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ʈɽʌɽʈɸʊ 

 

 

ɿʚʽʪ ʧʨʦ ʅɼʈ: 94 ʩ., 37 ʨʠʩʫʥʢʽʚ, 1 ʪʘʙʣʠʮ,̫ 62 ʜʞʝʨʝʣʘ. 

ʈɸɼɯʆɿʆʅɼ, ʉʊʈʋʂʊʋʈʅɸ ʉʍɽʄɸ ʈɸɼɯʆɿʆʅɼɸ, ɼɸʊʏʀʂʀ ʅɸ 

ɻɽʊɽʈʆʉʊʈʋʂʊʋʈɸʍ ɿ ʅɸʅʆʂʃɸʉʊɽʈʅʆʖ ʇɯɼʉʀʉʊɽʄʆʖ, 

ʈɸɼɯʆʃʆʂɸʎɯʁʅɽ ʇʆʃɽ, ʉʇʆʉɯɹ ʇʆɹʋɼʆɺʀ ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɻʆ 

ʇʆʃʗ, ɻʈɸʌɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɻʆ ʇʆʃʗ, 

ɻɸʈʄʆʅɯʁʅʀʁ ɸʅɸʃɯɿ ʅɽʉʊɸʎɯʆʅɸʈʅʆɻʆ ʈʗɼʋ ɿʅɸʏɽʅʔ 

ʊɽʄʇɽʈɸʊʋʈʀ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʨʦʤʞ̔ʥʦʛʦ ʟʚʽʪʫ ʻ ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʜʽʦʟʦʥʜʘ, ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦ 

ʽʥʚʝʨʩʦʚʘʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʯʘ ʟ ʥʘʥʦʢʣʘʩʪʝʨʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʪʤʦʩʬʝʨʠ, ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʧʦʙʫʜʦʚʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʡʦʛʦ ʥʘʡʢʨʘʱʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ 

ʧʨʦʩʪʦʨʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʮʽʥʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʛʘʨʤʦʥʽʡʥʠʡ ʘʥʘʣʽʟ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʷʜʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ 

ʦʙʨʦʙʮʽ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

 

 

ʋʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʟʚʽʪʫ: ʟʘ ʜʦʛʦʚʦʨʦʤ, 65016, ʤ. ʆʜʝʩʘ, ʚʫʣ. ʃʴʚʽʚʩʴʢʘ, 15, ʆɼɽʂʋ.  
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ɺʉʊʋʇ 

 

 

ʋ ʥʘʡʟʘʛʘʣʴʥʽʰʦʤʫ ʚʠʛʣʷʜʽ ʤʦʥʽʪʦʨʠʥʛ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʦʨʛʘʥʽʟʦʚʘʥʫ ʟ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʮʽʣʷʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ 

ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʟʤʽʥʘʤʠ ʧʨʠʨʦʜʥʠʭ ʽ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʦʙ'ʻʢʪʽʚ ʽ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʾʭ ʯʘʩʪʠʥ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. 

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʽ ʟʘʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʠ ʨʘʜʽʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʪʨʽʙʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʟʘʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʨʘʜʽʦʟʦʥʜʠ. 

ɺʠʤʽʨʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʚ 

ʧʦʪʦʯʥʦʤʫ ʯʘʩʽ ʤʘʶʪʴ ʥʝ ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʜʘʪʯʠʢʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʥʘ ʙʘʟʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ 

ʥʘʥʦʢʣʘʩʪʝʨʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ. 

ɼʣʷ ̫ʢʥʘʡʧʦʚʥʽʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʦʶ ʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʦʙʨʘʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ʇʦʙʫʜʦʚʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʩʢʣʘʜʥʦʶ ʽ ʙʘʛʘʪʦʢʦʰʪʦʚʥʦʶ 

ʟʘʜʘʯʝʶ. ʊʦʤʫ ʜʣʷ ʟʜʝʰʝʚʣʝʥʥʷ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʪʨʽʙʥʦ 

ʟʜʽʡʩʥʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʟʘʭʦʜʽʚ, ʘ ʜʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʦʮ̔ ʥʠʪʠ ʪʨʠʚʠʤʽʨʥʫ 

ʤʦʜʝʣ ɹʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʧʦʣʷ. 

ʆʩʢʽʣʴʢʠ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʨʝʙʫʶʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʪʦ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʽ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʟʘʜʘʯʽ ʚʠʨʽʰʫʚʘʣʠʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʫʚʘʥʴ, ʘ ʾʭ 

ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʙʠʪʽ ʚ ʜʘʥʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʟʚʽʪʽ. 
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1   ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʅʆɰ ʉʍɽʄʀ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ 

ʄɽʊɽʆʈʆʃʆɻɯʏʅʆɻʆ ʈɸɼɯʆɿʆʅɼɸ 

 

 

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʚʽʪʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪ ̔ ʪʝʥʜʝʥʮʽʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʽʚ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʤʝʪʝʦʽʥʬʦʨʤʘʮʽʾ, 

ʩʧʨʦʱʝʥʥʷ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʮʠʤ ʚʠʤʦʛʘʤ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʥʦ ʝʩʢʽʟʥʫ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʘ. 

 

1.1 ɺʠʙʽʨ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʘ 

 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ, 

ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʧʨʠʥʮʠʧʽ ʟʤʽʥʠʚʩʷ 

ʧʽʜʭʽʜ ʜʦ ʚʠʜʫ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. 

ɿʘʤʽʩʪʴ çʧʦʩʣʽʜʦʚʥʦʛʦè ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʜʠʚ. ʨʠʩ. 

1.1), ʢʦʣʠ ʩʠʛʥʘʣ (ʽʥʬʦʨʤʘʮʽʷ) ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʦʜʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʢʘʩʢʘʜʫ) ʜʦ 

ʽʥʰʦʛʦ ʧʦʩʣʽʜʦʚʥʦ (ʥʘʧʨʷʤʦʢ ʧʝʨʝʜʘʯʽ ʚʢʘʟʫʻʪʴʩʷ ʩʪʨʽʣʢʘʤʠ) ʚʩʝ ʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʻ çʧʘʨʘʣʝʣʴʥʠʡè ʧʨʠʥʮʠʧ (ʜʠʚ. ʨʠʩ. 1.2).  

ʎʝʡ ʧʨʠʥʮʠʧ ʧʦʣʷʛʘʶʪʴ ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ ʧʨʠʩʪʨʦʾʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʠʥʠ ʜʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ, ʷʢʠʡ ʢʝʨʫʻ ʾʭʥʴʦʶ ʨʦʙʦʪʦʶ ʟʘ ʻʜʠʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʧʨʠʩʪʨʦʻʤ ʟʘʛʘʣʦʤ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ. 

ʂʦʞʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʧʨʠʩʪʨʦʶ ʧʨʠʪʘʤʘʥʥʽ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʇʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ 

ʧʨʠʥʮʠʧʫ, ʷʢʠʡ ʥʘʡʙʽʣʴʰʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʠ ʧʦʙʫʜʦʚʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 
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ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ. 

 

ʇʨʠʩʪʨ. 1 ʇʨʠʩʪʨ.2 ʇʨʠʩʪʨ.3

ʇʨʠʩʪʨ.4

ʇʨʠʩʪʨ.5

ɺʀʍɯɼ

ɺʭ̔ʜ 1

ɺʭ̔ʜ 2  

 

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ çʧʦʩʣʽʜʦʚʥʦʛʦè ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

 

 

ɼʘʪʯʠʢ ʇʨʠʩʪʨ̔ʡ ʇʘʤ' ʪ̫ɹ ʄ̔ʢʨʦʧʨʦʮʝʩʦʨ

ʐʠʥʘ             ʜʘʥʠʭ

ɾʠʚʣʝʥʥ̫

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ çʧʘʨʘʣʝʣʴʥʦʛʦè ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

 

ʇʦʩʣʽʜʦʚʥʠʡ ʧʨʠʥʮʠʧ. 

ʇʦʩʣʽʜʦʚʥʠʡ ʧʨʠʥʮʠʧ ʽʩʪʦʨʠʯʥʦ ʧʝʨʰʠʡ. ʄʘʻ ʛʘʨʥʫ ʥʘʦʯʥʽʩʪʴ 

(ʯʠʪʘʙʝʣʴʥʽʩʪʴ), ʜʦʩʠʪʴ ʣʦʛʽʯʥʠʡ. ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʝʙʫʻ 

ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʚʦʜʽʚ. ʆʜʥʘʢ, ʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ï 

ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʜʥʦʟʥʘʯʥʘ, ʪʦʙʪʦ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ 

ʩʭʝʤʠ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ, ʝʣʝʢʪʨʦʤʦʥʪʘʞʥʠʭ ʪʘ 

ʥʘʩʪʨʦʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʄʝʪʦʜ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʘʥʘʣʦʛʦʚʽʡ ʘʧʘʨʘʪʫʨʽ 

ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʴ. 
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ʇʘʨʘʣʝʣʴʥʠʡ ʧʨʠʥʮʠʧ. 

ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʣʠʰʝ ʟ ʧʝʨʝʭʦʜʦʤ ʜʦ 

ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ n ï ʨʦʟʨʷʜʥʦʾ ʰʠʥʠ 

ʜʘʥʠʭ ʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʯʘʩ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʇʨʠ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ, ʧʨʦʩʪʦ 

ʧʨʦʛʨʘʤʥʠʤ ʩʧʦʩʦʙʦʤ ʟʤʽʥʶʚʘʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʩʠʩʪʝʤʠ, ʥʘʨʦʱʫʚʘʪʠ ʾʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

ɿ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, 

ʢʦʥʪʨʦʣʴ ʪʘ ʩʘʤʦʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʩʪʝʤʠ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʦʜʽʶ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ ʦʧʝʨʘʮʽʡ.  

ɼʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʜʨʦʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʥʠ ʟʘ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʝʡʬʽʚ) 

ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʚʘʛʫ ʚʘʨʪʽʩʪʴ ʧʨʠʩʪʨʦʶ. 

 

1.2   ʈʦʣʴ ʽ ʤʽʩʮʝ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʫ ʩʪʨʫʢʪʫʨʽ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʘ 

 

ʄʽʢʨʦʧʨʦʮʝʩʦʨ (ʄʇ) ʫ ʩʢʣʘʜʽ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʤ ʧʨʠʩʪʨʦʻʤ. ʄʇ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʦʜʠʪʠ ʮʠʢʣʽʯʥʝ ʦʧʠʪʫʚʘʥʥʷ ʜʞʝʨʝʣ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

(ʜʘʪʯʠʢʽʚ), ʜʣʷ ʯʦʛʦ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʝʨʽʦʜʦʤ ʧʦʩʠʣʘʪʠ ʧʦ ʰʠʥʽ ʢʦʜʦʚʫ 

ʛʨʫʧʫ ʽʤʧʫʣʴʩʽʚ ʟʘʧʠʪʫ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ. 

2. ʆʪʨʠʤʫʚʘʪʠ ʧʦ ʰʠʥʽ ʜʘʥʠʭ ʮʠʬʨʦʚʽ ʢʦʜʦʚʽ ʛʨʫʧʠ ʚʝʣʠʯʠʥ ʚʠʤʽʨʷʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʾʭ ʦʙʨʦʙʣʷʪʠ ʽ ʘʨʭʽʚʫʚʘʪʠ. 

3. ɺʠʟʥʘʯʘʪʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS ʽ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ ʜʨʝʡʬʫ ʟʦʥʜʘ (ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʧʦ 

ʚʠʩʦʪʘʭ) ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ (ʰʚʠʜʢʦʧʽʜʡʦʤʥʽʩʪʴ). 

4. ʌʦʨʤʫʚʘʪʠ ʤʝʪʝʦʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ: ʧʦʪʦʯʥʽ ʢʦʦʨʜʠʥʘʪʠ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ; ʚʠʤʽʨʷʥʽ ʤʝʪʝʦʧʘʨʘʤʝʪʨʠ 

(ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʚʤʽʩʪ ʦʟʦʥʫ ʪʦʱʦ); 

ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʜʘ ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʜʘ ï ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ). 

5. ɿ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʩʝʘʥʩʠ ʨʘʜʽʦʧʝʨʝʜʘʯ 

ʦʪʨʠʤʘʥʦʾ ʪʘ ʥʘʢʦʧʠʯʝʥʦʾ ʤʝʪʝʦʽʥʬʦʨʤʘʮʽʾ ʟ ʘʜʘʧʪʠʚʥʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʟʘ ʷʢʦʾ ʧʝʨʽʦʜ ʯʘʩʫ ʤʽʞ ʩʝʘʥʩʘʤʠ ʧʝʨʝʜʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʤʝʪʝʦʜʘʥʠʭ. 

6. ɺʝʩʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ 

(ʜʘʪʯʠʢʽʚ), ʝʣʝʤʝʥʪʽʚ ʧʘʤ'ʷʪʽ, ʨʘʜʽʦʧʝʨʝʜʘʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʙʦʨʪʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ ʩʘʤʦʢʦʥʪʨʦʣʴ. 

7. ɺʠʟʥʘʯʘʪʠ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʚ ʨʝʞʠʤ ʨʦʙʦʪʠ çʈʘʜʽʦʤʘʷʢè ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʦʙʦʣʦʥʢʠ ʪʘ ʧʦʯʘʪʢʫ ʧʘʜʽʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʪʘ ʛʨʘʜʽʻʥʪʦʤ 

ʟʤʽʥʠ ʤʝʪʝʦʚʝʣʠʯʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʦʜʷʯʠ ʟ ʧʝʨʝʣʽʢʫ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʝʨʘʜʽʦʟʦʥʜʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.  1.3. ʉʭʝʤʘ ʚʢʣʶʯʘʻ: 

- ʥʘʙʽʨ ʜʘʪʯʠʢʽʚ; 

- ʙʫʜʦʚʫ ʘʨʭʽʚʫʚʘʥʥʷ ʜʘʥʠʭ (ʧʘʤ'ʷʪʴ); 

- ʤʽʢʨʦʧʨʦʮʝʩʦʨ; 

- ʨʘʜʽʦʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 

- ʘʢʫʤʫʣʷʪʦʨ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ; 

- ʢʦʥʪʨʦʣʝʨ ʞʠʚʣʝʥʥʷ. 

 

1.3   ɽʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʘ 

 

ɼʘʪʯʠʢʠ. 

ɼʘʪʯʠʢʠ (ʥʘʙʽʨ ʜʘʪʯʠʢʽʚ) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʦʧʦʨʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʠʤ ʤʝʪʝʦʚʝʣʠʯʠʥʘʤ. ʂʦʞʝʥ ʜʘʪʯʠʢ ʽʟ 
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ʥʘʙʦʨʫ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʽʻʾ ʤʝʪʝʦʚʝʣʠʯʠʥʠ, ʷʢʘ ʻ 

ʘʥʘʣʦʛʦʚʦʶ. ɸ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʰʠʥʫ ʜʘʥʠʭ, ʤʘʻ 

ʙʫʪʠ ʮʠʬʨʦʚʠʤ. ʊʦʤʫ ʫ ʩʢʣʘʜʽ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʤʘʻ ʙʫʪʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ. ʇʦʪʦʯʥʝ ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘ ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʚ ʨʝʛʽʩʪʨ, ʜʝ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʧʨʠʭʦʜʫ ʢʦʤʘʥʜʠ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʥʘ ʚʠʜʘʯʫ 

ʜʘʥʠʭ. ʂʦʤʘʥʜʘ ʥʘʜʭʦʜʠʪʴ ʽʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʦʾ ʜʣʷ ʜʘʪʯʠʢʘ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʘ ʮʴʦʛʦ ʚʠʜʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʽ ʜʘʪʯʠʢʘ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʥʦʨʤʘʣʽʟʘʪʦʨ, ʪʦʙʪʦ ʪʘʢʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʚʠʤʽʨʷʥʦʾ ʤʝʪʝʦʚʝʣʠʯʠʥʠ ʜʦ ʻʜʠʥʦʛʦ ʜʣʷ ʚʩʽʭ ʜʘʪʯʠʢʽʚ 

ʤʘʩʰʪʘʙʫ. 

ɼʘʪʯʠʢʠ ʇʘʤ' ʪ̫ɹ ʄ̔ʢʨʦʧʨʦʮʝʩʦʨ
ʈʘʜ̔ʦ 

ʧʝʨʝʜʘʚʘʯ

ɹʘʪʘʨʝ̫
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ʐʠʥʘ                     ʜʘʥʠʭ
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ʈʠʩʫʥʦʢ 1.3 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʠʧʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʘ 

 

ɼʘʪʯʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʽ ʽ ʜʦ ʰʠʥʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʷʢʽʡ ʚʽʜ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʥʘʜʭʦʜʷʪʴ ʨʽʟʥʽ ʢʦʤʘʥʜʠ, ʱʦ ʘʜʘʧʪʫʶʪʴ ʡʦʛʦ ʨʦʙʦʪʫ ʜʦ 

ʟʤʽʥʥʠʭ ʫʤʦʚ ʧʦʣʴʦʪʫ ʟʦʥʜʘ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʘ ʫ ʨʘʟʽ ʡʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʟʤʽʥʠ ʢʨʫʪʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʨʘʟʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪ.ʧ. ɼʣʷ 
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ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʬʫʥʢʮʽʡ ʝʣʝʤʝʥʪʠ ʜʘʪʯʠʢʘ ʧʦʚʠʥʥʽ 

ʦʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜ ʙʦʨʪʦʚʦʾ ʙʘʪʘʨʝʾ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʪʠʧʠ 

ʜʘʪʯʠʢʽʚ ʧʨʠ ʨʦʙʦʪʽ ʚʠʤʘʛʘʶʪʴ ʧʽʜʽʛʨʽʚʫ. ʇʽʜʽʛʨʽʚ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʽ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʨʦʩʠ ʘʙʦ ʢʨʠʛʠ ʟ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʘʪʯʠʢʽʚ. ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ 

ʬʫʥʢʮʽʾ ʨʝʘʣʽʟʦʚʘʥʽ ʜʘʪʯʠʢʦʤ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʜʦʟʚʦʣʷʶʪʴ 

ʚʚʘʞʘʪʠ ʘʥʘʣʽʟʦʚʘʥʠʡ ʜʘʪʯʠʢ ʷʢ ʜʘʪʯʠʢ, ʱʦ ʚʦʣʦʜʽʻ ʝʣʝʤʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʘʪʯʠʢʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʦʧʠʩʘʥʽ ʬʫʥʢʮʽʾ, ʤʘʻ 

ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.4. 
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ʈʠʩʫʥʦʢ 1.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʟ ʝʣʝʤʝʥʪʘʤʠ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

 

ʇʨʠʩʪʨʽʡ ʧʘʤ'ʷʪʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʦʜʝʨʞʫʚʘʥʽ ʤʝʪʝʦʜʘʥʽ 

ʧʦʚʠʥʥʽ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʜʘʚʘʪʠʩʷ ʥʘ ʟʝʤʣʶ, ʘʣʝ ʡ ʟʙʝʨʽʛʘʪʠʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʧʝʚʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʙʦʨʪʫ, ʪʦʤʫ ʚ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʠʡ 

ʧʨʠʩʪʨʽʡ ʧʘʤ'ʷʪʽ. ʇʘʤ'ʷʪʴ ʤʘʻ ʙʫʪʠ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʶ, ʪʦʙʪʦ ʟʙʝʨʽʛʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʥʘ ʚʠʧʘʜʦʢ ʧʘʜʽʥʥʷ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ 

ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʢʫʣʽ. ʉʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ ʧʘʤ'ʷʪʽ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.5. 
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ʈʠʩʫʥʦʢ 1.5 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʧʘʤ'ʷʪʽ 

 

ʇʨʠʩʪʨʽʡ ʧʘʤ'ʷʪʽ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʪʨʠ ʨʝʛʽʩʪʨʠ: ʨʝʛʽʩʪʨ ʟʘʧʠʩʫ, 

ʨʝʛʽʩʪʨ ʟʙʝʨʽʛʘʥʥʷ (ʚʣʘʩʥʝ ʧʘʤ'ʷʪʴ) ʽ ʨʝʛʽʩʪʨ ʦʙʤʽʥʫ. ʋʩʽ ʨʝʛʽʩʪʨʠ ʧʨʘʮʶʶʪʴ ʟʘ 

ʢʦʤʘʥʜʘʤʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʪʘ ʦʪʨʠʤʫʶʪʴ ʭʘʨʯʫʚʘʥʥʷ ʚʽʜ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ. 

ʈʝʛʽʩʪʨ ʟʘʧʠʩʫ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʨʠʭʦʜʷʪʴ ʧʦ ʰʠʥʽ, 

ʜʦ ʚʠʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʨʝʛʽʩʪʨʫ ʟʙʝʨʽʛʘʥʥʷ (ʢʦʤʧʝʥʩʘʮʽʶ ʪʠʤʯʘʩʦʚʠʭ 

ʟʨʫʰʝʥʴ, ʥʦʨʤʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʽʚ ʪʦʱʦ). ʇʽʜʛʦʪʦʚʣʝʥʽ ʨʝʛʽʩʪʨʦʤ 

ʟʘʧʠʩʫ ʜʘʥʽ ʧʦ ʢʦʤʘʥʜʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʨʝʛʽʩʪʨ ʟʙʝʨʽʛʘʥʥʷ ʜʝ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʧʦʣʴʦʪʫ. ʇʝʨʽʦʜʠʯʥʦ ʥʘʢʦʧʠʯʝʥʽ ʜʘʥʽ 

ʧʦʚʠʥʥʽ ʚʠʪʷʛʫʚʘʪʠʩʷ ʟ ʨʝʛʽʩʪʨʘ ʟʙʝʨʽʛʘʥʥʷ ʧʝʨʝʜʘʯʽ ʥʘ ʟʝʤʣʶ ʘʙʦ ʧʨʦʚʝʜʝʥʥʷ 

ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʙʦʨʪʫ ʟʦʥʜʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʧʨʠʟʥʘʯʝʥʦ 

ʨʝʛʽʩʪʨ ʦʙʤʽʥʫ, ʷʢʠʡ ʟʘ ʢʦʤʘʥʜʦʶ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʬʦʨʤʫʻ ʥʝʦʙʭʽʜʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʥʘʧʨʘʚʣʷʻ ʡʦʛʦ ʩʧʦʞʠʚʘʯʝʚʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʦʛʣʷʜʫ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʧʦʣʴʦʪʫ ʟʦʥʜʘ ʚʩʽ ʨʝʛʽʩʪʨʠ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʢʦʜʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʦʜʫ ʟʤʝʥʰʫʻ 

ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʞʠʣ ʫ ʩʧʦʣʫʯʥʠʭ ʰʣʝʡʬʘʭ. 

ʄʽʢʨʦʧʨʦʮʝʩʦʨ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʫ ʩʢʣʘʜʽ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʻ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʠʥʦʶ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ. ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʽʜʣʷʛʘʻ ʦʙʨʦʙʮʽ, ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʦʩʦʙʣʠʚʠʭ 

ʚʠʤʦʛ ʜʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʥʝ ʧʨʝʜ'ʷʚʣʷʻʪʴʩʷ. ʊʦʤʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʪʠʧʦʚʠʡ ʙʶʜʞʝʪʥʠʡ ʢʨʠʩʪʘʣ. 

ʊʠʧʦʚʘ ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.6, ʤʽʩʪʠʪʴ 

ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ: 

- ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʽʯʥʠʡ ʧʨʠʩʪʨʽʡ (ɸʃʇ), 

- ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ, 

- ʙʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʢʦʤʘʥʜ, 

- ʙʣʦʢ ʚʥʫʪʨʽʰʥʽʭ ʨʝʻʩʪʨʽʚ ʄʇ, 

- ʧʨʠʩʪʨʽʡ ʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʣʦʢ ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ 

ʚʠʙʽʨʢʠ, 

- ʨʦʟʜʽʣʴʥʽ ʙʣʦʢʠ ʙʫʬʝʨʥʦʾ ʧʘʤ'ʷʪʽ (ʢʝʰ-ʧʘʤ'ʷʪʽ) ʢʦʤʘʥʜ ʪʘ ʜʘʥʠʭ. 

ɸʃʇ ï ʮʝ ʢʦʤʙʽʥʘʮʽʡʥʘ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʽ ʩʫʤʘʪʦʨʘ, ʷʢʠʡ ʩʠʛʥʘʣʘʤʠ ʟ 

ʚʠʭʦʜʽʚ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘʣʘʛʦʜʞʫʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʾ 

ʘʨʠʬʤʝʪʠʯʥʦʾ ʘʙʦ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʥʘʜ ʦʧʝʨʘʥʜʘʤʠ, ʱʦ ʧʝʨʝʩʠʣʘʶʪʴʩʷ ʟ 

ʧʘʤ'ʷʪʽ ʘʙʦ ʨʝʛʽʩʪʨʽʚ ʄʇ. 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʜʽʚ ʢʦʤʘʥʜ ʪʘ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘ ʩʠʛʥʘʣʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʠʨʦʙʣʷʻ ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʚʩʽʭ 

ʙʣʦʢʽʚ ʄʇ. 

ɺʥʫʪʨʽʰʥʽ ʨʝʻʩʪʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʯʠʩʣʝʥʴ. ʋ ʩʢʣʘʜʽ ʚʥʫʪʨʽʰʥʽʭ ʨʝʻʩʪʨʽʚ ʚʠʜʽʣʷʻʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨ - ʨʝʻʩʪʨ ʫ 

ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʦʜʠʥ ʽʟ ʦʧʝʨʘʥʜʽʚ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʚ 

ʘʢʫʤʫʣʷʪʦʨʽ ʟʘʤʽʩʪʴ ʦʧʝʨʘʥʜʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ. 

ɹʣʦʢ ʜʝʢʦʜʫʚʘʥʥʷ ʢʦʤʘʥʜ ʬʦʨʤʫʻ ʩʠʛʥʘʣʠ ʜʣʷ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 

ʟʛʽʜʥʦ ʟ ʜʝʰʠʬʨʦʚʘʥʠʤ ʢʦʜʦʤ ʢʦʤʘʥʜʠ. 

ɹʣʦʢ ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʩʘʤʦʩʪʽʡʥʦ ʽʥʽʮʽʶʻ ʚʠʧʝʨʝʜʞʫʶʯʫ 

ʚʠʙʽʨʢʫ ʢʦʜʽʚ ʢʦʤʘʥʜ ʟ ʧʘʤ'ʷʪʽ ʚ ʯʝʨʛʫ ʢʦʤʘʥʜ. 
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ʈʠʩʫʥʦʢ 1.6 ï ʊʠʧʦʚʘ ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ 

 

ʂʝʰ ʢʦʤʘʥʜ (ʜʘʥʠʭ) ï ʙʫʬʝʨʥʘ ʩʪʘʪʠʯʥʘ ʧʘʤ'ʷʪʴ, ʟʚʝʨʥʝʥʥʷ ʜʦ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʯʘʩʪʦʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʦʨʘ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ - ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʘʙʦ ʽʥʩʪʨʫʢʮʽʡ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ ʟʘʢʦʜʦʚʘʥʘ ʽ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʮʽʣʦʤʫ ʯʠʩʣʽ ʩʫʤʽʞʥʠʭ ʙʘʡʪ 

ʧʘʤ'ʷʪʽ. ʂʦʞʥʘ ʽʥʩʪʨʫʢʮʽʷ ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʻ ʦʧʝʨʘʮʽʡʥʫ ʯʘʩʪʠʥʫ, ʱʦ ʥʝʩʝ 

ʧʨʦʮʝʩʦʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʝʦʙʭʽʜʥʽ ʜʽʾ. ʆʧʝʨʘʥʜʥʘ ʯʘʩʪʠʥʘ ʚʢʘʟʫʻ 

ʧʨʦʮʝʩʦʨʦʚʽ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʡʦʛʦ "ʧʨʝʜʤʝʪ ʧʨʘʮʽ" - ʦʧʝʨʘʥʜʠ. ʆʧʝʨʘʥʜʠ - ʮʝ 

ʦʙ'ʻʢʪʠ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ, ʚʤʽʩʪʫ ʨʝʻʩʪʨʽʚ ʘʙʦ ʯʘʨʫʥʦʢ ʧʘʤ'ʷʪʽ, ʟ ʷʢʠʤ 

ʦʧʝʨʫʻ ʢʦʤʘʥʜʘ. 

ʆʜʥʦʷʜʝʨʥʠʡ ʧʨʦʮʝʩʦʨ ʬʘʢʪʠʯʥʦ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʦʜʠʥ ʧʨʦʮʝʩ - 

ʧʝʨʝʜʘʯʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʽʥʩʪʨʫʢʮʽʾ ʜʦ ʽʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ, ʷʢʘ 

ʚʠʢʦʥʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʝʨʝʭʦʜʠ, ʨʦʟʛʘʣʫʞʝʥʥʷ ʪʘ 

ʚʠʢʣʠʢʠ ʧʨʦʮʝʜʫʨ, ʘʣʝ ʚʝʩʴ ʮʝʡ ʣʘʥʮʶʞʦʢ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʨʦʟʨʦʙʣʶʚʘʯʝʤ 

ʧʨʦʛʨʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ 
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ʤʝʪʝʦʨʘʜʽʦʟʦʥʜʫ ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʧʦʚʠʥʝʥ ʫ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʠʜʘʚʘʪʠ 

ʢʦʤʘʥʜʠ ʚ ʰʠʥʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʷʢʦʶ ʜʘʪʯʠʢʠ ʙʫʜʫʪʴ ʧʽʜʛʦʪʦʚʣʷʪʠʩʷ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʨʦʚʦʜʠʪʠ ʾʭ, ʧʨʠʩʪʨʽʡ ʧʘʤ'ʷʪʽ ʙʫʜʝ 

ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʥʘʥʠʭ 

ʧʨʦʮʝʩʦʨʦʤ, ʨʘʜʽʦʧʝʨʝʜʘʶʯʠʡ ʧʨʠʩʪʨʽʡ ʙʫʜʝ ʧʦʩʠʣʘʪʠ ʚ ʝʬʽʨ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʱʦ ʤʽʩʪʷʪʴ ʚʠʤʽʨʷʥʫ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʈʘʜʽʦʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. 

ʈʘʜʽʦʧʝʨʝʜʘʶʯʠʡ ʧʨʠʩʪʨʽʡ ʫ ʩʢʣʘʜʽ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʝʪʝʦʟʦʥʜʫ 

ʚʽʜʽʛʨʘʻ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʧʝʨʝʜʘʯʽ ʦʪʨʠʤʘʥʦʾ ʤʝʪʝʦʬʦʨʤʘʮʽʾ ʾʾ ʩʧʦʞʠʚʘʯʘʤ ʥʘ 

ʟʝʤʣʽ ʚ ʧʨʦʮʝʩʽ ʧʦʣʴʦʪʫ. ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʪʢʦʚʦ ʨʘʜʽʦʧʝʨʝʜʘʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʧʦʚʠʥʝʥ ʩʣʫʞʠʪʠ ʨʘʜʽʦʤʘʷʢʦʤ ʫ ʧʝʨʽʦʜ ʧʘʜʽʥʥʷ ʨʘʜʽʦʟʦʥʜʘ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʡʦʛʦ ʥʘ ʟʝʤʣʽ. ʎʝ ʧʦʣʝʛʰʠʪʴ ʡʦʛʦ ʧʦʰʫʢ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ 

ʥʘʢʦʧʠʯʝʥʦʾ ʟʘ ʧʦʣʽʪ ʤʝʪʝʦʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʘʢ ʷʢ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʨʘʜʽʦʧʝʨʝʜʘʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʪʠʧʦʚʘ ʜʣʷ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʜʘʚʘʯʽʚ. 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.7. 

ɿʘʜʘʶʯʠʡ ʛʝʥʝʨʘʪʦʨ, ʬʦʨʤʫʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʡ ʧʦ 

ʯʘʩʪʦʪʽ ʩʠʛʥʘʣ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʤʦʜʫʣʷʪʦʨ. ʄʦʜʫʣʷʪʦʨ ʟʤʽʥʶʻ ʧʘʨʘʤʝʪʨʠ 

ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʛʦ ʟʘʢʦʥʦʤ ʤʦʜʫʣʷʮʽʾ, ʚʚʦʜʷʯʠ 

ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʧʦ ʰʠʥʽ ʜʘʥʠʭ. ʉʬʦʨʤʦʚʘʥʠʡ ʤʦʜʫʣʷʪʦʨʦʤ 

ʩʠʛʥʘʣ ʧʽʩʣʷ ʧʦʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʜʭʦʜʠʪʴ ʚ ʘʥʪʝʥʫ ʽ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚ 

ʧʨʦʩʪʽʨ. ʈʦʙʦʪʦʶ ʤʦʜʫʣʷʪʦʨʘ ʽ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʫʧʨʘʚʣʷʻ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʢʦʤʘʥʜʘʤʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʧʦ ʰʠʥʽ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʦʥʪʨʦʣʝʨ ʞʠʚʣʝʥʥʷ. 

ɼʞʝʨʝʣʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʤʝʪʝʨʘʜʽʦʟʦʥʜʫ ʻ ʙʘʪʘʨʝʷ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʙʘʪʘʨʝʾ, ʾʾ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚ ʤʽʨʫ ʨʦʟʨʷʜʫ ʟʥʠʞʫʻʪʴʩʷ 

(ʜʠʚ. ʨʠʩ. 1.8). ʂʦʥʪʨʦʣʝʨ ʞʠʚʣʝʥʥʷ ʧʦʚʠʥʝʥ ʟʥʠʞʫʚʘʪʠ ʥʘʧʨʫʛʫ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʙʘʪʘʨʝʾ ʟʦʥʜʘ ʜʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʞʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʽ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʝʡ ʨʽʚʝʥʴ ʧʦʩʪʽʡʥʠʤ ʧʨʦʪʷʛʦʤ ʧʦʣʴʦʪʫ ʟʦʥʜʘ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ. ʎʝ 
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ʟʘʚʜʘʥʥʷ ʥʠʥʽ ʚʠʨʽʰʫʶʪʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʭ (ʐɯʄ) 

ʢʦʥʪʨʦʣʝʨʽʚ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʨʦʣʝʨʘ ʞʠʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʐɯʄ-

ʢʦʥʪʨʦʣʝʨʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.9. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʚʭʽʜʥʠʡ ʣʘʥʮʶʛ, ʐɯʄ-

ʢʣʶʯ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʠʧʨʷʤʣʷʯʽ, ʚʠʤʽʨʶʚʘʯ ʪʘ ʐɯʄ-ʤʦʜʫʣʷʪʦʨ. 

 

ɿʘʜʘʁ ʯʠʡ  
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ʐʠʥʘ ʢʝʨʫʚʘʥʥ̫

ɺ̔ʜ hʠʥʠ ʜʘʥʠʭ

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʘʜʽʦʧʝʨʝʜʘʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 

 

ɺʭʽʜʥʝ ʢʦʣʦ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʙʘʪʘʨʝʾ ʟ ʚʭʽʜʥʠʤ 

ʦʧʦʨʦʤ ʐɯʄ-ʢʣʶʯʘ. ʅʘʧʨʫʛʘ ʙʘʪʘʨʝʾ ʧʦʜʘʻʪʴʩʷ ʥʘ ʐɯʄ-ʢʣʶʯ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ 

ʟʘʢʨʠʪʠʡ ʽ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʫ ʽʤʧʫʣʴʩʫ ʢʝʨʫʶʯʦʛʦ ʚʽʜ 

ʐɯʄ-ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʯʘʩ ʜʽʾ ʮʴʦʛʦ ʽʤʧʫʣʴʩʫ. ʏʘʩʪʦʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ 

ʐɯʄ-ʤʦʜʫʣʷʪʦʨʘ ʩʪʘʥʦʚʠʪʴ 100-200ʢɻʮ. ɽʥʝʨʛʽʷ, ʱʦ ʧʨʦʡʰʣʘ ʐɯʄ-ʢʣʶʯ, 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʷʢʠʡ ʤʘʻ ʢʽʣʴʢʘ 

ʚʠʭʽʜʥʠʭ ʦʙʤʦʪʦʢ (ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʪʨʽʙʥʽ ʥʘʧʨʫʛʠ ʨʽʟʥʦʾ 

ʚʝʣʠʯʠʥʠ). ʆʪʨʠʤʘʥʽ ʥʘʧʨʫʛʠ ʚʠʧʨʷʤʣʷʶʪʴʩʷ ʪʘ ʬʽʣʴʪʨʫʶʪʴʩʷ ʚʠʧʨʷʤʣʷʯʝʤ. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽʩʥʫʻ ʧʝʪʣʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɺʠʤʽʨʶʚʘʯ ʚʠʟʥʘʯʘʻ ʚʽʜʭʠʣʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʚʽʜ ʥʦʤʽʥʘʣʫ ʽ ʚʠʨʦʙʣʷʻ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʧʽʜ ʜʽʻʶ ʷʢʦʛʦ ʐɯʄ-
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ʤʦʜʫʣʷʪʦʨ ʟʤʽʥʶʻ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʐɯʄ-ʢʣʶʯ, ʪʦʙʪʦ 

ʟʤʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʽ ʜʘʣʽ ʜʦ 

ʧʨʠʩʪʨʦʾʚ ʟʦʥʜʘ. ɿʘʚʜʷʢʠ ʨʦʙʦʪʽ ʧʝʪʣʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʤʥʦʩʪʽ ʙʘʪʘʨʝʾ (ʜʠʚ. ʨʠʩ. 

1.8). 

t

Uʙʘʪ

U ʞʠʚʣ. ʧʨʠʩʪʨ.

ʏʘʩ ʟʘʢ̔ʥʯʝʥʥ̫

ʨʦʙʦʪʠ
 

 

ʈʠʩʫʥʦʢ 1.8 ï ɿʤʽʥʘ ʥʘʧʨʫʛʠ ʙʘʪʘʨʝʾ ʚ ʤʽʨʫ ʾʾ ʨʦʟʨʷʜʫ 
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ʈʠʩʫʥʦʢ 1.9 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʨʦʣʝʨʘ ʞʠʚʣʝʥʥʷ 
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2   ɸʅɸʃɯɿ ʄʆɾʃʀɺʆʉʊɽʁ ʉʊɺʆʈɽʅʅʗ ɼɸʊʏʀʂɯɺ ʅʆɺʆɻʆ 

ʇʆʂʆʃɯʅʅʗ ʅɸ ʆʉʅʆɺɯ ɻɽʊɽʈʆʇɽʈɽʍʆɼɯɺ ɼʃʗ 

ɺʀʄɯʈʖɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɸʊʄʆʉʌɽʈʀ 

 

 

2.1   ɸʢʪʫʘʣʴʥʽʩʪʴ 

 

ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʫ ʚʠʛʣʷʜʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ (ɻʇ) 

ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʧʨʠʣʘʜʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʦʢʨʝʤʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʜʘʪʯʠʢʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʪʤʦʩʬʝʨʠ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʬʦʪʦʚʝʥʪʠʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [1ï3].  

ʋ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʷʚʫ ʥʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʢʦʚʠʭ ɻʇ ʪʠʧʫ ʨCu2S-nSi, ʜʦ ʷʢʦʛʦ ʚʚʦʜʠʪʴʩʷ ʢʣʘʩʪʝʨʥʠʡ 

ʨʘʩʪʨ ʩʫʙʢʦʣʦʾʜʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʧʽʜʩʠʩʪʝʤʠ (ʅʂʇ), 

ʽ ʥʘʚʽʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʛʝʪʝʨʦʬʦʪʦʵʣʝʤʝʥʪʘ.  

 

2.2   ʄʝʪʘ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ʄʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʦʚʠʥʠ ʟ ʅʂʇ ʫ ʚʠʛʣʷʜʽ ɻʇ ʪʘ ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʾ ʦʩʥʦʚʽ. ɸ ʦʪʞʝ 

ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʽʾ ʽ ʧʨʠʥʮʠʧʽʚ ʧʨʦʚʝʜʝʥʥʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʻ ʚʘʞʣʠʚʦʶ 

ʽʥʞʝʥʝʨʥʦʶ ʟʘʜʘʯʝʶ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʘʩʷ ʥʠʟʢʘ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ 

ʟʘʜʘʯ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ, ʜʽʘʛʥʦʩʪʠʢʠ ʅʂʇ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʾʾ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; ʨʦʟʨʦʙʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʽ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʅʂʇ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʅʂ); 

ʨʦʟʨʦʙʠʪʠ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʅʂʇ, ʚʠʜʽʣʠʚʰʠ ʟʘʛʘʣʴʥʽ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʅʂ; ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʬʨʘʢʪʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʅʂʇ ʨʝʯʦʚʠʥʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʤʘʩʰʪʘʙʥʦʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʦʜʝʣʴʥʦʾ ʜʦ ʨʝʘʣʴʥʦʾ ʧʽʜʩʠʩʪʝʤʠ; ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ 

ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʅʂ ʨʝʯʦʚʠʥʠ ʷʢ ʩʢʣʘʜʦʚʦʾ ɻʇ 

ʧʣʽʚʢʦʚʦʛʦ ʪʠʧʫ; ʨʦʟʨʦʙʠʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʦʩʥʦʚʽ ɻʇ ʟ ʅʂʇ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʅʂʇ ʨʝʯʦʚʠʥʠ, ʱʦ ʫʪʚʦʨʝʥʘ ʅʂ ʽ ʬʦʨʤʫʻ ɻʇ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʅʂʇ ʨʝʯʦʚʠʥʠ ʫʪʚʦʨʝʥʫ ʅʂ. 

 

2.3   ʇʨʠʩʪʨʽʡ ʟ ʥʘʥʦʢʣʘʩʪʝʨʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ 

 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʋʢʨʘʾʥʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʧʨʠʩʪʨʦʾʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ. ɽʣʝʢʪʨʦʥʽʢʘ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʻ ʢʘʪʘʣʽʟʘʪʦʨʦʤ 

ʅʊʇ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʩʪʘʥʦʚʣʝʥʥʷ 

ʥʦʚʦʾ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. ʆʜʥʠʤ ʟ ʨʦʟʜʽʣʽʚ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʻ ʥʝʢʦʛʝʨʝʥʪʥʘ 

ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʘ. ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʣʘʜʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʮʽʡ ʛʘʣʫʟʽ ʤʘʶʪʴ, 

ʷʢ ʧʨʘʚʠʣʦ, ʰʘʨʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ. ʊʘʢ, ʩʫʯʘʩʥʽ ʬʦʪʦʧʨʠʡʤʘʯʽ ʦʧʪʠʯʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʫ ʩʚʦʻʤʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʘʩʧʝʢʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʛʝʪʝʨʦ ʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ (ɻʇ). ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ 

ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʽʚ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ. 

ɸʣʝ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʻ ʥʠʟʴʢʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʦʙʦʪʠ. 

ʈʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʪʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ɻʇ  ʥʦʚʦʛʦ ʪʠʧʫ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʫ ʧʨʦʙʣʝʤʫ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ ʪʘ ʯʫʪʣʠʚʽʩʪʴ, ʰʚʠʜʢʦʜʽʶ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʣʘʜʽʚ 

ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʝʨʭʥʝʚʦ-

ʯʫʪʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʛʦ ʰʘʨʫ  ï ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ (ʅʂʇ) [1-3]. ʋ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʤʘʣʠʭ ʜʦʤʽʰʦʢ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʦʨʤʘʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ, ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʧʦʰʘʨʦʚʦʛʦ ʩʢʣʘʜʫ ʪʚʝʨʜʠʭ ʪʽʣ, 
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ʤʘʣʠʭ ʜʦʤʽʰʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʟʙʫʜʞʝʥʥʷ ʬʦʪʦʥʘʤʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʯʦʚʠʥʠ. 

ʋ ɻʇ, ʫ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʚʩʝ 

ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ 

ʩʪʨʫʢʪʫʨʥʦʾ ʙʫʜʦʚʠ. ɸʥʘʣʽʟ ʨʦʙʽʪ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʜʦʚʽʚ, ʱʦ ʨʦʟʨʦʙʢʘ 

ʪʝʦʨʽʾ ʪʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ɻʇ ʟ ʅʂʇ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʧʨʦʚʝʜʝʥʦ ʚ 

ʧʦʚʥʦʤʫ ʦʙôʻʤʽ. ɯʩʥʫʶʯʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɻʇ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ ʪʘ ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʂʇ. ʎʝ ʟʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ.  

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ɻʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʪʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽ ʙʝʟ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭʥʴʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ.  ɿ ʥʘʰʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʘʤʝ ʅʂʇ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʨʝʯʦʚʠʥʠ ʪʘ ɻʇ ʧʣʽʚʢʦʚʦʛʦ ʪʠʧʫ, ʟʦʢʨʝʤʘ.  

ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʫ ʅʂʇ, ʱʦ ʩʢʣʘʜʘʻ ɻʇ ʩʧʨʠʯʠʥʷʻ 

ʤʦʜʫʣʷʮʽʶ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʣʠʚʦʩʪʽ, ʘ ʦʪʞʝ, ʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ 

ʩʚʽʪʣʘ, ʽ ʮʝ ʥʘʰʪʦʚʭʫʻ ʥʘʩ ʥʘ ʨʦʟʚʠʪʦʢ ʛʽʧʦʪʝʟʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ  ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʝʯʦʚʠʥʠ ʟ ʅʂʇ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʅʂ ʽ ʬʦʨʤʫʻ ɻʇ [2].  ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ: ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʬʦʨʤʫʚʘʥʥʷ ʅʂʇ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʅʂ-ʩʪʨʫʢʪʫʨʠ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ 

ʛʝʪʝʨʦʬʣʫʢʪʫʘʮʽʡʥʦʛʦ ʾʭ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ; ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʫ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʶ ʨʝʯʦʚʠʥʠ ʟ ʅʂʇ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʨʽʟʢʘ ʝʢʩʪʝʥʩʠʚʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʥʦʾ ʩʫʙʬʘʟʠ; ʬʽʟʠʯʥʘ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʘ  ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ ʥʤ ʜʽʘʧʘʟʦʥʫ ʟʽ ʩʢʣʘʜʥʦʶ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʦʶ 

ʤʦʨʬʦʣʦʛʽʻʶ, ʷʢʘ ʦʧʠʩʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʅʂʇ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ;  ʤʝʪʦʜʠ 

ʢʦʨʝʢʪʫʚʘʥʥʷ ʜʽʡ, ʱʦ ʥʽʚʝʣʶʪʴ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʛʨʽʰʥʽʩʪʴ 

ʚʠʤʽʨʫ (ʪʠʧʫ çʚʘʨʽʘʮʽʷ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʫè) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʂ; ʚʩʪʘʥʦʚʣʝʥʦ ʫ 
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ʜʠʥʘʤʽʮʽ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʧʦʛʨʽʰʥʦʩʪʝʡ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʽʚ ʅʂ ʟ ʜʽʻʶ ʚʧʣʠʚʽʚ, 

ʱʦ ʾʭ ʟʙʫʨʶʶʪʴ; ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ  ɻʇ ʪʠʧʫ ʨCu2S-(ʅʂʇ)-nSi, ʷʢʠʡ  

ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʶ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʢʨʝʤʥʽʻʚʦʾ ʧʣʘʩʪʠʥʠ ʂʇ;  

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʝʨʡʥʽʚʥʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ, ʱʦ ʛʨʫʥʫʪʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʽʥʚʝʨʩʦʚʘʥʦʤʫ ʽ ʥʘʜʣʽʥʽʡʥʦʤʫ ʬʦʪʦʚʝʥʪʠʣʴʥʦʤʫ ʝʬʝʢʪʽ ʚ ɻʇ 

ʪʠʧʫ ʨCu2S-(ʅʂʇ)-nSi; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʯʫʪʣʠʚʦʩʪʽ 

ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʧʨʠ ʥʘʜʚʝʣʠʢʠʭ ʜʦʟʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʬʦʪʦʥʘʤʠ.  

 

2.4   ʅʘʥʦʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ: 

ʧʣʽʚʢʠ ʘʪʦʤʘʨʥʦ-ʢʣʘʩʪʝʨʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʽ ʨʝʟʫʣʴʪʘʪʠ 

 

ʋʧʨʘʚʣʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ - ʦʜʠʥ ʟ ʢʣʶʯʦʚʠʭ ʧʽʜʭʦʜʽʚ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʪʘ ʩʚʽʪʣʦʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ. ʋ ʪʘʢʦʤʫ ʢʦʥʪʝʢʩʪʽ  ʢʣʘʩʪʝʨʥʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʬʘʟ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʨʝʯʦʚʠʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʘʤʦʨʬʥʦʾ ʤʘʪʨʠʮʽ ʷʚʣʷʻ ʩʦʙʦʶ 

ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ [3].  

ʆʜʥʽʻʶ ʟ ʟʘʜʘʯ ʨʦʙʦʪʠ ʻ ʪʘʢʦʞ ʚʠʚʯʝʥʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʝʨʤʝʪʽʚ - ʘʤʦʨʬʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ SiO2-ʤʘʪʨʠʮʽ, ʷʢʘ 

ʤʦʜʠʬʽʢʫʚʘʣʘʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʨʘʩʪʨʫ ʟ d-ʤʝʪʘʣʽʚ (ʪʘʢʠʭ ʷʢ 

Cr,Mo,Ni,Nb) [4]. 

ɽʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʉr-SiO2, Mo-SiO2, Nb-SiO2, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʯʠʱʝʥʽ ʟôʻʜʥʘʥʥʷ: ʙʽʩʙʝʥʟʠʦʣʭʨʦʤ, ʙʽʩʙʝʥʟʠʣʤʦʣʽʙʜʝʥ,  

N-̔SiO2, ʘ ʪʘʢʦʞ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʧʣʽʚʢʫ  ʉr-SiO2, ʦʯʠʱʝʥʠʡ 

ʽʥʝʨʪʥʠʡ ʛʘʟ ʧʨʦʧʫʩʢʘʚʩʷ ʯʝʨʝʟ ʥʘʛʨʽʪʽ ʦʨʛʘʥʽʯʥʽ ʨʽʜʠʥʠ (ʙʽʩʝʪʠʣʙʝʥʟʦʣʭʨʦʤ 

ʪʘ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥ), ʥʘʩʠʯʫʚʘʚʩʷ ʧʘʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʦʣʫʢ, ʘ ʧʦʪʽʤ 

ʧʦʪʨʘʧʣʷʚ ʫ ʢʚʘʨʮʦʚʠʡ ʨʝʘʢʪʦʨ ʟ ʧʽʜʢʣʘʜʢʦʶ, ʥʘ ʷʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʣʽʥʟ, ʬʦʢʫʩʫʚʘʚʩʷ ʧʫʯʦʢ ʧʦʪʫʞʥʦʛʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʋʌɺ), ʱʦ ʩʪʚʦʨʶʚʘʚʩʷ ʨʪʫʪʥʦʶ ʣʘʤʧʦʶ (ʇʈʂ-200, ʘʙʦ ɼʈʐ-500). 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʩʽʜʘʥʥʷ ʧʣʽʚʢʠ ʢʝʨʤʝʪʫ ʩʷʛʘʣʘ ~550Áʉ. ɿʤʽʥʶʶʯʠ ʫʤʦʚʠ 

ʨʝʘʢʮʽʾ (ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʝʘʢʪʠʚʫ ʚ ʢʘʤʝʨʽ, 
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ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʋʌɺ), ʤʦʞʥʘ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʧʣʽʚʢʠ SiO2 ʟ ʨʽʟʥʠʤ ʟʤʽʩʪʦʤ ʉr 

ʘʪʦʤʥʦ-ʢʣʘʩʪʝʨʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʦʧʦʨʫ ʧʣʽʚʦʢ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 10 ʜʦ 104 ʆʤ/ʢʚ. ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʧʣʽʚʦʢ  ʉr-

SiO2, ʱʦ ʟʥʽʤʘʣʠʩʷ ʥʘ ʚʽʜʙʠʪʪʷ ʟʘ ʤʝʪʦʜʦʤ ɼʝʙʘʷ-ʐʝʨʝʨʘ, ʙʫʣʠ ʚʽʜʩʫʪʥʽ 

ʜʠʬʨʘʢʮʽʡʥʽ ʣʽʥʽʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʨʦʟʤʠʪʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʫʪʽʚ ï 

ʛʘʣʦ. ɿʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʽ ʚʽʜ ʮʠʭ ʧʣʽʚʦʢ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʙʣʠʟʫ ʧʝʨʚʠʥʥʦʛʦ ʧʫʯʢʘ. 

ɺʝʣʠʯʠʥʘ ʟʝʨʥʘ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ~50 ɸ0, ʘ ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ, ʱʦ ʚʠʟʥʘʯʘʣʘʩʷ ʤʝʪʦʜʦʤ ʨʝʧʣʽʢ ʧʦ ʢʫʪʫ ʚʽʜʪʽʥʢʽʚ ʚʘʞʢʠʤ 

ʤʝʪʘʣʦʤ, ʩʢʣʘʜʘʣʘ ʥʝ ʙʽʣʴʰʝ 50-70 ɸ0, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʘʜʫ 

ʢʝʨʤʝʪʥʠʭ ʧʣʽʚʦʢ.  

ʅʘʤʠ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʧʝʚʥʽ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʩʪʨʫʢʪʫʨʠ 

ʧʣʽʚʦʢ. ʋʪʚʦʨʝʥʥʶ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʨʠʷʻ ʪʘʢʠʡ ʪʠʧ ʭʽʤʽʯʥʠʭ ʟʚʷʟʢʽʚ, 

ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʽʥʽʤʫʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʽʡʢʝ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʦʪʦʯʝʥʥʽ ʢʣʘʩʪʝʨʦʫʪʚʦʨʶʶʯʠʭ ʘʪʦʤʽʚ.  

ɽʬʝʢʪʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘʤʠ ʥʘ ʘʤʦʨʬʥʠʭ ʧʣʽʚʢʘʭ 

ʢʝʨʤʝʪʽʚ (ʮʽ ʧʣʽʚʢʠ ʩʢʣʘʜʝʥʽ ʟ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʘʙʦ ʛʨʫʧ ʘʪʦʤʽʚ ð 

ʥʘʥʦʢʣʘʩʪʝʨʽʚ ð ʥʘʥʦʢʣʘʩʪʝʨʥʠʭ ʮʝʥʪʨʽʚ [4], ʥʘʧʨʠʢʣʘʜ, d-ʤʝʪʘʣʫ, ʱʦ 

ʦʪʦʯʝʥʽ ʩʢʣʦʧʦʜʽʙʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʦʙʦʣʦʥʢʦʶ SiO2) ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ɼʦ 

ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʝʬʝʢʪʠ çʩʣʘʙʦʛʦ  ʧʦʣʷè, ʱʦ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʥʝ 

ʦʙʝʨʥʝʥʠʭ ʟʤʽʥ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ ʢʝʨʤʝʪʽʚ. ɼʦ ʜʨʫʛʦʾ ï ʪʽ 

ʷʚʠʱʘ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʥʝʦʙʝʨʥʝʥʠʭ ʟʤʽʥ, ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʟʨʘʟʢʽʚ (ʩʬʦʨʤʦʚʘʥʽ çʩʠʣʴʥʠʤ ʧʦʣʝʤè). 

ʈʝʟʫʣʴʪʘʪʠ. ɽʬʝʢʪʠ ʩʣʘʙʢʦʛʦ ʧʦʣʷ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʧʨʦʚʽʜʥʦʩʪʽ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ ʉr-SiO2 ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʞʝʥʦʩʪʝʡ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʻ ʨʽʟʢʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) 

ʧʣʽʚʦʢ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʪʘ ʟʤʽʥʥʦʤʫ ʩʠʛʥʘʣʽ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʧʦʚʟʜʦʚʞʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʉr-SiO2 

ʢʝʨʤʝʪʽʚ ʥʘ ʩʠʪʘʣʽ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 
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ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʧʦʨʫ ʧʣʽʚʦʢ SiO2 ʟ ʨʽʟʥʠʤ ʟʤʽʩʪʦʤ ʘʪʦʤʥʦ-

ʢʣʘʩʪʝʨʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ (ʉr ʪʘ Ni). 

ɽʬʝʢʪʠ ʩʠʣʴʥʦʛʦ ʧʦʣʷ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ  ʩʪʨʫʤʫ ʯʝʨʝʟ ʧʣʽʚʢʫ ʢʝʨʤʝʪʘ 

ʧʝʨʝʚʠʱʫʚʘʚ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ I0  (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ð 5.10-3  10-1 ɸ), ʪʦ ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʥʠʢʘʚ ʥʦʚʠʡ ʩʪʘʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʥʝʦʙʦʨʦʪʥʠʤʠ ʟʤʽʥʘʤʠ ʚ 

ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʣʽʚʢʠ. BAX, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʞʠʤʽ çʩʠʣʴʥʦʛʦ 

ʧʦʣʷè ʟʨʘʟʢʽʚ ʥʘ  ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ, ʜʦʚʝʣʠ ʽʩʥʫʚʘʥʥʷ ʥʝ ʣʠʰʝ ʦʤʽʯʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʘʣʝ ʡ ʪʘʢʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʚʠʷʚʣʷʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʩʪʨʠʙʢʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ɸʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʩʪʨʠʙʢʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʻ  ʟʥʘʯʥʦ ʚʠʱʦʶ ʚ ʨʘʟʽ ʧʦʧʝʨʝʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʣʠ ʤʽʞ ʤʝʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʟʥʘʭʦʜʠʚʩʷ ʪʦʥʢʠʡ ʰʘʨ 

ʢʝʨʤʝʪʫ (ʜʦ ~10 ʤʢʤ).  

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʧʦʨʫ: 1- Cr 

(ʂʄʎ); 2- Ni (ʂʄʎ) 

 

ʆʩʢʽʣʴʢʠ ʬʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʘʤʦʨʬʥʠʭ ʧʣʽʚʢʘʭ ʉr- SiO2 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʷʩʥʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ.  

ɺʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʧʣʽʚʦʢ ʉr-SiO2 ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ: ʘ) 
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ʪʫʥʝʣʶʚʘʥʥʷʤ  ʥʦʩʽʾʚ ʫ ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʉr-SiO2 (ʦʩʪʨʦʚʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ), 

ʷʢʱʦ ʽʟʦʣʶʶʯʽ ʧʨʦʰʘʨʢʠ ʤʽʞ  ʉr ʢʣʘʩʪʝʨʘʤʠ ʻ ʤʘʣʠʤʠ, ʘʙʦ ʞ ʙ) ʩʪʨʠʙʢʦʚʽʡ 

ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʜʝʷʢʦʤʫ ʛʽʧʦʪʝʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʉr-SiO2, ʜʝ ʧʝʨʝʩʢʦʢ 

ʝʣʝʢʪʨʦʥʽʚ ʧʦ ʬʣʫʢʪʫʘʮʽʡʥʠʭ ʨʽʚʥʷʭ ʚ ʩʢʣʽ ʻ ʧʦʣʝʛʰʝʥʠʤ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʢʦʚʠʭ ʮʝʥʪʨʽʚ ʉr.  

ʋ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ ɺɸʍ ʤʘʻ ʧʝʨʝʚʘʞʘʪʠ ʽʥʪʝʥʩʠʚʥʠʡ ʟʘʭʚʘʪ 

ʽʥʞʝʢʪʦʚʘʥʠʭ ʥʘ ʧʘʩʪʢʠ ʥʦʩʽʾʚ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʝʞʥʽʩʪʴ I(U) ʤʦʞʝ ʩʷʛʘʪʠ 

ʥʘʩʠʯʝʥʥʷ ʘʙʦ, ʥʘʚʽʪʴ, ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʟʤʝʥʰʝʥʥʷʤ ʩʪʨʫʤʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʥʘʧʨʫʛʠ.  

ʆʙʣʘʩʪʴ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʢʘʭ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚʷʟʘʥʘ ʟ ʣʘʚʠʥʥʠʤ ʟʚʽʣʴʥʝʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʟ ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʮʝʥʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. ʄʽʞ ʽʥʰʠʤ ʤʦʜʝʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʝʣʝʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʩʪʨʠʙʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʟʤʽʥʥʦʤʫ 

ʩʪʨʫʤʽ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʩʪʘʥʽʚ ʽ ʦʮʽʥʠʪʠ ʯʘʩ ʧʝʨʝʩʢʦʢʫ () ʥʦʩʽʾʚ ʩʪʨʫʤʫ.  

ɺʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʩʢʦʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʘʛʘʪʦʪʫʥʝʣʴʥʽ 

ʧʝʨʝʭʦʜʠ ʫ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʛʨʫʧ ʢʣʘʩʪʝʨʥʠʭ ʮʝʥʪʨʽʚ. ʗʢʱʦ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ ʪʘʢʠʭ ʛʨʫʧ ʢʣʘʩʪʝʨʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ 

ʮʝʥʪʨʘʤʠ, ʪʦ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʛʨʫʧʠ ʢʣʘʩʪʝʨʥʠʭ ʮʝʥʪʨʽʚ ʻ ʙʽʣʴʰʠʤ, ʘ ʦʪʞʝ, 

ʩʫʤʘʨʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʂʣʘʩʪʝʨʥʽ ʮʝʥʪʨʽʚ ʟ ʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʘʥʘʣʦʛʽʯʥʽ ʜʦ ʛʣʠʙʦʢʠʭ ʮʝʥʪʨʽʚ ʟʘʭʚʘʪʫ ʥʦʩʽʾʚ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʧʽʨʦʣʽʪʠʯʥʠʭ ʧʣʽʚʦʢ SiO2.  

ʆʧʠʩʘʥʽ ʚʠʱʝ ʝʬʝʢʪʠ çʘʥʦʤʘʣʴʥʦʾè ʧʨʦʚʽʜʥʦʩʪʽ ʻ ʩʪʽʡʢʠʤʠ ʽ ʤʦʞʫʪʴ 

ʟʥʘʡʪʠ ʪʝʭʥʽʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ, ʥʘʧʨʠʢʣʘʜ, ʥʦʚʠʭ ʪʠʧʽʚ 

ʥʝʣʽʥʽʡʥʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ [6,7]. 

 

2.5   ʉʧʝʢʪʨʘʣʴʥʦ-ʽʥʚʝʨʩʦʚʘʥʠʡ ʬʦʪʦʧʨʠʡʤʘʯ ʩ ʥʘʥʦʢʣʘʩʪʝʨʥʦʶ 

ʧʽʜʩʠʩʪʝʤʦʶ 
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ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨ ʪʠʧʫ ʢʚʘʟʽʤʦʣʝʢʫʣʷʨʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʩʫʙʢʦʣʦʾʜʥʠʭ ʽ 

ʢʦʣʦʾʜʥʠʭ ʥʘʥʦʢʣʘʩʪʝʨʽʚ (ʅʂ), ʷʢʽ ʝʢʩʪʝʥʩʠʚʥʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, ʦʩʢʽʣʴʢʠ 

ʧʦʩʣʽʜʦʚʥʦ ʟʤʽʥʶʶʪʴ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʘʞ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦʾ 

ʤʘʢʨʦʨʝʯʦʚʠʥʠ [4]. ʆʩʪʘʥʥʻ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʚʘʟʽʤʝʪʘʣʽʯʥʠʭ ʇʂ ʷʢ ʣʝʛʫʶʯʦʛʦ ʧʦʯʘʪʢʫ ʜʣʷ ʦʢʨʝʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ (ɻʉ) [5]. ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʜʦ 1000 ʘʥʛʩʪʨʝʤ. 

ʊʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʅʂ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ 

ʦʧʪʠʯʥʽ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ (çʯʝʨʚʦʥʠʡ ʟʩʫʚè ʟʘʙʘʨʚʣʝʥʥʷ 

ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʫʢʨʫʧʥʝʥʥʽ ʮʝʥʪʨʽʚ ʪʘ ʽʥ.) [6].  

ɼʦʨʝʯʥʦʶ ʙʫʜʝ ʘʥʘʣʦʛʽʷ ʟ ʨʽʟʥʠʤʠ ʩʪʘʜʽʷʤʠ ʬʦʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʩʨʽʙʥʦ-ʛʘʣʦʾʜʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ [7]. ʂʨʽʤ ʪʦʛʦ, ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʤʘʪʨʠʮʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʘʨʽʶʚʘʪʠ ʨʦʟʤʽʨʠ 

ʅʂ [4, 7] ʨʘʩʪʨʘ ʦʩʪʨʽʚʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʨʝʤʥʽʻʚʫ ʧʽʜʢʣʘʜʢʫ ʧʝʨʝʜ 

ʥʘʧʠʣʝʥʥʷʤ ʰʘʨʫ Cu2S.  

ɺʘʨʽʶʶʯʠ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʅʂ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ, ʤʠ 

ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʣʘʥʪʫʚʘʪʠ ʚ ʨCu2S-nSi-ɻʇ ʥʘʥʦʢʣʘʩʪʝʨʥʽ ʮʝʥʪʨʠ ʫ 

ʚʠʛʣʷʜʽ ʥʘʥʦʢʣʘʩʪʝʨʥʦʾ ʧʽʜʩʠʩʪʝʤʠ (ʅʂʇ) ʢʨʝʤʥʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʬʦʨʤʫʚʘʚʩʷ ɻʇ ʪʠʧʫ ʨCu2S-(Si-ʅʂʇ)-nSi. ɼʣʷ ʪʘʢʦʛʦ ɻʇ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 

çʝʢʩʪʝʥʩʠʚʥʽè ʝʬʝʢʪʠ, ʟʦʢʨʝʤʘ, ʩʧʝʢʪʨʘʣʴʥʦ-ʽʥʚʝʨʩʦʚʘʥʠʡ ʝʬʝʢʪ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʅʂʇ ɻʇ ʷʢ ʽʧʣʘʥʪʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʽ ʧʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ (Fe, Ni, ʉʦ ʪʘ ʽʥ.). 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʶʚʘʣʠʩʷ ʩʫʪʪʻʚʦ (ʥʘʚʽʪʴ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʦʛʦ 

ʤʝʪʘʣʫ ʽʥʰʠʤ). ʆʩʪʘʥʥʻ ʻ ʭʦʨʦʰʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʠʷʚʣʝʥʽ 

ʝʬʝʢʪʠ ʦʙʫʤʦʚʣʝʥʽ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʥʘʷʚʥʽʩʪʶ ʩʘʤʝ ʅʂʇ, ʘ ʥʝ ʾʭ ʤʘʪʝʨʽʘʣʦʤ. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ, ʟ ʧʝʨʝʚʘʛʦʶ Si ʟʘ ʢʣʘʩʦʤ ʯʠʩʪʦʪʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʷʢʽ ʙʫʣʠ ʚ ʥʘʰʦʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ.  

ʉʧʽʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʚʝʥʪʠʣʴʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ Si, Ge, Se, 

CdS ʪʘ ʽʥʰʠʭ ʻ ʟʙʝʨʝʞʝʥʥʷ ʚ ʤʝʞʘʭ ʫʩʽʻʾ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʥʝʟʤʽʥʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ ʬʦʪʦ-ɽʈʉ, ʧʨʠ ʷʢʽʡ, ʟʛʽʜʥʦ ʟ ʟʚʠʯʘʡʥʦʶ ʩʭʝʤʦʶ ʚʝʥʪʠʣʴʥʦʛʦ 

ʬʦʪʦʝʬʝʢʪʫ, ʥʘ ʩʚʽʪʣʽ ʧ-ʦʙʣʘʩʪʴ ʟʘʨʷʜʞʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨ-
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ʦʙʣʘʩʪʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʩʪʘʥʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʚʝʨʥʝʥʥʷ ʽʥʚʝʨʩʽʾ ʧʦʣʷʨʥʦʩʪʽ 

ʚʝʥʪʠʣʴʥʦʾ ʬʦʪʦ-ɽʈʉ ʧʨʠ ʟʤʽʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʟʜʦʚʞ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ. ʊʘʢʠʡ ʚʘʨʽʘʥʪ ʬʦʪʦʝʣʝʤʝʥʪʘ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ 

ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ: ʢʦʥʪʨʦʣʴ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʣʽʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʣʽʨʥʠʭ ʦʙʨʘʟʽʚ ʪʘ ʽʥ. 

âʥʽʯʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ.  

ʆʩʥʦʚʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʚʝʜʝʥʥʷ ʚ ʦʙʣʘʩʪʴ ʨ-ʧ-ʧʝʨʝʭʦʜʫ 

ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ (Fe, Ni, ʉʦ ʪʘ ʽʥ.), ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʧʘʩʪʦʢ ʽ ʮʝʥʪʨʽʚ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ, ʘʙʦ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʬʦʪʦʝʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʦʛʦ ɻʇ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʘ 

ʧʦʩʣʽʜʦʚʥʦ ʟʯʣʝʥʦʚʘʥʽ ʨ-ʧ-ʧʝʨʝʭʦʜʠ ʟʫʩʪʨʽʯʥʦʾ ʜʽʾ, ʬʦʪʦʘʢʪʠʚʥʠʭ ʫ ʨʽʟʥʠʭ 

ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʫ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ ʧʨʠʣʘʜʫ ʚʠʭʦʜʠʪʴ 

ʥʝʚʠʩʦʢʦʶ, ʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʬʦʪʦʚʦʣʴʪʘʾʯʥʦʛʦ ʝʬʝʢʪʫ ʩʠʣʴʥʦ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʱʦʜʦ ʪʦʯʢʠ ʽʥʚʝʨʩʽʾ ʧʦʣʷʨʥʦʩʪʽ ʬʦʪʦ-ʝ.ʜ.ʩ. ʋ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ 

ʮʝ ʚʠʭʦʜʠʪʴ, ʤʘʙʫʪʴ, ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ 

ʜʦʤʽʰʦʢ ʷʢ ʮʝʥʪʨʠ ʨʝʢʦʤʙʽʥʘʮʽʾ, ʘ ʚ ʜʨʫʛʦʤʫ - ʯʝʨʝʟ ʫʩʢʣʘʜʥʝʥʥʷ ʦʧʪʠʢʦ-

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʤʦʚ ʫ ɻʉ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʣʘʥʮʶʛʦʤ ʧʝʨʝʭʦʜʽʚ.  

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʥʘʥʦʢʣʘʩʪʝʨʥʠʡ ʨʘʩʪʨ, 

ʚ ʷʢʦʤʫ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʪʫʧʽʥʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʅʂ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʭʦʜʠʪʴ ʩʧʝʢʪʨʘʣʴʥʦ-ʽʥʚʝʨʩʦʚʘʥʠʡ ʬʦʪʦʝʣʝʤʝʥʪ ʟ ʨʦʟʧʦʜʽʣʦʤ ʯʫʪʣʠʚʦʩʪʽ 

(ʨʠʩ. 2.2) ʨʦʟʜʽʣʝʥʠʭ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʾʤ ʘʢʪʠʚʥʠʤ ʦʙʣʘʩʪʷʤ ʩʧʝʢʪʨʘ.  

ʇʝʨʰʠʡ ʟ ʥʠʭ ʨʝʘʣʽʟʫʻ ʜʦʙʨʝ ʚʽʜʦʤʫ ʪʨʠʚʽʘʣʴʥʫ ʩʭʝʤʫ ʚʝʥʪʠʣʴʥʦʛʦ 

ʬʦʪʦʝʬʝʢʪʫ ʚ ʨ-ʧ-ʧʝʨʝʭʦʜʽ (ʨʠʩ. 2.3, a), ʟʘ ʷʢʦʶ ʧ-ʦʙʣʘʩʪʴ (ʢʨʝʤʥʽʡ) 

ʟʘʨʷʜʞʘʻʪʴʩʷ ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ ʥʝʛʘʪʠʚʥʦ. ʉʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʬʦʪʦʚʦʣʴʪʘʾʯʥʦʛʦ ʝʬʝʢʪʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 2.3, a, ʙ) ʚʽʜʧʦʚʽʜʘʻ 

ʬʦʪʦʘʢʪʠʚʥʦʤʫ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʚ ʦʙʦʭ ʤʘʪʝʨʽʘʣʘʭ Cu2S ʽ Si, ʯʦʤʫ ʩʧʨʠʷʻ 

ʩʧʨʠʷʪʣʠʚʘ ʜʣʷ ʬʦʪʦʝʣʝʤʝʥʪʘ ʟʦʥʥʘ ʜʽʘʛʨʘʤʘ ʨCu2S-nSi - ɻʇ.  

ɼʨʫʛʠʡ ʤʝʭʘʥʽʟʤ (ʨʠʩ. 2.3, ʙ) ʩʧʨʘʮʴʦʚʫʻ ʥʘ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ 

ɻʇ, ʪʦʙʪʦ. ʪʘʤ, ʜʝ ʻ ʅʂ. ʁʦʛʦ ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʯʥʦʤʫ 

ʧʦʛʣʠʥʘʥʥʶ ʩʚʽʪʣʘ ʅʂ (ʨʠʩ. 2.3, ʙ, ʚ), ʘ ʨʝʟʫʣʴʪʘʪ ʜʽʾ - ʬʦʪʦ-ɽʈʉ (ʌʦʪʦʩʪʨʫʤ) 
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ʥʘʧʨʷʤʠ, ʧʨʦʪʠʣʝʞʥʦʛʦ ʪʦʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʤʝʭʘʥʽʟʤʫ, ʪʦʙʪʦ. 

ʧʦʟʠʪʠʚʥʠʤ ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʧʝʢʪʨʘ ʚʠʷʚʣʷʻʪʴʩʷ Si, ʘ ʥʝʛʘʪʠʚʥʦʶ ï Cu2S. 

 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʥʘʥʦʢʣʘʩʪʝʨʥʦʛʦ ʨʘʩʪʨʫ ʥʘ ʩ-Si (ʅʂ ʚʽʜʪʽʥʝʥʽ 

ʚʫʛʣʝʮʝʤ) 

 

ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ ʤʝʭʘʥʽʟʤ ʬʦʪʦʚʦʣʴʪʘʾʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʅʂ, ʤʘʙʫʪʴ, 

ʩʪʦʾʪʴ ʥʘʡʙʣʠʞʯʝ ʜʦ ʩʭʝʤʠ, ʷʢʘ ʚ ʘʥʛʣʽʡʩʴʢʽʡ ʣʽʪʝʨʘʪʫʨʽ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çfed 

in - feed outè çʫʚʽʡʰʦʚ-ʚʠʡʰʦʚè. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʚʠʧʣʠʚʘʻ ʟ ʘʥʘʣʽʟʫ 

ʥʘʚʢʦʣʦʢʣʘʩʪʝʨʥʦʾ ʝʥʝʨʛʦʩʠʪʫʘʮʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʫ ɻʇ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʅʂ ʤʝʞʫʶʪʴ ʽʟ ʩʠʣʴʥʦ 

ʚʠʨʘʞʝʥʠʤ ʜʽʨʢʦʚʠʤ, ʘ ʟ ʽʥʰʦʛʦ - ʝʣʝʢʪʨʦʥʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʅʂ Si ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʚʦʶ 

ʭʽʤʽʾ [4], ʫ ʨʽʚʥʦʚʘʟʽ ʮʠʤ ʩʠʩʪʝʤʘʤ ʚʣʘʩʪʠʚʦ ʤʘʪʠ ʜʝʷʢʠʡ ʥʘʜʣʠʰʦʢ 

ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ, ʱʦ ʻ ʫʤʦʚʦʶ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʘʞ ʜʦ ʢʦʣʦʾʜʥʠʭ ʨʦʟʤʽʨʽʚ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʘʷʚʥʽʩʪʴ 

ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʨʦʢ ʫ Cu2S ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʚʦʛʦ ʨʦʜʫ 

çʩʦʣʴʚʘʪʫʚʘʥʥʶè ʅʂ ʜʽʨʢʘʤʠ ʟ ʙʦʢʫ Cu2S-ʧʣʽʚʢʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʻ 

ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʘ ʟ ʇʂ ʫ ʨ-ʦʙʣʘʩʪʴ, ɻʇ (ʨʠʩ. 

2.4). ʆʩʪʘʥʥʻ ʽ ʚʠʟʥʘʯʘʻ ʜʽʶ ʩʭʝʤʠ "feʝt in-feed out" (ʨʠʩ. 2.4, ʙ). 
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ʈʠʩʫʥʦʢ 2.3 ï ʉʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽʥʚʝʥʪʘʨʥʦʛʦ ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ 

(ʟ ʢʣʘʩʪʝʨʘʤʠ); ʘ - ʦʙʣʘʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʙ - ʘʥʦʤʘʣʴʥʦʛʦ. ɽʧʶʨʠ 

(ʧʨʘʚʦʨʫʯ ʚʛʦʨʽ) ʢʽʥʝʪʠʢʠ ʬʦʪʦʚʽʜʛʫʢʫ: 1 - ʚ ʦʙʣʘʩʪʽ ʥʦʨʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ, 

2 - ʚ ʪʦʯʮʽ ʽʥʚʝʨʩʽʾ, 3 - ʚ ʦʙʣʘʩʪʽ ʘʥʦʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ; ʚ ï ʦʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ 

ʧʣʽʚʢʠ Cu2S. 

 

ʌʦʪʦʚʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥ ʟʨʠʚʘʻʪʴʩʷ ʟ ʅʂ ʚʛʣʠʙ ʧʣʽʚʢʠ Cu2S, ʜʝ, 

ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʫʣʦʚʣʶʻʪʴʩʷ ʩʠʣʴʥʦ ʨʦʟʚʠʥʝʥʦʶ ʫ ʮʴʦʤʫ ʢʚʘʟʠʤʦʥʦʧʦʣʷʨʥʦʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʩʠʩʪʝʤʦʶ ʨʽʚʥʽʚ ʧʨʠʣʠʧʘʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ.  

ʆʜʥʦʯʘʩʥʦ ʟ ʬʦʪʦʟʙʫʜʞʝʥʥʷʤ ʧʝʨʰʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʅʂ ʪʫʥʝʣʶʻ ʽʥʰʠʡ 

- ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʢʨʝʤʥʽʶ ʽ ʪ.ʜ., ʪʦʙʪʦ. ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʪʦʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʽ 

ʩʪʘʥʦʚʠʪʴ ʩʫʪʴ ʩʭʝʤʠ feedin-feed out.  

ʆʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝʛʘʪʠʚʥʦʛʦ ʬʦʪʦʚʦʣʴʪʘʾʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ (ʨʠʩ. 2.5) ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʛʣʠʙʠʥʫ ʇʂ 0,8 ʝɺ. ʎʝʡ 

ʧʘʨʘʤʝʪʨ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʚʝʨʩʫʚʘʥʥʷ ʬʦʪʦʝʬʝʢʪʫ, 
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ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʪʫʥʝʣʴʥʠʡ ʢʦʥʪʘʢʪ ʟ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʢʨʝʤʥʽʶ.  

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɿʦʥʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʜʽʘʛʨʘʤʠ: (ʘ) ʚʽʣʴʥʦʛʦ ʚʽʜ ʅʂ ɻʇ ʪʠʧʫ ʨCu2S-

nSi (ʙ) ɻʇ, ʱʦ ʤʘʻ ʅʂʇ ï ʨCu2S-(Si-ʅʂʇ)-nSi ɻʇ 

 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʢʣʘʩʪʝʨʥʦʛʦ ʨʘʩʪʨʫ ʟ ʅʂ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ (ʙʽʣʴʰʝ, ʥʽʞ 

20 ʘʥʛʩʪʨʝʤ) ʝʬʝʢʪ "feʝd in - feed out" ʟʥʠʢʘʻ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʧʝʢʪʨʘʣʴʥʦ-

ʽʥʚʝʨʩʦʚʘʥʠʡ ʬʦʪʦʚʦʣʴʪʘʾʯʥʠʡ ʝʬʝʢʪ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʧʦʛʘʰʝʥʥʷʤ ʩʦʣʴʚʘʪʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ çfeed in - feed outè - ʤʝʭʘʥʽʟʤʫ ʧʨʦʬʽʣʴ ʧʦʪʝʥʮʽʡʥʠʭ ʙʘʨ'ʻʨʽʚ 

ʥʘʚʢʦʣʦ ʅʂ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʩʣʘʙʣʝʥʥʷ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʧʦʣʷ ʅʂ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ 

ʚʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ʇʨʷʤʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʧʝʢʪʨʘʣʴʥʦ-

ʽʥʚʝʨʩʦʚʘʥʦʛʦ ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʢʽʥʝʪʠʢʠ ʬʦʪʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʙʘʟʦʚʽʡ ʦʙʣʘʩʪʽ ʬʦʪʦʝʣʝʤʝʥʪʘ ï 

ʧʣʘʩʪʠʥʽ Si. 

ʇʽʜ ʯʘʩ ʦʩʚʽʪʣʝʥʥʷ ʨCu2S-(Si-ʅʂʇ)-nSi ʬʦʪʦʝʣʝʤʝʥʪʘ ʩʚʽʪʣʦʤ ʟ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ, ʱʦ ʩʪʚʦʨʶʻ ʘʥʦʤʘʣʴʥʠʡ ʬʦʪʦʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ (ʬʽʣʴʪʨ ɯʂʉ-3), 

ʬʦʪʦʚʽʜʛʫʢ ʙʘʟʦʚʦʾ ʦʙʣʘʩʪʽ ʝʣʝʤʝʥʪʘ ʚʠʷʚʣʷʻʪʴʩʷ ʽʩʪʦʪʥʦ ʤʝʥʰʠʤ, ʢʦʣʠ 
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ʬʦʪʦʝʣʝʤʝʥʪ ʨʦʟʽʤʢʥʫʪʦ (ʨʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ), ʥʽʞ ʫ ʨʘʟʽ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ (ʨʠʩ. 2.5).  

 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʢʽʥʝʪʠʢʠ (ʬʽʣʴʪʨ ɯʂʉ-3) ʫ ʥʠʟʴʢʦʦʤʥʦʤʫ 

ʙʘʟʦʚʦʤʫ ʰʘʨʽ ʬʦʪʦʝʣʝʤʝʥʪʘ ʪʘ ʝʧʶʨʠ ʢʽʥʝʪʠʢʠ ʬʦʪʦʩʪʨʫʤʫ (ʧʫʥʢʪʠʨ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʬʦʪʦʝʣʝʤʝʥʪʘ): ʘ) ʨCu2S-nSi ï 

ʬʦʪʦʝʣʝʤʝʥʪ; ʙ) ʨCu2S-(Si-ʅʂʇ)-nSi ï ʬʦʪʦʝʣʝʤʝʥʪ 

 

ɼʣʷ ʨCu2S-nSi-ʬʦʪʦʝʣʝʤʝʥʪʘ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʅʂʇ, ʫ ʧʦʜʽʙʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʧʦʚʝʜʽʥʢʘ ʙʫʜʝ ʟʚʦʨʦʪʥʦʶ ʫ ʚʩʽʡ ʘʢʪʠʚʥʽʡ ʛʘʣʫʟʽ ʩʧʝʢʪʨʘ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ 

ʨʝʟʫʣʴʪʘʪʠ ʣʝʛʢʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ, ʟʽʩʪʘʚʣʷʶʯʠ ʜʚʘ ʤʝʭʘʥʽʟʤʠ 

ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ ï ʟʚʠʯʘʡʥʠʡ ʪʘ çfeed in ï feed outè.  

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʝʢʩʪʨʘʢʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʢʨʝʤʥʽʶ ʥʘ ʅʂ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʬʦʪʦʩʪʨʫʤʫ ʚ ʙʘʟʦʚʦʤʫ ʣʘʥʮʶʟʽ. ʇʨʠʨʦʜʥʦ, ʱʦ ʫ 

ʨʝʞʠʤʽ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʧʦʜʽʙʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ 

ʤʝʥʰ ʚʠʨʘʟʥʠʤʠ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʨʝʤʥʽʾ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽʡ ʣʘʥʮʶʛ. 

ɭ ʪʘʢʦʞ ʽʥʰʽ ʤʽʨʢʫʚʘʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ 
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ʤʝʭʘʥʽʟʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʚʝʨʩʫʚʘʥʥʷ ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ ʚ ʨCu2S-(Si-

ʅʂʇ) - nSi ɻʇ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʧʫʩʪʠʪʠ 

ʫʯʘʩʪʴ ʫ ʩʧʝʢʪʨʘʣʴʥʦ-ʽʥʚʝʨʩʦʚʘʥʦʤʫ ʝʬʝʢʪʽ ʤʽʢʨʦʙʘʨ'ʻʨʽʚ ʐʦʪʪʢʠ ʥʘ ʤʝʞʽ 

çʅʂ-ʤʘʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣè, ʱʦ ʩʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʧʨʦʪʠʣʝʞʥʝ 

ʙʘʨ'ʻʨʥʦʤʫ ʧʦʣʶ ʚ ʛʝʪʝʨʦ-ʧʝʨʝʭʦʜʽ ʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʘʥʦʤʘʣʴʥʠʡ 

ʬʦʪʦʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ, ʦʩʪʘʥʥʻ, ʧʨʦʪʝ, ʤʘʣʦʡʤʦʚʽʨʥʦ ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ. 

ɺʽʜʦʤʦ, ʱʦ ʟʥʘʯʥʽ ʢʦʥʪʘʢʪʥʽ ʙʘʨ'ʻʨʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ 

~1015 ʝʣʝʢʪʨʦʥʽʚ ʟ ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʽʥʰʦʛʦ, ʱʦ ʚʠʢʣʠʢʘʻ ʚʠʢʨʠʚʣʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. ɺʠʥʠʢʥʝʥʥʷ ʙʘʨ'ʻʨʽʚ ʐʦʪʪʢʠ ʚ ʢʦʥʪʘʢʪʽ ʟ ʅʂ ʟ ʤʘʪʨʠʯʥʦʶ 

ʨʝʯʦʚʠʥʦʶ ʥʝʤʦʞʣʠʚʝ ʚʥʘʩʣʽʜʦʢ ʜʨʽʙʥʦʩʪʽ ʅʂ.  

ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [4,5] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʦʥʽʟʘʮʽʷ ʯʠ 

ʟʘʭʦʧʣʝʥʥʷ ʥʘʚʽʪʴ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ ʅʂʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʾ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʅʂ ʥʘ ʦʜʠʥʠʮʽ ʝɺ. ʎʝʡ ʬʘʢʪ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽʩʪʦʪʥʦ 

ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʦʙʤʽʥ ʅʂ ʟ ʤʘʪʨʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʷʚʣʷʻʪʴʩʷ ʟʦʚʩʽʤ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʠʢʨʠʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʟʦʥ ʤʘʪʨʠʯʥʦʛʦ ʢʨʠʩʪʘʣʘ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ ʟʘʨʷʜʫ, ʱʦ ʙʝʨʝ 

ʫʯʘʩʪʴ ʚ ʦʙʤʽʥʽ. 

ʅʝʟʥʘʯʥʽʩʪʴ ʨʦʣʽ ʐʦʪʪʢʦʚʩʴʢʠʭ ʙʘʨ'ʻʨʽʚ ʤʽʞ ʅʂ ʽ ʤʘʪʨʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʚʠʧʣʠʚʘʻ ʪʘʢʦʞ ʽʟ ʩʘʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʬʘʢʪʽʚ. ʇʨʠ 

ʨʦʟʤʽʨʘʭ ʅʂ ʜʦ 20 ʘʥʛʩʪʨʝʤ, ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʽʪʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʨʦʣʴ ʙʘʨ'ʻʨʽʚ ʐʦʪʪʢʠ, ʤʘʣʘ ʙ ʧʦʩʠʣʶʚʘʪʠʩʷ, ʪʦʙʪʦ ʩʣʽʜ ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ 

ʜʦʤʽʥʫʚʘʥʥʷ ʘʥʦʤʘʣʴʥʦʛʦ ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ ʘʙʦ ʥʘʚʽʪʴ ʧʦʚʥʦʛʦ ʦʙʽʛʫ 

ʬʦʪʦʚʝʥʪʠʣʴʥʦʛʦ ʝʬʝʢʪʫ ʚ ʨCu2S-(Si-ʅʂʇ)-nSi ɻʇ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʜʦ 

ʘʥʦʤʘʣʴʥʦʛʦ. ɸʣʝ ʮʴʦʛʦ ʥʘʩʧʨʘʚʜʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʅʂ ʜʦ ʩʦʪʥʽ ʽ ʙʽʣʴʰʝ ʘʥʛʩʪʨʝʤ ʬʦʪʦʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ ʥʝ ʪʽʣʴʢʠ ʥʝ 

ʧʦʩʠʣʶʻʪʴʩʷ, ʘʣʝ ʥʘʚʧʘʢʠ ʟʦʚʩʽʤ ʟʥʠʢʘʻ. ʂʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʥʘʧʨʠʢʣʘʜ, Ni ʚ 

Si ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ~100Áʉ ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʠʡ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʘʪʦʤʘʨʥʝ 

ʣʝʛʫʚʘʥʥʷ Si ʥʽʢʝʣʝʤ ʫ ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʨCu2S-(Si-ʅʂʇ)-nSi - 

ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʝʬʝʢʪʠʚʥʦ.  
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2.6   ɺʠʩʥʦʚʢʠ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʢʦʚʦʛʦ ɻʇ ʪʠʧʫ 

ʨCu2S-nSi ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʨʘʩʪʨʫ ʩʫʙʢʦʣʦʾʜʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʫ 

ʚʠʛʣʷʜʽ ʅʂʇ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʛʣʘʜʢʠʡ ʟʦʥʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ ʧʝʨʝʭʦʜʫ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ ʷʢ ʦʩʥʦʚʫ ʜʣʷ 

ʬʦʪʦʚʝʥʪʠʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʛʝʪʝʨʦʬʦʪʦʝʣʝʤʝʥʪʘ. ɿʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ɻʇ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʯʝʨʝʟ ʽʤʧʣʘʥʪʘʮʽʶ ʢʣʘʩʪʝʨʥʦʛʦ ʨʘʩʪʨʫ ʦʩʪʨʽʚʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʨʝʤʥʽʻʚʫ 

ʧʽʜʢʣʘʜʢʫ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʰʘʨʫ Cu2S. ɺʘʨʽʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʅʂ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʣʘʥʪʫʚʘʥʥʷ ʅʂ 

ʨʦʟʤʽʨʘʤʠ ʚʽʜ 10 ʜʦ 150 ʘʥʛʩʪʨʝʤ. ɼʣʷ ʪʘʢʦʛʦ ɻʇ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʽʥʚʝʨʩʦʚʘʥʠʡ ʬʦʪʦʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ. 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ ʮʽ ʧʨʦʮʝʩʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʻ ʝʢʩʪʝʥʩʠʚʥʠʤʠ, 

ʦʩʢʽʣʴʢʠ ʦʙʫʤʦʚʣʝʥʽ, ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʛʝʦʤʝʪʨʽʻʶ, ʤʦʨʬʦʣʦʛʽʻʶ ʅʂ, ʘ ʥʝ ʾʭ 

ʤʘʪʝʨʽʘʣʦʤ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʠʣʘʜʽʚ ʟ ʅʂʇ, ʘ 

ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʦʙʮʽ ʬʦʪʦʚʝʥʪʠʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ [8-10] ʙʽʩʪʘʙʽʣʴʥʠʭ ʦʧʪʨʦʥʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʙʽʭʨʦʤʘʪʠʯʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ ʟ ʢʝʨʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [11]. 
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3   ʆʇʊʀʄɯɿɸʎɯʗ ɽʅɽʈɻɽʊʀʏʅʀʍ ɯ ʇʈʆʉʊʆʈʆɺʀʍ ʇɸʈɸʄɽʊʈɯɺ 

ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɻʆ ʇʆʃʗ ʄɽʊɽʆʈʆʃʆɻɯʏʅʆɰ 

ʈɸɼɯʆʃʆʂɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ 

 

 

3.1   ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʨʝʞ  

 

ʋ ʨʷʜʽ ʢʨʘʾʥ ʩʪʚʦʨʝʥʽ ʪʘ ʬʫʥʢʮʽʦʥʫʶʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʤʝʨʝʞʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʘʙʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʤʝʨʝʞʽ [12-15]. 

ʋʩʽ ʚʦʥʠ ʩʪʚʦʨʶʚʘʣʠʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʚʠʤʦʛ, ʱʦ 

ʟʘʜʘʶʪʴʩʷ ʟʘʤʦʚʥʠʢʘʤʠ. ʋ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʟʘʤʦʚʥʠʢʠ ʙʫʣʠ ʨʽʟʥʽ ʽ ʾʭ ʙʫʣʦ 

ʙʘʛʘʪʦ, ʪʦʤʫ ʫʩʽ ʽʩʥʫʶʯʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ 

ʞʦʜʥʘ ʟ ʮʠʭ ʤʝʨʝʞ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʷʚʠ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʥʝ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ 

ʩʠʩʪʝʤ, ʪʦʤʫ ʚ ʥʠʭ ʥʝ ʚʜʘʣʦʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʽʩʪʦʪʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʥʘʜʘʻ 

ʤʝʪʦʜ ʨʘʜʽʦʣʦʢʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʽ, ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʷʢʽʩʪʴ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽʩʪʦʪʥʦ ʥʠʞʯʝ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʛʦ. 

ʊʦʤʫ ʽʩʥʫʻ ʥʘʧʦʣʝʛʣʠʚʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚ ʥʘʡʙʽʣʴʰʽʡ 

ʤʽʨʽ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʠ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʉʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ 

NEXRAD (ʉʐɸ) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʠ WSR-88D 

ʨʦʟʩʪʘʚʣʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʷʢʦʤʫ ʚʠʩʦʪʘ ʥʠʞʥʴʦʾ ʤʝʞʽ 

ʩʫʮʽʣʴʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʫʪʚʦʨʶʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʤʝʨʝʞʘ, 

ʩʢʣʘʜʘʻ 10000 ʬʫʪʽʚ ʘʙʦ ʙʣʠʟʴʢʦ 3 ʢʤ [12]. ɿʘ ʪʘʢʦʾ ʫʤʦʚʠ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 440 ʢʤ, ʱʦ ʣʝʛʢʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʠʩ. 3.1, 

ʥʘ ʷʢʦʤʫ ʚʽʜʦʙʨʘʞʝʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ WSR-

88D ʤʝʨʝʞʽ NEXRAD ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʉʐɸ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʾʭ ʟʦʥ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 3 ʢʤ. 
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ʈʠʩʫʥʦʢ 3.1 ï ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʩʠʩʪʝʤʠ NEXRAD 

 

ɯʤʧʫʣʴʩʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ WSR-88D ʩʢʣʘʜʘʻ 250 ʢɺʪ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ, ʟʘ ʪʚʝʨʜʞʝʥʥʷʤ ʨʦʟʨʦʙʥʠʢʽʚ, ʜʘʣʴʥʽʩʪʴ ʚ ʨʝʞʠʤʽ ʚʠʤʽʨʫ 

ʚʽʜʙʠʚʘʥʦʩʪʽ 450 ʢʤ ʽ ʚ ʨʝʞʠʤʽ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ 250 ʢʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʨʦʚʘʣʴʥʦʩʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʽʜʩʪʘʥʷʭ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ 

440 ʢʤ, ʷʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ 

ʨʘʜʽʦʣʦʢʘʪʦʨ DWSR-10001C EEC USA ʟ ʽʤʧʫʣʴʩʥʦʶ ʚʠʧʨʦʤʽʥʶʚʘʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 1 ʄɺʪ ʽ ʜʘʣʴʥʽʩʪʶ ʜʽʾ ʚ ʨʝʞʠʤʽ ʚʠʤʽʨʫ ʚʽʜʙʠʚʘʥʦʩʪʽ ʙʽʣʴʰʝ 600 

ʢʤ ʽ ʚ ʨʝʞʠʤʽ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ 450 ʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʩʦʪʘʭ ʤʝʥʰʝ 3 ʢʤ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʻ ʦʩʝʨʝʜʢʦʚʠʤ ʽ ʥʝ ʧʦʢʨʠʚʘʻ ʧʨʦʩʪʽʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʉʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ 

ʄɸʈʉ (ʈʌ) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʠ ɼʄʈʃ-ʉ 

ʨʦʟʩʪʘʚʣʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘʢ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ 

ʜʦʨʽʚʥʶʻ 300 ʢʤ [13]. ʅʘ ʜʫʤʢʫ ʪʚʦʨʮʽʚ ʤʝʨʝʞʽ, ʧʦʜʽʙʥʘ ʜʘʣʴʥʽʩʪʴ ʜʽʾ 

ʦʙʫʤʦʚʣʝʥʘ ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʷʚʠʱʘ ʚʠʥʠʢʘʶʪʴ 
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ʚʣʽʪʢʫ, ʢʦʣʠ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʣʽʪʥʽʭ ʢʫʧʯʘʩʪʠʭ ʭʤʘʨ ʧʦʪʨʽʙʥʦ 

ʥʝʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ, ʘ ʩʫʮʽʣʴʥʝ ʧʝʨʝʢʨʠʪʪʷ ʟʦʥ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʘʡʦʥʽʚ ʽ ʘʚʽʘʮʽʡʥʠʭ ʪʨʘʩ ʟ 

ʽʥʪʝʥʩʠʚʥʦʶ ʛʨʦʟʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ. ɯʥʰʘ ʪʝʨʠʪʦʨʽʷ ʧʨʠʢʨʠʚʘʻʪʴʩʷ ʜʠʩʢʨʝʪʥʦ. 

ʅʘʦʯʥʘ ʧʦʙʫʜʦʚʘ ʤʝʨʝʞʽ ʄɸʈʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2, ʥʘ ʷʢʦʤʫ ʚʽʜʦʙʨʘʞʝʥʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ɼʄʈʃ-ʉ ʥʘ 140 ʧʦʟʠʮʽʷʭ ʟʘ 

ʧʽʜʩʫʤʢʘʤʠ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʬʝʜʝʨʘʣʴʥʠʭ ʮʽʣʴʦʚʠʭ ʧʨʦʛʨʘʤ "ɻʝʦʬʽʟʠʢʘ" ʽ 

"ʆʨɺɼ". 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʩʠʩʪʝʤʠ ʄɸʈʉ 

 

ʈʘʜʽʦʣʦʢʘʪʦʨ ɼʄʈʃ-ʉ ʚʠʧʨʦʤʽʥʶʻ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʢʣʘʜʥʠʤ ʯʠʥʦʤ 

ʩʠʛʥʘʣ ʽʤʧʫʣʴʩʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʴʰʝ 15 ʢɺʪ ʠ ʤʘʻ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʚ ʨʝʞʠʤʽ 

ʚʠʤʽʨʫ ʚʽʜʙʠʚʘʥʦʩʪʽ 250 ʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʩʘʤʠʤ ʟʘʤʠʩʣʝʥʥʷʤ 

ʩʪʚʦʨʶʚʘʯʽʚ ʤʝʨʝʞʽ ʟʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʻ 

ʦʩʝʨʝʜʢʦʚʠʤ ʽ ʥʝ ʧʦʢʨʠʚʘʻ ʧʨʦʩʪʽʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʧʝʨʝʢʨʠʪʪʽ ʟʦʥ 
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ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʢʨʝʤʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ. 

ʉʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʠ (ɿʘʭʽʜʥʘ ɭʚʨʦʧʘ) ʟʘʙʝʟʧʝʯʫʻ ʥʠʞʥʶ ʤʝʞʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ 

1,5 ʢʤ [14]. ʎʷ ʤʝʨʝʞʘ ʩʪʚʦʨʝʥʘ ʟ 229 ʨʽʟʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʦʙ'ʻʜʥʘʥʥʷ ʤʝʨʝʞ ʦʢʨʝʤʠʭ ʢʨʘʾʥ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ɭʚʨʦʩʦʶʟ (ʨʠʩ. 3.3, ʘ), ʪʦʤʫ 

ʚʦʥʘ ʚʠʷʚʠʣʘʩʷ ʜʫʞʝ ʨʽʟʥʦʨʽʜʥʦʶ, ʷʢ ʧʦ ʟʘʚʜʘʥʥʷʭ, ʪʘʢ ʽ ʧʦ ʩʢʣʘʜʫ, ʦʩʢʽʣʴʢʠ 

ʚ ʢʦʞʥʽʡ ʟ ʢʨʘʾʥ ʤʝʨʝʞʘ ʙʫʜʫʚʘʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ 

[16]. ʎʝ ʧʨʠʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʤʝʨʝʞʘ ʥʝ ʟʤʦʛʣʘ ʩʬʦʨʤʫʚʘʪʠʩʷ ʷʢ 

ʻʜʠʥʘ ʚʝʣʠʢʘ ʩʠʩʪʝʤʘ, ʘ ʟʤʦʛʣʘ ʩʬʦʨʤʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʨʽʚʥʽ 

ʷʢ ʧʨʦʛʨʘʤʘ OPERA ï Operational Program for the Exchange of Weather Radar 

Information (ʥʘ ʨʠʩ. 3.3, ʙ ʚʽʜʤʽʯʝʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʠ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ ʧʨʦʛʨʘʤʠ 

OPERA). ʇʨʦʪʝ, ʚ ʧʨʦʝʢʪʽ COST-75, ʧʨʠʩʚʷʯʝʥʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʚʽʜʟʥʘʯʘʣʦʩʷ, ʱʦ 

ʩʪʚʦʨʶʚʘʪʠ ʤʝʨʝʞʫ ʪʨʝʙʘ ʩʧʦʩʦʙʦʤ ʨʦʟʩʪʘʚʣʷʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʫʪʚʦʨʶʚʘʣʠ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʪʨʠʢʫʪʥʫ ʩʽʪʢʫ ʟ 

ʜʦʚʞʠʥʦʶ ʩʪʦʨʦʥʠ ʨʽʚʥʦʾ 300 ʢʤ [14, 15]. ʅʘʜʘʣʽ ʪʚʦʨʮʽ ʜʦʪʨʠʤʫʚʘʣʠʩʷ ʮʽʻʾ 

ʚʠʤʦʛʠ ʥʘʩʢʽʣʴʢʠ ʮʝ ʙʫʣʦ ʤʦʞʣʠʚʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʩʦʪʘʭ ʤʝʥʰʝ 1,5 ʢʤ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʻ ʨʦʟʨʠʚʥʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ, ʽ ʥʝ ʧʦʢʨʠʚʘʻ 

ʧʨʦʩʪʽʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʉʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ 

OWASAN (ʨʠʩ. 3.4, ʘ) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʠ ʟ 

ʜʘʣʴʥʽʩʪʶ ʜʽʾ 200 ʢʤ ʨʦʟʩʪʘʚʣʝʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘʢ, ʱʦʙ ʟʜʽʡʩʥʠʪʠ ʚʠʤʽʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʘʜʽʚ [15]. ʅʘ ʧʨʽʦʨʠʪʝʪʽ ʚʠʤʽʨʫ ʦʧʘʜʽʚ ʧʦʙʫʜʦʚʘʥʘ ʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʤʝʨʝʞʘ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ (ʨʠʩ. 3.4, ʙ) [15, 16]. 
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ʈʠʩʫʥʦʢ 3.3 ï ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʩʠʩʪʝʤʠ ʧʨʦʝʢʪʫ COST-75 ʜʣʷ ɭʚʨʦʧʠ 
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ʈʠʩʫʥʦʢ 3.4 ï ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʩʠʩʪʝʤʠ OWASAN ʗʧʦʥʽʾ (ʘ) ʽ 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ (ʙ) 
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3.2   ʉʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ 

ʥʘʡʢʨʘʱʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʧʨʦʩʪʦʨʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʋʩʽ, ʦʢʨʽʤ ʜʚʦʭ ʦʩʪʘʥʥʽʭ, ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʙʫʣʠ ʧʽʜʜʘʥʽ ʛʝʦʤʝʪʨʠʯʥʦʤʫ [17] ʽ ʩʠʩʪʝʤʥʦʤʫ [18] 

ʘʥʘʣʽʟʫ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʥʘʚʝʜʝʥʽ 

ʚʠʱʝ ʩʧʦʩʦʙʠ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ 

ʦʙ'ʻʜʥʫʻ ʦʜʥʘ ʽʜʝʷ, ʧʦʢʣʘʜʝʥʘ ʚ ʾʭ ʦʩʥʦʚʫ, ï ʨʘʜʽʦʣʦʢʘʪʦʨʠ ʟ ʨʽʟʥʦʶ ʘʙʦ ʟ 

ʦʜʥʘʢʦʚʦʶ ʜʘʣʴʥʽʩʪʶ ʜʽʾ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʾʭ 

ʩʫʢʫʧʥʽʩʪʴ ʫʪʚʦʨʶʻ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ ʫ ʚʠʛʣʷʜʽ ʪʨʠʢʫʪʥʦʾ 

ʩʽʪʢʠ ʽʟ ʩʪʦʨʦʥʦʶ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 250...300 ʢʤ ʜʦ 450 ʢʤ           

(ʨʠʩ. 3.5, ʘ). ʅʘʟʚʝʤʦ ʮʽ ʩʧʦʩʦʙʠ ʫʟʘʛʘʣʴʥʝʥʦ ʧʝʨʰʠʤ ʩʧʦʩʦʙʦʤ ʧʦʙʫʜʦʚʠ 

ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʩʘʤʝ ʯʝʨʝʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ ʥʝ ʧʦʚʥʽʩʪʶ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʽʩʪʦʪʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʥʘʜʘʻ ʤʝʪʦʜ ʨʘʜʽʦʣʦʢʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʠ ʽ, ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʷʢʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʟʥʠʞʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʤ. 

ʋ ʦʩʥʦʚʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʧʦʢʣʘʜʝʥʦ ʨʦʟʤʽʱʝʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʟ 

ʜʘʣʴʥʽʩʪʶ ʜʽʾ ʜʦ 100 ʢʤ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʷʢʦʤʫ ʾʭ ʩʫʢʫʧʥʽʩʪʴ ʫʪʚʦʨʶʻ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ ʫ ʚʠʛʣʷʜʽ ʰʝʩʪʠʢʫʪʥʦʾ ʩʽʪʢʠ, ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʜʦʨʽʚʥʶʻ ʜʘʣʴʥʦʩʪʽ ʜʽʾ 

ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ (ʨʠʩ. 3.5, ʙ). ʅʘʟʚʝʤʦ ʡʦʛʦ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʚʘʛ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʦʙʦʭ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. 

     

 



 

 
 

41 
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ʈʠʩʫʥʦʢ 3.5 ï ʄʦʞʣʠʚʽ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞ ̔

 

ɿʙʽʣʴʰʝʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʧʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ         

(ʨʠʩ. 3.6, ʘ) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʠ ʥʠʞʥʴʦʾ ʤʝʞʽ ʩʫʮʽʣʴʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʷʚʣʝʥʥʶ ʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʚʢʣʶʯʘʶʯʠ ʥʝʙʝʟʧʝʯʥʽ, 

ʫʩʝʨʝʜʠʥʽ ʧʨʦʩʪʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʇʨʠ ʜʨʫʛʦʤʫ ʩʧʦʩʦʙʽ ʧʦʙʫʜʦʚʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʽ, ʦʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʟʦʥ, ʱʦ 

ʥʝ ʧʝʨʝʛʣʷʜʘʶʪʴʩʷ (ʤʝʨʪʚʠʭ), ʚʠʪʷʛʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ 

ʧʨʦʩʪʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɿ ʨʠʩ. 3.6, ʙ ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʤʝʨʪʚʦʾ 

ʟʦʥʠ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʟʙʣʠʞʝʥʥʽ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʽ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, 

ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʚʠʩʦʪʘ ʥʠʞʥʴʦʾ ʤʝʞʽ ʫʪʚʦʨʶʚʘʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʧʦʣʷ, ʱʦ ʽ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʪʷʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ. 3.6 ʣʝʛʢʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʟ 

[19] ʤʽʨʢʫʚʘʥʴ. ɺʚʘʞʘʶʯʠ, ʱʦ ʚʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.6 ʚʽʜʩʪʘʥʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ 

ʢʫʪʽ ʤʽʩʮʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ Ů = 0Á (ʪʦʙʪʦ ʥʘ ʨʽʚʥʽ ʨʘʜʽʦʛʦʨʠʟʦʥʪʫ), ʤʦʞʝʤʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʽʜʦʤʠʤ ʨʽʚʥʷʥʥʷʤ ʨʘʜʽʦʛʦʨʠʟʦʥʪʫ: 

 

( )ʘɿɻ 11,4 hHD +Ö=
,                                               (3.1) 
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ʜʝ Dɻ ï ʜʝ  ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʚ ʢʽʣʦʤʝʪʨʘʭ, Hɿ ï ʧʦʧʨʘʚʢʘ ʚʠʩʦʪʠ ʥʘ 

ʢʨʠʚʠʟʥʫ ɿʝʤʣʽ ʚ ʤʝʪʨʘʭ ʘʙʦ ʚʠʩʦʪʘ ʥʠʞʥʴʦʾ ʤʝʞʽ ʩʫʮʽʣʴʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ, hʘ ï ʚʠʩʦʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʮʝʥʪʨʫ ʘʥʪʝʥʠ ʚ ʤʝʪʨʘʭ. 
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ʈʠʩʫʥʦʢ 3.6 ï ɯʣʶʩʪʨʘʮʽʷ ʟʤʽʥʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʧʨʠ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ  

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (3.1) ʚʢʘʟʘʥʽ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʽ ʧʦʢʣʘʚʰʠ hʘ = 0, 

ʥʘʙʫʜʝʤʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʥʠʞʥʴʦʾ ʤʝʞʽ ʩʫʮʽʣʴʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ: 

 

16,9

2

ɻ
ɿ

D
H =

.                                                     (3.2) 

 

ɿʤʽʥʶʶʯʠ ʚʠʩʦʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʮʝʥʪʨʫ ʨʘʜʽʦʣʦʢʘʪʦʨʘ hʘ ʚ ʨʦʟʫʤʥʠʭ 

ʤʝʞʘʭ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʪʫ ʥʠʞʥʴʦʾ ʤʝʞʽ ʩʫʮʽʣʴʥʦʛʦ 
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ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ. 

ɿʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʠʭ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʧʨʠ ʧʝʨʰʦʤʫ 

ʩʧʦʩʦʙʽ ʧʦʙʫʜʦʚʠ ʪʘʢʦʞ ʟʙʽʣʴʰʫʶʪʴʩʷ ʨʦʟʤʽʨʠ ʜʽʣʷʥʦʢ ʚ ʨʘʡʦʥʘʭ 

ʟʘʪʽʥʶʚʘʥʥʷ ʧʝʨʝʰʢʦʜʘʤʠ (ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ ʢʫʪʽʚ ʟʘʢʨʠʪʪʷ) [20], ʱʦ 

ʧʦʨʦʜʞʫʻ ʟʦʥʠ, ʷʢʽ ʥʝ ʧʝʨʝʛʣʷʜʘʶʪʴʩʷ, ʚ ʷʢʠʭ ʥʝ ʚʠʷʚʣʷʶʪʴʩʷ ʦʙ'ʻʢʪʠ, 

ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ. ʅʘ ʨʠʩ. 3.7 ʥʝʩʢʣʘʜʥʦ ʧʦʙʘʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʤʝʨʪʚʦʾ ʟʦʥʠ ʟʘ 

ʨʘʭʫʥʦʢ ʥʘʙʣʠʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʟʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʽ, 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʟʤʝʥʰʝʥʥʷ ʦʙ'ʻʤʫ ʟʦʥʠ ʟʘʪʽʥʶʚʘʥʥʷ ʧʝʨʝʰʢʦʜʦʶ, ʪʦʙʪʦ 

ʷʢʱʦ ʨʘʜʽʦʣʦʢʘʪʦʨ 2 ʚʽʜʩʫʥʫʪʠ ʫʧʨʘʚʦ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʠʚʰʠ ʚʽʜʩʪʘʥʴ ʜʦ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘ 1, ʪʦ ʦʙ'ʻʤ ʤʝʨʪʚʦʾ ʟʦʥʠ ʟʨʦʩʪʝ (ʟʘʪʝʤʥʝʥʘ ʜʽʣʷʥʢʘ ʥʘ ʨʠʩ. 3.7), 

ʦʩʢʽʣʴʢʠ ʣʽʥʽʷ ʨʘʜʽʦʛʦʨʠʟʦʥʪʫ ʨʘʜʽʦʣʦʢʘʪʦʨʘ 2 ʚʽʜʜʘʣʷʪʠʤʝʪʴʩʷ ʚʽʜ 

ʧʝʨʝʰʢʦʜʠ. 

 

    

 

ʈʠʩʫʥʦʢ 3.7 ï ʽʣʶʩʪʨʘʮʽʷ ʤʝʨʪʚʦʾ ʟʦʥʠ 

 

ʅʘ ʟʙʽʣʴʰʝʥʠʭ ʚʽʜʩʪʘʥʷʭ ʧʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥʠ ʟʙʽʣʴʰʫʶʪʴʩʷ ʣʽʥʽʡʥʽ 

ʨʦʟʤʽʨʠ ʽʤʧʫʣʴʩʥʦʛʦ ʦʙ'ʻʤʫ, ʱʦ ʧʦʛʽʨʰʫʻ ʣʽʥʽʡʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʫʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ [20]. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʤʝʥʷ ʜʽʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥʠ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʧʨʠ ʤʝʥʰʽʡ ʡʦʛʦ ʜʘʣʴʥʦʩʪʽ ʜʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʱʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʫʩʝʨʝʜʠʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ (ʨʠʩ. 3.8). ʐʠʨʠʥʘ 

ʜʽʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥʠ ʥʘ ʨʠʩ. 3.8 ʚʚʘʞʘʻʪʴʩʷ ʨʽʚʥʦʶ 1 ʛʨʘʜʫʩʫ. 
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ʈʠʩʫʥʦʢ 3.8 ï ɯʣʶʩʪʨʘʮʽʷ ʟʤʽʥʠ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʽʤʧʫʣʴʩʥʦʛʦ ʦʙ'ʻʤʫ 

 

ɿʙʽʣʴʰʝʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʧʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ 

ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʟʥʠʞʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʩʪʘʥʝʪʴʩʷ ʽʩʪʦʪʥʘ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʧʨʦʩʪʽʨ ʥʘʚʢʦʣʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ, ʷʢʠʡ ʚʠʡʰʦʚ ʟ ʣʘʜʫ, ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ 

ʥʝ ʙʫʜʝ. ʇʨʠ ʜʨʫʛʦʤʫ ʩʧʦʩʦʙʽ ʟʘ ʨʘʭʫʥʦʢ ʱʽʣʴʥʽʰʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʟʦʥ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ 

ʤʝʨʝʞʽ ʧʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʯʘʩʪʠʥʠ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ [21]. ʅʘ ʨʠʩ. 3.9 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʩʢʦʨʦʯʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʟ 16 ʜʦ 8 ʜʣʷ ʧʝʨʰʦʛʦ (ʚʝʨʭʥʽʡ ʨʷʜʦʢ ʤʘʣʶʥʢʽʚ) ʽ ʜʨʫʛʦʛʦ (ʥʠʞʥʽʡ 

ʨʷʜʦʢ ʤʘʣʶʥʢʽʚ) ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ. ɿʣʽʚʘ ʥʘʧʨʘʚʦ ʚ ʢʦʞʥʽʡ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʘʨʽ ʤʘʣʶʥʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʥʘ 2 ʰʪʫʢʠ 

ʚ ʢʦʞʥʦʤʫ ʽʟ ʩʧʦʩʦʙʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦ ʦʙʦʭ ʧʨʘʚʠʭ ʨʠʩʫʥʢʘʭ ʢʦʞʥʦʛʦ ʽʟ ʩʧʦʩʦʙʽʚ ʜʦʙʨʝ ʚʠʜʥʦ, 

ʱʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʧʨʠ ʜʨʫʛʦʤʫ ʩʧʦʩʦʙʽ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʝʨʰʠʤ ʩʧʦʩʦʙʦʤ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ ʽʩʪʦʪʥʦ ʤʝʥʰʽʡ ʤʽʨʽ ʥʘʚʽʪʴ ʧʨʠ ʚʠʭʦʜʽ ʟ 

ʣʘʜʫ ʧʦʣʦʚʠʥʠ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʤʝʨʝʞʽ. 
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ʈʠʩʫʥʦʢ 3.9 ï ɯʣʶʩʪʨʘʮʽʷ ʩʪʽʡʢʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ  

 

ɿʙʽʣʴʰʝʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʘʜʽʦʣʦʢʘʪʦʨʘʤʠ ʧʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ 

ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʽ ʧʦʙʫʜʦʚʘ ʤʝʨʝʞʽ ʥʘ ʪʨʠʢʫʪʥʽʡ ʩʽʪʮʽ ʥʘ ʦʩʥʦʚʽ ʪʦʨʢʘʥʥʷ ʟʦʥ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʙʦ ʥʝʚʝʣʠʢʦʛʦ ʾʭ ʥʘʢʣʘʜʝʥʥʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʚʠʩʦʪʠ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʅɺɻ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʜʽʡʩʥʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʚ ʫʩʽʡ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʪʦʨʘ 

(ʨʠʩ. 3.10). ʇʨʦʮʝʜʫʨʘ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʪʨʠʚʘʣʦʶ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ 

ʧʨʦʧʫʩʢʫ ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʷʚʠʱʘ. ʇʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʩʢʘʥʫʚʘʥʥʷ, ʷʢ ʮʝ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʥʠʞʝʥʥʷ ʾʾ ʷʢʦʩʪʽ [22]. 

 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɯʣʶʩʪʨʘʮʽʷ ʩʢʘʥʫʚʘʥʥʷ ʫʩʽʻʾ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ  

 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞʽ ʟʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʢʦʞʥʠʤ ʟ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʦʛʣʷʜʫ ʧʨʦʩʪʦʨʫ ʧʽʜ 
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ʚʝʣʠʢʠʤʠ ʢʫʪʘʤʠ ʤʽʩʮʷ (ʨʠʩ. 3.11) ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʤʝʨʝʞʝʶ ʝʢʦʥʦʤʥʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʷ ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʚʠʪʨʠʤʫʶʪʴʩʷ ʯʘʩʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ʩʢʘʥʫʚʘʥʥʷ, ʪʦʤʫ ʱʦ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʫʚʘʪʠ ʜʦ 90Á ʢʫʪ 

ʤʽʩʮʷ ʜʽʘʛʨʘʤʠ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥʠ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʚʠʱʝ 26,6Á ʚʥʘʩʣʽʜʦʢ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʠʩʦʪʠ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʅɺɻ  ʚ 

ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʆ  ʜʽʘʛʨʘʤ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʩʫʩʽʜʥʽʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ. ɸ ʚʠʩʦʪʘ 

ʥʠʞʥʴʦʾ ʤʝʞʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ ʅʅɻ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ 

ʦʧʫʩʢʘʥʥʽ ʜʽʘʛʨʘʤ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʜʦ Ů = 0Á [23].  

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʝʢʦʥʦʤʥʠʤ 

ʚʠʪʨʘʯʘʥʥʷʤ ʝʥʝʨʛʽʾ ʟʦʥʜʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ  

 

ʈʠʩ. 3.12 ʽʣʶʩʪʨʫʻ ʩʪʨʫʢʪʫʨʫ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʧʨʦʩʪʦʨʫ, ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʚʘʥʝ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʧʦʣʝ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʻ ʧʨʦʩʪʽʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ʉʪʨʫʢʪʫʨʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʦʣʷ 
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ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞʽ ʟʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʜʘʣʴʥʽʩʪʴ ʜʽʾ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ 

ʟʤʝʥʰʝʥʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʧʨʦʩʪʽʨ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ. 

ɸ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ, ʷʢ 

ʥʘʩʣʽʜʢʠ, ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʥʠʞʫʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ ʜʽʾ 

ʥʘ ʣʶʜʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, ʱʦ ʜʣʷ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʻ ʬʘʢʪʦʤ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞʽ ʟʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʽʟ ʟʤʝʥʰʝʥʦʶ 

ʜʘʣʴʥʽʩʪʶ ʜʽʾ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʦʟʤʽʨʠ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ. ɿʚʽʜʢʠ ʷʚʥʦ ʚʠʪʽʢʘʻ, ʱʦ ʪʝʤʧ ʚʠʜʘʯʽ ʜʘʥʠʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʞʥʠʤ ʟ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ʽ ʤʝʨʝʞʝʶ ʚ ʮʽʣʦʤʫ ʤʦʞʝ ʙʫʪʠ ʘʙʦ 

ʟʙʽʣʴʰʝʥʠʡ, ʘʙʦ ʧʦʥʠʞʝʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

 

3.3   ɺʠʩʥʦʚʢʠ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ ʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʠʩʪʝʤʥʠʡ ʝʬʝʢʪ ʫ ʚʠʛʣʷʜʽ ʝʢʦʥʦʤʥʦʛʦ 

ʚʠʪʨʘʯʘʥʥʷ ʝʥʝʨʛʽʾ ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ ʧʦʣʝʤ ʧʨʦʩʪʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʧʦʜʽʙʥʦʤʫ ʩʪʚʦʨʝʥʥʽ ʤʝʨʝʞʽ ʧʨʘʢʪʠʯʥʦ 

ʟʥʠʢʘʻ ʧʦʥʷʪʪʷ ʨʘʜʽʦʛʦʨʠʟʦʥʪʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʧʣʠʚ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʽ ʟʥʠʞʫʻʪʴʩʷ ʜʽʷ ʦʧʘʜʽʚ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɿʤʝʥʰʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʜʘʣʴʥʦʩʪʽ ʜʽʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ 

ʧʦʢʨʘʱʫʻ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ ʽ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʽʤʧʫʣʴʩʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʟʤʝʥʰʠʪʴ 

ʥʝʙʝʟʧʝʢʫ ʤʝʨʝʞʽ ʜʣʷ ʣʶʜʠʥʠ, ʪʦʙʪʦ ʜʨʫʛʠʡ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ  ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʻ ʥʝ 

ʣʠʰʝ ʥʘʙʣʠʟʠʪʠ ʷʢʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʛʦ, ʘʣʝ ʽ ʦʩʣʘʙʠʪʠ 

ʦʙʤʝʞʝʥʥʷ, ʚʣʘʩʪʠʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʤʫ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 



 

 
 

48 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʠ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʠʪʴ ʚ ʧʦʚʥʽʰʽʡ ʤʽʨʽ 

ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ, 

ʦʩʣʘʙʠʪʠ ʦʙʤʝʞʝʥʥʷ, ʚʣʘʩʪʠʚʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʤʫ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʽʩʪʦʪʥʦ ʥʘʙʣʠʟʠʪʠ ʷʢʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦʛʦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




