ), ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʣʴʻʬʥʦʛʦ ʦʙôʻʢʪʫ 

ʽʟ ʥʘʩʪʫʧʥʠʤ ʥʘʥʝʩʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʟ ʦʜʥʦʨʽʜʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʛʫʩʪʠʥʦʶ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʨʫʢʪʫʨʠ ʽʟ ʧʨʦʩʪʦʨʦʚʦ-ʤʦʜʫʣʴʦʚʘʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ. ʂʦʥʜʝʥʩʘʮʽʷ ʧʦʣʷʨʥʠʭ ʘʙʦ 

ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʠʡ ʦʩʘʜ, ʘ ʡʦʛʦ ʪʦʧʦʣʦʛʽʷ 

ʦʙʫʤʦʚʣʝʥʘ ʪʦʧʦʣʦʛʽʻʶ ʪʝʤʧʣʘʪʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ 

ʪʝʤʧʣʘʪʽ ʩʣʽʜ ʦʜʝʨʞʘʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʩʪʫʧʥʽ ʟʘʧʠʪʘʥʥʷ. 

1. ʏʠ ʩʧʽʚʧʘʜʘʻ ʪʦʧʦʣʦʛʽʷ ʦʩʘʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʟ ʪʦʧʦʣʦʛʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ? 

2. ɺ ʷʢʠʭ ʩʘʤʝ ʦʙʣʘʩʪʷʭ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʨʝʯʦʚʠʥʠ? 

ɽʣʝʢʪʨʝʪʥʠʡ ʪʝʤʧʣʘʪ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʭʦʧʣʝʥʥʷ 

ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʥʦʩʽʾʚ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʚʠʩʦʢʦʦʤʥʦʛʦ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ. 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʦʙôʻʤʥʠʡ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʟʘʨʷʜ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʧʨʦʪʽʢʘʥʥʽ ʬʦʪʦʩʪʨʫʤʽʚ ʯʝʨʝʟ ʧʣʽʚʢʫ, ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ. ʆʩʢʽʣʴʢʠ ʛʫʩʪʠʥʘ ʬʦʪʦʩʪʨʫʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʪʦ ʚʽʜʙʫʜʝʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʙôʻʤʥʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ, ʧʨʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʝʢʩʧʦʥʫʶʯʠʤ 

ʩʚʽʪʣʦʚʠʤ ʧʦʣʝʤ. ʁʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʥʦʩʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʪʘ 
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ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʣʠʙʦʢʠʭ ʧʘʩʪʦʢ, ʷʢʽ ʚ ʥʘʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʬʦʨʤʫʚʘʣʠʩʷ, ʟʘʟʚʠʯʘʡ, ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ 

ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʻʶ ʫ ʚʘʢʫʫʤʽ. ʆʪʞʝ ʚ ʤʽʩʮʷʭ ʦʧʨʦʤʽʥʝʥʥʷ ʧʣʽʚʢʠ ʤʦʞʣʠʚʝ 

ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʨʝʣʴʻʬʫ (ʨʝʣʴʻʬʥʦʛʦ ʪʝʤʧʣʘʪʫ), ʘ ʡ ʟʘʭʦʧʣʝʥʦʛʦ 

ʟʘʨʷʜʫ (ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ) ʟʘ ʩʭʝʤʦʶ (ʈʦʟʜʽʣ 3, ʨʠʩ. 3.1). ɻʫʩʪʠʥʘ 

ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʦʶ 

ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ ʫ ʝʢʩʧʦʥʫʶʯʠʡ ʛʦʣʦʛʨʘʤʽ ʽ, 

ʦʪʞʝ, ʤʘʻ ʪʫ ʩʘʤʫ ʪʦʧʦʣʦʛʽʶ. ʏʘʩ ʨʝʣʘʢʩʘʮʽʾ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʣʠʙʦʢʠʭ 

ʧʘʩʪʦʢ, ʚʠʷʚʠʚʩʷ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ - ʙ̔ ʣʷ 5 ʜʽʙ. 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʷʢʝ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʨʦʟʤôʷʢʰʝʥʥʽ ʧʣʽʚʢʠ. 

ʊʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʧʦʣʽʤʝʨ ʪʝʤʧʣʘʪʫ ʟʜʘʪʥʠʡ ʚôʷʟʢʦ ʪʝʢʪʠ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʩʠʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ 

(ʨʠʩ. 4.15). ʌʘʢʪ ʽʩʥʫʚʘʥʥʷ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ 

ʨʝʛʫʣʷʨʥʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ. 

 

ʈʠʩ. 4.15. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ [84], ʷʢʘ 

ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʯʘʪʢʦʚʦʛʦ ʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʚ ʧʦʣʽ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʟʘʭʦʧʣʝʥʦʛʦ ʟʘʨʷʜʫ ʫ ʚʠʛʣʷʜʽ ʜʠʬʨʘʢʮʽʡʥʦʾ ˇʨʘʪʢʠ. 

ɿʦʙʨʘʞʝʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʥʘ ʧʨʦʧʫʩʢʘʥʥʷ. 

ʇʝʨʽʦʜ ˇʨʘʪʢʠ ʙʣʠʟʴʢʦ 2 ʤʢʤ  
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ɿʨʘʟʢʠ ʬʦʪʦʝʣʝʢʪʨʝʪʥʠʭ ʪʝʤʧʣʘʪʽʚ ʽʟ ʧʝʨʽʦʜʦʤ ʙʣʠʟʴʢʦ 2 ʤʢʤ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʊʦʧʦʣʦʛʽʷ 

ʦʩʪʨʽʚʮʝʚʦʛʦ ʦʩʘʜʫ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 4.16, ʘ) 

ʚʽʜʧʦʚʽʜʘʻ ʪʦʧʦʣʦʛʽʾ ʝʢʩʧʦʥʫʶʯʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. 

 

  

ʘ ʙ 

 

ʈʠʩ. 4.16. ʇʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ ʬʨʘʛʤʝʥʪʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʽʟ ʰʘʨʦʤ 

ʦʩʪʨʽʚʮʝʚʦʛʦ ʟʦʣʦʪʘ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʘ) ʪʘ 

ʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʙ) [84]. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʝʪʥʠʡ 

ʪʝʤʧʣʘʪ ʩʬʦʨʤʦʚʘʥʠʡ ʽʟ ʧʝʨʽʦʜʦʤ ˇʨʘʪʢʠ 2,2 ʤʢʤ  

 

ɸʣʝ ʘʥʘʣʽʟ ʪʽʣʴʢʠ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʜʘʻ ʚʽʜʧʦʚʽʜʽ ʱʦʜʦ ʚʟʘʻʤʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʘʜʫ ʟʦʣʦʪʘ ʪʘ ʨʝʣʴʻʬʫ. ɿôʷʩʫʚʘʪʠ ʮʝ ʧʠʪʘʥʥʷ ʤʦʞʥʘ, 

ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʪʦʜ ʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʇɺʂ ʣʶʤʽʥʝʩʮʫʻ ʚ 

ʯʝʨʚʦʥʽʡ [122] ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʚ ʦʙʣʘʩʪʽ 370-400 ʥʤ. 

ɿʦʣʦʪʠʡ ʦʩʪʨʽʚʮʝʚʠʡ ʦʩʘʜ ʥʝ ʣʶʤʽʥʝʩʮʫʻ. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʽʻʾ 

ʩʘʤʦʾ ʦʙʣʘʩʪʽ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʦʜʝʨʞʘʥʠʭ ʫ ʟʚʠʯʘʡʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʤʽʢʨʦʩʢʦʧʽ ʥʘ ʧʨʦʩʚʽʪ (ʨʠʩ. 4.16, ʘ), ʪʘ ʫ ʣʶʤʽʥʝʩʮʝʥʪʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 

(ʨʠʩ. 4.16, ʙ) ʜʦʟʚʦʣʷʶʪʴ ʟôʷʩʫʚʘʪʠ ʮʝ ʧʠʪʘʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴ 

ʧʝʨʝʪʠʥ ʜʚʦʭ ʧʦʜʨʷʧʠʥ. ʉʚʽʪʣʘ ʧʦʜʨʷʧʠʥʘ ʚ ʧʨʘʚʦʤʫ ʢʫʪʽ ʟʦʙʨʘʞʝʥʴ ʙʫʣʘ 

ʟʨʦʙʣʝʥʘ ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʽ ʻ ʚʽʜʢʨʠʪʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʣʽʤʝʨʫ ʇɺʂ. 
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ʊʝʤʥʘ ʧʦʜʨʷʧʠʥʘ ʚ ʣʽʚʦʤʫ ʢʫʪʽ ʽʩʥʫʚʘʣʘ ʜʦ ʥʘʧʠʣʝʥʥʷ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʪʝʤʧʣʘʪʫ. ʅʘ ʟʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 4.16, ʙ) ʦʙʣʘʩʪʽ ʧʦʣʽʤʝʨʫ, ʱʦ ʣʶʤʽʥʝʩʮʫʶʪʴ, 

ʚʽʜʦʙʨʘʞʝʥʽ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ. ʆʩʪʨʽʚʮʝʚʠʡ ʦʩʘʜ ʟʦʣʦʪʘ ʟʦʙʨʘʞʝʥʠʡ 

ʪʝʤʥʠʤʠ ʦʙʣʘʩʪʷʤʠ. ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʣʽʚʢʘ ʟʦʣʦʪʘ ʢʦʥʜʝʥʩʫʻʪʴʩʷ 

ʩʝʣʝʢʪʠʚʥʦ ʥʘ ʛʨʝʙʥʷʭ ʨʝʣʴʻʬʫ. 

ɼʝʬʝʢʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʧʨʠʚôʷʟʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʟʦʣʦʪʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʣʴʻʬʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʧʦʚʝʨʭʥʽ. ʇʣʽʚʢʘ ʟʦʣʦʪʘ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʩʝʣʝʢʪʠʚʥʦ ʥʘ ʛʨʝʙʥʷʭ ʨʝʣʴʻʬʫ. 

ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ ʦʙʣʘʩʪʽ ʢʨʘʶ 

ʤʘʩʢʠ, ʷʢʘ ʦʙʤʝʞʫʚʘʣʘ ʟʦʥʫ ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ ʧʨʠ ʥʘʧʠʣʝʥʥʽ, ʜʦʟʚʦʣʷʻ 

ʧʦʨʽʚʥʷʪʠ ʨʝʣʴʻʬʠ ʧʦʚʝʨʭʥʽ ʽʟ ʦʩʘʜʦʤ (ʙʽʣʷ 200 ʥʤ) ʪʘ ʥʝʚʝʣʠʢʠʡ ʨʝʣʴʻʬ 

ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ (ʙʽʣʷ 7 ʥʤ). ʊʦʧʦʛʨʘʬʫʚʘʥʥʷ (ʨʠʩ. 4.17) ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚ 

ʦʙʣʘʩʪʽ ʥʝʟʥʘʯʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʨʝʣʴʻʬʫ (ʣʽʚʠʡ ʥʠʞʥʽʡ ʢʫʪ ʟʦʙʨʘʞʝʥʥʷ) ʪʘ ʚ 

ʦʙʣʘʩʪʽ ʦʩʘʜʫ ʥʘ ʧʘʨʘʣʝʣʴʥʠʭ ʪʨʘʩʘʭ. ʌʘʟʠ ʮʠʭ ʙʣʠʟʴʢʠʭ ʜʦ ʧʝʨʽʦʜʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʧʽʚʧʘʜʘʶʪʴ ʷʢʽʩʥʦ. ʆʪʞʝ, ʢʦʥʜʝʥʩʘʮʽʷ ʟʦʣʦʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʛʨʝʙʥʷʭ ʨʝʣʴʻʬʫ. 

 
 

ʘ ʙ 
 

ʈʠʩ. 4.17. ʇʦʨʽʚʥʷʥʥʷ ʪʦʧʦʣʦʛʽʾ  ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʝʢʩʧʦʥʫʻ 

ʬʦʪʦʧʨʦʚʽʜʥʠʢ (ʘ), ʽ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʦʩʪʨʽʚʮʝʚʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʘ (ʙ), 

ʥʘʥʝʩʝʥʦʾ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ [84]. ʉʢʘʥʫʶʯʘ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʘ ʤʽʢʨʦʩʢʦʧʽʷ  
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ʅʝʦʜʥʦʨʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʨʷʜʮʽ ʧʦʚʝʨʭʥʽ 

ʨʝʣʴʻʬʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʣʽʚʢʠ. ʇʨʠ ʥʘʥʝʩʝʥʥʽ ʤʝʪʘʣʫ ʥʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʪʝʢʩʪʫʨʦʚʘʥʫ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʟʘʨʷʜʞʝʥʫ ʧʦʚʝʨʭʥʶ  ʦʩʘʜʞʝʥʥʷ ʦʩʪʨʽʚʮʝʚʦʾ 

ʧʣʽʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʠʩʪʫʧʘʭ ʨʝʣʴʻʬʫ, ʷʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ (ʨʠʩ. 4.17). ɺ 

ʨʝʟʫʣʴʪʘʪʽ  ʚʘʢʫʫʤʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʟʦʣʦʪʘ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʦʩʪʨʽʚʮʽ 

ʤʝʪʘʣʫ ʚʠʩʦʪʦʶ ʙʽʣʷ 150 ʥʤ ʟ ʪʦʧʦʣʦʛʽʻʶ ʨʝʣʴʻʬʫ. 

ʊʘʢʝ ʥʝʦʜʥʦʨʽʜʥʝ ʧʦʣʝ ʟʜʘʪʥʝ ʧʨʠ ʨʦʟʤôʷʢʰʝʥʥʽ ʧʣʽʚʢʠ 

ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʚ ʨʝʣʴʻʬ. ʗʢʱʦ ʨʝʣʴʻʬ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʢʠ ʭʘʦʪʠʯʥʠʡ, ʪʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʤʦʨʦʟʥʽ ʜʝʬʦʨʤʘʮʽʾ [122], ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.18. 

 

 

ʈʠʩ. 4.18. ɸʉʄ ʪʦʧʦʛʨʘʬʽʷ ʤʦʨʦʟʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘʨʷʜʞʝʥʦʾ ʧʣʽʚʢʠ ʽʟ 

ʧʨʠʨʦʜʥʽʤ ʧʦʯʘʪʢʦʚʠʤ ʭʘʦʪʠʯʥʠʤ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ [84] 

 

ʉʝʣʝʢʪʠʚʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʧʦʣʷʨʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʧʦʣʫʢʠ 

ʧʨʠ ʚʘʢʫʫʤʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʽʟ 

ʧʦʯʘʪʢʦʚʠʤ ʨʝʣʴʻʬʦʤ ʧʦʚʝʨʭʥʽ, ʤʝʥʰʠʤ ʟʘ 5 ʥʤ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʥʘ 

ʦʧʪʠʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 4.19). ʊʝʤʧʣʘʪ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʦʜʥʦʚʠʤʽʨʥʦʾ ˇʨʘʪʢʠ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʯʘʩʪʦʪʦʶ 160 ʤʤ
-1
. 
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ʈʠʩ. 4.19. ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ ʚ ʦʙʣʘʩʪʽ ʢʨʘʶ 

ʤʘʩʢʠ, ʷʢʘ ʦʙʤʝʞʫʻ ʟʦʥʫ ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ (a) ʪʘ ʦʨʛʘʥʽʯʥʦʛʦ ʙʘʨʚʥʠʢʘ (ʙ) 

 

ʆʙʣʘʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʧʦʣʷʨʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʧʦʣʫʢʠ, ʷʢʘ 

ʙʫʣʘ ʥʘʧʠʣʝʥʘ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʤʧʣʘʪʫ, ʣʝʞʠʪʴ ʫ ʩʠʥʴʦ-ʟʝʣʝʥʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ (ʨʠʩ. 4.20). ɿʦʙʨʘʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʯʝʨʝʟ ʯʝʨʚʦʥʠʡ ʩʚʽʪʣʦʬʽʣʴʪʨ. 

ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʧʦʚʝʨʭʥʽ ʚ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʥʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʛʫʣʷʨʥʘ ʩʠʩʪʝʤʘ ʩʤʫʛ ʽʟ ʧʝʨʽʦʜʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 
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ʧʨʦʩʪʦʨʦʚʽʡ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʫʶʯʦʛʦ ʪʝʤʧʣʘʪ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ. ʆʪʞʝ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʬʽʢʩʦʚʘʥʦ ʩʝʣʝʢʪʠʚʥʫ ʢʦʥʜʝʥʩʘʮʽʶ ʧʦʣʷʨʥʦʾ ʩʧʦʣʫʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʱʦ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʽ.  
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ʙ ʚ  

ʈʠʩ. 4.20. ʇʨʦʬʽʣʴ ʨʝʣʴʻʬʫ (ʘ) ʪʘ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʦʩʘʜʫ ʦʨʛʘʥʽʯʥʦʛʦ 

ʙʘʨʚʥʠʢʘ ʟ ʢʣʘʩʫ ʽʟ ʢʣʘʩʫ ʤʝʨʦʮʠʘʥʠʥʽʚ [84], ʦʜʝʨʞʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʝʣʝʢʪʠʚʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʟ ʨʦʟʧʦʜʽʣʦʤ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʚʠʤʽʨʥʦʾ ˇʨʘʪʢʠ 160 ʤʤ
-1
, ʙ - ʚʽʜʧʦʚʽʜʘʻ 

ʨʠʩ. 4.19 (ʙ), ʚ - ʙʘʨʚʥʠʢ ʟ ʢʣʘʩʫ ʤʝʨʦʮʠʘʥʠʥʽʚ C26H31NO 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʪʝʤʧʣʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʝʣʝʢʪʠʚʥʘ ʢʦʥʜʝʥʩʘʮʽʷ ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʥʠʭ ʪʘ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʧʦʣʫʢ. ɽʬʝʢʪ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʨʠ ʚʘʢʫʫʤʥʽʡ ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ ʪʘ 

ʧʦʣʷʨʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʙʘʨʚʥʠʢʘ (ʨʠʩ. 4.20) ʽʟ ʢʣʘʩʫ ʤʝʨʦʮʠʘʥʠʥʽʚ. 

ʊʦʧʦʣʦʛʽʷ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ ʝʢʩʧʦʥʫʶʯʦʛʦ ʪʝʤʧʣʘʪ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʷʢʘ ʩʧʽʚʧʘʜʘʻ ʽʟ ʪʦʧʦʣʦʛʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʽ 

ʧʦʚʝʨʭʥʽ. ɼʣʷ ʬʦʪʦʝʣʝʢʪʨʝʪʥʠʭ ʪʝʤʧʣʘʪʽʚ ʽʟ ʟʘʭʦʧʣʝʥʠʤ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ 

ʟʘʨʷʜʦʤ ʪʝʤʧʣʘʪʽʚ ʽʟ ʧʦʧʝʨʝʜʥʴʦ ʩʪʨʫʢʪʫʨʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʪʝʤʧʣʘʪʽʚ 

ʽʟ ʤʦʜʫʣʴʦʚʘʥʦʶ ʛʫʩʪʠʥʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʮʽʷ ʟʦʣʦʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʛʨʝʙʥʷʭ ʨʝʣʴʻʬʫ. 

 

4.4. ɽʢʨʘʥʫʚʘʥʥʷ ʧʦʣʷ ʤʝʪʘʣʝʚʠʤʠ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ  

ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

 

ʇʽʩʣʷ ʝʢʩʧʦʟʠʮʽʾ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʫ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʩʚʽʪʣʦʚʦʤʫ ʧʦʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʭʦʧʣʝʥʥʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʙôʻʤʥʠʡ ʣʦʢʘʣʽʟʦʚʘʥʠʡ ʟʘʨʷʜ 2, (ʨʠʩ. 4.21). ʁʦʛʦ ʧʦʷʚʘ 

ʜʦʚʝʜʝʥʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʝʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [53,150] ʘ ʢʽʥʝʪʠʢʘ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʬʦʪʦʧʨʦʚʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ʧʽʜ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʨʝʣʴʻʬʫ 

ʪʝʨʤʦʧʣʘʩʪʠʢʘ ʧʽʜ ʯʘʩ ʧʨʦʷʚʣʝʥʥʷ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʘ [168]. ʂʽʥʝʪʠʢʘ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ ʚ ʧʣʽʚʮʽ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ 

ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʚ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2 

(ʨʦʟʜʽʣ 3, Ä 3.3). ʅʝʦʜʥʦʨʽʜʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʦʩʪʦʨʽ ʟʘʨʷʜʠ 2 ʪʘ 

ʝʢʨʘʥʫʶʯʽ ʡʦʛʦ ʟʘʨʷʜʠ 3 ʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʡ ʧʽʜʢʣʘʜʮʽ 1 ʫʪʚʦʨʶʶʪʴ 

ʥʝʦʜʥʦʨʽʜʥʝ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ 5. ʇʽʜ ʯʘʩ ʥʘʧʠʣʝʥʥʷ 

ʤʝʪʘʣʫ, ʡʦʛʦ ʘʪʦʤʠ ʘʙʦ ʥʘʥʦʢʣʘʩʪʝʨʠ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚ ʮʴʦʤʫ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʧʨʦʜʦʚʞʫʶʪʴ 

ʪʨʘʥʩʧʦʨʪ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʥʝʦʜʥʦʨʽʜʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʢʣʘʩʪʝʨʠ ʤʝʪʘʣʫ 4, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [134,204,205]. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʷʢʘ ʤʽʥʽʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ ʤʦʞʝ ʝʢʨʘʥʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʫ ʜʘʣʴʥʽʡ ʟʦʥʽ ʧʦʣʷ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ? ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʚ ʫʤʦʚʘʭ 

ʝʢʨʘʥʫʚʘʥʥʷ ʟʘʨʷʜʫ ʤʝʪʘʣʝʚʠʤʠ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʙʫʜʝ ʱʝ ʜʦʩʠʪʴ ʽʩʪʦʪʥʠʤ, 

ʘʣʝ ʩʧʝʮʠʬʽʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʧʦʣʽ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ 5 ʥʝ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ. 

ɿʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ ʩʪʨʦʛʦ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʨʽʚʥʷʥʥʷ 

ʇʫʘʩʩʦʥʘ. ɸʣʝ ʧʨʦʩʪʘ ʦʮʽʥʢʘ ʤʘʩʠ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 4 ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʘ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

 

ʈʠʩ. 4.21. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʽʚ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ: 1 - 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʘ ʧʽʜʢʣʘʜʢʘ, 2 - ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʠʡ ʟʘʨʷʜ ʟʘʭʦʧʣʝʥʠʭ 

ʥʘ ʛʣʠʙʦʢʽ ʧʘʩʪʢʠ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʨʦʛʨʘʤʫʻ ʪʦʧʦʣʦʛʽʶ ʪʝʤʧʣʘʪʫ, 3 - 

ʝʢʨʘʥʫʶʯʠʡ ʟʘʨʷʜ ʚ ʧʽʜʢʣʘʜʮʽ, 4 - ʤʝʪʘʣʝʚʠʡ ʢʣʘʩʪʝʨʥʠʡ ʦʩʘʜ, 

ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, 5 - ʜʘʣʴʥʷ ʟʦʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

 

ʄʝʪʘʣʝʚʠʡ ʢʣʘʩʪʝʨ 4 ʤʘʻ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʧʦʣʷʨʠʟʫʶʪʴʩʷ 

ʧʦʣʝʤ ʟʘʨʷʜʽʚ 2 ʪʘ ʝʢʨʘʥʫʶʯʦʛʦ ʡʦʛʦ ʟʘʨʷʜʫ 3, ʱʦ ʪʘʢʦʞ ʤʘʻ 

ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʧʨʠʨʦʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʢʣʘʩʪʝʨʽ ʤʝʪʘʣʫ 4 ʚʠʥʠʢʘʻ 
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ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʜʚʽʡʥʠʡ ʰʘʨ, ʪʦʜʽ ʷʢ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʽʩʪʴ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ. 

ɿʘʨʷʜʠ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʝʢʨʘʥʫʶʪʴ ʧʦʣʝ ʟʘʨʷʜʽʚ 2 ʟ ʨʘʟʦʤ ʟ 

ʯʘʩʪʢʦʚʦ ʝʢʨʘʥʫʶʯʠʤʠ ʾʭ ʥʘʚʝʜʝʥʠʤʠ ʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʟʘʨʷʜʘʤʠ 1, ʘ ʟ ʜʨʫʛʦʛʦ ʢʦʤʧʝʥʩʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ. ɺ ʜʘʣʴʥʽʡ 

ʟʦʥʽ 5 ʩʫʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘʚʝʜʝʥʦʛʦ ʜʠʧʦʣʷ 4, ʟʘʨʷʜʫ 2 ʪʘ ʟʘʨʷʜʫ 3 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɸʣʝ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʥʘʥʦʢʣʘʩʪʝʨʽ ʤʝʪʘʣʫ 

ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʶ ʘʪʦʤʽʚ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʦʞʝʥ ʘʪʦʤ ʤʝʪʘʣʫ ʧʦʩʪʘʯʘʻ n 

ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ ʢʣʘʩʪʝʨʘ m ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

2enNam/M = CU,     (4.1) 

ʜʝ e ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʫ, n - ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʤʝʪʘʣʝʚʦʤʫ 

ʢʣʘʩʪʝʨʽ ʥʘ ʦʜʠʥ ʘʪʦʤ, Na ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, M - ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʤʝʪʘʣʫ, 

C - ʝʣʝʢʪʨʠʯʥʘ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ, U - ʧʦʪʝʥʮʽʘʣ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʪʨʝʙʘ 

ʩʢʦʤʧʝʥʩʫʚʘʪʠ.  

ɿ ʬʦʨʤʫʣʠ (4.1) ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʾ ʤʘʩʠ 

ʢʣʘʩʪʝʨʫ 

m=MCU/2enNa.     (4.2) 

 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʙôʻʤʥʦʛʦ ʟʘʨʷʜʫ- ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 70 ʉ̄ ʪʘ ʯʘʩ 15-20 ʤʩ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [134] ʥʘʚʝʜʝʥʽ ʥʘ (ʨʠʩ. 3.2 (ʈʦʟʜʽʣ 3, Ä 3.3). ɿ ʝʢʩʧʝʨʠʤʝʥʪʫ 

[134] ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ: C=100 ʧʌ/cʤ
2
, ʘ U ʩʪʘʥʦʚʠʪʴ 10-30 ɺ 

ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʫʤʦʚ ʝʣʝʢʪʨʠʟʘʮʽʾ. ɼʣʷ ʦʮʽʥʢʠ ʚʽʟʴʤʝʤʦ U=10 ɺ. 

ɼʣʷ ʟʦʣʦʪʘ ʟʛʽʜʥʦ (4.1) ʤʘʪʠʤʝʤʦ ʦʮʽʥʢʫ m=10
-12
ʛ/ʩʤ

2
, ʱʦ ʧʨʠ ʣʽʥʽʡʥʠʭ 

ʩʫʙʤʽʢʨʦʥʥʠʭ ʨʦʟʤʽʨʘʭ ʦʩʪʨʽʚʮʽʚ ʙʣʠʟʴʢʦ ʜʦ ʤʘʩʠ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ 

ʟʦʣʦʪʘ 6 10
-19

 ʛ. 

ʆʪʞʝ, ʩʝʣʝʢʪʠʚʥʝ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʪʝʤʧʣʘʪʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʪʦʥʢʠʭ ʥʘʥʦʢʣʘʩʪʝʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. 

ʇʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʝʢʨʘʥʫʶʯʠʭ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʧʦʣʝ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʨʦʟʤʽʨʦʤ ʙʽʣʷ 
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20 ʥʤ, ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʩʪʘʻ ʦʜʥʦʨʽʜʥʠʤ ʽ ʩʝʣʝʢʪʠʚʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʜʦ ʦʩʘʜʞʝʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʨʠʧʠʥʷʻʪʴʩʷ. 

ʇʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʠʤ. 

ʇʦʜʘʣʴʰʠʡ ʨʽʩʪ ʤʝʪʘʣʝʚʦʛʦ ʦʩʘʜʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʘʥʽʟʦʪʨʦʧʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʩʝʣʝʢʪʠʚʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʝʥʠʭ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʷʢ 

ʟʘʨʦʜʢʽʚ ʥʦʚʦʾ ʬʘʟʠ, ʪʦʜʽ ʷʢ ʢʦʥʜʝʥʩʘʮʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʧʝʨʝʥʘʩʠʯʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʚʠʛʽʜʥʦʶ. ʊʘʢʠʤ 

ʤʦʞʝ ʙʫʪʠ ʤʝʭʘʥʽʟʤʦʤ ʩʝʣʝʢʪʠʚʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʜʦʩʠʪʴ ʪʦʚʩʪʠʭ (ʧʦʨʷʜʢʫ 

150 ʥʤ ʚ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ [134,204,205]) ʤʝʪʘʣʝʚʠʭ ʦʩʘʜʽʚ. 

ʄʘʥʽʧʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʚ ʜʘʣʴʥʽʡ ʪʘ ʙʣʠʞʥʽʡ ʦʙʣʘʩʪʷʭ 

ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ ʝʢʨʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʫʟʴʢʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʦʤ.  

 

4.5. ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ 

 

ʇʨʦʮʝʩʠ ʩʝʣʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ [134,204,205] ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʝʯʦʚʠʥ-ʤʝʪʘʣʽʚ ʽ ʦʨʛʘʥʽʯʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʝʣʝʢʪʠʚʥʫ 

ʢʦʥʜʝʥʩʘʮʽʶ ʻ ʥʝʦʜʥʦʨʽʜʥʘ ʛʫʩʪʠʥʘ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʥʝʦʜʥʦʨʽʜʥʘ ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʘʜʩʦʨʙʘʪʽʚ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʤʝʞʽ ʬʘʟ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʪʘ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʝ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʘ ʦʙôʻʤʥʦʾ ʩʢʣʘʜʦʚʠʭ ʝʥʝʨʛʽʾ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʚʽʜ 

ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʨʝʜʦʚʠʱ.  

ʆʙôʻʢʪʘʤʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʙʦʪʘʭ [134,204,205] ʻ ʤʝʪʘʣʠ ʟ ʚʽʣʴʥʠʤʠ 

ʝʣʝʢʪʨʦʥʘʤʠ ʪʘ ʦʨʛʘʥʽʯʥʽ ʙʘʨʚʥʠʢʠ ʽʟ ʨʦʟʛʘʣʫʞʝʥʦʶ ʩʠʩʪʝʤʦʶ 

ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʥʠʭ p-ʝʣʝʢʪʨʦʥʽʚ. ʇʝʚʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʧʨʦʮʝʩʽʚ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟʦʣʦʪʦ-ʇɺʂ, ʚʠʨʦʱʝʥʠʭ ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ, ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ 

ʧʣʽʚʦʢ ʮʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʘʪʦʤʥʦʶ ʪʘ ʝʣʝʢʪʨʦʥʥʦʶ 

ʙʫʜʦʚʦʶ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʤʧʣʘʪ ʚʠʛʦʪʦʚʣʷʣʠ ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ 

ʥʘ ʧʽʜʢʣʘʜʢʠ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʇɺʂ-CdSe [134,135]. 

ʇʨʦʩʪʦʨʦʚʝ ʨʝʛʫʣʷʨʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʪʝʤʧʣʘʪʫ ʪʨʠʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʟ 

ʧʝʨʽʦʜʦʤ ʙʽʣʷ 2 ʤʢʤ ʬʦʨʤʫʚʘʣʠ ʝʢʩʧʦʟʠʮʽʻʶ ʚ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʤʫ 

ʩʚʽʪʣʦʚʦʤʫ ʧʦʣʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 640 ʥʤ ʟʘ ʪʨʠʧʨʦʤʝʥʝʚʦʶ 

ʩʭʝʤʦʶ. 

ʇʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʇɺʂ ʪʦʚʱʠʥʦʶ 50-150 ʥʤ 

ʦʪʨʠʤʫʚʘʣʠ ʦʜʥʦʯʘʩʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʦ ʤʝʪʦʜʠʢʘʭ [82,205-

207,135,151,157]. 

ʇʣʽʚʢʠ ʚʠʨʦʱʫʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ KBr ʽ ʥʘ ʩʢʣʷʥʠʭ 

ʧʽʜʢʣʘʜʢʘʭ ʟʘʚʪʦʚʰʢʠ 0,2 ʤʤ ʜʣʷ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʚʯʝʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʬʦʨʤʫʚʘʣʠ ʧʨʦʤʽʞʥʠʡ ʰʘʨ KBr 

ʟʘʚʪʦʚʰʢʠ ʙʽʣʷ 40 ʥʤ ʩʫʙʣʽʤʘʮʽʻʶ ʫ ʚʘʢʫʫʤʽ. 

ɺʤʽʩʪ ʟʦʣʦʪʘ ʚ ʧʣʽʚʢʘʭ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʫ ʤʘʩʠ ʚ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʫʯʢʘʭ ʤʝʪʦʜʦʤ ʢʚʘʨʮʦʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ. ʅʝʟʘʣʝʞʥʘ ʦʮʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʘ ʧʦ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ 

ʧʽʩʣʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʧʣʽʚʢʘʭ ʇɺʂ. ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ 

ʟʨʘʟʢʽʚ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Unico ʟʘ ʜʚʦʧʨʦʤʝʥʝʚʦʶ ʩʭʝʤʦʶ. 

ɺʧʣʠʚ ʚʤʽʩʪʫ ʟʦʣʦʪʘ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟʦʣʦʪʦ-ʇɺʂ ʥʘ ʩʧʝʢʪʨʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚʠʚʯʘʣʠ ʚ ʧʣʽʚʢʘʭ, ʦʩʘʜʞʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʦʢ.  

ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʇɺʂ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.22, ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʦʪʘ. ʆʪʨʠʤʘʥʽ ʫ 

ʚʘʢʫʫʤʽ ʧʣʽʚʢʠ ʇɺʂ ʤʘʶʪʴ ʢʨʘʡ ʧʦʛʣʠʥʘʥʥʷ 3,1-3,2 ʝɺ. ʇʦʛʣʠʥʘʥʥʷ ʚ 

ʦʙʣʘʩʪʽ 1,1-3,1 ʝɺ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʝ ʜʦ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ, ʱʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʙʣʠʞʥʽʤʠ ʧʦʣʷʤʠ. ʗʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ 

2,05 ʝɺ ʭʘʨʘʢʪʝʨʥʠʡ ʽ ʜʣʷ ʧʣʘʟʤʦʥʫ ʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʘʭ ʽ ʜʣʷ 



200 

 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʫ ʚʠʛʣʷʜʽ ʩʬʝʨʦʾʜʽʚ [33,151]. ɽʚʦʣʶʮʽʶ ʩʧʝʢʪʨʽʚ 

ʧʦʛʣʠʥʘʥʥʷ (ʨʠʩ. 4.22) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʟʦʣʦʪʘ, ʦʩʣʘʙʣʝʥʥʷʤ ʢʦʣʝʢʪʠʚʥʠʭ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʽ 

ʧʨʦʷʚʦʤ ʩʣʘʙʢʦ ʚʟʘʻʤʦʜʽʶʯʠʭ ʣʦʢʘʣʴʥʠʭ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ 

ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʟʦʣʦʪʘ. 

ɿʥʘʯʥʘ ʜʠʩʧʝʨʩʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʠʨʠʥʦʶ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ [151]. ʇʨʠʡʤʘʶʯʠ ʷʢ ʦʮʽʥʢʫ ʨʦʟʤʽʨ ʩʝʨʝʜʥʴʦʛʦ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʟʦʣʦʪʘ ʚ ʜʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ 5-10 ʥʤ [151], ʦʪʨʠʤʫʻʤʦ, ʱʦ 

ʷʢʽʩʥʘ ʟʤʽʥʘ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʟʦʣʦʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʦʯʠʥʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʾʭ ʩʝʨʝʜʥʴʦʤʫ 

ʜʽʘʤʝʪʨʫ. 
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ʈʠʩ. 4.22. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʇɺʂ 

ʽʟ ʚʤʽʩʪʦʤ ʟʦʣʦʪʘ (ʧʦ ʤʘʩʽ) [84]: 1 - 82%, 2 -78% 3 - 74%, 4 - 64%, 5 -27% 

ʥʦʨʤʦʚʘʥʽ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʢʘʨʙʘʟʦʣʫ  

 

ʋ ʮʽʡ ʞʝ ʦʙʣʘʩʪʽ ʩʣʽʜ ʯʝʢʘʪʠ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ. ʅʘʡʙʽʣʴʰ ʽʩʪʦʪʥʘ ʟʤʽʥʘ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʨʦʟʛʣʷʥʫʪʠʭ 
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ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʣʠʟʴʢʦ 70-80 %. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʤʧʣʘʪʫ ʥʘ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟʦʣʦʪʦ-

ʧʦʣʽʤʝʨ ʧʣʽʚʢʫ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʽʟ ʚʤʽʩʪʦʤ ʟʦʣʦʪʘ ʙʣʠʟʴʢʦ 70 % 

ʚʠʨʦʩʪʠʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ ʧʨʦʩʪʦʨʦʚʦ ʨʝʛʫʣʷʨʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʦʣʽ. ʅʘ ʧʣʽʚʮʽ ʢʦʤʧʦʟʠʪʫ ʟʘʚʪʦʚʰʢʠ 50 ʥʤ ʩʧʦʩʪʝʨʽʛʘʣʠ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ 

ʜʠʬʨʘʢʮʽʶ ʩʚʽʪʣʘ (ʨʠʩ. 4.23). ʉʠʤʝʪʨʽʷ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʚʽʜʧʦʚʽʜʘʻ 

ʩʠʤʝʪʨʽʾ ʩʚʽʪʣʦʚʦʛʦ ʧʦʣʷ, ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʚʘʣʠ ʦʨʛʘʥʽʟʘʮʽʶ ʪʝʤʧʣʘʪʫ. 

ɼʠʬʨʘʢʮʽʶ ʩʚʽʪʣʘ ʥʘ ʦʨʛʘʥʽʟʦʚʘʥʦʤʫ ʪʝʤʧʣʘʪʽ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʥʝ ʚʜʘʣʦʩʷ. 

ʆʪʞʝ, ʜʠʬʨʘʢʮʽʷ (ʨʠʩ. 4.23) ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ. 

 

ʈʠʩ. 4.23. ʈʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 632 ʥʤ, 

ʜʠʬʨʘʛʠʨʦʚʥʦʛʦ ʥʘ ʪʦʥʢʽʡ ʧʣʽʚʮʽ (50 ʥʤ) ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ (70 % 

Au), ʚʠʨʦʱʝʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ (ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ), ʱʦ ʙʫʚ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤ ʩʚʽʪʣʦʚʠʤ 

ʧʦʣʝʤ ʪʨʠʛʦʥʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʟ ʧʝʨʽʦʜʦʤ ʙʣʠʟʴʢʦ 2 ʤʢʤ [84] 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʰʣʷʭʘʤʠ: ʧʨʠ ʪʨʘʥʩʧʦʨʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʛʘʟʦʚʽʡ 
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ʬʘʟʽ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʪʝʤʧʣʘʪʫ ʧʦʙʣʠʟʫ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

(ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽ ʥʘ ʩʪʘʜʽʾ ʟʨʦʩʪʘʥʥʷ ʟʘʨʦʜʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʽ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ. ʉʪʘʜʽʷ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʘ 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʟʘʣʝʞʥʽʩʪʶ 

ʨʦʟʤʽʨʽʚ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ ʟʦʣʦʪʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʇʝʨʰʠʡ ʽ ʦʩʪʘʥʥʽʡ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʨʦʩʪʫ 

ʢʦʤʧʦʟʠʪʘ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ. 

ʆʪʞʝ, ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʦʪʨʠʤʘʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʟʦʣʦʪʦ-

ʇɺʂ ʽ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɯʩʪʦʪʥʘ ʟʤʽʥʘ ʩʧʝʢʪʨʫ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʟʦʣʦʪʘ ʧʦʯʠʥʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʾʭ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʨʦʟʧʘʜʦʤ ʢʦʣʝʢʪʠʚʥʠʭ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʣʦʢʘʣʴʥʽ ʧʣʘʟʤʦʥʠ. ʆʧʪʠʯʥʠʤʠ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʤʘʪʨʠʮʽ ʇɺʂ 

ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʆʩʘʜʞʝʥʥʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʤʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʦʣʦʪʘ ʩʪʘʥʦʚʠʪʴ 

ʙʽʣʷ 1100 ʉ̄, ʪʦʜʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ ʤʘʪʨʠʮʽ ʇɺʂ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 150 ʉ̄. ʆʪʞʝ, ʘʪʦʤʠ ʟʦʣʦʪʘ ʤʘʶʪʴ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ, ʷʢʘ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠʩʷ ʪʽʣʴʢʠ ʤʘʪʨʠʮʝʶ 

ʇɺʂ. 

ʂʘʨʙʘʟʦʣ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʫ ʚʠʛʣʷʜʽ ʦʣʽʛʦʤʝʨʽʚ- 

ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʟʜʘʪʥʽ ʜʝʱʦ ʥʘʨʦʱʫʚʘʪʠ ʜʦʚʞʠʥʫ ʣʘʥʮʶʛʘ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʅʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ, ʧʦʩʪʘʯʘʶʯʠ ʥʘʜʣʠʰʦʢ ʩʚʦʻʾ ʝʥʝʨʛʽʾ 

ʤʘʪʨʠʮʽ, ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʨʫʭʣʠʚʦʩʪʽ ʣʘʥʮʶʛʽʚ ʧʦʣʽʤʝʨʫ, 
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ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʂʘʨʙʘʟʦʣ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʩʠʩʪʝʤʫ p-

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʻ ʜʦʩʠʪʴ ʧʦʣʷʨʠʟʦʚʘʥʦʶ ʩʧʦʣʫʢʦʶ.  

ʆʪʞʝ, ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʻ ʜʦʩʠʪʴ 

ʚʽʜʤʽʥʥʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʚʝʨʭʥʝʶ, ʥʘʧʨʠʢʣʘʜ, ʩʢʣʘ ʘʙʦ ʽʥʰʦʛʦ 

ʧʦʣʽʤʝʨʫ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ [70]. ʄʦʣʝʢʫʣʷʨʥʘ ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ 

ʦʩʪʘʥʥʴʦʛʦ ʟʥʘʯʥʦ ʤʝʥʰʘ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʚʽʜʩʫʪʥʽ ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʥʽ p-

ʝʣʝʢʪʨʦʥʠ ʘʣʝ ʧʨʠʩʫʪʥʽ ʧʦʣʷʨʥʽ ʘʪʦʤʠ ʬʪʦʨʫ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ 

ʥʘ 150 ʉ ʚʠʱʝ, ʥʽʞ ʫ ʇɺʂ. ʅʘʥʦʢʣʘʩʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-

ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʚ [151]. ʄʝʪʦʜʠʢʠ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ 

ʪʘ ʊɽʄ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʽ ʚ ʮʽʡ ʞʝ ʨʦʙʦʪʽ. ʅʘ ʨʠʩ. 4.24 ʥʘʚʝʜʝʥʽ ʇɽʄ 

ʟʦʙʨʘʞʝʥʥʷ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʪʦʚʱʠʥʦʶ 60 ʥʤ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʧʦʣʷʛʘʻ ʫ ʢʫʪʽ ʩʧʨʷʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʦʤʝʥʶ. 

 

ʘ ʙ 

 

ʈʠʩ. 4.24. ʇɽʄ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʧʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-

PVC ʪʦʚʱʠʥʦʶ 60 ʥʤ. ʂʫʪ ʩʧʨʷʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʶ [84]: ʘ - 

ʥʦʨʤʘʣʴʥʦ ʜʦ ʧʦʚʝʨʭʥʽ, ʙ - ʧʽʜ ʢʫʪʦʤ 37 ̄ʜʦ ʥʦʨʤʘʣʽ. ɿʦʣʦʪʽ ʥʘʥʦʢʣʘʩʪʝʨʠ 

ʟʦʙʨʘʞʝʥʽ ʪʝʤʥʠʤʠ ʧʣʷʤʘʤʠ  
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ɼʦ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʪʘ ʛʽʩʪʦʛʨʘʤ ʦʧʪʠʯʥʦʾ 

ʛʫʩʪʠʥʠ [208-211]. ʈʦʟʧʦʜʽʣ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʚ ʧʣʦʱʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʤʘʶʪʴ ʝʣʽʧʩʦʚʠʜʥʫ ʬʦʨʤʫ. 

ɸʥʽʟʦʪʨʦʧʽʷ ʚ ʧʣʦʱʠʥʽ ʧʦʚʝʨʭʥʽ ʥʝʟʥʘʯʥʘ. ʅʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʜʽʘʤʝʪʨ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʩʪʘʥʦʚʠʪʴ 6-8 ʥʤ, ʘ ʜʦʣʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽʟ ʨʦʟʤʽʨʘʤʠ 4-14 ʥʤ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 50%.  

ʈʦʟʧʦʜʽʣ ʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ (ʨʠʩ. 4.25). 

ʁʤʦʚʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʽʣʴʰʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʢʣʘʩʪʝʨʽʚ ʚ ʫʤʦʚʘʭ ʙ 

ʧʦʤʽʪʥʦ ʙʽʣʴʰʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʥʽʟʦʪʨʦʧʥʠʡ ʨʽʩʪ ʧʣʽʚʢʠ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʘʛʨʝʛʘʪʽʚ, ʚʠʪʷʛʥʫʪʠʭ ʧʝʨʝʚʘʞʥʦ ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ. 

 

ʈʠʩ. 4.25. ʈʦʟʧʦʜʽʣ ʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʨʦʟʤʽʨʘʤʠ [84]: ʘ ʽ ʙ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷʤ ʘ ʪʘ ʙ ʥʘ ʨʠʩ. 4.21  

 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʨʦʛʫ ʧʨʠ 1,6 ʥʤ. ʂʣʘʩʪʝʨʠ 

ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʚ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ ʢʦʤʧʦʟʠʪʽ ʚʽʜʩʫʪʥʽ. ʅʘʷʚʥʽʩʪʴ 

ʧʦʨʦʛʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʨʦʟʧʦʜʽʣʽ ʟʘʨʦʜʢʽʚ 
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ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ. ɿʘʨʦʜʢʠ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʻ ʥʝʩʪʽʡʢʠʤʠ ʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʾʭʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝʟʥʘʯʥʘ.  

ɺ ʨʦʟʧʦʜʽʣʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ, (ʨʠʩ. 4.26), 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʠ. ʇʝʨʰʠʡ ʚʽʜʧʦʚʽʜʘʻ ʦʜʠʥʠʯʥʠʤ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤ. ɼʨʫʛʠʡ ʤʘʢʩʠʤʫʤ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʢʨʠʪʪʶ 3-5 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ɿʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 4.26, ʙ) ʤʘʻ ʙʽʣʴʰʫ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ, ʘ 

ʛʽʩʪʦʛʨʘʤʘ (ʨʠʩ. 4.26,ʙ) ʧʨʦʭʦʜʠʪʴ ʚʽʜʧʦʚʽʜʥʦ ʚʠʱʝ, ʥʽʞ (ʨʠʩ. 4.26, ʘ), 

ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ ʧʨʦʭʦʜʠʪʴ ʚ ʢʦʤʧʦʟʠʪʽ ʙʽʣʴʰʠʡ ʰʣʷʭ 

ʨʦʟʧʦʚʩʶʜʞʫʶʯʠʩʴ ʧʽʜ ʢʫʪʦʤ 37 ̄ʜʦ ʥʦʨʤʘʣʽ.  

 

ʈʠʩ. 4.26. ɻʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʪʦʚʱʠʥʦʶ 

ʧʣʽʚʢʠ[84]. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʥʦʨʤʦʚʘʥʘ ʥʘ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʩʬʝʨʠʯʥʦʛʦ 

ʢʣʘʩʪʝʨʫ ʜʽʘʤʝʪʨʦʤ 5 ʥʤ. ʂʨʠʚʽ ʘ ʪʘ ʙ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷʤ ʘ ʪʘ ʙ, 

ʨʠʩ. 4.25  

ʋ ʦʜʝʨʞʘʥʠʭ TEM ʟʦʙʨʘʞʝʥʥʷʭ ʩʫʪʪʻʚʠʤ ʻ ʥʝ ʪʽʣʴʢʠ ʩʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʘ ʡ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʚʟʘʻʤʥʠʡ ʚʽʜʥʦʩʥʠʡ ʨʫʭ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʚ 

ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʤʝʭʘʥʽʟʤʫ ʨʦʩʪʫ 

ʢʦʤʧʦʟʠʪʫ. ʉʣʽʜ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʨʝʣʴʦʚʘʥʽʩʪʴ ʫ ʧʨʦʩʪʦʨʦʚʦʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ɼʝʢʦʥʚʦʣʶʮʽʷ ʟʦʙʨʘʞʝʥʥʷ 
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ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽʟ ʦʜʠʥʠʯʥʠʤ ʩʪʘʪʠʩʪʠʯʥʦ ʩʝʨʝʜʥʽʤ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʥʘʥʦʢʣʘʩʪʝʨʦʤ ʜʘʻ ʢʘʨʪʠʥʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ ʧʣʦʱʠʥʽ. 

 

4.6. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʽ ʟʦʣʦʪʦ-ʧʚʢ 

 

ɿʨʦʙʠʤʦ ʦʮʽʥʢʠ ʨʘʜʽʫʩʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ Rj,ʢʨ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. ɺʝʣʠʯʠʥʘ Rj,ʢʨ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ 

ʚʠʨʘʟʦʤ 

, 2 / ɛ,j ʢʨR g= W D      (4.3) 

ʜʝ g - ʝʥʝʨʛʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ( )
3232́ / /3ʢʨj g m= W D  - ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ 

ʫ ʢʨʠʪʠʯʥʦʤʫ ʟʘʨʦʜʢʫ, ( )/ 0 0ɛ /( )ʩʫʙʣ ʧʣ AH M T T T ND =D -  - ʟʤʽʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ (ʥʘ ʦʜʠʥ ʘʪʦʤ), NA=6,023Ö10
23
ʤʦʣʴ

-1
 - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

ɼʣʷ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʜʦʙʨʝ ʚʽʜʦʤʽ: 

 

g=132Ö10
-7
ɼʞ/ʩʤ

2
 - ʝʥʝʨʛʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ; 

W=1,73Ö10
-23
ʩʤ

3
 - ʤʦʣʷʨʥʠʡ ʦʙôʻʤ; 

Dʅʩʫʙʣ=1873 ɼʞ/ʛ ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʩʫʙʣʽʤʘʮʽʾ; 

Dʅʧʣ=64 ɼʞ/ʛ ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ; 

M=197 ʛ/ʤʦʣʴ ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʟʦʣʦʪʘ; 

0T =1400 ʂ - ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʨʘʜʽʫʩʫ, ʦʪʨʠʤʘʥʝ ʜʣʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʘʨ-

ʪʚʝʨʜʝ ʪʽʣʦ, ʻ ʟʘʥʘʜʪʦ ʤʘʣʠʤ. ʇʨʦʪʝ ʜʣʷ ʧʝʨʝʭʦʜʫ ʧʘʨ-ʨʽʜʠʥʘ ʦʪʨʠʤʘʥʦ 

ʟʥʘʯʝʥʥʷ, ʷʢʝ ʜʦʙʨʝ ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ʎʝʡ ʬʘʢʪ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʪʝʧʣʦʪʘ ʩʫʙʣʽʤʘʮʽʾ ʫ 

ʪʨʠʜʮʷʪʴ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʪʝʧʣʦʪʫ ʧʣʘʚʣʝʥʥʷ. ʊʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʮʝʩ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽʜʝ ʩʘʤʝ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨ-ʨʽʜʠʥʘ-

ʢʨʠʩʪʘʣ, ʽ ʟʦʣʦʪʠʡ ʟʘʨʦʜʦʢ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʟʘʣʠʰʘʻʪʴʩʷ ʨʽʜʢʠʤ 



207 

 

ʚʧʨʦʜʦʚʞ ʜʦʩʠʪʴ ʚʝʣʠʢʦʛʦ ʯʘʩʫ, ʚʽʜʜʘʶʯʠ ʝʥʝʨʛʽʶ ʦʪʦʯʫʶʯʽʡ ʤʘʪʨʠʮʽ ʪʘ 

ʧʽʜʢʣʘʜʮʽ.  

ɺ ʪʘʙʣ. 4.1 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ Rj,ʢʨ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʩʠʩʪʝʤʘ 

ʧʘʨ-ʪʚʝʨʜʝ ʪʽʣʦ ʪʘ ʩʠʩʪʝʤʘ ʧʘʨ-ʨʽʜʠʥʘ. 

ʇʨʦ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ, ʦʙʨʘʭʫʚʘʚʰʠ 

ʜʦʣʶ ʘʪʦʤʽʚ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ: 

34
ˊ ,

3

R
j =

W
      (4.4) 

ʜʝ R=d/2 - ʨʘʜʽʫʩ ʥʘʥʦʢʣʘʩʪʝʨʘ, W - ʤʦʣʷʨʥʠʡ ʦʙôʻʤ, 
2

2

4ˊ

4
S

Au

R
j

R
=  - ʢʽʣʴʢʽʩʪʴ 

ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʢʣʘʩʪʝʨʘ, RAu - ʨʘʜʽʫʩ ʘʪʦʤʘ ʟʦʣʦʪʘ; ɖ
1

s s

i s

j j j

j j j
= =

-
 - 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʦʤʽʚ ʜʦ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʚʩʝʨʝʜʠʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʘ, j i=j-js - ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʚʩʝʨʝʜʠʥʽ ʥʘʥʦʢʣʘʩʪʝʨʘ. 

 

ʊʘʙʣʠʮʷ 4.2. 

ʈʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʜʣʷ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʊʠʧ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ 

ʇʠʪʦʤʘ 

ʪʝʧʣʦʪʘ 

ʧʝʨʝʭʦʜʫ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʨʫʛʦʾ ʬʘʟʠ, ʊ ʂ 
dʢʨ=2Rj,ʢʨ ʥʤ 

ʧʘʨʘ-ʪʚʝʨʜʝ ʪʽʣʦ Dʅʩʫʙʣ=1873 ɼʞ/ʛ 293 0,02 

ʧʘʨʘ-ʨʽʜʠʥʘ Dʅʧʣ=64 ɼʞ/ʛ 1050 1,7 

 

ʇʦʚʝʨʭʥʝʚʽ ʘʪʦʤʠ ʩʢʣʘʜʘʶʪʴ ʩʫʪʪʻʚʫ ʜʦʣʶ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ 

ʚʩʝʨʝʜʠʥʽ ʥʘʥʦʢʣʘʩʪʝʨʘ. ʇʦʚʝʨʭʥʝʚʽ ʘʪʦʤʠ ʤʘʶʪʴ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽ ʟʚôʷʟʢʠ, 

ʱʦ ʨʦʙʠʪʴ ʥʘʥʦʢʣʘʩʪʝʨʠ ʭʽʤʽʯʥʦ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʤʠ. ɿʦʢʨʝʤʘ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʦʣʽʛʦʤʝʨʽʚ 

ʢʘʨʙʘʟʦʣʫ. 

ʊʚʝʨʜʞʝʥʥʷ, ʱʦ ʥʘʥʦʢʣʘʩʪʝʨ ʟʦʣʦʪʘ ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʛʘʟʦʚʦʾ 

ʬʘʟʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʚʠʢʣʠʢʘʻ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ, 
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ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʽʚ ʨʦʩʪʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʩʢʫʧʯʝʥʴ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʘʛʨʝʛʘʮʽʾ). 

ʄʝʭʘʥʽʟʤ ʘʛʨʝʛʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʨʫʩʽ 

ʨʽʜʢʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʩʠʣ ʫ ʧʦʣʽ ʽʦʥʽʚ. ʇʨʦʮʝʩ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʜʦʜʘʪʥʠʭ ʽʦʥʽʚ, ʱʦ 

ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ. ʊʘʢʽ ʽʦʥʠ ʧʨʠʩʫʪʥʽ ʚ 

ʧʨʦʜʫʢʪʘʭ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʽʟ ʢʘʪʦʜʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʯʘ.  

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʤʽʛʨʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʦʮʽʥʠʤʦ ʨʘʜʽʫʩ ʢʫʣʦʥʽʚʩʴʢʦʾ ʷʤʠ ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʧʦʣʝ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʨʫʭ ʥʘʥʦʢʣʘʩʪʝʨʘ. 

ʈʘʜʽʫʩ ʢʫʣʦʥʽʚʩʴʢʦʾ ʷʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʢʨʠʪʝʨʽʶ  

2

04ˊŮŮ

e
kT

r
= .     (4.5) 

ʊʦʜʽ ʨʘʜʽʫʩ ʢʫʣʦʥʽʚʩʴʢʦʾ ʷʤʠ ʜʦʨʽʚʥʶʻ 

2

04ˊŮŮ

e
r

kT
= ,      (4.6) 

ʜʝ ʊ=500 ʂ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, e0=8,85Ö10
-12

 - ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚʘʢʫʫʤʫ, ʝ=1,6Ö10
-19

 ʂʣ- ʝʣʝʤʝʥʪʘʨʥʠʡ ʟʘʨʷʜ, e=1,69 - 

ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʢʘʨʙʘʟʦʣʫ, k=1,38Ö10
-23

 ɼʞ/ʂ- ʩʪʘʣʘ 

ɹʦʣʴʮʤʘʥʘ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ r=19,7 ʥʤ. ʆʪʞʝ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʥʦʢʣʘʩʪʝʨʠ ʧʦʯʠʥʘʶʪʴ ʨʫʭʘʪʠʩʴ ʧʽʜ ʜʽʻʶ ʧʦʣʷ 

ʜʦʜʘʪʥʴʦʛʦ ʽʦʥʘ, ʢʦʣʠ ʦʧʠʥʷʶʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʤʝʥʰʝ 20 ʥʤ ʚʽʜ ʥʴʦʛʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʥʦʢʣʘʩʪʝʨʠ, ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʥʽ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʤʦʞʫʪʴ ʩʢʫʧʯʫʚʘʪʠʩʷ ʥʘʚʢʦʣʦ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʟʘʨʷʜʽʚ. 

ʆʜʥʦʡʤʝʥʥʦ ʟʘʨʷʜʞʝʥʽ ʤʝʪʘʣʝʚʽ ʢʣʘʩʪʝʨʠ ʙʫʜʫʪʴ ʚʽʜʰʪʦʚʭʫʚʘʪʠʩʷ. 

ɼʦʚʞʠʥʘ ʜʨʝʡʬʫ ʤʝʪʘʣʝʚʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʫ ʫ ʤʘʪʨʠʮʽ ʧʦʣʽʤʝʨʫ ʙʫʣʘ 

ʦʮʽʥʝʥʘ ʫ 20 ʥʤ, ʱʦ ʟʽʩʪʘʚʥʝ ʽʟ ʪʦʚʱʠʥʦʶ ʧʣʽʚʦʢ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ.  
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ʆʩʢʽʣʴʢʠ ʥʦʚʦʫʪʚʦʨʝʥʠʡ ʥʘʥʦʢʣʘʩʪʝʨ ʽʩʥʫʻ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʚʽʥ 

ʤʦʞʝ ʚʽʣʴʥʦ ʨʫʭʘʪʠʩʴ ʧʦ ʧʦʚʝʨʭʥʽ ʪʘ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ, ʱʦ ʨʦʩʪʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ ʟ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ, 

ʧʦʢʠ ʥʝ ʧʝʨʝʡʜʝ ʫ ʪʚʝʨʜʫ ʬʘʟʫ. ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʢʦʛʦ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʩʢʣʘʜʘʻ ʙʽʣʷ 1050 ʂ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʟʦʣʦʪʘ ʫ ʚʠʛʣʷʜʽ 

ʥʘʥʦʢʣʘʩʪʝʨʘ), ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ ʤʘʪʨʠʮʽ ʩʢʣʘʜʘʻ ʙʽʣʷ 390 ʂ, ʪʦ 

ʥʘʥʦʢʣʘʩʪʝʨ ʤʦʞʝ ʧʨʦʧʣʘʚʣʷʪʠ ʩʦʙʽ ʰʣʷʭ ʚʛʣʠʙ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʧʦʢʠ 

ʥʝ ʚʽʜʜʘʩʪʴ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ. ʗʢ ʚʠʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʟʦʣʦʪʘ, 

ʦʩʢʽʣʴʢʠ ʜʦʜʘʪʢʦʚʠʡ ʪʠʩʢ, ʟʫʤʦʚʣʝʥʠʡ ʚʝʣʠʢʦʶ ʢʨʠʚʠʟʥʦʶ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʢʣʘʩʪʝʨʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. 

ʆʮʽʥʠʤʦ ʰʣʷʭ, ʷʢʠʡ ʤʦʞʝ ʧʨʦʡʪʠ ʚ ʤʘʪʨʠʮʽ ʥʘʥʦʢʣʘʩʪʝʨ ʜʦ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʅʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʩʠʩʪʝʤʠ ʟʦʣʦʪʦ-

ʧʦʣʽʤʝʨ: 

2

1 1 1 2 2ɚ (ɟ ˊ )m c m T c d r T+ D = D.    (4.7) 

ʊʫʪ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʪʝʧʣʦʪʘ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʚ ʨʽʜʢʠʡ ʩʪʘʥ ʪʘ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʽ, ʽʜʝ ʥʘ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʨʦʟʤôʷʢʰʝʥʥʷ. 

ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘʥʦʢʣʘʩʪʝʨ ʧʨʦʧʣʘʚʣʷʻ ʚ ʤʘʪʨʠʮʽ ʪʫʥʝʣʴ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʷʢʠʡ ʤʘʻ ʜʽʘʤʝʪʨ ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʫ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʪʦ 

ʜʦʚʞʠʥʘ ʮʴʦʛʦ ʪʫʥʝʣʶ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

1 1 1

2

2 2

ɚ

ɟ ˊ

m c m T
d

c r T

+ D
=

D
.     (4.8) 

 

ʇʨʦʚʝʜʝʤʦ ʦʮʽʥʢʠ ʜʣʷ ʥʘʥʦʢʣʘʩʪʝʨʫ ʜʽʘʤʝʪʨʦʤ 5 ʥʤ (r=2,5 ʥʤ). 

ʄʘʩʘ ʪʘʢʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʜʦʨʽʚʥʶʚʘʪʠʤʝ m1=r14/3pr
3
=2,18Ö10

-18
 ʛ, ʜʝ 

r1=19,3 ʛ/ʩʤ
3
 ï ʛʫʩʪʠʥʘ ʟʦʣʦʪʘ. 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʚ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ (4.7) ʧʘʨʘʤʝʪʨʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: 
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l=64,4 ɼʞ/ʛ ï ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ ʟʦʣʦʪʘ, 

ʩ1=0,13 ɼʞ/(ʛ*ʂ) ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʦʣʦʪʘ, 

ʩ2=1,04 ɼʞ/(ʛ*ʂ) 
ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʇɺʂ ʪʘ r1=0,67 ʛ/ʩʤ

3
 ï 

ʛʫʩʪʠʥʘ. 

 

ʊʘʢʦʞ ʚʨʘʭʫʻʤʦ, ʱʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 1050 ʂ ʜʦ 390 ʂ. 

ʊʦʜʽ, ʰʣʷʭ, ʷʢʠʡ ʧʨʦʡʜʝ ʥʘʥʦʢʣʘʩʪʝʨ ʚ ʤʘʪʨʠʮʽ, ʜʦʨʽʚʥʶʚʘʪʠʤʝ 30 ʥʤ. ʇʨʠ 

ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ 40-100 ʥʤ ʮʝ ʜʦʩʠʪʴ ʚʘʛʦʤʘ ʚʝʣʠʯʠʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ. 

ʊʘʢʦʞ ʦʮʽʥʠʤʦ, ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʟʦʣʦʪʘ ʚʙʝʨʝ ʚ ʩʝʙʝ ʥʘʥʦʢʣʘʩʪʝʨ, 

ʧʨʦʡʰʦʚʰʠ ʪʘʢʠʡ ʰʣʷʭ. ʆʙôʻʤ ʟʦʣʦʪʘ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ ʚ 

ʢʦʤʧʦʟʠʪʽ: VAu=hdpr
2
, ʜʝ h - ʦʙôʻʤʥʘ ʜʦʣʷ ʟʦʣʦʪʘ ʚ ʟʨʘʟʢʫ, ʷʢʘ ʩʢʣʘʜʘʻ ʚʽʜ 

6 ʜʦ 30% (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʟʨʘʟʢʘ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʢʣʘʩʪʝʨ ʜʽʘʤʝʪʨʦʤ 5 ʥʤ, ʧʨʦʡʰʦʚʰʠ ʰʣʷʭ 

ʧʨʠʙʣʠʟʥʦ 30 ʥʤ, ʟʙʽʣʴʰʠʪʴ ʩʚʽʡ ʜʽʘʤʝʪʨ ʜʦ ʪʘʢʠʭ ʟʥʘʯʝʥʴ: 6,1 ʥʤ ï ʜʣʷ 

ʚʤʽʩʪʫ ʟʦʣʦʪʘ 6%; 8,5 ʥʤ - ʜʣʷ ʚʤʽʩʪʫ ʟʦʣʦʪʘ 30%. ɿʚʽʜʩʠ ʚʠʜʥʦ, ʱʦ 

ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʻʜʥʘʥʥʷ ʥʝʨʫʭʦʤʠʭ ʘʪʦʤʽʚ 

ʟʦʣʦʪʘ ʜʦ ʥʘʥʦʢʣʘʩʪʝʨʫ, ʱʦ ʜʨʝʡʬʫʻ, ʜʘʻ ʚʠʩʥʦʚʦʢ, ʘʣʝ ʥʝ ʻ ʜʦʤʽʥʫʶʯʠʤ. 

ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʦʩʪʫ ʤʦʞʝ ʙʫʪʠ ʜʠʬʫʟʽʡʥʠʡ ʜʨʝʡʬ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ 

ʟʦʣʦʪʘ ʧʦ ʧʦʚʝʨʭʥʽ ʪʘ ʾʭ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʚʞʝ ʽʩʥʫʶʯʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. 

ʄʝʭʘʥʽʟʤʦʤ ʘʛʨʝʛʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʤʦʞʝ ʙʫʪʠ ʾʭ ʜʨʝʡʬ ʢʨʽʟʴ 

ʤʘʪʨʠʮʶ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʚʟʘʻʤʦʜʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ ʚʽʜʧʦʚʽʜʥʦ ʷʢʦʤʫ, ʟʘʨʦʜʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ 

ʚʠʜʽʣʷʻʪʴʩʷ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʘ ʚʽʜʜʘʻʪʴʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽʡ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ. ʅʘʥʦʢʣʘʩʪʝʨ, ʱʦ ʚʠʨʽʩ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʱʝ ʜʝʷʢʠʡ ʯʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʽ ʤʦʞʝ ʨʫʭʘʪʠʩʴ ʧʦ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ, ʨʦʟʤôʷʢʰʫʶʯʠ ʾʾ ʽ ʨʫʭʘʶʯʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʽʜʩʪʘʥʴ 
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ʜʦ 30 ʥʤ. ʅʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʥʝʩʫʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ 

ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʽʙ. ʅʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʷ, 

ʧʨʠʪʷʛʘʶʯʠʩʴ ʜʦ ʟʘʨʷʜʽʚ, ʷʢʽ ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʽʩʥʫʶʪʴ ʫ ʜʽʝʣʝʢʪʨʠʯʥʽʡ 

ʤʘʪʨʠʮʽ ʪʘ ʘʛʨʝʛʫʚʘʪʠ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʣʝʢʪʠʚʥʝ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʪʝʤʧʣʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

(ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽ ʥʘ ʩʪʘʜʽʾ ʟʨʦʩʪʘʥʥʷ ʟʘʨʦʜʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʽ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ. ʇʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰ 10 ʥʤ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʝʢʨʘʥʫʻʪʴʩʷ ʽ ʩʝʣʝʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʜʦ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʨʠʧʠʥʷʻʪʴʩʷ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʚ ʤʘʪʨʠʮʽ ʇɺʂ 

ʩʪʘʥʦʚʠʪʴ 1,6 ʥʤ, ʘ ʩʝʨʝʜʥʴʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʫ 6-8 ʥʤ. ɺ ʧʣʽʚʮʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʪʦʚʱʠʥʦʶ 60 ʥʤ ʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʘʛʨʝʛʦʚʘʥʽ ʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ 3õ5 ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ. 

ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʩʪʘʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʛʨʝʛʘʪʽʚ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 20 ʥʤ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʽʩʪʦʪʥʘ ʟʤʽʥʘ ʩʧʝʢʪʨʫ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʠʥʠʢʘʻ, 

ʢʦʣʠ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʟʦʣʦʪʘ ʧʦʯʠʥʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʾʭ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʨʦʟʧʘʜʦʤ ʢʦʣʝʢʪʠʚʥʠʭ 

ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʣʦʢʘʣʴʥʽ ʧʣʘʟʤʦʥʠ. ʆʧʪʠʯʥʠʤʠ 

ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʩʪʘʥʴ ʧʨʦʩʪʦʨʦʚʦʾ 

ʢʦʨʝʣʷʮʽʾ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 

20 ʥʤ. 

ʇʨʠʪʷʛʘʶʯʠʩʴ ʜʦ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʫ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʟʘʨʷʜʽʚ, 

ʥʘʥʦʢʣʘʩʪʝʨʠ ʘʛʨʝʛʫʶʪ.ɹ ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʩʪʘʥʴ, ʱʦ ʚʠʟʥʘʯʘʻ ʮʝʡ ʧʨʦʮʝʩ, ʻ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʨʘʜʽʫʩ ʝʣʝʢʪʨʦʥʫ ï ʚʝʣʠʯʠʥʘ ʙʽʣʷ 10 ʥʤ ʜʣʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 
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ʧʦʣʽʤʝʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʪʘ ʾʭ ʘʛʨʝʛʘʪʠ, ʷʢʽ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʧʨʦʪʷʞʥʽʩʪʴ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʢʨʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʟʘʨʷʜʽʚ ʪʘ ʩʪʚʦʨʶʶʪʴ 

ʟʥʘʯʥʽ ʙʣʠʞʥʽ ʣʦʢʘʣʴʥʽ ʧʦʣʷ.  

ʈʝʛʫʣʶʶʯʠ ʚʤʽʩʪ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʜʦʤʽʰʦʢ, ʤʦʞʥʘ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʪʘ ʾʭ ʘʛʨʝʛʘʪʽʚ ʚ ʢʦʤʧʦʟʠʪʽ ʽ 

ʪʠʤ ʩʘʤʠʤ ʚʠʛʦʪʦʚʣʷʪʠ 3D ʫʧʦʨʷʜʢʦʚʘʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʤʝʪʘʣ-ʧʦʣʽʤʝʨ. 

 

4.7. ɿʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ 

ʪʝʤʧʣʘʪʫ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʟʦʣʦʪʦ-ʦʨʛʘʥʽʯʥʠʡ ʧʦʣʽʤʝʨ ʚ ʧʨʦʮʝʩʘʭ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ ʟ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʤʽʪʥʘ ʫʚʘʛʘ, ʦʩʢʽʣʴʢʠ ʪʦʥʢʦʧʣʽʚʢʦʚʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʤʝʪʘʣ-ʧʦʣʽʤʝʨ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʝʥʩʦʨʠʢʠ, 

ʢʘʪʘʣʽʟʫ, ʬʦʪʦʥʽʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ.  

ɻʘʟʦʬʘʟʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ 

ʢʦʣʦʾʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʽʟ ʨʦʟʯʠʥʽʚ, ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʪʪʻʚʦ ʚʽʜʤʽʥʥʽ ʧʨʦʮʝʩʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʬʘʢʪʦʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷʤ ʨʝʯʦʚʠʥʠ. ɿʦʢʨʝʤʘ, 

ʛʘʟʦʬʘʟʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʧʦʥʫʻ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʘʯ ʩʪʚʦʨʝʥʥʷ 

ʯʽʪʢʠʭ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʤʽʞ ʰʘʨʘʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʫʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ. 

ʋ [136,151,212] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʜʥʦʯʘʩʥʦʾ ʛʘʟʦʬʘʟʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟʦʣʦʪʘ ʪʘ ʜʝʷʢʠʭ ʧʦʣʽʤʝʨʽʚ, ʦʜʝʨʞʘʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ 

ʥʘʥʦʢʦʤʦʟʠʪʥʽ ʧʣʽʚʢʠ ʟʦʣʦʪʦ-ʧʦʣʽ-ʬʪʦʨʝʪʠʣʝʥ ʪʘ ʟʦʣʦʪʦ-ʧʦʣʽ-N-

ʚʽʥʽʣʢʘʨʙʘʟʦʣ (ʇɺʂ).  

ɿʥʘʯʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʧʦʣʷ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʤʠ 
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ʤʝʪʦʜʘʤʠ [13] ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʤʧʣʘʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ [84,158].  

ʆʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʦʮʝʩʠ 

ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨ çʟʥʠʟʫ ʚʛʦʨʫè ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʦʙʻʢʪʽʚ. ɸʣʝ ʤʝʭʘʥʽʟʤʠ ʮʠʭ ʧʨʦʮʝʩʽʚ ʱʝ ʥʝ 

ʟôʷʩʦʚʘʥʽ.  

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟʦʣʦʪʘ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʪʝʤʧʣʘʪʫ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʧʦʣʽ-N-ʚʽʥʽʣʢʘʨʙʘʟʦʣ ʢʦʥʜʝʥʩʘʮʽʻʶ ʚ 

ʚʘʢʫʫʤʽ. ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʢʣʘʩʪʝʨʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʦʟʠʪʫ 

ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ ʚ ʦʙʣʘʩʪʷʭ ʩʠʣʴʥʦʛʦ ʪʘ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽʟ 

ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ.  

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʪʝʤʧʣʘʪʫ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʙʘʨôʻʨ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʪʨʘʥʩʧʦʨʪʫ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʜʝ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʟʦʣʦʪʠʭ ʘʪʦʤʽʚ ʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽʟ 

ʧʦʚʝʨʭʥʝʶ ʧʦʣʽʤʝʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʩʷʪʽ ʜʦʣʽ ʝʣʝʢʪʨʦʥʚʦʣʴʪʘ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦʾ ʧʦʣʝʤ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ɺʟʘʻʤʦʜʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. ɹʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʜʠʬʫʟʽʡʥʘ ʜʦʚʞʠʥʘ, ʯʘʩ ʞʠʪʪʷ ʪʘ ʦʮʽʥʢʘ ʝʥʝʨʛʽʡ ʚʟʘʻʤʦʜʽʡ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ. ʄʝʭʘʥʽʟʤʽʚ ʜʠʬʫʟʽʡʥʦʛʦ ʽ, ʤʦʞʣʠʚʦ ʢʽʥʝʪʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. 

 

4.8. ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ 

ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʝʪʥʦʛʦ ʪʝʤʧʣʘʪʫ  

 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʣʴʥʠʭ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 50 ʥʤ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ 

ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʇEM), ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʢʦʥʜʝʥʩʘʮʽʶ ʥʘ ʩʚʽʞʫ ʧʣʽʚʢʫ ʂBr. ɺʽʜʰʘʨʦʚʫʚʘʥʥʷ ʧʣʽʚʢʠ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʾʾ 
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ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʩʽʪʯʘʩʪʦʤʫ ʤʽʜʥʦʤʫ ʪʨʠʤʘʯʽ ʟ ʢʦʤʽʨʢʦʶ 25 ʤʢʤ 

ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʣʷ ʇEM ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʜʽʣʴʥʠʡ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ KBr ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 30 ʥʤ. ʐʘʨ ʦʜʝʨʞʫʚʘʣʠ 

ʪʝʨʤʽʯʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ KBr ʪʘ ʢʦʥʜʝʥʩʘʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ 

ʚʘʢʫʫʤʽ ʚ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ 

ʦʩʘʜʞʝʥʥʷʤ ʥʘʥʦʢʦʤʧʦʟʠʪʫ. ʄʘʩʫ ʨʦʟʜʽʣʦʚʦʛʦ ʰʘʨʫ KBr, ʷʢ ʽ ʧʣʽʚʢʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ, ʢʦʥʪʨʦʣʶʚʘʣʠ ʤʝʪʦʜʦʤ ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʤʝʪʦʜʦʤ ʇEM ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʣʘʜʽ JEM-1230 

(JEOL, ʗʧʦʥʽʷ) ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 0,2 ʥʤ ʧʨʠ 

ʧʨʠʩʢʦʨʶʶʯʽʡ ʥʘʧʨʫʟʽ 100 ʂɺ [211].  

ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʦʨʤʠ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʨʦʟʧʦʜʽʣʫ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʪʘ ʘʥʽʟʦʪʨʦʧʽʾ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʌʫʨôʻ-ʘʥʘʣʽʟʫ ʇEM ʟʦʙʨʘʞʝʥʴ. 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 4.27. ʇɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ [213]: ʘ - 

ʥʘ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʛʦ ʨʦʟʜʽʣʴʥʦʛʦ ʰʘʨʫ KBr ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ 

ʧʦʣʽ ʪʝʤʧʣʘʪʫ, ʙ - ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʫ KBr ʫ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʙʝʟ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ  
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ɿʦʙʨʘʞʝʥʥʷ ʪʠʧʦʚʠʭ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ, ʦʜʝʨʞʘʥʠʭ 

ʤʝʪʦʜʦʤ ʇEM, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.27. ʅʘ ʮʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟʦʣʦʪʽ 

ʥʘʥʦʢʣʘʩʪʝʨʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʷʢ ʪʝʤʥʽ ʧʣʷʤʠ. ʗʢʽʩʥʦ ʧʦʤʽʪʥʦ, ʱʦ ʨʦʟʤʽʨ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʚ ʧʣʽʚʮʽ, ʦʩʘʜʞʝʥʽʡ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʤʝʥʰʠʡ, ʘ 

ʢʣʘʩʪʝʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʦʩʪʦʨʽ ʟʽ ʟʤʽʥʥʦʶ ʛʫʩʪʠʥʦʶ. ʌʦʨʤʘ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʙʣʠʟʴʢʘ ʜʦ ʩʬʝʨʠʯʥʦʾ.  

ɼʝʪʘʣʴʥʽʰʝ ʩʪʘʪʠʩʪʠʯʥʦ ʫʩʝʨʝʜʥʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʘʤʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʌʫʨôʻ-ʘʥʘʣʽʟʫ. ɻʫʩʪʠʥʘ 

ʧʦʪʫʞʥʦʩʪʽ 2D ʬʫʨôʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ TEM ʟʦʙʨʘʞʝʥʴ, ʧʦʚôʷʟʘʥʘ ʟ 

ʨʦʟʧʦʜʽʣʦʤ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʘ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.28.  

ɼʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ ʚʢʣʘʜ ʧʨʦʩʪʦʨʦʚʠʭ ʛʘʨʤʦʥʽʢ. ɸʣʝ 

ʧʦʙʣʠʟʫ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʩʧʘʜʘʶʯʦʛʦ ʢʨʘʶ ʨʦʟʧʦʜʽʣʫ ʚʢʣʘʜʦʤ ʛʘʨʤʦʥʽʢ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

 

¶ ʥʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʤʘʶʪʴ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʝʣʽʧʩʦʾʜʘ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʥʝ ʙʽʣʴʰʝ 1,2; 

¶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʘʥʽʟʦʪʨʦʧʽʷ ʦʨʽʻʥʪʘʮʽʾ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʪʦʥʢʠʭ ʰʘʨʘʭ; 

¶ ʨʦʟʧʦʜʽʣ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʙʽʣʷ 2 ʥʤ, 4,5 ʥʤ ʪʘ ʩʷʛʘʻ ʜʦ 10-18 ʥʤ; 

¶ ʜʣʷ ʦʙʦʭ ʦʙô̒ ʢʪʽʚ ʨʠʩ. 4.28 ʭʘʨʘʢʪʝʨʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʭ 

ʧʦʨʦʛʽʚ ʚ ʦʙʣʘʩʪʽ ʦʜʠʥʠʮʴ ʥʘʥʦʤʝʪʨʽʚ, ʪʦʜʽ ʷʢ ʬʽʟʠʯʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʧʨʠʣʘʜʫ ʥʝ ʙʽʣʴʰʝ 0,5 ʥʤ. 
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24

 

 

ʈʠʩ. 4.28. ʈʦʟʧʦʜʽʣ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʢʦʤʧʦʟʠʪʽ ʟʦʣʦʪʦ-

ʇɺʂ, ʨʠʩ. 4.24 [213] 

 

ʌʦʨʤʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʥʽʟʦʪʨʦʧʽʶ 

ʧʨʦʮʝʩʽʚ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʜʠʬʫʟʽʡʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʽʜ ʯʘʩ 

ʆʩʪʚʘʣʴʜʩʴʢʦʛʦ ʚʠʟʨʽʚʘʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ʅʝʟʥʘʯʥʘ ʝʣʽʧʪʠʯʥʽʩʪʴ ʦʟʥʘʯʘʻ, 

ʱʦ ʚʧʣʠʚ ʩʠʣ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ ʛʨʘʥʠʮʽ ʟʦʣʦʪʦ-ʧʦʣʽʤʝʨ ʥʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʥʝʟʥʘʯʥʠʡ ʽ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʚʽʜʙʫʚʘʣʦʩʷ ʥʝ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʚ ʦʙôʻʤʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʦʣʦʪʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʜʣʷ ʧʦʣʽʤʝʨʽʚ [158].  

ʄʘʢʩʠʤʫʤʠ ʨʦʟʧʦʜʽʣʫ 2-7 ʥʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤ, ʘ ʰʠʨʦʢʠʡ ʨʦʟʧʦʜʽʣ ʙʽʣʴʰʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʢʣʘʩʪʝʨʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʘʛʨʝʛʘʮʽʾ. ʇʦʜʽʙʥʽ ʷʚʠʱʘ ʥʘʤʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʨʘʥʽʰʝ [84,136,214]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʘʛʨʝʛʘʪʘʭ 
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ʥʘʥʦʢʣʘʩʪʝʨʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʢʦʨʝʣʴʦʚʘʥʦ, ʘ ʩʘʤʽ ʘʛʨʝʛʘʪʠ ʤʘʶʪʴ 

ʛʦʣʢʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʡ ʦʨʽʻʥʪʦʚʘʥʽ ʥʦʨʤʘʣʴʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʩʪʫ. ʏʘʩʪʢʦʚʘ 

ʢʦʨʝʣʴʦʚʘʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʷʜʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ [215].  

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ. ɽʢʩʧʦʥʝʥʮʽʡʥʠʡ ʩʧʘʜ ʧʦʙʣʠʟʫ ʧʦʨʦʛʫ, (ʨʠʩ. 4.25) 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʥʝʩʪʽʡʢʠʭ ʢʣʘʩʪʝʨʽʚ ʪʘ 

ʬʣʫʢʪʫʘʮʽʡ [36,212,216-218], ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʽ ʧʽʜ ʯʘʩ 

ʚʠʨʦʱʫʚʘʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ, ʪʘʢʦʞ ʩʣʽʜ 

ʦʯʽʢʫʚʘʪʠ ʧʨʦʷʚʣʝʥʥʷ ʰʫʤʽʚ ʨʝʻʩʪʨʫʶʯʦʾ ʇɽʄ ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ.  

ɽʢʩʧʦʥʝʥʮʽʡʥʠʡ ʧʦʨʽʛ ʚ ʨʦʟʧʦʜʽʣʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʧʦʙʣʠʟʫ 1,2 ʥʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʢʦʤʧʦʟʠʪʽ ʩʪʽʡʢʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʟʦʣʦʪʘ ʟ ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ ʧʦʨʦʛʦʚʦʾ ʚʝʣʠʯʠʥʠ. ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ 

ʜʽʘʤʝʪʨʫ ʥʘʥʦʢʣʘʩʪʝʨʘ ʩʧʽʚʧʘʜʘʻ ʟ ʪʦʯʥʽʩʪʶ 0,1 ʥʤ ʜʣʷ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʦʙʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʚ 2D ʟʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 4.27), ʪʦʙʪʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʣʘʪʝʨʘʣʴʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ.  

ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ ʟʦʣʦʪʘ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ 

(ʨʠʩ. 4.27) ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʨʠʩ. 4.29. ʅʘ ʪʦʤʫ ʞ ʨʠʩʫʥʢʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ, 

ʚʠʨʦʱʝʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʫ KBr ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ [158]. ʆʙʠʜʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʧʦʨʦʛʠ. ʇʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʨʦʟʤʽʨʽʚ ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ. ʈʦʟʤʽʨ 

ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ, ʩʪʘʥʦʚʠʪʴ 1,2 ʥʤ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ 

1,9 ʥʤ, ʚʣʘʩʪʠʚʦʛʦ ʜʣʷ ʟʨʘʟʢʘ (ʨʠʩ. 4.29,ʙ).  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ 

ʟʦʣʦʪʦ-ʧʦʣʽ-ʬʪʦʨʝʪʠʣʝʥ ʩʪʘʥʦʚʠʪʴ 2,0 ʥʤ [36,151,212]. ɺʽʜʤʽʥʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ ʜʦʩʠʪʴ ʩʫʪʪʻʚʘ ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ 

ʦʩʦʙʣʠʚʽʩʪʶ ʫʤʦʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. ʌʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʟʦʣʦʪʘ ʚ 
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ʥʘʥʦʢʦʤʧʦʟʠʪʽ (ʨʠʩ. 4.29,ʙ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʣʘʩʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʦʣʷʭ 

ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ. ʌʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ 

(ʨʠʩ. 4.29,ʘ) ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ ʽʟ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦ ʫʩʝʨʝʜʥʝʥʦʶ ʝʬʝʢʪʠʚʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʧʦʨʷʜʢʫ 10
8
ɺ/ʤ, 

ʰʠʨʦʢʠʤ ʽ ʥʝʚʠʟʥʘʯʝʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʝʟʦ- ʪʘ ʣʦʢʘʣʴʥʠʭ 

ʧʦʣʽʚ ʽ ʟʘ ʫʯʘʩʪʶ ʚʣʘʩʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʦʣʽʚ ʢʣʘʩʪʝʨʥʦʾ ʩʠʩʪʝʤʠ. 
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ʨʦʟʤʽʨ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʥʤ

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 

ʪʝʤʧʣʘʪʘ

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ

Au-PVCa ʥʘʥʦʢʦʤʧʦʟʠʪʠ

ʨʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ

ʙ

ʘ

 

 

ʈʠʩ. 4.29. ʈʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ Au ʫ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟʦʣʦʪʦ-ʇɺʂ. 

ɿʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ [213]: ʘ - ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʙ 

- ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʧʦʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ  

 

ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʬʦʨʤʫʚʘʥʥʷ ʥʝʟʘʨʷʜʞʝʥʠʭ ʪʘ 

ʟʘʨʷʜʞʝʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ɽʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʽ ʥʘʥʦʢʣʘʩʪʝʨʠ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʪʝʥʮʽʡʥʽ ʮʝʥʪʨʠ ʘʛʨʝʛʘʮʽʾ ʥʝʡʪʨʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ. ɰʭ ʟʘʨʷʜ 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʫ ʽʟ ʪʝʨʤʽʯʥʦ ʟʙʫʜʞʝʥʠʭ  
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ʜʦʥʦʨʥʠʭ ʩʪʘʥʽʚ ʢʘʨʙʘʟʦʣʫ, ʚ ʧʨʦʮʝʩʘʭ ʦʙʤʽʥʫ ʝʣʝʢʪʨʦʥʘʤʠ ʤʽʞ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʤʝʪʘʣʫ ʽʟ ʨʦʟʤʽʨʘʤʠ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ ʥʘʩʣʽʜʦʢ 

ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʷʚʠʱ. ʅʘʨʝʰʪʽ, ʟʘʨʷʜ ʪʝʨʤʦʝʤʽʩʽʡʥʦʾ ʧʨʠʨʦʜʠ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʤʧʦʟʠʪʫ ʧʽʜ ʯʘʩ ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʘʢʫʫʤʽ ʽ ʤʦʞʝ ʜʦʩʠʪʴ ʜʦʚʛʦ ʟʙʝʨʽʛʘʪʠʩʷ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʩʪʘʥʘʭ ʇɺʂ. ʊʘʢʽ ʟʘʨʷʜʞʝʥʽ ʥʘʥʦʢʣʘʩʪʝʨʠ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʞʠʪʪʷ ʽ 

ʚʠʩʦʢʦʾ ʨʫʭʣʠʚʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʦʟʠʪʫ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʮʝʥʪʨʽʚ ʘʛʨʝʛʘʮʽʾ ʥʝʟʘʨʷʜʞʝʥʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ 

[213]. ʋ ʢʘʤʝʨʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʠʣʝʥʘ ʥʘ ʧʽʜʢʣʘʜʢʫ ʟʦʣʦʪʘ 

ʧʣʽʚʢʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭʟʦʥʥʦʾ ʚʘʢʫʫʤʥʦʾ ʧʽʯʢʠ ʩʪʚʦʨʶʻʪʴʩʷ ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨ (ʊ2>ʊ1), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʨʦʩʪʫ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʊ. ʇʨʦʮʝʩ 

ʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ tʦʩʘʜʞ ʟʘ ʊ2=650Áʉ. ʊʠʩʢ 

ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʫ ʢʘʤʝʨʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 10
-3
 ʇʘ. ʇʽʜʢʣʘʜʠʥʢʠ ʽʟ ʰʘʨʦʤ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʟʦʣʦʪʘ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʨʦʟʚʘʢʫʫʤʫʚʘʥʥʷ ʧʝʯʽ ʤʝʪʦʜʘʤʠ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ JXA-8200 (JEOL). ɺʠʤʽʨʶʚʘʣʠ ʪʘʢʦʞ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ In ʝʣʝʢʪʨʦʜʫ). ɿʘʨʦʜʢʠ ʟʦʣʦʪʘ 

ʦʜʝʨʞʫʚʘʣʠ ʩʝʣʝʢʪʠʚʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. ʅʘ ʙʽʣʴʰ 

ʪʝʨʤʦʩʪʽʡʢʽ ʧʽʜʢʣʘʜʠʥʢʠ ʽʟ Ni ʪʘ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʫ ʾʭ ʧʝʨʝʥʦʩʠʣʠ ʽʟ 

ʪʝʤʧʣʘʪʫ backing-ʧʨʦʮʝʜʫʨʦʶ.  

ʍʘʨʘʢʪʝʨʥʠʡ ʚʠʜ ʥʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʚʘʨʮʦʚʦʾ 

ʧ̔ ʜʢʣʘʜʠʥʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.30. ʅʘ ʟʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 4.30, ʘ) ʚʠʜʥʦ 

ʟʘʨʦʜʢʠ ʟʦʣʦʪʘ, ʦʨʛʘʥʽʟʦʚʘʥʽ ʪʝʤʧʣʘʪʦʤ; ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʽ ʦʙʣʘʩʪʽ 

ʦʩʪʨʽʚʮʝʚʦʾ ʧʣʽʚʢʠ ʟʦʣʦʪʘ ʧʽʩʣʷ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ: ʚʧʦʨʷʜʢʦʚʘʥʘ ʪʝʤʧʣʘʪʦʤ 

ʪʘ ʥʝʚʧʦʨʷʜʢʦʚʘʥʘ. ʅʘ ʨʠʩ. 4.30, ʙ ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʟʦʣʦʪʠʭ 

ʥʘʥʦʢʨʘʧʝʣʴ, ʟ ʪʠʧʦʚʠʤ ʨʦʟʤʽʨʦʤ 50-300 ʥʤ ʩʝʨʝʜʥʴʦʶ ʚʽʜʩʪʘʥʥʶ 300-

900 ʥʤ. 
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ʈʠʩ. 4.30. ʅʘʥʦʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʚʘʨʮʦʚʦʾ ʧʽʜʢʣʘʜʢʠ [84]: ʘ - 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʪʘ ʥʝʫʧʦʨʷʜʢʦʚʘʥʽ ʪʝʤʧʣʘʪʦʤ, ʙ - SEI ʟʦʙʨʘʞʝʥʥʷ 

ʤʦʨʬʦʣʦʛʽʾ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʟ ʪʠʧʦʚʠʤ ʨʦʟʤʽʨʦʤ 50-300 ʥʤ 

ʩʝʨʝʜʥʴʦʶ ʚʽʜʩʪʘʥʥʶ 300-900 ʥʤ ʥʘ ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ 

 

ʇʨʠ ʥʘʧʠʣʝʥʥʽ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʶ ʢʚʘʨʮʫ, ʢʨʝʤʥʽʶ ʪʘ ʧʦʜʽʙʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʬʦʨʤʫʻʪʴʩʷ ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ, ʷʢʘ ʟʜʘʪʥʘ ʨʝʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ 

ʧʨʠ ʚʽʜʧʘʣʽ. ʈʝʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʫ ʚʘʢʫʫʤʽ ʥʘʥʦʢʨʠʩʪʘʣʠ ʟʦʣʦʪʘ ʤʘʶʪʴ 

ʜʽʘʤʝʪʨ 50-300 ʥʤ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦ, ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʫ, ʪʘʢ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ.  

 

4.9. ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʥʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʤʝʞʘʭ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

 

ʂʣʘʩʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʨʦʟʛʣʷʜʫ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʟʘʨʦʜʢʽʚ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ. ʎʝʡ ʧʽʜʭʽʜ [214,216,217] ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ 

ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʦʚʝʨʭʥʝʚʠʭ ʝʥʝʨʛʽʡ, ʤʦʣʴʥʠʭ 

ʦʙôʻʤʽʚ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʊɽʄ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ 

ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. 

ʂʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚʠʢʣʘʜʝʥʘ ʚ ʨʦʙʦʪʽ [216]. ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ ʥʘʥʦʩʬʝʨʠ ʥʝ ʚʟʘʻʤʦʜʽʶʯʠʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʤʦʤʝʥʪ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʠ 
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ʬʣʫʢʪʫʘʮʽʡ. ʎʝ ʥʘʙʣʠʞʝʥʥʷ ʥʝʧʨʠʜʘʪʥʝ ʜʣʷ ʦʧʠʩʫ ʢʦʨʝʣʴʦʚʘʥʦʛʦ ʫ 

ʧʨʦʩʪʦʨʽ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʢʣʘʩʪʝʨʽʚ. ʊʘʢʠʡ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʦʜʽʙʥʠʭ ʷʚʠʱ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʾ ʤʽʢʨʦ-ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ [217]. 

ʉʫʪʪʻʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ (W) ʚʽʜ ʨʦʟʤʽʨʫ ʬʣʫʢʪʫʘʮʽʾ ʩʢʣʘʜʦʚʦʾ ʝʥʝʨʛʽʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʟʦʣʦʪʠʭ ʥʘʥʦʩʬʝʨ ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. 

ʇʦʣʷʨʠʟʦʚʥʽʩʪʴ ʟʦʣʦʪʠʭ ʝʣʽʧʩʦʾʜʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʬʦʨʤʠ, ʷʢʫ ʤʠ 

ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʘʨʘʤʝʪʨ ʟʘʜʘʯʽ, ʷʢʠʡ ʤʦʞʥʘ ʟôʷʩʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʄʝʪʦʶ ʻ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʜʣʷ ʨʽʜʢʦʛʦ 

ʟʦʣʦʪʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʦʟʤʽʨʫ ʽ ʦʮʽʥʢʘ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʫ 

ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʽʩʝʡ ʝʣʽʧʩʦʾʜʘ. ʆʩʢʽʣʴʢʠ ʪʠʧʦʚʽ ʜʣʷ ʟʦʣʦʪʘ ʨʦʟʤʽʨʠ ʢʨʠʪʠʯʥʠʭ ʟʘʨʦʜʢʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʦʜʠʥʠʮʴ ʥʘʥʦʤʝʪʨʽʚ ʽ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ ʜʝʙʘʻʚʩʴʢʠʡ 

ʨʘʜʽʫʩ ʝʢʨʘʥʫʚʘʥʥʷ, ʟʘʜʘʯʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʥʘʙʣʠʞʝʥʥʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʝʣʽʧʩʦʾʜʽʚ [218]. 

ʇʦʣʷʨʠʟʦʚʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʽʧʩʦʾʜʘ ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝʣʽʧʩʦʾʜʘ ʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʥʠʢʥʦʩʪʝʡ ʢʣʘʩʪʝʨʘ ʽ ʩʝʨʝʜʦʚʠʱʘ. ʗʢʱʦ ʧʦʣʝ ʦʜʥʦʨʽʜʥʝ, 

ʪʦ ʝʣʝʢʪʨʠʯʥʘ ʩʢʣʘʜʦʚʘ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ [36] 
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    (4.9) 

ʜʝ ʈʭ - ʧʨʦʝʢʮʽʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʝʣʽʧʩʦʾʜʘ ʥʘ ʥʘʧʨʷʤ ʧʦʣʷ; e - 

ʚʽʜʥʦʰʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʝʣʽʧʩʦʾʜʘ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; ʘ,b - ʚʝʣʠʢʘ ʪʘ ʤʝʥʰʘ ʥʘʧʽʚʚʽʩʽ ʝʣʽʧʩʦʾʜʘ; nx - ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʧʦʣʷʨʠʟʘʮʽʾ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʝ ʷʢ: 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ ʜʣʷ ʧʣʦʱʠʥʠ ʧʦʚʝʨʭʥʽ ʝʣʽʧʩʦʾʜʘ ʦʙʝʨʪʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʫ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʢʣʘʩʪʝʨʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʜʝ a - ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʥʘ ʛʨʘʥʠʮʽ ʟʦʣʦʪʠʡ ʥʘʥʦʢʣʘʩʪʝʨ- 

ʧʦʣʽʤʝʨ; R0 - ʨʘʜʽʫʩ ʢʫʣʽ ʟ ʦʙôʻʤʦʤ ʝʣʽʧʩʦʾʜʘ 
3

0R =ab
2
.  

ɺʽʜʥʦʰʝʥʥʷ ʥʘʧʽʚʚʽʩʝʡ b=a/b ʧʦʚôʷʟʘʥʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 2 1 /e= b - b. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʠʙʨʘʪʠ 2pa
2

0R , ʪʦʜʽ ʙʝʟʨʦʟʤʽʨʥʫ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʝʣʽʧʩʦʾʜʘ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʽ 
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   (4.12) 

ʆʪʞʝ, ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʟʦʣʦʪʘ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʣʝʥʽʚ: 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ Sx(b), ʝʥʝʨʛʽʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʽʧʩʦʾʜʘ ʧʦʣʝʤ p(R0,E0) ʪʘ 

ʦʙôʻʤʥʦʾ ʩʢʣʘʜʦʚʦʾ V(R0). 
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ɼʣʷ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʚʽʜʦʤʽ [36,216]: 

W=1,73Ö10
-23
ʩʤ

3
 - ʤʦʣʷʨʥʠʡ ʦʙôʻʤ, m - ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʧʨʠʚʝʜʝʥʘ ʜʦ ʘʪʦʤʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ m=HDʊ/(Tm)H, - ʪʝʧʣʦʪʘ ʪʘ 

Dʊ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʚʠʧʘʨʦʚʫʚʘʥʥʷ), ʅʩʫʙʣ=1873 

ɼʞ/ʛ ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʩʫʙʣʽʤʘʮʽʾ; ʅʧʣ=64 ɼʞ/ʛ ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ 

ʧʣʘʚʣʝʥʥʷ; m - ʤʘʩʘ ʘʪʦʤʫ. 

ʋ ʚʠʧʘʜʢʫ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʤʘʻ 

ʱʝ ʦʜʥʫ ʩʢʣʘʜʦʚʫ- ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʇʦʜʽʙʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ 

ʟʘʜʘʯʘ ʨʦʟʛʣʷʜʘʣʘʩʷ ʘʚʪʦʨʘʤʠ [84] ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʨʽʜʢʠʭ 

ʤʽʢʨʦʢʨʘʧʝʣʴ: 
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ʜʝ Q(R0,q) - ʧʠʪʦʤʠʡ ʟʘʨʷʜ, ʘ 
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 - ʻʤʥʽʩʪʴ ʝʣʽʧʩʦʾʜʘ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ a(R0) ʥʘ ʤʝʞʽ ʟʦʣʦʪʠʡ ʥʘʥʦʢʣʘʩʪʝʨ - ʧʦʣʽʤʝʨ 

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʖʥʛʘ [216]. ʆʩʢʽʣʴʢʠ, ʧʦʚʝʨʭʥʝʚʠʡ 

ʥʘʪʷʛ ʧʦʣʽʤʝʨʫ, ʟʦʢʨʝʤʘ PVCa, ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʦʣʦʪʘ [36] ʚ ʷʢʦʩʪʽ ʦʮʽʥʢʠ 

a(R0) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʦʣʦʪʘ ʫ ʥʘʥʦʢʣʘʩʪʝʨʥʽʡ ʬʦʨʤʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʻ 

ʚʘʛʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʽʻʾ ʤʦʜʝʣʽ. ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ 

ɻʽʙʙʩʘ ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘʥʦʢʣʘʩʪʝʨʘ ʟʦʣʦʪʘ. ɺ 

ʥʘʥʦʤʝʪʨʦʚʽʡ ʦʙʣʘʩʪʽ ʨʦʟʤʽʨʽʚ ʥʘʥʦʢʣʘʩʪʝʨʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʨʝʢʪʥʽ ʜʘʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʦʙʣʘʩʪʽ ʨʦʟʤʽʨʽʚ 

1,2-5 ʥʤ. 

ɺʽʜʦʤʦ [216], ʱʦ ʧʦʚʝʨʭʥʝʚʝ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʟʤʽʨʫ ʥʘʥʦʢʣʘʩʪʝʨʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʘʤʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʚʯʝʥʘ ʚ [216].  

ʇʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʤʘʩʠʚʥʠʤ ʤʝʪʘʣʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʩʫʪʪʻʚʠʤ ʚʧʣʠʚʦʤ ʧʨʦʮʝʩʽʚ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ. ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜ ʨʦʟʤʽʨʫ ʟ ʧʦʟʠʮʽʡ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʨʦʚʝʜʝʥʦ ʚ [217]. ɺʦʜʥʦʯʘʩ ʽʟ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ 

ʊʦʣʤʝʥʘ ʜʣʷ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʨʦʟʤʽʨʫ 
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ʥʘʥʦʯʘʩʪʠʥʢʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʨʷʜ ʽʥʰʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʧʨʦʽʥʪʝʨʧʨʝʪʦʚʘʥʠʡ 

ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʥʦʩʪʝʡ. ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʻ 

ʟʘʣʝʞʥʽʩʪʴ  

s(d)=s0(1-a1/d+a2/d
2
),        

ʜʝ s(d) - ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ,s0 - ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʜʣʷ ʤʘʩʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, d - ʨʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʢʠ, a1 ʪʘ a2 - ʧʘʨʘʤʝʪʨʠ. ʇʘʨʘʤʝʪʨ a1 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ [216] ʷʢ ʪʦʚʱʠʥʘ ʧʦʚʝʨʭʥʝʚʦ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʦʾ ʦʙʦʣʦʥʢʠ 

ʚ ʥʘʥʦʢʣʘʩʪʝʨʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʘ 

ʝʥʝʨʛʽʷ ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʘʥʠʤ [216]. ʋ ʥʘʰʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʨʦʚʦʜʠʣʘʩʷ 

ʚʠʨʘʟʦʤ (ʦʜʠʥʠʮʽ ʉɯ)  

9
0

0

0,2
( ) 1,12 1 10R

R

-
è øå õ

a = - Öé ùæ ö
ç ÷ê ú

. 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʟʦʣʦʪʘ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜ ʨʦʟʤʽʨʫ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.31.  

 

ʈʠʩ. 4.31. ɽʥʝʨʛʽʷ ɻʽʙʙʩʘ (ɼʞ) ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʟʦʣʦʪʘ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ 

ʥʘʥʦʢʣʘʩʪʝʨʘ (ʤ) [211]. ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʥʘʜʘʥʦ ʟʘ ʤʦʜʫʣʝʤ  
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ɸʥʘʣ̔ʟ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

¶ ʚʧʣʠʚ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʽʶ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʜʦʩʠʪʴ ʟʥʘʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ- ʙʽʣʴʰʝ ʟʘ 10
8
 

ɺ/ʤ;  

¶ ʚʧʣʠʚ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʥʘʥʦʢʣʘʩʪʝʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʥʝ ʤʘʻ ʚʠʨʽʰʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ;  

¶ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʚʽʜ 2 ʥʤ ʜʦ 1-1,5 ʥʤ 

ʤʦʞʣʠʚʝ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ 5Ö10
9
ɺ/ʤ; 

¶ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʫʪʚʦʨʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʘ ʨʦʟʤʽʨʦʤ 1-1,5 ʥʤ ʚ ʧʦʣʽ ʚ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʨʦʜʢʘʤʠ 2 ʥʤ, ʱʦ ʥʘʜʘʻ ʩʫʪʪʻʚʫ 

ʧʝʨʝʚʘʛʫ ʫʪʚʦʨʝʥʥʶ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ. 

 

ʈʠʩ. 4.32. ɽʥʝʨʛʽʷ ɻʽʙʙʩʘ (ɼʞ) ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʟʦʣʦʪʘ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ 

ʥʘʥʦʢʣʘʩʪʝʨʘ (ʤ) [213] 

 

ɺ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʽʡʢʦʩʪʽ, ʱʦ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ. ʅʘʚʝʜʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ ʥʝʟʘʩʪʦʩʦʚʥʠʡ, ʦʩʢʽʣʴʢʠ 
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ʥʝʩʪʽʡʢʽʩʪʴ - ʢʽʥʝʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ, ʦʪʞʝ, ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʽʚ [158,216]. 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʟʘʨʷʜʞʝʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʟʦʣʦʪʘ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜ ʨʦʟʤʽʨʫ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.32. ʉʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ (ʨʠʩ. 4.32) ʚʽʜ ʜʘʥʠʭ (ʨʠʩ. 4.31) 

ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʩʪʽʡʢʦʩʪʽ ʧʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ ʢʣʘʩʪʝʨʽʚ, ʱʦ 

ʩʧʨʠʯʠʥʝʥʦ ʚʢʣʘʜʦʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ. ʈʦʟʤʽʨʠ 

ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʜʣʷ ʟʘʨʷʜʞʝʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʪʘʢʦʞ ʜʝʱʦ ʤʝʥʰʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 4.31) ʪʘ (ʨʠʩ. 4.32) ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ (ʨʠʩ. 4.27-4.29). ɺ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ ʜʦʣʷ ʢʣʘʩʪʝʨʽʚ 

2-4 ʥʤ, ʘ ʩʪʽʡʢʽ ʢʣʘʩʪʝʨʠ 1,2-2 ʥʤ ʫ ʟʨʘʟʢʫ (ʨʠʩ. 4.27,ʙ) ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. 

ʆʪʞʝ, ʚ ʥʘʥʦʢʣʘʩʪʝʨʥʽʡ ʩʠʩʪʝʤʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʩʝʨʝʜʥʻ 

ʧʦʣʝ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 10
8
 ɺ/ʤ, ʘ ʣʦʢʘʣʴʥʝ ʜʦ 10

10
 ɺ/ʤ. ʅʝʦʜʥʦʨʽʜʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟ ʪʘʢʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʟʜʘʪʥʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʩʠʤʝʪʨʽʶ ʥʘʥʦʦʙôʻʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʩʧʽʚʨʦʟʤʽʨʥʝ ʽʟ ʚʥʫʪʨʽʰʥʴʦ-

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʧʦʣʷʤʠ, ʪʘ ʚʠʢʣʠʢʘʪʠ ʦʨʽʻʥʪʘʮʽʡʥʽ ʝʬʝʢʪʠ. ʄʦʞʣʠʚʠʡ 

ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʪʨʘʥʩʧʦʨʪ, ʥʘʧʨʠʢʣʘʜ, ʜʠʬʫʟʽʶ, ʚ ʧʦʣʽ. ɹʝʟʧʦʩʝʨʝʜʥʻ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʢʦʤʧʦʟʠʪʽ ʪʘʢʠʭ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʧʦʣʷ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʪʘʢʦʞ ʽʟ ʩʧʦʩʪʝʨʝʞʝʥʴ ʝʬʝʢʪʫ ʐʪʘʨʢʘ ʪʘ ʗʄʈ. 

 

4.10. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʦʣʦʪʘ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʣʘʪʫ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʪʘ ʩʭʝʤʘ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʢʘʟʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʠʭ ʟʤʽʥ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʟ 2 ʥʤ ʜʦ 1,2 ʥʤ ʫ 

ʧʦʣʽ 10
8
 ɺ/ʤ - 10

10
 ɺ/ʤ. ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʢʣʘʩʪʝʨʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʢʦʤʧʦʟʠʪʫ (ʨʠʩ. 4.27) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜ ʜʽʻʶ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽʟ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ ʜʦʩʠʪʴ ʟʥʘʯʥʦʛʦ ʟʘ 

ʚʝʣʠʯʠʥʦʶ. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʧʦʚôʷʟʘʥʘ ʽʟ ʤʝʞʘʤʠ ʨʦʟʜʽʣʫ 

ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʽ ʜʦʣʽ ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪʽʚ ʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʩʫʪʪʻʚʦʶ ʚ 

ʧʨʦʮʝʩʘʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʜʝ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʟ 

ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʩʢʣʘʜʘʻ ʜʦʣʽ ʝʣʝʢʪʨʦʥ-ʚʦʣʴʪʽʚ. 

ɸʪʦʤʠ ʟʦʣʦʪʘ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʫ 

ʚʠʛʣʷʜʽ ʘʪʦʤʘʨʥʦʛʦ ʧʫʯʢʘ. ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʧʦʛʣʷʜʘʤʠ [214] 

ʚʽʜʙʫʚʘʻʪʴʩʷ: 

- ʧʨʫʞʥʝ ʚʽʜʙʠʪʪʷ ʘʙʦ ʘʢʦʤʦʜʘʮʽʷ, ʪʦʙʪʦ ʥʝ ʧʨʫʞʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʧʦʚʝʨʭʥʝʶ;  

- ʘʜʩʦʨʙʮʽʷ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʦʣʦʪʽ 

ʘʪʦʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʘʜʩʦʨʙʦʚʘʥʫ ʬʘʟʫ. ɺ ʮʽʡ 

ʜʚʦʚʠʤʽʨʥʽʡ ʬʘʟʽ ʽʟ ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ: 

- ʜʝʩʦʨʙʮʽʾ;  

- ʘʩʦʮʽʘʮʽʾ ʪʘ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ;  

- ʟʘʭʦʧʣʝʥʥʷ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ 

ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʽ ʪʘʢʦʞ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʤʧʦʟʠʪʫ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ.  

ʌʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʣʦʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚ ʤʘʪʨʠʮʽ ʽʟ 

ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʜʠʬʫʟʽʡʥʦʶ ʪʘ ʜʨʝʡʬʦʚʦʶ ʨʫʭʣʠʚʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʪʨʘʥʩʧʦʨʪ 

ʨʝʯʦʚʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʘʪʨʠʮʽ ʜʠʬʫʟʽʡʥʠʤ ʰʣʷʭʦʤ ʽʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʜʩʦʨʙʦʚʘʥʠʤ ʰʘʨʦʤ ʝʥʝʨʛʽʷʤʠ ʚʟʘʻʤʦʜʽʾ. ʈʘʟʦʤ ʽʟ ʮʠʤ 

ʧʦʚʽʣʴʥʽ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʪʨʠʚʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʯʘʩ ʞʠʪʪʷ 

ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʧʦʨʽʚʥʷʥʦ ʽʟ ʯʘʩʦʤ ʞʠʪʪʷ 

ʨʫʭʣʠʚʦʾ ʘʜʩʦʨʙʦʚʘʥʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʬʘʟʠ ʽ ʤʦʞʫʪʴ ʜʘʪʠ ʧʝʚʥʠʡ ʚʢʣʘʜ ʫ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʽʡ ʢʘʨʪʠʥʽ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 4.33)  

ʋ ʚʠʧʘʜʢʫ ʢʽʥʝʪʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʤʝʥʰʘ ʟʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʽʪʢʥʝʥʥʷʤʠ, ʜʠʬʫʟʽʡʥʘ 

ʜʦʚʞʠʥʘ ʘʪʦʤʘ l ʪʘ ʯʘʩ ʞʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ tɸ ʧʦʚôʷʟʘʥʽ ʢʽʥʝʪʠʯʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʨʫʭʫ ʥʘʥʦʦʙôʻʢʪʽʚ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ. 
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ʈʠʩ. 4.33. ʉʭʝʤʘ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ [84] 

 

ɼʠʬʫʟʽʡʥʘ ʜʦʚʞʠʥʘ ʘʪʦʤʘ l ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʪʨʘʥʩʧʦʨʪʫ 

ʘʪʦʤʽʚ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʘ ʯʘʩ ʞʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ tɸ. 

ʗʢʱʦ ʪʨʘʥʩʧʦʨʪ ʜʠʬʫʟʽʡʥʠʡ, ʪʦ 

ADl= t, 

ʜʝ D ïʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ.  

ʅʘ ʤʝʭʘʥʽʟʤʠ ʜʠʬʫʟʽʾ ʥʘ ʧʦʚʝʨʭʥʽ [219] ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʩʦʨʙʘʪʫ, ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʙʫʜʦʚʘ ʧʦʚʝʨʭʥʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʬʘʟʠ, ʫʪʚʦʨʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ, ʟʘʧʦʚʥʝʥʥʷ 

ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ, ʝʥʝʨʛʽʷ ʪʘ ʩʠʤʝʪʨʽʷ ʚʟʘʻʤʦʜʽʡ ʘʜʩʦʨʙʦʚʘʥʠʡ ʘʪʦʤ- 

ʧʦʚʝʨʭʥʝʚʽ ʛʨʫʧʠ, ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʟʘʨʷʜʫ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʥʘ 

ʚʽʜʩʪʘʥʽ ʜʝʙʘʻʚʩʴʢʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʧʘʩʪʦʢ ʽ ʪ.ʽʥ. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʨʦʟʛʣʷʜ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ 

ʚ ʥʘʙʣʠʞʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ [214] ʜʘʻ ʢʨʠʪʝʨʽʡ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ ʽ, ʦʪʞʝ, ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʝʨʝʜʥʽʡ ʧʦʪʝʥʮʽʘʣ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ 

V0 > 4 kT,        (4.13) 

ʧʨʠʻʜʥʘʥʥʷ ʜʦ 

ʩʭʦʜʠʥʢʠ 
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ʜʝ k - ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, (ʨʠʩ. 4.34), ʬʦʨʤʫʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʨʦʩʪʫ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ ʯʝʨʝʟ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʝ 

ʥʘʰʘʨʫʚʘʥʥʷ.  

ʇʨʠ ʩʣʘʙʢʽʡ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ 

ʧʨʦʮʝʩʠ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ. 

ʆʪʞʝ, ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʥʘʤʠ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ - ʥʘʡʧʨʦʩʪʽʰʠʡ ʢʨʠʪʝʨʽʡ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ (4.13).  

ʋ ʚʠʧʘʜʢʫ ʟʦʣʦʪʠʭ ʘʜʩʦʨʙʦʚʘʥʠʭ ʘʪʦʤʽʚ ʧʦʪʝʥʮʽʘʣ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ V0 ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʘʪʦʤʽʚ ʟʦʣʦʪʘ. ɼʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ʘʪʦʤʽʚ ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ - ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʝʤ 

ʪʝʤʧʣʘʪʫ. 

 

ʈʠʩ. 4.34. ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʥʠʭ ʝʥʝʨʛʽʷʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 

ʘʜʩʦʨʙʘʪʽ [84] 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩ ʞʠʪʪʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʾ ʘʜʩʦʨʙʦʚʘʥʦʾ ʬʘʟʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʠʤ ʨʷʜʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ 

ʤʘʪʨʠʮʽ (ʨʠʩ. 4.33) ï ʘʢʦʤʦʜʘʮʽʻʶ, ʘʜʩʦʨʙʮʽʻʶ, ʜʠʬʫʟʽʻʶ, 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷʤ, ʢʦʘʣʽʩʮʝʥʮʽʻʶ ʪʘ ʚʠʟʨʽʚʘʥʥʷʤ ʟʘʨʦʜʢʽʚ, ʣʦʢʘʣʽʟʘʮʽʻʶ 

ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ ʧʘʩʪʢʘʭ, ʜʝʩʦʨʙʮʽʻʶ, ʚʥʝʩʦʢ ʷʢʠʭ ʚʘʞʢʦ ʦʮʽʥʠʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ɯʥʪʝʛʨʘʣʴʥʦ ʡʦʛʦ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʯʘʩʦʤ ʞʠʪʪʷ tɸ ʫ ʚʠʛʣʷʜʽ ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʜʚʦʚʠʤʽʨʥʦʾ ʬʘʟʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʜʠʬʫʟʽʡʥʠʤ ʰʣʷʭʦʤ. 

 

ʈʠʩ. 4.35. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʞʠʪʪʷ tɸ ʫ ʚʠʛʣʷʜʽ ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʜʚʦʚʠʤʽʨʥʦʾ ʬʘʟʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʰʣʷʭʫ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ [84]: 1 - 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʧʫʯʦʢ ʟʦʣʦʪʘ, 2 - ʜʞʝʨʝʣʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ, 3 - 

ʜʽʘʬʨʘʛʤʘ ʧʫʯʢʘ, 4 - ʧʦʚʝʨʭʥʷ ʧʽʜʢʣʘʜʢʠ (ʥʘʧʨʠʢʣʘʜ ʩʢʣʷʥʘ ʧʽʜʢʣʘʜʢʘ ʽʟ 

ʰʘʨʦʤ ʧʦʣʽʤʝʨʫ) ʽʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʢʦʤʦʜʘʮʽʾ ʟ ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʯʘʩʦʤ ʞʠʪʪʷ tɸ, V - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʧʽʜʢʣʘʜʢʠ, ʥʘʧʨʠʢʣʘʜ, ʦʙʝʨʪʘʣʴʥʦʛʦ, 5 - ʚʽʜʙʠʪʘ, ʥʝʘʢʦʤʦʜʦʚʘʥʘ ʩʢʣʘʜʦʚʘ 

ʧʘʜʘʶʯʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ, 6 - ʪʠʤʯʘʩʦʚʦ ʩʦʨʙʦʚʘʥʘ ʥʘ ʯʘʩ tɸ 

ʩʢʣʘʜʦʚʘ ʧʘʜʘʶʯʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ, 7 - ʢʦʥʜʝʥʩʦʚʘʥʘ ʩʢʣʘʜʦʚʘ, 8 - 

ʜʝʩʦʨʙʦʚʘʥʘ ʩʢʣʘʜʦʚʘ, 9 - ʧʦʚʝʨʭʥʷ-ʩʚʽʜʦʢ ʽʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʘʢʦʤʦʜʘʮʽʾ, L - ʟʩʫʚ ʤʘʢʩʠʤʫʤʽʚ ʨʦʟʧʦʜʽʣʫ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ï ʩʚʽʜʢʫ  
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ʊʦʤʫ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʩʫʢʫʧʥʦʩʪʽ 

ʧʝʨʝʜʙʘʯʠʪʠ ʚʘʞʢʦ. ɺʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʰʪʫʯʥʦ ʩʪʚʦʨʠʚʰʠ ʫʤʦʚʠ ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʦʷʚʣʝʥʥʷ ʬʘʢʪʦʨʽʚ 1-5. 

ʅʘ ʨʠʩ. 4.35 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʧʨʷʤʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ tɸ. 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʫʯʦʢ 1, ʟ ʜʞʝʨʝʣʘ-ʚʠʧʘʨʥʠʢʘ 2, ʚʠʜʽʣʷʻʪʴʩʷ ʜʽʘʬʨʘʛʤʦʶ 3 ʽ 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ 4 ʽʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʘʢʦʤʦʜʘʮʽʾ. ʄʦʣʝʢʫʣʷʨʥʠʡ ʧʫʯʦʢ ʯʘʩʪʢʦʚʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ʧʘʜʽʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʘʢʦʤʦʜʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ 5 ʪʘ ʩʦʨʙʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 4. 

ʉʦʨʙʦʚʘʥʘ ʬʘʟʘ 6 ʽʟ ʭʘʨʘʢʪʝʨʥʠʤ ʯʘʩʦʤ ʞʠʪʪʷ tɸ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʢʦʥʜʝʥʩʦʚʘʥʫ ʩʢʣʘʜʦʚʫ 7 ʪʘ ʜʝʩʦʨʙʦʚʘʥʫ ʩʢʣʘʜʦʚʫ 8. ʉʢʣʘʜʦʚʽ 5 ʪʘ 8 

ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ-ʩʚʽʜʢʫ ʽʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʘʢʦʤʦʜʘʮʽʾ 9, 

ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ 4. ɿʩʫʚ ʤʘʢʩʠʤʫʤʽʚ 

ʨʦʟʧʦʜʽʣʫ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ï ʩʚʽʜʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʽʜʢʣʘʜʢʠ V, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʝʨʪʘʥʥʽ. 

L = l°V tɸ       (4.14) 

ʗʢʱʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʚʠʤʽʨʠ ʚʽʜʩʪʘʥʝʡ Li ʚ ʩʠʩʪʝʤʽ ʨʠʩ.4.2 ʟ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʢʣʘʜʢʠ , ʪʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʥʝʟʘʣʝʞʥʦ l ʪʘ tɸ. 

L1 + L2 = 2l      (4.15) 

L1 - L2 = 2 V tɸ       

ɺʠʟʥʘʯʝʥʽ ʥʝʟʘʣʝʞʥʦ l ʪʘ tɸ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʟʘʻʤʦʜʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʬʘʟʠ.  

ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ. ʌʦʨʤʫʚʘʥʥʷ ʪʝʤʧʣʘʪʫ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʦʣʷ ʩʠʣ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ. ʇʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʪʝʤʧʣʘʪʫ ʚʠʤʘʛʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʜʝʷʢʠʭ ʟʘʜʘʯ, ʩʝʨʝʜ ʷʢʠʭ: 
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¶ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʧʣʽʚʦʢ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʬʦʪʦʧʨʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ; 

¶ ʨʦʟʨʦʙʢʘ ʘʧʘʨʘʪʫʨʠ ʪʘ ʤʝʪʦʜʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʣʽʚʦʢ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʻʬʫ ʽʟ ʟʘʜʘʥʦʶ ʪʦʧʦʣʦʛʽʻʶ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʧʦʣʽʚ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ, ʟʦʢʨʝʤʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. 

ʆʩʪʘʥʥʷ ʟʘʜʘʯʘ ʚʘʞʣʠʚʘ, ʦʩʢʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚ ʯʘʩʽ ʽ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʠʥʥʽ ʧʨʠʚʝʩʪʠ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʦʾ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽ ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʫ ʧʦʪʨʽʙʥʘ ʦʮʽʥʢʘ ʚʠʜʫ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʜʘʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʪʝʤʧʣʘʪʽ ʚ ʧʨʦʮʝʩʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

 

4.11. ʇʦʣʴʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʢʘʟʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʠʭ ʟʤʽʥ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʟ 2 ʥʤ ʜʦ 1,2 ʥʤ ʫ 

ʧʦʣʽ 10
8
ɺ/ʤ-10

10
 ɺ/ʤ. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʧʦʚôʷʟʘʥʘ ʽʟ ʛʨʘʥʠʮʷʤʠ 

ʨʦʟʜʽʣʫ, ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʽ ʜʦʣʽ ʝʣʝʢʪʨʦʥʚʦʣʴʪʽʚ ʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʩʫʪʪʻʚʦʶ 

ʚ ʧʨʦʮʝʩʘʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ, ʜʝ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʟ 

ʪʚʝʨʜʠʤ ʪʽʣʦʤ ʩʢʣʘʜʘʻ ʜʦʣʽ ʝʣʝʢʪʨʦʥʚʦʣʴʪʽʚ. 

ɸʪʦʤʠ ʟʦʣʦʪʘ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʫ 

ʚʠʛʣʷʜʽ ʘʪʦʤʘʨʥʦʛʦ ʧʫʯʢʘ. ɿʛʽʜʥʦ ʽʟ ʽʩʥʫʶʯʠʤʠ ʧʦʛʣʷʜʘʤʠ [214] 

ʚʽʜʙʫʚʘʻʪʴʩʷ: 

1). ʧʨʫʞʥʝ ʚʽʜʙʠʪʪʷ ʘʙʦ ʘʢʦʤʦʜʘʮʽʷ, ʪʦʙʪʦ ʥʝʧʨʫʞʥʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʧʦʚʝʨʭʥʝʶ;  
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2). ʘʜʩʦʨʙʮʽʷ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʦʣʦʪʽ 

ʘʪʦʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʚʦʚʠʤʽʨʥʫ ʘʜʩʦʨʙʦʚʘʥʫ ʬʘʟʫ.  

ʄʦʜʝʣʴ ʜʦʚʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ [220] ʨʦʟʛʣʷʜʘʻ ʚʠʧʘʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ, ʢʦʣʠ ʨʽʩʪ ʧʣʽʚʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʤʦʣʝʢʫʣ ʫ ʤʽʩʮʷʭ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ. ɿʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʜʩʦʨʙʦʚʘʥʘ ʬʘʟʘ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ tɸ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʢʦʥʜʝʥʩʦʚʘʥʠʡ ʩʪʘʥ ʘʙʦ ʜʝʩʦʨʙʫʻʪʴʩʷ. ʌʦʨʤʫʚʘʥʥʷ 

ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘʚʢʦʣʦ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʤʦʞʣʠʚʝ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʥʘʩʪʫʧʥʽ ʤʝʭʘʥʽʟʤʠ: 

- ʧʦʣʴʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʘʢʦʤʦʜʘʮʽʾ, 

- ʧʦʣʴʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ, 

- ʧʦʣʴʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ. 

ʋʧʦʨʷʜʢʦʚʘʥʽ ʧʦʣʝʤ ʧʨʦʮʝʩʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʙʫʜʫʪʴ 

ʚʽʜʙʫʚʘʪʠʩʷ ʦʜʥʦʯʘʩʥʦ ʽʟ ʇʫʘʩʦʥʽʚʩʴʢʦʶ ʢʦʥʜʝʥʩʘʮʽʻʶ. ɺʥʝʩʦʢ ʫ 

ʧʦʚʝʨʭʥʝʚʫ ʢʦʥʜʝʥʩʘʮʽʶ ʦʩʪʘʥʥʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʘʞʥʠʤ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʩʣʘʙʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɺ ʘʜʩʦʨʙʦʚʘʥʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ʬʘʟʽ ʽʟ ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ: 

1. ʜʝʩʦʨʙʮʽʾ,  

2. ʘʩʦʮʽʘʮʽʾ ʪʘ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ,  

3. ʟʘʭʦʧʣʝʥʥʷ ʨʝʘʢʮʽʡʥʦ-ʟʜʘʪʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ 

ʤʘʪʨʠʮʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʽ 

ʪʘʢʦʞ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʤʧʦʟʠʪʫ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ.  

ʏʘʩ ʞʠʪʪʷ ʘʪʦʤʽʚ ʫ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ  
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ʌʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʣʦʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚ ʤʘʪʨʠʮʽ 

ʽʟ ʩʫʪʪʻʚʦ ʤʝʥʰʦʶ ʜʠʬʫʟʽʡʥʦʶ ʪʘ ʜʨʝʡʬʦʚʦʶ ʨʫʭʣʠʚʽʩʪʶ, ʦʩʢʽʣʴʢʠ 



234 

 

ʪʨʘʥʩʧʦʨʪ ʨʝʯʦʚʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʘʪʨʠʮʽ ʜʠʬʫʟʽʡʥʠʤ ʰʣʷʭʦʤ ʽʟ 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʘʜʩʦʨʙʦʚʘʥʠʤ ʰʘʨʦʤ ʝʥʝʨʛʽʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

ʈʘʟʦʤ ʽʟ ʮʠʤ ʧʦʚʽʣʴʥʽ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʪʨʠʚʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʯʘʩ 

ʞʠʪʪʷ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʧʦʨʽʚʥʷʥʦ ʽʟ ʯʘʩʦʤ ʞʠʪʪʷ 

ʨʫʭʣʠʚʦʾ ʘʜʩʦʨʙʦʚʘʥʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʬʘʟʠ ʽ ʤʦʞʫʪʴ ʜʘʪʠ ʧʝʚʥʠʡ ʚʢʣʘʜ ʫ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʽʡ ʢʘʨʪʠʥʽ ʨʦʟʧʦʜʽʣʫ.  

ɼʠʬʫʟʽʡʥʘ ʜʦʚʞʠʥʘ ʘʪʦʤʘ l ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʪʨʘʥʩʧʦʨʪʫ 

ʘʪʦʤʽʚ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʘ ʯʘʩ ʞʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ tɸ. 

ʗʢʱʦ ʪʨʘʥʩʧʦʨʪ ʜʠʬʫʟʽʡʥʠʡ, ʪʦ  

ŰAD=l , 

ʜʝ D ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ.  
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ʈʠʩ. 4.36. ɽʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚ ʛʨʘʜʽʻʥʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ: ʘʜʩʦʨʙʮʽʷ, ʧʦʚʝʨʭʥʝʚʠʡ ʪʨʘʥʩʧʦʨʪ, ʫʪʚʦʨʝʥʥʷ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ [84] 
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ʋ ʚʠʧʘʜʢʫ ʢʽʥʝʪʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʤʝʥʰʘ ʟʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʽʪʢʥʝʥʥʷʤʠ, ʜʠʬʫʟʽʡʥʘ 

ʜʦʚʞʠʥʘ ʘʪʦʤʘ l ʪʘ ʯʘʩ ʞʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ tɸ ʧʦʚôʷʟʘʥʽ ʢʽʥʝʪʠʯʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ ʨʫʭʫ ʥʘʥʦʦʙôʻʢʪʽʚ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩ ʞʠʪʪʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʠʤʽʨʥʦʾ ʘʜʩʦʨʙʦʚʘʥʦʾ ʬʘʟʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʠʤ ʨʷʜʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʦʾ 

ʤʘʪʨʠʮʽ ï ʘʢʦʤʦʜʘʮʽʻʶ, ʘʜʩʦʨʙʮʽʻʶ, ʜʠʬʫʟʽʻʶ, ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷʤ, 

ʢʦʘʣʽʩʮʝʥʮʽʻʶ ʪʘ ʚʠʟʨʽʚʘʥʥʷʤ ʟʘʨʦʜʢʽʚ, ʣʦʢʘʣʽʟʘʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʝʚʠʭ 

ʧʘʩʪʢʘʭ, ʜʝʩʦʨʙʮʽʻʶ, ʚʥʝʩʦʢ ʷʢʠʭ ʚʘʞʢʦ ʦʮʽʥʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

ɯʥʪʝʛʨʘʣʴʥʦ ʡʦʛʦ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤʠ 

ʯʘʩʦʤ ʞʠʪʪʷ tɸ ʫ ʚʠʛʣʷʜʽ ʘʜʩʦʨʙʦʚʘʥʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʬʘʟʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ 

ʜʠʬʫʟʽʡʥʠʤ ʰʣʷʭʦʤ. ʌʦʨʤʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʢʦʥʜʝʥʩʘʮʽʾ ʨʝʯʦʚʠʥʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʟʘʣʝʞʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʷʢʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʽ ʧʨʦʛʨʘʤʫʻ ʦʙʣʘʩʪʽ 

ʢʦʥʜʝʥʩʘʮʽʾ), (ʨʠʩ 4.36). 

 

4.12. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʪʘ 

ʜʠʬʫʟʽʡʥʦʾ ʜʦʚʞʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʨʛʘʥʽʯʥʦʾ ʧʣʽʚʢʠ ʜʣʷ ʟʦʣʦʪʘ, ʱʦ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʟ ʘʪʘʤʘʨʥʦʛʦ ʧʫʯʢʘ 

 

ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʘʪʦʤʽʚ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʟʦʣʦʪʘ, ʜʝ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʚʟʘʻʤʦʜʽʾ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʻ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʘ ʚʟʘʻʤʦʜʽʷ ʽʟ ʧʦʣʷʨʠʟʫʶʯʠʤ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʪʝʤʧʣʘʪʫ, ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʝʚʘʞʥʠʤ ʷʚʠʱʝʤ. 

ɺʟʘʻʤʦʜʽʾ ʣʝʛʢʦ-ʧʦʣʷʨʠʟʦʚʥʦʾ ʤʦʣʝʢʫʣʠ ʘʙʦ ʤʝʪʘʣʝʚʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʽʟ ʧʦʚʝʨʭʥʝʶ ʚ ʧʨʦʮʝʩʽ ʢʽʣʴʢʦʭ ʬʘʟ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.37. ʅʘ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʦ ʚʟʘʻʤʦʜʽʾ ʜʠʧʦʣʴ-ʜʠʧʦʣʴ ʤʽʞ ʣʝʛʢʦ-

ʧʦʣʷʨʠʟʦʚʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʪʘ ʧʦʚʝʨʭʥʽ. ʊʘʢʽ ʚʟʘʻʤʦʜʽʾ 

ʟʘʚʞʜʠ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʽ ʻ ʦʢʨʝʤʠʤʠ 

ʚʠʧʘʜʢʘʤʠ ʜʠʩʧʝʨʩʽʡʥʠʭ ʚʟʘʻʤʦʜʽʡ [219,221]. ʊʨʘʥʩʧʦʨʪ ʽʟ ʧʦʣʦʞʝʥʥʷ ʘ ʫ ʚ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʠʡ ʩʪʘʥ ʙ (ʨʠʩ. 4.37). ɼʣʷ ʪʨʘʥʩʧʦʨʪʫ ʧʦʪʨʽʙʥʦ 

ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ ED, ʷʢʠʡ ʻ ʨʽʟʥʠʮʝʶ ʤʽʞ ʝʥʝʨʛʽʻʶ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʪʘʥʘʭ ʘ ʪʘ ʙ. ɺ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ (ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʤʦʣʝʢʫʣ, ʱʦ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ. 

 

 

ʈʠʩ. 4.37. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʡ ʜʠʧʦʣʴ-ʜʠʧʦʣʴ ʘʜʩʦʨʙʘʪʫ (ʤʦʣʝʢʫʣʘ ʘʙʦ 

ʥʘʥʦʯʘʩʪʠʥʢʘ) ʚ ʧʨʦʮʝʩʽ ʜʠʬʫʟʽʾ ʧʦ ʧʦʚʝʨʭʥʽ [84]: ʘ, ʚ - ʩʪʽʡʢʽ ʩʪʘʥʠ, ʙ ï 

ʧʝʨʝʭʽʜʥʠʡ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ  

 

ʆʢʨʝʤʦ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʜʚʘ ʚʠʧʘʜʢʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 4.38. 

/ 4 4 / 3cq r kT qpe=  

 ʘ 

( )23 / 4 4cr q kTpeÖ  ʙ 

 

 

ʈʠʩ. 4.38. ʇʦʪʝʥʮʽʘʣʴʥʽ ʙʘʨô̒ ʨʠ ʜʣʷ ʟʘʨʷʜʞʝʥʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ [84]: ʘ - ʢʫʣʦʥʽʚʩʴʢʠʡ ʮʝʥʪʨ (ʯʘʩʪʠʥʢʘ 

ʟʘʨʷʜʞʝʥʘ), ʙ - ʥʝʡʪʨʘʣʴʥʘ ʯʘʩʪʠʥʢʘ 
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1. ʇʝʨʰʠʡ ʚʠʧʘʜʦʢ ʩʪʦʩʫʻʪʴʩʷ ʟʘʨʷʜʞʝʥʦʾ ʥʘʥʦʯʘʩʪʠʥʢʠ ʥʘ ʧʦʚʝʨʭʥʽ. 

ɯʦʥʽʟʘʮʽʷ ʘʙʦ ʟʘʭʦʧʣʝʥʥʷ ʟʘʨʷʜʞʝʥʦʾ ʤʦʣʝʢʫʣʠ ʜʦ ʩʢʣʘʜʫ ʥʘʥʦʢʣʘʩʪʝʨʘ ʻ 

ʡʤʦʚʽʨʥʠʤ ʧʨʦʮʝʩʦʤ ʱʝ ʡ ʟ ʦʛʣʷʜʫ ʥʘ ʝʣʝʢʪʨʦʬʦʪʦʛʨʘʬʽʯʥʠʡ ʩʧʦʩʽʙ 

ʩʪʚʦʨʝʥʥʷ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ. ʊʘʢʘ ʟʘʨʷʜʞʝʥʘ ʯʘʩʪʠʥʢʘ ʙʫʜʝ 

ʨʫʭʘʪʠʩʷ ʧʽʜ ʧʝʨʝʚʘʞʥʦʶ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʣʘʪʫ ʫ ʧʦʪʝʥʮʽʘʣʴʥʦʤʫ ʨʝʣʴʻʬʽ ʙʣʠʟʴʢʦ 10 ʝɺ. ʎʷ ʝʥʝʨʛʽʷ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʘ ʥʽʞ ɽɸ, ɽD, ʝʥʝʨʛʽʷ ʪʝʧʣʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʽ ʥʘʚʽʪʴ ʝʥʝʨʛʽʷ ʦʢʨʝʤʠʭ 

ʽʦʥʽʟʦʚʘʥʠʭ ʮʝʥʪʨʽʚ - ʧʘʩʪʦʢ ʥʘ ʧʦʚʝʨʭʥʽ. ʎʝ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʡ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʫ ʚʠʧʘʜʦʢ. ɺʟʘʻʤʦʜʽʷ ʽʟ ʮʝʥʪʨʦʤ ʟʘʭʦʧʣʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ ʟʘʨʷʜʫ, ʦʪʞʝ ʨʫʭ ʫ ʩʠʣʴʥʦʤʫ ʧʦʣʽ 

ʦʧʠʩʫʻʪʴʩʷ ʝʬʝʢʪʦʤ ʌʨʝʥʢʝʣʷ-ʇʫʣʘ - ʧʦʣʴʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʝʣʠʯʠʥʠ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ ED-<ED+, (ʨʠʩ. 4.38). ʂʨʠʪʝʨʽʡ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʦʩʪʨʽʚʮʝʚʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟ ʫʤʦʚ ʟʘʭʦʧʣʝʥʥʷ ʟʘʨʷʜʞʝʥʦʾ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʽʟ ʤʠʪʪʻʚʦʶ ʰʚʠʜʢʽʩʪʶ v ʫ ʧʦʣʝ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʮʝʥʪʨʫ ʥʘ 

ʚʽʜʩʪʘʥʴ r 

2
.

4
d

q
v F

r
m

m

pe
= =  

ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʷʢʘ ʟʜʽʡʩʥʶʻ ʙʨʦʫʥʽʚʩʴʢʦ-

ʢʽʥʝʪʠʯʥʠʡ ʨʫʭ ʽʟ ʢʽʥʝʪʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ n ʚʧʨʦʜʦʚʞ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʠʙʢʘ 

ʥʘ ʚʽʜʩʪʘʥʴ r 

2

3
v v

r

l
=  

ʽ ʧʝʨʝʨʽʟ ʟʘʭʦʧʣʝʥʥʷ 

( )
22 4 / 8cr q kTs p p pe= = . 

 

ʗʢʱʦ ʥʘʥʦʯʘʩʪʠʥʢʘ ʟʜʽʡʩʥʶʻ ʙʨʦʫʥʽʚʩʴʢʠʡ ʨʫʭ ʽʟ l<<rc, ʪʦ ʪʨʘʥʩʧʦʨʪ 

ʙʫʜʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʜʠʬʫʟʽʡʥʠʤ ʧʨʦʮʝʩʦʤ.  

ʋ ʚʠʧʘʜʢʫ l>rc ʪʨʘʥʩʧʦʨʪ ʤʘʪʠʤʝ ʭʘʨʘʢʪʝʨ ʦʢʨʝʤʠʭ ʩʪʨʠʙʢʽʚ ʽ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʭʦʧʣʝʥʥʷ ʚ ʧʦʣʝ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʮʝʥʪʨʫ ʙʫʜʝ ʫ 2rc/l ʤʝʥʰʦʶ ʽ  
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( )2
2 c

c

r
rs p

l
= . 

ɼʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʫ ʧʦʪʨʽʙʥʦ, ʱʦʙ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʨʦʟʤʽʨ ʥʘʡʤʝʥʰʦʛʦ ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ) ʙʫʚ ʙʣʠʟʴʢʠʡ ʜʦ 2rc ʪʘ l. 

2. ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʠʭ ʤʦʣʝʢʫʣ ʘʙʦ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ɺʟʘʻʤʦʜʽʾ ʥʦʩʷʪʴ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʽ ʚʟʘʻʤʦʜʽʾ 

ʩʣʘʙʰʽ ʧʦʨʽʚʥʷʥʦ ʽʟ ʢʫʣʦʥʽʚʩʴʢʠʤʠ, ʘʣʝ ʻ ʜʘʣʝʢʦʜʽʶʯʠʤʠ.  

ɼʠʧʦʣʴ-ʜʠʧʦʣʴʥʝ ʧʨʠʪʷʛʫʚʘʥʥʷ ʜʚʦʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʘʙʦ ʤʦʣʝʢʫʣ ʽʟ 

ʽʥʜʫʢʦʚʘʥʠʤ ʜʠʧʦʣʝʤ, ʧʦʣʷʨʠʟʦʚʥʦʩʪʷʤʠ a ʪʘ ʝʥʝʨʛʽʷʤʠ ʽʦʥʽʟʘʮʽʾ hn 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʝ 6-ʤʫ ʩʪʫʧʝʥʶ ʚʽʜʩʪʘʥʽ [222], 

() 1 2

6

1 2

3
,

2 1 1
x

x
hv hv

aa
e =-

å õ
+æ ö

ç ÷

 

ʇʦʣʷʨʠʟʦʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʩʝʣʝʥʽʩʪʶ ʥʘʡʚʠʱʠʭ p, s ʪʘ p ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ. ʇʦʣʷʨʠʟʦʚʥʽʩʪʴ 

ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʦʾ ʦʨʙʽʪʘʣʽ (ʷʢ ʫ ʚʠʧʘʜʢʫ ʧʦʣʽ-ʬʪʦʨʝʪʠʣʝʥʫ) ʤʽʥʽʤʘʣʴʥʘ. 

ʆʪʞʝ, ʟʥʘʶʯʠ ʟʘʩʝʣʝʥʽʩʪʴ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʽʚʥʽʚ ʪʘ ʾʭ ʧʦʭʦʜʞʝʥʥʷ ʟ 

ʘʪʦʤʘʨʥʠʭ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʮʝʡ ʚʠʜ ʚʟʘʻʤʦʜʽʡ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʣʝʢʫʣ ʽʟ ʩʪʘʪʠʯʥʠʤ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 

ʦʨʽʻʥʪʘʮʽʡʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, ʧʨʠʪʷʛʫʚʘʥʥʷ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʩʪʘʪʠʯʥʠʭ ʜʠʧʦʣʽʚ ɛ ʦʩʣʘʙʣʶʻʪʴʩʷ ʪʝʧʣʦʚʠʤ ʨʫʭʦʤ 

 

( ) 4 6

ʩʨ
ɛ,ɛ 2ɛ /3 .kTxe =-  

 

ɺʟʘʻʤʦʜʽʾ ʚ ʤʝʞʘʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

ʦʯʽʢʫʶʪʴʩʷ ʥʘ ʧʦʨʷʜʢʠ ʙʽʣʴʰʠʤʠ, ʥʽʞ, ʥʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ ʟʦʣʦʪʦ-ʧʦʣʽ-

ʬʪʦʨʝʪʠʣʝʥ. ʎʽ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʽ ʘʙʦ ʜʠʩʧʝʨʩʽʡʥʽ ʚʟʘʻʤʦʜʽʾ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʦʣʷʨʠʟʦʚʥʽʩʪʶ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʪʘ ʬʪʦʨʫ ʽ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ.  
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ʈʦʟʛʣʷʥʝʤʦ ʪʨʘʥʩʧʦʨʪ ʧʦʣʷʨʠʟʦʚʘʥʠʭ (ʘʣʝ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʠʭ) 

ʥʘʥʦʯʘʩʪʠʥʦʢ (ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ, ʥʘʥʦʢʣʘʩʪʝʨʽʚ) ʫ ʩʠʣʴʥʦʤʫ ʛʨʘʜʽʻʥʪʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ. 

ʇʦʣʷʨʠʟʦʚʘʥʘ ʯʘʩʪʠʥʢʘ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ E(x) ʧʦʣʷʨʠʟʫʻʪʴʩʷ ʽ ʤʘʪʠʤʝ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ m1: 

()1 1E xm =a ,     (4.16) 

ʜʝ a1 ï ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʢʠ 1. 

ɽʥʝʨʛʽʷ ʥʘʥʦʯʘʩʪʠʥʢʠ ʫ ʧʦʣʽ ()E x  ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ: 

() () ()2

1 1 1 0

1

2
x E x E xe =m =- a e.  (4.17) 

ʅʏ1 ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʦʙʣʠʟʫ 

ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʘʡʪʘ. ɼʠʧʦʣʴ 
1m ʧʦʣʷʨʠʟʫʻ ʧʦʚʝʨʭʥʶ ʟ ʝʥʝʨʛʽʻʶ 

ʚʟʘʻʤʦʜʽʾ (ʜʠʧʦʣʴ-ʧʦʣʷʨʠʟʦʚʘʥʘ ʦʙʣʘʩʪʴ [221]) 

()
2

2 1
2 0 6

x
x

a m
e =-e ,     (4.18) 

ʜʝ a2 ï ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʩʘʡʪʫ ʘʜʩʦʨʙʮʽʾ ʜʣʷ ʅʏ1, x ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ 

ʩʘʡʪʫ. 

ʇʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ
2 2

2 2 1
0 1 0 6

1

2

E
E

x

a a
e=- e a -e                                   

(4.19) 

ɺ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʚʠʩʦʪʠ De 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ. De 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʤʦʚ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ (4.11) :0
d

dx

e
=  

1 2 1 2

6 7
1 2 6

dE
E

dx x x

aa aaå õ
+ =æ ö
ç ÷

.    (4.20) 

ʊʦʙʪʦ, De ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʜʽʻʥʪʫ ʧʦʣʷ E.  

ɼʣʷ ʧʦʣʷ E ʨʦʟʛʣʷʥʝʤʦ ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʛʨʘʜʽʻʥʪ ʧʦʣʷ 

ʧʦʩʪʽʡʥʠʡ: 
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()E x f x= Ö ,      (4.21)  

ʜʝ f- ʛʨʘʜʽʻʥʪ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 4.39. ɽʥʝʨʛʽʷ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʠʭ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ [17] 

ʊʦʜʽ ʪʦʯʢʘ ʝʢʩʪʨʝʤʫʤʫ (ʨʠʩ. 4.39):  

6
0 1 24x = aa, ( ) 2 3

0 0 1 1 2

1
4

2
x fDe =- e a aa.               (4.22) 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʧʦʣʷ ɽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʠʬʫʟʽʶ ʣʝʛʢʦʧʦʣʷʨʠʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ ʚ ʛʨʘʜʽʻʥʪʥʦʤʫ ʧʦʣʽ. ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʽʟ ʧʦʚʝʨʭʥʝʶ 

ʘʥʽʟʦʪʨʦʧʥʘ ʽ ʦʧʠʩʫʻʪʴʩʷ (4.19,4.21), (ʨʠʩ. 4.36). 

ʈʦʟʛʣʷʥʝʤʦ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʜʠʬʫʟʽʡʥʠʭ ʩʪʨʠʙʢʽʚ ʚʟʜʦʚʞ ʛʨʘʜʽʻʥʪʘ 

ʧʦʣʷ ʪʘ ʥʘʟʫʩʪʨʽʯ ʧʦʣʶ. ʍʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʩʪʨʠʙʢʘ  

1

1

exp

exp

D
D D

D
D D

t
kT

t
kT

-

+

-

-

e -Deë û
=n ì ü

í ý

eë û
=n ì ü

í ý

     (4.23) 

ʜʝ tD+, tD- ï ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʦʜʠʥʠʯʥʦʛʦ ʩʪʨʠʙʢʘ ʚʟʜʦʚʞ ʪʘ ʥʘʟʫʩʪʨʽʯ ʧʦʣʶ 

ʚʽʜʧʦʚʽʜʥʦ, n~10
12

 ɻʮ ï ʯʘʩʪʦʪʘ ʣʘʪʝʨʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, eD ï ʝʥʝʨʛʽʷ 

ʘʜʩʦʨʙʮʽʾ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʣʷ, (ʨʠʩ. 4.39). ɺ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʝʷʢʘ ʧʦʣʷʨʠʟʘʮʽʷ ʮʝʥʪʨʫ ʽ ʜʣʷ eD ʪʨʝʙʘ ʚʚʦʜʠʪʠ ʧʦʧʨʘʚʢʫ ʥʘ ʧʦʣʷʨʠʟʘʮʽʶ 

ʟʦʚʥʽʰʥʽʤ ʧʦʣʝʤ. ɿʘʨʘʟ ʮʝʡ ʝʬʝʢʪ ʤʠ ʥʝ ʙʫʜʝʤʦ ʚʨʘʭʦʚʫʚʘʪʠ. 
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ʈʦʟʛʣʷʜʘʶʯʠ ʟʫʩʪʨʽʯʥʫ ʜʠʬʫʟʽʶ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʧʦʣʷ ʪʘ ʥʘʟʫʩʪʨʽʯ 

ʧʦʣʶ, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʚ ʩʠʣʴʥʦʤʫ ʛʨʘʜʽʻʥʪʥʦʤʫ 

ʧʦʣʽ: 

 

2

exp exp 1
4

D D
D

E
D

kT kT

è De øë û ë û
= n - -ì ü ì üé ù

í ý í ýê ú
,    (4.24) 

ʜʝ De ʦʧʠʩʫʻʪʴʩʷ ʟ (4.22) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʨʘʜʽʻʥʪʘ ʧʦʣʷ. 

 

ʆʪʞʝ, ʟʦʚʥʽʰʥʻ ʛʨʘʜʽʻʥʪʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟʜʘʪʥʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʜʠʬʫʟʽʡʥʠʡ ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʠʯʥʦ ʥʝʡʪʨʘʣʴʥʠʭ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ 

ʥʘ ʧʦʚʝʨʭʥʽ. ɺʧʣʠʚ ʥʘ ʥʝʡʪʨʘʣʴʥʽ ʧʦʣʷʨʠʟʦʚʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʘʥʽʟʦʪʨʦʧʥʝ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʥʫ 

ʧʦʣʷʨʠʟʘʮʽʶ ʥʘʥʦʯʘʩʪʠʥʢʠ ʪʘ ʩʘʡʪʽʚ ʘʜʩʦʨʙʮʽʾ. ɼʠʬʫʟʽʷ ʩʪʘʻ ʘʥʽʟʦʪʨʦʧʥʦʶ. 

ʅʘʧʨʷʤʢʦʤ ʘʥʽʟʦʪʨʦʧʽʾ ʻ ʥʘʧʨʷʤʦʢ ʛʨʘʜʽʻʥʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ. 

ʋ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ ʟʘʨʷʜʞʝʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʧʣʠʚ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʦʧʠʩʫʻʪʴʩʷ ʝʬʝʢʪʦʤ ʌʨʝʥʢʝʣʷ-ʇʫʣʘ ʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʥʘʢʫ ʟʘʨʷʜʫ ʥʘʥʦʯʘʩʪʠʥʢʠ. 

ʇʣʽʚʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʘʥʦʩʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ɺʋʇ-ʄ5 ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ. 

ʅʘ ʨʠʩ. 2.1 (Ä 2.1 ʈʦʟʜʽʣ 2) ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʦʢ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʦʩʘʜʞʝʥʥʷʤ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

ɼʘʥʽ ʟ ʢʚʘʨʮʦʚʠʭ ʜʘʪʯʠʢʽʚ ʪʦʚʱʠʥʠ ʯʫʪʣʠʚʽʩʪʶ, ʷʢʘ ʩʢʣʘʜʘʻ 6Ö10
-

8
ʢʛ/ʤ

2
 ɻʮ, ʪʠʩʢ ʫ ʢʘʤʝʨʽ, ʩʪʨʫʤ ʨʦʟʽʛʨʽʚʫ ʚʠʧʘʨʦʚʫʚʘʯʽʚ ʪa ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʚʦʜʷʪʴʩʷ ʫ ʢʝʨʫʶʯʫ ʩʠʩʪʝʤʫ. 

ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.36.  

ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʜʝʥʩʘʮʽʾ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʩʽʷʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʧʫʯʢʘ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʽ 3, 
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ʟʦʢʨʝʤʘ ʧʦʚʝʨʭʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʣʽʤʝʨʫ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʥʘ ʩʢʣʷʥʽʡ ʧʦʚʝʨʭʥʽ-ʩʚʽʜʢʫ 4. ɸʪʦʤʘʨʥʠʡ 

ʧʫʯʦʢ ʟʦʣʦʪʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʠʧʘʨʦʚʫʚʘʯʘ 1 ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʪʚʽʨ ʫ ʝʢʨʘʥʽ 

2 ʽ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʧʽʜʢʣʘʜʮʽ 3. ʇʽʜʢʣʘʜʢʘ 3 ʤʘʻ ʜʠʩʢʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʽ ʤʦʞʝ 

ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʚʽʩʽ. 

ʐʚʠʜʢʽʩʪʴ ʽ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʞʝʨʝʣʦʤ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ. ʅʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʦʚʝʨʭʥʽ 3 ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʘʢʦʤʦʜʘʮʽʾ, ʘʜʩʦʨʙʮʽʾ, ʪʨʘʥʩʧʦʨʪʫ ʚ ʩʪʘʥʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ʘʜʩʦʨʙʦʚʘʥʦʛʦ 

ʛʘʟʫ, ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʧʦʣʽʤʝʨʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʜʝʩʦʨʙʮʽʾ. ɼʝʩʦʨʙʦʚʘʥʠʡ ʧʫʯʦʢ 

ʟʦʣʦʪʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʚʝʨʭʥʶ 4 ʽʟ ʩʢʣʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʢʦʥʜʝʥʩʘʮʽʷ 

ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠʣʠʧʘʥʥʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʟʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʣʠʧʘʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʫ 3. 

ɼʣʷ ʧʝʨʚʠʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʪʦʤʘʨʥʠʭ ʧʫʯʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʚʘʨʮʦʚʽ ʨʝʟʦʥʘʪʦʨʥʽ ʜʘʪʯʠʢʠ 5, 6. ɼʘʪʯʠʢ 5 ï ʩʚʽʜʦʢ ʘʪʦʤʘʨʥʦʛʦ ʧʫʯʢʘ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʽ ʬʘʢʪʠʯʥʦ ʚʠʤʽʨʶʻ ʪʽʣʴʢʠ 

ʯʘʩʪʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʟ ʜʞʝʨʝʣʘ. ɼʘʪʯʠʢ 6 ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʻ 

ʧʘʜʘʶʯʠʡ ʧʫʯʦʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʘʢʠʡ ʩʘʤʠʡ ʦʪʚʽʨ, ʱʦ ʽ ʦʪʚʽʨ 2. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʪʚʦʨʘʤʠ ï 1 ʩʤ, ʱʦ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ 

ʱʦ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʦʪʚʦʨʠ. ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʦʧʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʧʘʜʘʶʯʦʛʦ 

ʧʫʯʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʦʚʝʨʭʥʽ 7, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʝʢʨʘʥʦʤ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʪʝ, ʱʦ ʢʦʥʜʝʥʩʘʮʽʷ 

ʧʘʜʘʶʯʦʛʦ ʧʫʯʢʘ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʧʦʩʪʽʡʥʦ ʚʽʜʥʦʚʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ, ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʥʥʷ ʧʽʜʢʣʘʜʢʠ. ʇʨʠ ʜʽʘʤʝʪʨʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʫʯʢʘ ʟʦʣʦʪʘ 4 

ʤʤ, ʜʦʚʞʠʥʽ ʢʦʣʘ ʥʘ ʧʦʚʝʨʭʥʽ- 4 ʩʚʽʜʢʫ 377 ʤʤ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 1,1 

ʦʙ/ʩʝʢ ʪʘ ʯʘʩʽ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʨʷʜʢʫ 30 ʩʝʢ, ʪʦʚʱʠʥʘ ʢʦʥʜʝʥʩʘʪʫ ʟʦʣʦʪʘ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʙʫʣʘ ʧʨʠʙʣʠʟʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʦʶ ʚʽʜ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʘ 

ʧʦʚʝʨʭʥʽ- ʩʚʽʜʢʫ ʽ ʩʢʣʘʜʘʣʘ ʧʦʨʷʜʢʫ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʧʦʢʨʠʪʪʷ ʤʦʥʦʰʘʨʫ. ɺ 

ʮʠʭ ʫʤʦʚʘʭ ʧʝʨʝʚʘʞʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʻ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʟʦʣʦʪʘ ʟ 

ʧʦʚʝʨʭʥʝʶ ʧʦʣʽʤʝʨʫ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʝʣʝʢʪʠʚʥʝ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʪʝʤʧʣʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ 

(ʝʣʝʢʪʨʦʢʽʥʝʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʽ ʥʘ ʩʪʘʜʽʾ ʟʨʦʩʪʘʥʥʷ ʟʘʨʦʜʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʽ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ. ʇʽʩʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰ 10 ʥʤ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʝʢʨʘʥʫʻʪʴʩʷ ʽ ʩʝʣʝʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʜʦ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʨʠʧʠʥʷʻʪʴʩʷ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ ʟʦʣʦʪʘ ʚ ʤʘʪʨʠʮʽ ʇɺʂ 

ʩʪʘʥʦʚʠʪʴ 1,6 ʥʤ, ʘ ʩʝʨʝʜʥʴʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʫ 6-8 ʥʤ. ɺ ʧʣʽʚʮʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟʦʣʦʪʦ-ʇɺʂ ʪʦʚʱʠʥʦʶ 60 ʥʤ ʢʣʘʩʪʝʨʠ ʟʦʣʦʪʘ ʘʛʨʝʛʦʚʘʥʽ ʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ 3-5 ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ. 

ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʩʪʘʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʛʨʝʛʘʪʽʚ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 20 ʥʤ. 

ɺʠʟʥʘʯʝʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʧʨʦʩʪʦʨʦʚʦ ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʝʤʧʣʘʪʫ ʻ ʧʨʦʩʪʦʨʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʦʣʦʪʠʭ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʥʘʧʨʠʢʣʘʜ ʙʘʨʚʥʠʢʽʚ, 

ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. ʆʧʪʠʤʽʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫ ʮʠʭ ʦʙô̒ ʢʪʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʫ ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɼʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʪʫ ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʧʦʣʫʢ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʨʦʟʤʽʨ ʥʘʡʤʝʥʰʦʛʦ 

ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ) ʪʘ ʩʝʨʝʜʥʽʡ ʤʽʛʨʘʮʽʡʥʠʡ 

ʰʣʷʭ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ l ʙʫʣʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʫ. ʊʘʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʨʷʜʫ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, 
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ʟʦʣʦʪʘ, ʩʨʽʙʣʘ, ʤʽʜʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʨʦʟʤʽʨʘʤʠ 50-1000 ʥʤ. 

ʂʝʨʦʚʘʥʠʡ ʪʝʤʧʣʘʪ ʥʘ ʦʩʥʦʚʽ ɸʄʅ ʻ ʦʙôʻʢʪʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ 

ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʥʽʢʝʣʝʚʦʾ ʢʦʧʽʾ 

ʪʝʤʧʣʘʪʘ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʨʫʶʚʘʪʠ çʨʦʟʫʤʥʠʡ ʪʝʢʩʪʠʣʴè ʽʟ ʟʘʜʘʥʠʤ 

ʩʪʨʫʢʪʫʨʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ 3D ʩʫʙʣʽʤʦʚʘʥʦʛʦ 

ʜʨʫʢʫ, ʧʨʦʮʝʩʠ ʢʨʝʡʟʦʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʥʦʽʤʧʨʠʥʪ-ʣʽʪʦʛʨʘʬʽʾ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʘʟʦʫʪʚʦʨʝʥʥʷ 

ʟʦʣʦʪʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʫ ʤʘʪʨʠʮʽ ʇɺʂ ʧʨʠ ʛʘʟʦʬʘʟʥʽʡ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ ʚ 

ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʝʡʪʨʘʣʴʥʠʭ ʧʽʜʢʣʘʜʦʢ. ʇEM ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʦʣʦʪʽ ʢʨʠʪʠʯʥʽ ʟʘʨʦʜʢʠ ʚ ʤʘʪʨʠʮʽ ʇɺʂ ʽ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʨʦʟʤʽʨʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʪʠʯʥʦʛʦ ʟʘʨʦʜʢʫ 

ʟʦʣʦʪʘ ʧʨʠ ʛʘʟʦʬʘʟʥʽʡ ʩʧʽʚʢʦʥʜʝʥʩʘʮʽʾ ʽʟ ʩʧʦʣʫʢʘʤʠ ʇɺʂ ʩʪʘʥʦʚʠʪʴ 1,9 ʥʤ, 

ʪʦʜʽ ʷʢ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʪʝʤʧʣʘʪʫ ʚʽʥ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

1,2 ʥʤ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʟʦʣʦʪʘ ʚ ʤʝʞʘʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ʧʦʢʘʟʘʣʦ ʢʦʨʝʣʷʮʽʶ ʟ ʚʠʤʽʨʶʚʘʥʠʭ ʟʤʽʥ ʨʦʟʤʽʨʫ ʢʨʠʪʠʯʥʦʛʦ 

ʟʘʨʦʜʢʫ ʚ ʧʦʣʽ ~10
8
 ɺ/ʤ. ʊʘʢʘ ʚʠʩʦʢʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʪʝʤʧʣʘʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʦʣʦʪʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. 
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ʈʆɿɼɯʃ 5 

 

ʊʆʅʂɯ ʇʃɯɺʂʀ ɸʄʆʈʌʅʆɻʆ ɺʋɻʃɽʎʖ ʅɸ ʄɯɼɯ,  

ʉʊʈʋʂʊʋʈɸ ʊɸ ɺʃɸʉʊʀɺʆʉʊɯ 

 

ɺʩʪʫʧ 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʙ ʤʘʣʠ ʩʪʽʡʢʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʝʬʝʢʪʦʤ ʧʦʩʠʣʝʥʥʷ 

ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʢʦʤʧʦʟʠʪʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ, ʟ ʰʘʨʦʤ ʤʽʜʽ ʪʘ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ 

ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʙ ʤʘʣʠ ʩʪʽʡʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ 

ʩʝʥʩʦʨʠʢʠ. ɺʠʢʦʨʠʩʪʘʥʽ ʪʦʥʢʽ ʰʘʨʠ ʟ ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʤʽʜʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʛʽʧʦʪʝʟʘ ʧʨʦ ʧʦʩʠʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʂʈ ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʰʘʨʘʤʠ ʧʣʘʪʬʦʨʤʠ. ʈʦʟʨʦʙʣʝʥʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʧʣʘʪʬʦʨʤ ʟ ʥʘʥʦʤʘʪʝʨʽʘʣʫ ʫ 

ʛʘʟʦʬʘʟʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʥʢʠʭ ʰʘʨʽʚ ʤʽʜʽ, ʘʤʦʨʬʥʦʛʦ 

ʚʫʛʣʝʮʶ ʪʘ ʰʘʨʫ ʤʝʪʘʣʦʬʪʘʣʦʮʽʘʥʽʥʫ (FePc). ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʫ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷʤ ʨʝʟʦʥʘʥʩʘʤʠ 

ʧʣʽʚʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʘ. ʈʝʟʦʥʘʥʩʠ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʰʣʷʭʦʤ 

ʟʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʧʣʽʚʦʢ ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʂʈ. ɿʨʘʟʦʢ ʟ ʥʘʡʙʽʣʴʰʦʶ ʘʤʧʣʽʪʫʜʦʶ ʩʠʛʥʘʣʫ ʂʈ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʆʪʨʠʤʘʥʦ ʙʘʛʘʪʦʢʨʘʪʥʝ 

ʧʦʩʠʣʝʥʥʷʤ ʩʧʝʢʪʨʫ ʂʈ (FePc). ɿʘʟʘʥʘʯʝʥʘ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 300 ʉ (ʦʙʤʝʞʝʥʦ ʩʢʣʷʥʦʶ 

ʧʽʜʢʣʘʜʢʦʶ) ʪʘ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  
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5.1. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʦʧʪʠʯʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʥʘ ʩʢʣʷʥʽʡ 

ʧʽʜʢʣʘʜʮʽ 

ʄʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘ ʧʦʣʽʨʦʚʘʥʽ ʩʢʣʷʥʽ 

(cat.no.7102, CHINA) ʧʽʜʢʣʘʜʢʠ ʙʫʣʠ ʥʘʥʝʩʝʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ʤʽʜʽ ʨʽʟʥʦʾ 

ʪʦʚʱʠʥʠ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʝʣʝʢʪʨʦʦʧʽʨʦʤ ʚʽʜ 1 ʆʤ ʜʦ ʜʝʢʽʣʴʢʘ 

ʄʆʤ. ʇʨʠ ʟʤʽʥʽ ʪʦʚʱʠʥʠ ʰʘʨʫ d ʚʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ 

ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʟʥʝʚʘʞʣʠʚʦʛʦ ʤʘʣʦʛʦ ʜʦ ʜʦʤʽʥʫʶʯʦʛʦ. ʊʘʢ, ʫ ʨʝʞʠʤʽ 

ʜʠʬʫʟʥʦʛʦ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ ʩʪʨʫʤʫ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʰʘʨʘʭ (ʧʣʽʚʢʘʭ) ʤʽʢʨʦʥʥʠʭ ʪʦʚʱʠʥ, ʷʚʠʱʘ ʧʝʨʝʥʦʩʫ ʜʦʩʠʪʴ ʜʦʙʨʝ 

ʦʧʠʩʫʶʪʴʩʷ ʫ ʨʘʤʢʘʭ ʤʦʜʝʣʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʦʙôʻʤʽ ʧʣʽʚʢʠ [224]. ʉʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ ʪʘ ʤʽʜʥʠʭ 

ʧʣʽʚʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ Shimadzu UV-2401PC. 

ʉʧʝʢʪʨʠ ʂʈ ʟʨʘʟʢʽʚ ʟʥʽʤʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw InVia 

Raman Microscope, ʧʨʠ ʜʚʦʭ ʟʥʘʯʝʥʥʷʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ 633 ʽ 785 

ʥʤ ʟ ʘʥʘʣʽʟʦʤ ʯʘʩʪʦʪʥʦʛʦ ʢʨʠʪʝʨʽʶ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [225,226]. 

ʊʠʧʦʚʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʂʈ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʦʢ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.5.1.  

ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ (ʨʠʩ.5.1, ʘ) ʩʚʽʜʯʠʪʴ, ʱʦ (ʩʢʣʦ cat.no.7102) ʤʘʻ 

ʩʤʫʛʫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʠʥʘʥʥʷ ʙʣʠʟʴʢʦ 5 ʝɺ. ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʘ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ʥʠʟʴʢʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʢʨʠʣʽ ʮʽʻʾ ʩʤʫʛʠ 

ʦʧʠʩʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ (ʧʨʘʚʠʣʦ 

ʋʨʙʘʭʘ). ʊʘʢʠʡ ʭʽʜ ʩʧʝʢʪʨʘ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʘʤʦʨʬʥʠʭ ʨʝʯʦʚʠʥ ʽ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʩʪʘʪʠʯʥʦʾ ʚʘʨʽʘʮʽʾ 

ʜʦʚʞʠʥ ʽ ʢʫʪʽʚ ʟʚ'ʷʟʢʽʚ, ʬʣʫʢʪʫʘʮʽʡ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷ ʤʘʪʨʠʮʽ ʩʢʣʘ. ʂʨʘʡ 

ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʣʝʞʠʪʴ ʫ ʨʘʡʦʥʽ 350 ʥʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʽ ʜʦʨʽʚʥʶʻ 3,5 ʝɺ. ʈʝʻʩʪʨʘʮʽʷ ʩʧʝʢʪʨʽʚ ʂʈ (ʨʠʩ. 5.1, ʙ) 

ʚʽʜʙʫʚʘʣʘʩʴ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ, ʟʙʫʜʞʝʥʠʤ ʩʚʽʪʣʦʤ (Iʟʙʫʜʞ.=5,0 kW/ʩʤ
2
) ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 633 ʥʤ (1,96 ʝɺ) ʽ ʟʙʫʜʞʫʶʯʠʤ ʩʚʽʪʣʦʤ (Iʟʙʫʜʞ.=7,5 kW/ʩʤ
2
) 

ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 785 ʥʤ (1,6 ʝɺ). ʉʧʝʢʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʢʦʶ 
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ʦʩʦʙʣʠʚʦʩʪʝʡ, ʤʘʶʪʴ ʨʽʟʥʫ ʬʦʨʤʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ [225,226]. 
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ʈʠʩ. 5.1. ʉʢʣʦ (cat.no.7102, CHINA): a - ʩʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ; ʙ - ʩʧʝʢʪʨ ʂʈ 

ʧʨʠ ʨʽʟʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ. ʇʦʪʫʞʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ (633 ʽ 785 ʥʤ)-100 mW ʠ 300 mW (100%) 
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ʉʧʝʢʪʨ ʂʈ ʩʢʣʘ (Iʟʙʫʜʞ. ɚ=785 ʥʤ) ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʰʠʨʦʢʠʭ ʢʦʥʪʫʨʽʚ 

ʟ ʥʝʷʚʥʦ ʚʠʨʘʞʝʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ. ɺʽʥ ʥʝ ʤʘʻ ʚʫʟʴʢʠʭ ʧʽʢʽʚ, ʷʢʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʢʨʦʜʦʤʽʰʢʘʤ ʩʢʣʷʥʦʾ ʤʘʪʨʠʮʽ. ɸʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠ ʟʙʫʜʞʝʥʽ ʩʚʽʪʣʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 633 ʥʤ ʤʝʥʰʝ, ʥʽʞ ʟ 

ɚ=785 ʥʤ. ʉʧʝʢʪʨ ʧʦʢʘʟʫʻ ʤʦʥʦʪʦʥʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʛʥʘʣʫ ʫ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʣʠʙʦʢʠʭ 

ʜʝʬʝʢʪʥʠʭ ʨʽʚʥʽʚ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʙʫʜʞʫʶʯʦʛʦ (ʨʠʩ. 5.1, ʙ) 

ʩʚʽʪʣʘ ʫ 10 ʨʘʟʽʚ ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 2 ʨʘʟʠ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʠʛʥʘʣʫ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝ ʪʠʧʦʚʘ ʜʣʷ ʩʧʦʥʪʘʥʥʦʛʦ ʽ ʚʠʤʫʰʝʥʦʛʦ ʂʈ, ʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʢʦʤʙʽʥʘʮʽʡʥʫ ʣʶʤʽʥʝʩʮʝʥʮʽʶ ʩʢʣʘ ʧʽʜ ʜʽʻʶ ʟʙʫʜʞʫʶʯʦʛʦ 

ʩʚʽʪʣʘ ʂʈ [226]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʟʙʫʜʞʝʥʽ ʫ ʩʢʣʽ ʽʦʥʽʟʫʶʪʴʩʷ ʧʝʚʥʽ 

ʮʝʥʪʨʠ, ʫ ʧʨʦʮʝʩʽ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʽ ʨʽʟʥʦʡʤʝʥʥʦ ʟʘʨʷʜʞʝʥʽ ʽ ʥʝʟʘʣʝʞʥʽ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʯʘʩʪʠʥʢʠ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʾʭ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʩʪʦʢʩʦʚʠʤ ʟʨʫʰʝʥʥʷʤ [227]. 

ʅʘ ʨʠʩ. 5.2 ʘ ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʦʙô̒ ʤʥʦʾ ʤʽʜʽ, ʫ ʷʢʽʡ 

ʚʽʜʩʫʪʥʽ ʟʥʘʯʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ. ʅʘ ʨʠʩ. 5.2 ʙ ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ 

ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʤʽʜʽ ʟ ʦʧʦʨʦʤ (1õ40Ŀ10
6 
ʆʤ), ʷʢʽ ʙʫʣʠ ʥʘʧʠʣʝʥʥʽ ʥʘ 

ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ ʧʨʠ ʊ = 300 ʂ. ʇʣʽʚʢʠ ʟ ʚʝʣʠʢʠʤ ʦʧʦʨʦʤ ʤʘʶʪʴ ʤʝʥʰʝ 

ʧʦʛʣʠʥʘʥʥʷ. ɺ ʩʧʝʢʪʨʘʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʽʜʥʠʭ ʧʣʽʚʦʢ 

ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ (ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ɚ=560 ʥʤ) [226], ʷʢʽ 

ʧʝʨʝʩʪʘʶʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʦʨʫ ʧʣʽʚʦʢ (ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ). ʇʣ̔ʚʢʠ ʟ ʦʧʦʨʦʤ 7õ10 ʆʤ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤ ʢʨʠʚʦʾ 

ʧʦʛʣʠʥʘʥʥʷ ʙʣʠʟʴʢʦ 700 ʥʤ, ʷʢʫ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ ʝʬʝʢʪʦʤ ʧʣʘʟʤʦʥʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ [228]. ɹʽʣʴʰ ʪʦʥʢʽ ʧʣʽʚʢʠ ʪʘʢʦʛʦ ʤʘʢʩʠʤʫʤʫ ʥʝ ʤʘʶʪʴ. ʆʮʽʥʢʘ 

ʟʘ ʜʦʚʛʦʭʚʠʣʴʦʚʠʤ ʧʦʨʦʛʦʤ ʧʦʛʣʠʥʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ 

(ɚ=560õ570 ʥʤ) ʧʦʢʘʟʫʻ, ʱʦ ʦʧʪʠʯʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʨʝʯʦʚʠʥʠ 

ʧʣʽʚʢʠ ʜʦʨʽʚʥʶʻ Eg=2,17õ2,21 ʝɺ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʜʣʷ ʦʢʩʠʜʫ ʤʽʜʽ 

(Eg=2,18 ʝɺ) [229].  
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ɺʠʨʽʚʥʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʧʦʛʣʠʥʘʥʥʷ ʧʣʽʚʦʢ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʪʦʚʱʠʥʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʦʢʩʠʜʫ ʤʽʜʽ 

ʚ ʪʦʥʢʠʭ ʧʣʽʚʢʘʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. 
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ʈʠʩ.5.2. ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥʷ [230, 231]: ʘ - ʦʙôʻʤʥʦʾ ʤʽʜʽ; ʙ ï ʧʣʽʚʢʠ ʤʽʜʽ ʩ 

ʨʽʟʥʠʤ ʝʣʝʢʪʨʦʦʧʦʨʦʤ ʥʘ ʩʢʣʷʥʽʡ (cat.no.7102) ʧʽʜʢʣʘʜʮʽ 
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ʊʘʢ ʷʢ ʦʢʩʠʜ ʤʽʜʽ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ (ɚ=900 ʥʤ) ʥʝ ʧʦʛʣʠʥʘʻ ʩʚʽʪʣʦ 

[226], ʘ ʤʽʜʴ ʧʦʛʣʠʥʘʻ. ʎʝ ʜʦʧʦʚʥʶʻʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ 20% ʟʙʽʣʴʰʝʥʥʷ 

ʦʧʦʨʫ ʤʽʜʥʠʭ ʧʣʽʚʦʢ ʧʨʠ ʥʘʧʫʩʢʫ ʧʦʚʽʪʨʷ ʫ ʢʘʤʝʨʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʫʩʪʘʥʦʚʢʠ. 

 ʅʘ ʨʠʩ.5.3 ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ʂʈ ʢʦʤʧʦʟʠʪʘ ʟ ʧʣʽʚʢʠ ʤʽʜʽ ʪʘ ʩʢʣʷʥʦ ʾ

ʧʽʜʢʣʘʜʢʠ ï ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʧʝʢʪʨʠ ʂʈ ʤʽʜʽ. ʅʘ ʨʠʩ.5.3, ʘ - ʥʘʚʝʜʝʥʽ 

ʩʧʝʢʪʨʠ ʂʈ ʤʽʜʽ ʟ ʦʧʦʨʦʤ ʧʣʽʚʢʠ 1 ʆʤ, ʥʘʧʠʣʝʥʫ ʥʘ ʩʢʣʷʥʫ ʧʽʜʢʣʘʜʢʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 300Áʉ, ʧʨʠ ʨʽʟʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʟʙʫʜʞʫʶʯʦʛʦ ʩʚʽʪʣʘ ʂʈ. 

ʇʨʠ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʥʘʧʠʣʝʥʥʷ ʘʪʦʤʠ ʤʽʜʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʤʘʪʨʠʮʶ 

ʩʢʣʘ, ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʤʽʩʪʢʦʚʦʛʦ ʢʠʩʥʶ, ʩʪʽʡʢʦʛʦ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ. 

ʋ ʩʢʣʘʜʦʚʦʤʫ ʩʧʝʢʪʨʫ ʂʈ ʧʨʠʩʫʪʥʷ ʩʤʫʛʘ (615 ʥʤ) ʤʽʜʽ Cu
+
, Cu

0
 [232] ʽ 

ʩʤʫʛʘ (1340 ʥʤ), ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ 

(ʨʠʩ.5.1). ʅʘ ʨʠʩ. 5.4 ʘ ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ʂʈ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʟ ʦʧʦʨʦʤ 

7,8,10 ʆʤ, ʥʘʧʠʣʝʥʽ ʥʘ ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ ʟ ʨʽʟʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ 

(ɽ=80,74,70 ɺ/ʩʤ) ʧʦʣʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʯʘ ʚʘʢʫʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ɺʋʇ 5ʄ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʥʘʧʠʣʝʥʽ ʤʽʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʝ 

ʟʙʫʜʞʝʥʥʷ ʪʘ ʽʦʥʽʟʘʮʽʷ ʘʪʦʤʽʚ ʤʽʜʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʟʨʦʩʪʘʥʥʷ ʪʘ ʦʩʘʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʽʜʢʣʘʜʢʫ. ʉʧʝʢʪʨʠ ʂʈ 

ʤʽʜʽ ʤʘʶʪʴ ʨʽʟʥʠʡ (ʨʠʩ. 5.4, ʘ, ʙ) ʚʠʛʣʷʜ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʩʚʽʪʣʦʤ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ 785 ʥʤ, ʯʝʨʝʟ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ ʧʣʽʚʦʢ, ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʢʣʘ. ʇʣʽʚʢʘ ʟ ʦʧʦʨʦʤ 8 ʆʤ/ʩʤ
2
 (d=90 ʥʤ), 

ʧʦʛʣʠʥʘʻ ʩʠʣʴʥʽʰʝ ʥʽʞ ʧʣʽʚʢʘ ʟ ʦʧʦʨʦʤ 10 ʆʤ (d=70 ʥʤ), ʽ ʩʣʘʙʰʝ, ʥʽʞ 

ʧʣʽʚʢʘ ʟ ʦʧʦʨʦʤ 7 ʆʤ (d=120 ʥʤ) (ʨʠʩ. 5.2, ʙ). ʆʜʥʘʢ ʚʦʥʘ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʂʈ (ʩʤʫʛʠ 1600 ʩʤ
-1
 ʽ 1850 ʩʤ

-1
) (ʨʠʩ. 5.4, ʘ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʥʝʣʽʥʽʡʥʠʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʬʨʘʢʪʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʘʛʨʝʛʘʪʽʚ ʧʣʽʚʢʠ [233-235]. ɺʽʜʦʤʦ, ʱʦ ʬʨʘʢʪʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

ʘʛʨʝʛʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʦʧʪʠʯʥʠʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʥʘ 

ʯʘʩʪʦʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʫ. ɺ ʩʠʣʫ ʚʣʘʩʪʠʚʦʾ ʬʨʘʢʪʘʣʴʥʠʤ ʘʛʨʝʛʘʪʽʚ 

ʣʦʢʘʣʴʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʦʪʦʯʝʥʥʷ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ, ʚʟʘʻʤʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʊʦʤʫ, ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʜʫʢʫʻ 
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ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʚʟʘʻʤʦʜʽʾ ʬʨʘʢʪʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ, ʽ ʧʦʙʣʠʟʫ ʯʘʩʪʠʥʦʢ, 

ʩʢʣʘʜʦʚʠʭ ʬʨʘʢʪʘʣʫ, ʚʠʥʠʢʘʶʪʴ ʣʦʢʘʣʴʥʽ ʧʦʣʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʶʪʴ ʩʝʨʝʜʥʻ ʧʦʣʝ, ʷʢʝ ʟʙʫʜʞʫʻ ʧʣʘʟʤʦʥʥʽ ʢʦʣʠʚʘʥʥʷ [235]. 
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ʈʠʩ. 5.3. ʄʽʜʥʽ ʧʣʽʚʢʠ ʩ ʨʽʟʥʠʤ ʝʣʝʢʪʨʦʦʧʦʨʦʤ ʥʘ ʩʢʣʷʥʽʡ (cat.no.7102) 

ʧʽʜʢʣʘʜʮʽ [231]: ʘ ï ʂʈ ʩʧʝʢʪʨ ʩʫʮʽʣʴʥʦʾ (R=1ʆʤ) ʤʽʜʥʦʾ ʧʣʽʚʢʠ ʥʘʧʠʣʝʥʥʷ 

ʥʘ ʨʦʟʽʛʨʽʪʫ ʜʦ 300Üʉ ʧʽʜʢʣʘʜʢʫ; ʙ, ʚ ï ʂʈ ʩʧʝʢʪʨ ʤʽʜʥʦʾ ʧʣʽʚʢʠ ʟ 

ʦʩʪʨʽʚʮʝʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʥʘʧʠʣʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʫ 30Üʉ  

 

 

ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʨʝʟʦʥʘʥʩʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ 

ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʧʣʽʚʢʠ, ʧʝʨʝʥʝʩʝʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʟ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʚ 

ʤʘʪʨʠʮʶ ʩʢʣʘ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʦʜʽʙʥʽ ʝʬʝʢʪʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ ʧʽʜʢʣʘʜʢʘʭ ʟ ʤʽʜʥʠʤʠ 

ʰʘʨʘʤʠ ʟ ʦʧʦʨʦʤ ʢʽʣʴʢʘ ʢʆʤ/ʩʤ
2
, ʭʦʯʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘ ʂʈ ʙʫʣʘ 

ʤʝʥʰʝ (ʨʠʩ.5.2, ʚ). 


