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ʇɽʈɽɼʄʆɺɸ 

 
çʊʝʦʨʽ̫ ʭʤ̔ʢ̔ʦ-ʪʝʭʥʦʣʦʛʯ̔ʥʠʭ ʧʨʦʮʝʩ̔ʚ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥè 

 ̒ʜʠʩʮʠʧʣ̔ʥʦ ,ʁ ʢ̫ʘ ʙʘʟʫ̒ʪɹʩ̫ ʥʘ ʟʥʘʥʥ̫ʭ ʧʦʧʝʨʝʜʥ̔ʭ ʢʫʨʩ̔ʚ ï ʦʨʛʘʥ̔ ʯʥʦʾ ʪʘ 

ʬ̔ʟʠʯʥʦʾ ʭ̔ʤ̔ ,ʾ  ̔ ʩʪʘʥʦʚʠʪɹ ʦʩʥʦʚʫ ʜʣ̫ ʧʦʜʘʣʴʦhʛʦ ʚʠʚʯʝʥʥ̫ ʩʧʝʮ̔ʘʣʥɹʠʭ 

ʪʝʭʥʦʣʦʛ̔ ʯʥʠʭ ʜʠʩʮʠʧʣ̔ʥ. 

ʄʝʪʦ  ʁ ʢʫʨʩʫ  ̒ ʧʦʛʣʠʙʣʝʥʥ̫ ʟʥʘʥɹ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ  ̔ ʤʝʪʦʜ̔ʚ 

ʚʠʚʯʝʥʥ̫ ʨʝʘʢʮ̔ʡ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʢ̫̔ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹʩ ̫ ʚ 

ʧʨʦʮʝʩʘʭ ʦʨʛʘʥ̔ ʯʥʦʛʦ ʩʠʥʪʝʟʫ. 

ɼʘʥ̔ ʦɦʜʦ ʤʝʭʘʥ̔ʟʤʫ, ʢʥ̔ʝʪʠʢʠ  ̔ʢʘʪʘʣ̔ʟʫ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ ʤʘʁʪ ɹ ʢ̫ 

ʪʝʦʨʝʪʠʯʥʝ, ʪʘʢ  ̔ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥ̫: ʧʝʨ ʝh ʜʦʟʚʦʣ̫  ̒ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʢʦʥʠ 

ʦɦʜʦ ʢʝʨʫʚʘʥʥ̫ ʧʨʦʮʝʩʘʤʠ ʚʟʘ̒ʤʦʜ̔ʾ ʩʧʦʣʫʢ, ʚʩʪʘʥʦʚʣʝʥʥ̫ʤ ʟʚô̫ʟʢʫ ʤ̔ʞ 

ʙʫʜʦʚʦʁ  ʩʧʦʣʫʢ, ʧʨʠʨʦʜʦʁ  ʩʝʨʝʜʦʚʠɦ ʘ ʪʘ ʭʾ ʚʧʣʠʚ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʪʘ 

ʥʘʧʨ̫ʤ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥ̫ ʧʦʣ̫ʛʘ̒ ʚ ʤʦʞʣʠʚʦʩʪ̔ 

ʧʝʨʝʜʙʘʯʝʥʥ̫ ʥʘʧʨ̫ʤʫ ʧʦh ʫʢʫ ʢʨʘɦʠʭ ʰʣ̫ʭ̔ʚ ʧʨʦʚʝʜʝʥʥ̫ ʧʨʦʮʝʩʫ ʟʘ ʫʤʦʚ 

ʚʠʙʦʨʫ ʨʦʟʯʠʥʥʠʢʘ, ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʪʘ ʥ̔. ʂ̔ʥʝʪʠʢʘ ʜʦʟʚʦʣ̫  ̒ ʢ̔ʣɹʢ̔ʩʥʦ 

ʦʮ̔ʥ ʚʁʘʪʠ ʟʘʣʝʞʥ̔ʩʪɹ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʚ̔ʜ ʾʾ ʧʘʨʘʤʝʪʨ̔ʚ, ʦɦ  ̒ ʦʩʥʦʚʦʁ  

ʩʪʚʦʨʝʥʥ̫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ̔ ʨʝʘʢʮ̔ʾ, ʦʧʪʠʤ̔ʟʘʮ̔ʾ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ 

ʢʣ̔ʢɹ̔ʩʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʭ̔ʤ̔ʯʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʇʨʦʩʪ̔ ʭ̔ʤ̔ʯʥ̔ ʨʝʘʢʮ̔ ʾ ʤʘʡʞʝ ʥʝ ʤʘʁ ʪɹ ʤ̔ʩʮ̫ ʚ ʪʝʭʥʦʣʦʛ̔ ʾ ʦʨʛʘʥ̔ ʯʥʦʛʦ 

ʩʠʥʪʝʟʫ, ʘʣʝ ʟ ʧʨʦʩʪʠʭ ʩʢʣʘʜʘʁʪɹʩ̫ ʚʩ̔ ʩʢʣʘʜʥ̔ ʨʝʘʢʮ̔ʾ, ʪʦʤʫ ʨʝʪʝʣɹʥʦ 

ʚʠʚʯʘʁʪɹ ʩʘʤʝ ʧʨʦʩʪ̔ ʨʝʘʢʮ̔ ʾ. 

ʄʝʪʦʜʠ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ ʧʦʜ̔ʣ̫ ʪʁɹ ʥʘ ʭ̔ʤ̔ ʯʥ̔ 

(ʥʝʢ̔ʥʝʪʠʯʥ̔) ʪʘ ʢ̔ʥʝʪʠʯʥ̔. ʍ̔ʤ̔ ʯʥ̔ ʤʝʪʦʜʠ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ 

ʜʣ̫ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʙʫʜʦʚʠ ʦʨʛʘʥ̔ ʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʜʦʢʘʟʫ ʫʪʚʦʨʝʥʥ̫ 

ʧʨʦʤ̔ʞʥʠʭ ʧʨʦʜʫʢʪ̔ʚ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪɹ ʚʩ̔ ʚʠʜʠ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ  ̔ʩʧʝʢʪʨʘʣʥɹ̔ 

ʤʝʪʦʜʠ: ɯʏ-, ʉʌ-, ʗʄʈ-, ɽʇʈ-, ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧ̔ ʷ. ʂ̔ʥʝʪʠʯʥʝ ʜʦʩʣ̔ʜʞʝʥʥ̫ 

ʜʦʟʚʦʣ̫  ̒ ʚʠʨ̔h ʫʚʘʪʠ ʜʚ̔ ʛʦʣʦʚʥ̔ ʟʘʜʘʯ̔: ʚʠʟʥʘʯʝʥʥ̫ ʩʭʝʤʠ ʭ̔ʤ̔ ʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥɹ, ʘ ʩʘʤʝ ʧʦʩʣ̔ʜʦʚʥ̔ʩʪ ɹ ʤʘʢʨʦʩʪʘʜ̔ʡ ʫʪʚʦʨʝʥʥ̫ ʧʦʙ̔ʯʥʠʭ ʪʘ 

ʮ̔ʣʦɹʚʠʭ ʧʨʦʜʫʢʪ̔ʚ; ʚʩʪʘʥʦʚʣʝʥʥ̫ ʧʦʚʥʠʭ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʢʦʞʥʦʾ ʟ 

ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ, ʟ ̫ʢʠʭ ʩʢʣʘʜʘ̒ ʪʩɹ̫ ʚʩ̫ ʩʭʝʤʘ ʭ̔ʤ̔ʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ . 

ʗʢ ʥʘʩʣ̔ʜʦʢ ʟô̫ʚʣ̫ ʪ̒ɹʩ̫ ʤʦʞʣʠʚ̔ʩʪɹ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʩʥʦʚʢʚ̔ ʦɦʜʦ 

ʤʝʭʘʥ̔ʟʤʫ ʨʝʘʢʮ̔ ʾ (ʟ ʟʘʣʫʯʝʥʥ̫ʤ ʥ̔ ʠhʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟ ʨʝʘʢʮ̔ʡʥʦʾ 

ʟʜʘʪʥʦʩʪ̔ ʩʧʦʣʫʢ, ʩʪʝʨʝʦʭ̔ʤ̔  ʾ ʪʘ ʥ̔.) ʪʘ ʨ̔h ʝʥʥ̫ ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛ̔ ʯʥʠʭ 

ʟʘʜʘʯ ʧʦ ʨʦʟʨʘʭʫʥʢʫ ̔  ʦʧʪʠʤ̔ʟʘʮ̔ʾ ʧʨʦʮʝʩʫ. 
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1 ʂɯʅɽʊʀʂɸ ɯ ʄɽʍɸʅɯɿʄ ɻʆʄʆʃɯʊʀʏʅʀʍ ʊɸ 

ɻɽʊɽʈʆʃɯʊʀʏʅʀʍ ʈɽɸʂʎɯʁ ʆʈɻɸʅɯʏʅʆɻʆ ʉʀʅʊɽɿʋ, 

ʆʉʆɹʃʀɺʆʉʊɯ ʂɯʅɽʊʀʂʀ ʉʂʃɸɼʅʀʍ ʈɽɸʂʎɯʁ 

 

1.1 ʈʝʘʢʮ̔ ʾ ʝʣʝʢʪʨʦʬ̔ʣɹʥʦʛʦ ʟʘʤ̔ɦ ʝʥʥʷ 

 

ɺ ʦʨʛʘʥ̔ ʯʥʦʤʫ ʩʠʥʪʝʟ̔ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥ̫ ʤʘʁʪɹ ʨʝʘʢʮ̔ ʾ ʝʣʝʢʪʦʬ̔ʣʥɹʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʪʘʢʽ, ʷʢ ʧʨʠ̒ʜʥʘʥʥ̫ ʧʦ ʥʝʥʘʩʠʯʝʥʠʤ ʟʚô̫ʟʢʘʤ ʪʘ ʟʘʤ̔ ʝɦʥʥ̫ ʧʨʠ 

ʘʪʦʤ̔ ʚʫʛʣʝʮʁ  ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ. ʎʝ ʪʘʢ̔ ʚʘʞʣʠʚ̔ ʨʝʘʢʮ̔ ʾ ʢ̫ 

ʩʫʣɹʬʫʚʘʥʥ̫, ʥ̔ʪʨʫʚʘʥʥ̫, ʭʣʦʨʫʚʘʥʥ̫, ʘʣʢʣ̔ʫʚʘʥʥ̫ ʪʘ ʥ̔. 

ɸʨʦʤʘʪʠʯʥ̔ ʩʧʦʣʫʢʠ ʤʘʁʪɹ ʦʩʦʙʣʠʚʫ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ ʩʪʴ, ʢ̫ʘ 

ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʾʭ ʙʫʜʦʚʠ. ʆʩʦʙʣʠʚ̔ʩʪɹ ʘʨʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʦʣ̫ʛʘ̒ ʚ ʭʾʥ̔ʡ 

ʩʠʤʝʪʨ̔ʾ, ʩʪʘʙ̔ʣʥɹʦʩʪ̔ ʪʘ ʥʘʧʨ̫ʤʫ ʧʝʨʝʪʚʦʨʝʥɹ . ʃʠh ʝ ʚ̔ʜʢʨʠʪʪ̫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʦʨ̔ ʾ ʚʘʣʝʥʪʥʦʩʪ̔, ʬ̔ʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ʟʢʫ, 

ʧʦʥ̫ʪ ɹʤʝʟʦʤʝʨ̔ ʾ ʜʦʟʚʦʣʠʣʠ ʙʣ̔ʴʰ ʜʝʪʘʣʥɹʦ ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪ̔ ʩʪʨʫʢʪʫʨʠ 

ʪʘ ʨʝʘʢʮ̔ʡʥʦʾ ʟʜʘʪʥʦʩʪ̔ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʧʨʠ ʮʦɹʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʦʜʠ ʤʦʣʝʢʫʣ̫ʨʥʠʭ ʦʨʙ̔ʪʘʣʝʡ ʪʘ ʚʘʣʝʥʪʥʠʭ ʩʭʝʤ. ʈʝʟʫʣɹʪʘʪʦʤ ʩʪʘʚ 

ʨʦʟʨʘʭʫʥʦʢ ʤʝʟʦʤʝʨʥʦʾ ʘʙʦ ʨʝʟʦʥʘʥʩʥʦʾ ʝʥʝʨʛ̔ ʾ ʘʨʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, 

ʪʦʙʪʦ ʦʮ̔ʥʢʘ ʜʦʜʘʪʢʦʚʦʾ ʩʪʘʙʣ̔ʥɹʦʩʪ̔ ʩʧʦʣʫʢ, ʢ̫ʘ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʦɦ 

ʝʣʝʢʪʨʦʥʠ ʥʝ ʣʦʢʘʣ̔ʟʦʚʘʥ̔ ʚ ʪʨɹʦʭ ʩʪʘʪʠʯʥʠʭ ʧʦʜʚ̔ʡʥʠʭ ʟʚô̫ʟʢʘʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚ̔ʜʢʨʠʪʪ̫ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʦʨ̔ ʾ ʩʧʨʠ̫ʣʦ ʧʦ̫ʩʥʝʥʥ  ʁʟʤ̔ʥ ʚ ʭ̔ʤ̔ ʯʥʠʭ ʪʘ 

ʬ̔ʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪ̫ʭ ʟ̔ʦʤʝʨ̔ʚ ʙʝʥʟʝʥʫ ʪʘ ʡʦʛʦ ʛʦʤʦʣʦʛ̔ʚ, ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ 

ʟʘʤ̔ʩʥʠʢ̔ʚ, ʨʦʟʯʠʥʥʠʢʚ̔ ʪʘ ʥ̔ ʠhʭ ʬʘʢʪʦʨ̔ʚ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʚ ʮ̔ʣʦʤʫ. 

ʅʘ ʚ̔ʜʥʦʩʥʫ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʩʫʪʪ̒ʚʦ ʚʧʣʠʚʘ̒ ʦʙôʻʤ ʟʘʤ̔ʩʥʠʢʘ ʪʘ 

ʝʬʝʢʪ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘ̒ʤʦʜ̔ʾ ʟ ʨʝʘʢʮ̔ʡʥʠʤ ʮʝʥʪʨʦʤ ʩʧʦʣʫʢʠ. ɯʩʥʫ̒  

ʜʝʢ̔ʣʢɹʘ ʪʠʧ̔ʚ ʪʘʢʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ( ʥ̔ʜʫʢʪʠʚʥʠʡ, ʤʝʟʦʤʝʨʥʠʡ ʪʘ 

ʛ̔ʧʝʨʢʦʥôʁʛʘʮ̔ʾ), ʢ̫̔ ʚʧʣʠʚʘʁʪɹ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨ̫ʜʫ ʥʘ ʘʪʦʤ̔ 

ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʘ ʪʘ ʩʪʘʙ̔ʣʥɹ̔ʩʪɹ ʧʝʨʝʭ̔ʜʥʦʛʦ ʩʪʘʥʫ. 

ɯʥʜʫʢʪʠʚʥʠʡ ʚʧʣʠʚ ʟʘʤ̔ʩʥʠʢʘ ʜ̔̒  ʚʟʜʦʚʞ ů-ʟʚô̫ʟʢ̔ʚ ʤʦʣʝʢʫʣʠ (ʧʦ 

ʣʘʥʮ ʛʁʫ)  ̔ʰʚʠʜʢʦ ʟʤʝʥh ʫ̒ʪɹʩ̫ ʟ ʚ̔ʜʩʪʘʥʥ.ʁ ɿʘʣʝʞʥʦ ʚ̔ʜ ʟʜ̔ ʙʥʦʩʪ̔ ʟʘʤ̔ʩʥʠʢʘ 

ʚ̔ʜh ʪʦʚʭʫʚʘʪʠ ʘʙʦ ʧʨʠʪ̫ʛʫʚʘʪʠ ʝʣʝʢʪʨʦʥʠ ů-ʟʚô̫ʟʢʫ (ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʘʪʦʤʦʤ 

ʛ̔ʜʨʦʛʝʥʫ) ʚʦʥʠ ʤʦʞʫʪɹ ʧ̔ʜʚʠɦ ʫʚʘʪʠ ʝʣʝʢʪʨʦʥʥʫ ʱ̔ʣʥɹ̔ʩʪɹ ʥʘ ʨʝʘʢʮ̔ʡʥʦʤʫ 

ʘʪʦʤʫ (+ɯ), ʘʙʦ ʟʥʠʞʫʚʘʪʠ (-ɯ). 

ɽʬʝʢʪ ʩʧʦʣʫʯʝʥʥ̫ (ʤʝʟʦʤʝʨʥʠʡ) ʧʦʣ̫ʛʘ̒ ʫ ʚʟʘ̒ʤʦʜ̔ ʾ ʨ-ʝʣʝʢʪʨʦʥ̔ʚ 

ʚ̔ʣʥɹʦʾ ʨ-ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ ʧʨʠ ́-ʟʚô̫ʟʢʫ ʟʘʤ̔ʩʥʠʢʘ ʟ ʚ̔ʣʥɹʦʁ  ʦʨʙ̔ʪʘʣʣʶ ʘʙʦ 

ʨ-ʝʣʝʢʪʨʦʥʦʤ ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ: 

ʎʝʡ ʝʬʝʢʪ ʤʘ̒ ʤ̔ʩʮʝ ʣʠh ʝ ʧʨʠ ʨʦʟʪʘhʫʚʘʥʥ̔ ʚ̔ʜʧʦʚ̔ʜʥʠʭ ʘʪʦʤ̔ʚ ʚ 

ʦʜʥ̔ʡ ʧʣʦɦ ʠʥ̔, ʤʘʡʞʝ ʥʝ ʟʤʝʥ ʫh̒ʪɹʩ̫ ʟ ʚ̔ʜʩʪʘʥʥʁ  ʪʘ ʧʨʠʚʦʜʠʪɹ ʜʦ ʩʫʪʪ̒ ʚʦʛʦ 

ʧʝʨʝʨʦʟʧʦʜ̔ʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʱ̔ʣʥɹʦʩʪ̔ ʩʧʦʣʫʢʠ. ʇʨʠ ʩʧʦʣʫʯʝʥʥ̔ ʟ                               

ʨ-ʝʣʝʢʪʨʦʥʥʦʁ  ʧʘʨʦʁ  ʝʬʝʢʪ ʟʤʝʥh ʫ̒ʪɹʩ̫ ʟ̔ ʟʨʦʩʪʘʥʥ̫ʤ ʦʙôʻʤʫ ʘʪʦʤʘ 

ʟʘʤ̔ʩʥʠʢʘ (O> F> Cl ʪʘ ʥ̔.). 
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ʇ̔ ʜ ʛ̔ʧʝʨʢʦʥôʁʛʘʮ̔̒  ʁ (ʥʘʜʩʧʦʣʫʯʝʥʥ̫ʤ) ʨʦʟʫʤ̔ ʪʁɹ ,́ů-ʩʧʦʣʫʯʝʥʥ̫, 

ʟʠʩʢ ʢ̫ʦʛʦ ʫ ʚʟʘ̒ʤʦʜ̔ ʾ ʝʣʝʢʪʨʦʥ̔ʚ ů-ʟʚô̫ʟʢʫ ʟ ʥʝʟʘʧʦʚʥʝʥʦʁ  ʘʙʦ ʯʘʩʪʢʦʚʦ 

ʟʘʧʦʚʥʝʥʦʁ  ʨ-ʦʨʙ̔ʪʘʣʣʶ. ʅʘ̫ʚʥ̔h ʝ ʚʩɹʦʛʦ ʮʝʡ ʝʬʝʢʪ ʜ̔̒  ʫ ʚʠʧʘʜʢʫ ʪʨʦɹʭ ʉ-

ʅ-ʟʚô̫ʟʢ̔ʚ ʟ ʩʫʩ̔ ʜʥ̔ʤ ʟ ʨʝʘʢʮ̔ʡʥʠʤ ʮʝʥʪʨʦʤ ʘʪʦʤʦʤ ʚʫʛʣʝʮ .ʁ 

ʊʘʢ̔ ʚʟʘ̒ʤʦʜ̔ʾ ʩʫʪʪ̒ ʚʦ ʚʧʣʠʚʘʁʪɹ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʱ̔ʣʥɹ̔ʩʪ ɹ

ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ, ʘ ʪʦʤʫ ̔  ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʚ ʮ̔ʣʦʤʫ. 

ʈʝʘʢʮ̔ ʾ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚʚʘʞʘʁʪɹʩ̫ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥ̔ʚ (ʙʝʥʟʝʥʫ, ʥʘʬʪʘʣ̔ʥʫ ʪʘ ʭʾ 

ʟʘʤ̔ ʝɦʥʠʭ). ɺ ʢ̫ʦʩʪ̔ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʨʝʛʝʥʪʘ ʤʦʞʝ ʜ̔ ʪ̫ʠ ʢ̫ ʯʘʩʪʢʘ ʟ 

ʧʦʟʠʪʠʚʥʠʤ ʟʘʨ̫ʜʦʤ ʍ+, ʪʘʢ  ̔ ʥʝʡʪʨʘʣʥɹʘ ʤʦʣʝʢʫʣʘ, ʱʦ ʤʘ̒ ʟʥʠʞʝʥʫ 

ʝʣʝʢʪʨʦʥʥʫ ʱ̔ʣɹʥ̔ʩʪɹ ʥʘ ʘʪʦʤ̔, ʷʢʠʡ ʫʪʚʦʨʶʻ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ʟʦʢ ʟ ʘʪʦʤʦʤ 

ʚʫʛʣʝʮʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ ʢ̔ʣʮɹ̫, ʥʘʧʨʠʢʣʘʜ ʤʦʣʝʢʫʣʘ SO3 

 
ɺ̔ʜʧʦʚ̔ ʜʥʦ ʫ̫ʚʣʝʥʥ̫ ʤ, ʦɦ ʩʢʣʘʣʠʩ̫, ʨʝʘʢʮ̔ ʾ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ ʧʨʦʪ̔ʢʘʁʪ ɹ ʟ ʧʨʦʤ̔ʞʥʠʤ ʫʪʚʦʨʝʥʥ̫ʤ 

ʜʚʦʭ ʪʠʧ̔ʚ ʯʘʩʪʦʢ, ʢ̫̔ ʙʫʣʦ ʥʘʟʚʘʥʦ -́ʢʦʤʧʣʝʢʩ (1) ʪʘ ů-ʢʦʤʧʣʝʢʩ (2). ɺ ʭʦʜ̔ 

ʨʝʘʢʮ̔ʾ ʩʧʦʯʘʪʢʫ ʤʘ̒ ʤ̔ʩʮʝ ʚʟʘ̒ʤʦʜ̫̔  ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʨʝʘʛʝʥʪʫ ʟ 

ʜʝʣʦʢʘʣ̔ʟʦʚʘʥʠʤʠ ́-ʦʨʙ̔ʪʘʣ̫ʤʠ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ ʜʦ ʫʪʚʦʨʝʥʥ̫  ˊ-

ʢʦʤʧʣʝʢʩʫ, ʜʝ ʝʣʝʢʪʨʦʬ̔ʣ ʚ̔ʜ̔ʛʨʘ̒ ʨʦʣ ɹʘʢʮʝʧʪʦʨʘ -́ʝʣʝʢʪʨʦʥ̔ʚ  ̔ʫʪʨʠʤʫ̒ʪɹʩ ̫

ʟʘ ʨʘʭʫʥʦʢ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ʟ ʩʫʙʩʪʨʘʪʦʤ. ʎ̫  ʩʪʘʜ̫̔  

ʚʚʘʞʘ̒ʪʩɹ̫ ʰʚʠʜʢʦʁ  ʪʘ ʨ̔ʚʥʦʚʘʞʥʦʁ , ʘ ʪʦʤʫ ʥʝ ʤʘ̒ ʩʫʪʪ̒ʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʟʘʛʘʣʥɹʫ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ. ʅʘ ʜʨʫʛ̔ʡ ʩʪʘʜ̔ʾ ʧʨʦʮʝʩʫ -́ʢʦʤʧʣʝʢʩ 

ʧʝʨʝʪʚʦʨʶ̒ʪɹʩ̫ ʚ ů-ʢʦʤʧʣʝʢʩ ʟ ʜʦʩʠʪɹ ʥʠʟʢɹʦʁ  ʰʚʠʜʢ̔ʩʪʁ , ʦɦ ʜʦʟʚʦʣ̫  ̒

ʚʚʘʞʘʪʠ ʾʾ ʣ̔ʤ̔ʪʫʁʯʦ .ʁ 

ɿʛ̔ ʜʥʦ ʢ̔ʥʝʪʠʯʥʠʤ ʜʦʩʣ̔ʜʞʝʥʥ̫ʤ ʨʝʘʢʮ̔ʾ ʘʨʦʤʘʪʠʯʥʦʛʦ 

ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫  ̒ ʨʝʘʢʮ̫̔ʤʠ ʜʨʫʛʦʛʦ ʧʦʨ̫ ʜʢʫ, ʪʦʙʪʦ ʤʘʁ ʪɹ 

ʧʝʨh ʠʡ ʧʦʨ̫ʜʦʢ ʢ̫ ʧʦ ʘʨʦʤʘʪʠʯʥʦʤʫ ʩʫʙʩʪʨʘʪʫ, ʪʘʢ  ̔ʧʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʤʫ 

ʨʝʘʛʝʥʪʫ. ʅʘ ʮ̔ʡ ʧ̔ʜʩʪʘʚ̔ ʧʨʦʮʝʩ ʤʦʞʥʘ ʨʦʟʛʣ̫ʜʘʪʠ ʷʢ ʜʚʦʩʪʫʧ̔ʥʯʘʪʫ 

ʨʝʘʢʮ̔ʁ  ʧʨʠ̒ʜʥʘʥʥ̫-ʚ̔ ʜɦ̔ʧʣʝʥʥ̫: 
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ʜʝ k1, k2, k-1 ï ʢʦʥʩʪʘʥʪʠ hʚʠʜʢʦʩʪ̔ ; 

ɺ ï ʣʫʛʘ ʘʙʦ ʨʦʟʯʠʥʥʠʢ 

ʊʘʢʠʡ ʥʘʧʨ̫ʤ ʨʝʘʢʮ̔ ʾ  ̒ ʪʠʧʦʚʠʤ ʜʣ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʦɦ 

ʦʙʫʤʦʚʣʝʥʦ ʟʥʘʯʥʦ ʙ̔ʣʴhʦʁ  ʝʥʝʨʛʝʪʠʯʥʦ ʁ ʩʪʘʙʣ̔ʥɹ̔ʩʪʁ  ʩʘʤʝ ʘʨʦʤʘʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʚ̔ʜʥʦʩʥʦ ʧʦʭ̔ ʜʥʠʭ ʜʠʛ̔ ʜʨʦʙʝʥʟʝʥʫ. ʇʨʦʤ̔ʞʥʠʡ ů-ʢʦʤʧʣʝʢʩ ʤʘ̒ ʥʘʟʚʫ 

ʢʘʪ̔ʦʥ ʢʘʨʙʝʥ̔ ʷ, ʘʙʦ ʘʨʝʥ̔̒ ʚʠʡ ʦ̔ʥ. ʎ̫  ʯʘʩʪʢʘ ʜʡ̔ʩʥʦ  ̒ʧʨʦʤ̔ʞʥʦʁ  ʩʧʦʣʫʢʦʁ , 

ʘ ʥʝ ʧʨʦʤ̔ʞʥʠʤ ʩʪʘʥʦʤ, ʦɦ ʜʦʚʝʜʝʥʦ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʤʝʪʦʜʦʤ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧ̔ ʾ ʪʘ ʤʦʞʣʠʚ̔ʩʪʁ  ʽʾ ʚʠʜ̔ʣʝʥʥ̫ ʫ ʚʠʧʘʜʢʫ ʜʦʜʘʪʢʦʚʦʾ 

ʩʪʘʙ̔ʣ̔ʟʘʮ̔ʾ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ, ʥʘʧʨʠʢʣʘʜ 

 
ʉʪ̔ʡʢ̔ʩʪɹ ʢʘʪ̔ʦʥ̔ʚ ʢʘʨʙʝʥ̔ʁ  ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʪʠʤ, ʱʦ ʘʪʦʤ ʛ̔ʜʨʦʛʝʥʫ 

ʙ̔ʣ̫ ʘʪʦʤʫ ʚʫʛʣʝʮʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʣ̔ʮɹ̫ ʟ sp3ï ʛ̔ʙʨʠʜʠʟʘʮ̔̒  ʁ ʟʘʤ̔ ʫɦ̒ʪɹʩ̫ 
ʛʨʫʧʦʁ  ʉʅ3, ʘ ʚ̔ʜɦ ʝʧʣʝʥʥ̫ ʾʾ ʧʨʦʭʦʜʠʪɹ ʟʥʘʯʥʦ ʧʦʚ̔ʣʥɹh̔ ʝ ʥ̔ʞ ʧʨʦʪʦʥʫ. 

ʇʨʠ ʨʦʟʛʣ̫ ʜʘʥʥ̔ ʢʥ̔ʝʪʠʢʠ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʥʝ 

ʙʝʨʝʤʦ ʜʦ ʫʚʘʛʠ ʚhʠʜʢʫ ʨ̔ʚʥʦʚʘʞʥʫ ʩʪʘʜ̔ʁ  ʫʪʚʦʨʝʥʥ̫ -́ʢʦʤʧʣʝʢʩʫ, ʪʦʤʫ 

ʛʦʣʦʚʥ̔ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚ̔ʜʦʙʨʘʟʠʪʠ ʩʭʝʤʦ ʁ

 

(1.6) 

 

ů-ʂʦʤʧʣʝʢʩ ʤʘ̒ ʜʦʩʠʪɹ ʚʝʣʠʢʫ ʝʥʝʨʛ̔ʁ   ̔ʪʦʤʫ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʚ 

ʩʠʩʪʝʤ̔ ʥʝʟʥʘʯʥʘ. ʎʝ ʦʟʥʘʯʘ̒, ʱʦ k-1 ʪʘ k1 ʜʦʩʠʪɹ ʚʝʣʠʢ̔  ̔ʜʦ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʧʨʠʥʮʠʧ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 

 

 
ʐʚʠʜʢ̔ʩʪɹ ʫʪʚʦʨʝʥʥ̫ Ar+HX (ů-ʢʦʤʧʣʝʢʩʫ) ʪʘ ʚhʠʜʢ̔ʩʪɹ ʡʦʛʦ 

ʚʠʪʨʘʯʘʥʥ ̫ʚʠʟʥʘʯʘʁʪɹ ʟʘ ʚ̔ʜʧʦʚ̔ʜʥʠʤʠ ʨ̔ʚʥ̫ʥʥ̫ʤʠ 
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ɺʠʨ̔h ʫʁ ʯʠ ʮ̔ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʪʘʮ̔ʦʥʘʨʥʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ    

ů-ʢʦʧʣʝʢʩʫ, ʘ ʧʦʪ̔ʤ ʚhʠʜʢ̔ʩʪɹ ʫʪʚʦʨʝʥʥ̫ ʧʨʦʜʫʢʪʫ. 

 
ʜʝ [ArH], [X+], [B], [Ar+HX], [ArX] ï ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʚ̔ ʜʧʦʚ̔ ʜʥʦ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, ʝʣʝʢʪʨʦʬ̔ʣʫ, ʣʫʛʠ, ʧʨʦʤ̔ʞʥʦʾ ʩʧʦʣʫʢʠ ʪʘ ʧʨʦʜʫʢʪʫ 

ʨʝʘʢʮ̔ ʾ. 

ɸʥʘʣ̔ʟ ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʧʦʢʘʟʫ̒ ʤʦʞʣʠʚ̔ʩʪɹ ʩ̔ʥʫʚʘʥʥ̫ ʜʚʦʭ 

ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢ̔ʚ: 

ï ʢ̫ɦ ʦ ʚ̔ʜɦ ʝʧʣʝʥʥ̫ ʧʨʦʪʦʥʘ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʥʘʙʘʛʘʪʦ ʩʢʦʨ̔hʝ ʨʦʟʧʘʜʫ 

ů-ʢʦʤʧʣʝʢʩʫ ʧʨʠ k2[B]>>k1  ̔ k2[B]>>k--1, ʪʦ ʟʥʘʯʝʥʥ̫ k--1 ʚ ʟʥʘʤʝʥʥʠʢʫ 

ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʣʠʚʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʦʟʚʦʣ̫  ̒ʟʘʧʠʩʘʪʠ ʡʦʛʦ 

ʫ ʚʠʛʣ̫ʜ̔ 

 

V=k1[ArH][X+] (1.12) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʟʘʣʝʞʠʪ ɹ ʚ̔ʜ 

ʧʝʨh ʦʾ ʩʪʘʜ̔ʾ ï ʧʨʠ̒ʜʥʘʥʥ̫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʨʝʘʛʝʥʪʫ ʪʘ ʥʝ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʣʫʛʠ, ʨʝʘʢʮ̔ ʷ ʤʘ̒ ʩʫʤʘʨʥʠʡ ʜʨʫʛʠʡ ʧʦʨ̫ʜʦʢ. ʎʝ ʥʘʡʙ̔ʣʴʰ 

ʪʠʧʦʚʠʡ ʚʠʧʘʜʦʢ ʘʨʦʤʘʪʠʯʥʦʛʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫; 

ï ʧʨʠ ʧʨʦʪʠʣʝʞʥʦʤʫ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̔ ʚhʠʜʢʦʩʪʝʡ ʨʝʘʢʮ̔ʡ 

ʨʦʟʧʘʜʫ ů-ʢʦʤʧʣʝʢʩʫ ʪʘ ʚ̔ʜɦ ʧ̔ʣʝʥʥ̫ ʧʨʦʪʦʥʘ k--1>>k1  ̔k--1>[B] ʚ ʟʥʘʤʝʥʥʠʢʫ 

ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥ̫ k2[B]. ɺ ʮɹʦʤʫ 

ʚʠʧʘʜʢʫ ʦʪʨʠʤʫ̒ ʤʦ ʨ̔ʚʥ̫ʥʥ̫, ʢ̫ʝ ʩʚ̔ ʜʯʠʪ,ɹ ʱʦ ʢʦʣʠ ʣʫʛ ɺ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʩɹ̫ ʟ ʚʝʣʠʢʠʤ ʥʘʜʣʠ ʢhʦʤ, ʪʦ ʨʝʘʢʮ̔ ʷ ʤʘ̒ ʪʨʝʪ̔ʡ ʧʦʨ̫ʜʦʢ 

 
ʇʨʠ ʮʦɹʤʫ ʩʪʘʜ̔ ʷ ʚ̔ʜɦ ʝʧʣʝʥʥ̫ ʧʨʦʪʦʥʘ ʪʘʢʦʞ ʚʧʣʠʚʘ̒ ʥʘ 

ʟʘʛʘʣʥɹʫ hʚʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ. 
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ʈʦʟʛʣ̫ʥʫʪ̔ ʢ̔ʥʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʭʘʨʘʢʪʝʨʠʟʫʁ ʪɹ ʟʘʛʘʣɹʥʠʡ 

ʤʝʭʘʥ̔ʟʤ ʨʝʘʢʮ̔ʡ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. ɼʝʪʘʣʥɹʝ ʚʠʚʯʝʥʥ̫ ʭ̔ʤ̔ʯʥʠʭ 
ʨʝʘʢʮ̔ʡ ʜʦʚʦʜʠʪɹ ʙ̔ʣʴʰ ʩʢʣʘʜʥ̔ ʢʥ̔ʝʪʠʯʥ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔, ʙʦ ʤʘ̒ ʤ̔ʩʮʝ 
ʚʧʣʠʚ ʩʪʘʜ̔ʡ ʫʪʚʦʨʝʥʥ̫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʠʭ ʯʘʩʪʦʢ ʜʣ̫ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʨʝʘʢʮ̔ʾ, 
ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʩʫʣɹ ʬʫʚʘʥʥ̔, ʥ̔ʪʨʫʚʘʥʥ̔ ʪʘ ʥ̔h ʠʭ. 

 

1.1.1 ʇʨʦʮʝʩʠ ʥ̔ʪʨʫʚʘʥʥ̫ 

ʅ̔ʪʨʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟʜ̔ʡʩʥʁ ʪ̒ɹʩ̫ ʧʨʠ ʜ̔ʾ ʥ̔ʪʨʫʁʯʦʾ 

ʩʫʤ̔ʰ̔  ̔ʧʨʦʭʦʜʠʪɹ ʯʝʨʝʟ ʜʝʢ̔ʣʢɹʘ ʩʪʘʜ̔ʡ, ʧʨʠ ʮʦɹʤʫ ʘʢʪʠʚʥʦʁ  ʯʘʩʪʢʦʁ   ̒ʥʝ 

ʤʦʣʝʢʫʣʘ ʥ̔ʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʘ ʧʨʦʜʫʢʪ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʚ ʘʢʪʠʚʥʫ ʧʦʟʠʪʠʚʥʫ 

ʯʘʩʪʢʫ ï ʥ̔ʪʨʦʥ̔ʡ ʢʘʪ̔ʦʥ, ʢ̫ʘ ʫʪʚʦʨʁ ʪ̒ɹʩ ̫ ʧʨʠ ʨʦʟʧʘʜ̔ ʧʨʦʪʦʥʦʚʘʥʦʾ 

ʥ̔ʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ. 

 

HNO3 + H2SO4 Ÿ HOSO2ONO2 + H2O (1.14) 
 

HNO3 + H2SO4 Ґ H2NO3
+ + HSO4

ï (1.15) 
 

H2NO3
+ Ґ NO2

+ + H2O (1.16) 
 

H2SO4 + H2O Ґ H3O
+ + HSO4

ï (1.17) 
 

HNO3 + 2 H2SO4 Ґ NO2
+ + H3O

+ + 2 H2SO4 (1.18) 

 

ʋʪʚʦʨʝʥʥ̫ ʥ̔ʪʨʦʥ̔ʡ ʢʘʪ̔ʦʥʫ ʜʦʚʝʜʝʥʦ ʬ̔ʟʠʢʦ-ʭ̔ʤ̔ʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
ʂʦʥʮʝʥʪʨʘʮ̔ ʷ ʘʢʪʠʚʥʦʾ ʯʘʩʪʢʠ ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʩʠʩʪʝʤ̔ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 

ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ ʢʦʤʧʦʥʝʥʪ̔ʚ ʥ̔ʪʨʫʁʯʦʾ ʩʫʤ̔ʰ̔. 

ʐʚʠʜʢ̔ʩʪɹ ʚʟʘ̒ʤʦʜ̔ʾ ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟ ʦ̔ʥʦʤ 

ʥ̔ʪʨʦʥ̔ ʷ ʯʘʩʪʦ ʩʫʪʪ̒ ʚʦ ʧʝʨʝʚʠɦ ʫ̒ ʰʚʠʜʢ̔ʩʪɹ ʫʪʚʦʨʝʥʥ̫ ʥ̔ʪʨʦʥ̔ʡ ʢʘʪ̔ʦʥʘ  ̔ʚ 

ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʨʦʜʘ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ ʪʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʥʝ ʚʧʣʠʚʘʁʪ ɹ

ʥʘ ʟʘʛʘʣʥɹʫ ʚhʠʜʢ̔ʩʪɹ ʧʨʦʮʝʩʘ ʥ̔ʪʨʫʚʘʥʥ̫. ɼʣ̫ ʙ̔ʣʴhʦʩʪ̔ ʩʧʦʣʫʢ ʧʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʥ̔ʪʨʫʚʘʥʥ̫ ʤʘ̒ ʢʥ̔ʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ 

 

Vo Ə k[ArH] [HNO3] (1.19) 

 

ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪ̔ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʚʦʜʠ 
ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʤʘʩ̔, ʦɦ ʧʦʚô̫ʟʫʁ ʪɹ ʟ̔ ʟʤ̔ʥʦʁ  ʢʠʩʣʦʪʥʦʩʪ̔ ʩʝʨʝʜʦʚʠɦ ʘ ʪʘ 
ʟʤ̔ ʝɦʥʥʁ ʨ̔ʚʥʦʚʘʛʠ ʧʨʠ ʫʪʚʦʨʝʥʥ̔ ʥ̔ʪʨʦʥ̔ʡ ʢʘʪ̔ʦʥʫ. 

ʊʘʢ, ʢ̫ɦ ʦ ʨʝʘʢʮ̔ʡʥʘ ʤʘʩʘ ʤ̔ʩʪʠʪɹ 5-8 % ʚʦʜʠ, ʪʦʙʪʦ ʢʦʣʠ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʥ̔ʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʩʪʘʥʦʚʠʪɹ 92-95 %, ʪʦ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʥ̔ʪʨʦʥ̔ʡ 

ʢʘʪ̔ʦʥʘ ʧʨʘʢʪʠʯʥʦ ʜʦʨ̔ʚʥʁ̒  ʥʫʣ̫. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʜʦʩʠʪɹ ʚʠʩʦʢ̔ʡ 

ʢʠʩʣʦʪʥʦʩʪ̔ ʩʝʨʝʜʦʚʠ ʘɦ, ʢʦʣʠ ʥ̔ʪʨʘʪʥʘ ʢʠʩʣʦʪʘ ʫ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʧʝʨʝʪʚʦʨʝʥʘ 

ʫ ʥ̔ʪʨʦʥ̔ʡ ʢʘʪ̔ʦʥ, ʰʚʠʜʢ̔ʩʪɹ ʥ̔ʪʨʫʚʘʥʥ̫ ʩʫʪʪ̒ʚʦ ʟʥʠʞʫ̒ʪɹʩ̫ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʨʦʪʦʥʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ, ʢ̫ʘ ʥʝ ʟʜ̔ ʙʥʘ ʨʝʘʛʫʚʘʪʠ ʟʘ ʤʝʭʘʥ̔ʟʤʦʤ 

ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. 
 
1.1.2 ʇʨʦʮʝʩʠ ʩʫʣɹʬʫʚʘʥʥʷ 

ʎʝ ʦʜʥʘ ʟ ʚʘʞʣʠʚ̔h ʠʭ ʨʝʘʢʮ̔ʡ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʧʨʦʮʝʩʘʭ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʜʝ ʛ̔ ʜʨʦʛʝʥ ʟʘʤ̔ ʫɦ̒ʪɹʩ̫ ʩʫʣʬɹʦʛʨʫʧʦʶ ʟ 

ʫʪʚʦʨʝʥʥ̫ʤ ʘʨʦʤʘʪʠʯʥʠʭ ʩʫʣɹʬʦʢʠʩʣʦʪ. ʉʫʣɹ ʬʫʁʯʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʚʠʩʪʫʧʘʁʪ ɹʢʦʥʮʝʥʪʨʦʚʘʥʘ ʩʫʣɹ ʬʘʪʥʘ ʢʠʩʣʦʪʘ, ʦʣʝʫʤ, ʭʣʦʨʩʫʣʬɹʘʪʥʘ ʢʠʩʣʦʪʘ 

ʪʘ ʥ̔. ʊʘ ʯʘʩʪ̔h ʝ ʜʣ̫ ʩʫʣɹ ʬʫʚʘʥʥ̫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʩʫʣɹʬʘʪʥʫ ʢʠʩʣʦʪʫ. 

ɺ ʢʦʥʮʝʥʪʨʦʚʘʥ̔ʡ ʩʫʣɹ ʬʘʪʥ̔ʡ ʢʠʩʣʦʪ̔ ʧʨʦʪ̔ʢʘ̒ ʦ̔ʥ̔ʟʘʮ̔ ʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʩʭʝʤʦ  ʁ
 

2 H2SO4 ҐH2O
+ïSO2OH + HSO4

ï (1.20) 
 

H2O
+ïSO2OH Ґ H2O + S+O2OH Ґ H3O

+ + SO3 (1.21) 

 
ʊʝʦʨʝʪʠʯʥʦ ʫʪʚʦʨʁ ʪ̒ɹʩ̫ ʥʘʙʘʛʘʪʦ ʙ̔ʣʴhʝ ʧʦʟʠʪʠʚʥʠʭ ʯʘʩʪʦʢ, ʘʣʝ 

ʚʚʘʞʘʁʪɹ, ɦ ʦ ʛʦʣʦʚʥʫ ʨʦʣ ɹʚ̔ʜ̔ʛʨʘʁʪ ɹʜʚ̔ ï SO3 ʪʘ H
+SO3. 

ʆʩʦʙʣʠʚʩ̔ʪʁ  ʩʫʣɹ ʬʫʚʘʥʥ̫  ̒ʟʥʘʯʥʘ ʟʚʦʨʦʪʥ̔ʩʪɹ ʨʝʘʢʮ̔ʾ 

 

 
 

ɿ ʮ̔̒  ʾʧʨʠʯʠʥʠ ʦʪʨʠʤʘʥ̔ ʩʫʣɹ ʬʦʢʠʩʣʦʪʠ ʟʜʘʪʥ̔ ʜʦ ʛ̔ ʜʨʦʣ̔ʟʫ ʧ̔ ʜ ʜ̔̒ ʶ 

ʚʦʜʠ ʘʙʦ ʧʘʨʠ ʟ ʨʝʛʝʥʝʨʘʮ̔̒  ʁʘʨʦʤʘʪʠʯʥʠʭ ʩʫʙʩʪʨʘʪ̔ʚ. ʂʨ̔ʤ ʮɹʦʛʦ ʤʦʞʣʠʚʘ 

ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥʘ ʟ̔ʦʤʝʨʠʟʘʮ̔ ʷ ʩʫʣɹʬʦʢʠʩʣʦʪ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʙʣ̔ʴʰ ʩʪʘʙʣ̔ʥɹʦʛʦ, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤ̔ʢʠ, ʟ̔ʦʤʝʨʫ. 
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ʊʝ, ʦɦ ʤʝʭʘʥ̔ʟʤ ʟ̔ʦʤʝʨ̔ʟʘʮ̔ ʾ  ̒ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥʠʤ ʜʦʚʝʜʝʥʦ ʟ̔ʦʪʦʧʥʠʤ 

ʦʙʤ̔ʥʦʤ ʤ̔ʯʝʥʦʾ ʩʫʣɹʬʦʛʨʫʧʠ ʟ ʩʫʣɹ ʬʘʪʥʦʁ  ʢʠʩʣʦʪʦʁ . ɺʝʣʠʢʠʡ ʢ̔ʥʝʪʠʯʥʠʡ 

ʟ̔ʦʪʦʧʥʠʡ ʝʬʝʢʪ ʚ ʧʨʦʮʝʩʽ ʩʫʣʬɹʫʚʘʥʥ̫ ʚʢʘʟʫ̒ ʥʘ ʚʘʞʢʩ̔ʪɹ ʚ̔ʜʨʠʚʫ ʧʨʦʪʦʥʘ 

ʚ̔ʜ ů-ʢʦʤʧʣʝʢʩʫ, ʦɦ ʡʤʦʚ̔ʨʥʦ ʧʦʚ' ʟ̫ʘʥʦ ʟ ʥʝʦʙʭ̔ ʜʥ̔ʩʪʁ  ʨʦʟʧʦʜ̔ʣʫ ʜʚʦʭ 

ʧʨʦʪʠʣʝʞʥʦ ʟʘʨ̫ ʜʞʝʥʠʭ ʯʘʩʪʦʢ (ArSO2O
ï  ̔ H+). ʇʨʠ ʩʫʣʬɹʫʚʘʥʥ̔ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʚ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʜʚ̔ ʤʦʣʝʢʫʣʠ 

SO3, ʦʜʥʘ  ̒ ʩʫʣʬɹʫʁʯʦʁ  ʯʘʩʪʢʦʁ , ʘ ʜʨʫʛʘ ʚʠʢʦʥʫ̒ ʨʦʣ ɹ ʣʫʛʠ  ̔ ʚhʠʜʢ̔ʩʪɹ 

ʨʝʘʢʮ̔ʾ ʤʘ̒ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʪʨʝʪɹʦʛʦ ʧʦʨ̫ʜʢʘ 

V Ə k [ArH] [SO3]
2 (1.25) 

 

ʅʘʚ̫ʥ̔ʩʪɹ ʚʦʜʠ ʚ ʩʠʩʪʝʤ̔ ʛʘʣɹʤʫ̒ ʧʨʦʮʝʩ ʩʫʣʬɹʫʚʘʥʥ̫: ʚhʠʜʢ̔ʩʪɹ ʨʝ-

ʘʢʮ̔ ʾ ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʚʦʜʠ ʚ ʩʪʫʧʝʥ  ʁ ñï2ò. ʎʝ ʧʦʚ'̫ʟʫʁ ʪɹ ʟ̔ 

ʟʤ̔ ʝɦʥʥ̫ʤ ʨ̔ʚʥʦʚʘʛʠ ʧʨʠ ʫʪʚʦʨʝʥʥ̔ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʾ ʯʘʩʪʢʠ. ɺ ʟʘʛʘʣʥɹʦʤʫ 

ʚʠʜ̔ ʮʝʡ ʬʘʢʪ ʧʦ̫ʩʥʶʁʪɹ ʟʥʠʞʝʥʥ̫ʤ ʢʠʩʣʦʪʥʦʩʪ̔ ʩʝʨʝʜʦʚʠ ʘɦ ʧʦ ʘʥʘʣʦʛ̔ʾ ʟ 

ʥ̔ʪʨʫʚʘʥʥ̫ʤ. 
 

1.1.3 ʇʨʦʮʝʩʠ ʛʘʣʦʛʝʥʫʚʘʥʥ̫ 

ɻʘʣʦʛʝʥʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟʘ ʚ̔ʜʩʫʪʥʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʘ 

ʧʨʦʪ̔ʢʘ̒ ʜʫʞʝ ʧʦʚ̔ʣʥɹʦ  ̔ ʤʘ̒ ʜʦʚʦʣ̔ ʥʠʟʢɹʫ ʝʥʝʨʛ̔ʁ  ʘʢʪʠʚʘʮ̔ ʾ 

ʙʣʠʟʢɹʦ 200 ɼʞ/ʤʦʣɹ. ʇʨʠʩʫʪʥ̔ʩʪɹ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʟʥʘʯʥʦ ʧ̔ʜʚʠɦ ʫ̒ ʚhʠʜʢ̔ʩʪɹ 

ʧʨʦʮʝʩʫ. ɿʘʟʚʠʯʘʡ ʛʘʣʦʛʝʥʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟʜ̔ʡʩʥʶʪ̒ɹʩ̫ ʧʨʠ ʜʽʾ 

ʚ̔ʣʥɹʦʛʦ ʛʘʣʦʛʝʥʫ ʘʙʦ ʛ̔ʧʦʛʘʣʦʛʝʥ̔ʜʫ. 

ʇʨʠ ʛʘʣʦʛʝʥʫʚʘʥʥ̔ ʛ̔ʧʦʛʘʣʦʛʝʥ̔ʜʘʤʠ ʚ ʢ̫ʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʧʨʦʪʦʥʥ̔ ʢʠʩʣʦʪʠ, ʧʨʠ ʮɹʦʤʫ ʘʢʪʠʚʥʘ ʧʦʟʠʪʠʚʥʘ ʯʘʩʪʢʘ, ʢ̫ʘ 

ʘʪʘʢʫ̒  ʘʨʦʤʘʪʠʯʥʠʡ ʩʫʙʩʪʨʘʪ, ʫʪʚʦʨʁ ʪ̒ʩɹ̫ ʟʛ̔ʜʥʦ ʨʝʘʢʮ̔ ʾ 

 

HOCl + H3O
+ Ґ H2O

+Cl + ʅ2ʆ Ґ ʅ2ʆ + Cl+ (1.26) 

 

ʗʢɦ ʦ ʘʨʦʤʘʪʠʯʥʘ ʩʧʦʣʫʢʘ  ̒ ʜʫʞʝ ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʦʁ , ʪʦ ʩʘʤʝ ʮ̫ 

ʨʝʘʢʮ̔ ʷ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʧʨʦʮʝʩʫ ʚ ʮ̔ʣʦʤʫ  ̔ʥʝ ʟʘʣʝʞʘʪʠʤʝ ʚ̔ ʜ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʪʘ ʧʨʠʨʦʜʠ ʚʫʛʣʝʚʦʜʥʁ . 

ɸʣʝ ʜʣ̫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩ̔ʚ ʙ̔ʣɹ  h ʪʠʧʦʚʠʤ  ̒ ʚʠʢʦʨʠʩʪʘʥʥ̫ 

ʚ̔ʣʥɹʦʛʦ ʛʘʣʦʛʝʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʫ ï ʘʧʨʦʪʦʥʥʦʾ ʢʠʩʣʦʪʠ 

(FeCl3, AlCl3, SnCl4). ʄʝʭʘʥ̔ʟʤ ʜ̔ʾ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʤʘ̒ ʜʚʘ ʧʦ̫ʩʥʝʥʥ̫. ʇʦ-ʧʝʨh ʝ, 

ʤʦʞʣʠʚʦ, ʦɦ ʥʘ ʧʝʨh ʡ̔ ʩʪʘʜʽʾ ʩʧʦʯʘʪʢʫ ʫʪʚʦʨʁ ʪ̒ʩɹ̫ ʢʦʤʧʣʝʢʩ ʛʘʣʦʛʝʥʫ ʟ 

ʢʘʪʘʣ̔ʟʘʪʦʨʦʤ, ʚ ʢ̫ʦʤʫ ʚ̔ʜʙʫʚʘ̒ ʪɹʩ̫ ʧʦʣ̫ʨʠʟʘʮ̔ ʷ ʟʚ' ʟ̫ʢ̔ʚ  ̔ ʧʦʜʘʣʴhʘ 

ʦ̔ʥ̔ʟʘʮ̔ ʷ: 
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ʇʦ-ʜʨʫʛʝ, ʤʦʞʣʠʚʦ ʩʧʦʯʘʪʢʫ ʚhʠʜʢʦ ʫʪʚʦʨʁ ʪ̒ʩɹ̫ -́ʢʦʤʧʣʝʢʩ 

ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ ʟ ʤʦʣʝʢʫʣʦʁ  ʛʘʣʦʛʝʥʫ, ʧʦʜʘʣʴʰ̔ʡ ʧʦʣ̫ʨʠʟʘʮ̔ʾ ʢ̫ʦʛʦ  ̔

ʧʝʨʝʭʦʜʫ ʫ ů-ʢʦʤʧʣʝʢʩ ʩʧʨʠ̫  ̒ʘʧʨʦʪʦʥʥʘ ʢʠʩʣʦʪʘ: 

 

 
 

ɺ ʦʙʦʭ ʨʦʟʛʣ̫ʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʛʘʣʦʛʝʥʫʚʘʥʥ̫ 

ʤʘ̒  ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʪʨʝʪɹʦʛʦ ʧʦʨ̫ʜʢʫ 
 

V Ə k [FeCl3] [Cl2] [ArH]                                              (1.29) 
 

1.1.4 ʇʨʦʮʝʩʠ ʘʣʢ̔ʣʫʚʘʥʥ̫ 

ʆʩʥʦʚʥʠʤʠ ʘʣʢʣ̔ʫʁʯʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ  ̒

ʘʣʢʣ̔ʛʘʣʦʛʝʥ̔ ʜʠ ʪʘ ʦʣʝʬ̔ʥʠ ʚ ʧʨʠʩʫʪʥʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʘ. ɺ ʧʝʨh ʦʤʫ ʚʠʧʘʜʢʫ 

ʢʘʪʘʣ̔ʟʘʪʦʨʘʤʠ ʤʦʞʫʪɹ ʙʫʪʠ ʣʠ ʝh ʢʠʩʣʦʪʠ ʃʴʶ̔ʩʘ, ʢ̫̔ ʫʪʚʦʨʁ ʪʁɹ ʟ 

ʘʣʢʣ̔ʛʘʣʦʛʝʥ̔ʜʦʤ ʧʦʣ̫ʨʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʧʦʜʘʣʴhʠʤ ʧʝʨʝʭʦʜʦʤ ʜʦ ʦ̔ʥʥʦʾ 

ʧʘʨʠ 
 

RCl + AlCl3 ᵰR +ï Cl ïĀĀĀ AlCl3 Ŀᵰ R+ + AlCl4
ï                              (1.30) 

 

ʊʘʢʘ ʩʭʝʤʘ ʜʦʚʝʜʝʥʘ ʟ̔ʦʪʦʧʥʠʤ ʦʙʤ̔ʥʦʤ ʛʘʣʦʛʝʥʫ ʤ̔ʞ ʢʘʪʘʣ̔ʟʘʪʦʨʦʤ 

 ̔ʘʣʢ̔ʣʛʘʣʦʛʝʥ̔ʜʦʤ, ʘ ʪʘʢʦʞ ʟ̔ʦʤʝʨʠʟʘʮ̔̒  ʁʘʣʢ̔ʣʥɹʦʾ ʛʨʫʧʠ. 

ʎʝ  ̒ ʪʠʧʦʚʠʤ ʣʠ ʝh ʜʣ̫ ʨʝʘʢʮ̔ʡ ʢʘʨʙʢʘʪ̔ʦʥ̔ʚ. ʗʢ ʨʝʟʫʣɹʪʘʪ, ʟ ʭʣʦʨʧʦʭ̔ʜʥʠʭ 

ʚʫʛʣʝʚʦʜʥ̔ʚ ʟ ʧʨ̫ʤʠʤ ʣʘʥʮ ʛʁʦʤ ʚʫʛʣʝʮʝʚʠʭ ʘʪʦʤ̔ʚ ʫʪʚʦʨʁ ʪ̒ʩɹ̫ ʩʫʤ̔  h

ʚʪʦʨʠʥʥʠʭ ʘʣʢʣ̔ʙʝʥʟʝʥʚ̔. 
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ʘ ʟ ʨʦʟʛʘʣʫʞʝʥʠʭ ʭʣʦʨʧʦʭ̔ʜʥʠʭ ï ʪʨʝʪʠʥʥ ̔ʘʣʢ̔ʣʙʝʥʟʝʥʠ 

 
ʉʪʫʧ̔ʥɹ ʧʦʣ̫ʨʠʟʘʮ̔ ʾ ʟʚ'ʟʢʫ ʉ-Cl  ̔ ʫʪʚʦʨʝʥʥ̫ ʦ̔ʥʥʦʾ ʧʘʨʠ ʚ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʟʘʣʝʞʠʪɹ ʪʘʢʦʞ ʚ̔ʜ ʙʫʜʦʚʠ ʘʣʢ̔ʣʥɹʦʾ ʛʨʫʧʠ (ʪʨʝʪ > ʚʪʦʨ > 

ʧʝʨʚ), ʧʨʠʨʦʜʠ ʛʘʣʦʛʝʥʫ (F < Cl < Br) ʪʘ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʩʪ̔ ʘʧʨʦʪʦʥʥʦʾ 

ʢʠʩʣʦʪʠ. ʇʦʜʘʣɹ ʘh ʨʝʘʢʮ̫̔  ʘʢʪʠʚʥʦʾ ʯʘʩʪʢʠ ʟ ʘʨʦʤʘʪʠʯʥʦʁ  ʩʧʦʣʫʢʦ  ʁ

ʧʨʦʪ̔ʢʘ̒ ʟʘ ʢʣʘʩʠʯʥʦʁ  ʩʭʝʤʦʁ  ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫, ʜʝ ʣ̔ʤ̔ʪʫʁʯʦʁ  

ʩʪʘʜ̔̒  ʁ  ̒ʧʝʨʝʭ̔ʜ -́ʢʦʤʧʣʝʢʩʫ ʚ ů-ʢʦʤʧʣʝʢʩ 

 
ʘ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʪʨʝʪ̔ʡ ʧʦʨ̫ʜʦʢ 

 

V Ə k [MeCln] [RCl] [ArH]                                      (1.34) 
 

ɸʣʢ̔ʣʫʚʘʥʥ̫ ʦʣʝʬ̔ʥʘʤʠ ʚʠʤʦʛʘ̒ ʧʨʠʩʫʪʥʦʩʪ̔ ʘʧʨʦʪʦʥʥʠʭ ʢʠʩʣʦʪ ʪʘ 
ʩʦʢʘʪʘʣ̔ʟʘʪʦʨ̔ʚ (HCl, RCl, ʅ2ʆ), ʙʝʟ ʷʢʠʭ ʥʝ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥ̫ ʦ̔ʥ̔ʚ 
ʢʘʨʙʦʥ̔ʁ  
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ɺ ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʘʣʢʣ̔ʫʚʘʥʥ̔ ʦʣʝʬ̔ʥʘʤʠ ʢʘʪʘʣ̔ʟʘʪʦʨʦʤ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʨʦʪʦʥʥʘ ʢʠʩʣʦʪʘ, ʜ̫̔  ̫ ʢʦʾ ʧʦʣ̫ʛʘ̒ ʚ ʫʪʚʦʨʝʥʥ̔ ʢʘʨʙʢʘʪ̔ʦʥʘ 

 
ʐʚʠʜʢ̔ʩʪɹ ʮʠʭ ʨʝʘʢʮ̔ʡ ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʠʩʣʦʪʥʦʩʪ̔ ʩʝʨʝʜʦʚʠ ʘɦ, 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʣʝʬ̔ʥʫ ʪʘ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ. 

ʇʨʠ̒ʜʥʘʥʥ̫ ʧʨʦʪʦʥʘ ʜʦ ʦʣʝʬ̔ʥʫ ʚ̔ʜʙʫʚʘ̒ʪɹʩ̫ ʟʛ̔ ʜʥʦ ʧʨʘʚʠʣʫ 

ʄʘʨʢʦʚʥ̔ʢʦʚʘ, ʦɦ  ̔ʚʠʟʥʘʯʘ̒ ʙʫʜʦʚʫ ʘʣʢ̔ʣʥɹʦʾ ʛʨʫʧʠ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮ̔ʾ. ʋ 

ʨʘʟ̔ ʟ̔ʦʤʝʨʠʟʘʮ̔ʾ ʢʘʨʙʢʘʪ̔ʦʥʘ ʫʪʚʦʨʁ ʪ̒ʩɹ ̫ ʩʫʤ̔  h ʚʪʦʨʠʥʥʠʭ ʘʙʦ ʪʨʝʪʠʥʥʠʭ 

ʘʣʢ̔ʣʙʝʥʟʝʥʚ̔. 
 
1.1.5 ɺʧʣʠʚ ʟʘʤ̔ʩʥʠʢ̔ʚ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ 

ʇʨʠ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʤʫ ʟʘʤ̔ ʝɦʥʥ̔ ʙʝʥʟʝʥʫ ʧʝʨh ʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮ̔ʾ 

 ̒ ʤʦʥʦʟʘʤ̔ ʝɦʥʠʡ ʙʝʥʟʝʥ, ʧʦʜʘʣʴhʘ ʚʟʘ̒ʤʦʜ̫̔  ʟ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʁ  ʯʘʩʪʢʦʁ  

ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʫʪʚʦʨʝʥʥ̫ ʜʠ-, ʪʨʠʟʘʤ̔ ʝɦʥʠʭ ʙʝʥʟʝʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʨʫʛʠʡ ʟʘʤ̔ʩʥʠʢ ʟʘʡʤʘ̒ ʩʪʨʦʛʦ ʚ̔ʜʧʦʚ̔ʜʥʝ ʧʦʣʦʞʝʥʥ̫, ʢ̫ʝ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ 

ʧʨʠʨʦʜʦʁ  ʧʝʨh ʦʛʦ ʟʘʤ̔ʩʥʠʢʘ, ʪʦʙʪʦ ʤʦʞʣʠʚʩ̔ʪʁ  ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ 

ʟ -́ʝʣʝʢʪʨʦʥʥʦʁ  ʩʠʩʪʝʤʦʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʣ̔ʮɹ̫. ʅʘ ʮ̔ʡ ʧ̔ ʜʩʪʘʚ̔ ʚʩ̔ 

ʟʘʤ̔ʩʥʠʢʠ ʧʦʜ̔ʣ̫ ʪʁ ɹ ʥʘ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥ̔ ʪʘ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ : ʧʝʨh  ̔

ʦʨ̔̒ʥʪʫʁ ʪɹ ʝʣʝʢʪʨʦʬ̔ʣʥɹʫ ʯʘʩʪʢʫ ʧʝʨʝʚʘʞʥʦ ʚ ʦʨʪʦ-  ̔ ʧʘʨʘ-ʧʦʣʦʞʝʥʥ̫, ʘ 

ʜʨʫʛ̔ ï ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʥ̫. 

ʇʨʠ ʘʨʦʤʘʪʠʯʥʦʤʫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʤʫ ʟʘʤ̔ ʝɦʥʥ̔ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤ̔ʪʠ 

ʚʧʣʠʚ ʧʝʨh ʦʛʦ ʟʘʤ̔ʩʥʠʢʘ ʢ̫ ʥʘ ʟʘʛʘʣʥɹʫ ʚhʠʜʢ̔ʩʪ ɹ ʨʝʘʢʮ̔ʾ, ʪʘʢ  ̔ ʥʘ 

ʰʚʠʜʢ̔ʩʪɹ ʟʘʤ̔ ʝɦʥʥ̫ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚ ʨ̔ʟʥ̔ ʚ̔ʣʥɹ̔ ʧʦʣʦʞʝʥʥ̫ ʘʨʦʤʘʪʠʯʥʦʛʦ 
ʢ̔ʣʮɹ̫, ʦʩʢ̔ʣʢɹʠ ʮʝʡ ʬʘʢʪ ʚʠʟʥʘʯʘ̒ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʟ̔ʦʤʝʨ̔ʚ, ʱʦ 
ʫʪʚʦʨʶʁʪɹʩ̫. ʇʨʠ ʥʘʚ̫ʥʦʩʪ̔ ʜʚʫʭ ʚ̔ʣɹʥʠʭ ʦ-ʧʦʣʦʞʝʥɹ , ʜʚʫʭ ʤ-  ̔ ʦʜʥʦʛʦ  
ʧ--ʧʦʣʦʞʝʥʥ̫ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʟ̔ʦʤʝʨ̔ʚ ʤʦʞʥʘ ʫ̫ʚʠʪʠ ʷʢ ʦ:ʤ:ʧ Ə 

2kʦ:2kʤ:kʧ. ʋ ʨʘʟ̔ ʨ̔ʚʥʠʭ ʚhʠʜʢʦʩʪʝʡ ʟʘʤ̔ ʝɦʥʥ̫ ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ ʟ̔ʦʤʝʨ̔ʚ 

ʩʢʣʘʣʦ ʙ 2:2:1, ʪʦʙʪʦ ʧʦ 40 % ʦ-  ̔ʤ- ʟ̔ʦʤʝʨ̔ʚ ʪʘ 20 % ʧ- ʟ̔ʦʤʝʨʫ. ʈʝʟʫʣɹʪʘʪʠ 
ʜʦʩʣ̔ ʜʞʝʥɹ ʜʦʚʝʣʠ, ʱʦ ʟʘʤ̔ ʝɦʥʥ̫ ʡʜʝ ʚ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫ ʘʙʦ ʚ    
ʤ-ʧʦʣʦʞʝʥʥ̫, ʱʦ ʚʢʘʟʫ̒ ʥʘ ʨ̔ʟʥ̔ ʚhʠʜʢʦʩʪ̔ ʫʪʚʦʨʝʥʥ̫ ʜʠʟʘʤ̔ ʝɦʥʠʭ ʙʝʥʟʝʥʫ. 

ɺʧʣʠʚ ʟʘʤ̔ʩʥʠʢʘ ʥʘʩʘʤʧʝʨʝʜ ʚ̔ʜʯʫʚʘ̒ʪɹʩ̫ ʥʘ ʟʘʛʘʣʥɹ̔ʡ ʚhʠʜʢʦʩʪ̔ 

ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫, ʢ̫ʘ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ ʚ̔ʜʥʦʩʥʦʁ  ʚhʠʜʢ̔ʩʪʁ  ʨʝʘʢʮ̔ ʾ ï 
ʚ̔ ʜʥʝʩʝʥʥ̫ʤ ʰʚʠʜʢʦʩʪʝʡ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʤʦʥʦʟʘʤ̔ ʝɦʥʦʤʫ ʪʘ ʥʝʟʤ̔ ʝɦʥʦʤʫ 
ʙʝʥʟʝʥʽ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ kʦʪʥ Ə kArX/kArH ʘʙʦ kʦʪʥ Ə ki/ko. ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ 

ʚ̔ʜʥʦʩʥʦʾ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ 

ʢʥ̔ʝʪʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣ̔ ʜʞʝʥʥ̫ ʨʝʘʢʮ̔ʡ ʣh̫ʭʦʤ ʧʦʨ̔ʚʥ̫ʥʥ̫ ʟʥʘʯʝʥɹ ʢʦʥʩʪʘʥʪ. 

ʇʨʦʩʪ̔h ʠʤ  ̒ʤʝʪʦʜ ʢʦʥʢʫʨʫʁʯʠʭ ʨʝʘʢʮ̔ʡ, ʷʢʠʡ ʧʦʣ̫ʛʘ̒ ʚ ʧʦʨ̔ʚʥ̫ʥʥ̔ 

ʧʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔ ʾ ʨ̔ʟʥʠʭ ʩʧʦʣʫʢ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʠʢʣʘʜ ʙʝʥʟʝʥ  ̔

ʪʦʣʫʝʥ ʨʝʘʛʫʁ ʪɹ ʟ ʥ̔ʪʨʘʪʥʦʁ  ʢʠʩʣʦʪʦ  ʁ ʚ ʘʥʘʣʦʛ̔ ʯʥʠʭ ʫʤʦʚʘʭ, ʧ̔ʩʣ̫ ʯʦʛʦ 
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ʚʠʟʥʘʯʘʁʪɹ ʢ̔ʣʢɹʦʩʪ̔ ʦʪʨʠʤʘʥʠʭ ʥ̔ʪʨʦʧʨʦʜʫʢʪ̔ʚ. ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʮʠʭ 

ʧʨʦʜʫʢʪ̔ʚ  ̔ ʚʠʟʥʘʯʘ̒ ʩʧ̔ʚʚ̔ ʜʥʦhʝʥʥ̫ ʚhʠʜʢʦʩʪʝʡ ʭʾ ʫʪʚʦʨʝʥʥ̫. ʗʢɦʦ 

ʚʚʘʞʘʪʠ ʢʦʥʩʪʘʥʪʫ ʰʚʠʜʢʦʩʪ̔ ʥ̔ʪʨʫʚʘʥʥ̫ ʙʝʥʟʝʥʫ ʜʦʨ̔ʚʥ̫ʥʫ 1, ʪʦ ʚ̔ʜʥʦʩʥʘ 

ʚhʠʜʢ̔ʩʪɹ ʥ̔ʪʨʫʚʘʥʥ̫ ʪʦʣʫʦʣʫ ʩʪʘʥʦʚʠʪɹ 24,5. 

ɼʣ̫ ʦʮ̔ʥ ʚʁʘʥʥ̫ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʦʪʨʠʤʘʥʠʭ ʟ̔ʦʤʝʨ̔ʚ ʚ ʦ-, ʧ- ʪʘ   

ʤ-ʧʦʣʦʞʝʥʥ̫ ʤʦʥʦʟʘʤ̔ ʝɦʥʦʛʦ ʙʝʥʟʝʥʫ ʙʫʣʦ ʚʚʝʜʝʥʦ ʬʘʢʪʦʨʠ ʧʘʨʮ̔ʘʣʥɹʠʭ 

ʚhʠʜʢʦʩʪʝʡ (fʦ, fʤ, ʪʘ fʧ). ɺʦʥʠ ʧʦʢʘʟʫʁ ʪɹ, ʟ ʢ̫ʦʁ  ʚhʠʜʢ̔ʩʪʁ  ʧʨʦʭʦʜʠʪɹ  

ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʪ̔ ʘʙʦ ʥ̔ ʝh ʧʦʣʦʞʝʥʥ̫ ʤʦʥʦʟʘʤ̔ ʝɦʥʦʛʦ ʙʝʥʟʝʥʫ ʧʦʨ̔ʚʥ̫ʥʦ ʟ̔ 

ʚhʠʜʢ̔ʩʪʁ  ʨʝʘʢʮ̔ʾ ʙʝʥʟʝʥʫ ʧʨʠ ʜʽʾ ʪʦʛʦ ʞ ʨʝʘʛʝʥʪʫ. ʇʨʠʧʫʩʪʠʣʠ, ʦɦ 

ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʥʝʟʘʤ̔ ʝɦʥʦʛʦ ʙʝʥʟʝʥʫ ʜʦʨ̔ʚʥʶ̒ 6 (ʟʛ̔ ʜʥʦ ʯʠʩʣʘ ʘʪʦʤ̔ʚ 

ʛ̔ʜʨʦʛʝʥʫ ʢ̔ʣʮɹ̫, ʟʜʘʪʥʠʭ ʜʦ ʟʘʤ̔ ʝɦʥʥ̫). ʊʦʜ̔ ʰʚʠʜʢ̔ʩʪɹ ʜʦʨ̔ʚʥ̫ʥʘ 1 ʙʫʜʝ 

ʚ̔ʜʧʦʚ̔ ʜʘʪʠ ʚhʠʜʢʦʩʪ̔ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʦʜʥʝ ʟ ʝhʩʪʠ ʤ̔ʦʚ̔ʨʥʠʭ ʧʦʣʦʞʝʥɹ ʚ 

ʤʦʣʝʢʫʣ̔ ʙʝʥʟʝʥʫ. ʗʢɦ ʦ ʬʘʢʪʦʨ ʧʘʨʮ̔ ʘʣʥɹʦʾ ʚhʠʜʢʦʩʪ̔ ʜʣ̫ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʦʣʦʞʝʥʥ̫ ʚ ʢ̔ʣɹʮ̔ ʤʦʥʦʟʘʤ̔ ʝɦʥʦʛʦ ʙʝʥʟʝʥʫ ʙ̔ʣʴhʝ 1, ʪʦ ʮʝ ʧʦʣʦʞʝʥʥ̫ 

ʘʢʪʠʚʦʚʘʥʝ, ʢ̫ɦ ʦ ʞ ʤʝʥh ʝ 1, ʪʦ ʜʝʟʘʢʪʠʚʦʚʘʥʝ. ʅʘ ʧ̔ʜʩʪʘʚ̔ ʮɹʦʛʦ ʚ̔ʜʥʦʩʥʫ 

ʚhʠʜʢ̔ʩʪɹ ʟʘʤ̔ ʝɦʥʥ̫ ʤʦʞʥʘ ʫ̫ʚʠʪʠ ʫ ʚʠʛʣ̫ʜ̔ ʨ̔ʚʥ̫ʥʥ̫ kʚ̔ʜʥ Ə (2fʦ + 2fʤ + 

+fʧ)/6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ ʦʪʨʠʤʘʥ̔ ʢ̔ʣʢɹʦʩʪ̔ ʟ̔ʦʤʝʨʥʠʭ ʩʧʦʣʫʢ (ʉʦ, ʉʤ,  ̔ʉʧ) 

ʧʦʚ' ʟ̫ʘʥ̔ ʟ ʬʘʢʪʦʨʘʤʠ ʧʘʨʮ̔ ʘʣʥɹʠʭ ʚhʠʜʢʦʩʪʝʡ ʨ̔ʚʥ̫ʥʥ̫ʤʠ: 
 

ʉʦ Ə [2fʦ / (2fʦ + 2fʤ + fʧ)] Ĭ 100 (1.37) 
 

ʉʤ Ə[2fʤ / (2fʦ + 2fʤ + fʧ)] Ĭ 100 (1.38) 
 

ʉʧ Ə [fʧ / (2fʦ + 2fʤ + fʧ)] Ĭ 100 (1.39) 
 

ɺʨʘʭʦʚʫʁʯʠ, ʱʦ (2fʦ + 2fʤ + fʧ) Ə 6kʚ̔ʜʥ ʪʘ ʧʨʠ ʚʠʟʥʘʯʝʥʠʭ ʢ̔ʣʢɹʦʩʪ̫ʭ 
ʦʪʨʠʤʘʥʠʭ ʟ̔ʦʤʝʨ̔ʚ ʫ ʚ̔ʜʩʦʪʢʘʭ, ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥ̫ ʬʘʢʪʦʨ̔ʚ 
ʧʘʨʮ̔ ʘʣʥɹʠʭ ʚhʠʜʢʦʩʪʝʡ: 
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ʌʘʢʪʦʨʠ ʧʘʨʮ̔ʘʣʥɹʠʭ ʚhʠʜʢʦʩʪʝʡ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣ̫ 

ʧʦʨ̔ʚʥ̫ʥʥ̫ ʨʝʘʢʮ̔ʡʥʦʾ ʟʜ̔ ʙʥʦʩʪ̔ ʨ̔ʟʥʠʭ ʩʧʦʣʫʢ ʪʘ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʟʘʤ̔ʩʥʠʢ̔ʚ 

ʚ ʘʨʦʤʘʪʠʯʥʦʤʫ ʢ̔ʣʮɹ̔ ʥʘ ʨʦʟʧʦʜ̔ʣ ʟ̔ʦʤʝʨ̔ʚ ʚ ʪʦʡ, ʘʙʦ ʥ̔h ʡ̔ ʨʝʘʢʮ̔ ʾ 

ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. ɼʣ̫ ʮʠʭ ʨʝʘʢʮ̔ʡ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚ̔ʜʦʢʨʝʤʠʪʠ ʪʨʠ ʛʨʫʧʠ ʟʘʤ̔ʩʥʠʢ̔ʚ ʟʛ̔ʜʥʦ ʭʾ ʚʧʣʠʚʫ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ. 

ɼʦ ʧʝʨh ʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪɹ ʟʘʤ̔ʩʥʠʢʠ, ʱʦ ʘʢʪʠʚʫʁʪɹ ʘʨʦʤʘʪʠʯʥʫ 

ʩʧʦʣʫʢʫ ʚ ʨʝʘʢʮ̔ʾ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʙʝʥʟʝʥʦʤ, ʪʘ 

ʦʨ̔̒ʥʪʫʁ ʪɹ ʚʩʪʫʧ ʥʦʚʦʛʦ ʟʘʤ̔ʩʥʠʢʘ, ʧʝʨʝʜ ʫʩ̔ʤ, ʚ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫ ʢ̔ʣʮɹ̫ 

ʚ̔ ʜʥʦʩʥʦ ʥʘʚ̫ʥʦʛʦ ʟʘʤ̔ʩʥʠʢʘ. ɼʦ ʪʘʢʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ ʥʘʣʝʞʘʪɹ ʛ̔ʜʨʦʢʩʠʛʨʫʧʘ ʪʘ 

ʾʾ ʧʦʭ̔ ʜʥ̔, ʘʤ̔ʥʦʛʨʫʧʘ ʪʘ ʾʾ ʧʦʭ̔ ʜʥ̔, ʘʣʢʣ̔ʥɹ̔ ʪʘ ʘʨʠʣʴʥ̔ ʟʘʣʠ ʢhʠ. ɿʘʛʘʣʥɹʝ 

ʧʨʠʩʢʦʨʝʥʥ̫ ʨʝʘʢʮ̔ʡ ʧʦʚ' ʟ̫ʘʥʝ ʟ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʁ  ʧʨʠʨʦʜʦʁ  ʮʠʭ 

ʟʘʤ̔ʩʥʠʢ̔ʚ, ʢ̫̔ ʧ̔ ʜʚʠ ʫɦ ʪʁɹ ʩʪʘʙ̔ʣʥɹ̔ʩʪɹ ʧʨʦʤ̔ʞʥʠʭ ů-ʢʦʤʧʣʝʢʩ̔ʚ. ʇʨʠ 

ʮʦɹʤʫ ʘʣʢ̔ʣʥɹʘ ʛʨʫʧʘ ʚʧʣʠʚʘ̒ ʟʘ ʨʘʭʫʥʦʢ ʧʦʟʠʪʠʚʥʦʛʦ ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ 

ʪʘ ʝʬʝʢʪʫ ʛ̔ʧʝʨʢʦʥ'ʶʛʘʮ̔ ʾ ʟ Ŭ-ʉʅ- ʟʚ' ʟ̫ʢʘʤʠ, ʘ ʚʩ̔ ʥ̔h  ̔ʟʘʤ̔ʩʥʠʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʝʬʝʢʪʫ ʩʧʦʣʫʯʝʥʥ̫ ʭʾ ʨ- ʘʙʦ -́ʝʣʝʢʪʨʦʥ̔ʚ ʟ ʘʨʦʤʘʪʠʯʥʦʁ  ʩʠʩʪʝʤʦʁ  ʟʚô̫ʟʢ̔ ʚ, 

ʢ̫ʠʡ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʧʝʨʝʚʠɦ ʫ̒ ʥʝʛʘʪʠʚʥʠʡ ʥ̔ʜʫʢʪʠʚʥʠʡ ʝʬʝʢʪ ʜʝ̫ʢʠʭ 

ʛʨʫʧ, ʥʘʧʨʠʢʣʘʜ 
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ʋ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʙ̔ʣʴhʦʁ  ʤ̔ʨʦʁ  ʩʪʘʙʣ̔̔ʟʦʚʘʥ̔ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫, ʱʦ 

ʧʦ̫ʩʥʁ ʪʁɹ ʚʠʭʦʜʯ̫ʠ ʟ ʭʾ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʢʣʘʜʝʥʥ̫ ʢ̫ʠʭ ʜʘ̒ ʫ̫ʚʫ 

ʧʨʠ ʜ̔ʡʩʥʫ ʙʫʜʦʚʫ ʧʘʨʘ-ů-ʢʦʤʧʣʝʢʩʫ: 

 

 
ʉʝʨʝʜ ʪʨʦɹʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ ʧʝʨ ʘh  ̒ʥʘʡʙ̔ʣʴʰ ʩʪʘʙʣ̔̔ʟʦʚʘʥʦʁ  

ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤ ʟʘʤ̔ʩʥʠʢʦʤ, ʢ̫ʠʡ ʢʦʤʧʝʥʩʫ̒ ʾʾ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨ̫ʜ, 

ʚʥʘʩʣ̔ ʜʦʢ ʯʦʛʦ  ̔ ʚ̔ʜ̔ʛʨʘ̒ ʛʦʣʦʚʥʫ ʨʦʣ ɹʚ ʙʫʜʦʚ̔  ů-ʢʦʤʧʣʝʢʩʫ, ʪʦʜ̔ ʢ̫ ʜʣ̫ 

ʤ-ʧʦʣʦʞʝʥʥ̫ ʛʨʫʧʘ ʍ ʪʘ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨ̫ ʜ ʚ̔ʜʜʘʣʝʥ̔ ʦʜʠʥ ʚ̔ ʜ ʦʜʥʦʛʦ 

 
ʊʫʪ ʩʪʘʙʣ̔̔ʟʘʮ̔ ʷ ů-ʢʦʤʧʣʝʢʩ̔ʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʛ̫ʥʫʪʘ ʣʠ ʝh ʟʘ ʨʘʭʫʥʦʢ 

ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪɹ ʟʘʤ̔ʩʥʠʢʠ, ʢ̫̔ ʜʝɦʦ ʜʝʟʘʢʪʠʚʫʁ ʪɹ 

ʘʨʦʤʘʪʠʯʥʫ ʩʧʦʣʫʢʫ ʚ ʨʝʘʢʮ̫̔ ʭ ʝʣʝʢʪʨʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʧʦʨ̔ʚʥ̫ʥʦ ʟ 

ʙʝʥʟʝʥʦʤ, ʘʣʝ ʚ ʤʝʥh ʦʤʫ ʩʪʫʧʝʥ̔ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫, ʪʦʤʫ ʦʨ̔̒ʥʪʫʁ ʪɹ 

ʚʩʪʫʧ ʥʦʚʦʛʦ ʟʘʤ̔ʩʥʠʢʘ ʩʘʤʝ ʚ ʮ̔ ʧʦʣʦʞʝʥʥ̫. ɼʦ ʮ̔̒  ʾʛʨʫʧʠ ʥʘʣʝʞʘʪɹ ʛʘʣʦʛʝʥʠ 

ʪʘ ʚ̔ʥ̔ʣʥɹ̔ ʛʨʫʧʠ ʪʠʧʫ -ʉʅƏʉʅR. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʨʝʘʢʮ̫̔  ʥ̔ʪʨʫʚʘʥʥ̫ 

ʭʣʦʨʙʝʥʟʝʥʫ ʤʘ̒ ʪʘʢ̔ ʬʘʢʪʦʨʠ ʧʘʨʮ̔ʘʣʥɹʠʭ ʚhʠʜʢʦʩʪʝʡ fʦƏ0,029, fʧ Ə 0,137, 

fʤ Ə 0,0009. ʋʧʦʚ̔ʣʥɹʝʥʥ̫ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʫʩ̔ʭ ʧʦʣʦʞʝʥʥ̫ʭ ʧʦ̫ʩʥʶ̒ʪɹʩ̫ 

ʟʥʠʞʝʥʥ̫ʤ ʟʘʛʘʣɹʥʦʾ ʝʣʝʢʪʨʦʥʥʦʁ  ʱ̔ʣʥɹʦʩʪ̔ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢ̔ʣʮɹ̫, ʟʘʚʜ̫ʢʠ 

ʧ̔ʜʩʫʤʢʦʚʦʤʫ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʤʫ ʚʧʣʠʚʫ ʮʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ. ʇʨʠ ʮʦɹʤʫ 

ʤʝʥh  ʜʝʟʘʢʪʠʚʦʚʘʥʠʤʠ ʚʠ̫ʚʣ̫ ʪʁɹʩ̫ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʤʝʪʘ, 

ʟʘʚʜ̫ʢʠ ʥʝʛʘʪʠʚʥʦʤʫ ʥ̔ʜʫʢʪʠʚʥʦʤʫ ʝʬʝʢʪʫ, ʱʦ ʟʘʪʫʭʘ̒ ʥʘ ʚ̔ʜʩʪʘʥ̔, ʪʘ 

ʧʦʟʠʪʠʚʥʦʤʫ ʝʬʝʢʪʫ ʩʧʦʣʫʯʝʥʥ̫, ʢ̫ʠʡ ʨ̔ʚʥʦ ʨʦʟʧʦʜ̔ʣ̫ ʪ̒ɹʩ ̫ ʧʦ ʣʘʥʮ ʛʁʫ 

ʩʧʦʣʫʯʝʥʥ̫. 

 

 
ɼʦ ʪʨʝʪɹʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪɹ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ ʟʘʤ̔ʩʥʠʢʠ, ʷʢ̔ 
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ʜʝʟʘʢʪʠʚʫʁ ʪɹ ʘʨʦʤʘʪʠʯʥʫ ʩʧʦʣʫʢʫ ʚ ʨʝʘʢʮ̔ ʭ̫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ 

ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʙʝʥʟʝʥʦʤ, ʪʘ ʦʨ̔̒ʥʪʫʁʪ ɹ ʚʩʪʫʧ ʥʦʚʦʛʦ ʟʘʤ̔ʩʥʠʢʘ ʚ ʤʝʥh  

ʜʝʟʘʢʪʠʚʦʚʘʥʝ ʤ-ʧʦʣʦʞʝʥʥ̫. ʎʝ ʪʘʢ̔ ʛʨʫʧʠ, ʢ̫̔ ʤʘʁ ʪɹ ʮ̔ʣʠʡ ʘʙʦ ʯʘʩʪʢʦʚʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʟʘʨ̫ʜ ʥʘ ʘʪʦʤ̔, ʦɦ ʧʦʚ' ʟ̫ʘʥʠʡ ʟ ʘʪʦʤʦʤ ʚʫʛʣʝʮʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ 

ʢ̔ʣʮɹ̫: 

+       +      + 

-NH3, -NR3, -SR2, -NO2, -CF3, -SO3H, -COOH, -COOR, -CONH2, -CſN. 

 

ɿʘʛʘʣʥɹʘ ʫʧʦʚ̔ʣʥɹʶʁʯʘ ʜʽʷ ʮʠʭ ʛʨʫʧ ʦʙʫʤʦʚʣʝʥʘ ʭʾʥ̔ʤʠ ʩʠʣɹʥʠʤʠ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ, ʟʘ ʨʘʭʫʥʦʢ ʢ̫ʠʭ ʟʥʘʯʥʦ ʟʤʝʥh ʫ̒ʪɹʩ̫ 

ʰʚʠʜʢ̔ʩʪɹ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫ ʧʦʚ' ʟ̫ʘʥʘ ʟ ʩʠʣʴʥʦʁ  

ʜʝʩʪʘʙʣ̔̔ʟʘʮ̔̒  ʁ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨ̫ʜʫ ʚ ʧʨʦʤ̔ʞʥʠʭ ů-ʢʦʤʧʣʝʢʩʘʭ. ʅʘʧʨʠʢʣʘʜ 

ʚ ʜʝ̫ʢʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʦ-  ̔ ʧ-ʥ̔ʪʨʦʧʦʭ̔ʜʥʠʭ ů-ʢʦʤʧʣʝʢʩʘʭ ʜʚʘ 

ʧʦʟʠʪʠʚʥ̔ ʟʘʨ̫ʜʠ ʦʧʠʥ̫ʁʪɹʩ̫ ʥʘ ʩʫʩ̔ ʜʥ̔ʭ ʘʪʦʤʘʭ ʚʫʛʣʝʮʁ : 

 

 
ʤ-ɿʘʤ̔ ʝɦʥ̔ ů-ʢʦʤʧʣʝʢʩʠ ʜʝʩʪʘʙʣ̔̔ʟʦʚʘʥ̔ ʤʝʥh ʦʁ ʤ̔ʨʦʁ  ʟʘʚʜ̫ʢʠ ʨʦ 

ʟʧʦʜ̔ʣʫ ʮʠʭ ʧʦʟʠʪʠʚʥʠʭ ʟʘʨ̫ʜ̔ʚ: 

 

 
 

1.1.6 ʂʦʨʝʣ̫ ʮ̔ʡʥʠʡ ʤʝʪʦʜ ʘʥʘʣ̔ʟʫ ʚʧʣʠʚʫ ʟʘʤ̔ʩʥʠʢ̔ʚ 
ɺʧʣʠʚ ʟʘʤ̔ʩʥʠʢ̔ʚ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʪʘ ʥʘʧʨ̫ʤ ʨʝʘʢʮ̔ʡ ʟʘʤ̔ ʝɦʥʥ̫ ʚ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ ʜʝʪʘʣʥɹʦ ʚʠʚʯʘʚ ɻʘʤʤʝʪ, ʢ̫ʠʡ ʟʘʧʨʦʧʦʥʫʚʘʚ 
ʨ̔ʚʥ̫ʥʥ̫, ʱʦ ʜʦʟʚʦʣ̫  ̒ ʢ̔ʣʢɹ̔ʩʥʦ ʦʮ̔ʥʁ ʚʘʪʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪ̔ʚ 
ʟʘʤ̔ʩʥʠʢ̔ʚ. ʅʝʟʚʘʞʘʁʯʠ ʥʘ ʜʝ̫ ʢ̔ ʥʝʜʦʣ̔ ʢʠ, ʤʝʪʦʜ ɻʘʤʤʝʪʘ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ 
ʟʘ ʦʩʥʦʚʫ ʪʘʢ ʟʚʘʥʦʛʦ ʤʝʪʦʜʘ ʢʦʨʝʣ̫ʮ̔ʡʥʦʛʦ ʘʥʘʣ̔ʟʫ ɻʦʣʦʚʥʦʁ  ʩʪʘʣʘ ʫ̫ʚʘ, ʦɦ 
ʟʘʤ̔ʩʥʠʢ ʚ ʘʨʦʤʘʪʠʯʥʦʤʫ ʢ̔ʣʮɹ̔ ʤʘ̒ ʚʠʟʥʘʯʝʥʫ  ̔ʧʦʩʪ̔ʡʥʫ ʤ̔ʨʫ ʩʚʦʛʦ ʚʧʣʠʚʫ 
ʥʘ ʩʪʘʥ ʝʣʝʢʪʨʦʥʥʦʾ ʱ̔ʣʥɹʦʩʪ̔ ʥʘ ʨʝʘʢʮ̔ʡʥʦʤʫ ʮʝʥʪʨ̔ ʤʦʣʝʢʫʣʠ. ʎ̫  ʤ̔ʨʘ 
ʚʧʣʠʚʫ ʟʘʤ̔ʩʥʠʢʘ (ʢʦʥʩʪʘʥʪʘ ʟʘʤ̔ʩʥʠʢʘ ů) ʥʝ ʟʘʣʝʞʠʪ ɹʚ̔ʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥ̫ 
ʨʝʘʢʮ̔ʾ. ɿʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ů ʙʫʣʠ ʚʠʟʥʘʯʝʥ̔ ʟ ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ lg(k/ko) = ɟů 
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ʘʙʦ lg K/K =ɟů, ʢ̫ ʚʧʣʠʚ ʟʘʤ̔ʩʥʠʢ̔ʚ ʥʘ ʩʪʘʥʜʘʨʪʥʫ ʩʝʨ̔ʁ  ï ʨʝʘʢʮ̔ʁ  

ʨ̔ʚʥʦʚʘʛʠ ʦ̔ʥ̔ʟʘʮ̔ʾ ʙʝʥʟʦʡʥʠʭ ʢʠʩʣʦʪ ʫ ʚʦʜ ̔ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ̔ 20 ʦʉ, ʜʣ̫ ʢ̫ʦʾ 
ɻʘʤʤʝʪ ʧʨʠʡʥ̫ʚ ɟ =1, ʜʝ ko  ̔Ko ï ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʘʙʦ ʨ̔ʚʥʦʚʘʛʠ ʨʝʘʢʮ̔ ʾ 

ʚʠʭ̔ʜʥʦʾ ʩʧʦʣʫʢʠ (ʥʝ ʟʘʤ̔ ʝɦʥʦʾ), ʘ k  ̔ K ï ʪʘʢʽ ʞ ʢʦʥʩʪʘʥʪʠ, ʘʣʝ ʜʣ̫ 
ʩʧʦʣʫʢʠ ʟ ʟʘʤ̔ʩʥʠʢʦʤ ʚ ʤ- ʘʙʦ ʧ-ʧʦʣʦʞʝʥʥ̔, ɟ ï ʢʦʥʩʪʘʥʪʘ ʩʝʨ̔ ʾ ʨʝʘʢʮ̔ʾ. 

ʈ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ ʤʦʞʝ ʤʘʪʠ ʛʨʘʬ̔ ʯʥʝ ʚ̔ʜʦʙʨʘʞʝʥʥ̫, ʜʝ ʥʘ ʦʩ̔ 

ʦʨʜʠʥʘʪ ʚ̔ʜʢʣʘʜʝʥʦ ʥʘʡʜʝʥ̔ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʥʘʯʝʥʥ̫ lg k/ko, ʘ ʥʘ ʦʩ̔ 

ʘʙʩʮʠʩʠ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ů ʟʘʤ̔ʩʥʠʢ̔ʚ. ʊʦʜ̔ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ (ű) ʧʨ̫ʤʦʾ 

ʜʦ ʦʩ̔ ʘʙʩʮʠʩʠ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʢʦʥʩʪʘʥʪ̔ ʨʝʘʢʮ̔ʾ ɟ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ð ʂʦʨʝʣ̫ʮ̔ ʷ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪ̔ ʟʛ̔ ʜʥʦ ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ 

 
ɸʣʝ ʚ ʨʘʟ̔ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ 

ʚʠʥʠʢʘ̒ ʦʩʦʙʣʠʚ̔ʩʪɹ ʚ ʫʪʚʦʨʝʥʥ̔ ʟ̔ʦʤʝʨʥʠʭ ʩʧʦʣʫʢ ʥʝ ʪ̔ʣʢɹʠ ʚ ʤ-  ̔             
ʧ-ʧʦʣʦʞʝʥʥ̫ʭ, ʘ  ̔ʚ ʦ- ʟ̔ʦʤʝʨ̔. ʎʝ ʧʦ̫ʩʥʶ̒ʪɹʩ̫ ʪʠʤ, ʱʦ ɻʘʤʤʝʪ ʚʨʘʭʦʚʫʚʘʚ ʜ̔ʁ  
ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʤʘʡʞʝ ʥʝ ʚʨʘʭʦʚʫʚʘʚ ʚʧʣʠʚ ʝʬʝʢʪʫ ʩʧʦʣʫʯʝʥʥ̫ ʟ 
ʨʝʘʢʮ̔ʡʥʠʤ ʮʝʥʪʨʦʤ, ʷʢʠʡ ʩʫʪʪ̒ ʚʦ ʚʧʣʠʚʘ̒ ʩʘʤʝ ʥʘ ʘʨʦʤʘʪʠʯʥ̔ ʩʧʦʣʫʢʠ. ɿ 
ʧʦʛʣ̫ʜʫ ʥʘ ʮʝ, ɹʨʘʫʥ ʟʘʧʨʦʧʦʥʫʚʘʚ, ʪʘʢ ʟʚʘʥ̔, ʝʣʝʢʪʨʦʬ̔ʣʥɹ̔ ʢʦʥʩʪʘʥʪʠ 

ʟʘʤ̔ʩʥʠʢ̔ʚ ůʧ
+  ̔ ůʤ

+, ʘ ʟʘʤ̔ʩʪ ɹ ki/ko ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ fʧ  ̔ fʤ  ̔ ʪʦʜ̔ ʨ̔ʚʥ̫ʥʥ̫ 

ʩʪʘʣʦ ʤʘʪʠ ʚʠʛʣ̫ʜ 
 

                         lgf  ̔= ɟů̔                                                         (1.43) 

 
ʎʦɹʤʫ ʨ̔ʚʥ̫ʥʥʁ ʧ̔ ʜʣ̫ʛʘʁ ʪɹ ʤʘʡʞʝ ʚʩ̔ ʨʝʘʢʮ̔ ʾ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫, ʧʨʠ ʮʦɹʤʫ ʟʘʚʞʜʠ ɟ<0, ʦɦ  ̒ ʜʦʢʘʟʦʤ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ 
ʤʝʭʘʥ̔ʟʤʫ ʨʝʘʢʮ̔ʾ. ʂʨ̔ʤ ʪʦʛʦ, ʧʨʠ ʚʠʟʥʘʯʝʥ̔ʡ ɟ ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʦʥʩʪʘʥʪʫ 
ʚhʠʜʢʦʩʪ̔ ʜʣ̫ ʨ̔ʟʥʠʭ ʟʘʤ̔ ʝɦʥʠʭ ʙʝʥʟʝʥʫ ki, ʢʨ̔ʤ ʦ-ʟʘʤ̔ ʝɦʥʠʭ ʩʧʦʣʫʢ. ɼʦ 

ʪʦʛʦ ʞ ʜʦ-ʚʦʣ̔ ʪʦʯʥʦ ʨʦʟʨʘʭʦʚʫʁ ʪɹ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ fʧ/fʤ ʜʣ̫ ʧ-  ̔ʤ- ʟ̔ʦʤʝʨ̔ʚ 
 
 



20 

 
ʊʘʢʠʤ ʯʠʥʦʤ ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ ʚʠʢʦʨʠʩʪʦʚʫʁʪ ɹ ʪ̔ʣʢɹʠ ʜʣ̫ ʤ-  ̔        

ʧ-ʧʦʣʦʞʝʥɹ ʜʦ ʥʘʚ̫ʥʦʛʦ ʟʘʤ̔ʩʥʠʢʘ, ʙʦ ʚ ʨʘʟ̔ ʦ-ʧʦʣʦʞʝʥʥ̫ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʤʘ̒  ɦʝ ʩʪʝʨʠʯʥʠʡ ʬʘʢʪʦʨ. 

ʂʦʥʩʪʘʥʪʘ ɟ ʭʘʨʘʢʪʝʨʠʟʫ̒ ʚ̔ʜʥʦʩʥʫ ʯʫʪʣʠʚ̔ʩʪɹ ʜʘʥʦʛʦ ʨʝʘʢʮ̔ʡʥʦʛʦ 
ʧʝʨʝʪʚʦʨʝʥʥ̫ (ʘʙʦ ʜʘʥʦʾ ʨ̔ʚʥʦʚʘʛʠ) ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤ̔ʥ ʚ ʤʦʣʝʢʫʣ̔, ʩʪʫʧ̔ʥɹ 
ʦ̔ʥʥʦʩʪ̔ ʨʝʘʢʮ̔ ʾ, ʘ ʪʘʢʦʞ ʩʪʫʧ̔ʥɹ ʧʦʣ̫ʨʥʦʩʪ̔ ʧʝʨʝʭ̔ʜʥʦʛʦ ʩʪʘʥʫ ʝʥʝʨʛʝʪʠʯʥʦ 
ʙ̔ʣʴʰ ʚʘʞʢʦʾ ʩʪʘʜ̔ʾ ʧʨʦʮʝʩʫ. ɼʦ ʮɹʦʛʦ ɟ ʤʦʞʝ ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʘʙʦ 
ʥʝʛʘʪʠʚʥʠʡ ʟʥʘʢ, ʷʢʠʡ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʣh̫ʭʦʤ ʚʠʚʯʝʥʥ̫ ʢ̔ʥʝʪʠʢʠ ʨʝʘʢʮ̔ ʾ. 

ʗʢɦ ʦ ʚhʠʜʢ̔ʩʪ ɹ ʨʝʘʢʮ̔ʾ ʟʙ̔ʣɹ ʫh̒ʪɹʩ̫ ʧʨʠ ʚʚʝʜʝʥʥ̔ ʚ ʘʨʦʤʘʪʠʯʥʝ 
ʢ̔ʣɹʮʝ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ, ʢ̫̔ ʤʘʁʪ ɹ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥ̫ 
ʢʦʥʩʪʘʥʪʠ ů  ̔ ʮʠʤ ʟʙ̔ʣɹ ʫhʁʪ ɹ ʝʣʝʢʪʨʦʥʥʫ ʱ̔ʣʥɹ̔ʩʪɹ ʥʘ ʨʝʘʢʮ̔ʡʥʦʤʫ 
ʮʝʥʪʨ̔, ʪʦ ʟʥʘʢ ɟ ʙʫʜʝ ʥʝʛʘʪʠʚʥʠʡ, ʯʪʦ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʤʫ ʤʝʭʘʥ̔ʟʤʫ 
ʨʝʘʢʮ̔ ʾ ʚ̔ʜʥʦʩʥʦ ʩʫʙʩʪʨʘʪʫ. ɯ ʥʘʚʧʘʢʠ, ʷʢɦʦ ʚʚʝʜʝʥʥ̫ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ 
ʟʘʤ̔ʩʥʠʢ̔ʚ ʧʨʠʚʦʜʠʪɹ ʜʦ ʟʤʝʥ ʝhʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ, ʘ 
ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ (ʟʥʘʢ ů ʧʦʟʠʪʠʚʥʠʡ) ʜʦ ʾʾ ʟʙʣ̔ʴhʝʥʥ̫, ʪʦ ɟ ʤʘ̒ 
ʧʦʟʠʪʠʚʥʠʡ ʟʥʘʢ, ʪʦʙʪʦ ʤʝʭʘʥ̔ʟʤ ʨʝʘʢʮ̔ ʾ  ̒ʥʫʢʣʝʦʬ̔ʣʥɹʠʤ. ʅʘʧʨʠʢʣʘʜ, ʜʣ̫ 

ʩʝʨ̔ʾ ʥ̔ʪʨʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʚ ʘʮʝʪʦʥ̔ ʧʨʠ 25 ʦʉ ɟ = -7,292, ʘ ʜʣ̫ 
ʚʟʘ̒ʤʦʜ̔ ʾ ʙʨʦʤʟʘʤ̔ ʝɦʥʦʾ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ ʚ ʙʝʥʟʝʥʽ ʟ ʧ̔ʧʝʨʠʜʠʥʦʤ ʧʨʠ 

99 ʦʉ ɟ = +4,918. ʋ ʧʝʨh ʦʤʫ ʚʠʧʘʜʢʫ ʤʘ̒ ʤʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʫ ʨʝʘʢʮ̔ʁ , ʘ ʫ 
ʜʨʫʛʦʤʫ ï ʥʫʢʣʝʦʬ̔ʣʥɹʫ. ɺʠʟʥʘʯʝʥʥ̫ ʟʥʘʢʫ ɟ ʦʩʦʙʣʠʚʦ ʧʦʪʨ̔ʙʥʝ ʧʨʠ 
ʜʦʩʣ̔ ʜʞʝʥʥ̔ ʤʝʭʘʥ̔ʟʤʫ ʙʘʛʘʪʦʩʪʘʜ̔ʡʥʠʭ ʨʝʘʢʮ̔ʡ, ʢʦʣʠ ʥʝʦʙʭ̔ʜʥʦ ʚʠʟʥʘʯʠʪʠ 
ʢ̫ʘ ʩʘʤʝ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜ̔ʡ ʚʠʟʥʘʯʘ̒ ʟʘʛʘʣʥɹʫ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ. 
ʈʦʟʛʣ̫ʥʝʤʦ ʧʨʠʢʣʘʜ ʚʟʘ̒ʤʦʜ̔ ʾ ʙʝʥʟʘʣʜɹʝʛ̔ʜʫ ʪʘ ʡʦʛʦ ʟʘʤ̔ ʝɦʥʠʭ ʟ ʮ̔ʘʥ̔ʩʪʦʁ  
ʢʠʩʣʦʪʦʁ  ʚ ʝʪʘʥʦʣ̔. ʈʝʘʢʮ̔ ʷ ʤʦʞʝ ʚʠʛʣ̫ ʜʘʪʠ, ʷʢ ʜʚʦʩʪʘʜʡ̔ʥʠʡ ʧʨʦʮʝʩ, ʥʘ 
ʧʝʨh ʡ̔ ʩʪʘʜ̔ ʾ ʢ̫ʦʛʦ ʡʜʝ ʧʨʦ-ʪʦʥʫʚʘʥʥ̫ ʘʪʦʤʫ ʢʠʩʥʁ  ʢʘʨʙʦʥ̔ʣʥɹʦʾ ʛʨʫʧʠ 
(ʤʘʨh ʨʫʪ ʘ) ʘʙʦ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʧʨʠ̒ʜʥʘʥʥ̫ ʦ̔ʥʫ ʮ̔ ʘʥ̔ ʜʫ ʧʦ ʢʘʨʙʦʥ̔ʣʥɹ̔ʡ ʛʨʫʧ̔ 
(ʤʘʨh ʨʫʪ ʙ): 

 
ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʣ̔ʤ̔ʪʫʁʯʦʁ  ʩʪʘʜʽ̒ʁ , ʢ̫ʘ ʚʠʟʥʘʯʘ̒ ʰʚʠʜʢ̔ʩʪɹ 

ʧʨʦʮʝʩʫ ʚ ʮ̔ʣʦʤʫ, ʤʦʞʝ ʙʫʪʠ ʣʠh ʝ ʧʝʨh ʘ ʩʪʘʜʽʷ, ʦʩʢ̔ʣʢɹʠ ʥʘ ʜʨʫʛ̔ʡ ʩʪʘʜ̔ ʾ 

ʧʨʦʪ̔ʢʘ̒ ʦ̔ʥʥʘ ʨʝʘʢʮ̔ ʷ ʟ ʚʝʣʠʢʦʁ  ʰʚʠʜʢ̔ʩʪ .ʁ ʗʢɦ ʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮ̫ 

ʨʝʘʢʮ̫̔  ʧʨʦʪ̔ʢʘ̒ ʧʦ ʰʣ̫ʭʫ (ʘ), ʪʦ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥ̔ ʟʘʤ̔ʩʥʠʢʠ R, ʢ̫̔ 

ʧ̔ʜʚʠ ʫɦʁ ʪɹ  ʦʩʥʦʚʥ̔ʩʪ ɹ ʢʘʨʙʦʥ̔ʣʥɹʦʾ ʛʨʫʧʠ, ʧʦʚʠʥʥ̔ ʩʧʨʠ̫ʪʠ ʩʢʦʨ̔h ʦʤʫ 

ʧʨʦʪ̔ʢʘʥʥʁ  ʧʨʦʮʝʩʫ, ʘ ɟ ʧʦʚʠʥʥʦ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʟʥʘʢ. ʇʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔ ʾ 

ʧʦ ʣh̫ʭʫ (ʙ) ʧʦʚʠʥʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩ ̫ ʧ̔ʜʚʠ ʝɦʥʥ̫ʤ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ 



21 

 
ʧʨʠ ʚʚʝʜʝʥʥ̔ ʚ ʤʦʣʝʢʫʣʫ ʙʝʥʟʘʣʜɹʝʛ̔ʜʫ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ, ʘ ɟ 

ʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʟʥʘʢ. ɼʦʩʣ̔ʜʞʝʥʥ̫ ʨʝʘʢʮ̔ ʾ ʟ 13 ʨ̔ʟʥʠʤʠ ʧʦ ʧʨʠʨʦʜ̔ 

ʟʘʤ̔ʩʥʠʢʘʤʠ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ ɟ = +2,329, ʦɦ 

ʙʝʟʧʝʨʝʯʥʦ ʚʢʘʟʫ̒ ʥʘ ʧʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔ ʾ ʧʦ ʤʘʨ ʨhʫʪʫ (ʙ). 

ʇʨʠ ʘʥʘʣ̔ʟ̔ ʢʦʥʩʪʘʥʪʠ ɟ, ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭ̔ʜʥʦʛʦ ʩʪʘʥʫ, 

ʚʠʪ̔ʘ̒, ʦɦ, ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥ̫, ʨʝʘʢʮ̔ ʾ ʟ ʘʥʘʣʦʛ̔ ʯʥʠʤ 

ʧʝʨʝʭ̔ ʜʥʠʤ ʩʪʘʥʦʤ ʧʦʚʠʥʥ̔ ʤʘʪʠ ʙʣʠʟʢɹ̔ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ɟ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ ʫ ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ 

ʚ̔ʜʙʫʚʘʣʘʩ̫ ʢʦʨʝʣ̫ʮ̔ ʷ ů-ʢʦʥʩʪʘʥʪ ʟ ʢʦʥʩʪʘʥʪʘʤʠ hʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ ʘʙʦ 

ʢʦʥʩʪʘʥʪʘʤʠ ʨ̔ʚʥʦʚʘʛʠ. ʆʩʦʙʣʠʚʦ ʧʦʤ̔ʪʥʠʤ ʮʝʡ ʬʘʢʪ ʩʪʘ̒ ʫ ʨʘʟ̔, ʢʦʣʠ 

ʟʘʤ̔ʩʥʠʢ ʟʥʘʭʦʜʠʪɹʩ̫ ʚ ʧ-ʧʦʣʦʞʝʥʥ̔ ʜʦ ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ, ʢ̫ʠʡ ʟʜʘʪʥʠʡ 

ʜʦ ʧʨ̫ʤʦʛʦ ʧʦʣ̫ʨʥʦʛʦ ʩʧʦʣʫʯʝʥʥ̫ : ʟʘ ʨʘʭʫʥʦʢ ʥʘ̫ʚʥʦʩʪ̔ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤ̔ʩʥʠʢʘ ʚ ʧ-ʧʦʣʦʞʝʥʥ̔ ʜʦ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ 

ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ, ʘʙʦ ʥʘʚʧʘʢʠ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʨʝʘʢʮ̔ ʷ ʦ̔ʥ̔ʟʘʮ̔ ʾ ʧ-

ʥ̔ʪʨʦʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʧ-ʥ̔ʪʨʦʬʝʥʦʣʫ 

 

 
 

ɺ ʧ-ʥ̔ʪʨʦʙʝʥʟʦʡʥ̔ʡ ʢʠʩʣʦʪ̔ ʨʝʘʢʮ̔ʡʥʠʡ ʮʝʥʪʨ (ʢʘʨʙʦʢʩʠʣɹʥʘ ʛʨʫʧʘ) ʪʘ 
ʟʘʤ̔ʩʥʠʢ (ʥ̔ʪʨʦʛʨʫʧʘ)  ̒ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʟʘʤ̔ʩʥʠʢʘʤʠ. ɽʣʝʢʪʨʦʥʠ 
ʟʚ' ʟ̫ʢʫ ʅïʆ ʢʘʨʙʦʢʩʠʛʨʫʧʠ ʧʨʘʢʪʠʯʥʦ ʟ̔ʦʣʦɹʚʘʥ̔ ʚ̔ʜ -́ʝʣʝʢʪʨʦʥ̔ʚ 
ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʣ̔ʮɹ̫, ʪʦʤʫ ʚʧʣʠʚʫ ʥ̔ʪʨʦʛʨʫʧʠ ʧ̔ʜʣ̫ʛʘ̒ ʣʠh ʝ ʘʨʦʤʘʪʠʯʥʝ 

ʢ̔ʣʮɹʝ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪ̔ʚ ʩʧʦʣʫʯʝʥʥ̫ ʪʘ ʥ̔ʜʫʢʪʠʚʥʦʛʦ. ʇʨʠ ʦ̔ʥ̔ʟʘʮ̔ ʾ 
ʧ-ʥ̔ʪʨʦʬʝʥʦʣʫ (ʨʝʘʢʮ̔ʡʥʠʡ ʮʝʥʪʨ ʛ̔ʜʨʦʢʩʠʣɹʥʘ ʛʨʫʧʘ) ʟʘ ʨʘʭʫʥʦʢ ʪʠʭ ʞʝ 
ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪ̔ʚ ʥ̔ʪʨʦʛʨʫʧʠ ʤʘ̒ ʤ̔ʩʮʝ ʧʨ̫ʤʝ ʧʦʣ̫ʨʥʝ ʩʧʦʣʫʯʝʥʥ̫ ʟ        
ʨ-ʝʣʝʢʪʨʦʥʘʤʠ ʛ̔ʜʨʦʢʩʠʛʨʫʧʠ, ʚʥʘʩʣ̔ʜʦʢ ʯʦʛʦ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨ̫ʜ, 

ʥ̔ʜʫʢʪʦʚʘʥʠʡ ʥ̔ʪʨʦʛʨʫʧʦʁ  ʥʘ ʘʪʦʤ̔ ʚʫʛʣʝʮʁ  ʚ ʧ-ʧʦʣʦʞʝʥʥ̔ ʧ-ʥ̔ʪʨʦʬʝʥʦʣʫ 
ʙʫʜʝ ʚʠʠɦʡ ʥ̔ʞ ʫ ʧ-ʥ̔ʪʨʦʙʝʥʟʦʡʥ̔ʡ ʢʠʩʣʦʪ̔. ɸʙʩʦʣʁʪʥʝ ʟʥʘʯʝʥʥ̫ ů-ʢʦʥʩʪʘʥʪʠ 
ʜʣ̫ ʥ̔ʪʨʦʛʨʫʧʠ ʚ ʧ-ʧʦʣʦʞʝʥʥ̔, ʨʦʟʨʘʭʦʚʘʥʝ ʧʦ ʢʦʥʩʪʘʥʪ̔ ʦ̔ʥ̔ʟʘʮ̔ʾ ʟʘʤ̔ ʝɦʥʠʭ 
ʬʝʥʦʣʫ ʟʥʘʯʥʦ ʙ̔ʣʴhʝ (ů = 1,27), ʥ̔ʞ ʧʦ ʨʝʘʢʮ̔ ʾ ʦ̔ʥ̔ʟʘʮ̔ ʾ ʟʘʤ̔ ʝɦʥʠʭ 

ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ (ů = 0,77). ʋ ʟʚ' ʟ̫ʢʫ ʩ ʮʠʤ ů ʢʦʥʩʪʘʥʪʠ, ʦʪʨʠʤʘʥ̔ ʜʣ̫ 

ʦ̔ʥ̔ʟʘʮ̔ʾ ʟʘʤ̔ ʝɦʥʠʭ ʬʝʥʦʣʫ ʤʘʁʪɹ ʚʠʛʣ̫ʜ ůï  ̔ʥʘʟʚʫ ʥʫʢʣʝʦʬ̔ʣʥɹʠʭ ʢʦʥʩʪʘʥʪ 

ʟʘʤ̔ʩʥʠʢ̔ʚ, ʪʦʤʫ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʜʣ̫ ʢʦʨʝʣ̫ʮ̔ ʾ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ 
ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. 

ɿ ʤʝʪʦʁ  ʚʨʘʭʫʚʘʥʥ̫ ʩʧʦʣʫʯʝʥʥ̫ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ ʟ 
ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤ ʨʝʘʢʮ̔ʡʥʠʤ ʮʝʥʪʨʦʤ ʙʫʣʠ ʚʚʝʜʝʥ̔ ʝʣʝʢʪʨʦʬ̔ʣʥɹ̔ 

ʢʦʥʩʪʘʥʪʠ ʟʘʤ̔ʩʥʠʢ̔ʚ ů+, ʟʘ ʜʦʧʦʤʦʛʦʁ  ʢ̫ʠʭ ʤʦʞʥʘ ʢʦʨʝʣ ʚʁʘʪʠ ʚhʠʜʢʦʩʪ̔ 
ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. ʎ̔ ʢʦʥʩʪʘʥʪʠ ʟʘʟʚʠʯʘʡ 
ʤʘʁʪ ɹ ʤʝʥh ʠʡ ʧʦʟʠʪʠʚʥʠʡ ʪʘ ʙ̔ʣʴhʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨ̫ʜʠ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ůʧ 
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ɻʘʤʤʝʪʘ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ů ʣʠh ʝ ʧʨʠ ʥʘʚ̫ʥʦʩʪ̔ ʚ ʧ-ʧʦʣʦʞʝʥʥ̔ 
ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʟʘʤ̔ʩʥʠʢʘ. ɼʣ̫ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ ʚ 
ʧ-ʧʦʣʦʞʝʥʥ̔ ʪʘ ʚʩ̔ʭ ʪʠʧ̔ʚ ʟʘʤ̔ʩʥʠʢ̔ʚ ʚ ʤ-ʧʦʣʦʞʝʥʥ̔ ʜʣ̫ ʨʦʟʨʘʭʫʥʢ̔ʚ 
ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ů-ʢʦʥʩʪʘʥʪʠ ɻʘʤʤʝʪʘ. ɿ ʫʨʘʭʫʚʘʥʥ̫ʤ ʬʘʢʪʦʨ̔ʚ 
ʧʘʨʮ̔ʘʣʥɹʠʭ hʚʠʜʢʦʩʪʝʡ 

 

lgfn = ɟůn ʪʘ lgfn = ɟůʤ                                      (1.46) 

 

ʇ̔ʩʣ̫ ʚ̔ʜʥ̔ʤʘʥʥ̫ 

 
ʜʝ (ůʧ -ůʤ ) = const 

ɿ ʨ̔ʚʥ̫ʥɹ ʚʠʪ̔ʢʘ̒, ʱʦ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʦʪʨʠʤʘʥʠʭ ʟ̔ʦʤʝʨ̔ʚ 

ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʘʢʪʠʚʥʦʩʪ̔ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʾ ʯʘʩʪʢʠ ʨʝʘʛʝʥʪʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣ̫ 

ʧ̔ ʜʚʠɦ ʝʥʥ̫ ʚʠʭʦʜʫ ʤ- ʟ̔ʦʤʝʨʘʫ ʧʨʠ ʭʣʦʨʫʚʘʥʥ̔ ʪʦʣʫʦʣʫ ʩʣ̔ ʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʝʘʛʝʥʪʠ, ʫ ʢ̫ʠʭ ɟ ʤʘ̒ ʙ̔ʣʴʰ ʚʠʩʦʢ̔ ʟʥʘʯʝʥʥ̫. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʝʣʝʢʪʨʦʥʥʠʡ ʚʧʣʠʚ ʟʘʤ̔ʩʥʠʢʘ, ʚ̔ʜʦʙʨʘʞʝʥʠʡ ʢʦʥʩʪʘʥʪʘʤʠ ʟʘʤ̔ʩʥʠʢ̔ʚ ůʤ  ̔

ůʧ, ʤʘ̒ ʢ̔ʣʢɹ̔ʩʥʫ ʫ̫ʚʫ ʢ̫ ʩʫʤʘ ʥʝʟʘʣʝʞʥʠʭ ʚʢʣʘʜ̔ʚ ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʪʘ 

ʤʝʟʦʤʝʨʥʦʛʦ ʝʬʝʢʪ̔ʚ. 

ʄʝʟʦʤʝʨʥʠʡ ʝʬʝʢʪ ʧʦʣ̫ʛʘ̒ ʫ ʝʣʝʢʪʨʦʥʥ̔ʡ ʚʟʘ̒ʤʦʜ̔ ʾ ʤ̔ʞ -́ʦʨʙ̔ʪʘʣ̫ʤʠ 
ʘʨʦʤʘʪʠʯʥʦʛʦ ʢ̔ʣʮɹ̫  ̔ʟʘʤ̔ʩʥʠʢʘ, ʦɦ ʟʥʘʭʦʜʠʪʩɹ̫ ʚ ʦʜʥ̔ʡ ʧʣʦɦʝʥ̔ ʟ ʢ̔ʣɹʮʝʤ, 
ʪʘ ʧʨʦ̫ʚʣ̫ ʪ̒ɹʩ̫ ʣʠ ʝh ʚ ʦ-  ̔ ʧ-ʧʦʣʦʞʝʥʥ̫ʭ ʜʦ ʟʘʤ̔ʩʥʠʢʘ. ɺʨʘʭʦʚʫʁʯʠ, ʱʦ 
ʥ̔ʜʫʢʪʠʚʥʠʡ ʝʬʝʢʪ ʚʧʣʠʚʘ̒ ʚ ʤ-  ̔ ʧ-ʧʦʣʦʞʝʥʥ̫ ʦʜʥʘʢʦʚʦ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ 
ůʤåůi, ʘ ʪʦʜ̔ (ůʧ ï ůʤ) = ʤʝʟʦʤʝʨʥʦʤʫ ʝʬʝʢʪʫ (ůR) ʜʘʥʦʛʦ ʟʘʤ̔ʩʥʠʢʘ. 

ʆʩʢ̔ʣʢɹʠ ůʤå ůi, ʘ ůʧ ï ůʤ = ůʧ ï ůi = ůR, ʪʦ ůʧ = ůi + ůR, ʪʘʢʠʤ ʯʠʥʦʤ ůʧ ʤ̔ʩ-

ʪʠʪɹ ʚ ʩʦʙ̔ ʚʢʣʘʜ ʦʙʦʭ ʝʬʝʢʪ̔ʚ ï ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʪʘ ʤʝʟʦʤʝʨʥʦʛʦ. 
ɿ ʯʘʩʦʤ ʊʘʬʪ ʫʜʦʩʢʦʥʘʣʠʚ ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ ʟ ʤʝʪʦʁ  ʚʨʘʭʫʚʘʥʥ̫ 

ʩʪʝʨʠʯʥʦʛʦ ʬʘʢʪʦʨʫ, ʦɦ ʚʧʣʠʚʘ̒ ʥʘ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʦ-ʧʦʣʦʞʝʥʥ̫. ɺ ʢ̫ʦʩʪ̔ 
ʩʪʘʥʜʘʨʪʥʦʾ ʩʧʦʣʫʢʠ ʚ̔ʥ ʦʙʨʘʚ ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ ʟʘʤ̔ʩʪɹ ʙʝʥʟʦʡʥʦʾ ʪʘ 

ʚʠʟʥʘʯʠʚ, ʱʦ ů*  ʤʝʪʠʣʥɹʦʾ ʛʨʫʧʠ ʜʦʨ̔ʚʥʶʻ ʥʫʣʁ , ʘ ů*
ʅ= 0,49, ʪʦʜ̔ ʷʢ ʧʦ 

ɻʘʤʤʝʪʫ ůʅ= 0. ʈ̔ʚʥ̫ʥʥ̫ ʊʘʬʪʘ ʤʘ̒ ʚʠʛʣ̫ʜ 

 
 
 
 

ʜʝ ů*  ï ʢʦʥʩʪʘʥʪʘ ʟʘʤ̔ʩʥʠʢʘ ʊʘʬʪʘ, ʥʝ ʽʜʝʥʪʠʯʥʘ ů-ʢʦʥʩʪʘʥʪ̔ ɻʘʤʤʝʪʘ; 
ɽ ï ʧʘʨʘʤʝʪʨ, ʢ̫ʠʡ ʚʠʟʥʘʯʘ̒ ʚʧʣʠʚ ʩʪʝʨʠʯʥʦʛʦ ʝʬʝʢʪʫ. 
 

ɿʘ ʜʦʧʦʤʦʛʦʁ  ů* ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥ̫ ůi ʷʢ ůi = 0,16ů*. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʁ  ʨ̔ʚʥ̫ʥʥ̫ ɻʘʤʤʝʪʘ ʪʘ ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥɹ  
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ʤʦʞʥʘ ʦʮ̔ʥʁ ʚʘʪʠ ʚʧʣʠʚ ʪʦʛʦ ʯʠ ʥ̔ ʦhʛʦ ʟʘʤ̔ʩʥʠʢʘ ʪʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ  

ʣʁʙʦʾ ʩʧʦʣʫʢʠ, ʢ̫ʘ ʚʭʦʜʠʪɹ ʚ ʨʝʘʢʮ̔ʡʥʫ ʩʝʨ̔ʁ  ʟ ʚ̔ʜʦʤʠʤ ʟʥʘʯʝʥʥ̫ʤ 

ʢʦʥʩʪʘʥʪʠ ɟ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ, ʢ̫̔ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʣh̫ʭʦʤ. 
 

ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥʷ 
 
1. ʗʢʠʡ ʦʩʥʦʚʥʠʡ ʬʘʢʪʦʨ ʚʠʟʥʘʯʘ̒ ʝʣʝʢʪʨʦʬ̔ʣʥɹʠʡ ʤʝʭʘʥ̔ʟʤ ʭ̔ʤ̔ ʯʥʦʾ 

ʨʝʘʢʮ̔ ʾ? 

2. ʑʦ ʚ̫ʣ̫ ʪʁɹ ʩʦʙʦʁ  ʭ̔ʤ̔ʯʥ̔ ʨʝʘʢʮ̔ʾ, ʷʢ̔ ʧʨʦʪ̔ʢʘʁʪ ɹʧʦ ʝʣʝʢʪʨʦʬ̔ʣ-ɹ

ʥʦʛʦ ʤʝʭʘʥ̔ʟʤʫ? 

3. ʗʢ̔ ʧʨʦʤ̔ʞʥ̔ ʩʧʦʣʫʢʠ ʘʙʦ ʢʦʤʧʣʝʢʩʠ ʫʪʚʦʨʶʁʪɹʩ̫ ʧʨʠ ʧʨʦʪ̔ʢʘʥʥ̔ 

ʭ̔ʤ̔ ʯʥʠʭ ʨʝʘʢʮ̔ʡ ʟʘ ʝʣʝʢʪʨʦʬ̔ʣʥɹʠʤ ʤʝʭʘʥ̔ʟʤʦʤ? 

4. ɿʘ ʢ̫ʠʤ ʤʝʭʘʥ̔ʟʤʦʤ ʧʨʦʪ̔ʢʘʁʪɹ ʧʨʦʮʝʩʠ ʩʫʣɹʬʫʚʘʥʥ̫  ̔ʨ̔ʚʥ̫ʥʥ̫ʤ 

ʢ̫ʦʛʦ ʧʦʨ̫ ʜʢʫ ʦʧʠʩʫʁ ʪʩɹ̫? 

5. ʗʢ̔ ʨʝʘʛʝʥʪʠ ʪʘ ʢʘʪʘʣ̔ʟʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʚ ʨʝʘʢʮ̔ ʭ̫ 

ʛʘʣʦʛʝʥʫʚʘʥʥ̫, ʦɦ ʧʨʦʪ̔ʢʘʁ ʪɹ ʧʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʤʫ ʤʝʭʘʥ̔ʟʤʫ? 

6. ʗʢ̔ ʨʝʘʛʝʥʪʠ ʪʘ ʢʘʪʘʣ̔ʟʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʚ ʨʝʘʢʮ̫̔ ʭ 

ʛʘʣʦʛʝʥʫʚʘʥʥ̫, ʱʦ ʧʨʦʪ̔ʢʘʁʪɹ ʧʦ ʛʦʤʦʣ̔ʪʠʯʥʦʤʫ ʤʝʭʘʥ̔ʟʤʫ? 

7. ʗʢ̔ ʦʩʥʦʚʥ̔ ʘʛʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹʩ ̫ ʜʣ̫ ʚʚʝʜʝʥʥ̫ ʚ ʦʨʛʘʥ̔ ʯʥʫ 

ʤʦʣʝʢʫʣʫ ʘʣʢ̔ʣʥɹʦʛʦ ʟʘʣʠh ʢʫ? 

8. ɿʘ ʩʚʦʾʤ ʚʧʣʠʚʦʤ  ̔ ʦʨ̔̒ʥʪʘʮ̔̒  ʁ ʚʭʦʜʞʝʥʥ̫ ʥʦʚʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ ʫ 

ʨʝʘʢʮ̔ ʭ̫ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʥʘ ʢ̫ʫ ʢ̔ʣʢɹ̔ʩʪɹ ʛʨʫʧ ʫʤʦʚʥʦ 

ʜ̔ʣ̫ʪɹʩ̫ ʟʘʤ̔ʩʥʠʢʠ? 

9. ʗʢʠʤʠ ʪʠʧʘʤʠ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʾ ʚʟʘ̒ʤʦʜ̔ʾ ʦʙʫʤʦʚʣʝʥʦ ʚʧʣʠʚ 

ʟʘʩʪʫʧʥʠʢʘ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ ʦʨʛʘʥ̔ ʯʥʦʾ ʩʧʦʣʫʢʠ? 

10. ʗʢʝ ʨ̔ʚʥ̫ʥʥ̫ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʢ̔ʣʢɹ̔ʩʥʦʾ ʦʮ̔ʥʢʠ ʚʧʣʠʚʫ 

ʟʘʩʪʫʧʥʠʢʘ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ ʦʨʛʘʥ̔ ʯʥʦʾ ʩʧʦʣʫʢʠ? 

 

1.2 ʈʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣɹʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ 

ʈʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʤʘʁʪ ɹ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥ̫ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪ̔ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʎʝ ʪʘʢ̔ ʧʨʦʮʝʩʠ ̫ʢ ʟʘʤ̔ ʝɦʥʥ̫  ̔

ʨʦʟʝɦʧʣʝʥʥ̫ ʛʘʣʦʛʝʥʦʧʦʭʜ̔ʥʠʭ ʚʫʛʣʝʚʦʜʥ̔ʚ, ʩʧʠʨʪ̔ʚ, ʝʬ̔ʨ̔ʚ ʩʫʣɹʬʦʢʠʩʣʦʪ; 

ʨʝʘʢʮ̔ʾ ʧʨʠ̒ʜʥʘʥʥ̫ (ʘʣʜɹʦʣɹʥʘ ʢʦʥʜʝʥʩʘʮ̔ )̫, ʧʨʦʮʝʩʠ ʝʪʝʨʠʬ̔ʢʘʮ̔ ʾ ʪʘ ʥ̔h  ̔

ʧʝʨʝʪʚʦʨʝʥʥ̫. 
 
1.2.1 ʄʝʭʘʥ̔ʟʤ ʥʫʢʣʝʦʬ̔ʣɹʥʦʛʦ ʟʘʤ̔ ʝɦʥʥʷ ʧʨʠ ʥʘʩʠʯʝʥʦʤʫ 

ʘʪʦʤʫ ʚʫʛʣʝʮʁ  

ɿʘʟʚʠʯʘʡ ʮ̔ ʨʝʘʢʮ̔ ʾ ʧʨʦʪ̔ʢʘʁʪɹ ʙʝʟ ʢʘʪʘʣ̔ʟʘʪʦʨ̔ʚ, ʘʣʝ ʚ ʜʝ̫ʢʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝʦʙʭ̔ ʜʥʘ ʧʨʠʩʫʪʥ̔ʩʪɹ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ï ʢʠʩʣʦʪʠ. 

ʅʝʢʘʪʘʣ̔ʪʠʯʥʝ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʤʦʞʝ ʚ̔ʜʙʫʚʘʪʠʩ ̫ ʚ ʦʜʥʫ 

ʘʙʦ ʜʚ̔ ʝʣʝʤʝʥʪʘʨʥ̔ ʩʪʘʜ̔ʾ. 
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ʆʜʥʦʩʪʘʜ̔ʡʥʠʡ ʧʨʦʮʝʩ ʚ̫ʣ̫  ̒ʩʦʙʦʁ  ʝʣʝʤʝʥʪʘʨʥʫ ʨʝʘʢʮ̔ʁ  

SN
2 

- ʟʘʤ̔ ʝɦʥʥ̫, ʜʝ ʥ̔ʜʝʢʩ 2 ʚʢʘʟʫ̒ ʥʘ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥ̔ʩʪ ɹʮ̔̒  ʾʨʝʘʢʮ̔ʾ 

R'R R˽' C˽X + YïŸ R'R R˽' C˽Y + Xï                                           (1.49) 

 

 
ɸʢʪʠʚʥʘ ʯʘʩʪʢʘ (ʥʫʢʣʝʦʬ̔ʣ) ʩʚʦ̒  ʁ ʥʝʧʦʜ̔ʣʝʥʦʁ  ʧʘʨʦʁ  ʨ-

ʝʣʝʢʪʨʦʥ̔ʚ ʘʪʘʢʫ̒ ʘʪʦʤ ʚʫʛʣʝʮʁ  ʚ ʤʦʣʝʢʫʣ̔ ʚʫʛʣʝʚʦʜʥ  ʁʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ 

ʚ̔ʜʥʦʩʥʦ ʛʨʫʧʠ, ʷʢʫ ʟʘʤ̔ ʫɦʁ ʪɹ ʍï. ʇʨʠ ʫʪʚʦʨʝʥʥ̔ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʝʣʝʢʪʨʦʥʠ ů-ʟʚ'̫ʟʢʚ̔ ʧʨʠ ʘʪʦʤ̔ ʚʫʛʣʝʮ ,ʁ ʢ̫ʠʡ ʧ̔ ʜʣ̫ʛʘ̒ ʘʪʘʮ̔, ʧʝʨʝʭʦʜʪ̫ɹ ʟ̔ 

ʩʪʘʥʫ sp3- ʚ ʩʪʘʥ sp2- ʛ̔ ʙʨʠʜʠʟʘʮ̔ʾ, ʧʨʠ ʮɹʦʤʫ ʘʪʦʤ ʚʫʛʣʝʮʁ  ʩʪʘ̒ ʚ ʦʜʥ̔ʡ 

ʧʣʦɦʠʥ̔ ʟ ʫʩ̔ʤʘ ʛʨʫʧʘʤʠ R, ʘ ʥʫʢʣʝʦʬ̔ʣ ʪʘ ʛʨʫʧʘ ʍ ʟʚ' ʟ̫ʘʥ̔ ʟ ʥʠʤ ʟʘ 

ʨʘʭʫʥʦʢ ʨ-ʦʨʙ̔ʪʘʣʝʡ. ʈʦʟʧʘʜ ʫʪʚʦʨʝʥʦʛʦ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦ 

ʧʨʦʜʫʢʪʫ ʨʝʘʢʮ̔ ʾ ʩʫʧʨʦʚʦʜʞʫ̒ʪʩɹ̫ ʟʚʦʨʦʪʥ̔ʤ ʧʝʨʝʭʦʜʦʤ ʘʪʦʤʫ ʚʫʛʣʝʮʁ  ʚ 

ʩʪʘʥ sp3- ʛ̔ ʙʨʠʜʠʟʘʮ̔ʾ, ʧʨʠ ʮʦɹʤʫ ʦʪʨʠʤʘʥʘ ʩʧʦʣʫʢʘ ʤʘ̒ ʦʙʝʨʥʝʥʫ 

ʢʦʥʬ̔ʛʫʨʘʮ̔ʁ , ʦɦ ʚʠʢʣʠʢʘʥʦ ʧʨʠ̒ʜʥʘʥʥ̫ʤ ʘʪʦʤʫ Yï ʟ ʙʦʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʨʦʟ̔ʨʚʘʥʦʤʫ ʟʚ' ʟ̫ʢʫ ʉ-ʍ. 

ʇʨʠ ʜʚʦʭʩʪʘʜ̔ʡʥʦʤʫ ʥʫʢʣʝʦʬ̔ʣʥɹʦʤʫ ʟʘʤ̔ ʝɦʥʥ̔ ʨʦʟʨʠʚ ʟʚ' ʟ̫ʢʫ ʉ-ʍ  ̔

ʫʪʚʦʨʝʥʥ̫ ʟʚ'̫ʟʢʫ ʉ-Y ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʥʝ ʦʜʥʦʯʘʩʥʦ. ʇʝʨh ʦʁ  ʝʣʝʤʝʥʪʘʨʥʦʶ 

ʩʪʘʜ̔̒  ʁ ʨʝʘʢʮ̔ʾ  ̒ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʠʡ ʛʝʪʝʨʦʣ̔ʪʠʯʥʠʡ ʨʦʟʨʠʚ ʟʚ' ʟ̫ʢʫ ʉ-ʍ ʟ 

ʫʪʚʦʨʝʥʥ̫ʤ ʢʘʨʙʢʘʪ̔ʦʥʫ: 

 
ɸʪʦʤ ʚʫʛʣʝʮʁ  ʢʘʨʙʢʘʪ̔ʦʥʫ ʦʪʨʠʤʫ̒ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨ̫ ʜ  ̔ʟʥʘʭʦʜʠʪɹʩ̫ ʚ 

ʦʜʥ̔ʡ ʧʣʦɦʠʥ̔ ʟ ʪʨʦɹʤʘ ů-ʟʚ' ʟ̫ʢʘʤʠ ʉ-R, ʱʦ ʜʦʟʚʦʣ̫  ̒ ʥʫʢʣʝʦʬ̔ʣʫ ʟ 

ʦʜʥʘʢʦʚʦʁ  ʤ̔ʦʚ̔ʨʥ̔ʩʪʁ  ʘʪʘʢʫʚʘʪʠ ʡʦʛʦ ʢ̫ ʟ ʙʦʢʫ ʚ̔ʜɦ ʝʧʣʝʥʦʾ ʛʨʫʧʠ ʍ, ʪʘʢ  ̔

ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ. ɺ ʨʝʟʫʣɹʪʘʪ̔ ʥʘʩʪʫʧʥʦʾ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʾ ʩʪʘʜ̔ʾ ʚʟʘ̒ʤʦʜ̔ ʾ 

ʥʫʢʣʝʦʬ̔ʣʫ ʟ ʢʘʨʙʢʘʪ̔ʦʥʦʤ ʫʪʚʦʨʁ ʪ̒ɹʩ̫ ʩʫʤ̔  hʜʚʦʭ ʧʨʦʜʫʢʪ̔ʚ ʟʘʤ̔ ʝɦʥʥ̫ ʍ 

ʥʘ Y ï ʟ̔ ʟʙʝʨʝʞʝʥʦʁ  ̔ ʦʙʦʨʦʪʥʦʁ  ʢʦʥʬ̔ʛʫʨʘʮ̔̒ :ʁ 
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ʇʝʨh ʘ ʩʪʘʜ̫̔  ʨʝʘʢʮ̔ ʾ ï ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʠʡ ʛʝʪʝʨʦʣ̔ʟ ï ʤʘ̒ ʟʥʘʯʥʦ 

ʤʝʥh ʫ ʚhʠʜʢ̔ʩʪɹ, ʥ̔ʞ ʜʨʫʛʘ,  ̔ ʣ̔ʤ̔ʪʫ̒ ʟʘʛʘʣʴʥʫ ʚhʠʜʢ̔ʩʪɹ ʧʨʦʮʝʩʫ, ʪʦʤʫ 

ʜʚʦʭʩʪʘʜʡ̔ʥʝ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʧʨʠʡʥ̫ʪʦ ʧʦʟʥʘʯʘʪʠ ʩʠʤʚʦʣʦʤ SN
1 

,ʜʝ 

ʮʠʬʨʘ 1 ʚʢʘʟʫ̒ ʥʘ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥ̔ ʩʪ ɹʣ̔ʤ̔ʪʫʁʯʦʾ ʩʪʘʜ̔ ʾ. 

ʄʝʭʘʥ̔ʟʤʠ SN
1 
ʪʘSN

2 
ʣʝʛʢʦ ʨʦʟʧ̔ʟʥʘʪʠ ʧʦ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥʥ̫ʭ 

ʟʘ ʫʤʦʚʠ, ʦɦ ʥʫʢʣʝʦʬ̔ʣ ʥʝ  ̒ ʨʦʟʯʠʥʥʠʢʦʤ ʚ ʮ̔ʡ ʩʠʩʪʝʤ̔. ʈʝʘʢʮ̫̔  ʟ 

ʤʝʭʘʥ̔ʟʤʦʤ SN
2 
ʟʘʚʞʜʠ ʤʘ̒ ʢʥ̔ʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ɡ = 

k[RX][Y]. ɼʚʦʭʩʪʘʜ̔ʡʥʘ ʨʝʘʢʮ̫̔  SN
1 
ʚ ʟʘʛʘʣʥɹʦʤʫ ʚʠʧʘʜʢʫ ʤʘ̒ ʙ̔ʣʴʰ 

ʩʢʣʘʜʥʝ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫, ʪʦʤʫ ʦɦ ʥʝʦʙʭ̔ʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʚʦʨʦʪʥʫ 

ʨʝʘʢʮ̔ʁ  ʧʝʨh ʦʾ ʩʪʘʜ̔ ʾ: 

 
ɺʠʢʦʨʠʩʪʦʚʫʁʯʠ ʧʨʠʥʮʠʧ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ 

k1[RX] ï kï1[R
+][Xï] ï k2[R

+][Yï] = 0,                                 (1.54) 

 
ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʢʘʨʙʢʘʪ̔ʦʥʫ ʪʘ ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʚ ʨ̔ʚʥ̫ʥʥ̔ ʜʣ̫ 

ʨʦʟʨʘʭʫʥʢʫ ʚhʠʜʢʦʩʪ̔ ʥʘʢʦʧʠʯʝʥʥ̫ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮ̔ ʾ 

 
ɿ ʦʛʣ̫ʜʫ ʥʘ ʮʝ, ʚhʠʜʢ̔ʩʪɹ ʪʘʢʦʾ ʨʝʘʢʮ̔ʾ ʧʦʚʠʥʥʘ ʟʤʝʥh ʫʚʘʪʠʩ̫ ʟʘʣʝʞ-

ʥʦ ʚ̔ʜ ʥʘʢʦʧʠʯʝʥʥ̫ ʘʥ̔ʦʥʫ ʍï, ʘʙʦ ʧʨʠ ʜʦʜʘʚʘʥʥ̔ ʡʦʛʦ ʚ ʨʝʘʢʮ̔ʡʥʫ ʤʘʩʫ. 
ʎʝʡ ʝʬʝʢʪ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʝʬʝʢʪʫ ʟʘʛʘʣʥɹʦʛʦ ʦ̔ʥʫ. 

ʗʢɦʦ ʍï ʤʘ̒ ʩʣʘʙʢʫ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʘʙʦ ʜʦ ʜʽʾ ʨʝʘʛʝʥʪʫ Yï ʜʦʜʘ̒ʪʩɹ̫ 
ʨʝʘʢʮ̔ ʷ ʟ ʨʦʟʯʠʥʥʠʢʦʤ ʅY, ʩʧʦʣʫʯʝʥʦ ʁʣʫʛʦʤ ʢ̫ʦʛʦ  ̒ʥʫʢʣʝʦʬ̔ʣ (ʥʘʧʨʠʢʣʘʜ 

ʅʆï ʫ ʚʦʜ̔, ROï ʚ ʩʧʠʨʪ̔), ʯʣʝʥʦʤ kï1[X
ï] ʚ ʟʥʘʤʝʥʥʠʢʫ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ  ̔ ʪʦʜ̔ ʚʦʥʦ ʤʘʪʠʤʝ ʚʠʛʣ̫ʜ ɡ= k1[RX]. ʎʝ ʦʟʥʘʯʘ̒, ʱʦ k1 ʻ 
ʩ̔ʪʠʥʦʁ  ʢʦʥʩʪʘʥʪʦʁ  ʚhʠʜʢʦʩʪ̔ ʛʝʪʝʨʦʣ̔ʟʫ ʟʚ' ʟ̫ʢʫ ʉ-ʍ  ̔ʚʦʥʘ, ʥʘ ʚ̔ ʜʤ̔ʥʫ ʚ̔ʜ 
ʨʝʘʢʮ̔ ʾ SN

2 
,ʥʝ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʫ. ɸʣʝ ʪʘʢʝ ʞ ʢ̔ʥʝʪʠʯʥʝ 
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ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʨʝʘʢʮ̔ ʷ SN

2 
,ʢʦʣʠ ʻʜʠʥʠʤ ʥʫʢʣʝʦʬ̔ʣʥɹʠʤ ʨʝʘʛʝʥʪʦʤ ʚʠ̫ʚʣ̫ ʪ̒ɹʩ̫ 

ʩʘʤ ʨʦʟʯʠʥʥʠʢ, ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢ̫ʦʛʦ ʪʦʜ̔ ʚʭʦʜʠʪɹ ʚ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ 
ʚhʠʜʢʦʩʪ̔. ɺ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʤʝʭʘʥ̔ʟʤʠ SN

1 
ʪʘSN

1 
ʨʦʟʨ̔ʟʥ̫ ʪʁɹ  ʧʦ 

ʘʢʪʠʚʘʮ̔ʡʥʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʜʣ̫ ʨʝʘʢʮ̔ʡ SN
1 
ʭʘʨʘʢʪʝʨʥʘ ʧʦʟʠʪʠʚʥʘ ʝʥʪʨʦʧ̔ ʷ 

ʘʢʪʠʚʘʮ̔ʾ, ʘ ʜʣ̫SN
2 
ï ʥʝʛʘʪʠʚʥʘ. 

ɺ ʪʝʧʝʨ̔h ʥ̔ʡ ʯʘʩ ʚʚʘʞʘʁʪ,ɹ ʱʦ ʨʦʟʨʠʚ ʟʚ' ʟ̫ʢʫ ʉ-ʍ ʩʫʪʪ̒ ʚʦ 
ʧʨʠʩʢʦʨʶ̒ʪɹʩ̫, ʘʙʦ ʚʟʘʛʘʣ̔ ʩʪʘ̒ ʤʦʞʣʠʚʠʤ, ʣʠh ʝ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘ̒ʤʦʜ̔ ʾ ʛʨʫʧʠ 

ʍï ʟ ʥʘ̫ʚʥʠʤʠ ʝʣʝʢʪʨʦʬ̔ʣʘʤʠ. ʋʪʚʦʨʝʥʥ̫ ʜʦʥʦʨʥʦʘʢʮʝʧʪʦʨʥʦʛʦ (1) ʘʙʦ 
ʚʦʜʥʝʚʦʛʦ (2) ʟʚ' ʟ̫ʢ̔ʚ ʚʝʜʝ ʜʦ ʧʦʧʝʨʝʜʥɹʦʾ ʧʦʣ̫ʨʠʟʘʮ̔ ʾ ʟʚ' ʟ̫ʢʫ ʉ-ʍ ʪʘ 
ʧʦʣʝʛhʫ̒ 

 

 

 

 

 

ʡʦʛʦ ʧʦʜʘʣʴhʠʡ ʨʦʟʨʠʚ. ɿʘʤ̔ ʝɦʥʥ̫ ʜʝ̫ʢʠʭ ʛʨʫʧ (ïOH, ïOR, ïSH, ïSR) 

ʚʟʘʛʘʣ̔ ʥʝʤʦʞʣʠʚʝ ʟʘ ʚ̔ ʜʩʫʪʥʦʩʪ̔ ʭʾ ʩʠʣɹʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ʟ ʝʣʝʢʪʨʦʬ̔ʣʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʤ̔ ʝɦʥʥ̫ ʛʨʫʧʠ ïʆʅ ʚ ʤʦʣʝʢʫʣ̔ ʩʧʠʨʪʫ ʧʨʠ ʜ̔ ʾ ʪ̔ʣʢɹʠ ʙʨʦʤ̔ʜ-

ʦ̔ʥʫ ʥʝʤʦʞʣʠʚʝ, ʪʦʜ̔ ʷʢ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠ ʝɦ ʨʝʘʢʮ̔ ʷ ʧʨʦʪ̔ʢʘ̒ ʣʝʛʢʦ, 

ʦʩʢ̔ʣʢɹʠ ʧʦʧʝʨʝʜʥ̒ ʧʨʦʪʦʥʫʚʘʥʥ̫ ʛ̔ ʜʨʦʢʩʠʣɹʥʦʾ ʛʨʫʧʠ ʧʦʣ̫ʨʠʟʫ̒ ʟʚ' ʟ̫ʦʢ ʉ-

ʆ ̔ ʨʦʙʠʪɹ ʤ̔ʦʚ̔ʨʥʠʤ ʟʘʤ̔ ʝɦʥʥ̫ ʾʾ ʙʨʦʤ̔ʜ- ʦ̔ʥʦʤ. 
 
ROH + HBr Ҏ R+OH2 + Brï Ҏ[Brŭï....R.....Oŭ+H2] Ÿ RBr + H2O       (1.56) 

 
ɿʦʢʨʝʤʘ ʩʠʣɹʥʠʭ ʧʨʦʪʦʥʥʠʭ ʢʠʩʣʦʪ (HCl, H2SO4) ʷʢ ʢʘʪʘʣ̔ʟʘʪʦʨʠ 

ʨʝʘʢʮ̔ʡ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚʠʩʪʫʧʘʁʪ ɹʢʠʩʣʦʪʠ ʃɹʶ̔ʩʘ, ʧʨʠ ʮʦɹʤʫ ʭʾ 

ʜ̔ ʷ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ ʛʨʫʧʠ ʍï, ʢ̫ʘ ʚ̔ʜɦ ʝʧʣʁ ʪ̒ɹʩ̫. ʅʘʧʨʠʢʣʘʜ, 
ʧʨʦʪʦʥʥ̔ ʢʠʩʣʦʪʠ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʁ ʪʁɹ ʟʘʤ̔ ʝɦʥʥ̫ ʛʨʫʧ, ʜʦ ʩʢʣʘʜʫ ʢ̫ʠʭ 
ʥʘʣʝʞʘʪɹ ʘʪʦʤʠ ʆ-, S-, N-, ʪʘ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʁʪɹ ʥʘ ʰʚʠʜʢ̔ʩʪɹ 
ʟʘʤ̔ ʝɦʥʥ̫ ʛʘʣʦʛʝʥ̔ʚ, ʦʩʢ̔ʣʢɹʠ ʦʩʪʘʥʥ̔ ʤʘʁ ʪɹ ʚʣʘʩʪʠʚʦʩʪ̔ ʩʣʘʙʢʠʭ ʣʫʛ ʪʘ ʥʝ 
ʧ̔ ʜʣ̫ʛʘʁʪɹ ʧʨʦʪʦʥʫʚʘʥʥʁ . ɸʣʝ ʚʦʥʠ ʟʜʘʪʥ̔ ʫʪʚʦʨʁʚʘʪʠ ʜʦʩʠʪɹ ʤ̔ʮʥ̔ 
ʢʦʤʧʣʝʢʩʠ ʟ ʢʠʩʣʦʪʘʤʠ ʃɹʶ̔ʩʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʥʦʨʥʦʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ, 
ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛhʫ̒ ʨʦʟʨʠʚ ʟʚ' ʟ̫ʢʫ ʉïHal ʫ ʧʦʜʘʣʴh̔ʡ ʨʝʘʢʮ̔ʾ ʟʘʤ̔ ʝɦʥʥ̫. 

ʇʨʠʩʫʪʥ̔ʩʪɹ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʩʠʩʪʝʤ̔ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 
ʟʤ̔ʥʠ ʤʝʭʘʥ̔ʟʤʫ ʨʝʘʢʮ̔ ʾ ʟSN

2 
ʚ ʥʝʢʘʪʘʣ̔ʪʠʯʥʦʤʫ ʧʨʦʮʝʩ̔ ʥʘ SN

1 
ʚ 

ʢʘʪʘʣ̔ʪʠʯʥʦʤʫ. ɺ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʚhʠʜʢ̔ʩʪɹ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ 
ʧʦ ʦʙʦʭ ʤʝʭʘʥ̔ʟʤʘʭ ʧʦʚʠʥʥʘ ʟʨʦʩʪʘʪʠ ʪʠʤ ʩʢʦʨ̔h ʝ, ʯʠʤ ʥʠʞʯʘ ʝʥʝʨʛ̔ 
ʛʝʪʝʨʦʣ̔ʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʟʚ' ʟ̫ʢʫ ʉïʍ. ʎʝ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʧʦʚ' ʟ̫ʘʥʦ ʟ̔ 
ʩʪʘʙ̔ʣ̔ʟʘʮ̔̒ ʶ ʧʨʦʤ̔ʞʥʦʛʦ ʘʥ̔ʦʥʘ ʟʘ ʨʘʭʫʥʦʢ ʧ̔ʜʚʠɦ ʝʥʦʾ ʧʦʣ̫ʨʠʟʫ̒ʤʦʩʪ̔ (ʫ 
ʚʠʧʘʜʢʫ ʘʥ̔ʦʥ̔ʚ ʛʘʣʦʛʝʥ̔ʚ) ʘʙʦ ʝʬʝʢʪʫ ʩʧʦʣʫʯʝʥʥ̫ (ʜʣ̫ ʝʬ̔ʨ̔ʚ ʩʫʣɹ ʬʦʢʠʩʣʦʪ 
ʪʘ ʜ̔ʘʣʢ̔ʣʩʫʣʴʬʘʪ̔ʚ): 
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ʂʠʩʣ̔ ʝʬ̔ʨʠ ʩʫʣʬɹʘʪʥʦʾ ʢʠʩʣʦʪʠ ʤʘʁʪɹ ʩʣʘʙʢʫ ʟʜ̔ʙʥ̔ʩʪɹ ʜʦ 

ʘʣʢ̔ʣʫʚʘʥʥ̫, ʙʦ ʚ ʥʠʭ ʰʚʠʜh ʝ ʨʦʟʨʠʚʘ̒ʪʩɹ̫ ʟʚ' ʟ̫ʦʢ SïO. ʉʧʠʨʪʠ ʪʘ ʧʨʦʩʪ̔ 

ʝʬ̔ʨʠ ʨʝʘʛʫʁ ʪɹ ʣʠh ʝ ʫ ʧʨʠʩʫʪʥʦʩʪ̔ ʢʠʩʣʦʪ - ʢʘʪʘʣ̔ʟʘʪʦʨ̔ʚ, ʢ̫̔ ʧʦʣ̫ʨʠʟʫʁ ʪɹ 

ʟʚ' ʟ̫ʦʢ ʉïʆ: 

 
ɺ̔ʜʥʦʩʥʘ ʟʜ̔ʙʥ̔ʩʪɹ ʜʝ̫ʢʠʭ ʘʪʦʤ̔ʚ ʪʘ ʛʨʫʧ ʜʦ ʟʘʤ̔ ʝɦʥʥ̫ ʤʘ̒ 

ʪʘʢ̔ ʟʥʘʯʝʥʥ̫: 

 
ɿʥʘʯʝʥʥ̫ ʮ̔̒  ʾ ʟʜ̔ ʙʥʦʩʪ̔ ʧʨʦʧʦʨʮ̔ʡʥʦ ʚʧʣʠʚʘ̒ ʥʘ ʧ̔ʜʚʠ ʝɦʥʥ̫ 

ʤ̔ʦʚ̔ʨʥʦʩʪ̔ ʧʨʦʪ̔ʢʘʥʥ̫ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʧʦ ʤʝʭʘʥ̔ʟʤʫ SN
1 

. 

 

1.2.2 ʌʘʢʪʦʨʠ, ʦɦ ʚʧʣʠʚʘʶʪɹ ʥʘ ʥʫʢʣʝʦʬ̔ʣɹʥ̔ʩʪɹ 

ʌʘʢʪʦʨʠ, ʦɦ ʚʧʣʠʚʘʁʪɹ ʥʘ ʚhʠʜʢ̔ʩʪ ɹʨʝʘʢʮ̔ʡ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔-

ʝɦʥʥ̫ ʪʘ ʧʦʚ'̫ʟʘʥ̔ ʟ ʙʫʜʦʚʦʁ  ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʨʝʘʛʝʥʪʫ, ʦʙ' ʜ̒ʥʘʥ̔ ʧʦʥ̫ʪʪ̫ʤ 

ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ. ʅʘʩʘʤʧʝʨʝʜ, ʮʝ ʦʩʥʦʚʥ̔ʩʪɹ  ̔ʧʦʣ̫ʨ̔ʟʦʚʘʥʥ̔ʩʪɹ ʥʫʢʣʝʦʬ̔ʣʫ. 

ɿʚô̫ʟʦʢ ʤ̔ʞ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪʁ   ̔ ʦʩʥʦʚʥ̔ʩʪ  ʁ ʦʙʫʤʦʚʣʝʥʠʡ 

ʘʥʘʣʦʛ̔̒ ʶ ʧʨʦʪʦʣ̔ʪʠʯʥʠʭ ʪʘ ʥʫʢʣʝʦʬ̔ʣʥɹʠʭ ʨʝʘʢʮ̔ʡ: ʚ ʧʨʦʪʦʣ̔ʪʠʯʥʠʭ 

ʨʝʘʢʮ̔ ʭ̫ ʦʩʥʦʚʠ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦ̒  ʾ ʚ̔ʣʥɹʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥ̔ʚ ʧʨʠ̒ʜʥʫʁʪ ɹ

ʧʨʦʪʦʥ; ʚ ʨʝʘʢʮ̫̔ ʭ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʧʦʜ̔ ʙʥʦʁ  ʧʘʨʦʁ  ʝʣʝʢʪʨʦʥ̔ʚ 

ʥʫʢʣʝʦʬ̔ʣ ʟʜ̔ʡʩʥʁ  ̒ ʘʪʘʢʫ ʥʘ ʘʪʦʤ ʚʫʛʣʝʮʁ , ʢ̫ʠʡ ʤʘ̒ ʜʝʬ̔ʮʠʪ ʝʣʝʢʪʨʦʥ̔ʚ. 

ʂʦʣʠ ʥ̔h  ̔ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʁʪɹ ʥʘ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʨʝʘʛʝʥʪʫ, ʥʝ 

ʟʤ̔ʥʶʁʪɹʩ,̫ ʩʧʦʩʪʝʨʛ̔ʘ̒ʪʴʩ̫ ʢʦʨʝʣ̫ʮ̔ ʷ ʤ̔ʞ ʢʦʥʩʪʘʥʪʘʤʠ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ 

SN
2 
ï ʟʘʤ̔ ʝɦʥʥ̫ (ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪ )ʁ  ̔ ʦʩʥʦʚʥʦʩʪ̔ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʨʝʘʛʝʥʪʫ 

(ʦʩʥʦʚʥ̔ʩʪ)ʁ. ʎ̫  ʟʘʣʝʞʥ̔ʩʪɹ ʤʘ̒ ʢʣ̔ʢɹ̔ʩʥʫ ʦʮ̔ʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʨ̔ʚʥ̫ʥʥ̫ 

ɹʨʝʥʩʪʝʜʘ, ʢ̫ʝ ʻ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʣ̔ʥ̔ʡʥʦʛʦ ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ ʚ̔ʣʥɹʠʭ 

ʝʥʝʨʛ̔ʡ 
 

k = GKb                                                                                     (1.59) 

ʘʙʦ 

lgk = lgG+ ɓlgKb                                                                       (1.60) 
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ʘʙʦ 

 
ʜʝ k ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ; 
ʂb ï ʢʦʥʩʪʘʥʪʘ ʦʩʥʦʚʥʦʩʪ̔ ʥʫʢʣʝʦʬ̔ʣʫ; G ̔  Ç ï ʝʤʧ̔ʨʠʯʥ̔ ʢʦʥʩʪʘʥʪʠ. 

 

ʇʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥ̫ʭ ʢʦʥʩʪʘʥʪʠ Ç ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫ ʟʙ̔ʣɹ ʝhʥʥ̫ 

ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ ʧʨʠ ʟʨʦʩʪʘʥʥ̔ ʦʩʥʦʚʥʦʩʪ̔ ʥʫʢʣʝʦʬ̔ʣʫ, ʱʦ  ̒ ʪʠʧʦʚʠʤ 

ʜʣ̫ ʨʝʘʢʮ̔ʡ SN
2 

,ʚ ʢ̫ʠʭ ʥʫʢʣʝʦʬ̔ʣ Yï ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʫʪʚʦʨʁ  ̒ ʟʚ' ʟ̫ʦʢ ʟ 

ʘʪʦʤʦʤ ʚʫʛʣʝʮʁ  ʫʞʝ ʚ ʧʝʨʝʭ̔ ʜʥʦʤʫ ʩʪʘʥ̔ (YïĿĿĿʉĿĿĿʍ). ʇʨʠ ʧʝʨʝʭʦʜ̔ ʚ̔ʜ SN
2 

ʜʦ SN
1     
ʤʝʭʘʥ̔ʟʤʫ ʫʪʚʦʨʝʥʥ̫ ʥʦʚʦʛʦ ʟʚ'̫ʟʢʫ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʚʞʝ ʥʘ ʙʣ̔ʴh̔ʡ 

ʚ̔ʜʩʪʘʥ̔ (YïĿĿĿʉĿĿĿʍ), ʧʨʠ ʮɹʦʤʫ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʟʤʝʥh ʝʥʥ̫ ʟʥʘʯʝʥʥ̫ 

ʢʦʥʩʪʘʥʪʠ Ç. 

ʅʘ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʩʠʣɹʥʠʡ ʚʧʣʠʚ ʤʘ̒ ʧʦʣ̫ʨʠʟʦʚʘʥʥ̔ʩʪɹ 

ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ ʥʫʢʣʝʦʬ̔ʣʫ. ɺ ʦʙ' ʤ̒ʥʠʭ ʦ̔ʥʘʭ (Sï, Iï, Brï) ʘʙʦ ʧʨʠ 

ʥʘʚ̫ʥʦʩʪ̔ ʚ ʘʥ̔ʦʥ̔ ʧʦʜʚ̔ʡʥʠʭ ʟʚ' ʟ̫ʢ̔ʚ (N3
ï, CNï) ʝʣʝʢʪʨʦʥʠ ʣʝʛʢʦ ʟʤ̔ ʫɦʁ ʪɹʩ̫ 

ʚ ʥʘʧʨ̫ʤʢʫ ʧʦʟʠʪʠʚʥʦ ʟʘʨ̫ʜʞʝʥʦʛʦ ʘʪʦʤʘ ʚʫʛʣʝʮʁ  ʤʦʣʝʢʫʣʠ ʩʫʙʩʪʨʘʪʫ. 
ʇʦʣ̫ʨʠʟʦʚʘʥʘ ʤʦʣʝʢʫʣʘ ʥʫʢʣʝʦʬ̔ʣʫ ʫʪʚʦʨʁ  ̒ ʟ ʥʠʤ ʟʚ' ʟ̫ʦʢ ʥʘ ʜʦʩʠʪɹ 
ʚʝʣʠʢ̔ʡ ʚ̔ʜʩʪʘʥ̔  ̔ʪʦʤʫ ʨʝʘʛʫ̒ ʟʥʘʯʥʦ ʩʢʦʨ̔h ʝ ʥ̔ʞ ʥʫʢʣʝʦʬ̔ʣʠ, ʱʦ ʤʘʁʪɹ 
ʧʦʜ̔ ʙʥʫ ʘʙʦ ʥʘʚ̔ʪɹ  ʟʥʘʯʥʦ ʙ̔ʣʴhʫ ʦʩʥʦʚʥ̔ʩʪɹ, ʘʣʝ ʥʝ ʟʜʘʪʥ̔ ʜʦ ʧʦʣ̫ʨʠʟʘʮ̔ ʾ. 
ɽʜʚʘʨʜʩ ʟʘʧʨʦʧʦʥʫʚʘʚ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʢ̔ʣʢɹ̔ʩʥʦʾ ʦʮ̔ʥʢʠ ʟʥʘʯʝʥʥ̫ 
ʥʫʢʣʝʦʬ̔ʣʥɹʦʩʪ̔ EN 

 
ʜʝ R̔ ï ʨʝʬʨʘʢʮ̫̔  (ʧʦʣ̫ʨʠʟʦʚʥ̔ʩʪɹ); 
pKa ï ʢʠʩʣʦʪʥ̔ ʩʪ ɹʢʠʩʣʦʪʠ, ʢ̫ʘ ʩʧʦʣʫʯʝʥʘ ʥʫʢʣʝʦʬ̔ʣʫ. 

 

ʉʪʘʥʜʘʨʪʦʤ  ̒ ʚʦʜʘ, ʜʣ̫ ʢ̫ʦʾ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʜʦʨ̔ʚʥʁ  ̒ 0. ɹʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥ̔ ʟʥʘʯʝʥʥ̫ EN ʜʣ̫ ʜʝ̫ʢʠʭ ʪʠʧʦʚʠʭ ʥʫʢʣʝʦʬ̔ʣ̔ʚ: 

 
ʅʘʧʨʠʢʣʘʜ ʜʣ̫ ʘʤ̔ʥ̔ʚ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʟʤ̔ʥʶ̒ ʪʩɹ̫ ʚ ʨ̫ʜʫ             

R2NH å RNH2 èNH3. 

ʇʨʠ ʟʙ̔ʣɹ ʝhʥʥ̔ ʥʫʢʣʝʦʬ̔ʣʥɹʦʩʪ̔ ʨʝʘʛʝʥʪʫ ʩʪʘ̒ ʤ̔ʦʚ̔ʨʥʠʤ 

ʧʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔ ʾ ʧʦ ʤʝʭʘʥ̔ʟʤʫSN
2 
ʪʦʜ̔ ʷʢ ʟ̔ ʩʣʘʙʢʠʤʠ ʥʫʢʣʝʦʬ̔ʣʘʤʠ ʧʨʦʮʝʩ 

ʧ̔ ʜʝ ʧʦ ʤʝʭʘʥ̔ʟʤʫ SN
1 

. 
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1.2.3 ʅʫʢʣʝʦʬ̔ʣɹʥʝ ʟʘʤ̔ ʝɦʥʥʷ ʚ ʘʨʦʤʘʪʠʯʥʦʤʫ ʨʜ̫ʫ 
ʇʦʨ̔ʚʥ̫ʥʦ ʟ ʥʫʢʣʝʦʬ̔ʣʥɹʠʤ ʟʘʤ̔ ʝɦʥʥ̫ʤ ʢʦʣʦ ʥʘʩʠʯʝʥʦʛʦ ʘʪʦʤʫ 

ʚʫʛʣʝʮʁ  ʮ̔ ʨʝʘʢʮ̔ʾ ʚ ʨ̫ʜʫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʧʦh ʠʨʝʥ̔ ʟʥʘʯʥʦ ʤʝʥh ʝ. 

ʇʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮ̔ʁ  ʷʢ ʟʘ ʤʝʭʘʥ̔ʟʤʦʤ SN
1     

(ʙʦ 

ʜʫʞʝ ʥʠʟʢɹʘ ʩʪʘʙ̔ʣʥɹ̔ʩʪɹ ʬʝʥ̔ʣʥɹʠʭ ʢʘʪ̔ʦʥ̔ʚ), ʪʘʢ  ̔ ʟʘ ʤʝʭʘʥ̔ʟʤʦʤ SN
2     

(ʧ̔ʜʚʠ ʝɦʥʘ ʝʣʝʢʪʨʦʥʥʘ ʱ̔ʣʥɹ̔ʩʪɹ ʥʘ ʘʪʦʤ̔ ʚʫʛʣʝʮʁ  ʢ̔ʣʮɹ̫). 

ɺ ʧʨʦʮʝʩʽ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʢʦʣʦ ʘʪʦʤʫ ʚʫʛʣʝʮʁ  

ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʣ̔ʮɹ̫ ʫʪʚʦʨʁ ʪ̒ɹʩ̫ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚ' ʟ̫ʦʢ ʟ ʥʫʢʣʝʦʬ̔ʣʥɹʠʤ 

ʨʝʘʛʝʥʪʦʤ Yï:, ʘ ʛʨʫʧʘ ʍï: ʚ̔ʜɦ ʝʧʣʁ ʪ̒ɹʩ̫ ʨʘʟʦʤ ʟ ʧʘʨʦʁ  ʝʣʝʢʪʨʦʥ̔ʚ 
 
ArïX + Yï: ŸArïY + Xï:                                   (1.63) 

 
ɸʣʝ ʜʦʩʠʪɹ ʣʝʛʢʦ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʚ ʪʠʭ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ, ʜʝ ʚ ʦ- ʘʙʦ ʧ-ʧʦʣʦʞʝʥʥ̫ʭ ʧʦ ʚ̔ ʜʥʦhʝʥʥʶ ʜʦ 
ʨʝʘʢʮ̔ʡʥʦʛʦ ʮʝʥʪʨʫ ʟʥʘʭʦʜ̫ʪʩɹ̫ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ ʟʘʤ̔ʩʥʠʢʠ. ɰʭʥ̫ 
ʧʨʠʩʫʪʥ̔ʩʪɹ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʧʦʣʝʛhʫ̒ ʫʪʚʦʨʝʥʥ̫ ʟʚ' ʟ̫ʢʫ ʥʫʢʣʝʦʬ̔ʣʫ ʟ 
ʘʪʦʤʦʤ ʚʫʛʣʝʮʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ ʢ̔ʣʮɹ̫ ʪʘ ʩʪʘʙ̔ʣ̔ʟʫ̒ ʧʨʦʤ̔ʞʥʠʡ ʧʝʨʝʭ̔ ʜʥʠʡ 
ʩʪʘʥ. ʊʘʢ̔ ʨʝʘʢʮ̔ ʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʟʥʘʯʘʪʠ ʷʢ ʨʝʘʢʮ̔ʾ ʘʢʪʠʚʦʚʘʥʦʛʦ 
ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ SNAr. ʉʝʨʝʜ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ, ʷʢ̔ ʘʢʪʠʚʫʁ ʪɹ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʘʨʦʤʘʪʠʯʥʝ 
ʟʘʤ̔ ʝɦʥʥ̫, ʥʘʡʙ̔ʣʴʰ ʘʢʪʠʚʥʦʁ  ʻ ʥ̔ʪʨʦʛʨʫʧʘ, ʘ ʤʝʥh  ̔ ʘʢʪʠʚʫʁʯ̔ ʟʜ̔ʙʥʦʩʪ̔ 
ʤʘʁʪ ɹʛʨʫʧʠ SO3Hï, COOHï, CNï ʪʘ ʥ̔. 

ɽʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ ʟʘʤ̔ʩʥʠʢʠ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʚ̔ʜʪ̫ʛʫʁʪ ɹ            

ḯʝʣʝʢʪʨʦʥʠ ʢ̔ʣʮɹ̫, ʦɦ ʨʦʙʠʪɹ ʤ̔ʦʚ̔ʨʥʦʁ  ʘʪʘʢʫ ʥʫʢʣʝʦʬ̔ʣʦʤ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʩʧʣʘʚʣʝʥʥ̔ ʥ̔ʪʨʦʙʝʥʟʝʥʫ ʟ ʧʦʪʘhʝʤ ʥʘ ʧʦʚ̔ʪʨ̔ ʫʪʚʦʨʁ ʪ̒ɹʩ ̫ʦ-ʥ̔ʪʨʦʬʝʥʦʣ: 

 

 
ʅ̔ʪʨʦʛʨʫʧʘ ʟʜʘʪʥʘ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪɹ ʚ ʩʪʘʙʣ̔̔ʟʘʮ̔ ʾ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨ̫ʜʞʝʥʦʾ ʧʨʦʤ̔ʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʣ̫ʭʦʤ ʜʝʣʦʢʘʣ̔ʟʘʮ̔ʾ ʟʘʨ̫ ʜʫ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʥʫʢʣʝʦʬ̔ʣ ʆʅï ʘʪʘʢʫ̒ ʦ- ʘʙʦ ʧ-ʧʦʣʦʞʝʥʥ̫, ʪʘ ʥʝ ʩʪʘʙʣ̔̔ʟʫ̒ , ʷʢɦʦ 

ʟʘʤ̔ ʝɦʥʥ̫ ʩʧʨ̫ʤʦʚʘʥʝ ʚ ʤ-ʧʦʣʦʞʝʥʥ̫. ʅʝʟʚʘʞʘʁʯʠ ʥʘ ʨʦʟʤ̔ʨ ʥ̔ʪʨʦʛʨʫʧʠ, 

ʘʪʘʢʘ ʥʫʢʣʝʦʬ̔ʣʦʤ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʧʝʨʝʚʘʞʥʦ ʚ ʦ-ʧʦʣʦʞʝʥʥ̫,ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʜ̔̒  ʁ ʥ̔ʜʫʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʙ̔ʣʴhʦʁ  ʤ̔ʨʦʁ  ʩʘʤʝ ʚ ʦ-, ʥ̔ʞ ʚ ʧ-ʧʦʣʦʞʝʥʥ̔. 

ʋʪʚʦʨʝʥʘ ʧʨʦʤ̔ʞʥʘ ʩʧʦʣʫʢʘ ʤʦʞʝ ʚ̔ʜɦ ʝʧʣʁʚʘʪʠ ʛʨʫʧʫ ʆʅï (1) ʟ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ʤ ʚ ʥ̔ʪʨʦʙʝʥʟʝʥ, ʘʙʦ ʅï (2) ʟ ʧʝʨʝʭʦʜʦʤ ʚ ʥ̔ʪʨʦʬʝʥʦʣ. ɼʣ̫ 

ʟʤ̔ ʝɦʥʥ̫ ʨ̔ʚʥʦʚʘʛʠ ʨʝʘʢʮ̔ ʾ ʚʧʨʘʚʦ ʥʝʦʙʭ̔ʜʥʘ ʧʨʠʩʫʪʥ̔ʩʪ ɹ ʦʢʠʩʣʁʚʘʯʘ, 
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ʢʦʪʨʠʡ ʤ̔ʛ ʙʠ ʩʧʨʠ̫ʪʠ ʚ̔ʜɦ ʝʧʣʝʥʥʁ ʪʘ ʟʚ' ʟ̫ʫʚʘʥʥʁ  ʛ̔ ʜʨʠʜ- ʦ̔ʥʫ (ʅï). ʊʘʢʫ 

ʨʦʣɹ ʚʠʢʦʥʫ̒ ʚ ʜʘʥ̔ʡ ʨʝʘʢʮ̔ ʾ ʢʠʩʝʥɹ ʧʦʚ̔ʪʨ̫ . 

 
ʗʢ ʚʠʥ̫ʪʢʠ, ʩ̔ʥʫʁ ʪɹ ʜʝ̫ʢ̔ ʨʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʢ̫̔ ʤʘʁ ʪɹ ʥ̔h  ̔ ʤʝʭʘʥ̔ʟʤʠ. ʊʘʢ, ʤʘʡʞʝ ʜ̒ʠʥʠʤ 
ʧʨʠʢʣʘʜʦʤ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʟʘ ʤʝʭʘʥ̔ʟʤʦʤ SN1  ̒

ʨʦʟʢʣʘʜ ʘʙʦ ʟʘʤ̔ ʝɦʥʥ̫ ʩʦʣʝʡ ʜ̔ ʘʟʦʥ̔ʁ  ʚ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱ̔ : 

ʉʪʘʜ̔̒ ,ʁ ʢ̫ʘ ʣ̔ʤ̔ʪʫ̒ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ,  ̒ ʫʪʚʦʨʝʥʥ̫ 

ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʦʛʦʬʝʥ̔ʣʢʘʪ̔ʦʥʫʪʘ ʚ̔ʜɦ ʝʧʣʝʥʥ̫ ʤʦʣʝʢʫʣʠ ʘʟʦʪʫ. ʉʪʘʙ̔ʣʥɹ̔ʩʪɹ 

ʢʘʪ̔ʦʥʫ ʜʫʞʝ ʥʠʟʢɹʘ, ʦʩʢ̔ʣʢɹʠ ʥʝʤʦʞʣʠʚʘ ʜʝʣʦʢʘʣ̔ʟʘʮ̔ ʷ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨ̫ʜʫ 

ʧʦ ʘʨʦʤʘʪʠʯʥʦʤʫ ʢʣ̔ʮɹʁ  ( -́ʩʠʩʪʝʤʘ ʢ̔ʣʮɹ̫ ʦʨʪʦʛʦʥʘʣʥɹʘ ʜʦ ʚ̔ʣɹ ʥʦʾ ʦʨʙ̔ʪʘʣ̔ 

ʢʘʪ̔ʦʥʫ ʪʘ ʥʝ ʚʟʘ̒ʤʦʜ̔̒  ʟ ʥʝʁ ). 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʘʨʦʤʘʪʠʯʥ̔ʡ ʩʧʦʣʫʮ̔ ʚ̔ʜʩʫʪʥ̔ʡ ʘʢʪʠʚʫʁʯʠʡ 

ʟʘʤ̔ʩʥʠʢ, ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʧʨʦʪ̔ʢʘ̒ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥ̫ ʧʨʦʤ̔ʞʥʠʭ 

ʜʝʛ̔ʜʨʦʘʨʝʥ̔ʚ (ʘʨʠʥ̔ʚ). ɺʦʥʠ ʤʘʁʪɹ ʚʠʩʦʢʫ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ  ̔ ʣʝʛʢʦ 

ʧʨʠ̒ʜʥʫʁ ʪɹ ʥʫʢʣʝʦʬ̔ʣ ʟ ʦʜʥʘʢʦʚʦʁ  ʤ̔ʦʚ̔ʨʥ̔ʩʪʁ  ʚ ʙʫʜɹ- ʢ̫ʝ ʟ ʜʚʦʭ ʧʦʣʦʞʝʥɹ, 

ʧʦʚ'̫ʟʘʥʠʭ ʧʦʪʨ̔ʡʥʠʤ ʟʚ' ʟ̫ʢʦʤ. 

 
ʇʝʨʝʚʘʞʥʘ ʯʠʩʣʝʥʥ̔ʩʪɹ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫ ʤʘ̒ ʤʝʭʘʥ̔ʟʤ SNɸr ʘʙʦ ʧʨʠ̒ʜʥʘʥʥ̫-ʚ̔ ʜɦʝʧʣʝʥʥ̫. ʊʠʧʦʚʠʤ 
ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʨʝʘʢʮ̔ ʾ  ̒ʟʘʤ̔ ʝɦʥʥ̫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʘʪʦʤʫ ʛʘʣʦʛʝʥʫ 
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ʂ̔ʥʝʪʠʯʥ̔ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʙʘʛʘʪʦɹʭ ʧʦʜ̔ ʙʥʠʭ ʨʝʘʢʮ̔ʡ ʩʚ̔ʜʯʘʪɹ ʧʨʦ 

ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʠʡ ʤʝʭʘʥ̔ʟʤ. ʊʘ ʥʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ ʘʣ̔ʬʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʢʦʣʠ 

ʟʚ' ʟ̫ʦʢ ʉïʍ ʨʦʟʨʠʚʘ̒ʪʩɹ̫ ʦʜʥʦʯʘʩʥʦ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʟʚ' ʟ̫ʢʫ ʉïY, ʚ ʮʠʭ 

ʨʝʘʢʮ̫̔ ʭ ʜ̔ʡʩʥʦ ʫʪʚʦʨʁ ʪʁɹʩ ̫ʧʨʦʤ̔ʞʥ̔ ʩʧʦʣʫʢʠ ʪʠʧʫ (Z), ʦɦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʰʣ̫ʭʦʤ. 

ʅʘ ʧʝʨh ʡ̔ ʩʪʘʜ̔ʾ ʥʫʢʣʝʦʬ̔ʣʥɹʠʡ ʨʝʘʛʝʥʪ ʧʨʠ̒ʜʥʫ̒ʪɹʩ̫ ʜʦ 

ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ů-ʢʦʤʧʣʝʢʩʫ, ʘ ʥʘ ʜʨʫʛ̔ʡ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ 

ʨʦʟʧʘʜ ʡʦʛʦ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮ̔ ʾ ʪʘ ʚ̔ ʜɦʝʧʣʝʥʥ̫ ʛʨʫʧʠ ʯʠ ʘʪʦʤʫ, 

ʢ̫̔ ʟʘʤ̔ ʫɦʁ ʪɹʩ̫ ʫ ʚʠʛʣ̫ʜ̔ ʘʥ̔ʦʥʫ 

 
ů-ʂʦʤʧʣʝʢʩ ʤʘ̒ ʚʝʣʠʢʫ ʝʥʝʨʛ̔ʁ   ̔ʪʦʤʫ ʧʨʠʩʫʪʥ̔ʡ ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʩʠʩʪʝʤ̔ 

ʚ ʥʝʟʥʘʯʥ̔ʡ ʩʪʘʮ̔ʦʥʘʨʥ̔ʡ ʢʦʥʮʝʥʪʨʘʮ̔ʾ, ʢ̫ʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʁ  

ʨ̔ʚʥ̫ʥʥ̫ ʟʛ̔ʜʥʦ ʧʨʠʥʮʠʧʫ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 
 

[Ar
ï
XY] = k1[ArX][ Yï]/(k-1 + k2)                                    (1.69) 

 

ʜʝ [ArX], [Yï], [ArïXY] ï ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʘʛʝʥʪ̔ʚ ʪʘ ů-ʢʦʤʧʣʝʢʩʫ; k1, 

k 1, k2 ï ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪʝʡ ʚ̔ʜʧʦʚ̔ʜʥʠʭ ʨʝʘʢʮ̔ʡ. 

 
ɺʨʘʭʦʚʫʁʯʠ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥ̫, ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʘʨʦʤʘʪʠʯʥʦʛʦ 

ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʚ̔ʥ̫ʥʥ̫ 
 

ɡ = k1[ArX][ Yï]/(k1 + k2)                                   (1.70) 

 
ɸʥʘʣ̔ʟ ʮʦɹʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʜʦʟʚʦʣ̫  ̒ʨʦʟʛʣ̫ʥʫʪʠ ʜʚʘ ʚʠʧʘʜʢʠ. 

1) ʗʢɦ ʦ k2 >> k1, ʪʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʝʨh ʦ  ʁ ʩʢʣʘʜʦʚʦʶ ʚ 

ʟʥʘʤʝʥʥʠʢʫ ̔  ʨ̔ʚʥ̫ʥʥ̫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ 
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ɡ = k1[ArX][ Yï]                                                   (1.71) 

 

ʆʪʨʠʤʘʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʜʨʫʛʠʡ ʧʦʨ̫ʜʦʢ, ʘ ʚhʠʜʢ̔ʩʪɹ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫ ʙʫʜʝ ʣ̔ʤ̔ʪʫʚʘʪʠ ʧʝʨh ʘ ʩʪʘʜ̫̔ , ʘ ʩʘʤʝ ʧʨʠ̒ʜʥʘʥʥ̫ ʥʫʢʣʝʦʬ̔ʣʫYï ʜʦ 
ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʟ ʢʦʥʩʪʘʥʪʦʁ  ʚhʠʜʢʦʩʪ̔ k1. 

2) ʗʢɦ ʦ k2<<k -1, ʪʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚ ʟʥʘʤʝʥʥʠʢʫ ʨ̔ʚʥ̫ʥʥ̫ ʜʨʫʛʦʁ  
ʩʢʣʘʜʦʚʦʁ   ̔ʦʪʨʠʤʘʪʠ ʨ̔ʚʥ̫ʥʥ̫ ʫ ʚʠʛʣ̫ʜ̔ 

 

ɡ = Kk2 [ArX][Yï],                                                (1.72) 
 

ʜʝ K = k1/k-1. 

 
ʋ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʤʘ̒ʤʦ ʨ̔ʚʥ̫ʥʥ̫ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ, ʘʣʝ ʜʦ 

ʥʦɹʛʦ ʚʭʦʜʠʪɹ k, ʪʦʤʫ ʥʘ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʚʧʣʠʚʘ̒  ̔ ʜʨʫʛʘ ʩʪʘʜ̫̔  ï 

ʚ̔ʜɦ ʝʧʣʝʥʥ̫ ʛʨʫʧʠ ʍï. ɼʦʩʣ̔ʜʞʝʥʥ̫ʤʠ ʜʦʚʝʜʝʥʦ, ʦɦ ʧʨʠʨʦʜʘ ʮ̔̒  ʾ ʛʨʫʧʠ 
ʚʧʣʠʚʘ̒ ʥʘ ʟʘʛʘʣʥɹʫ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ, ʪʦʙʪʦ ʤʘ̒ ʤ̔ʩʮʝ çʝʬʝʢʪ ʟʘʤ̔ʩʥʠʢʘè. 
ɿʘʟʚʠʯʘʡ ʚ̔ʥ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʢʦʣʠ ʩʪʘʜʽʷ ʨʦʟʨʠʚʫ ʟʚ' ʟ̫ʢʫ ʉïʍ ʚʧʣʠʚʘ̒ ʥʘ 
ʚhʠʜʢ̔ʩʪɹ  ʨʝʘʢʮ̔ʾ. 

ʎʝʡ ʤʝʭʘʥ̔ʟʤ çʧʨʠ̒ʜʥʘʥʥ̫-ʚ̔ʜɦ ʝʧʣʝʥʥ̫è  ̒ ʛʦʣʦʚʥʠʤ ʜʣ̫ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫, ʱʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʨ̫ʜʦʤ ʬʘʢʪʦʨ̔ʚ: 

ʫʪʚʦʨʝʥʥ̫ ʧʨʦʤ̔ʞʥʠʭ ʢʦʤʧʣʝʢʩ̔ʚ, ʷʢ ʧʨʦʜʫʢʪ̔ʚ ʧʨʠ̒ʜʥʘʥʥ̫ 

ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʘʛʝʥʪʫ (ʢʦʤʧʣʝʢʩ̔ʚ ʄʘʡʟʝʥʭʘʡʤʝʨʘ); ʥʘʚ̫ʥ̔ʩʪɹ ʦʩʥʦʚʥʦʛʦ 

ʢʘʪʘʣ̔ʟʫ; ʝʬʝʢʪʫ ʟʘʤ̔ʩʥʠʢʘ ʚ ʤʦʣʝʢʫʣ̔ ʩʫʙʩʪʨʘʪʫ; ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʨʝʘʛʝʥʪʫ. 

ʈʦʟʛʣ̫ʥʝʤʦ ʜʝʪʘʣʥɹh̔ ʝ ʤʝʭʘʥ̔ʟʤ ʥʘ ʧʨʠʢʣʘʜʽ ʚʟʘ̒ʤʦʜ̔ ʾ 1,3-ʜʠʥ̔ʪʨʦ-4-
ʭʣʦʨʙʝʥʟʝʥʫ ʟ ʤʝʪʦʢʩʠʜʘʥ̔ʦʥʦʤ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ů-ʢʦʤʧʣʝʢʩʫ, ʙʫʜʦʚʘ ʢ̫ʦʛʦ 
ʤʦʞʝ ʤʘʪʠ ʚʠʛʣ̫ʜ ʩʪʨʫʢʪʫʨ (ʘ)  ̔(ʙ). 

 

 

ʉʘʤʝ ʪʘʢ̔ ʩʪʨʫʢʪʫʨʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʄʘʡʟʝʥʭʘʡʤʝʨʦʤ, ʢ̫ʠʡ 

ʧ̔ʜʪʚʝʨʜʠʚ ʭʾ ʟʫʩʪʨ̔ʯʥʠʤ ʩʠʥʪʝʟʦʤ, ʦʪʨʠʤʘʚ ʪʘ ʚ̔ ʜʦʢʨʝʤʠʚ ʮ̔ ʩʪʘʙ̔ʣʥɹ̔ 

ʩʧʦʣʫʢʠ (Z). ɼʘʣ̔ ʧʨʠʨʦʜʫ ʩʪʨʫʢʪʫʨ ʜʦʚʝʣʠ ʩʧʝʢʪʨʘʣʥɹʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣ̔ʟʫ. 
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ʅʘʚ̫ʥ̔ʩʪɹ ʪʘʢʠʭ ʧʨʦʤ̔ʞʥʠʭ ʩʪʨʫʢʪʫʨ ʩʚ̔ ʜʯʠʪɹ ʧʨʦ ʜʚʦʭʩʪʘʜʡ̔ʥʠʡ 

ʤʝʭʘʥ̔ʟʤ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. 
 

1.2.4 ʆʩʥʦʚʥʠʡ ʢʘʪʘʣ̔ʟ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣɹʥʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫ 

ʅʘʡʙ̔ʣʴʰ ʚʘʛʦʤʠʤ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪɹ ʤʝʭʘʥ̔ʟʤʫ ʧʨʠ̒ʜʥʘʥʥ̫-

ʚ̔ʜɦ ʝʧʣʝʥʥ̫  ̒ ʬʘʢʪ, ʱʦ ʧʨʠ ʚʟʘ̒ʤʦʜ̔ʾ ʘʢʪʠʚʦʚʘʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟ 

ʧʝʨʚʠʥʥʠʤʠ  ̔ ʚʪʦʨʠʥʥʠʤʠ ʘʤ̔ʥʘʤʠ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʟʘʛʘʣʥɹʠʡ ʦʩʥʦʚʥʠʡ 

ʢʘʪʘʣ̔ʟ. 

ʂʘʪʘʣ̔ʪʠʯʥʠʡ ʚʧʣʠʚ ʘʤ̔ʥ̔ʚ ʙʫʣʦ ʚʧʝʨ ʝh ʚ̔ ʜʟʥʘʯʝʥʦ ʚ ʨʝʘʢʮ̔ʾ 

1,3-ʜʠʥ̔ʪʨʦ-4-ʭʣʦʨʙʝʥʟʝʥʫ ʟ ʤʝʪʠʣʘʤ̔ʥʦʤ ʫ ʩʝʨʝʜʦʚʠʱ̔ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʦɦ ʮ̫ ʨʝʘʢʮ̔ ʷ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʁ ʻʪʴʩ̫ ʧʨʠ ʥʘʚ̫ʥʦʩʪ̔ 

ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʤʘʩ̔ ʪʨʠʝʪʠʣʘʤ̔ʥʫ, ʢ̫ʠʡ ʩʘʤ ʥʝ ʤʦʞʝ ʚʠ̫ʚʣ̫ʪʠ ʟʜ̔ ʙʥʦʩʪ̔ 

ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʨʝʘʛʝʥʪʫ. ʇʦʜʘʣʴh̔ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣ̔ʪʠʯʥʫ 

ʜ̔ʁ  ʤʘʁ ʪɹ ʥʝ ʪ̔ʣʢɹʠ ʪʨʝʪʠʥʥ ̔ ʘʤ̔ʥʠ, ʘ  ̔ ʩʘʤ̔ ʥʫʢʣʝʦʬ̔ʣɹʥ̔ ʨʝʘʛʝʥʪʠ ï 

ʧʝʨʚʠʥʥ̔ ʪʘ ʚʪʦʨʠʥʥ̔ ʘʤ̔ʥʠ. ʂ̔ʥʝʪʠʯʥ̔ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʜʦʟʚʦʣʠʣʠ ʚʠ̫ʚʠʪʠ ʚʧʣʠʚ 

ʢʘʪʘʣ̔ʟʫ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. 

 
ɿʤ̔ʥʁ ʶʯʠ ʧʦʯʘʪʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʦʩʥʦʚʠ (ʘʤ̔ʥʫ) [B]o ʪʘ 

ʟʘʣʠ ʘhʁ ʯʠ ʧʦʩʪ̔ʡʥʦʁ  ʧʦʯʘʪʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ 

[ArX]o ʦʪʨʠʤʘʣʠ ʣʥ̔̔ʡʥʫ ʟʘʣʝʞʥ̔ʩʪɹ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ 

ʧʦʨ̫ ʜʢʫ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʘʤ̔ʥʫ 

 

k2 = k1 + k3[B]o,                                                         (1.77) 

 

ʜʝ k2 ï ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʘ, ʢ̫ʫ ʚʠʟʥʘʯʠʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʣh̫ʭʦʤ; 
k1 ï ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʥʝʢʘʪʘʣ̔ʪʠʯʥʦʾ ʨʝʘʢʮ̔ ʾ; 
k3 ï ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ, ʱʦ ʘʢʪʠʚʦʚʘʥʘ ʜʽ̒ʁ ʘʤ̔ʥʫ. 
 
ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ k3/k1 ʭʘʨʘʢʪʝʨʠʟʫ̒ ʢʘʪʘʣ̔ʪʠʯʥʠʡ ʝʬʝʢʪ ʦʩʥʦʚʠ. 
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ʆʪʨʠʤʘʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʫ ʚʠʛʣ̫ʜ̔ ʛʨʘʬ̔ʢʫ. 

 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥ̔ʩʪɹ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʚ̔ ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ 

ʦʩʥʦʚʠ 
 
ʎʝ ʨ̔ʚʥ̫ʥʥ̫ ʧʨ̫ʤʦʾ ʣ̔ʥ̔ʾ, ʝʢʩʪʨʘʧʦʣ̫ʮ̫̔  ʢ̫ʦʾ ʜʦ [B]o = 0 ʜʦʟʚʦʣ̫  ̒

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥ̫ k1, ʷʢ ʚ̔ʜʨ̔ʟʦʢ ʧʨ̫ʤʦʾ ʣ̔ʥ̔ ʾ ʥʘ ʦʩ̔ ʦʨʜʠʥʘʪ,  ̔k3, ʷʢ ʪʘʛʝʥʩ 
ʢʫʪʘ ʥʘʭʠʣʫ ű ʧʨ̫ʤʦʾ ʜʦ ʦʩ̔ ʘʙʩʮʠʩ. 

ɺ ʢ̫ʦʩʪ̔ ʦʩʥʦʚʠ, ʢ̫ʘ ʤʘ̒ ʢʘʪʘʣ̔ʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʘʨʦʤʘʪʠʯʥʝ 

ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫, ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʘʮʝʪʘʪ- ʦ̔ʥ. 

ɺʨʘʭʦʚʫʁʯʠ ʚʧʣʠʚ ʢʘʪʘʣ̔ʟʫ ʦʩʥʦʚʘʤʠ, ʟʘʛʘʣʥɹʫ ʩʭʝʤʫ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʤʦʞʥʘ ʥʘʜʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣ̫ʜ̔ : 

 

 
ʜʝ ɺ: = RNH2; R2NH; R3N 
 
ɿʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʧʨʠʥʮʠʧʫ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 
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ʟʥʘʯʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʧʨʦʤ̔ʞʥʦʛʦ ů-ʢʦʤʧʣʝʢʩʫ  

 

 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

 

ʜʝ [ArX], [B] ï ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʨʝʘʛʝʥʪ̔ʚ; 
k1, k-1, k2, k3 ï ʢʦʥʩʪʘʥʪʠ hʚʠʜʢʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʪʘʜ̔ʡ ʨʝʘʢʮ̔ ʾ. 

 

ʊʦʜ̔ ʚhʠʜʢ̔ʩʪɹ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʧʨʠ 

ʥʘʚ̫ʥʦʩʪ̔ ʢʘʪʘʣ̔ʟʫ ʦʩʥʦʚʘʤʠ ʙʫʜʝ ʤʘʪʠ ʚʠʨʘʟ 

 
ʇʨʠ ʘʥʘʣ̔ʟ̔ ʮɹʦʛʦ ʚʠʨʘʟʫ ʤʦʞʣʠʚʝ ʪʘʢʝ: 
- ʢ̫ɦ ʦ k2 + k3[B] å k-1, ʪʦ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʥʝ ʙʫʜʝ ʣ̔ʥ̔ʡʥʦ 

ʟʘʣʝʞʘʪʠ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʩʥʦʚʠ [B]; 

- ʢ̫ɦ ʦ k3[B]<< k-1 + k2, ʪʦ ʚ ʟʥʘʤʝʥʥʠʢʫ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ 
ʟʥʝʭʪʫʚʘʪʠ ʟʥʘʯʝʥʥ̫ʤ k3[B]. ɺ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʨ̔ʚʥ̫ʥʥ̫ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ 
ʤʘ̒ ʪʘʢʠʡ ʚʠʜ 

 
ʅʘʚ̫ʥ̔ʩʪɹ ʚ ʨ̔ʚʥ̫ʥʥ̔ ʜʦʜʘʪʢʫ ʪʨʝʪɹʦʛʦ ʧʦʨ̫ʜʢʫ ʦʟʥʘʯʘ̒ , ʱʦ ʩʪʘʜ̔̒ ,ʁ 

ʢ̫ʘ ʣ̔ʤ̔ʪʫ̒ ʟʘʛʘʣʥɹʫ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ,  ̒ ʨʦʟʧʘʜ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɿʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪ̔, ʢ̫̔ ʩʧʦʩʪʝʨ̔ʛʘʁʪɹʩ,̫ ʙʫʜʫʪɹ ʣ̔ʥ̔ʡʥʦ ʟʘʣʝʞʘʪʠ 

ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʩʥʦʚʠ [B]. ɺ̔ ʜʨ̔ʟʦʢ ʦʨʜʠʥʘʪʠ ʥʘ ʛʨʘʬ̔ʢʫ, ʥʘʚʝʜʝʥʦʤʫ 

ʨʘʥ̔h ʝ, ʚʠʟʥʘʯʘ̒ ʟʥʘʯʝʥʥ̫ ʂ, ʘ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ï ʟʥʘʯʝʥʥ̫ ʂù 

ʊʘʢʘ ʢ̔ʥʝʪʠʯʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʤʘ̒ ʤ̔ʩʮʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʥʘʯʝʥʥ̫ [B]  ̔ k3 

ʥʝʚʝʣʠʢ̔. ɿʘʟʚʠʯʘʡ ʮʝ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʧʨʠ ʥʘʚ̫ʥʦʩʪ̔ ʚ ʘʨʦʤʘʪʠʯʥ̔ʡ ʩʧʦʣʫʮ̔ 

ʟʘʤ̔ʩʥʠʢʘ, ʱʦ ʚʘʞʢʦ ʧ̔ʜʣ̫ʛʘ̒ ʚ̔ʜɦ ʝʧʣʝʥʥ .ʁ ʇʦʜ̔ ʙʥʘ ʟʘʣʝʞʥ̔ʩʪɹ 

ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫  ̔ ʪʦʜ̔, ʢʦʣʠ k-1>>k3[B], ʱʦ ʪʠʧʦʚʦ ʜʣ̫ ʩʣʘʙʢʠʭ 

ʥʫʢʣʝʦʬ̔ʣʥɹʠʭ ʨʝʘʛʝʥʪ̔ʚ. 
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ʇʨʠ ʨʦʟʛʣ̫ ʜʘʥʥ̔ ʤʝʭʘʥ̔ʟʤʫ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ ̫ ʧʦʤ̔ʪʥʘ ʨʦʣ ɹ ʥʘʣʝʞʠʪɹ ʢʦʤʧʣʝʢʩʘʤ ʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨ̫ʜʫ, 

ʫʪʚʦʨʝʥʥ̫ ʢ̫ʠʭ ʧʝʨʝʜʙʘʯʘ̒ʪʩɹ̫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜ̔ ʭ̫ ʧʨʦʮʝʩʫ. ɺ ʨʝʟʫʣɹʪʘʪ̔ 

ʦʜʥʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚ̔ʜ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʨʝʘʛʝʥʪʫ ʜʦ ʩʫʙʩʪʨʘʪʫ 

ʚ̔ʜʙʫʚʘ̒ ʪʴʩ ̫ʫʪʚʦʨʝʥʥ̫ ʘʥ̔ʦʥ-ʨʘʜ̔ʢʘʣʫ. ʊʘʢʠʡ ʥʘʧʨ̫ʤ ʨʝʘʢʮ̔ ʾ ʚ̔ʜʦʙʨʘʞʘ̒ ʪʩɹ̫ 

ʨ̔ʚʥ̫ʥʥ̫ʤ: 
 

ArX + Yï ᵮArXïĿ + YĿŸ YɸrïX ŸArY + Xï (1.82) 
 
ʋʪʚʦʨʝʥʥ̫ ʘʥ̔ʦʥ-ʨʘʜʠʢʘʣ̔ʚ ʜʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭ̔ʤ̔ʯʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʘʤʠ. ɺ ʩʚʦʁ  ʯʝʨʛʫ, ʧʝʨʝʪʚʦʨʝʥʥ̫ ʘʥ̔ʦʥ-ʨʘʜʠʢʘʣʘ ʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮ̔ ʾ 

ʤʦʞʝ ʚ̔ʜʙʫʚʘʪʠʩ ̫ ʨ̔ʟʥʠʤʠ ʰʣ̫ʭʘʤʠ: ʯʝʨʝʟ ʚʞʝ ʨʦʟʛʣ̫ʥʫʪʝ ʫʪʚʦʨʝʥʥ̫ ů-

ʢʦʤʧʣʝʢʩʫ; ʯʝʨʝʟ ʧʨʦʤ̔ʞʥʠʡ ʜ̔ʘʥ̔ʦʥ-ʨʘʜʠʢʘʣ 
 

ArXïĿ + Yï Ÿ YɸrX2ï Ÿ YɸrïX ï Ǜ, (1.83) 
 

ʘʙʦ ʘʥ̔ʦʥ-ʨʘʜʠʢʘʣ ʤʠʥʘ̒ ʩʪʘʜ̔ʁ  ʫʪʚʦʨʝʥʥ̫ ů-ʢʦʤʧʣʝʢʩʫ ʪʘ ʧʝʨʝʪʚʦʨʶ̒ʪɹʩ̫ ʫ 
ʚ̔ʣʥɹʠʡ ʨʘʜʠʢʘʣ, ʘ ʧʦʪ̔ʤ ʚ ʢ̔ʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮ̔ ʾ 

 
 
 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʢʮ̔ʾ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ 

ʤʦʞʫʪɹ ʚ̔ʜʙʫʚʘʪʠʩ̫ ʟʘ ʨ̔ʟʥʠʤʠ ʤʝʭʘʥ̔ʟʤʘʤʠ ʪʘ ʫʯʘʩʪʁ  ʜʝʢ̔ʣʢɹʦʭ ʧʨʦʤ̔ʞʥʠʭ 

ʯʘʩʪʦʢ. ɯʤʦʚ̔ʨʥ̔ʩʪɹ ʪʦʛʦ, ʯʠ ʥ̔h ʦʛʦ ʤʝʭʘʥ̔ʟʤʫ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥ̫ ʨʝʘʢʮ̔ʾ, ʧʨʠʨʦʜʠ ʨʝʘʛʫʁʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʨʦʟʯʠʥʥʠʢ̔ʚ. 
 
1.2.5 ʄ ʞ̔ʬʘʟʥʠʡ ʢʘʪʘʣ̔ʟ ʨʝʘʢʮ̔ʡ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣɹʥʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫ 

ɺ ʨʝʘʢʮ̔ ʭ̫ ʘʨʦʤʘʪʠʯʥʦʛʦ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʠhʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪ ɹʤ̔ʞʬʘʟʥʠʡ ʢʘʪʘʣ̔ʟ, ʟʘʚʜ̫ʢʠ ʢ̫ʦʤʫ ʤʦʞʣʠʚʦ ʟʜ̔ʡʩʥʁ ʚʘʪʠ ʘʙʦ 

ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʁʚʘʪʠ ʮ̔ ʧʨʦʮʝʩʠ ʦʩʦʙʣʠʚʦ ʚ ʛʝʪʝʨʦʬʘʟʥʦʤʫ ʩʝʨʝʜʦʚʠɦ  ̔

(ʥʝʟʤ̔ ʫhʚʘʥ̔ ʨ̔ʜʠʥʠ, ʨ̔ʜʠʥʘ ï ʛʘʟ, ʨ̔ʜʠʥʘ ï ʪʚʝʨʜʘ ʬʘʟʘ). ʂʨ̔ʤ ʪʦʛʦ, 

ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʨ̔ʟʢʝ ʟʥʠʞʝʥʥ̫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪ̔ ʨʝʘʢʮ̔ ʾ, 

ʧ̔ʜʚʠ ʝɦʥʥ̫ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪ̔ʚ ʪʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪ̔. 

ʂʘʪʘʣ̔ʪʠʯʥ̔ ʤ̔ʞʬʘʟʥ̔ ʨʝʘʢʮ̔ ʾ ʯʘʩʪ̔h ʝ ʚ̔ʜʙʫʚʘʁʪɹʩ̫ ʚ ʩʠʩʪʝʤ̔ ʨ̔ʜʠʥʘ-

ʨ̔ʜʠʥʘ ʪʘ ʪʚʝʨʜʘ ʬʘʟʘ-ʨ̔ʜʠʥʘ. ʆʜʥʘ ʟ ʬʘʟ (ʟʘʟʚʠʯʘʡ ʚʦʜʘ ʘʙʦ ʥ̔ ʘh ʨ̔ʜʠʥʘ) 

ʤ̔ʩʪʠʪɹ ʣʫʛʫ  ̔ ʥʫʢʣʝʦʬ̔ʣʥɹʠʡ ʨʝʘʛʝʥʪ. ɼʨʫʛʘ ʬʘʟʘ  ̒ʨʦʟʯʠʥʦʤ ʩʫʙʩʪʨʘʪʫ ʚ 

ʦʨʛʘʥ̔ ʯʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʛʝʥʪʠ ʨʦʟʯʠʥʝʥ̔ ʚ ʨ̔ʟʥʠʭ ʬʘʟʘʭ  ̔ʟʘ 

ʚ̔ʜʩʫʪʥʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʤ̔ʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʝʘʢʮ̔ ʷ ʤ̔ʞ ʥʠʤʠ ʥʝ 

ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫. 
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ʇʨʠ ʜʦʜʘʚʘʥʥ̔ ʤ̔ʞʬʘʟʥʦʛʦ ʢʘʪʘʣ̔ʟʘʪʦʨʘ Q+Xï, ʢ̫ʠʡ ʨʦʟʯʠʥ̫ ʪ̒ɹʩ̫ ʚ 

ʦʙʦʭ ʬʘʟʘʭ, ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʦʙʤ̔ʥ ʘʥ̔ʦʥʘ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʟ ʘʥ̔ʦʥʦʤ ʥʫʢʣʝʦʬ̔ʣʫ 

Nuï ʫ ʚʦʜʥ̔ʡ ʬʘʟ̔, ʧ̔ʩʣ̫ ʯʦʛʦ ʫʪʚʦʨʝʥʠʡ Q+Nuï ʧʝʨʝʤ̔ ʫɦ̒ ʪɹʩ ̫ʟ ʚʦʜʥʦʾ ʜʦ 

ʦʨʛʘʥ̔ ʯʥʦʾ ʬʘʟʠ. ʅʫʢʣʝʦʬ̔ʣʥɹʠʡ ʨʝʘʛʝʥʪ, ʢ̫ʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʪʨʘʧʠʚ ʚ 

ʦʨʛʘʥ̔ ʯʥʫ ʬʘʟʫ, ʨʝʘʛʫ̒ ʟ ʩʫʙʩʪʨʘʪʦʤ RX. ʇʨʠ ʟʘʤ̔ ʝɦʥʥ̔ ʢʘʪ̔ʦʥ ʢʘʪʘʣ̔ʟʘʪʦʨʘ 

ʫʪʚʦʨʁ  ̒ ʦ̔ʥʥʫ ʧʘʨʫ ʟ ʚ̔ʜɦ ʝʧʣʝʥʦʁ  ʛʨʫʧʦʁ  ʍï. ɿʘʛʘʣʥɹʘ ʩʭʝʤʘ ʪʘʢʦʛʦ 

ʢʘʪʘʣ̔ʟʫ ʤʘ̒ ʚʠʛʣ̫ʜ: 

 
ɺ ʢ̫ʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨ̔ʚ ʤ̔ʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ 

ʯʝʪʚʝʨʪʠʥʥ ̔ ʘʤʦʥ̔̒ ʚ̔ ʯʠ ʬʦʩʬʦʥ̔̒ ʚ̔ ʩʦʣ̔ (ʥʘʧʨʠʢʣʘʜ ʙʝʥʟʠʣ-
ʪʨʠʝʪʠʣʘʤʦʥ̔ʡʭʣʦʨʠʜ, ʪʝʪʨʘʙʫʪʠʣʘʤʦʥ̔ʡʙʨʦʤʠʜ ʪʘ ʥ̔h )̔ ʘʙʦ ʩʧʦʣʫʢʠ, ʢ̫̔ 
ʟʜ̔ʙʥ̔ ʜʦ ʢʦʤʧʣʝʩʦʫʪʚʦʨʝʥʥ̫ ʟ ʢʘʪ̔ʦʥʘʤʠ ʤʝʪʘʣ̔ʚ (ʢʨʘʫʥ-ʝʬ̔ʨʠ, ʢʨʠʧʪʘʪʠ). 
ʄʞ̔ʬʘʟʥʠʡ ʢʘʪʘʣ̔ʟʘʪʦʨ ʤʦʞʝ ʙʫʪʠ ʢ̫ ʚ ʢʘʪʘʣ̔ʪʠʯʥʠʭ ʢ̔ʣɹʢʦʩʪ̫ʭ (0,1-10 % 
ʤʦʣɹʥʠʭ), ʪʘʢ  ̔ ʚ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʭ. ʗʢ ʦʨʛʘʥ̔ ʯʥʫ ʬʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ 
ʙʝʥʟʝʥ, ʜʠʭʣʦʨʤʝʪʘʥ, ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ ʪʘ ʥ̔ʰ̔. ɺʦʜʥʘ ʬʘʟʘ ʚ̫ʣ̫  ̒ ʩʦʙʦʁ  
ʚʦʜʥ̔ ʨʦʟʯʠʥʠ ʩʦʣʝʡ ʘʙʦ ʣʫʛ (50-5-10 %). ɿʘʟʚʠʯʘʡ ʨʝʘʢʮ̔ʁ  ʧʨʦʚʦʜ̫ʪɹ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ̔ 40-60 ʦʉ ʪʘ ʥ̔ʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤ̔ ʫhʚʘʥʥ̔. 

ʄʞ̔ʬʘʟʥʠʡ ʢʘʪʘʣ̔ʟ ʠhʨʦʢʦ ʟʘʩʪʦʩʦʚʫʁ ʪɹ ʚ ʪʝʭʥʦʣʦʛ̔ ʾ ʪʘʢʠʭ ʧʨʦʮʝʩ̔ʚ 

ʢ̫ ʆ-ʘʣʢʣ̔ʫʚʘʥʥ̫ ʬʝʥʦʣ̔ʚ, ʦʪʨʠʤʘʥʥ̫ ʩʢʣʘʜʥʠʭ ʝʬ̔ʨ̔ʚ, N-ʘʣʢʣ̔ʫʚʘʥʥ̫ 

ʘʨʦʤʘʪʠʯʥʠʭ ʘʤ̔ʥ̔ʚ ʪʘ ʥ̔h ʝ. 
 
ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥʷ 
 
1. ʑʦ  ̒ʦʩʥʦʚʥʦʁ  ʦʟʥʘʢʦʁ  ʧʝʨʝʙ̔ʛʫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʧʦ ʥʫʢʣʝʦʬ̔ʣ-ɹ

ʥʦʛʦ ʤʝʭʘʥ̔ʟʤʫ? 
2. ɿʘ ʷʢʠʤ ʤʝʭʘʥ̔ʟʤʦʤ ʧʨʦʪ̔ʢʘ̒ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʙʣ̫̔ ʥʘʩʠʯʝ-

ʥʦʛʦ ʘʪʦʤʘ ʢʘʨʙʦʥʫ? 

3. ɿʘ ʢ̫ʠʤ ʤʝʭʘʥ̔ʟʤʦʤ ʧʨʦʪ̔ʢʘ̒ ʥʫʢʣʝʦʬ̔ʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫ ʙ̔ʣ̫ ʘʪʦʤʘ 

ʢʘʨʙʦʥʫ ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ? 

4. ʗʢ̔ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʁʪɹ ʥʘ ʰʚʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ, ʱʦ ʧʨʦʪ̔ʢʘ̒  

ʟʘ ʤʝʭʘʥ̔ʟʤʦʤ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫? 

5. ʗʢʫ ʨʦʣ ɹʚʠʢʦʥʫ̒ ʦʩʥʦʚʥʠʡ ʢʘʪʘʣ̔ʟ? 
6. ʋ ʢ̫ʠʭ ʧʨʦʮʝʩʘʭ ʚʠʢʦʨʠʩʪʦʚʫʁʪ ɹʤ̔ʞʬʘʟʥʠʡ ʢʘʪʘʣ̔ʟ? 
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1.3 ʈʝʘʢʮ̔ ʾ ʨʘʜʠʢʘʣɹʥʦʛʦ ʟʘʤ̔ɦ ʝʥʥʷ 

 

ʈʘʜʠʢʘʣʥɹ̔ ʨʝʘʢʮ̔ ʾ ʟʘʡʤʘʁʪ ɹ ʚʘʞʣʠʚʝ ʤ̔ʩʮʝ ʚ ʭ̔ʤ̔ ʯʥ̔ʡ ʪʝʭʥʦʣʦʛ̔ʾ. 

ʋʤʦʚʥʦ ʭʾ ʤʦʞʥʘ ʧʦʜ̔ʣʠʪʠ ʥʘ ʨʘʜʠʢʘʣʥɹʝ ʟʘʤ̔ ʝɦʥʥ̫, ʨʦʟɦʝʧʣʝʥʥ̫ ʪʘ 

ʧʨʠ̒ʜʥʘʥʥ̫. 

ʉʝʨʝʜ ʧʨʦʮʝʩ̔ʚ ʟʘʤ̔ ʝɦʥʥ̫ ʩʣ̔ʜ ʦʟʥʘʯʠʪʠ ʨʝʘʢʮ̔ʾ ʬʪʦʨʫʚʘʥʥ̫ ʪʘ 

ʭʣʦʨʫʚʘʥʥ̫: 

 
CH4 + 4Cl2 Ÿ CCl4 + 4HCl                                   (1.86) 

 

ʦʢʠʩʣʝʥʥ̫ ʚʫʛʣʝʚʦʜʥ̔ʚ ʪʘ ʭʾ ʧʦʭ̔ ʜʥʠʭ 
 

ArCH(CH3)2 + O2 Ÿ ArCOOH(CH3)2                                       (1.87) 
 

CH3ïCHO + 0,5O2 Ÿ CH3ïCOOH                            (1.88) 
 

ʩʫʣɹʬʦʭʣʦʨʫʚʘʥʥ̫  ̔ʩʫʣɹ ʬʦʦʢʠʩʣʝʥʥ̫ 
 

RH + SO2 + Cl2 Ÿ RSO2Cl + Hʘl                               (1.89) 
 

RH + SO2 + 0,5O2 Ÿ RSO2OH                                    (1.90) 
 

ʥ̔ʪʨʫʚʘʥʥ̫ ʧʦ ʥʘʩʠʯʝʥʦʤʫ ʚʫʛʣʝʮ  ʁ
 

RH + HNO3 Ÿ RNO2 + H2O                                        (1.91) 
 

ɼʦ ʨʘʜʠʢʘʣʥɹʦʛʦ ʨʦʟʝɦʧʣʝʥʥ̫ ʥʘʣʝʞʘʪ:ɹ ʪʝʨʤ̔ʯʥʠʡ ʢʨʝʢ̔ʥʛ  ̔ʧ̔ʨʦʣ̔ʟ 

ʚʫʛʣʝʚʦʜʥ̔ʚ 
 

ïCH2ïCH2ïCH2ï Ÿ ïCH3 + CH2=CHï                           (1.92) 
 

ʜʝʛ̔ʜʨʦʭʣʦʨʫʚʘʥʥ̫ 
 

ClCH2ïCH2Cl Ÿ CH2=CHCl + Hal                               (1.93) 
 

ɼʦ ʨʘʜʠʢʘʣʥɹʦʛʦ ʧʨʠ̒ʜʥʘʥʥ̫ ʥʘʣʝʞʘʪɹ: ʧʦʣ̔ʤʝʨʠʟʘʮ̔ ʷ 
 

nCH2=CH2 Ÿ (ïCH2ïCH2ï)n                                                            (1.94) 

 

ʛʘʣʦʛʝʥʫʚʘʥʥ̫ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ 
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ʈʘʜʠʢʘʣʥɹ̔ ʨʝʘʢʮ̔ʾ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ,  ̒ʣʘʥʮʛʁʦʚʠʤʠ  ̔ʩʢʣʘʜʘʁʪɹʩ̫ ʟ 

ʪʨʦɹʭ ʦʩʥʦʚʥʠʭ ʩʪʘʜʡ̔: ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ, ʜʝ ʫʪʚʦʨʁ ʪʁɹʩ̫ ʚ̔ʣʥɹ̔ ʨʘʜʠʢʘʣʠ 

ʘʙʦ ʘʪʦʤʠ; ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ, ʜʝ ʫʪʚʦʨʁ ʪʁɹʩ̫ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮ̔ʾ; ʦʙʨʠʚ 

ʣʘʥʮʁ ʛʘ, ʢʦʣʠ ʚʽʜʙʫʚʘ̒ʪɹʩ̫ ʟʥʠʢʥʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ. 
 
1.3.1 ɿʘʨʦʜʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ 

ʇʝʨʚ̔ʩʥʝ ʫʪʚʦʨʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ ʘʙʦ ʘʪʦʤ̔ʚ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ 

ʰʣ̫ʭʦʤ ʛʦʤʦʣ̔ʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚ' ʟ̫ʢʫ ʚ ʤʦʣʝʢʫʣ̔ 

 
ɼʣ̫ ʪʘʢʦʛʦ ʨʦʟʨʠʚʫ ʧʦʪʨ̔ʙʥʘ ʜʦʜʘʪʢʦʚʘ ʝʥʝʨʛ̔ ʷ, ʙʦ ʝʥʝʨʛ̔ ʷ ʟʚ' ʟ̫ʢʫ 

ʜʦʩʠʪɹ  ʚʝʣʠʢʘ. ɻʦʤʦʣ̔ʪʠʯʥʠʡ ʨʦʟʨʠʚ ʟʥʘʯʥʦ ʧʦʣʝʛhʫ̒ʪʩɹ̫, ʢʦʣʠ ʫʪʚʦʨʝʥ̔ 

ʨʘʜʠʢʘʣʠ ʟʜ̔ʙʥ̔ ʜʦ ʩʪʘʙʣ̔̔ʟʘʮ̔ ʾ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪ̔ʚ ʩʧʦʣʫʯʝʥʥ̫ ʘʙʦ 

ʥʘʜʩʧʦʣʫʯʝʥʥ̫ ʟ ʚ̔ʣʥɹʠʤ ʝʣʝʢʪʨʦʥʦʤ ʨʘʜʠʢʘʣʘ. ʊʘʢ ʩʪʘʙʣ̔ʥɹ̔ʩʪɹ ʘʣʢ̔ʣɹʥʠʭ 

ʨʘʜʠʢʘʣ̔ʚ  ̔ ʚhʠʜʢ̔ʩʪɹ ʨʦʟʨʠʚʫ ʚ̔ ʜʧʦʚ̔ ʜʥʠʭ ʟʚ' ʟ̫ʢ̔ʚ ʟʤ̔ʥʁ ʪʁɹʩ̫ ʚ ʨ̫ʜʫ: 

 
ɹʝʥʟʠʣɹʥʠʡ  ̔ʦʩʦʙʣʠʚʦ ʪʨʠʬʝʥ̔ʣʤʝʪʠʣɹʥʠʡ ʨʘʜʠʢʘʣʠ ʩʪʘʙ̔ʣ̔ʟʦʚʘʥ̔ ʟʘ 

ʨʘʭʫʥʦʢ ʩʧʦʣʫʯʝʥʥ̫ ʟ ʘʨʦʤʘʪʠʯʥʦʁ  ʩʠʩʪʝʤʦʁ  ʟʚ' ʟ̫ʢ̔ʚ, ʘʣʝ ʙ̔ʣɹ  h ʩʪʘʙ̔ʣɹʥ̔ 
ʨʘʜʠʢʘʣʠ  ̒ʦʜʥʦʯʘʩʥʦ  ̔ʤʝʥh  ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʠʤʠ. ɺʪ̔ʤ ʮʝ ʧʦʥ̫ʪʪ̫ ʚ̔ʜʥʦʩʥʝ, ʙʦ 
ʨʘʜʠʢʘʣʠ ʚʟʘʛʘʣ̔ ʥʘʡʙ̔ʣɹʰ ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥ̔ ʯʘʩʪʢʠ ̔ ʢʦʥʮʝʥʪʨʘʮ̫̔  ʭʾ ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ 

ʩʠʩʪʝʤ̔ ʜʦʨ̔ʚʥʁ  ̒ 10-6-10-8 ʤʦʣ/ɹʣ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ, ʜ̔ʝʥʪʠʬ̔ʢʫʚʘʪʠ ʨʘʜʠʢʘʣʠ 
ʤʦʞʣʠʚʦ ʰʣ̫ʭʦʤ ʧʝʨʝʚʝʜʝʥʥ̫ ʭʾ ʚ ʤʝʥh  ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥ̔ ʯʘʩʪʢʠ, ʘʙʦ ʤʝʪʦʜʦʤ 
ɽʇʈ. 

 
ʇ̔ ʜʚʠ ʝɦʥʥ̫ ʰʚʠʜʢʦʩʪ̔ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ ʤʦʞʝ ʚ̔ʜʙʫʚʘʪʠʩ̫ ʧ̔ ʜ 

ʜʽ̒ʁ ʜʝ̫ʢʠʭ ʬʘʢʪʦʨ̔ʚ. 
 
1.3.1.1 ʊʝʨʤ̔ʯʥʝ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʶʛʘ 

ʋ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʝʥʝʨʛ̔ ʷ, ʥʝʦʙʭ̔ ʜʥʘ ʜʣ̫ ʨʦʟʨʠʚʫ ʟʚ' ʟ̫ʢ̔ʚ ʚ 

ʤʦʣʝʢʫʣ̔ ʦʜʥʦʛʦ ʟ ʨʝʘʛʝʥʪ̔ʚ, ʧʦʜʘ̒ ʪʩɹ̫ ʫ ʚʠʛʣ̫ʜ̔ ʪʝʧʣʘ. ʊʘʢʠʡ ʤʝʪʦʜ 
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ʧʨʠʩʢʦʨʝʥʥ̫ ʨʝʘʢʮ̔ ʾ ʥʘʟʠʚʘʁʪɹ ʪʝʨʤ̔ʯʥʠʤ (ʪʝʨʤ̔ʯʥʝ ʦʢʠʩʣʝʥʥ̫, 

ʭʣʦʨʫʚʘʥʥ̫, ʢʨʝʢ̔ʥʛ). ɽʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ ʛʦʤʦʣ̔ʪʠʯʥʦʛʦ ʨʦʟʨʠʚʫ 

ʜʦʨ̔ʚʥʶʻ ʪʝʧʣʦʚʦʤʫ ʝʬʝʢʪʫ ʫʪʚʦʨʝʥʥ̫ ʟʚ' ʟ̫ʢʫ, ʪʦʙʪʦ 
 

ɽʝʥʜʦ = ɽʝʢʟʦ ï æʅ = Q,                                            (1.98) 
 

ʱʦ ʜʦʟʚʦʣ̫  ̒ʟʦʙʨʘʟʠʪʠ ʢʦʥʩʪʘʥʪʫ h ʚʠʜʢʦʩʪ̔ ʨ̔ʚʥ̫ʥʥ̫ʤ 
 

ko = Aʝ-Q/RT                                                                                        (1.99) 
 

ɺ̔ʜʦʤ̔ ʟʥʘʯʝʥʥ̫ ɸ ʪʘ ʝʥʝʨʛ̔ ʾ ʨʦʟʨʠʚʫ ʟʚ'̫ʟʢʫ ʜʦʟʚʦʣ̫ ʪʁɹ 

ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪɹ ʪʝʤʧʝʨʘʪʫʨ ʨʝʘʢʮ̔ʾ. ɺ ʤʦʣʝʢʫʣʘʭ ʚʫʛʣʝʚʦʜʥ̔ʚ ʤʝʥh  

ʤ̔ʮʥʠʤ  ̒ʟʚ' ʟ̫ʦʢ ʉïʉ, ʘ ʚ ʭʣʦʨʧʦʭ̔ʜʥʠʭ ʚʫʛʣʝʚʦʜʥ̫ʭ ʉïCl. 

ɻʦʤʦʣ̔ʪʠʯʥʦʤʫ ʨʦʟʨʠʚʫ ʯʘʩʪʦ ʩʧʨʠ̫ ʪʁɹ ʬʘʢʪʦʨʠ, ʦɦ ʚʝʜʫʪɹ ʜʦ 

ʟʥʠʞʝʥʥ̫ ʝʥʝʨʛ̔ ʾ ʘʢʪʠʚʘʮ̔ ʾ ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʜ̔ʣʝʥʥ̫ ʝʥʝʨʛ̔ ʾ ʧʨʠ 

ʚʟʘ̒ʤʦʜ̔ ʾ ʫʪʚʦʨʝʥʦʛʦ ʨʘʜʠʢʘʣʘ ʟ ʥ̔h ʦʁ  ʩʧʦʣʫʢʦʁ  ʘʙʦ ʪʚʝʨʜʦʁ  ʧʦʚʝʨʭʥʝʁ , 

ʥʘʧʨʠʢʣʘʜ ʩʪ̔ʥʢʘ ʨʝʘʢʪʦʨʘ, ʷʢ̔ ʟʜʘʪʥ̔ ʘʜʩʦʨʙʫʚʘʪʠ ʜʨʫʛʠʡ ʨʘʜʠʢʘʣ ʪʘ 

ʟʜ̔ʡʩʥ ʚʁʘʪʠ ʛʝʪʝʨʦʛʝʥʥʝ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ 
 

ClïCl Ÿ Cl + Clʘʜʩʦʨ                                                                     (1.100) 
 

ʇʦʜ̔ʙʥʫ ʨʦʣ ɹʚ̔ʜ̔ʛʨʘ̒ ʫʪʚʦʨʝʥʥ̫ ʟʚ' ʟ̫ʢʫ ʘʪʦʤʘ ʛ̔ʜʨʦʛʝʥʘ ʟ ʢʠʩʥʝʤ 
 

CH3ïCHO + O2 Ÿ [CH3ïCO ĿĿĿ H ĿĿĿ O2] Ÿ CH3ïǘO + HOO        (1.101) 
 

ʂ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʰʚʠʜʢʦʩʪ̔ ʟʘʨʦʜʞʝʥʥ̫ 

ʣʘʥʮʁ ʛʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ ʧʨʠ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʦʤʫ ʨʦʟʨʠʚ̔ 
 

ro = ko[A ],                                                   (1.102) 
 

ʘ ʧʨʠ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʤʫ 
 

ro = ko[A][ Y]                                                       (1.103 

 

1.3.1.2 ʍ̔ʤ̔ʯʥʝ ʥ̔̔ʮ̔ ʚʁʘʥʥ̫  ʣʘʥʮʶʛʘ 

ɯʥ̔ʮ̔ʘʪʦʨʘʤʠ ʥʘʟʠʚʘʁʪɹ ʨʝʯʦʚʠʥʠ, ʢ̫̔ ʟʜ̔ʙʥ̔ ʨʦʟʝɦʧʣʁʚʘʪʠʩ̫ ʟ 

ʫʪʚʦʨʝʥʥ̫ʤ ʨʝʘʢʮ̔ʡʥʦʟʜ̔ ʙʥʠʭ ʨʘʜʠʢʘʣ̔ʚ ʘʙʦ ʘʪʦʤ̔ʚ ʧʨʠ ʙʣ̔ɹ  h ʥʠʟɹʢ̔ʡ 

ʪʝʤʧʝʨʘʪʫʨ̔, ʥ̔ʞ ʩʘʤ̔ ʨʝʘʛʝʥʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʜʘʁʯʠ ʥ̔̔ʮ̔ʘʪʦʨ ʜʦ 

ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ, ʤʦʞʥʘ ʩʫʪʪ̒ ʚʦ ʧʨʠʩʢʦʨʠʪʠ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ  ̔ʧʨʦʚʝʩʪʠ 

ʧʨʦʮʝʩ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥh ʡ̔ ʪʝʤʧʝʨʘʪʫʨ̔. ɯʥ̔ʮ̔ʘʪʦʨʘʤʠ ʤʦʞʫʪɹ ʩʣʫʞʠʪʠ ʭʣʦʨ, 

ʥ̔ʪʨʘʪʥʘ ʢʠʩʣʦʪʘ ʘʙʦ ʦʢʩʠʜʠ ʥ̔ʪʨʦʛʝʥʫ 
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HOïNO2 Ÿ HOĿ + NO2
Ŀ       

RH + NO2
Ŀ 
Ÿ RĿ + HNO2                  (1.104) 

 

ʏʘʩʪ̔h ʝ ʥ̔̔ʮ̔ʘʪʦʨʘʤʠ ʩʣʫʞʘʪɹ ʨʝʯʦʚʠʥʠ, ʚ ʷʢʠʭ ʝʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ 

ʧʝʨʝʢʘʟʫ̒ʪɹʩ̫ ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʫʪʚʦʨʝʥʥ̫ ʘʢʪʠʚʥʠʭ ʨʘʜʠʢʘʣ̔ʚ  ̔

ʩʪʘʙ̔ʣʴʥʠʭ ʤʦʣʝʢʫʣ. ʅʘʧʨʠʢʣʘʜ ʟ ʘʟʦ-ʙ̔ʩ-ʜ̔̔ʟʦʙʫʪʠʨʦʥ̔ʪʨʠʣʫ 
 

(CH3)2ïCïN=NïCï(CH3)2 Ÿ 2(CH3)2ïǘïCN + N2,            (1.105) 
 
ʟ ʧʝʨʦʢʩʠʜʫ ʛ̔ʜʨʦʛʝʥʫ 

 
 

ʟ ʪʨʝʪʙʫʪʠʣʫ 
 
(ʉH3)3ïCïOïOï(CH3)3 Ÿ 2(CH3)3ïCOĿ Ÿ 2Cֿ2 + 3פ(CH3)2CO         (1.107) 
 

ɯʥ̔ʮ̔ʘʪʦʨʘʤʠ ʤʦʞʫʪɹ ʪʘʢʦʞ ʙʫʪʠ ʦʨʛʘʥ̔ ʯʥ̔ ʥʘʜʢʠʩʣʦʪʠ (RCOOOH), 
ʛ̔ ʜʨʦʧʝʨʦʢʩʠʜʠ (ROOH) ʪʘ ʥʝʦʨʛʘʥ̔ ʯʥ̔ ʧʝʨʦʢʩʠʜʥ̔ ʩʧʦʣʫʢʠ. ɺʩ̔ ʥ̔̔ʮ̔ʘʪʦʨʠ 
ʨʦʟʝɦʧʣʁ ʶʪɹʩ̫ ʟ ʜʦʩʪʘʪʥɹʦʁ  ʚhʠʜʢ̔ʩʪ  ʁ ʫ ʚʠʟʥʘʯʝʥ̔ʡ ʦʙʣʘʩʪ̔ ʪʝʤʧʝʨʘʪʫʨ, 
ʢ̫ʘ  ̔ ʤʘ̒ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣ̫ ʧʨʦʚʝʜʝʥʥ̫ ʨʝʘʢʮ̔ʾ. ʇʨʠ ʟʘʨʦʜʞʝʥʥ̔ 
ʣʘʥʮʁ ʛʘ ʫ ʧʨʠʩʫʪʥʦʩʪ̔ ʥ̔̔ʮ̔ʘʪʦʨʘ Inc2 ʩʧʦʯʘʪʢʫ ʫʪʚʦʨʁ ʪ̒ʩɹ̫ ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʣ̫ ʜʘʥʦʛʦ ʥ̔̔ʮ̔ʘʪʦʨʘ ʨʘʜʠʢʘʣ, ʢ̫ʠʡ ʜʘʣ̔ ʚhʠʜʢʦ ʚʟʘ̒ʤʦʜ̔̒  ʟ ʦʜʥʠʤ ʟ 
ʨʝʘʛʝʥʪ̔ʚ  ̔ʜʘ̒ ʨʘʜʠʢʘʣ, ʦɦ ʜʘʣ̔ ʚʝʜʝ ʣʘʥʮʁʛ 

 
Inc2 Ÿ 2IncĿ IncĿ + Cl2 Ÿ IncCl + ClĿ               (1.108) 
 

ɹ̔ʣʴʰ ʧʦʚ̔ʣʥɹʦʁ   ̒ʩʘʤʝ ʧʝʨh ʘ ʩʪʘʜ̔ ʷ, ʪʦʤʫ ʰʚʠʜʢ̔ʩʪɹ ʟʘʨʦʜʞʝʥʥ̫ 
ʣʘʥʮʁ ʛʘ ʫ ʧʨʠʩʫʪʥʦʩʪ̔ ʥ̔̔ʮ̔ ʘʪʦʨʘ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ ʚhʠʜʢ̔ʩʪʁ  ʡʦʛʦ 

ʨʦʟʝɦʧʣʝʥʥ̫. ʎ̫  ʩʪʘʜ̫̔  ʯʘʩʪ̔h ʝ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʘ  ̔ ʤʘ̒ ʪʘʢʝ ʢ̔ʥʝʪʠʯʥʝ 
ʨ̔ʚʥ̫ʥʥ̫ 

 

r = ki[Inc2]                                                       (1.109) 
 

ʅʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ ʢʘʪʘʣ̔ʟʘʪʦʨʘ, ʥ̔̔ʮ̔ ʘʪʦʨ ʧ̔ ʜ ʯʘʩ ʨʝʘʢʮ̔ʾ ʚʠʪʨʘʯʘ̒ʪʩɹ̫ 

 ̔ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮ̫̔  ʧʘʜʘ̒ . ʏʘʩʪʢʠ, ʢ̫̔ ʧʨʠ ʮɹʦʤʫ ʫʪʚʦʨʁ ʪʁɹʩ̫, ʩʪʘʁ ʪɹ 

ʩʪʘʙ̔ ʣɹʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ̔ ʤ̔ʩʪ̫ʪɹʩ̫ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮ̔ ʾ ʢ̫ ʜʦʤ̔ ʢhʠ. 
 

1.3.1.3 ʌʦʪʦʣ̔ʟ ʪʘ ʨʘʜ̔ʦʣ̔ʟ 

ʇʨʠ ʦʧʨʦʤ̔ʥʁ ʚʘʥʥ̔ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʋʌ-ʩʚ̔ʪʣʦʤ ʘʙʦ ʥ̔h ʠʤʠ ʚʠʜʘʤʠ 

ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫ ʤʦʣʝʢʫʣʠ ʧ̔ʜ ʚʧʣʠʚʦʤ ʧʦʛʣʠʥʝʥʠʭ ʥʠʤʠ ʢʚʘʥʪ̔ʚ ʝʥʝʨʛ̔ ʾ 

ʧʝʨʝʭʦʜʪ̫ɹ ʫ ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ. ʇʨʠ ʟʥʘʯʥ̔ʡ ʝʥʝʨʛ̔ ʾ ʢʚʘʥʪʘ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʨʦʟʨʠʚ 
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ʟʚ' ʟ̫ʢ̔ʚ  ̔ ʫʪʚʦʨʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ. ʆʩʢ̔ʣʢɹʠ ʟʙʫʜʞʝʥʥ̫ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ 

ʧʨʠ ʜ̔ʾ ʟʦʚʥ̔h ʥɹʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛ̔ ʾ, ʪʦ ʰʚʠʜʢ̔ʩʪɹ ʨʦʟʧʘʜʫ ʟʘʣʝʞʠʪɹ  ʚ̔ʜ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪ̔ ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫. ʂʨ̔ʤ ʪʦʛʦ, ʮʝ ʚ̔ʜʙʫʚʘ̒ʪɹʩ̫, ʟʘʟʚʠʯʘʡ, ʧʨʠ 

ʥʠʟɹʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ  ̒ʙʝʟʧʝʨʝʯʥʦʁ  ʛ̔ʜʥ̔ʩʪʁ  ʧʨʦʮʝʩʫ. 
 
1.3.2 ʇʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʶʛʘ 

ʋʪʚʦʨʝʥʠʡ ʥʘ ʩʪʘʜ̔ ʾ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ ʚ̔ʣʥɹʠʡ ʨʘʜʠʢʘʣ ʤʘ̒ 

ʚʠʩʦʢʫ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ  ̔ ʧʦʯʠʥʘ̒ ʣʘʥʮ ʛʁ ʧʝʨʝʪʚʦʨʝʥ,ɹ ʢ̫̔ ʚʝʜʫʪɹ ʜʦ 

ʦʜʝʨʞʘʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ. 

ʃʘʥʮ ʛʁ ʩʢʣʘʜʘ̒ʪʩɹ̫ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮ̔ʡ ʨʘʜʠʢʘʣʥɹʦʛʦ 

ʟʘʤ̔ ʝɦʥʥ̫, ʘʙʦ ʨʦʟʝɦʧʣʝʥʥ̫ ʘʙʦ ʧʨʠ̒ʜʥʘʥʥ̫, ʟʛ̔ ʜʥʦ ʢ̫ʠʤ ʧʨʦʪ̔ʢʘ̒ 

ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʮʝʩ, ʪʘ ʤʘ̒ ʩʭʝʤʘʪʠʯʥʝ ʚ̔ ʜʦʙʨʘʞʝʥʥ̫. 

 
ʋ ʜʨʫʛ̔ʡ ʨʝʘʢʮ̔ ʾ ʫʪʚʦʨʠʚʩ̫ ʪʦʡ ʞʝ ʨʘʜʠʢʘʣ Y  ̔ʪʦʤʫ ʧʦʩʣ̔ʜʦʚʥ̔ʩʪɹ  

ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮ̔ʡ ʤʦʞʝ ʧʦʚʪʦʨʁʚʘʪʠʩ̫ ʜʦ ʪʠʭ ʧ̔ʨ, ʜʦʢʠ ʨʘʜʠʢʘʣ Y ʥʝ 

ʟʥʠʢʥʝ. ʎʝ ʪʠʧʦʚʠʡ ʨʦʟʚʠʪʦʢ ʣʘʥʮ ʛʁʘ. ʉʫʢʫʧʥ̔ʩʪ ɹʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮ̔ʡ, ʜʝ 

ʫʪʚʦʨʠʚʩ̫ ʨʘʜʠʢʘʣ, ʢ̫ʠʡ ʧʦʯʘʚ ʣʘʥʮ ʛʁ, ʥʘʟʠʚʘʁʪ ɹʣʘʥʢʦʁ . ʏʠʩʣʦ ʣʘʥʦʢ, ʢ̫̔ 

ʧʦʚʪʦʨʁʶʪʩɹ̫ ʪʘ ʩʢʣʘʜʘʁʪɹ ʣʘʥʮʁ ʛ, ʥʘʟʠʚʘʁʪɹ ʜʦʚʞʠʥʦʁ . ɺʦʥʘ ʤʦʞʝ 

ʟʤ̔ʥ ʚʁʘʪʠʩ̫ ʚ̔ʜ ʜʝʢ̔ʣʢɹʦʭ ʦʜʠʥʠʮɹ ʜʦ ʙʘʛʘʪɹʦʭ ʪʠʩ̫ ʯ. 

ʗʢɦʦ ʜʦʚʞʠʥʘ ʣʘʥʮʛʁʘ ʜʦʩʠʪɹ ʚʝʣʠʢʘ (Ó10), ʚ ʩʪʘʮ̔ʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥ̫ ʨʝʘʢʮ̔ ʾ ʥʝʦʙʭ̔ ʜʥʦ, ʦɦʙ ʚhʠʜʢʦʩʪ̔ ʚʩ̔ʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʨʝʘʢʮ̔ʡ ʩʪʘʜ̔ʾ ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ ʙʫʣʠ ʦʜʥʘʢʦʚʠʤʠ, ʙʦ ʥ̔ʘʢhʝ ʩʪʘʣʦ 

ʙ, ʦɦ hʚʠʜʢ̔ʩʪɹ ʚʠʪʨʘʯʘʥʥ̫ ʨʝʘʛʝʥʪʫ ɸ ʥʝ ʜʦʨ̔ʚʥʁ ʚʘʣʘ ʚhʠʜʢʦʩʪ̔ 

ʥʘʢʦʧʠʯʝʥʥ̫ ʧʨʦʜʫʢʪʫ ɺ, ʱʦ ʤʘʣʦ ʤ̔ʦʚ̔ʨʥʦ. ʅʘ ʧ̔ʜʩʪʘʚ̔ ʮɹʦʛʦ 
 

r1 = k1[YĿ][A] = k2[A
/Ŀ][Y] = r2                                                             (1.111) 

ʘʙʦ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʩʪʘʮ̔ʦʥʘʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨ̔ʟʥʠʭ 

ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮ̔ʡʥʝ ʜʦʙʫʪʢʫ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪʝʡ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮ̔ʡ  ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʝʘʛʝʥʪ̔ʚ, ʟ ʷʢʠʤʠ ʮ̔ ʨʘʜʠʢʘʣʠ 

ʚʟʘ̒ʤʦʜ̔ʁ ʪɹ. 
 

1.3.3 ʆʙʨʠʚ ʣʘʥʮʶʛʘ 

ʆʙʨʠʚ ʣʘʥʮ ʛʁʘ ʧʨʠʚʦʜʠʪɹ ʜʦ ʟʥʠʢʥʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ, ʘʙʦ 

ʧʝʨʝʪʚʦʨʝʥʥʁ ʭʾ ʚ ʙ̔ʣʴʰ ʩʪʘʙʣ̔ʥɹ̔ ʨʘʜʠʢʘʣʠ, ʢ̫̔ ʥʝ ʩʧʨʦʤʦʞʥ̔ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʣʘʥʮʁʛ. ʇʦ ʚ̔ʜʥʦhʝʥʥʁ  ʜʦ ʨʘʜʠʢʘʣ̔ʚ ʨʝʘʢʮ̔ ʾ ʦʙʨʠʚʫ ʤʦʞʫʪɹ 

ʙʫʪʠ ʤʦʥʦ- ʘʙʦ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʠʤʠ ,̔ ʚ̔ʜʧʦʚ̔ʜʥʦ ʟ ʮʠʤ, ʦʟʥʘʯʘʁʪ ɹʣ̔ʥ̔ʡʥʠʡ ʪʘ 
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ʢʚʘʜʨʘʪʠʯʥʠʡ ʦʙʨʠʚ ʣʘʥʮ ʛʁʘ. 

ʇʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʦʙʨʠʚ̔ ʚ ʨʝʟʫʣɹʪʘʪ̔ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ʜʚʦʭ 

ʨʘʜʠʢʘʣ̔ʚ ʭʾʥ̔ ʚ̔ʣɹʥ̔ ʝʣʝʢʪʨʦʥʠ ʩʪʚʦʨʁ ʪʁɹ ʧʘʨʫ  ̔ʧʝʨʝʭʦʜʪ̫ɹ ʚ ʤʦʣʝʢʫʣ̫ʨʥʠʡ 

ʧʨʦʜʫʢʪ: 
 

RȚ+ RȚ Ÿ RR; XȚ + XȚ Ÿ XX; RȚ + XȚ Ÿ RX (1.113) 
 

ʇʨʦʮʝʩ ʨʝʢʦʤʙʥ̔ʘʮ̔ ʾ ʨʘʜʠʢʘʣ̔ʚ  ̒ʝʢʟʦʪʝʨʤ̔ʯʥʠʤ  ̔ʤʘ̒ ʥʫʣɹʦʚʫ ʝʥʝʨʛ̔ʁ  

ʘʢʪʠʚʘʮ̔ʾ, ʪʦʤʫ ʫʪʚʦʨʁ ʪ̒ɹʩ ̫ʤʦʣʝʢʫʣ̫ʨʥʠʡ ʧʨʦʜʫʢʪ ʟ ʚʝʣʠʢʦʁ  ʥʘʜʣʠh ʢʦʚʦʁ 

ʝʥʝʨʛ̔̒ .ʁ ɰʾ ʦʙʝʨʥʝʥʝ ʨʦʟʝɦʧʣʝʥʥ̫ ʙʫʜʝ ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫ ʣʠ ʝh ʫ ʚʠʧʘʜʢʫ, ʢ̫ɦ ʦ 

ʮ̫ ʝʥʝʨʛ̔ ʷ ʧʝʨʝʜʘ̒ ʪɹʩ̫ ʥ̔ʰ̔ʡ ʤʦʣʝʢʫʣ̔ ʘʙʦ ʨʝʘʢʪʦʨʫ. ʗʢɦ ʦ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯ̔ 

ʝʥʝʨʛ̔ ʾ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʰʚʠʜʢʦ ʪʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠɦʫ̒ ʚhʠʜʢ̔ʩʪɹ  ʦʙʝʨʥʝʥʦʛʦ 

ʨʦʟʝɦʧʣʝʥʥ̫ ʤʦʣʝʢʫʣʠ, ʦʙʨʠʚ ʚ̔ʜʙʫʚʘ̒ ʪɹʩ̫ ʧʨʠ ʢʦʞʥʦʤʫ ʟ̔ʪʢʥʝʥʥ̔ 

ʨʘʜʠʢʘʣ̔ʚ  ̔ ʚhʠʜʢ̔ʩʪɹ ʚʠʟʥʘʯʘ̒ʪɹʩ̫ ʨ̔ʚʥ̫ʥʥ̫ʤ: 

 
rt = kt[RȚ]2                                                  (1.114) 

ʘʙʦ 

rt = kt[RȚ][XȚ]                                                   (1.115) 

 

ʂʚʘʜʨʘʪʠʯʥʠʡ ʦʙʨʠʚ  ̒ ʪʠʧʦʚʠʤ ʜʣ̫ ʨ̔ ʜʠʥʥʦ-ʬʘʟʥʠʭ ʪʘ 

ʥʠʟʢɹʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʦʮʝʩ̔ʚ, ʢʦʣʠ ̔ʤʦʚ̔ʨʥ̔ʩʪɹ ʟ̔ʪʢʥʝʥʥ̫ ʨʘʜʠʢʘʣ̔ʚ ʚʝʣʠʢʘ. 

ʃ̔ʥ̔ʡʥʠʡ ʦʙʨʠʚ  ̒ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʠʤ ʚ̔ ʜʥʦʩʥʦ ʘʢʪʠʚʥʠʭ 

ʨʘʜʠʢʘʣ̔ʚ, ʱʦ ʧʨʦʜʦʚʞʫʁ ʪɹ ʣʘʥʮʁ ʛ,  ̔ ʚ̔ʜʙʫʚʘ̒ʪɹʩ̫ ʨ̔ʟʥʠʤʠ hʣ̫ʭʘʤʠ. ʇʦ 

ʦʜʥʦʤʫ ʟ ʥʠʭ, ʪʠʧʦʚʦʤʫ ʜʣ̫ ʛʘʟʦʬʘʟʥʠʭ ʧʨʦʮʝʩ̔ʚ, ʨʘʜʠʢʘʣ ʘʜʩʦʨʙʫ̒ ʥʘ 

ʪʚʝʨʜ̔ʡ ʧʦʚʝʨʭʥ̔ ʨʝʘʢʪʦʨʘ ʘʙʦ ʜʝ ʥʜ̔ʝ 
 

ʍȚ Ÿ ʍʘʜʩ                                                (1.116) 
 
ʏʘʩʪ̔h ʝ ʦʙʨʠʚ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʥʘ ʥ̔ʛ̔ʙ̔ʪʦʨʘʭ, ʨʝʯʦʚʠʥʘʭ ʢ̫̔ ʟʜʘʪʥ̔ 

ʚʠʚʦʜʠʪʠ ʘʢʪʠʚʥ̔ ʨʘʜʠʢʘʣʠ ʟ ʣʘʥʮ ʛʁʦʚʦʛʦ ʧʨʦʮʝʩʫ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪ ɹ ʩʦʣ̔ 

ʤʝʪʘʣ̔ʚ ʟʤ̔ʥʥʦʾ ʚʘʣʝʥʪʥʦʩʪ̔ (Cu+, Fe2+, Mn2+) 
 

HOȚ + Mn2+ Ÿ HOï + Mn3+                                                      (1.117) 
 
ɼʫʞʝ ʧʦh ʠʨʝʥ̔ ʥ̔ʛ̔ʙ̔ʪʦʨʠ, ʷʢ̔ ʩʧʦʯʘʪʢʫ ʜʘʁ ʪɹ ʥʝʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥ̔ 

ʨʘʜʠʢʘʣʠ ʘ ʜʘʣ̔ ʧʝʨʝʪʚʦʨʁ ʪʁɹʩ ̫ ʚ ʤʦʣʝʢʫʣ̫ʨʥ̔ ʧʨʦʜʫʢʪʠ: ʘʤ̔ʥʠ, ʬʝʥʦʣʠ, 

ʩʫʣɹ ʬ̔ʪʥ̔ ʩʧʦʣʫʢʠ. ʅʘʧʨʠʢʣʘʜ, ʭ̔ʥʦʥ ʚʠʛʣ̫ʜʘ̒ ʥ̔ʛ̔ ʙʽʪʦʨʦʤ ʪʘʢʠʤ ʯʠʥʦʤ: 
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 ̔ ʚhʠʜʢ̔ʩʪɹ ʤʘ̒ ʨ̔ʚʥ̫ʥʥ̫ 

 

rt = kt[Ing][XȚ]                                                    (1.119) 

 

1.3.4. ʈʘʜʠʢʘʣɹʥʝ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ 

ɿʘʧʨʦʚʘʜʞʝʥʥ̫ ʟʘʤ̔ʩʥʠʢ̔ʚ ʚ ʩʪʨʫʢʪʫʨʠ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ 

ʟʜ̔ʡʩʥʁʻʪɹʩ̫ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʨʘʜʠʢʘʣʥɹʠʭ ʨʝʘʢʮ̔ʡ ʧʦʨ̔ʚʥ̫ʥʦ ʥʝɦʦʜʘʚʥʦ. 

ɼʦʩʠʪɹ ʫʩʧ̔h ʥʦ ʟʜ̔ʡʩʥʶ̒ʪɹʩ̫, ʥʘʧʨʠʢʣʘʜ, ʚʚʝʜʝʥʥ̫ ʚ ʢ̔ʣʮɹʝ ʘʤ̔ʥʦ- ʪʘ 

ʛ̔ʜʨʦʢʩʠʛʨʫʧ. 

ʈʝʘʢʮ̔ ʷ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ ʤʘ̒ ʜʚ̔ ʩʪʘʜ̔ʾ. ʅʘ ʧʝʨh ʡ̔ 

ʩʪʘʜ̔ʾ ʨʘʜʠʢʘʣ ʧʨʠ̒ʜʥʫ̒ʪɹʩ̫ ʜʦ ʩʫʙʩʪʨʘʪʫ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʨʘʜʠʢʘʣʥɹʦʛʦ ů-

ʢʦʤʧʣʝʢʩʫ 

 
ʅʘ ʜʨʫʛ̔ʡ ʩʪʘʜ̔ʾ ʮʝʡ ʢʦʤʧʣʝʢʩ ʨʝʘʛʫ̒ ʜʦ ʪʘʢʠʤ ʞʝ ʯʠ ʥ̔h ʠʤ 

ʨʘʜʠʢʘʣʦʤ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʧʨʦʜʫʢʪʫ ʟʘʤ̔ ʝɦʥʥ̫. ʆʜʥʦʯʘʩʥʦ ʧʨʦʪ̔ʢʘ̒ ʚʟʘ̒ʤʦʜ̔ ʷ 

ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʨʘʜʠʢʘʣʥɹʠʭ ů-ʢʦʤʧʣʝʢʩ̔ʚ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʧʨʦʜʫʢʪ̔ʚ 

ʜʠʤʝʨʠʟʘʮ̔ʾ, ʘ ʪʘʢʦʞ ʨʝʘʢʮ̔ ʷ ʤ̔ʞ ʟʘʤ̔ ʝɦʥʠʤ ʮʠʢʣʦʛʝʢʩʘʜʽ̒ʥʦʤ ʪʘ ʟʘʤ̔ ʝɦʥʦʁ  

ʘʨʦʤʘʪʠʯʥʦʁ  ʩʧʦʣʫʢʦʁ . 
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ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ ʪʘʢʦʾ ʨʝʘʢʮ̔ʾ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ ʷʢ 

ʘʨʦʤʘʪʠʯʥʦʾ ʩʧʦʣʫʢʠ, ʪʘʢ  ̔ ʨʘʜʠʢʘʣʘ. ɽʥʝʨʛ̔ ʷ ʧʝʨʝʭ̔ ʜʥʦʛʦ ʩʪʘʥʫ ʘʙʦ 

ʫʪʚʦʨʝʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʫʪʪ̒ʚʦ ʟʥʠʞʫ̒ʪɹʩ,̫ ʢ̫ɦ ʦ ʚ̔ʣʥɹʠʡ ʝʣʝʢʪʨʦʥ ʤʦʞʝ 

ʟʜ̔ʡʩʥʁ ʚʘʪʠ ʩʧʦʣʫʯʝʥʥ̫ ʟ -́ʝʣʝʢʪʨʦʥʘʤʠ ʘʨʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɿ ʮ̔̒  ʾ

ʧʨʠʯʠʥʠ ʙʝʥʟʠʣʴʥʠʡ, ʘʮʠʣʥɹʠʡ ʪʘ ʧʦʜ̔ ʙʥ̔ ʨʘʜʠʢʘʣʠ ʫʪʚʦʨʁ ʪʁɹʩ̫ ʧʦʨ̔ʚʥ̫ʥʦ 

ʣʝʛʢʦ ʪʘ ʻ ʜʦʩʠʪɹ ʩʪ̔ʡʢʠʤʠ. 

 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥ̔ ʧʨʦ ʨʦʟʧʦʜ̔ʣ ʫʪʚʦʨʝʥʠʭ ʟ̔ʦʤʝʨ̔ʚ, ʚ̔ʜʥʦʩʥʠʭ 

ʢʦʥʩʪʘʥʪʘʭ ʰʚʠʜʢʦʩʪʝʡ, ʧʘʨʮ̔ʘʣʥɹʠʭ ʬʘʢʪʦʨʘʭ ʚhʠʜʢʦʩʪʝʡ ʜʣ̫ 
ʛʦʤʦʣ̔ʪʠʯʥʠʭ ʧʨʦʮʝʩ̔ʚ ʟʘʤ̔ ʝɦʥʠʭ ʙʝʥʟʝʥʚ̔, ʥʘʬʪʘʣ̔ʥʫ ʧʦʢʘʟʫʁ ʪɹ , ʦɦ ʚʩ̔ 
ʟʘʤ̔ʩʥʠʢʠ, ʥʝʟʘʣʝʞʥʦ ʚ̔ʜ ʭʾ ʧʦʣ̫ʨʥʦʩʪ̔, ʤʘʁ ʪɹ ʩʣʘʙʢʠʡ ʘʢʪʠʚʫʁʯʠʡ ʚʧʣʠʚ: 
kʚ̔ʜʥ ʪʨʦʭʠ ʙ̔ʣʴhʘ 1. ʇʨʠ ʮɹʦʤʫ ʜʣ̫ ʨ̔ʟʥʠʭ ʟʘʤ̔ ʝɦʥʠʭ ʙʝʥʟʝʥʚ̔ ʢ̔ʣɹʢʦʩʪ̔ 

ʦʜʝʨʞʘʥʠʭ ʟ̔ʦʤʝʨ̔ʚ, ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ, ʬʘʢʪʦʨʠ ʧʘʨʮ̔ ʘʣʥɹʠʭ ʚhʠʜʢʦʩʪʝʡ 
ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚ̔, ʘ ʟʘʤ̔ ʝɦʥʥ̫ ʚ̔ʜʜʘ̒ ʧʝʨʝʚʘʛʫ ʥʘʧʨ̫ʤʫ ʚ ʦ- ʪʘ ʧ-
ʧʦʣʦʞʝʥʥ̫. ʌʘʢʪʦʨ ʧʘʨʮ̔ʘʣʥɹʦʾ ʚhʠʜʢʦʩʪ̔ ʜʣ̫ ʘʪʘʢʠ ʚ ʦ-ʧʦʣʦʞʝʥʥ̫ (fʦ) ʫ 

ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠ ʝɦ ʥ̔ʞ ʜʣ̫ ʧ-ʧʦʣʦʞʝʥʥ̫ (fʧ), ʘ ʟʥʘʯʝʥʥ̫ fʤ ʤʘʡʞʝ 

ʜʦʨ̔ʚʥʁ̒  1. ɿ ʙ̔ʣʴhʦʁ  ʚhʠʜʢ̔ʩʪʁ  ʧʨʦʪ̔ʢʘ̒ ʨʝʘʢʮ̫̔  ʟ ʥʘʬʪʘʣ̔ʥʦʤ, ʧʨʠ ʮʦɹʤʫ 
ʧʝʨʝʚʘʞʘ̒  ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʧʦʣʦʞʝʥʥ̫ 1 (Ŭ). ʐʚʠʜʢ̔ʩʪ ɹ ʨʘʜʠʢʘʣʥɹʦʾ ʨʝʘʢʮ̔ ʾ ʚ 
ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢʘʭ ʪʘ ʦʨ̔̒ʥʪʘʮ̔ ʷ ʥʦʚʠʭ ʟʘʤ̔ʩʥʠʢ̔ʚ ʚʠʟʥʘʯʘʁʪɹʩ̫, 
ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʣʝʛʢ̔ʩʪʁ  ʫʪʚʦʨʝʥʥ̫ ʪʘ ʩʪʘʙʣ̔ʥɹ̔ʩʪʁ  ʧʨʦʤ̔ʞʥʦʛʦ 
ʨʘʜʠʢʘʣʥɹʦʛʦ ů-ʢʦʤʧʣʝʢʩʫ. ɼʝʣʦʢʘʣ̔ʟʘʮ̫̔  ʥʝʩʧʘʨʝʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʚ 
ʢʦʤʧʣʝʢʩ̔ ʚʧʣʠʚʘ̒ ʥʘ ʡʦʛʦ ʩʪʘʙ̔ʣʥɹ̔ʩʪɹ ʪʘ ʝʥʝʨʛ̔ʁ  ʫʪʚʦʨʝʥʥ̫. ʋ ʜʝʣʦʢʘʣ̔ʟʘʮ̔ʾ 
ʥʝʩʧʘʨʝʥʦʛʦ ʝʣʝʢʪʨʦʥʫ ʟʜʘʪʥ̔ ʧʨʠʡʤʘʪʠ ʫʯʘʩʪɹ ʨ̔ʟʥ̔ ʟʘ ʧʨʠʨʦʜʦʁ  ʟʘʤ̔ʩʥʠʢʠ, 
ʦɦ ʟʥʘʭʦʜ̫ʪɹʩ̫ ʚ ʦ- ʘʙʦ ʧ-ʧʦʣʦʞʝʥʥ̔ ʜʦ ʤ̔ʩʮ̫ ʨʘʜʠʢʘʣʥɹʦʾ ʘʪʘʢʠ, ʧ̔ʜʚʠɦ ʫ̒ 
ʪʠʤ ʩʘʤʠʤ ʩʪʘʙʣ̔ʥɹ̔ʩʪɹ ʢʦʤʧʣʝʢʩʫ ʪʘ ʣʝʛʢ̔ʩʪɹ ʡʦʛʦ ʦʜʝʨʞʘʥʥ̫. ʉʘʤʝ ʟ ʮ̔̒  ʾ
ʧʨʠʯʠʥʠ ʥʘʚ̫ʥ̔ʩʪɹ ʟʘʤ̔ʩʥʠʢʘ ʚ ʦ- ʪʘ ʧ-ʧʦʣʦʞʝʥʥ̫ʭ ʧ̔ʜʚʠɦ ʫ̒ ʰʚʠʜʢʩ̔ʪɹ 
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ʨʘʜʠʢʘʣʥɹʠʭ ʨʝʘʢʮ̔ʡ. 

 
1.3.4.1 ʂ̔ʥʝʪʠʢʘ ʥʝʨʦʟʛʘʣʫʞʝʥʠʭ ʣʘʥʮ ʛʁʦʚʠʭ ʨʝʘʢʮ̔ʡ 

ʅʝʨʦʟʛʘʣʫʞʝʥʠʤʠ ʥʘʟʠʚʘʁʪɹ ʣʘʥʮ ʛʁʦʚ̔ ʨʝʘʢʮ̔ ʾ, ʚ ʷʢʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʪ̔ʣʢɹʠ ʥʘ ʩʪʘʜ̔ʾ ʟʘʨʦʜʞʝʥʥ̫ 

ʣʘʥʮʁ ʛʘ; ʧʨʦʤ̔ʞʥ̔ ʨʘʜʠʢʘʣʠ  ̔ ʤʦʣʝʢʫʣ̫ʨʥ̔ ʩʧʦʣʫʢʠ, ʢ̫̔ ʫʪʚʦʨʶʁʪɹʩ̫ ʥʘ 

ʩʪʘʜʽʾ ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ, ʥʝ ʜʘʁʪɹ ʧʦʯʘʪʢʫ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʨʘʜʠʢʘʣ̔ʚ. ɼʦ 

ʪʘʢʠʭ ʨʝʘʢʮ̔ʡ ʥʘʣʝʞʠʪɹ ʙ̔ʣʴh̔ʩʪɹ ʧʨʦʮʝʩ̔ʚ, ʟʘ ʚʠʥ̫ʪʢʦʤ ʦʢʠʩʥʝʥʥ̫. ʇʨʠ 

ʜʦʩʪʘʪʥɹ ʦ ʚʝʣʠʢ̔ʡ ʜʦʚʞʠʥ̔ ʣʘʥʮʶʛʘ ʚhʠʜʢʦʩʪ̔ ʫʩ̔ʭ ʨʝʘʢʮ̔ʡ ʩʪʘʜʽʾ 

ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ ʧʦʚʠʥʥ̔ ʙʫʪʠ ʜʦʨ̔ʚʥ̫ʥʠʤʠ. ʎʝ ʦʟʥʘʯʘ̒ , ʱʦ ʰʚʠʜʢʦʩʪ̔ 

ʚʠʪʨʘʯʘʥʥ̫  ̔ʫʪʚʦʨʝʥʥ̫ ʨʘʜʠʢʘʣ̔ʚ ʥʘ ʩʪʘʜʽʾ ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ ʦʜʥʘʢʦʚ̔, 

ʪʦʤʫ ʧʨʠʥʮʠʧ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʜʣ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʚ̔ʣɹʥʠʭ ʨʘʜʠʢʘʣ̔ʚ ʧʨʠʚʦʜʠʪɹ 

ʜʦ ʨ̔ʚʥ̫ʥʥ̫ ʰʚʠʜʢʦʩʪʝʡ ʟʘʨʦʜʞʝʥʥ̫ ʪʘ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ 
 

2ro = rt' + rt",                                                       (1.125) 
 

ʢ̫ʝ ʚ̔ʜʦʙʨʘʞʝʥʝ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ. ʂʦʣʠ ʥʘ ʩʪʘʜ̔ʾ ʦʙʨʠʚʫ 

ʣʘʥʮʛʁʘ ʧʝʨʝʚʘʞʘ ̒ ʦʜʠʥ ʟ ʤʝʪʦʜ̔ʚ (ʣ̔ʥ̔ʡʥʠʡ ʘʙʦ ʢʚʘʜʨʘʪʠʯʥʠʡ) ʥʘ 

ʨʘʜʠʢʘʣ̔, ʢ̫ʠʡ ʤʘ̒ ʙ̔ʣʴhʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʚʥʘʩʣ̔ʜʦʢ ʤʝʥh ʦʾ ʨʝʘʢʮ̔ʡʥʦʾ 

ʟʜʘʪʥʦʩʪ̔, ʪʦ ʨ̔ʚʥ̫ʥʥ̫ ʩʧʨʦɦ ʫ̒ʪʩɹ̫ 
 

2ro = rt                                                               (1.126) 
 

 ̔ ʜʦʟʚʦʣ̫  ̒ʚʠʨʘʟʠʪʠ ʥʝʚ̔ ʜʦʤʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʨʘʜʠʢʘʣ̔ʚ, ʥʘ ʢ̫ʠʭ ʦʙʨʠʚʘ̒ʪʩɹ̫ 

ʣʘʥʮ ʛʁ. ʇ̔ ʜʩʪʘʚʠʚhʠ ʾʾ ʚ ʨ̔ʚʥ̫ʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʣ̔ʤ̔ʪʫʁʯʦʾ ʨʝʘʢʮ̔ ʾ ʩʪʘʜʽʾ 

ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʛʁʘ, ʦʪʨʠʤʫʚʘʪʠ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʟʘʛʘʣɹʥʦʾ ʚhʠʜʢʦʩʪ̔ 

ʨʘʜʠʢʘʣɹ ʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʠ ʣ̔ʥ̔ʡʥʦʤʫ ʦʙʨʠʚ̔ ʣʘʥʮʁ ʛʘ ʟ̔ ʩʪ̔ʥʢʦʁ  ʨʝʘʢʪʦʨʘ (ʘ), ʘʙʦ ʟ 

ʥ̔ʛ̔ʙ̔ʪʦʨʦʤ (ʙ) 
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ʗʢɦʦ ʥʘ ʣ̔ʤ̔ʪʫʁʯʠʡ ʩʪʘʜ̔ʾ ʍȚ ʨʝʘʛʫ̒ ʟ̔ ʩʧʦʣʫʢʦʁ  ɸ, ʪʦ 

 
ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʧʨ̫ʤʦ ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʥʩʪʘʥʪ̔ 

ʚhʠʜʢʦʩʪ̔ ʣ̔ʤ̔ʪʫʁʯʦʾ ʩʪʘʜʽʾ ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ (ki), ʚhʠʜʢʦʩʪ̔ 
ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ (ro) ʪʘ ʟʚʦʨʦʪʥʦ-ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʥʩʪʘʥʪ̔ ʚhʠʜʢʦʩʪ̔ 
ʦʙʨʠʚʫ ʣʘʥʮʁ ʛʘ (kt). ʇʨʠ ʥʘ̫ʚʥʦʩʪ̔ ʚ ʩʠʩʪʝʤʽ ʥ̔ʛ̔ʙʽʪʦʨʫ ʰʚʠʜʢ̔ʩʪɹ ʙʫʜʝ 
ʟʚʦʨʦʪʥʦ-ʧʨʦʧʦʨʮ̔ʡʥʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮ̔ʾ. 

ʆʩʢ̔ʣʢɹʠ ro ʣ̔ʥ̔ʡʥʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʥ̔̔ʮ̔ʘʪʦʨʘ ʘʙʦ 
ʥ̔ʪʝʥʩʠʚʥʦʩʪ̔ ʧʦʛʣʠʥʘʥʥ̫ ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫, ʧʦʜ̔ʙʥʘ ʣ̔ʥ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʚ̔ʜ 
ʥʠʭ ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫  ̔ʜʣ̫ ʟʘʛʘʣɹʥʦʾ ʚhʠʜʢʦʩʪ̔ ʣʘʥʮ ʛʁʦʚʦʾ ʨʝʘʢʮ̔ʾ. ɽʥʝʨʛ̔ ʷ 
ʘʢʪʠʚʘʮ̔ ʾ, ʱʦ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʴʩʷ, ʩʢʣʘʜʘ̒ʪʩɹ̫ ʟ ʝʥʝʨʛ̔ʡ ʘʢʪʠʚʘʮ̔ ʾ ʩʪʘʜʽʾ 
ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʶʛʘ (ɽʦ), ʣ̔ʤ̔ʪʫʁʯʦʾ ʩʪʘʜ̔ʾ ʧʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ (ɽ̔) ʪʘ 
ʦʙʨʠʚʫ (ɽt) 

ɽʩʧʦʩʪ. = ɽʦ + ɽ̔ ï ɽt                               (1.131) 

ʋ ʧʨʠʩʫʪʥʦʩʪ̔ ʥ̔ʛ̔ʙʽʪʦʨʫ ʯʝʨʝʟ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥ̫ kt ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ, 

ʟʘʟʚʠʯʘʡ, ʜʦʩʠʪɹ ʥʠʟɹʢʘ  ̔ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʧʦʤ̔ʪʥʦ ʚʠʨʘʞʝʥʠʡ ʥ̔ʜʫʢʮ̔ʡʥʠʡ 

ʧʝʨ̔ʦʜ, ʪʨʠʚʘʣ̔ʩʪɹ ʢ̫ʦʛʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʥ̔ʛ̔ʙ̔ʪʦʨʫ (ʨʠʩ. 3) 

 
ʈʠʩʫʥʦʢ 3 ï ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʥ̔ʛ̔ʙ̔ʪʦʨʫ ʥʘ ʚhʠʜʢ̔ʩʪ ɹ

ʥʘʢʦʧʠʯʝʥʥ̫ ʨʘʜʠʢʘʣʫ (ʢʨ. 1 ï ʙʝʟ ̔ʥʛ̔ʙ̔ʪʦʨʫ; ʢʨ. 2 ï [0,1 ʤʦʣ/ɹʣ]; ʢʨ. 3 ï [0,2 

ʤʦʣ/ɹʣ] 
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ɯʥʛ̔ʙ̔ʪʦʨ ʚ ʧʨʦʮʝʩ̔ ʨʝʘʢʮ̔ʾ ʧʦʩʪʫʧʦʚʦ ʚʠʪʨʘʯʘ̒ʪʩɹ̫ (ʚʟʘ̒ʤʦʜ̔̒  ʟ 

ʨʘʜʠʢʘʣʘʤʠ)  ̔ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʧʦʯʠʥʘ̒ ʚhʠʜʢʦ ʟʨʦʩʪʘʪʠ 

ʪʘ ʜʦʩ̫ʛʘ̒ ʪʘʢʦʞ ʟʥʘʯʝʥʥ̫, ʦɦ  ̔ʧʨʠ ʚ̔ ʜʩʫʪʥʦʩʪ̔ ʥ̔ʛ̔ʙʽʪʦʨʫ. ʗʢɦʦ ʟʘʢʥ̔ʯʝʥʥ̫ 

ʥ̔ʜʫʢʮ̔ʡʥʦʛʦ ʧʝʨ̔ʦʜʫ ʩʧ̔ʚʧʘʜʘ̒ ʟ ʧʦʚʥʠʤ ʚʠʪʨʘʯʘʥʥ̫ʤ ʥ̔ʛ̔ʙ̔ʪʦʨʫ, ʪʦ ʩʣʫhʥʝ 

ʨ̔ʚʥ̫ʥʥ̫ 
 

2ro Ű̔ = [Ing]o ʘʙʦ Ű̔ = [Ing]o/2ro (1.132) 
 

 ̔ ʧʦ ʪʨʠʚʘʣʦʩʪ̔ ʥ̔ʜʫʢʮ̔ʡʥʦʛʦ ʧʝʨ̔ʦʜʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʰʚʠʜʢ̔ʩʪɹ 

ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʥ̔ʛ̔ʙ̔ʪʦʨʫ. 

ʇʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʦʙʨʠʚ̔ ʣʘʥʮʁ ʛʘ ʥʘ ʦʜʥʦʤʫ ʟ ʨʘʜʠʢʘʣ̔ʚ ʤʘ̒ʤʦ: 

 
ʗʢɦʦ ʍȚ ʥʘ ʣ̔ʤ̔ʪʫʁʯʡ̔ ʩʪʘʜʽʾ ʚʟʘ̒ʤʦʜ̔̒  ʟ ɸ, ʪʦ 

 
ʐʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ, ʥʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ ʣ̔ʥ̔ʡʥʦʛʦ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ, 

ʟʘʣʝʞʠʪɹ ʚ ʩʪʫʧʝʥ̔ 0,5 ʚ̔ ʜ ʰʚʠʜʢʦʩʪ̔ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ  ̔ ʚ ʩʪʫʧʝʥ̔ 0,5 

ʚ̔ʜ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ. ʈ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʟʘʛʘʣʥɹʦʾ ʚhʠʜʢʦʩʪ̔ 

ʨʘʜʠʢʘʣʥɹʦʾ ʨʝʘʢʮ̔ ʾ ʟʘ ʫʯʘʩʪʁ  ̔ʥ̔ʮ̔ʘʪʦʨʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ 

 

 
ʎʝʡ ʤʝʪʦʜ  ̒ ʟʘʛʘʣʥɹʦʚ̔ ʜʦʤʠʤ ʜʣ̫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʛʦ ʫʪʦʯʥʝʥʥ̫ 

ʩʧʦʩʦʙʫ ʦʙʨʠʚʫ ʣʘʥʮʁʛʘ. ʉʧʦʩʪʝʨʝʞʝʥʘ ʝʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ ʧʨʠ 

ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʦʙʨʠʚ̔ ʣʘʥʮʁ ʛʘ ʤʘ̒ ʚʠʨʘʟ 

 

ɽʩʧʦʩʪ = ɽ̔ + 0,5ɽʦ ï 0,5ɽt,                                       (1.136) 
 

ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ̔ ʥ̔̔ʮ̔ʘʪʦʨʘ 
 

ɽʩʧʦʩʪ = ɽ̔ + 0,5ɽʦ                                                                                  (1.137) 
 

ɼʦʚʞʠʥʘ ʣʘʥʮʁ ʛʘ ʚ̔ ʜʧʦʚ̔ ʜʘ̒ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥʁ  ʰʚʠʜʢʦʩʪʝʡ 

ʧʨʦʜʦʚʞʝʥʥ̫ ʪʘ ʦʙʨʠʚʘ ʣʘʥʮʛʁʘ. ʆʩʢ̔ʣʢɹʠ 2ro = rt, ʪʦ 
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 ̔ʧʨʠ ʚʠʨ̔h ʝʥʥ̔ ʦʪʨʠʤʘ̒ʤ ʜʣ̫ ʣ̔ʥ̔ʡʥʦʛʦ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ 

 
ʘ ʜʣ̫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʣ̔ʥ̔ʡʥʦʤʫ ʦʙʨʠʚ̔ ʜʦʚʞʠʥʘ ʣʘʥʮʛʁʘ ʥʝ ʟʘʣʝʞʠʪɹ 

ʚ̔ ʜ ʚhʠʜʢʦʩʪ̔ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ, ʘ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ï ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʨʝʥʁ  ʟ ʰʚʠʜʢʦʩʪ̔ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ, ʘ ʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ 

ʥ̔̔ʮ̔ ʘʪʦʨʫ. ʎ̫  ʟʘʣʝʞʥ̔ʩʪɹ  ̒ ʝɦ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʛʦ 

ʚ̔ʜʥʘʭʦʜʞʝʥʥ̫ ʤʝʭʘʥ̔ʟʤʫ ʦʙʨʠʚʫ ʣʘʥʮʛʁʘ. 
 

1.3.4.2 ʂ̔ʥʝʪʠʢʘ ʨʦʟʛʘʣʫʞʝʥʠʭ ʣʘʥʮʁʛʦʚʠʭ ʨʝʘʢʮ̔ʡ 

ʈʦʟʛʘʣʫʞʝʥ̔ ʣʘʥʮʁʛʦʚ̔ ʨʝʘʢʮ̔ ʾ (ʜʦ ʥʠʭ ʥʘʣʝʞʠʪɹ ʦʢʠʩʥʝʥʥ̫) 

ʚ̔ʜʨ̔ʟʥ̫ ʪʁɹʩ̫ ʚ̔ʜ ʥʝʨʦʟʛʘʣʫʞʝʥʠʭ ʪʠʤ, ʦɦ ʚʦʥʠ ʤʘʁʪɹ ʜʦʜʘʪʢʦʚ̔ ʜʞʝʨʝʣʘ 

ʫʪʚʦʨʝʥʥ ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ: ʧʝʨʝʪʚʦʨʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʨʘʜʠʢʘʣ̔ʚ, ʷʢ̔ 

ʧʨʠʡʤʘʁʪɹ  ʫʯʘʩʪɹ ʚ ʧʨʦʜʦʚʞʝʥʥ̔ ʣʘʥʮʛʁʘ, ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʙ̔ʣʴhʦʛʦ ʯʠʩʣʘ 

ʨʘʜʠʢʘʣ̔ʚ; ʨʝʘʢʮ̔ ʾ ʤʦʣʝʢʫʣ̫ʨʥʠʭ ʧʨʦʜʫʢʪ̔ʚ, ʚʥʘʩʣ̔ ʜʦʢ ʢ̫ʠʭ ʫʪʚʦʨʁ ʪʁɹʩ ̫

ʥʦʚ̔ ʨʘʜʠʢʘʣʠ (ʪʘʢ ʟʚʘʥʝ ʚʠʨʦʜʞʝʥʝ ʨʦʟʛʘʣʫʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ). ʋ ʛʘʟʦʬʘʟʥʠʭ 

ʨʝʘʢʮ̔ ʭ̫ ʦʢʠʩʣʝʥʥ̫ ʚʠʨʦʜʞʝʥʝ ʨʦʟʛʘʣʫʞʝʥʥ̫ ʣʘʥʮʶʛʘ ʟʘʟʚʠʯʘʡ 

ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʥʘ ʫʪʚʦʨʝʥʠʭ ʘʣʜɹʝʛ̔ ʜʘʭ, ʢ̫̔ ʜʦʩʪʘʪʥɹʦ ʣʝʛʢʦ ʨʝʘʛʫʁʪɹ ʟ ʢʠʩʥʝʤ 
 

RCHO + O2 Ÿ RǘO + HOO,                                    (1.141) 
 

ʚ ʨ̔ ʜʠʥʥʦʬʘʟʥʠʭ ʨʝʘʢʮ̔ ʭ̫ ʪʘʢʫ ʞ ʨʦʣ ɹʚʠʢʦʥʫ̒ ʨʦʟʧʘʜ ʛ̔ ʜʨʦʧʝʨʦʢʩʠʜ̔ʚ ʘʙʦ 

ʥʘʜʢʠʩʣʦʪ 
                   k/

ʚ.ʨ. 

ROOH Ÿ ROȚ + HOȚ RCOOOH Ÿ RCOOȚ + HOȚ (1.142) 
 

ʇʨʠ ʪʝʨʤ̔ʯʥʦʤʫ ʦʢʠʩʣʝʥʥ̔ ʧʝʨʚʠʥʥʝ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮ ʛʁʘ 

ʚ̔ʜʙʫʚʘ̒ʪɹʩ̫ ʚʥʘʩʣ̔ ʜʦʢ ʧʦʚ̔ʣʥɹʦʾ ʚʟʘ̒ʤʦʜ̔ʾ ʚʠʭ̔ ʜʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʟ ʢʠʩʥʝʤ 

                                                 kʦ 

RH + O2 Ÿ RĿ + HOOĿ                                      (1.143) 
 

ʋ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫ ʚʝʣʠʢʠʡ ʥ̔ʜʫʢʮ̔ʡʥʠʡ ʧʝʨ̔ʦʜ, ʢ̫ʠʡ 

ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʠʡ ʰʣ̫ʭʦʤ ʚʚʝʜʝʥʥ̫ ʥ̔̔ʮ̔ʘʪʦʨʫ, ʚ ʪʦʤʫ ʯʠʩʣ̔ 

ʛ̔ ʜʨʦʧʝʨʦʢʩʠʜʫ, ʢ̫ʠʡ ʫʪʚʦʨʁ ʪ̒ɹʩ̫ ʚ ʪ̔ʡ ʞʝ ʨʝʘʢʮ̔ʾ, ʘʙʦ çʟʘʪʨʘʚʢʫè ʫʞʝ 

ʦʢʠʩʣʝʥʦʾ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʟ ʧʦʧʝʨʝʜʥɹʦʾ ʦʧʝʨʘʮ̔ ʾ. ʇʨʦʜʦʚʞʝʥʥ̫ ʣʘʥʮʛʁʘ ʙʫʜʝ 

ʚ̔ʜʙʫʚʘʪʠʩ̫ ʟʛ̔ʜʥʦ ʨʝʘʢʮ̔ʡ 
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                 k1                                                  k2 

RĿ + O2 Ÿ ROOĿ ROOĿ + RH Ÿ ROOH + RĿ (1.144) 
 

ʆʜʥʦʯʘʩʥʦ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫  ̔ ʚʠʨʦʜʞʝʥʝ ʨʦʟʛʘʣʫʞʝʥʥ̫ ʣʘʥʮʶʛʘ, 

ʥʘʧʨʠʢʣʘʜ 

 
ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʘʜʠʢʘʣ̔ʚ ʨʦʟʨʘʭʦʚʫ̒ʪɹʩ̫ ʟʘ 

ʜʦʧʦʤʦʛʦʁ  ʨ̔ʚʥ̫ʥʥ̫ 

 
ʅʘʚ̫ʥ̔ʩʪɹ ʙʘʛʘʪɹʦʭ ʨʘʜʠʢʘʣ̔ʚ ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʨ̔ʟʥʠʭ ʤʝʪʦʜ̔ʚ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ 

     k/
t                                  k//

t                              k///
t 

2ROOĿŸ ROOR + O2;      2R Ÿ RR;      ROOĿ+ RĿŸ ROOR          (1.147) 
 

ɿʘ ʫʤʦʚʠ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ ʥʘ ʧʝʨʦʢʩʠʜʥʠʭ ʨʘʜʠʢʘʣʘʭ ʚhʠʜʢ̔ʩʪɹ 

ʨʝʘʢʮ̔ ʾ ʤʘ̒ ʚʠʨʘʟ 

 
ʘ ʷʢɦʦ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʠʭ, ʪʦ 

 
ʜʝ ʧʝʨh ʠʡ ʧʦʨ̫ʜʦʢ ʧʦ ʢʠʩʥʁ  ʙʫʜʝ ʣʠh ʝ ʧʨʠ ʡʦʛʦ ʥʠʟʢɹʦʤʫ ʧʘʨʮ̔ʘʣʥɹʦʤʫ 

ʪʠʩʢʫ. ʇʨʠ ʟʙʣ̔ʴhʝʥʥ̔ ʧʘʨʮ̔ʘʣʥɹʦʛʦ ʪʠʩʢʫ ʧʦʨ̫ʜʦʢ ʧʦ ʢʠʩʥʁ  ʧʦʩʪʫʧʦʚʦ 

ʟʥʠʞʫ̒ ʪɹʩ̫  ̔ʩʪʘ̒ ʥʫʣɹʦʚʠʤ, ʦɦ ʚʢʘʟʫ̒ ʥʘ ʟʤ̔ʥʫ ʤʝʪʦʜʘ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ. 

ʐʚʠʜʢ̔ʩʪɹ ʟʘʨʦʜʞʝʥʥ̫ ʣʘʥʮʁ ʛʘ, ʦɦ ʚʭʦʜʠʪ ɹʚ ʮʝ ʨ̔ʚʥ̫ʥʥ̫, ʚ ʫʤʦʚʘʭ 

ʪʝʨʤ̔ʯʥʦʛʦ ʦʢʠʩʣʝʥʥ̫ ʤʘ̒ ʪʨʠ ʩʢʣʘʜʦʚ̔: 
 

ro = ko [RH][O2] + k'ʚʨ [ROOH] + k"ʚʨ [ROOH]2 (1.150) 
 

ʇʝʨh ʘ ʩʢʣʘʜʦʚʘ ʩʫʪʪ̒ʚʦ ʚʧʣʠʚʘ̒ ʣʠ ʝh ʥʘ ʧʦʯʘʪʢʦʚ̔ʡ ʩʪʘʜ̔ ʾ ʨʝʘʢʮ̔ʾ, ʘ 

ʧʨʠ ʨʦʟʚʠʥʝʥʦʤʫ ʧʨʦʮʝʩʽ ʚʦʥʘ ʥʝʚʝʣʠʢʘ  ̔ʥʝʁ  ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʜ̔ ʧʨʠ 

ʦʙʨʠʚ̔ ʣʘʥʮ ʛʁʘ ʥʘ ʧʝʨʦʢʩʠʜʥʠʭ ʨʘʜʠʢʘʣʘʭ ʦʪʨʠʤʘ̒ʤʦ ʨ̔ʚʥ̫ʥʥ̫ 
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ʋ ʛʨʘʬ̔ ʯʥʦʤʫ ʚʠʛʣ̫ ʜ̔ ʚʦʥʦ ʦʧʠʩʫ̒ ʧʨʦʮʝʩ ʘʫʪʦʧʨʠʩʢʦʨʝʥʥ̫  ̔ʤʘ̒ ʚʠʜ 

S-ʧʦʜʽʙʥʦʾ ʢʨʠʚʦʾ ʥʘʢʦʧʠʯʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ, ʱʦ  ̒ʪʠʧʦʚʠʤ ʜʣ̫ ʨʦʟʛʘʣʫʞʝʥʠʭ 

ʨʝʘʢʮ̔ʡ (ʨʠʩ. 4) 

 
ʈʠʩʫʥʦʢ 4 ï ʂ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ ʧʨʦʮʝʩʘ ʘʫʪʦʧʨʠʩʢʦʨʝʥʥ̫ 
 
ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥʷ 
 

1. ɿʘ ʢ̫ʠʤʠ ʦʟʥʘʢʘʤʠ ʚʠʟʥʘʯʘʁʪɹ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ ʧʦ 

ʛʦʤʦʣ̔ʪʠʯʥʦʤʫ ʤʝʭʘʥ̔ʟʤʫ? 

2. ʏʝʨʝʟ ʷʢ̔ ʩʪʘʜ̔ʾ ʧʨʦʭʦʜʠʪɹ ʭ̔ʤ̔ʯʥʘ ʨʝʘʢʮ̔ ʷ, ʦɦ ʧʨʦʪ̔ ʢʘ̒ ʧʦ 

ʛʦʤʦʣ̔ʪʠʯʥʦʤʫ ʤʝʭʘʥ̔ʟʤʫ? 

3. ʗʢʘ ʩʪʘʜ̫̔  ʚʠʟʥʘʯʘ̒ ʚhʠʜʢ̔ʩʪɹ ʨʘʜʠʢʘʣʥɹʦʛʦ ʧʨʦʮʝʩʫ? 

4. ʗʢʦʁ  ʤʦʞʝ ʙʫʪʠ ʨʝʘʢʮ̔ ʷ ʦʙʨʠʚʫ ʣʘʥʮ ʛʁʘ? 

5. ʗʢʠʡ ʚʧʣʠʚ ʤʘʁʪɹ ʟʘʤ̔ʩʥʠʢʠ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ ʘʨʦʤʘʪʠʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʨʝʘʢʮ̔ ʭ̫, ʦɦ ʧʨʦʪ̔ʢʘʁʪɹ ʧʦ ʨʘʜʠʢʘʣʥɹʦʤʫ ʤʝʭʘʥ̔ʟʤʫ? 

 

1.4 ɼʦʩʣ̔ ʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ʡ 

ʇʨʦʮʝʩʠ ʦʨʛʘʥ̔ʯʥʦʛʦ ʩʠʥʪʝʟʫ ʥʘʣʝʞʘʪɹ ʜʦ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ʡ  ̔

ʥʘ̫ʚʥ̔ʩʪɹ ʧʦʙ̔ ʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ (ʧʘʨʘʣʝʣʥɹʠʭ ʘʙʦ ʧʦʩʣ̔ʜʦʚʥʠʭ) ʟʥʠʞʫ̒ 

ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ  ̔ ʚʠʭ̔ʜ ʮ̔ʣʦɹʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʦʤʫ ʧʨʠ ʢ̔ʣʢɹ̔ʩʥʦʤʫ 

ʜʦʩʣ̔ ʜʞʝʥʥ̔ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʚʘʞʢʦ ʚʠ̫ʚʠʪʠ ʤʘʪʝʤʘʪʠʯʥ̔ ʟʘʣʝʞʥʦʩʪ̔ ʟʤ̔ʥʠ 

ʷʢ ʢʦʥʮʝʥʪʨʘʮ̔ʡ  ̔ ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ ʾ ʚʠʭ̔ ʜʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢ  ̔ ʩʢʣʘʜʫ 

ʫʪʚʦʨʝʥʠʭ ʧʨʦʜʫʢʪ̔ʚ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʧʨʦʮʝʩʫ. ʎ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔ 

ʚʠʟʥʘʯʘʁʪɹʩ̫ ʢʥ̔ʝʪʠʯʥʠʤ ʣh̫ʭʦʤ. 

ʄʝʪʦʜʠ ʜʣ̫ ʚʠʚʦʜʘ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹʩ̫ ʪ̔ ʩʘʤ̔, ʱʦ  ̔

ʜʣ̫ ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ, ʪʦʙʪʦ ʚʠʭʦʜʯ̫ʠ ʟ ʧʨʠʧʫɦʝʥʦʛʦ ʤʝʭʘʥ̔ʟʤʫ ʨʝʘʢʮ̔ ʾ, ʘʣʝ 

ʟ' ʚ̫ʣ̫ ʪʁʩɹ̫ ʝɦ ʜʦʜʘʪʢʦʚ̔ ʫʩʢʣʘʜʥʝʥʥ̫. 
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ʈʦʟʛʣ̫ʥʝʤʦ ʜʚʦʭʩʪʘʜ̔ʡʥʫ ʩʭʝʤʫ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ: 

 
ɺ̔ʜʧʦʚ̔ ʜʥʦ ʤʝʪʦʜʫ ʩʪʘʮ̔ʦʥʘʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʚ̔ʜʥʦʩʥʦ ɸ*ʦʪʨʠʤʘ̒ʤ: 

 

 
ʗʢɦʦ ʣ̔ʤ̔ʪʫʁʯʦʁ   ̒ʧʝʨh ʘ ʩʪʘʜ̔ ʷ, ʪʦʙʪʦ k1[Z] << k2[Y1] + k3[Y2], ʪʦ 

ʜʦʜʘʪʢʦʤ k-1[Z] ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ ʘʣʝ  ̔ʪʦʜ̔ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʩʢʣʘʜʥ̔h ʝ 

ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʧʨʦʩʪʠʤʠ ʨʝʘʢʮ̫̔ ʤʠ, ʦʩʢ̔ʣʢɹʠ ʤ̔ʩʪʠʪɹʩ̫ ʜʦʜʘʪʦʢ, ʦɦ ʤʘ̒ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʛʦʾ ʨʝʘʢʮ̔ʾ. ʆʪʞʝ, ʪʘʢ̔ ʧʘʨʘʣʝʣɹʥ̔ ʧʨʦʮʝʩʠ ʢʥ̔ʝʪʠʯʥʦ 
ʟʘʣʝʞʘʪɹ ʦʜʠʥ ʚ̔ʜ ʦʜʥʦʛʦ, ʱʦ ʟʘʚʞʜʠ ʚ̔ʜʙʫʚʘ̒ ʪɹʩ̫ ʧʨʠ ʨʦʟʛʘʣʫʞʝʥʥ̔ ʣh̫ʭʫ 
ʨʝʘʢʮ̔ ʾ ʥʘ ʰʚʠʜʢ̔ʡ (ʥʝ ʣ̔ʤ̔ʪʫʁʯʠʡ) ʩʪʘʜ̔ʾ ʘʙʦ ʥʘ ʦʜʥ̔ʡ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ 
ʩʪʘʜ̔ʡ, ʦɦ ʤʘʁ ʪɹ ʧʦʨ̔ʚʥ̫ʥ̔ ʟ ̔ʥh ʠʤʠ ʚhʠʜʢʦʩʪ̔. 

ʗʢɦʦ ʧʨʦʮʝʩ ʣ̔ʤ̔ʪʫ̒ ʜʨʫʛʘ ʩʪʘʜ̫̔ , ʪʦ k1[Z] >> k2[Y1] + k3[Y2]  ̔ʦʩʪʘʥʥ̔ʤ 

ʜʨʜʘʪʢʦʤ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ: 

 
ʎ̔ ʢʥ̔ʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʧʦʜ̔ʙʥ̔ ʨ̔ʚʥ̫ʥʥ̫ʤ ʜʣ̫ ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ  ̔ʚ ʥʠʭ 

ʥʝ ʤ̔ʩʪ̫ʪʩɹ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 

ʨʦʟʛʘʣʫʞʝʥʥ̔ ʰʣ̫ʭʫ ʧʝʨʝʪʚʦʨʝʥɹ ʥʘ ʙ̔ʣʴʰ ʧʦʚ̔ʣʥɹ̔ʡ (ʣ̔ʤ̔ʪʫʁʯʠʡ) ʩʪʘʜʽʾ 

ʧʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ ʾ ʩʪʘʁʪɹ ʢ̔ʥʝʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʤʠ. 
ʇʨʠ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̫̔ ʭ, ʜʝ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜ̔ ʭ̫ ʚ̔ʜʩʫʪʥ̔ 

ʦʜʥʘʢʦʚ̔ ʧʨʦʤ̔ʞʥ̔ ʯʘʩʪʢʠ ʘʙʦ ʢʦʤʧʣʝʢʩʠ ɸ ź ɸ*  Ÿ ɺ ź ɺ*  Ÿ D, ʢʦʞʥʘ ʟ 
ʮʠʭ ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ (ɸ Ÿ ɺ ʯʠ ɺ Ÿ D) ʦʧʠʩʫ̒ʪɹʩ ̫ ʥʝʟʘʣʝʞʥʠʤ 
ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ, ʢ̫ʝ ʤʦʞʣʠʚʦ ʚʠʚʝʩʪʠ ʟʚʠʯʘʡʥʠʤ ʤʝʪʦʜʦʤ. ʆʜʥʘʢ, ʧʨʠ 
ʥʘʚ̫ʥʦʩʪ̔ ʦʜʥʘʢʦʚʠʭ ʧʨʦʤ̔ʞʥʠʭ ʯʘʩʪʦʢ ʢ̔ʥʝʪʠʢʘ ʫʩʢʣʘʜʥʁ ʪ̒ɹʩ̫. ʅʘʧʨʠʢʣʘʜ 
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ʜʝ Y*  ï ʩʧ̔ʣʥɹʠʡ ʨʝʘʛʝʥʪ ʧʦʩʣ̔ʜʦʚʥʦ-ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ 

 
ɺʠʢʦʨʠʩʪʘʥʥ̫ ʤʝʪʦʜʘ ʩʪʘʮ̔ʦʥʘʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʧʨʠʚʦʜʠʪɹ ʜʦ 

ʚʠʨʘʟʫ 

 
ʗʢɦʦ ʣ̔ʤ̔ʪʫʁʯʦʁ   ̒ ʧʝʨh ʘ ʩʪʘʜ̫̔ , ʢʦʣʠ k-1 << k2[A] + k3[B]  ̔ ʪʦʜ̔ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚʝʣʠʯʠʥʦʁ  k-1, ʘʣʝ ʚʩʝ ʦʜʥʦ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫  ̒

ʙ̔ʣʴʰ ʩʢʣʘʜʥʠʤ, ʥ̔ʞ ʜʣ̫ ʧʨʦʩʪʦʾ ʨʝʘʢʮ̔ʾ, ʦʩʢ̔ʣʢɹʠ ʤ̔ʩʪʠʪɹʩ̫ ʚʝʣʠʯʠʥʘ, ʱʦ 
ʤʘ̒  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʛʦʾ ʨʝʘʢʮ̔ʾ, ʪʘ ʚʨʘʭʦʚʫ̒ ʚʠʪʨʘʯʘʥʥ̫ ʘʢʪʠʚʥʦʾ 
ʧʨʦʤ̔ʞʥʦʾ ʯʘʩʪʢʠ ʚ ʫʩ̔ʭ ʥʘʧʨ̫ʤʘʭ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥ̫. ʇʦʩʣ̔ʜʦʚʥʦ-ʧʘʨʘʣʝʣʥɹ̔ 
ʨʝʘʢʮ̔ʾ ʩʪʘʁ ʪɹ ʢ̔ʥʝʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʥʘ ʚ̔ʜ ʦʜʥʦʾ  ̔ ʮʝ ʟʘʚʞʜʠ 
ʚ̔ʜʙʫʚʘ̒ ʪɹʩ̫, ʢʦʣʠ ʝʣʝʤʝʥʪʘʨʥʘ ʩʪʘʜʽʷ ʫʪʚʦʨʝʥʥ̫ ʦʜʥʘʢʦʚʦʾ ʘʢʪʠʚʥʦʾ ʯʘʩʪʢʠ  ̒
ʙ̔ʣʴʰ ʧʦʚʣ̔ɹ ʥʦʁ  ʧʦʨ̔ʚʥ̫ʥʦ ʟ̔ ʰʚʠʜʢʦʩʪ̫ʤʠ ʥ̔h ʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜʡ̔. 

ʗʢɦʦ ʰʚʠʜʢ̔ʩʪɹ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʜʨʫʛʦʁ   ̔ ʪʨʝʪʦɹʁ  ʩʪʘʜ̫̔ ʤʠ, ʪʦʙʪʦ 

k-1 << k2[A] + k3[B], ʪʦ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ ʦʩʪʘʥʥ̔ʤʠ ʜʦʜʘʪʢʘʤʠ,  ̔ʪʦʜ̔ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ ʟ ʨʝʘʢʮ̔ʡ ʦʧʠʩʫ̒ʪʩɹ̫ ʥʝʟʘʣʝʞʥʠʤ ʦʜʥʝ ʚ̔ʜ 

ʦʜʥʦʛʦ ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ, ʦɦ ʚ̔ ʜʧʦʚ̔ ʜʘ̒ ʚʠʧʘʜʢʫ ʨʦʟʛʘʣʫʞʝʥʥ̫ ʣh̫ʭʫ 

ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ ʥʘ ʧʦʚ̔ʣʥɹ̔ʡ ʩʪʘʜ̔ ʾ ʧʨʦʮʝʩʫ. ʎ̔ ʚʠʩʥʦʚʢʠ ʩʪʦʩʫʁ ʪɹʩ ̫  ̔

ʨʘʜʠʢʘʣʥɹʦ-ʣʘʥʮʶʛʦʚʠʭ ʨʝʘʢʮ̔ʡ. 
 

1.4.1 ʇʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮʾ̔ ʪʘ ʭʾʥ̔ ʟʘʛʘʣɹʥ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔ 

ʋʩ̔ ʧʘʨʘʣʝʣʥɹ̔ (ʘʙʦ ʢʦʥʢʫʨʫʁʯʠ) ʨʝʘʢʮ̔ʾ ʟʘ ʚʠʜʦʤ ʨʝʘʛʝʥʪ̔ʚ, ʦɦ 

ʧʨʠʡʤʘʁʪ ɹʫʯʘʩʪɹ, ʤʦʞʣʠʚʦ ʢʣʘʩʠʬ̔ ʢʫʚʘʪʠ ʥʘ ʜʚ̔ ʛʨʫʧʠ: 

1) ʇʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ ʾ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʠʭ̔ʜʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

 
ʋ ʚʠʧʘʜʢʫ ʨʝʘʢʮ̔ʡ ʨʦʟʝɦʧʣʝʥʥ̫ ʜʨʫʛʠʡ ʨʝʘʛʝʥʪ ʚ̔ʜʩʫʪʥ̔ʡ, ʪʦʜ̔ ʢ̫ ʚ 

ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪɹ ʙʫʪʠ ʜʚʘ ʘʙʦ ʙ̔ʣʴhʝ ʨʝʘʛʝʥʪ̔ʚ. 

2) ʇʘʨʘʣʝʣʥɹ̔ ʨʝʘʢʮ̔ ʾ ʟ ʨ̔ʟʥʠʤʠ ʜʨʫʛʠʤʠ ʨʝʘʛʝʥʪʘʤʠ   

 
ʋ ʚʠʧʘʜʢʫ ʨʝʘʢʮ̔ʡ ʨʦʟʝɦʧʣʝʥʥ̫ ʚ ʦʜʥ̔ʡ ʟ ʥʠʭ ʤʦʞʝ ʙʫʪʠ ʚ̔ʜʩʫʪʥ̔ʡ 

ʜʨʫʛʠʡ ʨʝʘʛʝʥʪ. ʋ ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʪ̔ʢʘʥʥ̫ ʪʘʢʠʭ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ 

ʦʙʫʤʦʚʣʝʥʝ ʥʘʚ̫ʥ̔ʩʪʁ  ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʤʘʩ̔ ʜʝʢ̔ʣʢɹʦʭ ʨʝʯʦʚʠʥ, ʢ̫̔ ʟʜ̔ ʙʥ̔ 

ʨʝʘʛʫʚʘʪʠ ʟ ʦʩʥʦʚʥʠʤ ʨʝʘʛʝʥʪʦʤ. 
 
1.4.1.1 ʂ̔ʥʝʪʠʢʘ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ 
ʗʢɦʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ r1  ̔ r2 ʥ̔ʚʘʨ̔ ʘʥʪʥ̔ ʟʥʘʯʝʥʥ̫ ʰʚʠʜʢʦʩʪʝʡ ʧʦ 
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ʢʦʞʥʦʤʫ ʥʘʧʨ̫ʤʫ ʧʨʦʮʝʩʫ, ʪʦ ʜʣ̫ ʚhʠʜʢʦʩʪʝʡ ʫʪʚʦʨʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ 
ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʦʪʨʠʤʘ̒ʤʦ ʨ̔ʚʥ̫ʥʥ̫: 

 
ʎʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ ʚ̔ʜʧʦʚ̔ ʜʘʁʪɹ ʟʨʦʩʪʘʁʯʠ ʢʨʠʚ̔ ʥʘʢʦʧʠʯʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ 

(ʨʠʩ. 5). 

 
ʈʠʩʫʥʦʢ 5 ï ʂ̔ʥʝʪʠʯʥ̔ ʢʨʠʚ̔ ʜʣ̫ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ 
 

ɺʠʪʨʘʯʘʥʥ̫ ʦʩʥʦʚʥʦʾ ʚʠʭ̔ʜʥʦʾ ʨʝʯʦʚʠʥʠ ɸ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʚ ʫʩ̔ʭ 

ʥʘʧʨ̫ʤʘʭ: 

 
ʱʦ ʛʨʘʬ̔ ʯʥʦ ʟʦʙʨʘʞʫ̒ʪɹʩ̫ ʢʨʠʚʦʁ  ɸ, ʢ̫ʘ ʧʘʜʘ. 

ʆʩʪʘʪʦʯʥʠʡ ʚʠʜ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʤʝʭʘʥ̔ʟʤʫ 

ʨʦʟʛʘʣʫʞʝʥʥ̫ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ, ʢ̫ʝ ʤʦʞʝ ʚ̔ ʜʙʫʚʘʪʠʩʷ: 

- ʥʘ ʧʦʚ̔ʣʥɹ̔ʡ ʣ̔ʤ̔ʪʫʁʯʠʡ ʩʪʘʜʽʾ; 

-  ʥʘ ʥʝʣ̔ʤ̔ʪʫʁʯʠʡ ʩʪʘʜʽʾ, ʘʙʦ ʥʘ ʩʪʘʜ̔ʾ, ʢ̫ʘ ʤʘ̒ ʧʦʨ̔ʚʥ̫ʥ̔ 

ʚhʠʜʢʦʩʪ̔ ʟ ʥ̔h ʠʤʠ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʩʪʘʜʽ̫ʤʠ. 

ʋ ʧʝʨh ʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʘ ʟ ʨʝʘʢʮ̔ʡ ʤʘ̒ ʥʝʟʘʣʝʞʥʝ ʢ̔ʥʝʪʠʯʥʝ 

ʨ̔ʚʥ̫ʥʥ̫, ʘ ʟʘʛʘʣʥɹʘ ʚhʠʜʢ̔ʩʪɹ ʚʠʪʨʘʯʘʥʥ̫ ʨʝʘʛʝʥʪʫ ɸ ʚʠʟʥʘʯʘ̒ʪɹʩ̫ ʩʫʤʦʁ  

 
ʇʨʠ ʨʦʟʛʘʣʫʞʝʥʥ̔ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ ʥʘ ʥʝʣ̔ʤ̔ʪʫʁʯʠʡ ʩʪʘʜʽʾ 

ʜʦʜʘʚʘʥʥ̫ ʨ̔ʚʥ̫ʥɹ (1)  ̔(2) ʟʘ ʫʤʦʚʠ k1[Z] << k2[Y1] + k3[Y2] ʧʨʠʚʦʜʠʪ ɹʜʦ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩ̔ʥʫ̒ ʣʠ ʝh ʦʜʥʝ ʢ̔ʥʝʪʠʯʥʝ 

ʨ̔ʚʥ̫ʥʥ̫ ʚʠʪʨʘʯʘʥʥ̫ ʚʠʟʥʘʯʘʁʯʦʛʦ (ʛʦʣʦʚʥʦʛʦ) ʨʝʘʛʝʥʪʫ ɸ, ʘ ʚhʠʜʢ̔ʩʪɹ 

ʫʪʚʦʨʝʥʥ̫ ʢʦʞʥʦʛʦ ʟ ʧʨʦʜʫʢʪ̔ʚ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ  ̒ ʯʘʩʪʢʦʁ  ʟʘʛʘʣʥɹʦʾ 

ʰʚʠʜʢʦʩʪ̔, ʢ̫ʘ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ʤ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪ̔ 

ʥʝʣ̔ʤ̔ʪʫʁʯʠʭ ʩʪʘʜ̔ʡ  ̔ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʜ̔ʁ ʯʠʭ ʚ ʥ̔ʡ ʨʝʘʛʝʥʪ̔ʚ: 

 

ɼʣ̫ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ, ʦɦ ʤʘʁ ʪɹ ʧʦʨ̔ʚʥ̫ʥ̔ ʚhʠʜʢʦʩʪ̔ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜʡ̔, ʩʧʦʩʪʝʨ̔ʛʘʁʪɹʩ̫ ʙ̔ʣʴʰ ʩʢʣʘʜʥ̔ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ ̫

ʚ̔ʜʥʦʩʥʦ ʟʘʛʘʣʥɹʦʾ ʚhʠʜʢʦʩʪ̔ ʧʨʦʮʝʩʫ ʪʘ ʫʪʚʦʨʝʥʥ̫ ʢʦʞʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢ̔ʥʝʪʠʢʘ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ ʫʩʢʣʘʜʥʶ̒ʪɹʩ̫ ʧʦʨ̔ʚʥ̫ʥʦ ʟ 

ʧʨʦʩʪʠʤʠ ʯʝʨʝʟ ʟʙ̔ʣʴhʝʥʥ̫ ʯʠʩʣʘ ʥʝʚ̔ ʜʦʤʠʭ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪʝʡ, 

ʧʦʨ̫ʜʢ̔ʚ ʨʝʘʢʮ̔ʡ ʪʘ ʝʥʝʨʛ̔ʡ ʘʢʪʠʚʘʮ̔ ʾ. 

ʋ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʩʧʦʯʘʪʢʫ ʩʣ̔ ʜ ʚʩʪʘʥʦʚʠʪʠ ʫ ʟ̔ʦʪʝʨʤ̔ʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥ̔ ʟʘʣʝʞʥʦʩʪ̔ ʚhʠʜʢʦʩʪʝʡ ʧʨʠ ʟʤ̔ʥʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚʘʭ  ̔ʦʙ' ʤ̒ʥ̔ ʚhʠʜʢʦʩʪ̔ (ʘʙʦ ʯʘʩ), ʘ ʧʦʪ̔ʤ ʧʨʠ ʨ̔ʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʥʘʡʪʠ 

ʝʥʝʨʛ̔ʁ  ʘʢʪʠʚʘʮ̔ ʾ ʪʘ ʧʨʝʜʝʢʩʧʦʥʝʥʮ̔ʘʣʥɹʠʡ ʤʥʦʞʥʠʢ. ʆʜʥʦʯʘʩʥʦ 

ʧʦʪʨ̔ʙʥʦ ʚʠʨ̔h ʠʪʠ ʧʠʪʘʥʥ̫ ʧʨʦ ʧʘʨʘʣʝʣɹʥ̔ʩʪɹ ʩʠʩʪʝʤ ʨʝʘʢʮ̔ʡ: ʢ̔ʥʝʪʠʯʥʠʤ 

ʢʨʠʪʝʨ̔̒ ʤ ʮʦɹʤʫ ʩʣʫʞʠʪɹ ʪʝ, ʦɦ ʚhʠʜʢʦʩʪ̔ ʢʦʞʥʦʾ ʟ ʨʝʘʢʮ̔ʡ ʥʝ ʜʦʨ̔ʚʥʁ ʪʁɹ 

0 ʟʘ ʫʤʦʚʠ ʝʢʩʪʨʘʧʦʣ̫ʮ̔ ʾ ʜʦ Ű = 0, V/FA,0 = 0 ʘʙʦ XA = 0 (ʨʠʩ.5). 
 

1.4.2 ʉʢʣʘʜ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ ʪʘ ʩʝʣʝʢʪʠʚʥ̔ ʩʪɹ 

ɼʣ̫ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ ʜʠʬʝʨʝʥʮ̔ʡʥʝ ʚ̔ʜʥʦhʝʥʥ̫ ʢʣ̔ʢɹʦʩʪ̔ 

ʫʪʚʦʨʝʥʠʭ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ ʜʦʨ̔ʚʥʁ ʻ: 

 
ʇʨʠ ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ ʭ̫ ʜʣ̫ ʣʁ ʙʦʾ ʧʘʨʠ ʧʘʨʘʣʝʣʥɹʦ ʫʪʚʦʨʝʥʠʭ 

ʧʨʦʜʫʢʪ̔ʚ ʤʘ̒ʤʦ: 

 
ɼʠʬʝʨʝʥʮ̔ʡʥʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʧʦ ʮ̔ʣʦɹʚʦʤʫ ʧʨʦʜʫʢʪʫ ʫ ʟʘʛʘʣʥɹʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪɹ: 
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ʗʢɦʦ ʚʩ̔ ʧʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ ʾ ʥʝʟʚʦʨʦʪʥ̔  ̔ ʤʘʁ ʪɹ ʢ̔ʥʝʪʠʯʥ̔ 

ʨ̔ʚʥ̫ʥʥ̫ ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʦʛʦ ʪʠʧʘ ʥʝʟʘʣʝʞʥ̔ ʦʜʠʥ ʚ̔ʜ ʦʜʥʦʛʦ, ʪʦ 

 

 
ʇʨʠ ʨʦʟʛʘʣʫʞʝʥʥ̔ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ ʥʘ ʚhʠʜʢʠʭ ʥʝʣ̔ʤ̔ʪʫʁʯʠʭ 

ʩʪʘʜ̫̔ʭ: 

 
ʜʝ k1  ̔ k2 ï ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪʝʡ ʰʚʠʜʢʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʪʘʜ̔ʡ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ ʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʦʾ ʧʨʦʤ̔ʞʥʦʾ ʯʘʩʪʢʠ. 
 
ʇʨʠ ʚ̔ʜʦʤʦʤʫ ʤʝʭʘʥ̔ʟʤ̔ ʧʨʦʮʝʩʫ ʤ̔ʦʚ̔ʨʥʝ ʩʢʣʘʜʘʥʥ̫ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ 

ʚʠʟʥʘʯʝʥʥ̫ ʩʢʣʘʜʫ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʧʨʦʮʝʩʫ, ʥʘʚ̔ʪɹ ʙʝʟ ʜʘʥʠʭ ʢ̔ʥʝʪʠʢʠ. 

ʗʢɦʦ ʚ̔ʜʦʤʠʡ ʪʠʧ ʭ̔ʤ̔ʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ( ʚ̔ʜ ʮʦɹʛʦ ʟʘʣʝʞʠʪɹ ʟʘʢʦʥ 

ʨʦʟʧʦʜ̔ʣʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʧʦ ʦʙ'ʻʤʫ) ʮʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʝ ʙʫʪʠ ʧʨʦ̔ʥʪʝʛʨʦʚʘʥʝ  ̔

ʪʦʜ̔ ʥ̔ʪʝʛʨʘʣʥɹʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʧʦ ʮ̔ʣʦɹʚʦʤʫ ʧʨʦʜʫʢʪʫ ɺ ʜʣ̫ ʨʝʘʢʪʦʨʘ 

ʜ̔ʝʘʣʥɹʦʛʦ ʚʠʪʠʩʢʘʥʥ̫ ʜʦʨ̔ʚʥʁ̒  

 
ɺ ʘʧʘʨʘʪ̔ ʧʦʚʥʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫ ʧʨʠ ʉ = const ʘʣʛʝʙʨʘʾʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ 

ʥ̔ʪʝʛʨʘʣʥɹʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʩʧ̔ʚʧʘʜʘ̒ ʟ (16), ʪʦʙʪʦ ʜʠʬʝʨʝʥʮ̔ʘʣʥɹʦʾ 

ʩʝʣʝʢʪʠʚʥʦʩʪ̔. 

ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ, ʢ̫̔ ʟʘʣʝʞʘʪɹ ʚ̔ ʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʠʟʥʘʯʘ̒ʪɹʩ̫ ʨ̔ʟʥʠʮʝʁ  ʝʥʝʨʛ̔ʡ ʘʢʪʠʚʘʮ̔ ʾ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜ ʧʨʦʜʫʢʪ̔ʚ  ̔ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʧʨʠ ʧʘʨʘʣʝʣɹʥʠʭ 

ʨʝʘʢʮ̫̔ ʭ ʟʘʣʝʞʘʪɹ ʚ̔ ʜ ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ ʬʘʢʪʦʨ̔ʚ: 

- ʢ̔ʥʝʪʠʯʥ̔ ʧʘʨʘʤʝʪʨʠ ʦʢʨʝʤʠʭ ʨʝʘʢʮ̔ʡ (k2,0/k1,0, E2 ï E1, n2 ï n1); 

- ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ (ʉi,0 ʘʙʦ Pi,0, XA, T); 3) ʪʠʧ ʨʝʘʢʪʦʨʘ. 

ɺʨʘʭʦʚʫʁʯʠ, ʱʦ ʯʘʩ ʥʝ ʚʭʦʜʠʪɹ ʫ ʮ̔ ʨ̔ʚʥ̫ʥʥ̫ ʫ ʧʝʚʥ̔ʡ ʬʦʨʤ̔, ʪʦ 

ʩʢʣʘʜ ʘʙʦ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʢʨʘɦʝ ʥʘʜʘʚʘʪʠ, ʷʢ ʬʫʥʢʮ̔ ʾ ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ ʾ ʧʨʠ 

ʧʦʩʪ̔ʡʥʠʭ ʟʥʘʯʝʥʥ̫ʭ Ci,0  ̔ʊ. 

ʈ̔ʚʥ̫ʥʥ̫ ʤʘʁʪ ɹ ʢʨʠʪʝʨ̔ʡ ʜʣ̫ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʧʘʨʘʣʝʣʥɹʦʩʪʽ ʩʠʩʪʝʤʠ 
ʨʝʘʢʮ̔ʡ: ʧʨʠ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ ʭ̫ tg ʢʫʪʘ ʥʘʭʠʣʫ ʜʦʪʠʯʥʠʭ ʜʦ ʢʨʠʚʠʭ ʫ 
ʢʦʦʨʜʠʥʘʪʘʭ (Mi/MA,0 ï XA), ʜʝ i ï ʧʨʦʜʫʢʪʠ, ʱʦ ʥʝ ʧʨʘʛʥʫʪɹ ʜʦ 0 ʧʨʠ   
ʍɸ Ÿ 0, ʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʧʦ ʣʁ ʙʦʤʫ ʟ ʧʨʦʜʫʢʪ̔ʚ ʧʨʠ ʍɸ = 0 ʧʦʚʠʥʥʘ ʙʫʪʠ 
ʙ̔ʣʴhʝ 0  ̔ʤʝʥ ʝh 1. 

 

1.4.1.3 ɼʦʩʣ̔ʜʞʝʥʥʷ ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ 

ɯʥʪʝʛʨʘʣɹʥ̔ ʤʝʪʦʜʠ 

ɼʣ̫ ʮɹʦʛʦ ʨʦʟʛʣ̫ʥʝʤʦ ʧʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ ʾ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʠʭ̔ ʜʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ɸ  ̔ɺ. ʅʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭ̔ʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʨ̫ʜʢʠ ʨʝʘʢʮ̔ʡ  ̔ʜʣ̫ 

ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʦʛʦ ʪʠʧʘ, ʦɦ ʤʘʁ ʪɹ ʦʜʥʘʢʦʚ̔ ʧʦʨ̫ ʜʢʠ, ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʝ 

ʨ̔ʚʥ̫ʥʥ̫ 

 
 

ʎʝʡ ʚʠʨʘʟ ʜʣ̫ ʣʁ ʙʦʾ ʧʘʨʠ ʨʝʘʢʮ̔ʡ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʧʨ̫ʤʦʁ , ʱʦ 

ʚʠʭʦʜʠʪʴ ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʘ tg ʢʫʪʘ ʥʘʭʠʣʫ ʚ̔ʜʧʦʚ̔ ʜʘ̒ ʟʥʘʯʝʥʥʁ k1/k2 

(ʨʠʩ. 6). 
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ʈʠʩʫʥʦʢ 6 ï ʉʧ̔ʚʚ̔ ʜʥʦhʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ ʧʨʠ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ ʭ̫ 

ʦʜʥʘʢʦʚʠʭ ʧʦʨ̫ʜʢ̔ʚ 

 

ʗʢɦʦ ʮ̫ ʟʘʣʝʞʥ̔ʩʪɹ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣ̫ ʚʩ̔ʭ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ, ʪʦ 

ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʝ ʤʘʪʠ ʧʨʦʩʪ̔h ʠʡ ʚʠʛʣ̫ ʜ: 

rɸ = (kɸ,1 + kɸ,2 + ...)f (Ci ) ,                                          (1.187) 
 

ʜʝ ʩʫʤʫ ʢʦʥʩʪʘʥʪ ʚʠʟʥʘʯʘʁʪ ɹʷʢ ʜʣ̫ ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ, ʘ ʧʦʪ̔ʤ ʟ ʚʠʟʥʘʯʝʥʦʾ 

ʩʫʤʠ ʪʘ ʚ̔ʜʥʦhʝʥʥ̫ ʢʦʥʩʪʘʥʪ ʦʙʯʠʩʣʁ ʪʁ ɹ ʥ̔ʜʠʚ̔ʜʫʘʣʥɹ̔ ʢʦʥʩʪʘʥʪʠ. ɿʘ 

ʮʠʤʠ ʫʤʦʚʘʤʠ ʣʝʛʢʦ ʚʠʟʥʘʯʘʁʪʩɹ̫ ʩʢʣʘʜ ʧʨʦʜʫʢʪ̔ʚ ʪʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ 

ʧʨʦʮʝʩʫ ʛʨʘʬ̔ ʯʥʠʤ ʤʝʪʦʜʦʤ (ʨʠʩ. 7). ʊʘʢʠʤ ʯʠʥʦʤ, 

 
ʊʘʢʠʡ ʘʥʘʣ̔ʟ ʤ̔ʦʚ̔ʨʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʥ̔ ʧʨʦʮʝʩʫ ʚ ʨʝʘʢʪʦʨʘʭ 

ʣʁ ʙʦʛʦ ʪʠʧʫ. 
ɼʣ̫ ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ ʟ ʨ̔ʟʥʠʤʠ ʜʨʫʛʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ̔ 

ʦʜʥʘʢʦʚʠʤʠ ʧʦʨ̫ʜʢʘʤʠ ʧʦ ʨʝʯʦʚʠʥ̔ ɸ ʜ̔ʝʥʪʠʬ̔ʢʘʮ̔ʁ  ʨʝʘʢʮ̔ ʾ ʪʘ ʾʾ ʢʦʥʩʪʘʥʪʠ 
ʚʠʟʥʘʯʘʁʪɹ ʤʝʪʦʜʦʤ ʛʨʘʬ̔ʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʁʚʘʥʥ ̫ ʫ ʣʦʛʘʨʠʬʤ̔ʯʥʠʭ 
ʢʦʦʨʜʠʥʘʪʘʭ. ɼʣ̫ ʨʝʘʢʮ̔ʡ ʟ ʨ̔ʟʥʠʤʠ ʧʦʨ̫ ʜʢʘʤʠ ʧʦʜ̔ʙʥʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ 
ʚʠʟʥʘʯʠʪʠ ʣʠ ʝh ʚ̔ʜʥʦhʝʥʥ̫ k1/k2. ɯʥʜʠʚ̔ʜʫʘʣʥɹ̔ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ 

ʚʠʟʥʘʯʘʁʪɹ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʁʚʘʥʦʾ ʪʝʭʥ̔ʢʠ. 
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ʈʠʩʫʥʦʢ 7 ï ɿʘʣʝʞʥ̔ʩʪɹ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪ̔ʚ  ̔ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʜʣ̫ 

ʧʘʨʘʣʝʣʥɹʠʭ ʨʝʘʢʮ̔ʡ ʦʜʥʘʢʦʚʦʛʦ ʧʦʨ̫ʜʢʫ ʚ̔ʜ ʩʪʫʧʝʥ̫ ʢʦʥʚʝʨʩ̔ʾ 

 

ɼʠʬʝʨʝʥʮ̔ʡʥ̔ ʤʝʪʦʜʠ 

ɼʣ̫ ʘʥʘʣ̔ʟʫ ʨʝʘʢʮ̔ʡ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʪ̔ ʩʘʤ̔ ʤʝʪʦʜʠ, ʦɦ  ̔ʜʣ̫ ʨʝʘʢʮ̔ʡ 

ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʁʪɹ ʰʚʠʜʢʦʩʪ̔ ʚʠʪʨʘʯʘʥʥ̫ ʢʣʁʯʦʚʦʛʦ ʚʠʭ̔ʜʥʦʛʦ 

ʨʝʘʛʝʥʪʫ ʪʘ ʫʪʚʦʨʝʥʥ̫ ʢʦʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʦ ʧʦʪʦʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʝʯʦʚʠʥ. 

ʇ̔ʩʣ̫ ʯʦʛʦ, ʧʨʦʚʦʜʪ̫ɹ ʣ̔ʥʝʘʨʠʟʘʮ̔ʁ  ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫, ʚ̔ʜʢ̔ʣ̫ ʧʦʪ̔ʤ 

ʚʠʟʥʘʯʘʁ ʪɹ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪ̔. 
 

1.4.2 ʇʦʩʣ̔ʜʦʚʥ̔ ʨʝʘʢʮʾ̔ ʪʘ ʭʾʥ̔ ʟʘʛʘʣɹʥ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔ 

ʉʝʨʝʜ ʪʘʢʠʭ ʨʝʘʢʮ̔ʡ ʚʠʜ̔ʣ̫ ʪʁɹ ʜʚ̔ ʛʨʫʧʠ: 

1) ɺʣʘʩʥʦ ʧʦʩʣ̔ʜʦʚʥ̔ ʨʝʘʢʮ̔ʾ ʟ ʨʟ̔ʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʢʦʞʥ̔ʡ ʩʪʘʜ̔ʾ: 

nɸɸ+nY Y ½½½­nB,1B+...                                 (1.189) 

 

nɺ,2ɺ+nY2
Y2 ½½½­nD

,
2D+...                            (1.190) 

 

2) ʇʦʩʣ̔ʜʦʚʥʦ-ʧʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ ʾ ʟ̔ ʟʘʛʘʣʥɹʠʤ ʨʝʘʛʝʥʪʦʤ ʥʘ ʚʩ̔ʭ 

ʩʪʘʜ̔ ʭ̫: 

nɸɸ+nY Y ½½½­nB,1B+...                                   (1.191) 

 

nɺ,2ɺ+nY2
Y2 ½½½­nD

,
2D+...                             (1.192) 
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ʎʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʩʪʦʩʫ̒ʪɹʩ̫ ʨʝʘʢʮ̔ʡ ʦʢʠʩʥʝʥʥ̫, ʥ̔ʪʨʫʚʘʥʥ̫, 

ʭʣʦʨʫʚʘʥʥ̫, ʜʝ ʚ ʢ̫ʦʩʪ̔ ʋ ʚʠʩʪʫʧʘʁ ʪɹ Cl2, O2, HNO3, H2SO4 ʪʘ ʥ̔h .̔ 

ɼʣ̫ ʚʩ̔ʭ ʨʝʘʛʝʥʪ̔ʚ ʩ̔ʥʫʁ ʪɹ ʩʚʦʾ ʢ̔ʥʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫. ɺ̔ʜʧʦʚ̔ʜʥʦ 

ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ, ʢ̫̔ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʣʠ ʝh ʥʘ ʧʝʨh ʡ̔ ʩʪʘʜ̔ʾ, ʢ̔ʥʝʪʠʯʥʝ 

ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʛʣ̫ʜ 

  

ɿʤ̔ʥʠ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʚʠʭ̔ʜʥʠʭ, ʧʨʦʤ̔ʞʥʠʭ ʪʘ ʮ̔ʣɹʦʚʠʭ ʧʨʦʜʫʢʪ̔ʚ ʜʦʙʨʝ 

ʩʧʦʩʪʝʨ̔ʛʘʪɹ ʛʨʘʬ̔ʯʥʠʤ hʣ̫ʭʦʤ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʉɸ ï ʘʙʦ ʉY ï Ű (ʨʠʩ. 8). 

 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 8 ï ʂ̔ʥʝʪʠʯʥ̔ ʢʨʠʚ̔ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ 
 

ʇʨʠ ʮɹʦʤʫ, ʜʣ̫ ʚʠʭ̔ʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʜ ʢʨʠʚʦʾ, ʱʦ ʧʘʜʘ̒. 

ɼʣ̫ ʢ̔ʥʮʝʚʠʭ ʘʙʦ ʧʨʦʤ̔ʞʥʠʭ ʩʧʦʣʫʢ, ʦɦ ʥʝ ʨʝʘʛʫʁ ʪɹ, ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʜ: 

 
ʘ ʢʨʠʚʘ  ̒ʟʨʦʩʪʘʁʯʦʁ . 

ʗʢɦ ʦ ʧʨʦʤ̔ʞʥ̔ ʧʨʦʜʫʢʪʠ ʥʘʜʘʣ̔ ʚʠʪʨʘʯʘʁʪʩɹ̫, ʪʦ ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʜ: 

 
ʇʦ ʤ̔ʨ̔ ʚʠʪʨʘʯʘʥʥ̫ ʚʠʭ̔ʜʥʠʭ ʨʝʘʛʝʥʪ̔ʚ ʚhʠʜʢ̔ʩʪɹ ʥʘʢʦʧʠʯʝʥʥ̫, 

ʥʘʧʨʠʢʣʘʜ ʨʝʯʦʚʠʥʠ ɺ, ʟʥʠʞʫ̒ʪɹʩ,̫ ʘ ʚʠʪʨʘʯʘʥʥ̫ ʟʨʦʩʪʘ̒ . ɿʘ ʫʤʦʚʠ, ʢʦʣʠ 
ɜB,1r1 = ɜB,2r2, ʟ'̫ʚʣ̫ ʪ̒ɹʩ̫ ʤʘʢʩʠʤʫʤ ʥʘ ʢʨʠʚ̔ʡ, ʪʦʙʪʦ ʧʦʭ̔ʜʥʘ ʜʦʨ̔ʚʥʁ̒  0. 

ʊʘʢʘ ʢʨʠʚʘ  ̒ ʭʘʨʘʢʪʝʨʥʦʁ  ʜʣ̫ ʫʩ̔ʭ ʧʨʦʤ̔ʞʥʠʭ ʧʨʦʜʫʢʪ̔ʚ, ʱʦ 
ʚʠʪʨʘʯʘʁʪɹʩ̫. 
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1.4.2.1 ʉʢʣʘʜ ʧʨʦʜʫʢʪ̔ʚ ̔ ʩʝʣʝʢʪʠʚʥ̔ ʩʪɹ 
ʅʘʩʘʤʧʝʨʝʜ ʩʢʣʘʜʘ̒ʪʩɹ̫ ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ ʜʣ̫ ʢʦʞʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ, ʧʨʠ ʮʦɹʤʫ ʜʫʞʝ ʚʘʞʣʠʚʠʤ  ̒ ʙʘʣʘʥʩ ʧʦ 
ʢʣʁʯʦʚ̔ʡ ʨʝʯʦʚʠʥ̔ ɸ. ʅʘ ʫʪʚʦʨʝʥʥ̫ ʨʝʯʦʚʠʥʠ ɺ ʚʠʪʨʘʯʘ̒ʪʩɹ̫ ɜɸ/ɜɺ,1 ʤʦʣʝʡ 

ɸ, ʥʘ 1 ʤʦʣ ɹʨʝʯʦʚʠʥʠ D ï ɜɺ,2/ɜD,2 ʤʦʣʝʡ ʨʝʯʦʚʠʥʠ ɺ ʘʙʦ (ɜɸɜɺ,2)/(ɜɺ,1ɜD,2) 

ʤʦʣʝʡ ʨʝʯʦʚʠʥʠ ɸ  ̔ ʪʘʢʝ ʥ̔h ʝ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʨ̔ʘʣɹʥʠʡ ʙʘʣʘʥʩ ʧʦ 
ʨʝʯʦʚʠʥ̔ ɸ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ: 

 
ʋʩ̔ ʜʦʜʘʪʢʠ ʨ̔ʚʥ̫ʥʥ̫ ʚ̔ʜʧʦʚ̔ ʜʘʁʪɹ ʜʠʬʝʨʝʥʮ̔ʡʥʠʤ ʩʝʣʝʢʪʠʚʥʦʩʪ̫ʤ 

ʧʦ ʢʦʞʥʦʤʫ ʟ ʧʨʦʜʫʢʪ̔ʚ  ̔ʪʦʜ̔ 

 
ɼʣ̫ ʯʠʩʪʦ ʧʦʩʣ̔ ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ  ̔ʧʦʩʣ̔ ʜʦʚʥʦ-ʧʘʨʘʣʝʣʥɹʠʭ ʟ ʨ̔ʟʥʠʤʠ 

ʬʦʨʤʘʤʠ ʨʝʘʛʝʥʪʫ ʋ ʟʘ ʫʤʦʚʠ ʥʘʚ̫ʥʦʩʪ̔ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʨʝʘʢʮ̔ ʡ 

ʧʨʦʩʪʦʛʦ ʪʠʧʘ ʪʘ ʥʝʟʚʦʨʦʪʥʦʩʪ̔ ʧʨʦʮʝʩʫ ʨ̔ʚʥ̫ʥʥ̫ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ʤʘʪʠʤʝ ʚʠʜ: 

 
ɿʘ ʫʤʦʚʠ ʫʯʘʩʪ̔ ʨʝʘʛʝʥʪʫ Y ʣʠ ʝh ʚ ʦʜʥ̔ʡ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥ̔ʡ ʬʦʨʤ̔, 

ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʛʣ̫ʜ̔ ʘʢʪʠʚʥʦʾ ʯʘʩʪʢʠ Y*, ʚʠʜ ʨ̔ʚʥ̫ʥʥ̫ ʜʝɦʦ ʟʤ̔ʥ̔ʪʩɹ̫: 

 
ɯʥʪʝʛʨʫʚʘʥʥ̫ ʮʠʭ ʨ̔ʚʥ̫ʥɹ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʝ ʟʘ ʫʤʦʚʠ ʚ̔ʜʦʤʦʩʪ̔ 

ʪʠʧʘ ʨʝʘʢʪʦʨʘ. 

ʗʢ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ , ʪʘʢ  ̔ʩʢʣʘʜ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ ʢʨʘɦʝ ʦʟʥʘʯʘʪʠ ʧʨʠ 
Ci,0  ̔ʊ ï const, ʷʢ ʬʫʥʢʮ̔ʁ  ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ʾ (ʍɸ). 

ʄʝʪʦʜʠʢʘ ʜʦʩʣ̔ʜʞʝʥɹ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ ʙʫʜʝ ʘʥʘʣʦʛ̔ʯʥʦʁ , ʪʦʙʪʦ 
ʧʦʩʣ̔ ʜʦʚʥʦ ʟʤ̔ʥʶʁʪɹ ʫʩ̔ ʥʝʦʙʭ̔ʜʥ̔ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ (Ci,0, Pi,0) ʧʨʠ     

T = const ʜʣ̫ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥʦʾ ʬʦʨʤʠ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʪʘ 
ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʩʢʣʘʜ̔ ʧʨʦʜʫʢʪ̔ʚ  ̔ ʩʝʣʝʢʪʠʚʥʦʩʪ̔. ʇʦʪ̔ʤ ʟ' ʩ̫ʦʚʫʁʪ ɹ ʚʧʣʠʚ 
ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʘʭ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ ʟʥʘʭʦʜʪ̫ɹ 
ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʧʝʨh ʦʾ ʩʪʘʜ̔ʾ ʧʨʦʮʝʩʫ (ʧʦ ʚʠʪʨʘʯʘʥʥʁ  ʨʝʯʦʚʠʥʠ ɸ). 
ɹ̔ʣʴʰ ʩʢʣʘʜʥ̔ ʨʝʘʢʮ̔ʾ ʨʦʟʨʘʭʦʚʫʁʪ ɹʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʁʚʘʣɹʥʦʾ ʪʝʭʥ̔ ʢʠ. 

 

1.4.2.2 ʅʝʟʚʦʨʦʪʥ̔ ʨʝʘʢʮʾ̔ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ 
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ʈʦʟʛʣ̫ʥʝʤʦ ʩʠʩʪʝʤʫ ʧʦʩʣ̔ ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ ʟʘ ʫʤʦʚʠ, ʱʦ 

 
ʋ ʨʝʘʢʪʦʨ̔ ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ʾ ʨʝʯʦʚʠʥʘ ɸ ʚʠʪʨʘʯʘ̒ʪɹʩ̫ ʟʛ̔ʜʥʦ ʨ̔ʚʥ̫ʥʥ:ʁ 

 
ʘ ʫ ʨʝʘʢʪʦʨ̔ ʽʜʝʘʣʥɹʦʛʦ ʚʠʪʠʩʢʘʥʥ̫: 

 
ɿ ʮʦɹʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥ̫ k1 ʪʘ ʩʢʣʘʩʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʩʢʣʘʜʦʚʦʾ ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ 

 
ʢ̫ʘ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʧʦʩʪʫʧʦʚʦʤʫ ʚʠʪʨʘʯʘʥʥʁ  ʨʝʘʛʝʥʪʘ ɸ, ʣ̔ʥ̔ʡʥʦ ʟʘʣʝʞʠʪɹ ʚ̔ ʜ 

ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ ʾ ʪʘ ʝʢʩʧʦʥʝʥʮ̔ ʘʣʥɹʦ ʚ̔ʜ Ű (ʨʠʩ. 9). 

ɼʣ̫ ʧʝʨh ʦʛʦ ʧʨʦʤ̔ʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ɺ ʜʠʬʝʨʝʥʮ̔ʡʥʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ: 

 

 

 
ʈʠʩʫʥʦʢ 9 ï ɿʘʣʝʞʥ̔ʩʪɹ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪ̔ ʚ ʧʦʩʣ̔ ʜʦʚʥʠʭ ʧʨʦʜʫʢʪ̔ʚ 

ʚ̔ ʜ ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ ʾ 

ʇ̔ʩʣ̫ ʨ̫ʜʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʜ̔ʡ ʦʪʨʠʤʘ̒ʤʦ ʚʠʨʘʟ 
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ʗʢ ʚʠʜʥʦ ʟ ʨ̔ʚʥ̫ʥʥ̫, ʟʘ ʫʤʦʚʠ ʥʝʟʚʦʨʦʪʥʠʭ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ, 

ʜʣ̫ ʨʝʯʦʚʠʥʠ ɺ ʚʦʥʦ ʧʦʚ' ʟ̫ʘʥʝ ʣʠ ʝh ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨ ʠhʭ ʜʚʦʭ ʩʪʘʜ̔ʡ 

ʧʨʦʮʝʩʫ, ʥʝʟʘʣʝʞʥʦ ʚ̔ʜ ʢ̔ʣʢɹʦʩʪ̔ ʥʘʩʪʫʧʥʠʭ ʨʝʘʢʮ̔ʡ. ʂ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ 

ʧʝʨh ʦʛʦ ʧʨʦʤ̔ʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʣʝʞʠʪɹ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚ̔ʜ ʩʧ̔ʚʚ̔ ʜʥʦhʝʥʥ̫ 

k2/k1 (ʨʠʩ. 10). 

 
ʈʠʩʫʥʦʢ 10 ï 

ɿʘʣʝʞʥ̔ʩʪɹ ʤʦʣɹʥʦʾ ʜʦʣ̔ 

ʧʝʨ ʦhʛʦ ʧʨʦʤ̔ʞʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʧʦʩʣ̔ʜʦʚʥʠʭ 

ʨʝʘʢʮ̔ʡ ʧʝʨh ʦʛʦ ʧʦʨ̫ ʜʢʫ 

ʚ̔ʜ ʩʪʫʧʝʥ̫ ʢʦʥʚʝʨʩ̔ ʾ 
 
 
 
 
 
 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʦɦ ʤʘʢʩʠʤʫʤ ʥʘ ʢʨʠʚ̔ʡ ʟʤ̔ ʫɦ̒ʪɹʩ ̫ʟʘʣʝʞʥʦ ʚ̔ʜ 
ʟʤ̔ʥʠ k2/k1: 

-  ʯʠʤ ʙ̔ʣʴhʝ ʮʝ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫, ʪʠʤ ʥʠʞʯʝ ʤʘʢʩʠʤʫʤ; 
-  ʯʠʤ ʙ̔ʣʴhʝ ʚ̔ ʜʥʦhʝʥʥ̫, ʪʠʤ ʙʣʠʞʯʝ ʤʘʢʩʠʤʫʤ ʜʦ ʙ̔ʣʴʰ ʥʠʟɹʢʠʭ 

ʟʥʘʯʝʥɹ ʍɸ. 

ɼʣ̫ ʨʝʘʢʪʦʨʘ ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ʾ ʘʙʦ ʜ̔ʝʘʣʥɹʦʛʦ ʚʠʪʠʩʢʘʥʥ̫ 

 
ɻʨʘʬ̔ ʯʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʌɺ ʚ̔ʜ ʍɸ ʩʚ̔ʜʯʠʪɹ ʧʨʦ ʪ̔ ʩʘʤ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔, 

ʱʦ  ̔ʜʣ̫ ʤʦʣʥɹʦʾ ʜʦʣ̔ ʚ̔ʜ ʍɸ (ʨʠʩ. 11). 



65 

 

 
ʈʠʩʫʥʦʢ 11 ï ɿʘʣʝʞʥ̔ʩʪɹ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ ʧʝʨh ʦʛʦ ʧʦʨ̫ ʜʢʫ ʧʦ 

ʧʝʨh ʦʤʫ ʧʨʦʤ̔ʞʥʦʤʫ ʧʨʦʜʫʢʪʫ ʚ̔ʜ ʩʪʫʧʝʥ̫ ʢʦʥʚʝʨʩ̔ʾ 

 
ʇʦ ʤ̔ʨ̔ ʟʨʦʩʪʘʥʥ̫ ʚ̔ʜʥʦhʝʥʥ̫ k2/k1 ʢʨʫʪ̔h ʝ ʧʘʜʘ̒ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʟʘ 

ʫʤʦʚʠ ʟʨʦʩʪʘʥʥ̫ ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ʾ. 

ɼʣ̫ ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʤ̔ʞʥʦʛʦ ʧʨʦʜʫʢʪʫ D ʦʪʨʠʤʘ̒ʤʦ 

 
ʗʢɦʦ ʨʦʟʜ̔ʣʠʪʠ ʚʠʨʘʟ ʥʘ ʉɸ,0  ̔ʟʘʤ̔ʥʠʪʠ ʉɺ/ʉɸ,0 ʦʪʨʠʤʘʥʠʤ ʚʠʨʘʟʦʤ, 

ʪʦ ʨ̔ʚʥ̫ʥʥ̫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣ̫ʜ: 

 
ʇ̔ʩʣ̫ ʨ̔h ʝʥʥ̫ ʨ̔ʚʥ̫ʥʥ̫ ʦʪʨʠʤʘ̒ʤʦ: 

 
ʈʠʩʫʥʦʢ 12 ï ɿʘʣʝʞʥ̔ʩʪɹ ʤʦʣɹʥʦʾ ʜʦʣ̔ ʜʨʫʛʦʛʦ ʧʨʦʤ̔ʞʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʥʝʦʙʦʨʦʪʥʠʭ ʧʦʩʣ̔ʜʦʚʥʠʭ ʨʝʘʢʮ̔ʡ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʚ̔ʜ ʩʪʫʧʝʥ̫ ʢʦʥʚʝʨʩ̔ ʾ 

 
ʅʘ ʨʠʩʫʥʢʫ 12 ʧʨʠʚʝʜʝʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʤʦʣɹʥʦʾ ʜʦʣ̔ ʜʨʫʛʦʛʦ ʧʨʦʜʫʢʪʫ 

ʚ̔ʜ ʩʪʫʧʝʥʁ  ʢʦʥʚʝʨʩ̔ʾ ʚ̔ʜʢ̔ʣ̫ ʚʠʜʥʦ,ʱʦ ʧʦʣʦʞʝʥʥ̫ ʤʘʢʩʠʤʫʤʫ ʍɸ ʟʥʘʯʥʦʁ  
ʤ̔ʨʦʁ  ʟʘʣʝʞʠʪɹ ʚ̔ʜ k2/k1, ʪʦʙʪʦ ʟ̔ ʟʙ̔ʣʴhʝʥʥ̫ʤ ʮ̔̒  ʾ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʫʤ 
ʟʤ̔ ʫɦ̒ʪɹʩ̫ ʫ ʙ̔ʢ ʤʝʥʰʠʭ ʍɸ, ʷʢ  ̔ʜʣ̫ ʧʝʨh ʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮ̔ʾ. ɺʝʣʠʯʠʥʘ 
ʍɸmax ʙʫʜʝ ʪʠʤ ʤʝʥh ʦʁ , ʯʠʤ ʙ̔ʣɹ ʝh ʟʥʘʯʝʥʥ̫ k3/k2, ʪʦʙʪʦ ʚ̔ʜʥʦhʝʥʥ̫ 
ʚhʠʜʢʦʩʪʝʡ ʚʠʪʨʘʯʘʥʥ̫  ̔ʫʪʚʦʨʝʥʥ̫ ʧʨʦʜʫʢʪʫ D. ɺ̔ʜʥʦhʝʥʥ̫ k3/k2 ʟʥʘʭʦʜ̫ʪɹ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʣh̫ʭʦʤ ʜʣ̫ ʉɸ/ʉɸ,0, ʘ ʧʦʪ̔ʤ ʚʠʟʥʘʯʘʁʪɹ k3. ɸʥʘʣʦʛ̔ʯʥʦ 
ʟʜ̔ʡʩʥʁ ʪʁɹ ʨ̔h ʝʥʥ̫ ʚ̔ʜʥʦʩʥʦ ʫʩ̔ʭ Ci/CA,0. 

ɼʣ̫ ʧʨʠʙʣʠʟʥʦʾ ʦʮ̔ʥʢʠ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ ʥʘʩʪʫʧʥʦʾ  ̔ʧʦʧʝʨʝʜʥɹʦʾ 

ʩʪʘʜ̔ʡ ʨʝʢʦʤʝʥʜʫʁʪ ɹʤʝʪʦʜ, ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ ʩʪʫʧʝʥ̔ ʢʦʥʚʝʨʩ̔ʾ, ʢ̫ʘ 

ʚ̔ʜʧʦʚ̔ ʜʘ̒ ʤʘʢʩʠʤʫʤʫ ʫʪʨʠʤʘʥʥ̫ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʚhʠʜʢʦʩʪ̔ ʡʦʛʦ 

ʫʪʚʦʨʝʥʥ̫  ̔ʚʠʪʨʘʯʘʥʥ̫ ʧʦʨ̔ʚʥ̫ʥ̔ 

 
ɹ̔ʣʴʰ ʩʢʣʘʜʥ̔ ʨʝʘʢʮ̔ ʾ ʧʦʪʨʝʙʫʁʪ ɹ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʦʙʯʠʩʣʁʚʘʣʥɹʦʾ 

ʪʝʭʥ̔ ʢʠ. 
 

ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥʷ 
 

1. ʗʢ̔ ʨʝʘʢʮ̔ʾ ʚ̔ ʜʥʦʩ̫ʪʩɹ̫ ʜʦ ʩʢʣʘʜʥʠʭ? 
2. ʅʘ ʷʢ̔ ʛʨʫʧʠ ʤʦʞʥʘ ʨʦʟʜ̔ʣʠʪʠ ʧʘʨʘʣʝʣɹʥ̔ ʨʝʘʢʮ̔ʾ? 

3. ʂ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʩʢʣʘʜʥʦʾ ʧʘʨʘʣʝʣɹʥʦʾ ʨʝʘʢʮ̔ ʾ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 

ʤʝʭʘʥ̔ʟʤʫ ʧʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔?ʾ 

4. ʅʘ ʷʢ̔ ʛʨʫʧʠ ʤʦʞʥʘ ʨʦʟʜ̔ʣʠʪʠ ʧʦʩʣ̔ʜʦʚʥ̔ ʨʝʘʢʮ̔ ʾ? 

5. ʑʦ ʚʠʟʥʘʯʘʁʪɹ ʫ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̫̔ ʭ ʢʨ̔ʤ ʢ̔ ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ? 

6. ʋ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̫̔ ʭ ʚʠʚʯʘ̒ʪʩɹ̫ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ? 
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ʈʦʟʯʠʥʠ ʚ̫ʣ̫ ʪʁ ɹ ʩʦʙʦʁ  ʛʦʤʦʛʝʥʥ̔ ʨ̔ʜʢ̔ ʬʘʟʠ, ʦɦ ʩʢʣʘʜʘʁʪɹʩ̫ ʟ 

ʜʝʢ̔ʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʧʨʠʩʫʪʥ̔ʭ ʫ ʧʝʨʝʤ̔ʥʥʠʭ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ʭ. ʈʝʯʦʚʠʥʫ, 

ʱʦ ʟʥʘʭʦʜʠʪɹʩ̫ ʫ ʥʘʜʣʠh ʢʫ, ʥʘʟʠʚʘʁʪɹ ʨʦʟʯʠʥʥʠʢʦʤ, ʘ ʪʫ, ʦɦ ʚ ʤʝʥh ʡ̔ 

ʢ̔ʣʢɹʦʩʪ̔ ï ʨʦʟʯʠʥʝʥʦʁ  ʨʝʯʦʚʠʥʦʁ . ʈʦʟʯʠʥʥ̔ʩʪɹ ʦʜʥ̔̒  ʾ ʨʝʯʦʚʠʥʠ ʚ ʥ̔h ʡ̔ 

ʟʘʣʝʞʠʪɹ ʚ̔ ʜ ʧʨʠʨʦʜʠ ʮʠʭ ʨʝʯʦʚʠʥ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ. ɿʘʟʚʠʯʘʡ ʭ̔ʤ̔ ʯʥʦ 

ʧʦʜ̔ ʙʥ̔ ʨʝʯʦʚʠʥʠ ʢʨʘɦʝ ʨʦʟʯʠʥ̫ʁ ʪɹʩ̫ ʦʜʥʝ ʚ ʦʜʥʦʤʫ, ʥ̔ʞ ʚ ʩʧʦʣʫʢʘʭ, ̫ʢ̔ 

ʤʘʁ ʪɹ ʥ̔h ʫ ʙʫʜʦʚʫ. ʗʢɦ ʦ ʩʧʦʣʫʢʠ ʟʥʘʯʥʦʁ  ʤ̔ʨʦʁ  ʚ̔ʜʨ̔ʟʥ̫ ʪʁɹʩ̫ ʟʘ ʩʚʦʾʤʠ 

ʭ̔ʤ̔ ʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʪʦ ʚ ʨʦʟʯʠʥ̔ ʚʦʥʠ ʥʝʩʫʤ̔ʩʥ̔, ʥʘʧʨʠʢʣʘʜ ʨʪʫʪɹ  ̔

ʚʦʜʘ. ɺ ʙ̔ʣʴhʦʩʪ̔ ʚʠʧʘʜʢ̔ʚ ʨ̔ʟʥ̔ ʩʧʦʣʫʢʠ ʤʘʁʪɹ ʦʙʤʝʞʝʥʫ ʨʦʟʯʠʥʥ̔ʩʪɹ ʦʜʥʝ ʚ 

ʦʜʥʦʤʫ, ʥʘʧʨʠʢʣʘʜ ʚʦʜʘ  ̔ʝʬ̔ʨ. 
 

2.1 ɯʦʥ̔ ʟʘʮ̫̔  ʪʘ ʜʠʩʦʮ̔ʘʮ̫̔ 
 
ʈʦʟʯʠʥʠ ʥʝʝʣʝʢʪʨʦʣ̔ʪ̔ʚ ʤ̔ʩʪ̫ʪɹ ʥʝʡʪʨʘʣʥɹ̔ ʤʦʣʝʢʫʣʠ  ̔ ʥʝ ʤʘʁʪɹ 

ʝʣʝʢʪʨʦʧʨʦʚ̔ʜʥʦʩʪ̔, ʪʦʜ̔ ʷʢ ʨʦʟʯʠʥʠ ʝʣʝʢʪʨʦʣ̔ʪ̔ʚ (ʩʦʣʝʡ, ʢʠʩʣʦʪ, ʣʫʛ̔ʚ) ʟ̔-

ʟʘ ʥʘʚ̫ʥʦʩʪ̔ ʦʢʨʝʤʠʭ ʦ̔ʥ̔ʚ (ɸ+  ̔ ɺï)  ̒ ʛʘʨʥʠʤʠ ʧʨʦʚ̔ʜʥʠʢʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 
ʩʪʨʫʤʫ. ʉʧʨʘʚʞʥ̔ ʝʣʝʢʪʨʦʣ̔ʪʠ ( ʦ̔ʥʦʬʦʨʠ) ʤʘʁ ʪɹ ʦ̔ʥʠ ʫʞʝ ʚ ʩʪʘʥ̔ 
ʢʨʠʩʪʘʣ̔ʯʥʦʾ ʨʝh ʪ̔ʢʠ (ʛʘʣʦʛʝʥ̔ ʜʠ ʣʫʞʥʠʭ ʤʝʪʘʣ̔ʚ). ʇʦʪʝʥʮ̔ʡʥ̔ ʝʣʝʢʪʨʦʣ̔ʪʠ 
ɸïɺ (̔ʦʥʦʛʝʥʠ) ʫʪʚʦʨʶʶʪʴ ʦ̔ʥʠ ʣʠh ʝ ʧʨʠ ʚʟʘ̒ʤʦʜ̔ʾ ʟ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʜʦ ʪʦʛʦ 
ʞ ʥʝ ʧʦʚʥ̔ʩʪʁ  

 

 
ɯʦʥʠ, ʱʦ ʟʥʘʭʦʜ̫ʪɹʩ̫ ʫ ʨʦʟʯʠʥ̔ ʤʦʞʫʪɹ ʩ̔ʥʫʚʘʪʠ ʫ ʚʠʛʣ̫ʜ̔ ʚ̔ʣʥɹʠʭ, 

ʥʝʟʘʣʝʞʥʠʭ ʦʜʥʝ ʚ̔ʜ ʦʜʥʦʛʦ ʯʘʩʪʦʢ, ʘʙʦ ʫ ʚʠʛʣ̫ʜ̔ ʦ̔ʥʥʠʭ ʘʩʦʮ̔ʘʪ̔ʚ ( ʦ̔ʥʥʠʭ 

ʧʘʨ), ʚ ʢ̫ʠʭ ɸ+  ̔ ɺï ʟʚ' ʟ̫ʘʥ̔ ʤ̔ʞ ʩʦʙʦʁ  ʩʠʣʘʤʠ ʢʫʣʦʥ̔ʚʩɹʢʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ. 
ʂʫʣʦʥ̔ʚʩɹʢ̔ ʩʠʣʠ, ʟ ʢ̫ʠʤʠ ʧʨʠʪ̫ʛʘʁʪɹʩ̫ ʜʚʘ ʦ̔ʥʠ ʟ ʟʘʨ̫ʜʘʤʠ Ǜ1  ̔Ǜ2 ʥʘ ʚ̔ʜʩʪʘʥ̔ 
r, ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮ̔ʡʥ̔ ʜʝ̔ʣʝʢʪʨʠʯʥ̔ʡ ʧʨʦʥʠʢʥʦʩʪ̔ (Ů) ʨʦʟʯʠʥʥʠʢʘ 

 
ʎ̔ ʩʠʣʠ ʜʦʩʠʪɹ ʩʠʣʥɹ̔  ̔ ʜ̔ʁ ʪɹ ʥʘʚ̔ʪɹ ʥʘ ʟʥʘʯʥ̔ʡ ʚ̔ʜʩʪʘʥ̔, ʘʣʝ ʧʨʠ 

ʟʙ̔ʣʴhʝʥʥ̔ ʚ̔ʜʩʪʘʥ̔ ʤ̔ʞ ʦ̔ʥʘʤʠ ʩʪʘ̒ ʙʣ̔ʴʰ ʤ̔ʦʚ̔ʨʥʠʤ ʭʾ ʚʟʘ̒ʤʦʜ̔ ʷ ʟ 

ʨʦʟʯʠʥʥʠʢʦʤ, ʦɦ ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʟʥʠʞʝʥʥ̫ ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛ̔ ʾ ʜʠʩʦʮ̔ʘʮ̔ʾ. 

ʊ̔ʣʢɹʠ ʨʦʟʯʠʥʥʠʢʠ ʟ ʚʠʩʦʢʦʁ  ʜʝ̔ʣʝʢʪʨʠʯʥʦʁ  ʧʨʦʥʠʢʥ̔ʩʪʁ  ʟʜʘʪʥ̔ ʥʘʩʪ̔ʣʢɹʠ 

ʟʤʝʥʰʠʪʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʪ̫ʞ̔ʥʥ̫ ʤ̔ʞ ʜʚʦʤʘ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨ̫ʜʞʝʥʠʤʠ 

ʦ̔ʥʘʤʠ, ʦɦʙ ʤʦʛʣʠ ʫʪʚʦʨʠʪʠʩ̫ ʦʢʨʝʤ̔ ʦ̔ʥʠ. ʊʘʢ̔ ʨʦʟʯʠʥʥʠʢʠ ʥʘʟʠʚʘʁʪɹ 

ʜʠʩʦʮ̔ʁ ʯʁʠʤʠ. 
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ɺ ʨʦʟʯʠʥʥʠʢʘʭ, ʷʢ̔ ʤʘʁ ʪɹ Ů <10õ15, ʧʨʘʢʪʠʯʥʦ ʥʝʤʘ̒ ʚ̔ʣʥɹʠʭ ʦ̔ʥ̔ʚ, 

ʪʦʜ̔ ʷʢ ʟ Ů > 40 ʥʘʚʨ̫ʜ ʯʠ ʤ̔ʩʪ̫ʪɹʩ̫ ʦ̔ʥʥ̔ ʧʘʨʠ (ʟʘ ʫʤʦʚ, ʦɦ ʨʦʟʯʠʥʠ ʥʝ ʜʫ-ʞʝ 

ʢʦʥʮʝʥʪʨʦʚʘʥ̔). ʇʨʠ Ů = 20õ30 ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʚ̔ʣʥɹʠʭ  ̔ʘʩʦʮ̔ʡʦʚʘʥʠʭ ʦ̔ʥ̔ʚ 

ʟʥʘʯʥʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʣ̔ʪʫ. 
ɿʜ̔ ʙʥ̔ʩʪɹ ʨʦʟʯʠʥʥʠʢʘ ʧʝʨʝʪʚʦʨʁʚʘʪʠ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚ' ʟ̫ʦʢ ʫ ʦ̔ʥʥʠʡ, 

ʱʦ ʥʘʟʠʚʘʁʪ ɹ ʦ̔ʥ̔ʟʫʁʯʦʁ  ʟʜʘʪʥ̔ʩʪʁ  ʘʙʦ " ʦ̔ʥ̔ʟʫʁʯʦʁ  ʩʠʣʦʁ " ʨʦʟʯʠʥʥʠʢʘ, 
ʥʘʧʨʦʪʠ ʥʝ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʜʝ̔ʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪ̔. ʊʦʤʫ ʜʠʩʦʮ̔ʁ ʯʁʠʡ 
ʨʦʟʯʠʥʥʠʢ ʥʝ ʦʙʦʚ' ʟ̫ʢʦʚʦ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦ̔ʥ̔ʟʫʁʯʠʤ  ̔ ʥʘʚʧʘʢʠ. ʉʠʣʥɹʠʡ 
ʝʣʝʢʪʨʦʣ̔ʪ ʚ ʨʦʟʯʠʥʥʠʢʫ ʟ ʥʠʟʢɹʦʁ  ʜ̔ʝʣʝʢʪʨʠʯʥʦʁ  ʧʨʦʥʠʢʥ̔ʩʪ  ʁʤʦʞʝ ʙʫ-ʪʠ 
ʦ̔ʥ̔ʟʦʚʘʥʠʤ ʧʦʚʥ̔ʩʪʁ , ʘʣʝ ʦ̔ʥʠ ʟʘʣʠh ʘʪɹʩ̫ ʘʛʨʝʛʦʚʘʥʠʤʠ ʚ ʦ̔ʥʥ̔ ʧʘʨʠ. 
ɯʦʥ̔ʟʫʁʯʘ ʩʠʣʘ ʨʦʟʯʠʥʥʠʢʘ ʙ̔ʣʴhʦʁ  ʤ̔ʨʦʁ  ʟʘʣʝʞʠʪɹ ʚ̔ ʜ ʡʦʛʦ ʟʜ̔ʙʥʦʩʪ̔ 
ʚʠʩʪʫʧʘʪʠ ʚ ʢ̫ʦʩʪ̔ ʘʢʮʝʧʪʦʨʘ ʘʙʦ ʜʦʥʦʨʘ ʝʣʝʢʪʨʦʥ̔ʚ. ɽʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ 

ʨʦʟʯʠʥʥʠʢʠ S ʩʧʨʠ̫ ʪʁ ɹ ʦ̔ʥ̔ʟʘʮ̔ʾ ʟʚ' ʟ̫ʢ̔ʚ ʪʠʧʫ Rŭ+ïXŭï ʚ̔ ʜʧʦʚ̔ ʜʥʦ ʜʦ ʩʭʝ-ʤʠ: 

Rŭ+ïXŭï S (ʥʘʧʨʠʢʣʘʜ ʦ̔ʥ̔ʟʘʮ̔ ʷ ʘʣʢ̔ʣʛʘʣʦʛʝʥ̔ʜʘ). ɽʣʝʢʪʨʦʥʦʜʦʥʦʨʥ̔ 

ʨʦʟʯʠʥʥʠʢʠ S' ʧ̔ ʜʪʨʠʤʫʁ ʪɹ ʦ̔ʥ̔ʟʘʮ̔ʁ  ʟʚ' ʟ̫ʢ̔ʚ ʪʠʧʘ ɸŭïïʅŭ+ (ʥʘʧʨʠʢʣʘʜ 

ʦ̔ʥ̔ʟʘʮ̫̔  ʛʘʣʦʛʝʥʦʚʦʜʥ̔ʚ ʚ ʝʬ̔ʨʘʭ) ʘʙʦ RŭïïMeŭ+ (ʥʘʧʨʠʢʣʘʜ ʦ̔ʥ̔ʟʘʮ̔ ʷ ʣ̔ʪ̔ʡ-  ̔

ʤʘʛʥ̔ʡʦʨʛʘʥ̔ʯʥʠʭ ʩʧʦʣʫʢ) AŭïïHŭ+ S' ʘʙʦ RŭïïMeŭ+ S' . 

ɺʦʜʘ  ̒ʫʥ̔ʚʝʨʩʘʣʥɹʠʤ ʨʦʟʯʠʥʥʠʢʦʤ, ʙʦ ʤʦʞʝ ʙʫʪʠ ʷʢ ʦ̔ʥ̔ʟʫʁʯʠʤ, ʪʘʢ 

ʠ ʜʠʩʦʮ̔ʁ ʯʁʠʤ ʩʝʨʝʜʦʚʠɦ ʝʤ, ʪʦʜ ̔ ʷʢ ʜʠʤʝʪʠʣʩʫʣʬɹʦʢʩʠʜ, ʪʝʪʨʘʤʝʪʠʣʝʥ-

ʩʫʣɹʬʦʥ ï ʪ̔ʣʢɹʠ ʜʠʩʦʮ̔ʁ ʯʁʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʘ ʜʠʤʝʪʠʬʦʨʤʘʤ̔ʜ ï 

ʧʦʤ̔ʨʥʦ ʜʠʩʦʮ̔ʁ ʯʁʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʪʘ ʩʝʨʝʜʥ̔ʤ ʟʥʘʯʝʥʥ̫ʤ Ů . 
ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʚʠ̫ʚʣʝʥʥ̫ ʨ̔ʟʥʠʮ̔ ʤ̔ʞ ʦ̔ʥ̔ʟʫʁʯʦʁ  ʪ̔ 

ʜʠʩʦʮ̔ʁ ʯʁʦ  ʁ ʟʜ̔ʙʥʦʩʪ̫ʤʠ ʨʦʟʯʠʥʥʠʢʘ  ̒ ʙʝʟʙʘʨʚʥʠʡ ʪʨʠʬʝʥ̔ʣʤʝʪʠʣʭʣʦʨʠʜ. 

ɺ̔ʥ ʨʦʟʯʠʥ̫̒ʪɹʩ̫ ʚ ʨ̔ʜʢʦʤʫ ʦʢʩʠʜ̔ ʩʫʣɹ ʬʫʨʫ (ɯV) (Ů = 15,6 ʧʨʠ 0 ʦʉ) ʟ 
ʥ̔ʪʝʥʩʠʚʥʠʤ ʞʦʚʪʠʤ ʟʘʙʘʨʚʣʝʥʥ̫ʤ ʪʘ ʧʨʠ ʮɹʦʤʫ ʯʘʩʪʢʦʚʦ ʦ̔ʥ̔ʟʫ̒ ʟ 
ʫʪʚʦʨʝʥʥ̫ʤ ̔ʦʥʥʠʭ ʧʘʨ, ʢ̫̔ ʥʝ ʙʝʨʫʪɹ ʫʯʘʩʪ̔ ʷʢ ʧʨʦʚ̔ ʜʥʠʢʠ ʩʪʨʫʤʫ,  ̔ ʧʨʠ 
ʧʦʤ̔ʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ ʯʘʩʪʢʦʚʦ ʜʠʩʦʮ̔ʁ ʪʁ ɹʥʘ ʚ̔ʣʥɹ̔ ʦ̔ʥʠ (ʩʘʤʝ ʦʩʪʘʥʥ̔  ̒
ʧʨʦʚ̔ ʜʥʠʢʘʤʠ) 

 
ʂ̔å 10ï2 ʤʦʣɹ/ʣ; ʂɼ å 10ï3 ʤʦʣɹ/ʣ. 
 

ɺ ʢʠʩʣʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʜʝ Ů = 5,5, ʪʨʠʬʝʥ̔ʣʤʝʪʠʣʭʣʦʨ̔ ʜ ʟʥʘʯʥʦʁ  

ʤ̔ʨʦʁ  ʦ̔ʥ̔ʟʦʚʘʥʠʡ, ʘʣʝ ʥʝ ʜʠʩʦʮ̔ʡʦʚʘʥʠʡ (ʚ̔ʜʩʫʪʥ̫ ʧʨʦʚ̔ʜʥ̔ʩʪɹ), ʪʦʜ̔ ʢ̫ 

ʘʮʝʪʦʥ̔ʪʨʠʣ (Ů = 37,5), ʫ ʢ̫ʦʛʦ ʚ̔ʜʩʫʪʥ̔ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥ̔ ʟʜ̔ʙʥʦʩʪ̔, ʥʝ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ̔ʦʥ̔ʟʘʮ̔ʁ  ʪʨʠʬʝʥ̔ʣʤʝʪʠʣʭʣʦʨ̔ʜʫ (K i
SO2/ K i

C6H5NO2) å 1010. 

ɺʚʝʜʝʥʥ̫ ʚ ʨʦʟʯʠʥ ʥ̔ʪʨʦʙʝʥʟʝʥʫ ʢʠʩʣʦʪ ʃɹʶ̔ ʩʘ (SnCl4, AlCl3) ʟʜʘʪʥʝ 

ʚʠʢʣʠʢʘʪʠ ̔ʦʥ̔ʟʘʮ̔ʁ  ʪʨʠʬʝʥ̔ʣʤʝʪʠʣʭʣʦʨ̔ʜʫ. 

 

2.2 ʉʦʣɹʚʘʪʘʮ̫̔ 
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ʈʦʟʯʠʥʥʠʢ ʧʦ ʚ̔ʜʥʦh ʝʥʥʁ  ʜʦ ʨʦʟʯʠʥʝʥʠʭ ʦ̔ʥ̔ʚ ʥʝ  ̒ ʮ̔ʣʢʦʚʠʪʦ 

ʥ̔ʜʠʬʝʨʝʥʪʥʠʤ ʩʝʨʝʜʦʚʠɦ ʝʤ. ʄʦʣʝʢʫʣʠ ʨʦʟʯʠʥʥʠʢʘ ʚʩʪʫʧʘʁ ʪɹ ʟ 

ʨʦʟʯʠʥʝʥʠʤʠ ̔ʦʥʘʤʠ ʘʙʦ ʤʦʣʝʢʫʣʘʤʠ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʚʟʘ̒ʤʦʜ̔ʁ , ʚ ʧʝʨhʫ ʯʝʨʛʫ, 

ʪʠʧʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ, ʦʩʢ̔ʣʢɹʠ ʥʘʚ̔ʪ ɹ ʥʝʡʪʨʘʣʥɹ̔ ʤʦʣʝʢʫʣʠ ʤʘʁʪ ɹ

ʝʣʝʢʪʨʠʯʥʠʡ ʜʠʧʦʣɹʥʠʡ ʤʦʤʝʥʪ. ʄʞ̔ʤʦʣʝʢʫʣ̫ʨʥ̔ ʩʠʣʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚ̔ ʚ 

ʨʦʟʯʠʥʘʭ ʝʣʝʢʪʨʦʣ̔ʪ̔ʚ ʪʦʤʫ, ʦɦ ʦ̔ʥʠ ʟʜ̔ʡʩʥʁ ʪʁɹ ʥʘ ʤʦʣʝʢʫʣʠ ʨʦʟʯʠʥʥʠʢʘ 

ʦʩʦʙʣʠʚʦ ʩʠʣɹʥʫ ʝʣʝʢʪʨʠʯʥʫ ʜ̔ʁ . 

ɽʥʝʨʛʝʪʠʯʥʘ ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʚʟʘ̒ʤʦʜ̔ ʷ ʤ̔ʞ ʨʦʟʯʠʥʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ̔ 
ʨʦʟʯʠʥʥʠʢʦʤ, ʢ̫ʘ ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʞʥʘ ʨʦʟʯʠʥʝʥʘ ʯʘʩʪʢʘ ʩʪʘ̒ 
ʦʪʦʯʝʥʦʁ  ʘhʨʦʤ ʙ̔ʣʴʰ ʤʝʥh  ʤ̔ʮʥʦ ʟʚ'ʟ̫ʘʥʠʭ ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ, ʤʘ̒ 
ʥʘʟʚʫ ʩʦʣʚɹʘʪʘʮ̔ ʷ. 

ʉʦʣɹʚʘʪʫʁʯʘ ʟʜʘʪʥ̔ʩʪɹ ʨʦʟʯʠʥʥʠʢʘ ʟʘʣʝʞʠʪɹ ʚ̔ ʜ ʡʦʛʦ ʟʜ̔ʙʥʦʩʪʝʡ 

ʫʪʚʦʨʁʚʘʪʠ ʟ ʦ̔ʥʘʤʠ ʘʙʦ ʤʦʣʝʢʫʣʘʤʠ ʩʪʘʙ̔ʣʥɹ̔ ʩʦʣɹʚʘʪʠ ʟ ʚʠʜ̔ʣʝʥʥ̫ʤ ʧʨʠ 
ʮɹʦʤʫ ʝʥʪʘʣʧɹ̔ ʾ ʩʦʣʚɹʘʪʘʮ̔ ʾ æʅʩʦʣʴʚ, ʟʥʘʯʝʥʥ̫ ʢ̫ʦʾ ʨʦʟʨʘʭʦʚʫʁʪɹ ʥʝʧʨ̫ʤʠʤ 

ʰʣ̫ʭʦʤ. 

ʉʧʨʦɦʝʥʦ ʨʦʟʛʣ̫ʜʘʁ ʯʠ ʩʦʣɹʚʘʪʘʮ̔ʁ  ʷʢ ʧʨʠ̒ʜʥʘʥʥ̫ ʤʦʣʝʢʫʣ 

ʨʦʟʯʠʥʥʠʢʘ ʜʦ ʦ̔ʥ̔ʚ ʘʙʦ ʤʦʣʝʢʫʣ, ʚʠʢʦʨʠʩʪʦʚʫʁʪ ɹ ʧʦʥ̫ʪʪ̫ ï ʯʠʩʣʘ 

ʩʦʣʚɹʘʪʘʮ̔ʾ, ʪʦʙʪʦ ʮʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ, ʢ̫ʝ ʟʥʘʭʦʜʠʪɹʩ̫ 

ʙʝʟʧʦʩʝʨʝʜʥɹ ʦ ʫ ʚʟʘ̒ʤʦʜ̔ ʾ ʟ ʯʘʩʪʢʘʤʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ  ̔ ʦʙʤʝʞʝʥʝ ʜʣ̫ 

ʢʦʞʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ɸʣʝ  ̔ ʙ̔ʣʴʰ ʚ̔ʜʜʘʣʝʥ̔ ʤʦʣʝʢʫʣʠ ʨʦʟʯʠʥʥʠʢʘ ʤʦʞʫʪɹ 

ʤʘʪʠ ʧʝʚʥʠʡ ʚʧʣʠʚ ʚ ʧʨʦʮʝʩ̔ ʨʝʘʢʮ̔ʾ. 

ɽʥʪʘʣʧɹ̔ ʷ ʩʦʣɹʚʘʪʘʮ̔ʾ ʤʘ̒ ʟʥʘʯʝʥʥ̫, ʢ̫ʝ ʥʘʙʣʠʞʘ̒ ʪʩɹ̫ ʜʦ ʝʥʝʨʛ̔ʡ 

ʫʪʚʦʨʝʥʥ̫ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚ' ʟ̫ʢ̔ʚ (25-100 ʢʢʘʣ/ʤʦʣɹ), ʦɦ ʚʠʤʘʛʘ̒ ʚʚʘʞʘʪʠ 

ʨʦʟʯʠʥʥʠʢ ʫʯʘʩʥʠʢʦʤ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʨ̔ʚʥ̫ʥʥ̔ ʨʝʘʢʮ̔ ʾ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʚʠʜ̔ʣʝʥʥ̫ ʙʘʛʘʪɹʦʭ ʩʦʣɹʚʘʪ̔ʚ (ʛ̔ʜʨʘʪʠ, ʘʣʢʦʛʦʣ̫ʪʠ, 

ʘʤ̔ʘʢʘʪʠ) ʚ ʙ̔ʣɹ ʰʦʩʪ̔ ʩʚʦʾʡ ʜʣ̫ ʥʝʦʨʛʘʥ̔ ʯʥʠʭ ʩʫʙʩʪʨʘʪ̔ʚ. ʉʦʣʚɹʘʪʘʮ̔ ʷ ʤ̔ʩʪʠʪɹ 

ʨ̔ʟʥ̔ ʩʠʣʠ ʚʟʘ̒ ʤʦʜ̔ʡ, ʛʦʣʦʚʥʠʤʠ ʟ ʢ̫ʠʭ  ̒ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥ̔ ʩʠʣʠ. 

ʈʦʟʨ̔ʟʥʶʁʪɹ ʜʚ̔ ʛʨʫʧʠ ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥʠʭ ʩʠʣ. ɼʦ ʧʝʨh ʦʾ ʚ̔ʜʥʦʩ̫ʪɹ 

ʦʨ̔̒ʥʪʘʮ̔ʡʥ̔, ʥ̔ʜʫʢʮ̔ʡʥ̔ ʪʘ ʜʠʩʧʝʨʩ̔ʡʥ̔ ʩʠʣʠ, ʢ̫̔ ʥʝ  ̒ ʩʧʝʮʠʬ̔ ʯʥʠʤʠ  ̔ ʥʘ-

ʩʠʯʝʥʠʤʠ (ʧʦʜ̔ʙʥ̔ ʩʠʣʘʤ ʢʫʣʦʥ̔ʚʩɹʢʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ʤ̔ʞ ʦ̔ʥʘʤʠ). ɼʦ ʜʨʫʛʦʾ 

ʛʨʫʧʠ ʥʘʣʝʞʘʪɹ ʩʠʣʠ, ʢ̫̔ ʧʦʨʦʜʞʫʁʪ ɹ ʫʪʚʦʨʝʥʥ̫ ʛ̔ ʜʨʦʛʝʥʥʠʭ ʟʚ' ʟ̫ʢʽʚ ʪʘ ʟ 

ʧʝʨʝʥʝʩʝʥʥ̫ʤ ʟʘʨ̫ʜʫ, ʷʢ̔ ʚ ʢ̫ʦʩʪ̔ ʩʧʨ̫ʤʦʚʘʥʠʭ, ʩʧʝʮʠʬ̔ʯʥʠʭ ʪʘ ʥʘʩʠʯʝʥʠʭ ʩʠʣ 

ʤʦʞʫʪɹ ʧʨʠʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥ̫ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʭ ʤʦʣʝʢʫʣ̫ʨʥʠʭ ʩʧʦʣʫʢ. 

ʉʘʤʝ ʮ̫ ʛʨʫʧʘ ʩʠʣ ʤʘ̒ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ. 

 

2.2.1 ʋʪʚʦʨʝʥʥ̫ ʛ̔ʜʨʦʛʝʥʥʠʭ ʟʚ' ʟ̫ʢ̔ʚ 

ʉʧʦʣʫʢʠ ʟ ʛ̔ ʜʨʦʢʩʠʣʴʥʦʁ  ʘʙʦ ʥ̔h ʠʤʠ ʛʨʫʧʘʤʠ, ʚ ʢ̫ʠʭ ʘʪʦʤ ʛ̔ ʜʨʦʛʝʥʫ 

ʤʘ̒ ʟʚ' ʟ̫ʦʢ ʟ ʥʝʚʝʣʠʢʠʤ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʤ ʘʪʦʤʦʤ ʍ, ʟʘʟʚʠʯʘʡ ʩʠʣɹʥʦ 

ʘʩʦʮ̔ʡʦʚʘʥ̔. ʎʝʡ ʬʘʢʪ ʜʦʟʚʦʣ̫  ̒ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʪʘʢʠʭ ʩʧʦʣʫʢʘʭ ʜ̔ʁ ʪɹ  

ʦʩʦʙʣʠʚ̔ ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥ̔ ʩʠʣʠ ʟʘʚʜ̫ʢʠ ʢʦʦʨʜʠʥʘʮ̔ʡʥ̔ʡ ʜʚʦʭʚʘʣʝʥʪʥʦʩʪ̔ 

ʘʪʦʤʘ ʛ̔ʜʨʦʛʝʥʫ. ɽʥʝʨʛ̔ ʷ ʮʠʭ ʚʠʥʠʢʘʁʯʠʭ ʟʚ' ʟ̫ʢ̔ʚ ʤʘ̒ ʙ̔ʣʴhʝ ʟʥʘʯʝʥʥ̫   

(å 7 ʢʢʘʣ/ʤʦʣɹ) ʥ̔ʞ ʥʝʩʧʝʮʠʬ̔ ʯʥʠʭ ʤ̔ʞʤʦʣʝʢʫʣ̫ʨʥʠʭ ʚʟʘ̒ ʤʦʜ̔ʡ. 
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ʄʞ̔ʤʦʣʝʢʫʣ̫ʨʥ̔  ̔ ʚʥʫʪʨʠʥhɹʦʤʦʣʝʢʫʣ̫ʨʥ̔ ʛ̔ʜʨʦʛʝʥʥ̔ ʟʚ' ʟ̫ʢʠ 

ʚʠʥʠʢʘʁʪɹ ʧʨʠ ʚʟʘ̒ʤʦʜ̔ ʾ ʯʘʩʪʦʢ ʍïʅ ʪʘ :Y. ɻʨʫʧʘ ʍïʅ ʥʘʜʘ̒ ʧʨʦʪʦʥ ʜʣ̫ 

ʫʪʚʦʨʝʥʥ ̫ ʛ̔ ʜʨʦʛʝʥʥʦʛʦ ʟʚ' ʟ̫ʢʫ  ̔ ʪʦʤʫ ʥʘʟʠʚʘ̒ʪʩɹ̫ ʧʨʦʪʦʥʦʜʦʥʦʨʥʦʁ , ʘ 

ʯʘʩʪʢʘ: Y ʚ ʢ̫ʦʩʪ̔ ʜʦʥʦʨʘ ʝʣʝʢʪʨʦʥ̔ʚ ʤ̔ʩʪʢʦʚʦʾ ʧʘʨʠ ʥʘʜʘ̒ ʥʝʧʦʜ̔ʣʝʥʫ ʧʘʨʫ 

ʝʣʝʢʪʨʦʥ̔ʚ. ɿ ʮʦɹʛʦ ʧʦʛʣ̫ʜʫ ʛ̔ ʜʨʦʛʝʥʥʠʡ ʟʚ' ʟ̫ʦʢ ʤʦʞʥʘ ʫ̫ʚʠʪʠ ʷʢ ʧʝʨh ʠʡ 

ʝʪʘʧ ʢʠʩʣʦʪʥʦʦʩʥʦʚʥʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ ʧʦ ɹʨʝʥʩʪʝʜʫ 
 

ʍïʅ + :Y Ҏ ʍïʅ. . . Y                                                 (2.4) 
 

ɺʘʞʣʠʚʠʤʠ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ ʘʪʦʤʘʤʠ (:Y)  ̒ ʘʪʦʤʠ ʢʠʩʥʁ  ʚ 

ʩʧʠʨʪʘʭ, ʝʬ̔ʨʘʭ, ʢʘʨʙʦʥ̔ʣʥɹʠʭ ʩʧʦʣʫʢʘʭ, ʘʪʦʤʠ ʘʟʦʪʫ ʚ ʪʨʝʪʠʥʥʠʭ ʘʤ̔ʥʘʭ ʪʘ   

N-ʛʝʪʝʨʦʮʠʢʣʘʭ. ɼʦ ʧʨʦʪʦʥʦʜʦʥʦʨʥʠʭ ʛʨʫʧ ʥʘʣʝʞʘʪ ɹʦʢʩʠ-, ʘʤ̔ʥʦ-, ʢʘʨʙʦʢʩʠ-  ̔

ʘʤ̔ʜʥʘ ʛʨʫʧʠ. ʈʦʟʯʠʥʥʠʢʠ, ʢ̫̔ ʤ̔ʩʪ̫ʪɹ ʧʦʜ̔ʙʥ̔ ʧʨʦʪʦʥʦʜʦʥʦʨʥ̔ ʛʨʫʧʠ, 

ʥʘʟʠʚʘʁʪɹ ʧʨʦʪʦʥʥʠʤʠ, ʘ ʙʝʟ ʪʘʢʠʭ ï ʘʧʨʦʪʦʥʥʠʤʠ. ʄʮ̔ʥ̔ ʛ̔ ʜʨʦʛʝʥʥ̔ ʟʚô̫ʟʢʠ 

ʤʘʁʪɹ ʤ̔ʩʮʝ ʚ ʫʛʨʫʧʦʚʘʥʥ̫ʭ ʆïʅ . . . ʆ; ʆïʅ . . . N  ̔Nïʅ . . . ʆ (ʩʧʠʨʪʠ, 

ʢʘʨʙʦʥʦʚ̔ ʢʠʩʣʦʪʠ, ʘʤ̔ʜʠ ʢʠʩʣʦʪ), ʤʝʥh  ʤ̔ʮʥʠʤʠ  ̒ NïH . . . N  ̔ ʩʣʘʙʢ̔ ʚ 
Cl2ʉïʅ . . . ʆ ʪʘ Cl2ʉïʅ . . . N . ɺ ʨʦʣ̔ ʩʣʘʙʢʠʭ ʘʢʮʝʧʪʦʨ̔ʚ ʛ̔ ʜʨʦʛʝʥʥʠʭ 

ʤ̔ʩʪʢ̔ʚ ʤʦʞʫʪɹ ʙʫʪʠ ḯʝʣʝʢʪʨʦʥʥ̔ ʩʠʩʪʝʤʠ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ, ʦʣʝʬ̔ʥ̔ʚ ʘʙʦ 

ʘʮʝʪʠʣʝʥ̔ʚ. 
 
2.2.2 ɺʟʘ̒ʤʦʜ̫̔  ʟ ʧʝʨʝʥʦʩʦʤ ʟʘʨʜ̫ʫ 

ʇʨʠ ʟʤ̔ ʫhʚʘʥʥ̔ ʨʦʟʯʠʥ̔ʚ ʭʣʦʨʘʥ̔ʣʫ (ʞʦʚʪʠʡ)  ̔ ʛʝʢʩʘʤʝʪʠʣʙʝʥʟʝʥʫ 

(ʙʝʟʙʘʨʚʥʠʡ) ʫ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʤʫ ʚʫʛʣʝʮ̔ ʚʠʥʠʢʘ̒ ʥ̔ʪʝʥʩʠʚʥʝ ʯʝʨʚʦʥʝ 

ʟʘʙʘʨʚʣʝʥʥ̫ ʚʥʘʩʣ̔ ʜʦʢ ʫʪʚʦʨʝʥʥ̫ ʢʦʤʧʣʝʢʩʫ, ʜʝ ʦʜʠʥ ʨʝʘʛʝʥʪ  ̒ ʝʣʝʢʪʨʦʥʦ-

ʜʦʥʦʨʥʦʁ  ʤʦʣʝʢʫʣʦʁ  ɼ, ʘ ʜʨʫʛʠʡ ï ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʁ  ɸ. ʊʘʢ̔ ʩʠʣʠ 

ʚʠʥʠʢʘʁʪɹ ʰʣ̫ʭʦʤ ʚʟʘ̒ʤʦʜ̔ ʾ ʤ̔ʞ ʜʦʥʦʨʦʤ ʝʣʝʢʪʨʦʥ̔ʚ ʟ ʥʠʟɹʢʦʁ  ʝʥʝʨʛ̔̒  ʁ

ʦ̔ʥ̔ʟʘʮ̔ʾ  ̔ ʘʢʮʝʧʪʦʨʦʤ ʝʣʝʢʪʨʦʥ̔ʚ ʟ ʚʝʣʠʢʦʁ  ʪ̫ʛʦ  ʁ ʜʦ ʝʣʝʢʪʨʦʥ̔ʚ. 

ʆʩʥʦʚʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʩʪʘʥ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʯʝʨʝʟ ʥʘʢʣʘʜʘʥʥ̫ ʜʚʦʭ ʛʨʘʥʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ (ʘ)  ̔ (ʙ), ʘ ʩʪʘʥ ʟʙʫʜʞʝʥʥ̫ ʥʘʢʣʘʜʘʥʥ̫ʤ ʩʪʨʫʢʪʫʨ (ʚ)  ̔ (ʛ) 

(ʧʝʨʝʚʘʞʥ̔ ʩʪʨʫʢʪʫʨʠ ʧ̔ʜʢʨʝʩʣʝʥ̔): 
 

ɼ + ɸ Ҏ (ɼ. . . ɸ ź ɼ+ . . .ɸï) Ÿ (ɼ. . . ɸ ź ɼ+ . . .ɸï) (2.5) 

ʘ                  ʙ           ʚ                ʛ 

ɯʦʥʥʘ ʧʝʨʝʚʘʞʥʘ ʩʪʨʫʢʪʫʨʘ (ʙ) ʤʘ̒ ʚ̔ʜʥʦʩʥʦ ʙʣ̔ʴhʠʡ ʟʘʧʘʩ ʝʥʝʨʛ̔ ʾ  ̔

ʧʨʠʡʤʘ̒ ʫʯʘʩʪɹ ʚ ʤʝʟʦʤʝʨʥʦʤʫ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥ̔ ʫ ʥʝʟʥʘʯʥ̔ʡ ʩʪʫʧʝʥ̔, ʘʣʝ 

ʮɹʦʛʦ ʜʦʩʪʘʪʥɹʦ, ʘʙʠ ʚʠʢʣʠʢʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʚ̔ʜʥʦʩʥʦ ʥʝʩʧʝʮʠʬ̔ʯʥʠʭ ʩʠʣ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʩɹʘ, ʟʚ' ʟ̫ʦʢ ʟ ʝʥʝʨʛ̔̒ ʶ ʙʣʠʟʢɹʦ ʜʝʢ̔ʣʢɹʘ ʢʢʘʣ/ʤʦʣɹ. 

ɿʘʣʝʞʥʦ ʚ̔ʜ ʪʦʛʦ ʢʦʤʫ ʥʘʣʝʞʘʚ ʝʣʝʢʪʨʦʥ ʜʦʥʦʨʘ (ʟʘʤʢʥʫʪʘ             

-́ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ, ʥʝʧʦʜ̔ʣʝʥʘ ʧʘʨʘ ʝʣʝʢʪʨʦʥ̔ʚ ʯʠ ʝʣʝʢʪʨʦʥʠ 

ʧʦʣ̫ʨʥʦʛʦ ů-ʟʚ' ʟ̫ʢʫ) ʨʦʟʨ̔ʟʥʶʁʪɹ -́, ʧ- ʪʘ ů-ʜʦʥʦʨʠ. ʉʝʨʝʜ ʨʦʟʯʠʥʥʠʢ̔ʚ 

ʘʨʦʤʘʪʠʯʥ̔ ʪʘ ʦʣʝʬ̔ʥʦʚ̔ ʚʫʛʣʝʚʦʜʥ̔ ʚ̔ʜʥʦʩ̫ʪɹ ʜʦ ḯʜʦʥʦʨ̔ʚ, ʩʧʠʨʪʠ, ʘʤ̔ʥʠ, 

ʘʤ̔ʜʠ ʢʠʩʣʦʪ, ʝʬ̔ʨʠ, ʢʝʪʦʥʠ, ʩʫʣʬɹʦʢʩʠʜʠ ï ʜʦ ʧ-ʜʦʥʦʨ̔ʚ, ʘ ʘʣʢ̔ʣʛʘʣʦʛʝʥ̔ʜʠ ï 
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ʜʦ ů- ʜʦʥʦʨ̔ʚ. 

ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥ̫ ʜʣ̫ ʩʦʣɹʚʘʪʘʮ̔ ʾ ʤʘʁʪɹ ʧ-ʜʦʥʦʨʥ̔ ʨʦʟʯʠʥʥʠʢʠ, ʢ̫̔ 

ʟʘ ʨʘʭʫʥʦʢ ʥʝʧʦʜ̔ʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥ̔ʚ ʚʦʣʦʜ̔ʁ ʪɹ ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ 

(ʜʠʤʝʪʠʣʩʫʣɹ ʬʦʢʩʠʜ, ʜʠʤʝʪʠʣʬʦʨʤʘʤ̔ʜ, ʘʮʝʪʦʥ, ʚʦʜʘ, ʤʝʪʘʥʦʣ, ʧ̔ʨʠʜʠʥ). 

ɺʦʥʠ ʚ̔ʜʤ̔ʥʥʦ ʩʦʣɹʚʘʪʫʁ ʪɹ ʢʘʪ̔ʦʥʠ  ̔ʜʦʙʨʝ ʨʦʟʯʠʥʶʁʪɹ ʥʝʦʨʛʘʥ̔ ʯʥ̔ ʩʦʣ̔, ʟʘ 

ʱʦ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʢʦʦʨʜʠʥʫʁʯ̔ ʨʦʟʯʠʥʥʠʢʠ ʥʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ ʥʝʢʦʦʨʜʠʥʫʁʯʠʭ, 

ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪɹ ʥʘʩʠʯʝʥ̔ ʚʫʛʣʝʚʦʜʥ̔ ʪʘ ʭʣʦʨʧʦʭ̔ʜʥ̔ ʚʫʛʣʝʚʦʜʥ̔. 
 

2.3 ɺʧʣʠʚ ʨʦʟʯʠʥʥʠʢ̔ʚ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʛʦʤʦʛʝʥʥʠʭ ʭ̔ʤ̔ʯʥʠʭ 

ʨʝʘʢʮ̔ʡ 

ɿʘʤ̔ʥʘ ʨʦʟʯʠʥʥʠʢʘ ʚ ʨʝʘʢʮ̔ʡʥ̔ʡ ʩʠʩʪʝʤ̔ ʤʦʞʝ ʟʥʘʯʥʦ ʚʧʣʠʥʫʪʠ ʥʘ 

ʚhʠʜʢ̔ʩʪɹ  ̔ ʧʦʨ̫ʜʦʢ ʛʦʤʦʛʝʥʥʦʾ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ. ʊʘʢʠʡ ʚʧʣʠʚ ʩʝʨʝʜʦʚʠ ʘɦ 

ʦʮ̔ʥʁ ʪʁ ɹ ʚ ʜʚʦʭ ʘʩʧʝʢʪʘʭ: ʧʦʨ̔ʚʥʁ ʪʁɹ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ ʚ ʛʘʟʦʚ̔ʡ ʪʘ ʚ 

ʨ̔ʜʢ̔ʡ ʬʘʟʘʭ; ʧʦʨ̔ʚʥʶʁʪɹ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ ʚ ʨ̔ʜʢ̔ʡ ʬʘʟ̔, ʘʣʝ ʨ̔ʟʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ. ɺʨʘʭʦʚʫʁʯʠ ʩʧʝʮʠʬ̔ʢʫ ʛʘʟʦʬʘʟʥʠʭ ʨʝʘʢʮ̔ʡ, ʢʦʨʠʩʪʫʁ ʪɹʩ̫ 

ʯʘʩʪ̔h ʝ ʩʘʤʝ ʜʨʫʛʠʤ ʘʩʧʝʢʪʦʤ. 
ʂʣʘʩʠʯʥʘ ʪʝʦʨ̔ ʷ ʢ̔ʥʝʪʠʢʠ ʭ̔ʤ̔ ʯʥʠʭ ʨʝʘʢʮ̔ʡ ɸʨʝʥ̔ʫʩʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʫ̫ʚ̔, ʱʦ ʚʠʭ̔ʜʥ̔ ʩʧʦʣʫʢʠ ʧʦʚʠʥʥ̔ ʧʦʜʦʣʘʪʠ ʧʝʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ 
(ʝʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ), ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠʩ̫ ʚ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮ̔ ʾ ʯʝʨʝʟ ʧʨʦʤ̔ʞʥʠʡ 

ʘʢʪʠʚʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ (ɸɺ#). ɺ ʨʦʟʯʠʥʘʭ ʢ̫ ʚʠʭ̔ʜʥ̔ ʩʧʦʣʫʢʠ, ʪʘʢ  ̔
ʘʢʪʠʚʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʩʪʘʙ̔ʣ̔ʟʦʚʘʥ̔ ʚ ʨ̔ʟʥʦʤʫ ʩʪʫʧʝʥ̔ ʟʘʣʝʞʥʦ ʚ̔ʜ 
ʩʦʣɹʚʘʪʫʁʯʦʾ ʟʜʘʪʥʦʩʪ̔ ʨʦʟʯʠʥʥʠʢʘ, ʧʨʠ ʮʦɹʤʫ ʩʦʣʚɹʘʪʘʮ̔ ʷ ʤʦʞʝ ʷʢ 
ʟʘʛʘʣɹʤʫʚʘʪʠ, ʪʘʢ  ̔ ʧʨʠʩʢʦʨʠʪʠ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ, ʢ̫ʘ ʙʫʜʝ 
ʨʦʟʨʘʭʦʚʫʚʘʪʠʩ̫ ʨ̔ʟʥʠʮʝʁ  ʝʥʪʘʣʧɹ̔ʡ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ ʪʘ 
ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʙʣʝʤʘ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢʘ 
ʟʚʦʜʠʪɹʩ̫ ʜʦ ʚʠʟʥʘʯʝʥʥ̫ ʚ̔ʣʥɹʠʭ ʝʥʪʘʣʧɹ̔ʡ ʩʦʣɹʚʘʪʘʮ̔ʾ. 

ʆʩʢ̔ʣʢɹʠ ʚhʠʜʢʦʩʪ̔ ʨʘʜʠʢʘʣʥɹʠʭ (ʛʦʤʦʣ̔ʪʠʯʥʠʭ) ʨʝʘʢʮ̔ʡ ʟʥʘʯʥʦ 

ʤʝʥh  ʯʫʡʥ̔ ʜʦ ʟʤ̔ʥʠ ʧʦʣ̫ʨʥʦʩʪ̔ ʨʦʟʯʠʥʥʠʢʘ, ʥ̔ʞ ʚhʠʜʢʦʩʪ̔ ʦ̔ʥʥʠʭ 

(ʛʝʪʝʨʦʣ̔ʪʠʯʥʠʭ) ʨʝʘʢʮ̔ʡ, ʪʦ ʙ̔ʣʴh̔ʩʪɹ ʜʦʩʣ̔ʜʞʝʥɹ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢ̔ʚ 

ʩʪʦʩʫ̒ʪʩɹ̫ ʩʘʤʝ ̔ ʦʥʥʠʭ ʨʝʘʢʮ̔ʡ. 
 

2.3.1 ʗʢ̔ʩʥʘ ʪʝʦʨ̫̔  ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢ̔ʚ ʍɹ ʟʁʘ ʪʘ ɯʥʛʦʣɹʜʘ 

ɼʦʩʣ̔ ʜʞʝʥʥ̫, ʢ̫̔ ʧʨʦʚʦʜʠʣʠʩɹ ʍɹ ʟʁʦʤ ʪʘ ɯʥʛʦʣɹʜʦʤ, ʟʜ̔ʡʩʥʁʚʘʣʠʩɹ 

ʥʘ ʧʨʠʢʣʘʜ̔ ʨʝʘʢʮ̔ʡ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʨ̫ʜʫ ʘʣ̔ʬʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚ̔ ʧʨʦʩʪʦʾ 

ʷʢ̔ʩʥʦʾ ʤʦʜʝʣ̔ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʯʠʩʪʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʚʟʘ̒ʤʦʜ̔ʾ. 

ɿʛ̔ ʜʥʦ ʮ̔̒  ʾʪʝʦʨ̔ ʾ ʪ̔ ʨʝʘʢʮ̔ʾ, ʧʨʠ ʢ̫ʠʭ ʚ ʧʝʨʝʭ̔ʜʥʦʤʫ ʩʪʘʥ̔ ʚʠʥʠʢʘʁʪɹ  

ʦ̔ʥʥ̔ ʟʘʨ̫ʜʠ ʘʙʦ ʩ̔ʥʫʁʯ̔ ʨʘʥ̔h ʝ ʢʦʥʮʝʥʪʨʫʁ ʪɹʩ̫ ʚ ʤʝʥ ʦhʤʫ ʦʙ' ʤ̒̔, 

ʧʨʠʩʢʦʨʁ ʪʁɹʩ̫ ʩʢʦʨ̔h ʝ ʚ ʙ̔ʣʴʰ ʧʦʣ̫ʨʥʦʤʫ ʩʝʨʝʜʦʚʠɦ ,̔ ʢ̫ʝ ʦʪʦʯʫ̒ 

ʨʝʘʛʝʥʪʠ ʪʘ ʘʢʪʠʚʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ. ɺ ʮʠʭ ʞʝ ʫʤʦʚʘʭ ʨʝʘʢʮ̔ʾ ʟʘʛʘʣɹ ʤʦʚʫʁ ʪɹʩ,̫ 

ʢ̫ɦ ʦ ʚ ʧʝʨʝʭ̔ʜʥʦʤʫ ʩʪʘʥ̔ ʦ̔ʥʥ̔ ʟʘʨ̫ʜʠ ʥʝʡʪʨʘʣ̔ʟʫʁʪɹʩ ̫ʘʙʦ ʨʦʟʧʦʜ̔ʣ̫ʶʪɹʩ̫ 

ʚ ʙ̔ʣʴhʦʤʫ ʦʙ' ʤ̒̔. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦ ʩʪʫʧ̔ʥ ɹʩʦʣɹʚʘʪʘʮ̔ʾ ʟʘʨ̫ʜʞʝʥʠʭ ʯʘʩʪʦʢ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫɦʝʥʥ̫: 
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- ʩʦʣʚɹʘʪʘʮ̔ ʷ ʟʨʦʩʪʘ̒ ʧʦ ʤ̔ʨ̔ ʟʙ̔ʣʴhʝʥʥ̫ ʟʘʨ̫ ʜʫ; 

- ʩʦʣʚɹʘʪʘʮ̔ ʷ ʟʤʝʥh ʫ̒ʪɹʩ̫ ʧʨʠ ʨʦʟʧʦʜ̔ʣ̔ ʟʘʨ̫ʜʫ ʚ ʙ̔ʣʴhʦʤʫ ʦʙ'ʤ̒̔; 

- ʟʤʝʥ ʝhʥʥ̫ ʩʦʣɹʚʘʪʘʮ̔ʾ ʚʥʘʩʣ̔ʜʦʢ ʨʦʟʧʦʜ̔ʣʫ ʟʘʨ̫ʜʫ ʤʝʥh ʝ, ʥ̔ʞ 

ʚʥʘʩʣ̔ʜʦʢ ʡʦʛʦ ʥʝʡʪʨʘʣ̔ʟʘʮ̔ʾ. 

ʅʘʧʨʠʢʣʘʜ, ʨʝʘʢʮ̔ ʷ ʤ̔ʞ ʜʚʦʤʘ ʦʜʥʦʡʤʝʥʥʠʤʠ ʟʘʨ̫ʜʞʝʥʠʤʠ 

ʦ̔ʥʘʤʠ ʧʦʪʨʝʙʫ̒ ʢʦʥʮʝʥʪʨʫʚʘʥʥ̫ ʜʚʦʭ (ʯʠ ʙ̔ʣʴhʝ) ʟʘʨ̫ʜ̔ʚ ʚ ʘʢʪʠʚʦʚʘʥʦʤʫ 

ʢʦʤʧʣʝʢʩ̔  ̔ ʧʨʠʩʢʦʨʁ ʪ̒ɹʩ̫ ʧʨʠ ʧ̔ʜʚʠɦ ʝʥʥ̔ ʧʦʣ̫ʨʥʦʩʪ̔ ʨʦʟʯʠʥʥʠʢʘ. ʈʝʘʢʮ̔ ʷ 

ʤ̔ʞ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨ̫ʜʞʝʥʠʤʠ ʦ̔ʥʘʤʠ ʙʫʜʝ ʧʨʦʪ̔ʢʘʪʠ ʧʦʚ̔ʣʥɹh̔ ʝ ʚ 

ʨʦʟʯʠʥʥʠʢʫ, ʢ̫ʠʡ ʢʨʘɦʝ ʩʦʣʚɹʘʪʫ̒ ʦ̔ʥʠ. ʈʝʘʢʮ̔ʾ, ʧʨʠ ʢ̫ʠʭ ʚ ʧʝʨʝʭ̔ ʜʥʦʤʫ 

ʩʪʘʥ̔ ʚʠʥʠʢʘʁʪɹ ʘʙʦ ʟʥʠʢʘʁʪɹ ʦ̔ʥʥ̔ ʟʘʨ̫ʜʠ, ʧʦʚʠʥʥ̔ ʟʥʘʯʥʦ ʩʠʣʥɹh̔ ʝ 

ʟʘʣʝʞʘʪʠ ʚ̔ʜ ʧʦʣ̫ʨʥʦʩʪ̔ ʨʦʟʯʠʥʥʠʢʘ, ʥ̔ʞ ʨʝʘʢʮ̔ʾ, ʧʨʠ ʢ̫ʠʭ ʚ ʧʨʦʮʝʩʽ 

ʘʢʪʠʚʘʮ̔ ʾ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʣʠ ʝh ʨʦʟʧʦʜ̔ʣ ʟʘʨ̫ʜ̔ʚ. 

ɺ̔ʜʧʦʚ̔ ʜʥʦ ʟ ʮʠʤ, ʧʠʪʦʤʘ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʡ ʟʘʤ̔ ʝɦʥʥ̫, ʚ 

ʘʢʪʠʚʦʚʘʥʦʤʫ ʢʦʤʧʣʝʢʩ̔ ʢ̫ʠʭ ʚʠʥʠʢʘʁʪɹ ʘʙʦ ʟʥʠʢʘʁʪɹ ʟʘʨ̫ ʜʠ, ʟʤ̔ʥʶ̒ ʪʩɹ̫ 

ʚ̔ʜ 3 ʜʦ 6 ʧʦʨ̫ʜʢ̔ʚ ʧʨʠ ʧʝʨʝʭʦʜ̔ ʚ̔ʜ ʚʦʜʠ ʜʦ ʙʝʟʚʦʜʥʦʛʦ ʝʪʘʥʦʣʫ. ʅʘʚʧʘʢʠ, 

ʨʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ ʝʪʘʥʦʣ̔ ʧʨʦʪ̔ʢʘʁʪ ɹ ʣʠh ʝ ʚ 3-10 ʨʘʟ̔ʚ 

ʰʚʠʜh ʝ, ʥ̔ʞ ʫ ʚʦʜ̔, ʜʝ ʧʨʠ ʘʢʪʠʚʘʮ̔ ʾ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʣʠh ʝ "ʨʦʟʤʘʟʫʚʘʥʥ̫" 

ʟʘʨ̫ ʜʫ. ʋ ʟʚ' ʟ̫ʢʫ ʟ ʮʠʤ, ʜʣ̫ ʦʮ̔ʥ ʚʁʘʥʥ̫ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢʘ ʚʘʞʣʠʚʦ ʟʥʘʪʠ 

ʜʦ ʢ̫ʦʛʦ ʟʘʨ̫ʜʥʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪɹ ʨʝʘʛʝʥʪʠ ʨʝʘʢʮ̔ʾ. ɿʘ ʜʦʧʦʤʦʛʦ  ʁ

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʘʚʠʣ ʤʦʞʣʠʚʦ ʷʢ̔ʩʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʘ ʜʣ̫ 

ʚʩ̔ʭ ʛʝʪʝʨʦʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ ʟ ʚ̔ʜʦʤʠʤ ʤʝʭʘʥ̔ʟʤʦʤ. ɼʣ̫ ʥʫʢʣʝʦʬ̔ʣɹʥʠʭ 

ʨʝʘʢʮ̔ʡ ʟʘʤ̔ ʝɦʥʥ̫ ʪʠʧʫ 

 
ʨʝʟʫʣɹʪʘʪʠ ʧʝʨʝʜʙʘʯʝʥʥ̫ ʙʫʣʠ ʜʦʚʝʜʝʥ̔ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥ̔ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʣh̫ʭʦʤ. 

ʂʨ̔ʤ ʪʦʛʦ, ʟʘʤ̔ʥʘ ʨʦʟʯʠʥʥʠʢʘ ʤʦʞʝ ʩʧʨʠ̫ʪʠ ʟʤ̔ʥ̔ ʤʝʭʘʥ̔ʟʤʫ 

ʨʝʘʢʮ̔ ʾ. ʊʘʢ ʜʝ̫ʢ̔ ʨʝʘʢʮ̔ ʾ ʪʨʝʪ-ʙʫʪʠʣʛʘʣʦʛʝʥ̔ ʜʽʚ ʫ ʚʦʜʥʦʤʫ ʝʪʘʥʦʣ̔ ʤʘʁ ʪɹ 

ʤʝʭʘʥ̔ʟʤ SN1, ʪʦʜ̔ ʷʢ ʚ ʘʮʝʪʦʥ̔ ʚ̔ʥ ʟʤ̔ʥʁ ʪ̒ɹʩ̫ ʥʘ SN2. 

 

2.3.2 ʉʧʝʮʠʬ̔ʯʥ̔ ʩʦʣɹʚʘʪʘʮ̔ʡʥ̔ ʝʬʝʢʪʠ 

2.3.2.1 ʉʧʝʮʠʬ̔ʯʥ̔ ʩʦʣɹʚʘʪʘʮ̔ʡʥ̔ ʝʬʝʢʪʠ ʩʫʪʪ̒ʚʦ ʚʧʣʠʚʘʁ ʪɹ 
ʥʘ ʤʝʭʘʥ̔ʟʤ ʨʝʘʢʮ̔ʡ. 

ʇʨʠʩʢʦʨʝʥʥ̫ SN-ʨʝʘʢʮ̔ʡ ʚʥʘʩʣ̔ ʜʦʢ ʩʧʝʮʠʬ̔ʯʥʦʾ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʘʥ̔ʦʥʘ 
ɼʣ̫ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʩʦʣɹʚʘʪʘʮ̔ ʷ ʘʥ̔ʦʥʘ, ʱʦ 
ʚ̔ʜɦ ʝʧʣʁ ʪ̒ɹʩ̫ ʚ̔ʜ ʩʫʙʩʪʨʘʪʫ. ʎ̫  ʩʦʣʚɹʘʪʘʮ̔ ʷ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʧʝʨʝʚʘʞʥʦ ʟʘ 
ʜʦʧʦʤʦʛʦʁ  ʛ̔ ʜʨʦʛʝʥʥʠʭ ʤ̔ʩʪʢ̔ʚ ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʫʪʚʦʨʝʥʥ̫ ʘʢʪʠʚʦʚʘʥʠʭ 
ʢʦʤʧʣʝʢʩ̔ʚ, ʫ ʢ̫ʠʭ ʥʝʦʙʭ̔ ʜʥʘ ʜʣ̫ ʜʠʩʦʮ̔ʘʮ̔ ʾ ʟʚ' ʟ̫ʢʫ RïX ʝʥʝʨʛ̔ ʷ ʟʥʠʞʫ̒ʪɹʩ̫ 
ʥʘ ʚʝʣʠʯʠʥʫ ʚʟʘ̒ʤʦʜ̔ ʾ ʍ . . . ʅ 
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ʇʨʦʪʦʥʥ̔ ʨʦʟʯʠʥʥʠʢʠ ʅïL ʤʘʁʪɹ ʩʠʣɹʥʠʡ ʧʨʠʩʢʦʨʁ ʯʁʠʡ ʚʧʣʠʚ 

ʦʩʦʙʣʠʚʦ ʥʘ SN1-ʨʝʘʢʮ̔ʾ. ʋ ʚʠʧʘʜʢʫ SN2-ʨʝʘʢʮ̔ ʾ ʧʨʦʪʦʥʥʠʡ ʨʦʟʯʠʥʥʠʢ ʟʥʘʯʥʦʁ  
ʤ̔ʨʦʁ  ʩʦʣʚɹʘʪʫ̒ ʪʘʢʦʞ ʘʪʘʢʫʁʯʠʡ ʘʥ̔ʦʥ Y , ʟʤʝʥh ʫ̫ ʪʠʤ ʩʘʤʠʤ ʡʦʛʦ 
ʥʫʢʣʝʦʬ̔ʣʥɹʫ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪ.ɹ ʊʦʤʫ ʩʦʣʚɹʘʪʘʮ̔ ʷ ʘʥ̔ʦʥ̔ʚ ʯʝʨʝʟ 
ʫʪʚʦʨʝʥʥ̫ ʛ̔ ʜʨʦʛʝʥʥʠʭ ʤ̔ʩʪʢ̔ʚ ʯʘʩʪ̔h ʝ  ̒ ʛʘʣɹʤʫʁʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣ̫ SN2-
ʨʝʘʢʮ̔ʡ. ɿ ʪ̔̒  ʾ ʞ ʧʨʠʯʠʥʠ SN-ʨʝʘʢʮ̔ ʾ ʘʣʢ̔ʣʛʘʣʦʛʝʥ̔ʜ̔ʚ ʪʘ ʝʬ̔ʨ̔ʚ 
ʩʫʣʬɹʦʢʠʩʣʦʪ ʧʨʦʚʦʜ̫ʪɹ ʧʝʨʝʚʘʞʥʦ ʫ ʚʦʜ̔, ʩʧʠʨʪʘʭ ʘʙʦ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪʘʭ. 

ɿʘʟʚʠʯʘʡ ʧʨʦʪʦʥʥʠʡ ʨʦʟʯʠʥʥʠʢ ʧʨʠʩʫʪʥ̔ʡ ʫ ʚʝʣʠʢʦʤʫ ʥʘʜʣʠ ʢhʫ  ̔

ʡʦʛʦ ʫʯʘʩʪɹ ʚ ʨʝʘʢʮ̔ʾ ʩʢʣʘʜʥʦ ʚʠ̫ʚʠʪʠ ʢ̔ʥʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʘʢ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥ̔ ʨʝʘʢʮ̔ ʾ ʫ ʚ̔ʜʥʦʩʥʦ ʥ̔ʝʨʪʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ʉʉl4) ʣʝʛʢʦ ʤʦʞʥʘ 

ʧʦʤ̔ʯʘʪʠ ʝʬʝʢʪ, ʢ̫ʠʡ ʚʠʢʣʠʢʘ̒ ʜʦʙʘʚʢʘ ʥʝʚʝʣʠʢʦʾ ʢʣ̔ʢɹʦʩʪ̔ ʧʨʦʪʦʥʥʦʛʦ 

ʨʦʟʯʠʥʥʠʢʘ, ʧʨʠ ʮɹʦʤʫ ʧʨʠʩʢʦʨʝʥʥ̫ ʩʠʣʥɹh̔ ʝ ʫ ʚʠʧʘʜʢʫ ʙ̔ʣʴʰ ʢʠʩʣʦʾ 

ʧʨʦʪʦʥʥʦʾ ʢʠʩʣʦʪʠ. ʊʘʢ ʤʫʨʘhʠʥʘ ʢʠʩʣʦʪʘ ʩʦʣɹʚʘʪʫ̒ ʘʥ̔ʦʥ ʢʨʘɦʝ, ʥ̔ʞ 

ʬʝʥʦʣ, ʘ ʪʦʡ ʚ ʩʚʦʁ  ʯʝʨʛʫ ʢʨʘɦʝ, ʥ̔ʞ ʝʪʘʥʦʣ. ɿʤ̔ ʝɦʥʥ̫ ʝʣʝʢʪʨʦʥ̔ʚ     

ů-ʟʚ' ʟ̫ʢʫ ʚ ʩʪʦʨʦʥʫ ʟʘʤ̔ʩʥʠʢʘ ʍ, ʱʦ ʚʠʢʣʠʢʘʥʝ ʤʫʨʘhʠʥʦ  ʁʢʠʩʣʦʪʦʁ , ʤʦʞʝ 

ʜʦʩ̫ʛʥʫʪʠ ʪʘʢʦʛʦ ʩʪʫʧʝʥ ,ʁ ʦɦ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʘ ʨʝʘʢʮ̔ ʷ ʫ ʤʝʥh  

ʩʦʣɹʚʘʪʫʁʯʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ʙʝʟʚʦʜʥʠʡ ʝʪʘʥʦʣ) ʩʪʘʥʝ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʦʁ  ʫ 

ʙʝʟʚʦʜʥ̔ʡ ʤʫʨʘhʠʥ̔ʡ ʢʠʩʣʦʪ̔. ʄʦʣʝʢʫʣʠ ʧʨʦʪʦʥʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʯʠʥ̫ʪɹ ʥʘ 

ʫʪʚʦʨʝʥʠʡ ʘʥ̔ʦʥ "ʝʣʝʢʪʨʦʬ̔ʣʴʥʫ ʧʨʠʪ̫ʛʘʁʯʫ ʜʽʁ" ʧʦʜ̔ʙʥʫ ʢʘʪʘʣ̔ʪʠʯʥ̔ʡ ʜ̔ʾ 

ʦ̔ʥ̔ʚ ʚʘʞʢʠʭ ʤʝʪʘʣ̔ʚ (Ag+, Hg+) ʫ ʥʫʢʣʝʦʬ̔ʣʥɹʠʭ ʨʝʘʢʮ̫̔ ʭ ʟʘʤ̔ ʝɦʥʥ̫ ʘʣʢʣ̔-

ʛʘʣʦʛʝʥ̔ ʜʽʚ. 

ʎʝ ʫʟʛʦʜʞʫ̒ʪʩɹ̫ ʟ ʪʠʤ, ʱʦ ʜʠʧʦʣ̫ʨʥ̔ ʘʧʨʦʪʦʥʥ̔ ʨʦʟʯʠʥʥʠʢʠ 
(ʜʠʤʝʪʠʬʦʨʤʘʤ̔ʜ, ʜʠʤʝʪʠʣʩʫʣɹʬʦʢʩʠʜ) ʥʝ ʜʠʚʣ̫ ʯʠʩɹ ʥʘ ʚʠʩʦʢ̔ ʟʥʘʯʝʥʥ̫ Ů 
(36,7; 48,9)  ̔ ʜʠʧʦʣɹ ʥʠʭ ʤʦʤʝʥʪ̔ʚ ʥʝ ʩʧʨʠ̫ ʪʁ ɹ ʥ̔ ʦ̔ʥ̔ʟʘʮ̔ ʾ ʘʣʢ̔ʣʛʘʣʦʛʝʥ̔ʜ̔ʚ, 

ʥ̔ SN1-ʨʝʘʢʮ̔ ʤ̫. ɼʠʧʦʣ̫ʨʥ̔ ʘʧʨʦʪʦʥʥ̔ ʨʦʟʯʠʥʥʠʢʠ ʥʝ ʤʦʞʫʪɹ ʫʪʚʦʨʁʚʘʪʠ 

ʛ̔ ʜʨʦʛʝʥʥʠʭ ʤ̔ʩʪʢ̔ʚ  ̔ʪʦʤʫ ʧʦʛʘʥʦ ʩʦʣʚɹʘʪʫʁ ʪɹ ʘʥ̔ʦʥʠ, ʱʦ ʚ̔ʜɦ ʝʧʣʁ ʪʁɹʩ̫. 
ʅʘ ʮ̔ʡ ʧ̔ʜʩʪʘʚ̔ ʬʦʨʤʫʣʁ ʪʁɹ ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢʘ ʟʘ 

ʨʘʭʫʥʦʢ ʛ̔ ʜʨʦʛʝʥʥʠʭ ʤ̔ʩʪʢ̔ʚ: ʨʝʘʢʮ̔ ʷ ʧʨʠʩʢʦʨʁ ʪ̒ɹʩ,̫ ʢ̫ɦ ʦ ʨʦʟʯʠʥʥʠʢ 
ʫʪʚʦʨʝʥʥ̫ʤ ʛ̔ ʜʨʦʛʝʥʥʠʭ ʟʚ' ʟ̫ʢ̔ʚ ʩʧʨʠ̫  ̒ʟʤ̔ ʝɦʥʥʁ  ʝʣʝʢʪʨʦʥ̔ʚ, ʦʜʥʘʢ ʨʝʘʢʮ̫̔  
ʫʧʦʚ̔ʣʴʥʁ̒ʪɹʩ̫, ʢ̫ɦ ʦ ʛ̔ ʜʨʦʛʝʥʥ̔ ʤ̔ʩʪʢ̔ ʘʙʦ ʥ̔ʰ̔ ʩʧʝʮʠʬ̔ ʯʥ̔ ʩʦʣɹʚʘʪʘʮ̔ʡʥ̔ 
ʝʬʝʢʪʠ ʙʣʦʢʫʁ ʪɹ ʘʢʪʠʚʥ̔ ʮʝʥʪʨʠ, ʱʦ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʚ ʨʝʘʢʮ̔ʾ. 

 
2.3.2.2 ɺʧʣʠʚ ʩʧʝʮʠʬ̔ʯʥʦʾ ʩʦʣɹʚʘʪʘʮ̔ ʾʥʘ ʥʫʢʣʝʦʬ̔ʣɹʥ̔ ʩʪɹ ʘʥ̔ʦʥ̔ʚ 

ɺ ʨʝʘʢʮ̫̔ ʭ ʥʫʢʣʝʦʬ̔ʣʥɹʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤ̔ʞ ʘʪʘʢʫʁʯʠʤ ʘʥ̔ʦʥʦʤ  ̔

ʩʫʙʩʪʨʘʪʦʤ ʚʠʥʠʢʘ̒ ʥʦʚʠʡ ʟʚ' ʟ̫ʦʢ. ʆʩʢ̔ʣʢɹʠ ʥʫʢʣʝʦʬ̔ʣʥɹʠʡ ʘʪʦʤ ʘʪʘʢʫ̒ 

ʩʚʦ̒  ʁʚ̔ʣʥɹʦʁ  ʧʘʨʦʁ  ʝʣʝʢʪʨʦʥ̔ʚ, ʪʦ ʙ̔ʣʴʰ ʩʠʣɹʥʠʤʠ ʥʫʢʣʝʦʬ̔ʣʘʤʠ ʧʦʚʠʥʥ̔ 

ʙʫʪʠ ʪ̔ ʨʝʘʛʝʥʪʠ, ʢ̫̔ ʜʦʩʠʪɹ ʣʝʛʢʦ ʥʘʜʘʁʪ ɹ ʩʚʦʾ ʝʣʝʢʪʨʦʥʠ ʜʣ̫ ʫʪʚʦʨʝʥʥ̫ 



74 

 
ʟʚ' ʟ̫ʢʫ. ʊʦʤʫ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʘʥ̔ʦʥʘ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ ʡʦʛʦ ʦʩʥʦʚʥ̔ʩʪ  ʁ ʪʘ 

ʧʦʣ̫ʨʠʟʫ̒ʤʦʩʪʁ , ʧʨʠ ʮʦɹʤʫ ʟʘʚʞʜʠ ʧʝʨʝʚʘʞʘ̒ ʣʠh ʝ ʦʜʥʘ ʚʣʘʩʪʠʚʩ̔ʪɹ. ʊʦʜ̔ 

ʢ̫ ʨʦʟʯʠʥʥʠʢ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘ̒ ʥʘ ʧʦʣ̫ʨʠʟʫ̒ ʤ̔ʩʪɹ, ʦʩʥʦʚʥ̔ʩʪɹ ʘʥ̔ʦʥʘ 

ʩʠʣʥɹʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ. 

ɺʨʘʭʦʚʫʁʯʠ, ʦɦ ʚ ʧʨʦʮʝʩ̔ ʘʢʪʠʚʘʮ̔ ʾ ʩʦʣʚɹʘʪʥʘ ʦʙʦʣʦʥʢʘ ʘʪʘʢʫʁʯʦʾ 

ʥʫʢʣʝʦʬ̔ʣʴʥʦʾ ʯʘʩʪʢʠ ʧʦʚʠʥʥʘ ʨʫʡʥʫʚʘʪʠʩ̫ (ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʫʪʚʦʨʝʥʥ̔ 

ʥʦʚʦʾ ʩʦʣʚɹʘʪʥʦʾ ʦʙʦʣʦʥʢʠ ʥʘʚʢʦʣʦ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ), ʪʦ ʝʥʝʨʛ̔ ʷ 

ʘʢʪʠʚʘʮ̔ ʾ ʧʨʠ ʟʘʤ̔ ʝɦʥʥ̔ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪ̔ʤ ʙ̔ʣʴhʦʁ , ʘ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ 

ʪʠʤ ʤʝʥ ʦhʁ , ʯ̔ʤ ʤ̔ʮʥ̔hʘ ʩʦʣʚɹʘʪʥʘ ʦʙʦʣʦʥʢʘ ʘʥ̔ʦʥʘ. ʄʘʣʦ ʩʦʣʚɹʘʪʦʚʘʥʠʡ 

ʘʥ̔ʦʥ ʙʫʜʝ ʤʘʪʠ ʚʠʱ̔ ʥʫʢʣʝʦʬ̔ʣʥɹ̔ʩʪɹ ʪʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪ.ɹ 

ɺ̔ʜʥʦʩʥ̔ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʘʥ̔ʦʥ̔ʚ ʨʦʟʯʠʥʥʠʢʫ ʤʦʞʥʘ ʨʦʟʧʦʜ̔ʣʠʪʠ ʟʛ̔ʜʥʦ 

ʇʘʨʢʝʨʫ ʥʘ ʧʨʦʪʦʥʥ̔  ̔ʜʠʧʦʣ̫ʨʥ̔ ʘʧʨʦʪʦʥʥ̔. ʇʨʦʪʦʥʥ̔ ʨʦʟʯʠʥʥʠʢʠ ʦʩʦʙʣʠʚʦ 

ʜʦʙʨʝ ʩʦʣɹʚʘʪʫʁ ʪɹ ʘʥ̔ʦʥʠ, ʙʦ ʟʜʘʪʥ̔ ʫʪʚʦʨʁʚʘʪʠ ʛ̔ʜʨʦʛʝʥʥ̔ ʤ̔ʩʪʢʠ. 

ɿʜʘʪʥ̔ʩʪɹ ʚʠʩʪʫʧʘʪʠ ʘʢʮʝʧʪʦʨʦʤ ʛ̔ʜʨʦʛʝʥʥʠʭ ʤ̔ʩʪʢ̔ʚ ʟʨʦʩʪʘ̒ ʧʦ ʤ̔ʨ̔ 

ʟʙ̔ʣʴhʝʥʥ̫ ʱ̔ʣʥɹʦʩʪ̔ (e/v) ʟʘʨ̫ ʜʘ ʘʥ̔ʦʥʘ, ʪʦʤʫ ʜʣ̫ ʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢ̔ʚ 

ʩʢʣʘʚʩ̫ ʨ̫ʜ ʧʦ ʟʤʝʥh ʝʥʥʁ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʪʘ ʟʙʣ̔ʴhʝʥʥʁ ʥʫʢʣʝʦʬ̔ʣʥɹʦʩʪ̔ 

ʘʥ̔ʦʥ̔ʚ: 

 

Fï> Clï> C6H5O
ï > Brï > HOï; CH3O

ï > N3
ï > SCNï > Iï > CNï > C6H5S

ï 

 

ɼʠʧʦʣ̫ʨʥ̔ ʘʧʨʦʪʦʥʥ̔ ʨʦʟʯʠʥʥʠʢʠ ʥʝ ʟʜʘʪʥ̔ ʙʫʪʠ ʜʦʥʦʨʘʤʠ ʛ̔ ʜʨʦʛʝʥʫ 

ʜʣ̫ ʫʪʚʦʨʝʥʥ̫ ʛ̔ʜʨʦʛʝʥʥʠʭ ʟʚ' ʟ̫ʢʚ̔  ̔ ʭʾ ʚʟʘ̒ʤʦʜ̔ ʷ ʟ ʘʥ̔ʦʥʘʤʠ ʚʠʢʣʠʢʘʥʘ 

ʣʠ ʝh ʦ̔ʥ̔ʟʫʁʯʠʤʠ ʩʠʣʘʤʠ, ʪʦʤʫ ʦʙ' ʤ̒ʥ̔ ʘʥ̔ʦʥʠ ʢʨʘɦʝ ʧʦʣ̫ʨʠʟʫʁ ʪʩɹ̫  ̔

ʥʘʚʝʜʝʥʠʡ ʨ̫ʜ ʚ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʤʘ̒ ʧʨʦʪʠʣʝʞʥʫ ʧʦʩʣ̔ʜʦʚʥ̔ʩʪɹ . 

ɺʪ̔ʤ ʜʦʜʘʪʦʢ ʥʘʚ̔ʪ ɹ ʥʝʚʝʣʠʢʦʾ ʢ̔ʣʢɹʦʩʪ̔ ʧʨʦʪʦʥʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʟʨʘʟʫ 

ʚ̔ ʜʥʦʚʠʪɹ ʧʝʨʚ̔ʩʥʫ ʧʦʩʣ̔ʜʦʚʥ̔ʩʪɹ . 
ʇ̔ ʜʚʠ ʝɦʥʘ ʩʦʣʚɹʘʪʘʮ̔ ʷ ʘʥ̔ʦʥ̔ʚ ʧʨʦʪʦʥʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʧʨʠʩʢʦʨʁʻ 

SN1-ʨʝʘʢʮ̔ ʾ ʪʘ ʫʧʦʚ̔ʣʥɹʶ̒ SN2-ʨʝʘʢʮ̔ʾ. ʅʘʧʨʠʢʣʘʜ, ʨʝʘʢʮ̔ ʷ ʤ̔ʞ 

ʙʝʥʟʠʣʡʦʜʠʜʦʤ  ̔ ʤ̔ ʯʝʥʠʤ ʡʦʜʠʩʪʠʤ ʥʘʪʨ̔̒ʤ ʚ ʨʦʟʯʠʥ̔ ʘʮʝʪʦʥʫ ʯ̔ʪʢʦ 
ʫʧʦʚ̔ʣʥɹʶ̒ʪɹʩ̫ ʧʨʠ ʜʦʜʘʪʢʫ ʧʨʦʪʦʥʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʥʘʧʨʠʢʣʘʜ ʚʦʜʠ, ʩʧʠʨʪʫ 
ʯʠ ʬʝʥʦʣʫ 

 
ʄʘʢʩʠʤʘʣʥɹʝ ʫʧʦʚ̔ʣʥɹʝʥʥ̫ ʨʝʘʢʮ̔ ʾ ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫ ʫ ʨʘʟ̔ ʜʦʜʘʚʘʥʥ̫ ʚ 

ʨʝʘʢʮ̔ʡʥʫ ʤʘʩʫ ʬʝʥʦʣʫ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʦʜʘʯʘ ʘʧʦʣ̫ʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ 
ʨʦʟʯʠʥʥʠʢʘ (ʉʉl4) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘ̒ ʥʘ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ. ɽʬʝʢʪʠʚʥ̔ʩʪɹ  

ʚʧʣʠʚʫ ʨʦʟʯʠʥʥʠʢ̔ʚ ʟʨʦʩʪʘ̒ ʚ̔ʜʧʦʚ̔ ʜʥʦ ʜʦ ʟʙ̔ʣʴhʝʥʥ̫ ʟʜʘʪʥʦʩʪ̔ ʫʪʚʦʨʁ ʚʘʪʠ 
ʛ̔ʜʨʦʛʝʥʥ̔ ʟʚ' ʟ̫ʢʠ (ʚʦʜʘ<ʝʪʘʥʦʣ<ʬʝʥʦʣ)  ̔ ʮʠʤ ʜʦʚʦʜʠʪ,ɹ ʦɦ ʫʧʦʚ̔ʣʥɹʶʁʯʘ 
ʜ̫̔  ʟʦʙʦʚ' ʟ̫ʘʥʘ ʩʧʝʮʠʬ̔ ʯʥ̔ʡ ʩʦʣʚɹʘʪʘʮ̔ ʾ ʡʦʜʠʜ- ʦ̔ʥʫ. 

ɺʨʘʭʦʚʫʁʯʠ, ʦɦ ʚ ʜʠʧʦʣ̫ʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʘʥ̔ʦʥʠ ʩʦʣɹ-
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ʚʘʪʦʚʘʥ̔ ʛ̔ʨh ʝ, ʥ̔ʞ ʚ ʧʨʦʪʦʥʥʠʭ, ʪʦ SN2ï ʪʘ SNAr ï ʨʝʘʢʮ̔ʾ ʯʘʩʪʦ ʧʨʠ ʧʝʨʝʭʦʜ̔ 

ʚ̔ʜ ʧʨʦʪʦʥʥʠʭ ʜʦ ʜʠʧʦʣ̫ʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢ̔ʚ ʨ̔ʟʢʦ ʟʙ̔ʣʴhʫʁ ʪɹ 
ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʝʘʢʮ̔ʾ 

 
ʧʨʠ ʟʘʤ̔ʥ̔ ʤʝʪʘʥʦʣʫ ʥʘ ʜʠʤʝʪʠʣʘʮʝʪʘʥ̔ʣ̔ ʜ ʚhʠʜʢ̔ʩʪɹ ʟʨʦʩʪʘ̒ ʚ 106 ʨʘʟ, ʘ ʚ 

ʨʝʘʢʮ̔ ʾ SNAr-ʟʘʤ̔ ʝɦʥʥ̫ 

 
ʚʥʘʩʣ̔ʜʦʢ ʪ̔̒  ʾʞ ʟʘʤ̔ʥʠ ʨʦʟʯʠʥʥʠʢʘ ï ʚ 105 ʨʘʟ. 

ɿʥʘʯʥʝ ʟʨʦʩʪʘʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫ ʚ ʜʠ-
ʧʦʣ̫ʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʢ̫ʝ ʥʘʚ̔ʪɹ ʟ̔ ʩʣʘʙʢʠʤʠ ʥʫʢʣʝʦʬ̔ʣʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ Fï, ʜʦʟʚʦʣ̫  ̒ ʜʦʩ̫ʛʥʫʪʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥɹ, ʧʦ̫ʩʥʶ̒ʪɹʩ̫ ʜʚʦʤʘ 
ʧʨʠʯʠʥʘʤʠ: ʟʨʦʩʪʘʥʥ̫ ʨʝʘʢʮ̔ʡʥʦʾ ʟʜʘʪʥʦʩʪ̔ ʘʥ̔ʦʥ̔ʚ ʚʥʘʩʣ̔ʜʦʢ ʧʦʛʘʥʦʾ ʭʾʥɹʦʾ 
ʩʦʣɹʚʘʪʘʮ̔ ʾ ʚ ʜʠʧʦʣ̫ʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʜʝ ʩʘʤ̔ ʘʥ̔ʦʥʠ ʩʪʘʁʪɹ 
" ʩ̔ʪʠʥʥʠʤʠ" ʥʫʢʣʝʦʬ̔ʣʘʤʠ, ʪʦʜ̔ ʢ̫ ʚ ʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʚʦʥʠ 
ʟʘʤʘʩʢʦʚʘʥ̔. ʊʦʤʫ ʙʫʜʝ ʪʦʯʥ̔h ʝ ʨʦʟʛʣ̫ʜʘʪʠ ʫʧʦʚ̔ʣʥɹʁ ʯʁʫ ʜʽʁ ʧʨʦʪʦʥʥʦʛʦ 
ʨʦʟʯʠʥʥʠʢʘ, ʥ̔ʞ ʧʨʠʩʢʦʨʁ ʯʁʫ ʜʽʁ ʜʠʧʦʣ̫ʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ; 
ʟʥʘʯʥʘ ʩʦʣɹʚʘʪʘʮ̔ ʷ ʜʠʧʦʣ̫ʨʥʠʤʠ ʘʧʨʦʪʦʥʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʜʠʧʦʣ̫ʨʥʦʛʦ 
ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʜʝʣʦʢʘʣ̔ʟʦʚʘʥʠʤ ʟʘʨ̫ʜʦʤ, ʢ̫ʠʡ ʚʠʥʠʢʘ̒ ʧʨʠ 
ʨʝʘʢʮ̔ ʾ ʥʫʢʣʝʦʬ̔ʣʴʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫. ʊʘʢʘ ʩʧʝʮʠʬ̔ʯʥʘ ʩʦʣɹʚʘʪʘʮ̔ ʷ ʤʦʞʝ 
ʙʫʪʠ ʨʦʟʛʣ̫ʥʫʪʘ ʥʘ ʧʨʠʢʣʘʜ̔ SNAr-ʨʝʘʢʮ̔ ʾ ʟ ʚʪʦʨʠʥʥʠʤ ʘʤ̔ʥʦʤ ʚ ʢ̫ʦʩʪ̔ 

ʥʫʢʣʝʦʬ̔ʣʫ ʚ ʨʦʟʯʠʥ̔ ʜʠʤʝʪʠʣʩʫʣɹʬʦʢʩʠʜʫ 

 
ɺ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʤ̔ʞ ʧʦʟʠʪʠʚʥʠʤ ʪʘ ʥʝʛʘʪʠʚʥʠʤ ʮʝʥʪʨʘʤʠ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʞʫʪ ɹ ʨʦʟʪʘhʦʚʫʚʘʪʠʩ̫ ʜʚ̔ ʘʙʦ ʙʣ̔ʴhʝ ʤʦʣʝʢʫʣ 

ʜʠʤʝʪʠʣʩʫʣɹʬʦʢʩʠʜʫ. 
 

2.4 ɺʧʣʠʚ ʨʦʟʯʠʥʥʠʢ̔ʚ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ ʘʤʙ̔ʜʝʥʪʥʠʭ 

ʘʥ̔ʦʥ̔ʚ 
 

ʅʫʢʣʝʦʬ̔ʣʥɹ̔ ʨʝʘʛʝʥʪʠ ʟ ʜʚʦʤʘ ʨʝʘʢʮ̔ʡʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʉ  ̔

ʆ, ʉ  ̔ N, ʧʦʜ̔ ʙʥ̔ ʤʝʟʦʤʝʨʥʠʤ ʘʥ̔ʦʥʘʤ 1,3-ʜʠʢʘʨʙʦʥ̔ʣʥɹʠʭ ʩʧʦʣʫʢ ʘʙʦ 



76 

 
ʥ̔ʪʨʦʘʣʢʘʥ̔ʚ  ̔ʟʜʘʪʥ̔ ʧʨʠ̒ʜʥʫʚʘʪʠʩ ̫ʜʦ ʝʣʝʢʪʨʦʬ̔ʣʥɹʦʛʦ ʧʘʨʪʥʝʨʘ ʢ̫ ʘʪʦʤʦʤ 

ʢʠʩʥ ,ʁ ʪʘʢ  ̔ ʘʪʦʤʦʤ ʢʘʨʙʦʥʫ. ɰʭ ʥʘʟʠʚʘʁʪɹ ʘʤʙʽʜʝʥʪʥʠʤʠ ʘʥ̔ʦʥʘʤʠ ʘʙʦ, ʚ 

ʙ̔ʣʴʰ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤ̔ʥʥ̔, ʘʤʙʬ̔ʫʥʢʮ̔ʦʥʘʣʥɹʠʤʠ ʩʧʦʣʫʢʘʤʠ. ʗʢɦ ʦ ʚʧʣʠʚ 

ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʨʝʘʢʮ̔ʡʥ̔ ʮʝʥʪʨʠ ʪʘʢʦʛʦ ʘʥ̔ʦʥʫ ʥʝ ʦʜʥʘʢʦʚʠʡ, ʪʦ ʟʘ 

ʜʦʧʦʤʦʛʦ  ʁ ʚ̔ʜʧʦʚ̔ʜʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʤʦʞʥʘ ʟʨʫhʠʪʠ ʨʝʘʢʮ̔ʁ  ʚ ʙ̔ʢ 

ʫʪʚʦʨʝʥʥ ̫ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʚ̔ʨʦʛ̔ ʜʥʠʭ ʢ̔ʥʮʝʚʠʭ ʧʨʦʜʫʢʪ̔ʚ. 

ʅʘʧʨʠʢʣʘʜ, ʢ̫ɦ ʦ ʚ ʨʦʟʯʠʥ̔ ʬʝʥʦʣ̫ʪʫ ʤʝʪʘʣ̔ʚ ʘʣʢ̔ʣʫʁ ʪɹ ʘʣʢʣ̔ʛʘʣʦʛʝ-

ʥ̔ʜʘʤʠ ʟʘ ʨʝʘʢʮ̔̒  ʁ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʛʦ ʟʘʤ̔ ʝɦʥʥ̫, ʪʦ ʚ ʩʧʠʨʪʘʭ, ʝʬ̔ʨʘʭ ʦʜʝ-

ʨʞʫʁ ʪɹ ʚʠʢʣʁʯʥʦ ʬʝʥ̔ʣʘʣ̔ʣʦʚʠʡ ʝʬ̔ʨ (ʆïʘʣʢʣ̔ʫʚʘʥʥ̫), ʘ ʫ ʚʦʜ̔, ʬʝʥʦʣ̔ ʪʘ 

ʧʦʜʽʙʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʦʜʝʨʞʫʁ ʪɹ ʦʜʥʦʯʘʩʥʦ  ̔ ʩʫʤ̔  h ʦ-, ʧ-ʘʣʢ̔ʣʦʚʘʥʠʭ 

ʟ̔ʦʤʝʨ̔ʚ ʬʝʥʦʣʫ (ʉïʘʣʢʣ̔ʫʚʘʥʥ̫). 

 

 
 

 

 

 

ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥʷ 
 

1. ɺʧʣʠʚʘ̒ ʧʨʠʨʦʜʘ ʨʦʟʯʠʥʥʠʢʘ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʪʘ ʥʘʧʨ̫ʤ ʭ̔ʤ̔ ʯʥʦʾ 

ʨʝʘʢʮ̔?ʾ 

2. ʗʢʠʡ ʚʧʣʠʚ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʷʢ ʩʦʣɹʚʘʪʘʮ̫̔ ? 

3. ʏʠʤ ʭʘʨʘʢʪʝʨʠʟʫ̒ʪɹʩ ̫ʩʧʝʮʠʬ̔ʯʥʘ ʩʦʣɹʚʘʪʘʮ̫̔ ? 

4. ʅʘʚ̫ʥ̔ʩʪɹ ʯʦʛʦ ʥʝʦʙʭ̔ ʜʥʦ ʜʣ̫ ʫʪʚʦʨʝʥʥ̫ ʚʦʜʥʝʚʦʛʦ ʟʚ' ʟ̫ʢʫ? 

5. ʗʢʠʡ ʚʧʣʠʚ ʤʘ̒ ʩʦʣʚɹʘʪʘʮ̔ ʷ ʥʘ ʚhʠʜʢ̔ʩʪɹ ʛʝʪʝʨʦʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ? 

6. ʗʢʠʡ ʚʧʣʠʚ ʤʘ̒ ʨʦʟʯʠʥʥʠʢ ʥʘ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪɹ ʘʤʙ̔ʜʝʥʪʥʠʭ 

ʘʥ̔ʦʥ̔ʚ 

 

 

 

 

 

 

3 ʅɽʂɯʅɽʊʀʏʅɯ ʊɸ ʂɯʅɽʊʀʏʅɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 
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ʍɯʄɯʏʅʀʍ ʈɽɸʂʎɯʁ ʆʈɻɸʅɯʏʅʆɻʆ ʉʀʅʊɽɿʋ 

 

3.1 ʅʝʢ̔ʥʝʪʠʯʥ̔ ʤʝʪʦʜʠ ʜʦʩʣ̔ʜʞʝʥʥʷ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ 
 

ʇʨʦʮʝʩ ʭ̔ʤ̔ʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ ʧʨʦʪ̔ ʢʘ̒ ʥʝ ʪ̔ʣʢɹʠ ʟ 

ʫʪʚʦʨʝʥʥ̫ʤ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ, ʘ  ̔ ʟ ʥʘʢʦʧʠʯʝʥʥ̫ʤ ʧʦʙ̔ ʯʥʠʭ 

ʧʨʦʜʫʢʪ̔ʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʣ̔ ʜʦʚʥʦ-ʧʘʨʘʣʝʣɹʥʠʭ ʨʝʘʢʮ̔ʡ. ɯʥʦʜ̔ ʚʦʥʠ 

ʫʪʚʦʨʶʁʪɹʩ̫ ʚ ʥʝʚʝʣʠʢʠʭ ʢʣ̔ʢɹʦʩʪ̫ʭ, ʘ ʫ ʙʘʛʘʪɹʦʭ ʚʠʧʘʜʢʘʭ ʜʦʩʪʘʪʥɹʦ, 

ʱʦʙ ʙʫʪʠ ʚ̔ʜʦʢʨʝʤʣʝʥʠʤʠ ʚ̔ʜ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪ̔ʚ. ʏʠʩʪ̔ ʧʨʦʜʫʢʪʠ 

ʧ̔ʜʜʘʁʪɹ  ̔ʜʝʥʪʠʬ̔ʢʘʮ̔ʾ, ʧʨʠ ʥʝʦʙʭ̔ʜʥʦʩʪ̔ ʜʦʜʘʪʢʦʚʦ ʦʯʠɦ ʫʁ ʪɹ  ̔ ʟʥʦʚʫ 

ʘʥʘʣ̔ʟʫʁ ʪʴ. ɼʣ̫ ʘʥʘʣ̔ʟʫ ʦʢʨʝʤʠʭ ʩʧʦʣʫʢ ʩ̔ʥʫʁ ʪɹ ʪʘʢ̔ ʤʝʪʦʜʠ ʢ̫ ʚʠʟʥʘʯʝʥʥ̫ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥ̫, ʢʠʧ̔ʥʥ̫, ʢʨʠʩʪʘʣ̔ʟʘʮ̔ʾ ʪʘ ʥ̔h .̔ ʆʜʥʘʢ ʭʾ ʥʝ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʥʘʚ̫ʥʦʩʪ̔ ʩʫʤ̔ʰ̔ ʩʧʦʣʫʢ ʘʙʦ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʟ 

ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ. ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ, ʢ̔ʣʢɹʦʩʪ̔ ʢʦʤʧʦʥʝʥʪʘ 

ʚ ʩʫʤ̔ʰ̔ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʥ̔h  ̔ ʤʝʪʦʜʠ ʘʥʘʣ̔ʟʫ, ʩʝʨʝʜ ʢ̫ʠʭ ʪʨʝʙʘ ʚʠʟʥʘʪʠ 

ʩʧʝʢʪʨʘʣʥɹ̔ ʪʘ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥ̔ ʤʝʪʦʜʠ. 
 

3.1.1 ʉʧʝʢʪʨʘʣʥɹ̔ ʤʝʪʦʜʠ ʘʥʘʣ̔ ʟʫ 
ɿʘ ʜʦʧʦʤʦʛʦʁ  ʮʠʭ ʤʝʪʦʜ̔ʚ ʜ̔ʝʥʪʠʬʽʢʫʁ ʪɹ ʦʜʥʦʘʪʦʤʥ̔ ʪʘ ʤʦʣʝʢʫʣ̫ʨʥ̔ 

ʦʨʛʘʥ̔ ʯʥ̔ ʩʧʦʣʫʢʠ. 

3.1.1.1 ʃ̔ʥ̔ʡʯʘʪ̔ ʩʧʝʢʪʨʠ 

ɺʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʜʣ̫ ʘʥʘʣ̔ʟʫ ʦʜʥʦʘʪʦʤʥʠʭ ʩʧʦʣʫʢ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ 

ʢʣʘʩʠʬ̔ʢʫʚʘʪʠ ̫ʢʝ ʘʜʩʦʨʙʮ̔ʡʥʫ ʩʧʝʢʪʨʦʩʢʦʧ̔ʁ  ʘʪʦʤ̔ʚ (ʘʪʦʤʥ̔ ʘʙʦ ʣ̔ʥ̔ʡʯʘʪ̔ 

ʩʧʝʢʪʨʠ), ʢ̫ ʦʩʥʦʚʘʥʘ ʥʘ ʟʙʫʜʞʝʥʥ̔ ʝʣʝʢʪʨʦʥ̔ʚ. ʇʦʛʣʠʥʘʥʥ̫ 

ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʦʛʦ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ ʦʜʥʦʘʪʦʤʥʠʤʠ ʛʘʟʘʤʠ, ʥʘʧʨʠʢʣʘʜ 

ʧʘʨʘʤʠ ʥʘʪʨ̔ʁ , ʧʨʠʚʦʜʠʪ ɹ ʜʦ ʚʠʩʦʢʦʩʧʝʮʠʬ̔ ʯʥʦʾ ʟʤ̔ʥʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʥʬ̔ʛʫʨʘʮ̔ ʾ ʘʪʦʤʫ (ʨʠʩ. 13). ʗʢɦ ʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʥʘʥʝʩʪʠ ʥʘ ʛʨʘʬ̔ʢ 

ʧʦʛʣʠʥʘʥʥ̫ ʷʢ ʬʫʥʢʮ̔ʁ  ʜʦʚʞʠʥʠ ʭʚʠʣ,̔ ʪʦ ʫʪʚʦʨʁ ʪ̒ɹʩ ̫ʩʝʨ̔ ʷ ʜʫʞʝ ʚʫʟɹʢʠʭ 

ʩʤʫʛ ʧʦʛʣʠʥʘʥʥ̫ (ʣ̔ʥ̔ʡ). ʂʦʞʥʘ ʣ̔ʥ̔ ʷ ʧʦʛʣʠʥʘʥʥ̫ ʚ̔ʜʧʦʚ̔ʜʥʘ ʟʤ̔ʥ̔ ʝʣʝʢʪʨʦʥʥʦʾ 

ʝʥʝʨʛ̔ʾ, ʢ̫ʦʁ  ʩʫʧʨʦʚʦʜʞʫ̒ʪʩɹ̫ ʟʙʫʜʞʝʥʥ̫ ʝʣʝʢʪʨʦʥʫ ʪʘ ʧʝʨʝʭ̔ ʜ ʡʦʛʦ ʟ ʦʜʥ̔̒  ʾ

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥ̔ ʯʥʦʾ ʦʨʙ̔ʪʘʣ̔ ʥʘ ʥ̔h ʫ. 

 
ʈʠʩʫʥʦʢ 13 ð ʇʝʨʝʭ̔ ʜ ʟʙʫʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʥʫ ʟ ʦʜʥʦʾ ʦʨʙ̔ʪʘʣ̔ ʥʘ ʥ̔ ʫh 

 
ɼʣ̫ ʣ̔ʥ̔ʡ, ʢ̫̔ ʟ'̫ʚʣ̫ ʪʁɹʩ̫ ʚʥʘʩʣ̔ʜʦʢ ʧʝʨʝʭʦʜʫ ʟ ʥʦʨʤʘʣɹʥʦʛʦ 

(ʦʩʥʦʚʥʦʛʦ) ʩʪʘʥʫ ɽ ʫ ʩʪʘʥ ʟ ʙ̔ʣʴʰ ʚʠʩʦʢʦ  ʁ ʝʥʝʨʛ̔̒  ʁ ɽ , ʟʤ̔ʥʘ ʝʥʝʨʛ̔ ʾ 

ʩʪʘʥʦʚʠʪɹ  æɽ1,2. ʎ ʦɹʤʫ ʟʥʘʯʝʥʥʁ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʯʘʩʪʦʪʘ (ɜ, ʩʤï1) ʘʙʦ ʜʦʚʞʠʥʘ 
ʭʚʠʣ̔ (ɚ, ʩʤ) ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫,ʱʦ ʧʦʛʣʠʥʘ̒ʪʩɹ̫,  ̔ʧʦʚ' ʟ̫ʘʥʘ ʟ ʥʝʁ  ʨ̔ʚʥ̫ʥʥ̫ʤ 
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æɽ1,2 = hɜ = hʩ/ɚ                                                   (3.1) 
 

ʜʝ h ï ʧʦʩʪ̔ʡʥʘ ʇʣʘʥʢʘ; 

ʩ ï ʚhʠʜʢ̔ʩʪɹ ʩʚ̔ʪʘ. 

 
ɿ ʫʨʘʭʫʚʘʥʥ̫ʤ ʧʨʠʡʥ̫ʪʠʭ ʦʜʠʥʠʮɹ ʚʠʤ̔ʨ ʚʁʘʥʥ̫ ʟʤ̔ʥʠ ʝʥʝʨʛ̔ʾ, ʢ̫ʘ 

ʩʫʧʨʦʚʦʜʞʫ̒ ʧʦʛʣʠʥʘʥʥ̫ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ 1 ʛ-ʘʪʦʤʦʤ (ʘʙʦ ʤʦʣʝʤ) ʩʧʦʣʫʢʠ, 
ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨ̔ʚʥ̫ʥʥ̫ ʫ ʚʠʛʣ̫ʜ̔, ʜʝ ʟʥʘʯʝʥʥ̫ ɚ ʤʘ̒ ʚʠʨʘʞʝʥʥ̫ ʚ 

ʘʥʛʩʪʨʝʤʘʭ (ɸ=10ï8 ʩʤ)  ̔ ʪʦʜ̔ æɽ1,2 ʚ̔ʜʧʦʚ̔ ʜʥʘ 1 ʝʡʥʰʪʝʡʥʫ 
ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫ 

 
3.1.1.2 ʄ ʢ̔ʨʦʭʚʠʣɹʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧ̫̔  

ʆʩʥʦʚʘʥʘ ʥʘ ʟʙʫʜʞʝʥʥ̔ ʨ̔ʚʥ̔ʚ ʦʙʝʨʪʘʥʥ̫. ʉʧʝʢʪʨʠ ʥʘʚ̔ʪɹ ʜʚʦʭʘʪʦʤʥʠʭ 

ʤʦʣʝʢʫʣ ʟʥʘʯʥʦ ʩʢʣʘʜʥ̔h ,̔ ʥ̔ʞ ʩʧʝʢʪʨʠ ʘʪʦʤ̔ʚ. ɼʦ ʝʥʝʨʛ̔ʾ, ʧʦʚ' ʟ̫ʘʥʦʾ ʟ 

ʩʠʣʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʪ̫ʞ̔ʥʥ̫  ̔ ʚ̔ʜh ʪʦʚʭʫʚʘʥʥ̫ ʚ ʤʦʣʝʢʫʣ̔, ʫ ʮɹʦʤʫ 

ʚʠʧʘʜʢʫ ʜʦʜʘ̒ʪʩɹ̫ ʢ̔ʥʝʪʠʯʥʘ ʝʥʝʨʛ̔ ʷ ʨʫʭʫ ʦʙʝʨʪʘʥʥ̫ ʤʦʣʝʢʫʣʠ ʘʙʦ ʾʾ ʯʘʩʪʦʢ, ʘ 

ʪʘʢʦʞ ʨʫʭʫ ʢʦʣʠʚʘʥʥ̫ ʘʪʦʤ̔ʚ ʫ ʢʦʞʥʦʤʫ ʭ̔ʤ̔ʯʥʦʤʫ ʟʚ'̫ ʟʢʫ (ʦʜʥʝ ʚ̔ʜʥʦʩʥʦ 

ʥ̔h ʦʛʦ). ɿʘʛʘʣʥɹʘ ʝʥʝʨʛ̔ ʷ ʤʦʣʝʢʫʣʠ (ʦʢʨ̔ʤ ʝʥʝʨʛ̔ ʾ ʜ̫ʨʘ) ʙʫʜʝ ʩʢʣʘʜʘʪʠʩ̫ ʟ 

ʩʫʤʠ ʪʨʦɹʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʯʣʝʥ̔ʚ: 
 

ɽ = ɽ(ʝʣʝʢʪʨʦʥʥʘ) + ɽ(ʦʙʝʨʪʘʥʥ̫) + ɽ(ʢʦʣʠʚʘʥʥ̫)                   (3.3) 
 

ʇʦʛʣʠʥʘʥʥ̫ ʤʦʣʝʢʫʣʦʁ  ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʦʛʦ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ ʤʦʞʝ 

ʚ̔ ʜʙʫʚʘʪʠʩ̫ ʥʝ ʪ̔ʣʢɹʠ ʧʨʠ ʟʙʫʜʞʝʥʥ̔ ʝʣʝʢʪʨʦʥ̔ʚ ʪʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʙʫʚ 

ʥʘʚʝʜʝʥʠʡ ʨʘʥ̔h ʝ ʜʣ̫ ʘʪʦʤ̔ʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʤ̔ʥ̔ ʝʥʝʨʛ̔ʡ ʢʦʣʠʚʘʥʥ̫ ʪʘ 

ʦʙʝʨʪʘʥʥ̫. ʆʙʝʨʪʘʥʥ̫  ̔ ʢʦʣʠʚʘʥʥ̫ ʤʦʣʝʢʫʣ  ̒ ʢʚʘʥʪʦʚʠʤʠ, ʦɦ ʦʟʥʘʯʘ̒ 

ʤ̔ʦʚ̔ʨʥ̔ʩʪɹ ʪ̔ʣʢɹʠ ʢʦʥʢʨʝʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥɹ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ʦʙʝʨʪʘʥʥ̫ ʘʙʦ ʝʥʝʨʛ̔ ʾ ʢʦʣʠʚʘʥʥ̫. ɼʦʟʚʦʣʝʥ̔ ʟʥʘʯʝʥʥ̫ ʝʥʝʨʛ̔ʡ ʥʘʟʠʚʘʁʪɹ 

ʦʙʝʨʥʝʥʠʤʠ ʪʘ ʢʦʣʠʚʘʣʥɹʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨ̔ʚʥ̫ʤʠ. 

ʆʙʝʨʥʝʥ̔ ʝʥʝʨʛʝʪʠʯʥ̔ ʨ̔ʚʥ̔ ʨʦʟʤ̔ɦʝʥ̔ ʜʦʩʠʪɹ "ʪ̔ʩʥʦ" ʚ̔ ʜʥʦʩʥʦ ʦʜʠʥ 

ʦʜʥʦʛʦ  ̔ʪʦʤʫ ʥʘʚ̔ʪɹ ʥʠʟʢɹ̔ ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫ ʝʥʝʨʛ̔ʡ ʟʜʘʪʥ̔ ʟʤ̔ʥʠʪʠ ʝʥʝʨʛ̔ʁ  

ʤʦʣʝʢʫʣ̫ʨʥʦʛʦ ʦʙʝʨʪʘʥʥ̫. ɽʣʝʢʪʨʦʥʥ̔  ̔ ʢʦʣʠʚʘʣʥɹ̔ ʨ̔ʚʥ̔ ʝʥʝʨʛ̔ʡ ʚ̔ ʜʩʫʥʫʪ̔ 

ʦʜʠʥ ʚ̔ʜ ʦʜʥʦʛʦ ʟʥʘʯʥʦ ʜʘʣ̔, ʘ ʪʦʤʫ ʜʣ̫ ʭʾʥʦɹʾ ʟʤ̔ʥʠ ʥʝʦʙʭ̔ʜʥʘ ʟʥʘʯʥʦ ʙ̔ʣʴhʘ 

ʝʥʝʨʛ̔ ʷ. ʉʘʤʝ ʪʦʤʫ ʤ̔ʢʨʦʭʚʠʣɹʦʚʝ ʧʦʛʣʠʥʘʥʥ̫ ʫʤʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʁʪ ɹ ʢ̫ 

ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʠʡ ʦʙʝʨʥʝʥʠʡ ʩʧʝʢʪʨ. ɺʪ̔ʤ, ʮʝʡ ʤʝʪʦʜ ʚʠʤʘʛʘ̒ ʩʢʣʘʜʥʦʾ 

ʘʧʘʨʘʪʫʨʠ  ̔ ʪʦʤʫ ʫ ʪʝʧʝʨ̔h ʥ̔ʡ ʯʘʩ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ̫ ʫ ʢ̫ʦʩʪ̔ 

ʧʦʩʪ̔ʡʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣ̔ʟʫ. 
 

3.1.1.3 ɯʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧ̫̔  

ɼʣ̫ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧ̔ ʾ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʧʨʠʩʪʨ̔ʡ ï ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨ, 
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ʢ̫ʠʡ ʩʝʨ̔ʡʥʦ ʚʠʨʦʙʣ̫ ʪʁɹ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪ̔. ɿʘʟʚʠʯʘʡ ʮʝ ʧʨʠʩʪʨ̔ʡ, ʱʦ 
ʟʘʧʠʩʫ̒ , ʤʘ̒ ʚ̔ʜʤ̔ʥʥʫ ʟʜʘʪʥ̔ʩʪɹ ʜʦ ʚ̔ʜʪʚʦʨʝʥʥ̫. ʏʘʩʪ̔h ʝ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ         

ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨʠ ʚ ʜ̔ʘʧʘʟʦʥ̔ ʜʦʚʞʠʥʠ ʭʚʠʣ ɹʚ̔ʜ 2 ʜʦ 15ɛ (1ɛ = 10ï4 ʩʤ). ʈʦʙʦʪʘ 
ʧʨʠʩʪʨʦʁ  ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜ̔, ʢ̫ʠʡ ʜʦʟʚʦʣ̫  ̒ ʚʠʟʥʘʯʘʪʠ ʨ̔ʟʥʠʮʁ ʫ 
ʧʦʛʣʠʥʘʥʥ̔ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ  ̔ ʨʦʟʯʠʥʥʠʢʘ ʫ ʚʠʛʣ̫ ʜ̔ ʧʝʨʝʤ̔ʥʥʦʛʦ 
ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʢ̫ʠʡ ʧʨ̫ʤʫ̒ ʚ̔ʜ ʪʝʨʤʦʧʘʨʠ. ʆʪʨʠʤʘʥ̔ ʜʘʥʥ̔ ʥʘ ʚʠʭʦʜ̔ 
ʝʣʝʢʪʨʦʥʥʦ ʧʦʩʠʣʁ ʪʁɹʩ̫. ʂʁ ʚʝʪʘ, ʚ ʢ̫ʫ ʫʤ̔ ʫɦʁ ʪɹ ʟʨʘʟʦʢ, ʪʘ ʦʧʪʠʯʥʘ 
ʯʘʩʪʠʥʘ ʧʨʠʩʪʨʦʁ  ʟʨʦʙʣʝʥ̔ ʟ ʢʘʤ'̫ʥʦʾ ʩʦʣ̔ (NaCl) ʘʙʦ ʩʭʦʞʠʭ ʤʘʪʝʨ̔ʘʣ̔ʚ 
(LiF), ʦʩʢ̔ʣʢɹʠ ʟʚʠʯʘʡʥʝ ʩʢʣʦ ʥʝ ʟʜʘʪʥʝ ʧʨʦʧʫʩʢʘʪʠ ɯʏ ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫. 

ɿʨʘʟʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʛʘʟʦʚʦʤʫ, ʨ̔ʜʢʦʤʫ ʘʙʦ ʪʚʝʨʜʦʤʫ 
ʩʪʘʥ̔. ʊʚʝʨʜ̔ ʨʝʯʦʚʠʥʠ ʯʘʩʪʦ ʜʦʩʣ̔ ʜʞʫʁʪɹ ʫ ʚʠʛʣ̫ʜ̔ ʪʦʥʢʠʭ ʩʫʩʧʝʥʟ̔ʡ ʚ 
ʨ̔ʟʥʠʭ ʤʘʩʣʘʭ ʘʙʦ ʟʘʪʠʨʘʁʪɹ ʟ ʙʨʦʤʠʩʪʠʤ ʢʘʣ̔̒ ʤ  ̔ ʜʘʣ̔ ʧʨʝʩʫʁ ʪɹ ʟʘ 
ʜʦʧʦʤʦʛʦʁ  ʛ̔ ʜʨʘʚʣʯ̔ʥʦʛʦ ʧʨʝʩʫ ʫ ʚʠʛʣ̫ ʜ̔ ʪʘʙʣʝʪʦʢ. 

 
ʈʠʩʫʥʦʢ 14 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥ̫ "ʜʚʦʭʧʨʦʤ̔ʥʝʚʦʛʦ" 

ʟʘʧʠʩʫʚʘʣɹʥʦʛʦ ʥ̔ʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ 

1 ï ʩʘʤʦʧʠʩʝʮ;ɹ 2 ï ʜʝʪʝʢʪʦʨ ʥ̔ʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫; 3 ï ʢʁʚʝʪʘ ʟ ʨʦʟʯʠʥʦʤ ʟʨʘʟʢʘ; 4 ï ʫɦ ʝʣʠʥʠ; 5 ï ʤʦʪʦʨ; 6 

ï ʧʨʠʟʤʘ NaCl; 7 ï ʧʨʝʨʠʚʘʯ ʧʨʦʤʝʥʁ ; 8 ï ʢʁʚʝʪʘ ʟ ʨʦʟʯʠʥʥʠʢʦʤ; 9 ï 

ʜʞʝʨʝʣʦ ʥ̔ʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ 

 

ʄʞ̔ ʩʧʝʢʪʨʘʤʠ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʨʦʟʯʠʥʦʤ ʟʘʚʞʜʠ 

ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʴʩ ̫ ʟʥʘʯʥʘ ʨ̔ʟʥʠʮ̫, ʪʦʤʫ ʚʘʞʣʠʚʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʩʧʝʢʪʨ 

ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥ̫ ʜʦʩʣ̔ʜʞʝʥʥ̫. ʊʠʧʦʚʠʡ ɯʏ-ʩʧʝʢʪʨ ʤʘ̒ ʚʠʛʣ̫ʜ (ʨʠʩ. 15) 
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ʈʠʩʫʥʦʢ 15 ð ʉʧʝʢʪʨ ʧʦʛʣʠʥʘʥʥ̫ ʚ ʥ̔ʬʨʘʯʝʨʚʦʥ̔ʡ ʦʙʣʘʩʪ̔ ʘʮʝʪʦʥʫ 
 
ɿʘʟʚʠʯʘʡ ɯʏ-ʩʧʝʢʪʨʠ ʚ̔ʜʦʙʨʘʞʫʁʪɹ ʫ ʣ̔ʥ̔ʡʥ̔ʡ ʢhʘʣ̔ ʜʣ̫ ʭʚʠʣɹʦʚʠʭ 

ʯʠʩʝʣ (ɜ, ʩʤï1), ʷʢ̔ ʧʦʚ' ʟ̫ʘʥ̔ ʟ ʯʘʩʪʦʪʘʤʠ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ (ɡ, ʩʝʢï1) ʪʘʢʠʤ 
ʯʠʥʦʤ ɜ = ɡ/ʩ. ʊʘʢʦʞ  ̒ʜʦʜʘʪʢʦʚʘ ʢhʘʣʘ ʥʝʣ̔ʥ̔ʡʥʘ, ʢ̫ʘ ʚʠʨʘʞʝʥʘ ʫ ʤ̔ʢʨʦʥʘʭ 

(ɛ). ɼʣ̫ ʧʝʨʝʢʣʘʜʫ ɜ ʚ ɚ ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ɚ = 104/ɡ. ɼʣ̫ 
ʙ̔ʣʴhʦʩʪ̔ ʬʫʥʢʮ̔ʦʥʘʣʥɹʠʭ ʛʨʫʧ ʚ̔ʜʦʤ̔ ʦʙʣʘʩʪ̔ ʧʦʛʣʠʥʘʥʥ̫, ʦɦ ʜʦʟʚʦʣʷ̒ 
ʰʚʠʜʢʦ ʚʩʪʘʥʦʚʠʪʠ ʙʫʜʦʚʫ ʦʨʛʘʥ̔ ʯʥʦʾ ʩʧʦʣʫʢʠ. 

 
3.1.1.4 ʉʧʝʢʪʨʠ ʢʦʤʙ̔ʥʘʮ̔ʡʥʦʛʦ ʨʦʟʩ̔ʁʚʘʥʥ̫ (ʈʘʤʘʥ-ʩʧʝʢʪʨʠ) 

ʎ̔ ʩʧʝʢʪʨʠ ʟʘʟʚʠʯʘʡ  ̒ʜʦʧʦʚʥʝʥʥ̫ʤ ʜʦ ɯʏ-ʩʧʝʢʪʨ̔ʚ ʜʝ̫ʢʠʭ ʩʧʦʣʫʢ  ̔

ʜʣ̫ ʭʾ ʦʪʨʠʤʘʥʥ̫ ʩ̔ʥʫ̒ ʜʦʩʪʘʪʥɹʦ ʧʨʦʩʪʠʡ ʧʨʠʩʪʨ̔ʡ. 

ʈʘʤʘʥ-ʩʧʝʢʪʨʠ ʚʠʥʠʢʘʁʪɹ ʚ ʨʝʟʫʣɹʪʘʪ̔ "ʟʘʭʦʧʣʝʥʥ̫" ʥʘ ʤʠʪɹ 

ʤʦʣʝʢʫʣʦʁ ʣʝʛʢʠʭ ʬʦʪʦʥ̔ʚ ʪʘ ʦʪʨʠʤʘʥʥ̫ʤ ʦʩʪʘʥʥ̔ʤʠ (ʘʙʦ ʚʪʨʘʪʠ) ʥʝʚʝʣʠʢʦʾ 

ʢ̔ʣʴʢʦʩʪ̔ ʝʥʝʨʛ̔ ʾ ʚʥʘʩʣ̔ ʜʦʢ ʟʤ̔ʥʠ ʢʦʣʠʚʘʣʥɹʦʾ ʘʙʦ ʦʙʝʨʥʝʥʦʾ ʝʥʝʨʛ̔ ʾ 

ʤʦʣʝʢʫʣʠ, ʧ̔ʩʣ̫ ʯʦʛʦ ʟʘʭʦʧʣʝʥ̔ ʬʦʪʦʥʠ ʚʠʧʨʦʤ̔ʥʁ ʪʁɹʩ̫ ʫ ʚʠʛʣ̫ʜ̔ 

ʨʦʟʩ̔ʥ̫ʦʛʦ ʩʚ̔ʪʣʘ. ɿʤ̔ʥʘ ʢʦʣʠʚʘʣʥɹʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʝʥʝʨʛ̔ʡ ʧʨʠʚʦʜʠʪɹ ʜʦ ʟʤ̔ʥʠ 

ʜʦʚʞʠʥʠ ʭʚʠʣ̔ ʩʚ̔ʪʫ, ʢ̫ʠʡ ʧʘʜʘ̒; ʥʘ ʬʦʪʦʧʣ̔ʚʮ̔ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʢʦʤʙ̔ʥʘʮ̔ʡʥʦʛʦ ʨʦʟʩ̔ʁ ʚʘʥʥ̫ ʮʝ ʚʠʛʣ̫ʜʘ̒ ʷʢ ʜʦʜʘʪʢʦʚ̔ ʣ̔ʥ̔ʾ, ʨʦʟʤ̔ɦʝʥ̔ ʚʠɦ ʝ 

ʪʘ ʥʠʞʯʝ ʜʦʚʞʠʥʠ ʭʚʠʣ̔ ʩʚ̔ʪʣʘ, ʦɦ ʧʘʜʘ̒. ʇʦʣʦʞʝʥʥ̫ ʣ̔ʥ̔ʡ ʚ ʈʘʤʘʥ-

ʩʧʝʢʪʨʘʭ ʟʘʚʞʜʠ ʤʘ̒ ʚʠʨʘʟ ʫ ʭʚʠʣʦɹʚʠʭ ʯʠʩʣʘʭ (ɜ). 
 
3.1.1.5 ɽʣʝʢʪʨʦʥʥ̔ ʩʧʝʢʪʨʠ ʦʨʛʘʥ̔ʯʥʠʭ ʤʦʣʝʢʫʣ 
 
ʇʦʛʣʠʥʘʥʥ̫ ʩʚ̔ʪʣʘ ʫ ʚʠʜʠʤ̔ʡ  ̔ ʫʣɹʪʨʘʬ̔ʦʣʝʪʦʚ̔ʡ (ʋʌ) ʦʙʣʘʩʪ̫ʭ 

ʧʨʠʚʦʜʠʪɹ ʜʦ ʟʤ̔ʥʠ ʝʣʝʢʪʨʦʥʥʦʾ ʝʥʝʨʛ̔ ʾ ʤʦʣʝʢʫʣ, ʧʦʚ' ʟ̫ʘʥ̔ʡ ʟ̔ ʟʙʫʜʞʝʥʥ̫ʤ 
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ʝʣʝʢʪʨʦʥ̔ʚ, ʱʦ ʧʨʠʚʦʜʠʪɹ ʜʦ ʧʝʨʝʭʦʜʫ ʭʾ ʟ̔ ʩʪʘʙʣ̔ʥɹʠʭ ʦʨʙ̔ʪʘʣʝʡ ʥʘ 
ʥʝʩʪʘʙ̔ʣɹ ʥ̔. ɼʣ̫ ʙ̔ʣʴhʦʩʪ̔ ʪʘʢʠʭ ʟʤ̔ʥ ʥʝʤʦʞʣʠʚʦ ʪʦʯʥʦ ʚ̔ʜʦʙʨʘʟʠʪʠ 
ʩʪʨʫʢʪʫʨʫ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʟʚʠʯʘʡʥʠʭ ʟʚô̫ʟʢ̔ ʚ, ʦʩʢ̔ʣʢɹʠ 
ʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥ ʥʝ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩ̫ ʥʘ ʥʦʨʤʘʣʥɹ̔ʡ ʦʨʙ̔ʪʘʣ̔. ʇʝʨʝʭ̔ ʜ 

ʝʣʝʢʪʨʦʥʘ ʟ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ɽ1 ʫ ʟʙʫʜʞʝʥʠʡ ɽ2 ʩʫʧʨʦʚʦʜʞʫ̒ʪɹʩ̫ ʟʤ̔ʥʦʁ  

ʢʦʣʠʚʘʣʥɹʦʾ ʪʘ ʦʙʝʨʥʝʥʦʾ ʝʥʝʨʛ̔ʡ ʤʦʣʝʢʫʣʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣ̫ʥʝʤʦ ʋʌ-
ʩʧʝʢʪʨ ʤʦʣʝʢʫʣʠ ʘʮʝʪʦʥʫ ʫ ʨʦʟʯʠʥ̔ ʮʠʢʣʦʛʝʢʩʘʥʫ (ʨʠʩ. 16). 

 
ʈʠʩʫʥʦʢ 16 ð ʋʣɹʪʨʘʬ̔ʦʣʝʪʦʚʠʡ ʩʧʝʢʪʨ ʘʮʝʪʦʥʫ ʫ ʮʠʢʣʦʛʝʢʩʘʥ̔ 
 
ʉʣʘʙʢʝ ʧʦʛʣʠʥʘʥʥ̫ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ɚ = 2800 ɸ  ̒ ʥʘʩʣ̔ʜʢʦʤ 

ʧʝʨʝʭʦʜʫ ʦʜʥʦʛʦ ʟ ʥʝʧʦʜ̔ʣʝʥʠʭ ʝʣʝʢʪʨʦʥ̔ʚ ʢʠʩʥʁ  ʥʘ ʙ̔ʣʴʰ ʚʠʩʦʢʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨ̔ʚʝʥɹ. ɺ̔ʥ ʤʘ̒ ʥʘʟʚʫ ʧŸ *́ ʧʝʨʝʭʦʜʫ (ʘʙʦ NŸɸ), ʜʝ ʧ 

ʦʟʥʘʯʘ̒, ʦɦ ʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥ  ̒ ʦʜʥʠʤ ʟ ʥʝʧʦʜ̔ʣʝʥʠʭ ʧ-ʝʣʝʢʪʨʦʥ̔ʚ 

ʢʠʩʥ ,ʁ ʘ *́, ʱʦ ʟʙʫʜʞʝʥʠʡ ʝʣʝʢʪʨʦʥ ʧʝʨʝʭʦʜʠʪɹ ʥʘ ʥʝʩʪʘʙ̔ʣʥɹʫ (ʪʘʢ ʟʚʘʥʫ 

ʨʦʟʨʠʭʣʶʁ ʯʫ) ʦʨʙ̔ʪʘʣ ɹ ʧʦʜʚ̔ʡʥʦʛʦ ʟʚ' ʟ̫ʢʫ ʢʘʨʙʦʥ ï ʢʠʩʝʥɹ . ʇʦʜ̔ʙʥʠʡ ʪʠʧ 

ʧŸ *́ ʧʝʨʝʭʦʜʫ, ʤʘʡʞʝ ʧʨʠ ʪ̔ʡ ʞʝ ʜʦʚʞʠʥ̔ ʭʚʠʣ̔ ʪʘ ʥ̔ʪʝʥʩʠʚʥʦʩʪ̔, 

ʚ̔ ʜʙʫʚʘ̒ʪʩɹ̫ ʫ ʙʘʛʘʪʦɹʭ ʧʨʦʩʪʠʭ ʩʧʦʣʫʢʘʭ, ʷʢ̔ ʤʘʁʪ ɹʟʘʛʘʣʥɹʫ ʬʦʨʤʫʣʫ R2CO 

 ̔RCHO, ʜʝ Rï ʢʘʨʙʦʥ̔ʡʥʠʡ ʣʘʥʮʛʁ, ʱʦ ʥʝʤʘ̒ ʧʦʜʚ̔ʡʥʠʭ ʟʚ' ʟ̫ʢʚ̔. 

 
3.1.1.6 ʉʧʝʢʪʨʦʩʢʦʧ̫̔  ʜ̫ʝʨʥʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ʉʧʝʢʪʨʠ ʗʄʈ ʥʘʜʟʚʠʯʘʡʥ̔ ʢʦʨʠʩʥ̔ ʜʣ̫ ʜ̔ʝʥʪʠʬ̔ʢʘʮ̔ʾ ʪʘ ʘʥʘʣ̔ʟʫ 

ʦʨʛʘʥ̔ʯʥʠʭ ʩʧʦʣʫʢ. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʜʦʩʠʪɹ ʧʨʦʩʪʠʡ  ̔ ʧʦʣ̫ʛʘ̒ ʫ ʪʦʤʫ, ʱʦ 

ʜ̫ʨʘ ʧʝʚʥʦʛʦ ʨʦʜʫ ʘʪʦʤ̔ʚ ʜʽʁʪɹ ʢ̫ ʢʨʠʭ̔ʪʥ̔ ʤʘʛʥ̔ʪʠ, ʢ̫̔ ʫ ʟʦʚʥ̔h ʥɹʦʤʫ 
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ʤʘʛʥ̔ʪʥʦʤʫ ʧʦʣ̔ ʚʩ̔ ʧʦʚʝʨʪʘʁʪɹʩ̫ ʚ ʦʜʥʦʤʫ ʥʘʧʨ̫ʤʢʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧ̔ ʾ ʚʠʟʥʘʯʘʁʪ ɹ ʝʥʝʨʛ̔ʁ , ʢ̫ʘ ʧʦʪʨ̔ʙʥʘ ʜʣ̫ ʟʤ̔ʥʠ ʥʘʧʨ̫ʤʢʫ 

ʤʘʛʥ̔ʪʥʠʭ ʜ̫ʝʨ ʫ ʟʦʚʥ̔h ʥʦɹʤʫ ʤʘʛʥ̔ʪʥʦʤʫ ʧʦʣ̔. ʗʢɦ ʦ ʩʧʦʣʫʢʫ, ʥʘʧʨʠʢʣʘʜ 

ʝʪʘʥʦʣ ʉʅ3ïʉʅ2ïʆʅ, ʚ ʢ̫̔ʡ ʷʜʨʘ ʘʪʦʤ̔ʚ ʛ̔ ʜʨʦʛʝʥʫ ʤʘʁʪɹ ʚʣʘʩʪʠʚʦʩʪ̔ 

ʤʘʛʥ̔ʪ̔ʚ, ʨʦʟʪʘhʫʚʘʪʠ ʚ ʮʝʥʪʨ̔ ʢʦʪʫhʢʠ ʤ̔ʞ ʧʦʣʁʩʘʤʠ ʟʦʚʥ̔h ʥɹʦʛʦ ʤʘʛʥ̔ʪʫ  ̔

ʧʦʩʪʫʧʦʚʦ ʧ̔ʜʚʠɦ ʫʚʘʪʠ ʥʘʧʨʫʞʝʥ̔ʩʪ ɹ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫, ʪʦ, ʧʨʠ ʜʝ̫ʢ̔ʡ 

ʥʘʧʨʫʞʝʥʦʩʪ̔ ʦʩʪʘʥʥɹʦʛʦ, ʘʥʘʣ̔ʟʫ̒ ʤʠʡ ʟʨʘʟʦʢ ʧʦʯʥʝ ʧʦʛʣʠʥʘʪʠ ʝʥʝʨʛ̔ʁ   ̔

ʩʪʨʫʤ, ʱʦ ʪʝʯʝ ʢʦʪʫhʢʦʁ , ʟʨʦʩʪʝ. ʆʪʨʠʤʘʥʠʡ ʗʄʈ-ʩʧʝʢʪʨ ʤʘ̒ ʚʠʛʣ̫ ʜ: 

 
ʈʠʩʫʥʦʢ 17 ï ʗʄʈ-ʩʧʝʢʨ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ 
 
ɺ̔ʥ ʤ̔ʩʪʠʪɹ ʜʦʩʪʘʪʥ̒ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʥʠʭ ʬʨʘʛʤʝʥʪ̔ʚ  ̔  ̒

"ʚ̔ʜʙʠʪʢʦʤ ʧʘʣʮɹ̔ʚ" ʤʦʣʝʢʫʣʠ, ʦʜʥʦʯʘʩʥʦ ʩʧʝʢʪʨ ʜʦʩʠʪɹ ʧʨʦʩʪʠʡ ʜʣ̫ 

ʚʠʟʥʘʯʝʥʥ̫ ʢʦʞʥʦʾ ʣ̔ʥ̔ʾ. 
ɺʪ̔ʤ, ʥʝ ʚʩ̔ ʩʧʦʣʫʢʠ ʤʦʞʫʪ ɹ ʙʫʪʠ ʘʥʘʣ̔ʟʦʚʘʥ̔ ʮʠʤ ʤʝʪʦʜʦʤ, 

ʦʩʢ̔ʣʢɹʠ ʤʘʛʥ̔ʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ ʚʦʣʦʜ̔ʁ ʪɹ ʪ̔ʣʢɹʠ ʜ̫ʨʘ ʘʪʦʤ̔ʚ ʟ 

ʤʘʩʦʁ , ʢ̫ʘ ʤʘ̒  ʥʝʧʘʨʥ̔ ʯʠʩʣʘ ʅ1,ʉ13,N15,ʆ17, F19, ʈ31  ̔ ʪʦʤʫ ʧʦʜ̔ʙʥʝ, ʘ 
ʪʘʢʦʞ ʜ̫ʨʘ, ʫ ʢ̫ʠʭ ʤʘʩʘ ʚʠʨʘʞʝʥʘ ʧʘʨʥʠʤ ʯʠʩʣʦʤ, ʘʣʝ ʤʘ̒ ʥʝʧʘʨʥʠʡ 

ʘʪʦʤʥʠʡ ʥʦʤʝʨ ʅ2, ɺ10, N14  ̔ʪʦʤʫ ʧʦʜ̔ʙʥʝ. ʗʜʨʘ ʪʘʢʠʭ ʘʪʦʤ̔ʚ, ʷʢ ʉ12, ʆ16, 

S32, ʤʘʩʘ ʷʢʠʭ ʤʘ̒ ʧʘʨʥʝ ʯʠʩʣʦ  ̔ ʧʘʨʥʠʡ ʘʪʦʤʥʠʡ ʥʦʤʝʨ, ʥʝ ʚʦʣʦʜ̔ʁ ʪ ɹ
ʤʘʛʥ̔ʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ ʪʘ ʥʝ ʜʘʁʪɹ ʩʠʛʥʘʣ̔ʚ ʗʄʈ. ɺ ʘʥʘʣ̔ʟ̔ 

ʦʨʛʘʥ̔ ʯʥʠʭ ʩʧʦʣʫʢ ʠhʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʩʧʝʢʪʨʠ ʗʄʈ ʘʪʦʤ̔ʚ ʅ1, F19  ̔

ʈ31. ɿʨʘʟʢʠ ʩʧʦʣʫʢ ʜʣ̫ ʘʥʘʣ̔ʟʫ ʗʄʈ ʯʘʩʪ̔h ʝ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʫ ʚʠʛʣ̫ʜ̔ 
ʨ̔ʜʠʥʠ ʘʙʦ ʨʦʟʯʠʥʫ. ʂʦʣʦ ʨʦʟʯʠʥʥʠʢ̔ʚ ʜʣ̫ ʮʠʭ ʘʥʘʣ̔ʟ̔ʚ ʜʫʞʝ ʚʝʣʠʢʝ ï ʚ̔ʜ 
ʚʫʛʣʝʚʦʜʥ̔ʚ ʜʦ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʢʠʩʣʦʪ, ʪʦʤʫ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʚ̔ʜʥʘʡʪʠ 
ʧʦʪʨ̔ʙʥʠʡ ʨʦʟʯʠʥʥʠʢ ʜʣ̫ ʙʫʜɹ- ʢ̫ʦʾ ʨʝʯʦʚʠʥʠ. 

ʇʨʠ ʘʥʘʣ̔ʟ̔ ʩʢʣʘʜʥʠʭ ʩʧʦʣʫʢ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʘʥ̔ ʫ ʚʠʛʣ̫ʜ̔ ʪʨʦɹʭ 
ʬʘʢʪʦʨ̔ʚ: ʭ̔ʤ̔ʯʥʝ ʟʤ̔ ʝɦʥʥ̫, ʩʧ̔ʥ-ʩʧ̔ʥʦʚʝ ʨʦʟʝɦʧʣʝʥʥ̫ (ʗʄʈ-ʩʧʝʢʪʨ) ʪʘ 

ʢ̔ʥʝʪʠʯʥʝ ʜʦʩʣ̔ ʜʞʝʥʥ̫. 
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3.1.1.6.1 ʍ̔ʤ̔ʯʥʝ ʟʤ̔ ʝɦʥʥ̫ 
ɺ ʤʦʣʝʢʫʣ̔ ʝʪʘʥʦʣʫ ʉʅ3ïʉʅ2ïʆʅ ʤ̔ʩʪ̫ʪɹʩ̫ ʘʪʦʤʠ ʛ̔ʜʨʦʛʝʥʫ ʪʨʦɹʭ 

ʪʠʧ̔ʚ: ʤʝʪʠʣʥɹ̔ (ʉʅ3), ʤʝʪʠʣʝʥʦʚ̔ (ʉʅ2) ʪʘ ʛ̔ ʜʨʦʢʩʠʣɹʥʠʡ. ɺ ʟʦʚʥ̔h ʥɹʦʤʫ 

ʤʘʛʥ̔ʪʥʦʤʫ ʧʦʣ̔ ʜʣ̫ ʜ̫ʝʨ ʛ̔ʜʨʦʛʝʥʫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʘʛʥ̔ʪʥʝ ʦʪʦʯʝʥʥ̫ ʙʫʜʝ 
ʨ̔ʟʥʠʪʠʩ̫, ʧʨʠʯʠʥʦ  ʁ ʮɹʦʤʫ  ̒ ʟʤ̔ ʝɦʥʥ̫ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥ̔ʚ ʩʫʩ̔ʜʥ̔ʭ 
ʘʪʦʤ̔ʚ ʧʨʠ ʜ̔ ʾ ʟʦʚʥ̔h ʥɹʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫. ʅʘʧʨʫʞʝʥ̔ʩʪ ɹʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ ̫
ʧʨʠ ʜʘʥʦʤʫ ʜ̫ʨ̔ ʟʘʟʚʠʯʘʡ ʙʫʜʝ ʤʝʥh ʦʁ , ʥ̔ʞ ʥʘʧʨʫʞʝʥ̔ʩʪ ɹ ʩʧʦʯʘʪʢʫ 
ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʦʚʥ̔h ʥɹʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫, ʦʩʢ̔ʣʢɹʠ ʨʫʭʠ ʝʣʝʢʪʨʦʥ̔ʚ 
ʧʨʠʚʦʜ̫ʪɹ ʜʦ ʝʬʝʢʪʫ ʝʢʨʘʥʫʚʘʥʥ̫, ʪʦʙʪʦ ʝʬʝʢʪʫ ʜ̔ʘʤʘʛʥ̔ʪʥʦʛʦ ʝʢʨʘʥʫʚʘʥʥ̫. 
ʅʘʡʙ̔ʣʴʰ ʩʫʪʪ̒ ʚʠʤ  ̒ʪʝ, ʦɦ ʝʬʝʢʪ, ʷʢʠʡ ʚʠʥʠʢʘ̒ ʚʥʘʩʣ̔ʜʦʢ ʨʫʭʫ ʝʣʝʢʪʨʦʥ̔ʚ, 
ʙʫʜʝ ʨ̔ʟʥʠʤ ʟʘʣʝʞʥʦ ʚ̔ʜ ʪʠʧʫ ʛ̔ ʜʨʦʛʝʥʫ, ʚʥʘʩʣ̔ ʜʦʢ ʯʦʛʦ ʨʝʟʦʥʘʥʩʥʠʡ ʩʠʛʥʘʣ 
ʚ̔ʜ ʛ̔ ʜʨʦʛʝʥʫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʙʫʜʝ ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫ ʧʨʠ ʨ̔ʟʥ̔ʡ ʥʘʧʨʫʞʝʥʦʩʪ̔ 
ʧʦʣ̫. ʂʨʠʚʘ ʟʘʣʝʞʥʦʩʪ̔ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ ʚ̔ʜ ʥʘʧʨʫʞʝʥʦʩʪ̔ ʧʦʣ̫ (ʨʠʩ. 17) 
ʚʠ̫ʚʣ̫  ̒ ʪʨʠ ʦʩʥʦʚʥ̔ ʛʨʫʧʠ ʣ̔ʥ̔ʡ, ʧʨʠ ʮɹʦʤʫ ʧʣʦɦ  ̔ ʧ̔ʢ̔ʚ ʥʘ ʛʨʘʬ̔ʢʫ 
ʚ̔ ʜʧʦʚ̔ ʜʘʁʪɹ ʯʠʩʣʫ ʘʪʦʤ̔ʚ ʛ̔ ʜʨʦʛʝʥʫ ʢʦʞʥʦʛʦ ʪʠʧʫ. 

ʈ̔ʟʥʠʮ̔ ʤ̔ʞ ʥʘʧʨʫʛʘʤʠ ʧʦʣ̫, ʧʨʠ ̫ʢʠʭ ʟ'̫ʚʣ̫ ʪʁɹʩ̫ ʩʠʛʥʘʣʠ ̫ʜʝʨ 
ʦʜʥʦʛʦ ʚʠʜʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʪʦʥʠ, ʘʣʝ ʟʥʘʭʦʜ̫ʪɹʩ̫ ʚʦʥʠ ʚ ʨ̔ʟʥʦʤʫ ʦʪʦʯʝʥʥ̔, 
ʥʘʟʠʚʘʁʪɹ ʭ̔ʤ̔ʯʥʠʤʠ ʟʤ̔ ʝɦʥʥ̫ʤʠ (ʟʜʚʠʛʘʤʠ). ʍ̔ʤ̔ ʯʥ̔ ʟʤ̔ ʝɦʥʥ̫ ʟʘʚʞʜʠ 
ʚʠʤ̔ʨʶʁʪɹ ʚ̔ʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʣ̫ ʧʨʦʪʦʥ̔ʚ ʚ ʦʨʛʘʥ̔ ʯʥʠʭ 
ʩʧʦʣʫʢʘʭ ʪʘʢʠʤ ʩʪʘʥʜʘʨʪʦʤ  ̒ʪʝʪʨʘʤʝʪʠʣʩ̔ʣʘʥ (ʊʄʉ) (ʉʅ3)4Si, ʢ̫ʠʡ ʟʨʫʯʥʠʡ 

ʪʠʤ, ʱʦ ʜʘ̒ ʩʠʣɹʥʠʡ ʚʫʟɹʢʠʡ ʨʝʟʦʥʘʥʩʥʠʡ ʩʠʛʥʘʣ ʚ ʦʙʣʘʩʪ̔, ʜʝ ʤʘʡʞʝ ʥʝ 
ʧʦʛʣʠʥʘʁʪɹ ʝʥʝʨʛ̔ʁ  ʥ̔h  ̔ ʚʠʜʠ ʧʨʦʪʦʥ̔ʚ. ʍ̔ʤ̔ ʯʥ̔ ʟʤ̔ ʝɦʥʥ̫ ʚʠʨʘʞʘʁʪɹ ʚ 
ʛʝʨʮʘʭ (ʛʮ) ʚ̔ʜʥʦʩʥʦ ʊʄʉ. ʆʩʢ̔ʣʢɹʠ ʨʝʟʦʥʘʥʩ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʧʨʠ ʯʘʩʪʦʪ̔ 

 

ɡ = ɔʅ/2 ,́                                                          (3.5) 
 

ʜʝ ʅ ï ʥʘʧʨʫʞʝʥ̔ʩʪ,ɹ ʤʦʞʫʪɹ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ̫ ʷʢ ʦʜʠʥʠʮ̔ ʯʘʩʪʦʪʠ 

(ʛʮ, ʨʘʜʘ̔ʥ/ʩ), ʪʘʢ  ̔ʦʜʠʥʠʮ ̔ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫ (ʛʘʫʩ). 

 

ɹ̔ʣʴh̔ʩʪɹ ʣʘʙʦʨʘʪʦʨʥʠʭ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨ̔ʚ ʧʨʘʮʶʁʪɹ ʥʘ 

ʨʘʜʦ̔ʯʘʩʪʦʪʘʭ 40, 60 ʘʙʦ 100 ʄɻʮ. ʍ̔ʤ̔ʯʥ̔ ʟʤ̔ ʝɦʥʥ̫ ʧʨ̫ʤʦ ʧʨʦʧʦʨʮ̔ʡʥ̔ 

ʯʘʩʪʦʪ̔ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʦʤʫ ʣ̔ʥ̔ʾ, ʢ̫̔ ʨʦʟʪʘhʦʚʘʥ̔ ʥʘ 100 ɻʮ ʜʣ̫ ʨʦʙʦʯʦʾ 

ʯʘʩʪʦʪʠ 60 ɻʮ, ʧʨʦ̫ʚʣ̫ ʪʁɹʩ ̫ʥʘ 167 ɻʮ ʧʨʠ ʯʘʩʪʦʪ̔ ʧʨʠʙʦʨʫ 100 ɻʮ. ɼʣ̫ 

ʤʦʞʣʠʚʦʩʪ̔ ʧʦʨ̔ʚʥ̫ʥʥ̫ ʟʥʘʯʝʥɹ ʭ̔ʤ̔ʯʥʠʭ ʟʤ̔ ʝɦʥɹ , ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʨ̔ʟʥʠʭ 

ʧʨʠʙʦʨʘʭ, ʜ̔ʣ̫ʪɹ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥ̫ ʥʘ ʯʘʩʪʦʪʫ ʧʨʠʙʦʨʫ  ̔ ʪʘʢʘ ʦʜʠʥʠʮ̫ 

ʚʠʤ̔ʨʫ ʤʘ̒  ʥʘʟʚʫ ʤ̔ʣ̔ʦʥʥʘ ʜʦʣ̫ (ʤ.ʜ.). 

 

3.1.1.6.2 ʉʧ̔ʥ-ʩʧ̔ʥʦʚʝ ʨʦʟɦʝʧʣʝʥʥ̫ 

ɿ ʧʦʧʝʨʝʜʥ̔ʭ ʚʠʩʥʦʚʢ̔ʚ ʚʠʜʥʦ, ʱʦ ʧʨʦʪʦʥʠ ʚ ʨ̔ʟʥʠʭ ʛʨʫʧʘʭ ʜʘʁʪɹ 
ʨʝʟʦʥʘʥʩʥ̔ ʩʠʛʥʘʣʠ ʟ ʨ̔ʟʥʠʤʠ ʭ̔ʤ̔ʯʥʠʤʠ ʟʤ̔ ʝɦʥʥ̫ʤʠ. ʂʦʞʝʥ ʟ ʮʠʭ ʩʠʛʥʘʣ̔ʚ 
ʫ̫ʚʣ̫  ̒ʩʦʙʦʁ  ʛʨʫʧʫ ʣ̔ʥ̔ʡ, ʢ̫̔  ̒ʥʘʩʣ̔ʜʢʦʤ "ʩʧ̔ʥ-ʩʧ̔ʥʦʚʦʛʦ ʨʦʟʝɦʧʣʝʥʥ̫". ʗʢ 
ʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʨʦʟʛʣ̫ʥʫʪʠ ʩʧʝʢʪʨ ʡʦʜʠʩʪʦʛʦ ʝʪʠʣʫ ʉʅ3ʉʅ2I, ʚ ʤʦʣʝʢʫʣ̔ 

ʢ̫ʦʛʦ ʧʨʦʪʦʥʠ ʉʅ3ï ʪʘ ʉʅ2ï ʛʨʫʧ ʜʘʁʪɹ ʦʩʥʦʚʥ̔ ʛʨʫʧʠ ʣ̔ʥ̔ʡ (ʨʠʩ. 18). ʎ̔ 
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ʛʨʫʧʠ ʩʢʣʘʜʘʁʪɹʩ̫ ʟ ʣ̔ʥ̔ʡ, ʢ̫̔ ʨʦʟʪʘhʦʚʘʥ̔ ʦʜʥʘ ʚ̔ʜ ʦʜʥʦʾ ʥʘ ʦʜʥʘʢʦʚ̔ʡ 
ʚ̔ ʜʩʪʘʥ̔ (ʝʬʝʢʪ "ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ"); ʚ ʧʝʨh ʡ̔ ʛʨʫʧ̔ ʪʨʠ, ʘ ʚ ʜʨʫʛ̔ʡ ʯʦʪʠʨʠ, 
ʦʙʫʤʦʚʣʝʥʠʭ ʤʘʛʥ̔ʪʥʦʁ  ʚʟʘ̒ʤʦʜ̔̒ʶ, ʢ̫ʘ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʩʧ̔ʥ-ʩʧ̔ʥʦʚʦʾ 
ʚʟʘ̒ ʤʦʜ̔ʾ. ɼʣ̫ ʜʝ̫ʢʠʭ ʣ̔ʥ̔ʡ ʩʧʝʢʪʨʘ ʧʦʤ̔ʪʥʝ ʧʦʜʘʣʴhʝ ʨʦʟʝɦʧʣʝʥʥ,̫ ʷʢ 
ʨʝʟʫʣɹʪʘʪ ʩʧ̔ʥ-ʩʧ̔ʥʦʚʦʾ ʚʟʘ̒ʤʦʜ̔ ʾ "ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ". 

 
ʈʠʩʫʥʦʢ 18 ï ʗʄʈ-ʩʧʝʢʪʨ ʡʦʜʠʩʪʦʛʦ ʝʪʠʣʝʥʫ ʉʅ3ʉʅ2ɯ ʧʨʠ 60 ʄɻʮ 

ʚ̔ʜʥʦʩʥʦ ʊʄʉ (0,00 ʤ.ʜ.). 

 
ʑʦʙ ʧʨʦʯʠʪʘʪʠ ʩʧʝʢʪʨ, ʥʘʩʘʤʧʝʨʝʜ ʚʠʟʥʘʯʘʁʪɹ ʭ̔ʤ̔ ʯʥʝ ʟʤ̔ ʝɦʥʥ̫, 

ʢ̫ʝ ʜʦʩʠʪɹ ʣʝʛʢʦ ʨʦʟʧ̔ʟʥʘʪʠ ʟʘ ʫʤʦʚʠ ʧʨ̫ʤʦʧʨʦʧʦʨʮ̔ʡʥʦʾ ʟʘʣʝʞʥʦʩʪ̔ 

ʚ̔ʜʩʪʘʥ̔ ʤ̔ʞ ʛʨʫʧʘʤʠ ʪʘ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ɜ. ʗʢɦʦ ʧʦʜʚʦʾʪʠ ɜ, ʪʦ ʚ̔ʜʩʪʘʥɹ 

ʤ̔ʞ ʛʨʫʧʘʤʠ ʪʝʞ ʟʨʦʩʪʝ ʚ ʜʚʘ ʨʘʟʠ, ʘ ʫ ʚʠʧʘʜʢʫ ʩʧ̔ʥ-ʩʧ̔ʥʦʚʦʛʦ ʨʦʟʝɦʧʣʝʥʥ̫ 

ʚ̔ʜʩʪʘʥɹ ʤ̔ʞ ʣ̔ʥ̫̔ ʤʠ ʥʝ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ɜ, ʱʦ ʜʦʟʚʦʣ̫  ̒ ʨʦʟʧ̔ʟʥʘʪʠ ʮ̔ 

ʬʘʢʪʦʨʠ. ʈʦʟʝɦʧʣʝʥʥ̫ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ʤʘ̒ ʩʢʣʘʜʥʫ ʟʘʣʝʞʥ̔ʩʪɹ ʚ̔ʜ ɜ, ʘʣʝ 

ʧʨʠ ʧ̔ ʜʚʠɦʝʥʥ ̔ɜ ʟ' ʚ̫ʣ̫ ʪ̒ɹʩ̫ ʪʝʥʜʝʥʮ̫̔  ʜʦ ʟʥʠʢʥʝʥʥ̫ ʤ̔ʣʢʠʭ ʣ̔ʥ̔ʡ. 
 
3.1.1.7 ʄʘʩ-ʩʧʝʢʪʨʦʩʢʦʧ̫̔  

ɺʠʢʦʨʠʩʪʘʥʥ̫ ʤʘʩ-ʩʧʝʢʪʨʦʩʢʦʧ̔ʾ ʜʣ̫ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʦʨʛʘʥ̔ ʯʥʠʭ 

ʤʦʣʝʢʫʣ ʟʘʩʥʦʚʘʥʝ ʥʘ ʙʦʤʙʘʨʜʫʚʘʥʥ̔ ʭʾ ʧʫʯʢʦʤ ʝʣʝʢʪʨʦʥ̔ʚ ʩʝʨʝʜʥ̔ʭ ʝʥʝʨʛ̔ʡ 

ʫ ʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤ̔  ̔ ʘʥʘʣ̔ʟ̔ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʮʦɹʤʫ ʟʘʨ̫ʜʞʝʥʠʭ ʯʘʩʪʦʢ ʪʘ 

ʬʨʘʛʤʝʥʪ̔ʚ ("ʫʣʘʤʢ̔ʚ"). 

ʇʨʦʤʠʩʣʦʚ̔ʩʪɹ ʚʠʧʫʩʢʘ̒ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ, ʷʢ̔ ʧʨʠʩʪʦʩʦʚʘʥ̔ ʜʣ̫ 

ʘʥʘʣ̔ʟʫ ʧʦʟʠʪʠʚʥʦ ʟʘʨ̫ ʜʞʝʥʠʭ ʬʨʘʛʤʝʥʪ̔ʚ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʙʦʨʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 19. 
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ʈʠʩʫʥʦʢ 19 ï ʉʭʝʤʘ ʧʨʠʩʪʨʦʁ  ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʫ 
 

ʇʦʟʠʪʠʚʥ̔ ʦ̔ʥʠ, ʱʦ ʫʪʚʦʨʠʣʠʩ̫ ʚʥʘʩʣ̔ʜʦʢ ʙʦʤʙʘʨʜʫʚʘʥʥ̫ ʤʦʣʝʢʫʣ 

ʝʣʝʢʪʨʦʥʘʤʠ, ʨʦʟʛʘʥ̫ ʪʁʩɹ̫ ʥʝʛʘʪʠʚʥʦ ʟʘʨ̫ʜʞʝʥʠʤʠ ʧʨʠʩʢʦʨʁ ʯʁʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ  ̔ʫ ʚʠʛʣ̫ ʜ̔ ʧʦʪʦʢʫ ʧʦʪʨʘʧʣ̫ ʪʁ ɹʫ ʚʠʛʥʫʪʠʡ ʢʘʥʘʣ ʘʥʘʣ̔ʟʘʪʦʨʘ, ʜʝ 

ʧʦʪ̔ʤ ʨʦʟʧʦʜ̔ʣ̫ ʪʁɹʩ̫ ʘʥʘʣ̔ʟʫʁʯʠʤ ʤʘʛʥ̔ʪʦʤ ʟʘʣʝʞʥʦ ʚ̔ʜ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

ʭʾʥʦɹʾ ʤʘʩʠ ʜʦ ʟʘʨ̫ʜʫ (m/e). ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʯʝʨʝʟ ʱ̔ʣʠʥʫ ʧʨʦʭʦʜ̫ʪɹ  ̔

ʧʦʪʨʘʧʣ̫ ʪʁɹ ʚ ʢʦʣʝʢʪʦʨ ʪ̔ʣʢɹʠ ʦ̔ʥʠ ʦʜʥ̔̒  ʾʤʘʩʠ, ʥʘʚ̔ʪɹ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʤʘʩʠ ʟʥʘʭʦʜ̫ʪɹʩ̫ ʫ ʜ̔ʘʧʘʟʦʥ̔ ʚ̔ʜ ʜʝʢ̔ʣʢɹʘ ʩʦʪʝʥɹ ʜʦ ʪʠʩ̫ ʯ. ʅʘʧʦʚʥʝʥ̔ʩʪɹ 

ʢʦʞʥʦʛʦ ʟ ʜ̔ʘʧʘʟʦʥ̔ʚ ʤʘʩ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʛʨʘʬ̔ʢʘ 

ʟʘʣʝʞʥʦʩʪ̔ ʰʚʠʜʢʦʩʪ̔ ʧʦʪʨʘʧʣ̫ʥʥ̫ ʦ̔ʥ̔ʚ ʫ ʢʦʣʝʢʪʦʨ ʚ̔ʜ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʞʝʥʦʩʪ̔ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫ ʧʨʠʙʦʨʫ. ʊʠʧʦʚʠʡ ʤʘʩ-ʩʧʝʢʪʨ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 20 ʜʣ̫ ʤʝʪʠʣʝʪʠʣʢʝʪʦʥʫ, ʢʨʦʪʦʥʦʚʦʛʦ ʘʣʜɹʝʛ̔ʜʫ ̔  ʘʮʝʪʦʥʫ. 

ʂʦʞʝʥ ʧ̔ ʢ ʚ̔ʜʧʦʚ̔ ʜʘ̒ ʦʜʥʦʤʫ ʟ ʪʠʧ̔ʚ ʬʨʘʛʤʝʥʪʘʮ̔ʾ ʤʦʣʝʢʫʣʠ ʧʨʠ ʫʜʘʨ̔ 

ʝʣʝʢʪʨʦʥʦʤ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʪʘʢʠʭ ʚʠʜ̔ʚ ʦ̔ʥ̔ʚ ʢ̫ ʉʅ3
+, ʉʅ3ʉʅ2

+, ʉʅ3ʉʆ
+  ̔

ʪʘʢʝ ʧʦʜ̔ʙʥʝ. ʍʘʨʘʢʪʝʨ ʨʦʟʝɦʧʣʝʥʥ̫  ̒ ʬʫʥʢʮ̔̒  ʁ ʝʥʝʨʛ̔ ʾ ʝʣʝʢʪʨʦʥ̔ʚ, ʦɦ 

ʙʦʤʙʘʨʜʫʁ ʪɹ ,  ̔ ʪʦʤʫ ʤʦʞʝ ʩʣʫʞʠʪʠ ʥʘʜʟʚʠʯʘʡʥʦʁ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʁ  ʜʘʥʦʾ 

ʤʦʣʝʢʫʣʠ. ɯʥʪʝʥʩʠʚʥʠʡ ʧ̔ ʢ, ʢ̫ʠʡ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʤʘʢʩʠʤʘʣʥɹ̔ʡ ʟ ʤ̔ʦʚ̔ʨʥʠʭ ʜʣ̫ 

ʤʦʣʝʢʫʣʠ ʤʘʩ̔, ʤʘ̒ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥ̫, ʪʦʤʫ ʱʦ ʧʨʠ ʚ̔ ʜʩʫʪʥʦʩʪ̔ ʙʫʜɹ-ʷʢʠʭ 

ʨʝʘʢʮ̔ʡ ʢʦʤʙʥ̔ʫʚʘʥʥ̫ ʬʨʘʛʤʝʥʪ̔ʚ ʩʘʤʝ ʚ̔ʥ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʤʘʩ̔ ʚʠʭ̔ʜʥʦʾ 

ʤʦʣʝʢʫʣʠ ʢʨ̔ʤ ʤʘʩʠ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʫ. 
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ʈʠʩʫʥʦʢ 20 ï ʄʘʩ-ʩʧʝʢʪʨʠ ʤʝʪʠʣʝʪʠʣʢʝʪʦʥʫ (ʘ), ʧʨʦʧ̔ʦʥʦʚʦʛʦ 

ʘʣʜɹʝʛ̔ʜʫ (ʙ)  ̔ʘʮʝʪʦʥʫ (ʚ) 
 
ɺʠʟʥʘʯʝʥʥ̫ ʤʘʩʠ ʪʘʢʦʛʦ ʧ̔ʢʫ ʚʚʘʞʘ̒ ʪɹʩ ̫ʥʘʡʙ̔ʣʴʰ ʪʦʯʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʤ̔ʨʁ ʚʘʥʥ̫ ʤʦʣʝʢʫʣ̫ʨʥʦʾ ʚʘʛʠ. ɯʩʥʫ̒ ʢʦʨʝʣ̫ʮ̫̔  ʚ̔ ʜʥʦʩʥʠʭ ʢ̔ʣʢɹʦʩʪʝʡ 
ʫʪʚʦʨʝʥʠʭ ʬʨʘʛʤʝʥʪ̔ʚ ʨ̔ʟʥʠʭ ʤʘʩ ʟ̔ ʩʪʨʫʢʪʫʨʦʁ  ʤʦʣʝʢʫʣʠ. 

 
3.1.1.8 ɽʣʝʢʪʨʦʥʥʠʡ ʧʘʨʘʤʘʛʥ̔ʪʥʠʡ ʨʝʟʦʥʘʥʩ (ɽʇʈ) 

ʄʝʪʦʜ ɽʇʈ ʤʘ̒ ʙʘʛʘʪʦ ʩʧ̔ʣʥɹʦʛʦ ʟ ʤʝʪʦʜʦʤ ʗʄʈ. ʗʚʠ ʝɦ ɽʇʈ ʙʫʣʦ 

ʚ̔ʜʢʨʠʪʦ ʚ ʈʘʜʥ̫ʩɹʢʦʤʫ ʉʦʁ ʟ̔ ʫ 1944 ʨʦʮ̔ ɭ.ʂ. ɿʘʚʦʡʩɹʢʠʤ. ʉʫʪʥ̔ʩʪɹ 

ʤʝʪʦʜʘ ʧʦʣ̫ʛʘ̒ ʫ ʪʦʤʫ, ʱʦ ʚ ʩʪʘʪʠʯʥʦʤʫ ʤʘʛʥ̔ʪʥʦʤʫ ʧʦʣ̔ ʚʝʢʪʦʨ ʩʧ̔ʥʫ 

ʝʣʝʢʪʨʦʥʘ ʤʦʞʝ ʙʫʪʠ ʦʨ̔̒ʥʪʦʚʘʥʠʤ ʚ ʜʚʦʭ ʥʘʧʨ̫ʤʢʘʭ (ms = +1/2  ̔ms = ï 1/2), 

ʘ ʪʦʤʫ ʤ̔ʦʚ̔ʨʥ̔ ʜʚʘ ʝʥʝʨʛʝʪʠʯʥ̔ ʩʪʘʥʠ ï ʥʠʱ̔ʡ ʟ ʝʥʝʨʛ̔̒  ʁɽ1 (ms = ï1/2) ʪʘ 

ʚʠɦ ʡ̔ ʟ ʝʥʝʨʛ̔̒  ʁɽ2 (ms = +1/2). ɺ̔ ʜʩʪʘʥ ɹʤ̔ʞ ʜʚʦʤʘ ʨ̔ʚʥ̫ʤʠ æɽ = ɽ2 ï ɽ1 

ʧʨʦʧʦʨʮ̔ʡʥʘ ʥʘʧʨʫʞʝʥʦʩʪ̔ ʩʪʘʪʠʯʥʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫ ʅ. ʐʦʙ ʧʝʨʝʚʝʩʪʠ 

ʝʣʝʢʪʨʦʥ ʟ ʥʠʞʥɹʦʛʦ ʩʪʘʥʫ ʫ ʚʝʨʭʥ̔ʡ, ʪʦʙʪʦ "ʧʝʨʝʚʝʨʥʫʪʠ" ʩʧ̔ʥ ʫ 

ʧʨʠʢʣʘʜʝʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʤʘʛʥ̔ʪʥʦʤʫ ʧʦʣ̔, ʡʦʤʫ ʧʦʪʨ̔ʙʥʦ ʜʦʜʘʪʠ ʝʥʝʨʛ̔ʁ  

æɽ hʣ̫ʭʦʤ ʜʽʾ ʨʘʜ̔ʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣ̫ ʧʦʩʪ̔ʡʥʦʾ ʯʘʩʪʦʪʠ. ʇʨʠ ʟʤ̔ʥ̔ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʞʝʥʦʩʪ̔ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣ̫ ʅ ʤʦʞʥʘ ʜʦʩ̫ʛʪʠ ʪʦʛʦ, ʦɦ ʝʥʝʨʛ̔ ʷ 

ʨʘʜʦ̔ʯʘʩʪʦʪʥʦʛʦ ʚʠʧʨʦʤ̔ʥ ʚʁʘʥʥ̫ hɜ ʩʧ̔ʚʧʘʜʝ ʟ ʚʝʣʠʯʠʥʦʁ  æɽ, ʧʨʠ ʮʦɹʤʫ 

ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫ ʨʝʟʦʥʘʥʩʥʝ ʧʦʛʣʠʥʘʥʥ̫ ʝʥʝʨʛ̔ ʾ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫. ʇʨʠ 

ʧʦʩʪ̔ʡʥ̔ʡ ʯʘʩʪʦʪ̔ ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʦʛʦ ʚʠʧʨʦʤ̔ʥʁ ʚʘʥʥ̫ ʪʘ ʧʦʚ̔ʣʥɹ̔ʡ ʟʤ̔ʥ̔ 

ʟʦʚʥ̔h ʥɹʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫ ʨʝ̒ʩʪʨʫ̒ʪɹʩ̫ ʟʤ̔ʥʘ ʧʦʪʫʞʥʦʩʪ̔, ʱʦ 

ʧʦʛʣʠʥʘ̒ ʪʩɹ̫ ʟʨʘʟʢʦʤ ʨʝʯʦʚʠʥʠ. ʋ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ɽʇʈ, ʦɦ ʚʠʧʫʩʢʘ̒ 

ʧʨʦʤʠʩʣʦʚ̔ʩʪ,ɹ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝ̒ʩʪʨʫ̒ʪʩɹ̫ ʥ̔ʪʝʥʩʠʚʥ̔ʩʪ ɹ ʧʦʛʣʠʥʘʥʥ̫, ʘʙʦ ʾʾ 

ʧʦʭ̔ʜʥʘ, ʢ̫ ʬʫʥʢʮ̔ ʷ ʥʘʧʨʫʞʝʥʦʩʪ̔ ʩʪʘʪʠʯʥʦʛʦ ʤʘʛʥ̔ʪʥʦʛʦ ʧʦʣ̫. 

ʄʝʪʦʜʦʤ ɽʇʈ ʜʦʩʣ̔ ʜʞʫʁ ʪɹ ʤʦʣʝʢʫʣʠ, ʘʪʦʤʠ  ̔ ʨʘʜʠʢʘʣʠ, ʱʦ ʤʘ̒ 

ʦʩʦʙʣʠʚʫ ʮ̔ʥʥ̔ʩʪɹ , ʫ ʛʘʟʦʚ̔ʡ ʬʘʟ̔, ʤʘʪʨʠʮ̫ʭ, ʨʦʟʯʠʥʘʭ, ʢʨʠʩʪʘʣʘʭ ʪʘ 
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ʧʦʨʦhʢʘʭ. ʏʫʪʣʠʚ̔ʩʪɹ ʤʝʪʦʜʫ ʜʦʟʚʦʣ̫  ̒ ʚʠ̫ʚʠʪʠ, ʜ̔ʝʥʪʠʬ̔ʢʫʚʘʪʠ ʚ̔ʣʥɹ̔ 

ʨʘʜʠʢʘʣʠ, ʚʩʪʘʥʦʚʠʪʠ ʭʾ ʝʣʝʢʪʨʦʥʥʫ ʢʦʥʬ̔ʛʫʨʘʮ̔ʁ  ʪʘ ʛʝʦʤʝʪʨ̔ʁ . 
 

3.1.2 ʍʨʦʤʘʪʦʛʨʘʬ̔ʯʥ̔ ʤʝʪʦʜʠ ʘʥʘʣ̔ ʟʫ 

ʍʨʦʤʘʪʦʛʨʘʬ̔  ʁ ʩʣ̔ ʜ ʚ̔ʜʥʦʩʠʪʠ ʜʦ ʘʥʘʣ̔ʪʠʯʥʠʭ ʤʝʪʦʜ̔ʚ ʘʥʘʣ̔ʟʫ, 

ʢ̫̔ ʦʩʥʦʚʘʥ̔ ʥʘ ʧʨʦʮʝʩʘʭ ʩʦʨʙʮ̔ ʾ. ʊʦʙʪʦ ʨʦʟʯʠʥ ʯʠ ʛʘʟ (ʪ̔, ʦɦ ʧʦʪʨʝʙʫʁʪ ɹ

ʘʥʘʣʟ̔ʫ) ʧʨʠʚʦʜ̫ʪɹ ʜʦ ʟ̔ʪʢʥʝʥʥ̫ ʟ ʧʦʛʣʠʥʘʣʥɹʠʢʦʤ (ʩʦʨʙʝʥʪʦʤ), ʢ̫ʠʡ ʚʠʪ̫ʛʘ̒  

ʟ̔ ʩʫʤ̔ʰ̔ ʪ̔ ʘʙʦ ʥ̔h  ̔ʢʦʤʧʦʥʝʥʪʠ. ʗʢɦʦ ʧʦʛʣʠʥʘʥʥ̫ ʧʨʦʭʦʜʠʪɹ ʚʠʙ̔ʨʢʦʚʦ, ʪʦ 

ʪʘʢʠʤ ʰʣ̫ʭʦʤ ʤʦʞʣʠʚʦ ʟʚ̔ʣʥɹʠʪʠ ʨʝʯʦʚʠʥʫ ʚ̔ʜ ʩʪʦʨʦʥʥ̔ʭ ʜʦʤ̔ ʦhʢ ʪʘ 

ʨʦʟʜ̔ʣʠʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤ̔ʰ̔. ʉʘʤʝ ʥʘ ʮʦɹʤʫ ʟʘʩʥʦʚʘʥʦ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥʠʡ 

ʨʦʟʧʦʜ̔ʣ ʩʫʤ̔ʰ̔. ʉʦʨʙʮ̔̒  ʁʥʘʟʠʚʘʁʪɹ ʧʦʛʣʠʥʘʥʥ̫ ʛʘʟ̔ʚ, ʧʘʨʠ ʯʠ ʨʦʟʯʠʥʝʥʠʭ 

ʨʝʯʦʚʠʥ ʪʚʝʨʜʠʤʠ ʘʙʦ ʨ̔ʜʢʠʤʠ ʧʦʛʣʠʥʘʣʥɹʠʢʘʤʠ. ɺʠʟʥʘʯʘʁʪ ɹʯʦʪʠʨʠ ʚʠʜʠ 

ʩʦʨʙʮ̔ ʾ. 

ɸʜʩʦʨʙʮ̔ ʷ ï ʧʦʛʣʠʥʘʥʥ̫ ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥ̔ ʪʚʝʨʜʦʛʦ ʯʠ ʨ̔ʜʢʦʛʦ 

ʩʦʨʙʝʥʪʫ. 

ɸʙʩʦʨʙʮ̔ ʷ ï ʧʦʛʣʠʥʘʥʥ̫ ʨʝʯʦʚʠʥʠ ʦʙ' ʤ̒ʦʤ ʪʚʝʨʜʦʛʦ ʯʠ ʨ̔ʜʢʦʛʦ 

ʩʦʨʙʝʥʪʫ. 

ʍʝʤʦʩʦʨʙʮ̔ ʷ ï ʧʦʛʣʠʥʘʥʥ̫ ʨʝʯʦʚʠʥʠ ʪʚʝʨʜʠʤ ʯʠ ʨ̔ ʜʢʠʤ ʩʦʨʙʝʥʪʦʤ ʟʘ 

ʫʤʦʚʠ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʭ̔ʤ̔ʯʥʠʭ ʩʧʦʣʫʢ. 

ʂʘʧ̔ʣ̫ʨʥʘ ʢʦʥʜʝʥʩʘʮ̔ ʷ ï ʫʪʚʦʨʝʥʥ̫ ʨ̔ʜʢʦʾ ʬʘʟʠ ʚ ʧʦʨʘʭ ʪʘ ʢʘʧ̔ʣ̫ʨʘʭ 

ʪʚʝʨʜʦʛʦ ʩʦʨʙʝʥʪʫ ʧʨʠ ʧʦʛʣʠʥʘʥʥ̔ ʧʘʨʠ ʨʝʯʦʚʠʥʠ. 

ʇʦʛʣʠʥʘʣʴʥʠʢʠ ï ʩʦʨʙʝʥʪʠ, ʷʢ̔ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹʩ̫ ʚ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ, 

ʘ ʪʘʢʦʞ ʫ ʩʦʨʙʮ̔ʡʥ̔ʡ ʪʝʭʥʦʣʦʛ̔ ʾ, ʧʦʚʠʥʥ̔ ʚ̔ʜʧʦʚ̔ʜʘʪʠ ʜʝ̫ʢʠʤ ʚʠʤʦʛʘʤ: 

- ʙʫʪʠ ʝʢʦʥʦʤ̔ʯʥʦ ʚʠʛ̔ʜʥʠʤʠ; 

- ʤʘʪʠ ʤʘʢʩʠʤʘʣʥɹʦ ʤ̔ʦʚ̔ʨʥʫ ʧʦʛʣʠʥʘʣʥɹʫ ʟʜʘʪʥ̔ʩʪ,ɹ ʢ̫ʘ ʚʠʤ̔ʨʁ ʪ̒ɹʩ̫ 

ʚ ʤʛ ʘʙʦ ʤ̔ʣ̔ʤʦʣ̫ʭ ʨʝʯʦʚʠʥʠ, ʢ̫ʘ ʧʦʛʣʠʥʘ̒ʪɹʩ̫ ʦʜʠʥʠʮʝʁ  ʩʦʨʙʝʥʪʫ; 

- ʙʫʪʠ ʩʪ̔ʡʢʦʁ  ʧʦ ʚ̔ʜʥʦh ʝʥʥ̔ ʜʦ ʩʝʨʝʜʦʚʠ ʘɦ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩ̫, 

ʪʘ ʚʦʣʦʜ̔ʪʠ ʤʝʭʘʥ̔ ʯʥʦʁ  ʩʪ̔ʡʢ̔ʩʪʶ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮ̔ʾ. 

ʋʩ̔ʤ ʚʠʤʦʛʘʤ ʚ̔ʜʧʦʚ̔ ʜʘʁʪ ɹ ʣʠ ʝh ʜʝ̫ʢ̔ ʩʦʨʙʝʥʪʠ, ʜʦ ʢ̫ʠʭ 

ʥʘʣʝʞʘʪɹ  ʘʢʪʠʚʦʚʘʥʝ ʚʫʛ̔ʣʣ̫, ʦʢʠʩ ʘʣʁ ʤ̔ʥ̔ʁ , ʮʝʦʣ̔ʪʠ, ʜʝ̫ʢ̔ ʤ̔ʥʝʨʘʣʠ, 

ʮʝʣʁʣʦʟʘ ʪʘ ʦ̔ʥʦʦʙʤ̔ʥʥ̔ ʩʤʦʣʠ. ʄʝʪʦʜ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ ʚʚʘʞʘ̒ ʪʩɹ̫ 

ʚ̔ʜʦʢʨʝʤʣʁ ʯʁʠʤ ʪʘ ʩʢʣʘʜʘ̒ʪʩɹ̫ ʟ ʜʝʢ̔ʣʢɹʦʭ ʚʠʜ̔ʚ: ʭʨʦʤʘʪʦʛʨʘʬ̔  ̫ʥʘ ʧʘʧʝʨ̔ 

(ʧʘʧʝʨʦʚʘ), ʚ ʪʦʥʢʠʭ ʘhʨʘʭ (ʪʦʥʢʦhʘʨʦʚʘ), ʦ̔ʥʦʦʙʤ̔ʥʥʘ, ʛʘʟʦʚʘ, ʛʘʟʦʨʜ̔ʠʥʥʘ 

ʪʘ ʥ̔. 
 

3.1.2.1 ʍʨʦʤʘʪʦʛʨʘʬ̔ʷ ʥʘ ʧʘʧʝʨ̔ 

ʍʨʦʤʘʪʦʛʨʘʬ̔ ʷ ʥʘ ʧʘʧʝʨ̔  ̒ ʨʦʟʧʦʜ̔ʣ̫ ʯʁʦʁ , ʦʩʢ̔ʣʢɹʠ ʚ̔ʜʙʫʚʘ̒ʪɹʩ̫ 

ʨʦʟʧʦʜ̔ʣ ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʫʤ̔ʰ̔ ʤ̔ʞ ʨʫʭʦʤʦʁ  ʪʘ ʥʝʨʫʭʦʤʦʁ  ʬʘʟʘʤʠ, ʷʢ̔ 

ʥʘʥʝʩʝʥ̔ ʥʘ ʧʘʧ̔ʨ ï ʩʦʨʙʝʥʪ. ʇʘʧ̔ʨ ʜʣ̫ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ ʥʘʛʘʜʫ̒ ʧʘʧ̔ʨ ʜʣ̫ 

ʬ̔ʣɹʪʨʘʮ̔ʾ, ʘʣʝ ʤʘ̒ ʙ̔ʣʴʰ ʚʠʩʦʢʫ ʷʢ̔ʩʪɹ . ʅʘ ʩʤʫʞʢʫ ʧʘʧʝʨʫ, ʜʝ ʦʣ̔ʚʮʝʤ 

ʤʘʣʁ ʪʁ ɹ ʣ̔ʥ̔ʁ  ʩʪʘʨʪʫ, ʥʘʥʦʩʪ̫ɹ ʢʨʘʧʣʠʥʫ ʨʦʟʯʠʥʫ, ʦɦ ʧ̔ʜʣ̫ʛʘ̒ ʘʥʘʣ̔ʟʫ, 

ʧ̔ ʜʩʫh ʫʁ ʪɹ ʥʘ ʧʦʚ̔ʪʨ̔  ̔ ʨʦʟʤɦ̔ʫʁ ʪɹ ʫ ʢʘʤʝʨ̔, ʜʝ ʟʥʘʭʦʜʠʪʩɹ̫ ʩʫʤ̔  h

ʨʦʟʯʠʥʥʠʢʘ (ʨʫʭʦʤʘ ʪʘ ʥʝʨʫʭʦʤʘ ʬʘʟʠ). ʅʝʨʫʭʦʤʘ ʬʘʟʘ ʬ̔ʢʩʫ̒ʪʩɹ ̫ ʥʘ 
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ʚʦʣʦʢʥʘʭ ʧʘʧʝʨʫ, ʘ ʨʫʭʦʤʘ ʨʦʟʧʦʜ̔ʣ̫  ̒ ʨʝʯʦʚʠʥʠ ʩʫʤ̔ʰ̔. ʈʦʟʯʠʥʥʠʢ ʞʠʚʠʪɹ 

ʩʤʫʞʢʫ ʧʘʧʝʨʫ, ʟʤʠʚʘ̒ ʧʣ̫ʤʫ, ʢ̫ʘ ʧʨʠ ʮɹʦʤʫ "ʧʦʜʨ̔ʙʥʁ ʻʪɹʩ"̫ ʪʘ 

ʧʨʦʩʫʚʘ̒ʪɹʩ̫ ʧʦ ʧʘʧʝʨʫ ʟ ʨʟ̔ʥʦʁ  ʰʚʠʜʢ̔ʩʪʁ . ʇʦʪ̔ʤ ʧʘʧ̔ʨ ʧ̔ʜʩʫh ʫʁ ʪɹ ʥʘ 

ʧʦʚ̔ʪʨ̔  ̔ ʨʦʟhʠʬʨʦʚʫʁʪɹ  hʣ̫ʭʦʤ ʧʦʨ̔ʚʥ̫ʥʥ̫ ʟ ʯʠʩʪʦʁ  ʨʝʯʦʚʠʥʦʁ , ʢ̫ʘ 
ʥʘʥʝʩʝʥʘ ʧʦʨ̫ ʜ, ʯʠ ʚʠʟʥʘʯʘʁʪɹ ʟʘ ʟʥʘʯʝʥʥ̫ʤ Rf, ʢ̫ʝ  ̒ʧʦʩʪ̔ʡʥʦʁ  ʜʦʚ̔ʜʢʦʚʦʁ  

ʚʝʣʠʯʠʥʦʁ . ʊʘʢʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣ̫  ̒ ʧʨʦʚʝʩʪʠ ʜ̔ʝʥʪʠʬ̔ʢʘʮ̔ʁ  ʨʝʯʦʚʠʥʠ ʟ 
ʜʦʩʪʘʪʥɹʦʁ  ʪʦʯʥ̔ʩʪ .ʁ ɺʠʟʥʘʯʝʥʥ ̫Rf ʧʨʦʚʦʜ̫ʪɹ ʪʘʢʠʤ ʯʠʥʦʤ: 

 
ʈʠʩʫʥʦʢ 21 ï ɺʠʟʥʘʯʝʥʥ̫ Rf ʥʘ ʧʘʧʝʨʦʚ̔ʡ ʘʙʦ ʪʦʥʢʦhʘʨʦʚ̔ʡ 

ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ 
ʘ ï ʚ̔ʜʩʪʘʥɹ ʤ̔ʞ ʣ̔ʥ̔̒  ʁʩʪʘʨʪʫ ʪʘ ʩʝʨʝʜʠʥʦ  ʁʧʣ̫ʤʠ; ʙ ï ʚ̔ʜʩʪʘʥɹ 

ʤ̔ʞ ʣ̔ʥ̔ ʤ̫ʠ ʩʪʘʨʪʫ ʪʘ ʬ̔ʥ̔h ʫ 

 

ɺʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʪʘʢʦʞ ʨʘʜ̔ʘʣʥɹʫ ʧʘʧʝʨʦʚʫ ʭʨʦʤʘʪʦʛʨʘʬ̔ʶ, ʢ̫ʘ 

ʚ̔ʜʨ̔ʟʥ̫ ʪ̒ɹʩ̫ ʪʠʤ, ʦɦ ʜʣ̫ ʘʥʘʣ̔ʟʫ ʙʝʨʫʪɹ ʢʨʫʛʣʠʡ ʧʘʧ̔ʨ  ̔ʨʦʟʤ̔ ʫɦʁ ʪɹ ʡʦʛʦ 

ʚ ʝʢʩʠʢʘʪʦʨ̔ ʛʦʨʠʟʦʥʪʘʣʥɹʦ. 
 

3.1.2.2 ʍʨʦʤʘʪʦʛʨʘʬ̔ʷ ʚ ʪʦʥʢʠʭ ʘhʨʘʭ 

ɻʦʣʦʚʥʘ ʨ̔ʟʥʠʮ̫ ʮʠʭ ʤʝʪʦʜ̔ʚ ʚ ʪ̔ʤ, ʱʦ ʧʦʛʣʠʥʘʣʥɹʠʢʦʤ ʩʣʫʞʠʪɹ 

ʙ̔ʣʴʰ ʢ̫̔ʩʥʠʡ ʤ̔ʣʢʦ ʧʦʜʨ̔ ʙʥʝʥʠʡ ʩʦʨʙʝʥʪ, ʥʘʥʝʩʝʥʠʡ ʥʘ ʪʚʝʨʜʫ ʧ̔ʜʢʣʘʜʢʫ, 

ʥʘʧʨʠʢʣʘʜ ʩʢʣ̫ʥʫ ʧʣʘʩʪʠʥʫ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥ̫ ʘʥʘʣ̔ʟʫ ʧʦʚʥ̔ʩʪʁ  

ʩʧ̔ʚʧʘʜʘ̒ ʟ ʧʘʧʝʨʦʚʦʁ . ɺ ʩʫʯʘʩʥ̔ʡ ʪʦʥʢʦh ʘʨʦʚ̔ʡ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʛʦʪʦʚ̔ ʧʣʘʩʪʠʥʢʠ ʪʠʧʫ "ʉʠʣʫʬʦʣ"ɹ, ʢ̫̔ ʣʝʛʢ̔ ʪʘ ʟʨʫʯʥʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥ̔, ʟʜʘʪʥ̔ ʜʦ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨ̔ʛʘʥʥ̫. 
 
3.1.2.3 ɯʦʥʦʦʙʤ̔ʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬ̔  ̫

ɼʦʟʚʦʣ̫  ̒ ʚʠʨh̔ʠʪʠ ʟʘʜʘʯʫ ʦʪʨʠʤʘʥʥ̫ ʥ̔ʜʠʚ̔ ʜʫʘʣʥɹʠʭ ʨʝʯʦʚʠʥ. ʎʝ 

ʤʝʪʦʜ ʨʦʟʧʦʜ̔ʣʝʥʥ̫, ʦʩʥʦʚʘʥʠʡ ʥʘ ʭʝʤʦʩʦʨʙʮ̔ ʾ, ʚ ʢ̫ʦʤʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʡʞʝ ʚʩ̔ ʪʠʧʠ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ. ɯʦʥʥʠʡ ʦʙʤ̔ʥ ʥʘ ʟʝʨʥ̔ 

ʩʤʦʣʠ ʤʦʞʣʠʚʦ ʚʚʘʞʘʪʠ ʙʘʛʘʪʦʩʪʘʜʡ̔ʥʠʤ ʧʨʦʮʝʩʦʤ. ɯʟ ʟʦʚʥ̔h ʥʦɹʛʦ 

ʩʝʨʝʜʦʚʠɦ ʘ ʦ̔ʥ ʧʦʚʠʥʝʥ ʥʘʙʣʠʟʠʪʠʩ̫ ʜʦ ʧʦʚʝʨʭʥ̔ ʟʝʨʥʘ (ʟʦʚʥ̔h ʥ̫ ʜʠʬʫʟ̫̔ ) 

ʪʘ ʧʨʦʥʠʢʥʫʪʠ ʚ ʥɹʦʛʦ (ʚʥʫʪʨ̔h ʥ̫ ʜʠʬʫʟ̫̔), ʜʘʣ̔ ʡʜʝ ʩʪʘʜʽʷ ʦ̔ʥʥʦʛʦ ʦʙʤ̔ʥʫ, ʘ 

ʧʦʪ̔ʤ ʜʠʬʫʟ̫̔  ʦʙʤ̔ʥʝʥʦʛʦ ʦ̔ʥʫ ʯʝʨʝʟ ʟʝʨʥʦ ʩʤʦʣʠ  ̔ ʚʠʭ̔ ʜ ʡʦʛʦ ʫ ʟʦʚʥ̔h ʥ̒ 
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ʩʝʨʝʜʦʚʠɦ ʝ. ɺʩ̔ ʮ̔ ʧʨʦʮʝʩʠ ʚ̔ʜʙʫʚʘʁ ʪɹʩ̫ ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦ ʪʘ ʢʥ̔ʝʪʠʢʘ 

ʦ̔ʥʥʦʛʦ ʦʙʤ̔ʥʫ ʚʠʟʥʘʯʘ̒ʪɹʩ̫ ʩʘʤʦʁ  ʧʦʚ̔ʣʥɹʦ  ʁ ʩʪʘʜʽ̒ʁ . ʏʘʩʪ̔h ʝ ʾʾ ʙʫʚʘ̒ 

ʚʥʫʪʨ̔h ʥ̫ ʜʠʬʫʟ̫̔, ʢ̫ʘ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʱ̔ʣʥɹʦʩʪ̔ ʙʫʜʦʚʠ ʟʝʨʥʘ, 

ʨʦʟʤ̔ʨʫ ʦ̔ʥʘ ʪʘ ʥ̔ ʝh. 
 

3.1.2.4 ɻʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬ̔  ̫

ɻʘʟʦʚʦʁ  ʭʨʦʤʘʪʦʛʨʘʬ̔ʻ  ʁ ʥʘʟʠʚʘʁʪɹ ʤʝʪʦʜ ʨʦʟʜ̔ʣʝʥʥ̫ ʪʘ 

ʜ̔ʝʥʪʠʬ̔ʢʘʮ̔ ʾ ʢʦʤʧʦʥʝʥʪ̔ʚ ʛʘʟʦʚʦʾ ʩʫʤ̔ʰ̔. ɼʦ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ ʛʘʟʦʚʠʭ 

ʩʫʤ̔ ʝhʡ ʩʣ̔ ʜ ʚ̔ʜʥʝʩʪʠ ʧʨʝʧʘʨʘʪʠʚʥʫ ʭʨʦʤʘʪʦʛʨʘʬ̔ʶ, ʨʝʢʫʧʝʨʘʮ̔ʁ  ʣʝʪʁʯʠʭ 

ʨʦʟʯʠʥʥʠʢ̔ʚ, ʦʩʫhʫʚʘʥʥ̫ ʧʦʚ̔ʪʨ̫, ʡʦʛʦ ʦʯʠʩʪʢʫ ʚ̔ʜ ʦʪʨʫʡʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʥ̔h ʝ. 

ɿʘ ʜʦʧʦʤʦʛʦʁ  ʮɹʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʘ ʢʦʥʪʨʦʣʁʚʘʪʠ ʙʘʛʘʪʦʯʠʩʣʝʥʥ̔ 
ʪʝʭʥʦʣʦʛ̔ ʯʥ̔ ʧʨʦʮʝʩʠ, ʥʘʧʨʠʢʣʘʜ ʧʝʨʝʨʦʙʢʫ ʥʘʬʪʠ, ʢʘʪʘʣ̔ʪʠʯʥʠʡ ʩʠʥʪʝʟ, 
ʦʯʠʩʪʢʫ ʛʘʟ̔ʚ ʪʘ ʥ̔h ʝ. 

ɺ ʦʩʥʦʚ̔ ʣʝʞʠʪɹ ʤʝʪʦʜ ʚʠʪ̔ʩʥ ʚʁʘʣʥɹʦʾ ʭʨʦʤʘʪʦʛʨʘʬ̔ .ʾ ɺ 

ʭʨʦʤʘʪʦʛʨʘʬ̔ʯʥʫ ʢʦʣʦʥʢʫ, ʢ̫ʘ ʟʘʧʦʚʥʝʥʘ ʩʦʨʙʝʥʪʦʤ, ʚʚʦʜʪ̫ɹ ʜʝ̫ʢʫ ʢ̔ʣʢɹ̔ʩʪɹ 

ʛʘʟʦʚʦʾ ʩʫʤ̔ʰ̔, ʧʦʪ̔ʤ ʧʨʦʧʫʩʢʘʁ ʪɹ ʩʢʨ̔ʟ ɹ ʥʝʾ ʛʘʟ-ʚʠʪʠʩʥʁʚʘʯ, ʧʨʠ ʮɹʦʤʫ 

ʚʠʜʘʣ̫ ʪʁɹ (ʝʣʶ̔ʨʫʁ ʪɹ ) ʩʦʨʙʦʚʘʥ̔ ʨʘʥ̔h ʝ ʛʘʟʠ. ɺ ʭʨʦʤʘʪʦʛʨʘʬ̔ʯʥ̔ʡ ʢʦʣʦʥʮ̔ 

ʩʪʚʦʨʶʁʪɹ ʫʤʦʚʠ, ʧʨʠ ʢ̫ʠʭ ʚ̔ ʜʙʫʚʘ̒ ʪʩɹ̫ ʩʧʦʯʘʪʢʫ ʩʦʨʙʮ̔ ʷ, ʘ ʧʦʪ̔ʤ 

ʜʝʩʦʨʙʮ̫̔  ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʫʤ̔ʰ̔. ʅʘ ʢʨʠʚ̔ʡ (ʨʠʩ. 22), ʦɦ ʚʠʭʦʜʠʪʴ ʟ 

ʧʨʠʙʦʨʫ-ʩʘʤʦʧʠʩʮ ,ʁ ʙʫʜʫʪɹ ʟʘʬ̔ʢʩʦʚʘʥ̔ ʯ̔ʪʢ̔  ʨʦʟʨ̔ʟʥʝʥ̔ ʧ̔ʢʠ. 

 
ʈʠʩʫʥʦʢ 22 ï ʇʨʠʢʣʘʜ ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʤʠ 
 
ʂʦʣʦʥʢʫ, ʚ ʢ̫ʫ ʧʨʦʧʫʩʪʠʣʠ ʛʘʟʦʚʫ ʩʫʤ̔ʰ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʨʦʟʪʘhʦʚʫʁ ʪɹ ʚ ʧʝʯ,̔ ʜʝ ʧʨʠ ʧ̔ʜʚʠɦ ʝʥ̔ʡ ʪʝʤʧʝʨʘʪʫʨ̔ ʟʤ̔ʥʶ̒ʪʩɹ̫ 

ʩʦʨʙʫ̒ʤ̔ʩʪɹ ʛʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ "ʚʠʰʪʦʚʭʫ̒" 

ʩʦʨʙʦʚʘʥ̔ ʛʘʟʠ ʚ ʢ̔ʥʝʮɹ  ʢʦʣʦʥʢʠ ʟ ʨ̔ʟʥʦʁ  ʰʚʠʜʢ̔ʩʪ .ʁ ɼʣ̫ ʨʝ̒ʩʪʨʘʮ̔ ʾ 

ʚʠʭʦʜʫ ʪʘ ʟʨʦʩʪʘʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʢʦʤʧʦʥʝʥʪ̔ʚ ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʩʧʝʮ̔ ʘʣʥɹ̔ 

ʧʨʠʩʪʨʦʾ, ʢ̫̔ ʥʘʟʠʚʘʁʪɹ ʜʝʪʝʢʪʦʨʘʤʠ. ɿʘʟʚʠʯʘʡ ʮʝ ʪʝʧʣʦʚ̔ ʧʨʠʩʪʨʦ ʾ ï 

ʢʘʪʘʨʦʤʝʪʨʠ. ɺ ʮ̔ʣʦʤʫ ʭʨʦʤʘʪʦʛʨʘʬ ʩʢʣʘʜʘ̒ʪʩɹ̫ ʟ ʜʝʢ̔ʣʢɹʘ ʧʨʠʩʪʨʦʾʚ: 

ʦʩʫh ʫʚʘʯ; ʭʨʦʤʘʪʦʛʨʘʬ̔ʯʥʘ ʢʦʣʦʥʢʘ (ʨ̔ʟʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ʬʦʨʤʠ); ʧ̔ʯ; 

ʚʠʤ̔ʨ ʚʁʘʯ ʚhʠʜʢʦʩʪ̔ ʛʘʟʫ (ʨʝʦʤʝʪʨ) ʪʘ ʨʝ̒ʩʪʨʫʁʯʠʭ ʧʨʠʩʪʨʦʾʚ ï ʜʝʪʝʢʪʦʨʘ 

 ̔ʩʘʤʦʧʠʩʮ̫-ʛʘʣʚɹʘʥʦʤʝʪʨʘ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣ̔ʢʦʤ ʧʨʠʙʦʨʫ  ̒ʧʝʨ̔ʦʜʠʯʥ̔ʩʪ ɹ

ʜ̔ ʾ. 
 
3.1.2.5 ɻʘʟʦʨ̔ʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬ̔  ̫

ʄʝʪʦʜ ʛʘʟʦʨʜ̔ʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʙʩʦʨʙʮ̔ ʾ ʛʘʟ̔ʚ ʘʙʦ 
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ʧʘʨʠ ʦʙ' ʤ̒ʦʤ ʨ̔ʜʢʦʛʦ ʩʦʨʙʝʥʪʫ. ɸʥʘʣ̔ʟ ʧʨʦʚʦʜ̫ʪɹ ʚ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥ̔ʡ 
ʢʦʣʦʥʮ,̔ ʢ̫ʘ ʟʘʧʦʚʥʝʥʘ ʠhʭʪʦʁ  ï ʧʦʨʠʩʪʦʁ  ʪʚʝʨʜʦʁ  ʨʝʯʦʚʠʥʦʁ , ʥʘʧʨʠʢʣʘʜ 
ʩʠʣ̔ʢʘʛʝʣʝʤ, ʚʫʛ̔ʣʣ̫ʤ ʘʙʦ ʥ̔ ʠhʤ. ɸʣʝ ʚ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʠhʭʪʘ ʥʝ  ̒ʩʦʨʙʝʥʪʦʤ 
ʛʘʟ̔ʚ, ʘ ʣʠh ʝ ʥʦʩ̔̒ ʤ ʥʝʨʫʭʦʤʦʾ ʨ̔ʜʢʦʾ ʬʘʟʠ, ʢ̫ʘ  ̔ʩʦʨʙʫ̒ ʛʘʟʦʚʫ ʩʫʤ̔ .h ʏʠʤ 

ʚʠ ʘɦ ʧʦʚʝʨʭʥ̫, ʟʤʦʯʝʥʘ ʨ̔ʜʠʥʦʁ , ʪʠʤ ʘʢʪʠʚʥ̔h ʝ ʧʨʦʪ̔ʢʘ̒ ʧʨʦʮʝʩ, ʘʣʝ 
ʧʦʚʝʨʭʥ̫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʦʁ  ʜʣ̫ ʧʦʜ̔ʣʝʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤ̔ʰ̔. ɿʘ 
ʮʠʭ ʦʙʩʪʘʚʠʥ ʥʝ ʩʣ̔ ʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʩ̔ʾ ʟ ʪʦʥʢʦʧʦʨʠʩʪʦʁ  ʩʪʨʫʢʪʫʨʦʁ , 
ʦʩʢ̔ʣʢɹʠ ʤ̔ʣʢ̔ ʧʦʨʠ, ʜʦ ʪʦʛʦ ʞ ʟʘʧʦʚʥʝʥ̔ ʨ̔ ʜʠʥʦʁ , ʥʝ ʧʨʠʡʤʘʪʠʤʫʪɹ  

ʫʯʘʩʪɹ ʫ ʩʦʨʙʮ̔ ʾ. ɼʨʫʛʦʁ  ʚʘʞʣʠʚʦʁ  ʫʤʦʚʦʁ  ʚʠʙʦʨʫ ʠhʭʪʠ  ̔ ʥʝʨʫʭʦʤʦʾ 
ʨ̔ʜʢʦʾ ʬʘʟʠ  ̒ʥʘʩʪʫʧʥʝ: ʨ̔ʜʠʥʘ ʧʦʚʠʥʥʘ ʜʦʙʨʝ ʟʤʦʯʫʚʘʪʠ ʧʦʚʝʨʭʥʁ  ʥʦʩ̫̔  ʪʘ 
ʜʦʙʨʝ ʫʪʨʠʤʫʚʘʪʠʩ ̫ʥʘ ʥ̔ʡ; ʥʝ ʧʦʚʠʥʥʘ ʚʠʧʘʨʦʚʫʚʘʪʠʩ̫ ʟ ʧʦʚʝʨʭʥ̔ ʩʦʨʙʝʥʪʫ 
ʧ̔ ʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɸʩʦʨʪʠʤʝʥʪ ʪʘʢʠʭ ʨ̔ʜʠʥ ʥʝ ʜʫʞʝ ʚʝʣʠʢʠʡ. 

ɺʨʘʭʦʚʫʁʯʠ, ʱʦ ʘʥʘʣ̔ʟ ʧʨʦʪ̔ʢʘ̒ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʢ̫ʦʩʪ̔ 
ʥʝʨʫʭʦʤʦʾ ʨ̔ ʜʠʥʠ ʤʦʞʫʪ ɹ ʙʫʪʠ ʨʝʯʦʚʠʥʠ, ʷʢ̔ ʧʨʠ ʢ̔ʤʥʘʪʥ̔ʡ ʪʝʤʧʝʨʘʪʫʨ̔ 
ʟʥʘʭʦʜ̫ʪɹ ʩ̫ ʫ ʪʚʝʨʜ̔ʡ ʬʘʟ̔: ʧʘʨʘʬ̔ʥ, ʝʬ̔ʨʠ ʩʝʙʘʮʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʚʘʢʫʫʤʥ̔ 
ʤʘʩʪʠʣʘ ("ʘʧ̔̒ʟʦʥʦʚ̔ ʤʘʩʪʠʣʘ") ʪʘ ʥ̔. ʎ̔ ʨʝʯʦʚʠʥʠ ʫ ʚʠʛʣ̫ ʜ̔ ʨʦʟʯʠʥʫ ʫ 

ʚ̔ʜʧʦʚ̔ʜʥʦʤʫ ʦʨʛʘʥ̔ ʯʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ ʥʘʥʦʩ̫ʪɹ ʥʘ ʧʦʨʠʩʪʫ ʠhʭʪʫ, ʷʢʫ 
ʜʘʣ̔ ʧ̔ ʜʩʫh ʫʁ ʪɹ ʟ ʤʝʪʦʁ  ʚʠʜʘʣʝʥʥ̫ ʨʦʟʯʠʥʥʠʢʘ, ʪʘ ʟʘʧʦʚʥʁ ʶʪɹ ʦʪʨʠʤʘʥʦʁ  

ʪʚʝʨʜʦʶ ʩʫʤ̔ʰh ʶ ʭʨʦʤʘʪʦʛʨʘʬ̔ʯʥʫ ʢʦʣʦʥʢʫ. ɺ ʧʝʯ ̔ʧʨʠʙʦʨʫ ʧʨʠ 100-200 ʦʉ 

ʩʦʨʙʝʥʪ ʨʦʟʧʣʘʚʣ̫ ʪ̒ɹʩ̫  ̔ʫʪʚʦʨʁ  ̒ʥʝʨʫʭʦʤʫ ʨ̔ ʜʢʫ ʬʘʟʫ. 

ʇʨʦʮʝʩ ʨʦʟʜ̔ʣʝʥʥ̫ ʧʘʨʦʚʦʾ ʩʫʤ̔ʰ̔ ʘʥʘʣ̔ʟʫ̒ ʤʠʭ ʩʧʦʣʫʢ 

ʟʜ̔ʡʩʥʶ̒ʪɹʩ̫ ʪʘʢʠʤ ʯʠʥʦʤ: ʫ ʚʝʨʭʥʁ  ʯʘʩʪʠʥʫ ʢʦʣʦʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦ  ʁ

ʜʦʟʫʁʯʦʛʦ ʧʨʠʩʪʨʦʁ , ʥʘʧʨʠʢʣʘʜ, ʤ̔ʢʨʦh ʧʨʠʮʘ, ʜʦʜʘʁʪɹ ʥʝʚʝʣʠʢʫ ʢ̔ʣɹʢʩ̔ʪɹ 

ʧʨʦʙʠ ʨ̔ʜʢʦʾ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʯʠ ʪʦ ʛʘʟʦʚʦʾ ʩʫʤ̔ʰ̔, ʧʦʪ̔ʤ ʚ ʢʦʣʦʥʢʫ ʧʦʜʘʁʪɹ 

ʩʪʨʫʤ ʛʘʟʫ-ʥʦʩ̔ ʷ (ʚʦʜʝʥɹ, ʘʨʛʦʥ, ʛʝʣ̔ʡ ʘʙʦ ʘʟʦʪ). ʇʨʦʮʝʩ ʨʦʟʜ̔ʣʝʥʥ̫ ʚ ʢʦʣʦʥʮ̔ 

ʥʘʛʘʜʫ̒  ʤʝʪʦʜ ʬʨʘʢʮ̔ʡʥʦʾ ʧʝʨʝʛʦʥʢʠ. ʇʘʨʠ ʩʧʦʣʫʢ ʨʦʟʧʦʜ̔ʣ̫ ʪʁɹʩ̫ ʤ̔ʞ 

ʛʘʟʦʤ-ʥʦʩ̔̒ ʤ ʪʘ ʨ̔ʜʢʦʁ  ʬʘʟʦʁ , ʱʦ ʟʥʘʭʦʜʠʪɹʩ ̫ ʥʘ ʧʦʨʠʩʪ̔ʡ ʦʩʥʦʚ̔. ɻʘʟ-

ʥʦʩ̔ʡ ʧʨʦʭʦʜʠʪɹ ʩʢʨ̔ʟɹ ʦʙ'ʻʤ ʨ̔ ʜʠʥʠ  ̔ ʟʙʘʛʘʯʫ̒ ʪɹʩ̫ ʤʝʥh  ʨʦʟʯʠʥʝʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʮ̫ ʩʫʤ̔  hʘʙʩʦʨʙʫ̒ʪɹʩ ̫ʥʘʩʪʫʧʥʠʤʠ ʰʘʨʘʤʠ ʪʘ ʜʘʣ̔ ʧʦʛʣʠʥʘ̒ 

ʩʧʦʣʫʢʠ, ʦɦ ʜʝʩʦʨʙʫʁ ʪɹʩ̫. ʇʦʜʽʙʥʠʡ ʧʨʦʮʝʩ ʩʦʨʙʮ̔ ʾ ʪʘ ʜʝʩʦʨʙʮ̔ ʾ ʟ 

ʧʦʩʪ̔ʡʥʠʤ ʚ̔ʜʩʪʘʚʘʥʥ̫ʤ ʜʦʙʨʝ ʨʦʟʯʠʥʝʥʠʭ ʩʧʦʣʫʢ ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʜʝʩʪ̫ʢʠ 

ʪʠʩ̫ʯ ʨʘʟ̔ʚ ʟʘ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥ̫ ʛʘʟʫ-ʥʦʩ̔ ʷ ʚʟʜʦʚʞ ʚʩ̔̒  ʾ ʜʦʚʞʠʥʠ ʢʦʣʦʥʢʠ. 

ʅʘʨʝh ʪ̔ ʩʫʤ̔  hʨʦʟʧʦʜ̔ʣ̫ ʪ̒ʩɹ̫ ʧʦ ʚʩ̔ʡ ʢʦʣʦʥʮ̔ ʦʢʨʝʤʠʤʠ ʟʦʥʘʤʠ, ʦɦ ʤ̔ʩʪ̫ʪɹ 

ʯʠʩʪ̔, ʘʙʦ ʤʘʡʞʝ ʯʠʩʪ̔ ʢʦʤʧʦʥʝʥʪʠ, ʢ̫̔ ʨʫʭʘʁʪɹʩ̫ ʚʟʜʦʚʞ ʠhʭʪʠ  ̔

ʚʠʭʦʜ̫ʪɹ ʟ ʢʦʣʦʥʢʠ, ʘ ʧʦʪ̔ʤ ʨʝ̒ʩʪʨʫʁ ʪɹʩ̫ ʧʨʠʩʪʨʦ̫ʤʠ ï ʢʘʪʘʨʦʤʝʪʨʘʤʠ. 

ɻʘʟʦʨ̔ ʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʷ ʚʠʟʥʘʯʘ̒ ʪɹʩ̫, ʷʢ ʜʫʞʝ ʪʦʯʥʠʡ, ʜʦʩʪʫʧʥʠʡ 

ʤʝʪʦʜ ʘʥʘʣ̔ʟʫ, ʢ̫ʠʡ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩ̫ ʥʝ ʪ̔ʣʢɹʠ ʜʣ̫ ʜ̔ʝʥʪʠʬ̔ʢʫʚʘʥʥ̫ 

ʩʧʦʣʫʢ, ʘ  ̔ ʜʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʭʾ ʢ̔ʣʢɹʦʩʪ̔ ʙʝʟʧʝʨʝʨʚʥʠʤ ʤʝʪʦʜʦʤ. ʉʘʤʝ ʮʝ 

ʜʦʟʚʦʣ̫  ̒ ʚʠʚʯʘʪʠ ʢ̔ʥʝʪʠʢʫ ʧʨʦʮʝʩ̔ʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥ̔ ɻʈʍ-ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ 

(ʨʠʩ. 23) 
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ʈʠʩʫʥʦʢ 23 ï ʇʨʠʢʣʘʜ ʛʘʟʦʨʜ̔ʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʤʠ 
 

ʂʦʥʪʨʦʣɹʥ̔ ʧʠʪʘʥʥʷ 
 
1. ʗʢ̔ ʤʝʪʦʜʠ ʜʦʩʣ̔ʜʞʝʥʥ̫ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ ʤʦʞʥʘ ʚ̔ʜʥʝʩʪʠ ʜʦ 

ʥʝʢ̔ʥʝʪʠʯʥʠʭ? 

2. ʗʢ̔ ʯʘʩʪʠʥʠ ʧ̔ ʜʜʘʁʪʩɹ̫ ʩʧʝʢʪʨʘʣʥɹʦʤʫ ʘʥʘʣ̔ʟʫ? 

3. ʗʢ̔ ʦʩʦʙʠʩʪʦʩʪ̔ ʭʘʨʘʢʪʝʨʥ̔ ʜʣ̫ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧ̔ʾ? 

4. ʍʘʨʘʢʪʝʨʥ̔ ʤʝʪʦʜʠ ʘʜʩʦʨʙʮ̔ ʾ ʣʝʞʘʪɹ ʚ ʦʩʥʦʚ̔ ʢ̫ʠʭ ʤʝʪʦʜ̔ʚ 

ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥʦʛʦ ʘʥʘʣ̔ʟʫ? 

5. ʗʢʘ ʩʧʦʣʫʢʘ ʚʠʢʦʥʫ̒ ʨʦʣ ɹʩʦʨʙʝʥʪʫ ʫ ʛʘʟʦʚ̔ʡ ʭʨʦʤʘʪʦʛʨʘʬ̔ʾ? 

6. ʗʢʘ ʩʧʦʣʫʢʘ ʚʠʢʦʥʫ̒ ʨʦʣ ɹ ʩʦʨʙʝʥʪʫ ʫ ʛʘʟʦʚʦ-ʨ̔ ʜʠʥʥʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬ̔ ʾ? 

7. ʄʝʪʦʜ ʭʝʤʦʩʦʨʙʮ̔ ʾ ʣʝʞʠʪɹ ʚ ʦʩʥʦʚ̔ ʢ̫ʦʛʦ ʤʝʪʦʜʫ 

ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥʦʛʦ ʘʥʘʣ̔ʟʫ? 

8. ʗʢʠʡ ʟ ʤʝʪʦʜ̔ʚ ʭʨʦʤʘʪʦʛʨʘʬ̔ ʯʥʦʛʦ ʘʥʘʣ̔ʟʫ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩ ̫ ʫ 

ʪʝʭʥʦʣʦʛ̔ ʯʥʠʭ ʧʨʦʮʝʩʘʭ? 

9. ʗʢʠʡ ʟ ʤʝʪʦʜ̔ʚ ʭʨʦʤʘʪʦʛʨʘʬ̔ʯʥʦʛʦ ʘʥʘʣ̔ʟʫ  ̒ ʢ̫ ʷʢ̔ʩʥʠʤ, ʪʘʢ  ̔

ʢ̔ʣʢɹ̔ʩʥʠʤ? 
 

3.2 ʂ̔ʥʝʪʠʯʥʝ ʜʦʩʣ̔ʜʞʝʥʥʷ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ 
 
ʍ̔ʤ̔ʯʥʘ ʢ̔ʥʝʪʠʢʘ  ̒ ʥʘʫʢʘ ʧʨʦ ʭ̔ʤ̔ʯʥʠʡ ʧʨʦʮʝʩ, ʡʦʛʦ ʤʝʭʘʥ̔ʟʤ ʪʘ 

ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔ ʧʨʦʪ̔ʢʘʥʥ̫ ʚ ʯʘʩ̔. 

ʍ̔ʤ̔ʯʥʠʡ ʧʨʦʮʝʩ (ʭ̔ʤ̔ ʯʥʘ ʨʝʘʢʮ̔ )̫ ʧʦʣ̫ʛʘ̒ ʚ ʧʝʨʝʪʚʦʨʝʥʥ̔ ʦʜʥ̔̒  ʾʘʙʦ 

ʜʝʢ̔ʣʢɹʘ ʨʝʯʦʚʠʥ, ʢ̫̔ ʥʘʟʠʚʘʁʪɹ ʚʠʭ̔ʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʚ ʦʜʥʫ ʯʠ ʙ̔ʣʴhʝ 

ʥ̔h ʠʭ ʭ̔ʤ̔ ʯʥʠʭ ʩʧʦʣʫʢ (ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ). ʉʫʢʫʧʥ̔ʩʪɹ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʨʝʘʢʮ̔ʡ, ʟ ʷʢʠʭ ʩʢʣʘʜʘ̒ ʪʩɹ̫ ʭ̔ʤ̔ ʯʥʠʡ ʧʨʦʮʝʩ, ʥʘʟʠʚʘʁʪ ɹ ʤʝʭʘʥ̔ʟʤʦʤ, ʘʙʦ 

ʩʭʝʤʦʁ  ʭ̔ʤ̔ʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ . 

ʂ̔ʣʢɹ̔ʩʥ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ̔ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̔ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʠʭ 

ʨʝʘʢʮ̔ʡ ʚ ʯʘʩ̔ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ' ʟ̫ʘʥ̔ ʟ ʤʝʭʘʥ̔ʟʤʦʤ, ʦɦ  ̒ ʚʘʞʣʠʚ̔h ʦʁ  
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ʨ̔ʟʥʠʮʝʁ  ʢ̔ʥʝʪʠʯʥʠʭ (ʯʘʩʦʚʠʭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭ̔ʤ̔ ʯʥʠʭ ʨʝʘʢʮ̔ʡ ʚ̔ʜ 

ʪʝʨʤʦʜʠʥʘʤ̔ʯʥʠʭ, ʷʢ̔ ʥʝ ʟʘʣʝʞʘʪɹ ʚ̔ʜ ʣh̫ʭʫ, ʧʦ ʢ̫ʦʤʫ ʧʨʦʪ̔ʢʘ̒ ʭ̔ʤ̔ ʯʥʘ 

ʨʝʘʢʮ̫̔ . ʏʘʩʪʢʠ, ʢ̫̔ ʫʪʚʦʨʁ ʪʁɹʩ̫ ʥʘ ʦʜʥʠʭ ʩʪʘʜ̔ ʭ̫ ʧʨʦʮʝʩʫ ʪʘ ʚʠʪʨʘʯʘʁʪɹʩ̫ 

ʥʘ ʥ̔ ʠhʭ, ʥʘʟʠʚʘʁʪɹ ʧʨʦʤ̔ʞʥʠʤʠ ʯʘʩʪʢʘʤʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʠ 

ʜʦʩʪʘʪʥɹ ʦ ʩʪ̔ʡʢ̔  ̔ ʟʜ̔ʙʥ̔ ʩ̔ʥʫʚʘʪʠ ʫ ʚʠʛʣ̫ ʜ̔ ʥ̔ʜʠʚ̔ʜʫʘʣʥɹʦʾ ʩʧʦʣʫʢʠ, ʭʾ 

ʥʘʟʠʚʘʁʪɹ ʧʨʦʤ̔ʞʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ʉʠʩʪʝʤʠ, ʚ ʢ̫ʠʭ ʚ̔ʜʙʫʚʘʁʪɹʩ̫ ʭ̔ʤ̔ʯʥ̔ ʧʝʨʝʪʚʦʨʝʥʥ̫, ʤʦʞʫʪɹ ʙʫʪʠ 

ʟʘʤʢʥʝʥʠʤʠ ʯʠ ʚ̔ʜʢʨʠʪʠʤʠ. ɺ ʟʘʤʢʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʚ̔ʜʩʫʪʥ̔ʡ ʤʘʪʝʨ̔ʘʣʥɹʠʡ 

ʦʙʤ̔ʥ ʟ ʥʘʚʢʦʣʠh ʥ̔ʤ ʩʝʨʝʜʦʚʠɦ ʝʤ. ɺ ʪʘʢʫ ʩʠʩʪʝʤʫ ʚʚʦʜʪ̫ɹ ʜʝ̫ ʢ̔ ʦʙ' ʤ̒ʠ 

ʨʝʯʦʚʠʥ, ʢ̫̔ ʣh̫ʭʦʤ ʭ̔ʤ̔ ʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ ʧʝʨʝʭʦʜ̫ʪɹ ʚ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮ̔ ʾ ʪʘ 

ʟʘʣʠ ʘhʁʪʩɹ̫ ʚ ʤʝʞʘʭ ʩʠʩʪʝʤʠ. ɼʣ̫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʨʝʘʢʪʦʨʠ 

ʜ̔ʝʘʣʥɹʦʛʦ ʚʠʪʠʩʢʘʥʥ̫. ʉʠʩʪʝʤʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʦʪʨʘʧʣ̫ʥʥ̫ʤ ʚʠʭ̔ʜʥʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʚ̔ ʜʚʝʜʝʥʥ̫ʤ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ ʣh̫ʭʦʤ ʜʠʬʫʟ̔ʾ ʯʠ ʥ̔ ʠhʭ ʚʠʜ̔ʚ 

ʤʘʩʦʧʝʨʝʜʘʯ̔, ʢ̫̔ ʤʘʁ ʪɹ ʦʙʤ̔ʥ ʟ ʥʘʚʢʦʣʠʰʥ̔ʤ ʩʝʨʝʜʦʚʠɦ ʝʤ, ʥʘʟʠʚʘʁʪɹ 

ʚ̔ʜʢʨʠʪʠʤʠ, ʘ ʨʝʘʢʪʦʨʘʤʠ ʩʣʫʞʘʪɹ ʨʝʘʢʪʦʨʠ ̔ʜʝʘʣʥɹʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫. 
 
3.2.1 ʆʩʥʦʚʥ̔ ʢ̔ʣɹʢ̔ʩʥ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪ̔ʢʘʥʥ̫ 

ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʮ̔ʡ 

ʆʩʥʦʚʥʦ  ʁʢʣ̔ʢɹ̔ʩʥʦʁ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʁ  ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ 

ʚ ʯʘʩ̔  ̒ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ. ʎʝ ʧʦʥ̫ʪʪ̫ ʧʦʚʠʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʣ̔ʢɹ̔ʩʪɹ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʙʫʣʘ ʚʠʪʨʘʯʝʥʘ ʯʠ ʫʪʚʦʨʠʣʘʩ ̫ʥʘ ʧʨʦʪ̫ʟ̔ ʨʝʘʢʮ̔ ʾ ʚ ʦʜʠʥʠʮʶ 

ʯʘʩʫ. ʆʩʢ̔ʣʢɹʠ ʚ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ ʭ̫, ʜʝ ʤʦʞʫʪɹ ʫʪʚʦʨʁʚʘʪʠʩ̫ ʧʨʦʤ̔ʞʥ̔ 

ʯʘʩʪʢʠ  ̔ ʥʝ ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫ ʧʨʦʩʪʠʭ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʭ ʩʧ̔ʚʚ̔ʜʥʦhʝʥɹ , 

ʨʦʟʛʣʜ̫ʘʁ ʪɹ ʥʝ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮ̔ʣʦʤʫ, ʘ ʚhʠʜʢ̔ʩʪ ɹ ʡʦʛʦ 

ʧʦ ʜʝ̫ʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʠ. 

ɺ ʟʘʤʢʥʝʥ̔ʡ ʩʠʩʪʝʤ̔ ʟʤ̔ʥʘ ʢ̔ʣʢɹʦʩʪ̔ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘ̒ʪɹʩ̫ ʢ̫ 

dn/dt, ʜʝ n ï ʯʠʩʣʦ ʤʦʣ̔ʚ ʨʝʯʦʚʠʥʠ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t. ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥ̫ ʮ̔̒  ʾ

ʧʦʭ̔ʜʥʦʾ ʚ ʢʦʥʢʨʝʪʥ̔ʡ ʩʠʩʪʝʤ̔ ʦʜʠʥʠʮɹ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ ʧʨʦʮʝʩʫ, ʫʤʦʚ 

ʡʦʛʦ ʧʨʦʪ̔ʢʘʥʥ̫ (ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʥ̔h ʝ) ʪʘ 

ʢ̔ʣʢɹʦʩʪ̔ ʚʠʭ̔ʜʥʠʭ ʨʝʯʦʚʠʥ. ɺʧʣʠʚ ʦʩʪʘʥʥɹʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʚhʠʜʢ̔ʩʪɹ 

ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʢʣʁʯʠʪʠ, ʢ̫ɦ ʦ ʧʦʭ̔ʜʥʫ ʚ̔ʜʥʝʩʪʠ ʜʦ ʚʝʣʠʯʠʥʠ, ʢ̫ʘ ʧʦʩʪ̔ʡʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫ̒ ʧʦʯʘʪʢʦʚ̔ ʢ̔ʣʢɹʦʩʪ̔ ʚʠʭ̔ʜʥʠʭ ʨʝʯʦʚʠʥ. ɼʣ̫ ʛʦʤʦʬʘʟʥʠʭ 

ʭ̔ʤ̔ʯʥʠʭ ʧʨʦʮʝʩ̔ʚ ʮʝ  ̒ʦʙ'ʻʤ V. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʤʢʥʝʥ̔ʡ ʩʠʩʪʝʤ̔ ʚhʠʜʢ̔ʩʪʁ  

ʨʝʘʢʮ̔ʾ ʧʦ ʜʝ̫ʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘʟʠʚʘʁʪɹ ʟʤ̔ʥʫ ʢʣ̔ʢɹʦʩʪ̔ ʮ̔̒  ʾ ʨʝʯʦʚʠʥʠ ʚ 

ʦʜʠʥʠʮʁ ʯʘʩʫ ʚ ʦʜʠʥʠʮ̔ ʦʙ' ʤ̒ʫ 

 
ʗʢɦʦ ʦʙʨʘʥʘ ʚʠʭ̔ ʜʥʘ ʨʝʯʦʚʠʥʘ, ʪʦ ʚʠʟʥʘʯʘʁʪɹ ʚhʠʜʢ̔ʩʪɹ 

ʚʠʪʨʘʯʘʥʥ̫. ɿʘ ʫʤʦʚʠ 
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ʜʝ ʩ ï ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʨʝʯʦʚʠʥʠ. 

 

ɺʠʟʥʘʯʝʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʧʦʩʪʘ̒ ʚ ʟʥʘʭʦʜʞʝʥʥ̔ 

ʧʦʭ̔ʜʥʦʾ dn/dt ʘʙʦ dc/dt. ɿʘʟʚʠʯʘʡ ʘʥʘʣ̔ʪʠʯʥʠʡ ʚʠʜ ʬʫʥʢʮ̔ʾ, ʢ̫ʘ ʦʧʠʩʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣɹ ʥʦ ʟʥʘʡʜʝʥʫ ʟʘʣʝʞʥ̔ʩʪɹ ʟʘʟʜʘʣʝʛ̔ʜɹ ʥʝʚ̔ʜʦʤʘ, ʪʦʤʫ ʮ̔ 

ʬʫʥʢʮ̔ ʾ ʘʧʨʦʢʩʠʤ̔ʣʶʁʪɹ ʚ̔ʜʥʦʩʥʦ ʦʢʨʝʤʦʾ ʘʥʘʣ̔ʪʠʯʥʦʾ ʬʫʥʢʮ̔ ʾ, ʥʘʧʨʠʢʣʘʜ 

ʩʪʫʧ̔ʥʯʘʪʘ, ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ ʧ̔ ʜʽʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʧʦʪ̔ʤ 

ʦʙʯʠʩʣʶʁʪɹ ʧʦʭ̔ ʜʥʫ ʮ̔̒  ʾ ʬʫʥʢʮ̔ ʾ. ɹ̔ʣʴʰ ʟʨʫʯʥʠʡ  ̒ ʤʝʪʦʜ ʛʨʘʬ̔ ʯʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʁʚʘʥʥ.̫ 

ɻʨʘʬ̔ ʯʥ̔ ʤʝʪʦʜʠ ʜʦʩʪʘʪʥɹʦ ʧʦhʠʨʝʥ̔ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʭ̔ʤ̔ ʯʥʦʾ 

ʢʥ̔ʝʪʠʢʠ. ʂʨʠʚʘ, ʦɦ ʚ̔ʜʦʙʨʘʞʫ̒ ʟʤ̔ʥʠ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʯʦʚʠʥʠ ʚ ʯʘʩ̔, 

ʥʘʟʠʚʘ̒ʪʩɹ̫ ʢ̔ʥʝʪʠʯʥʦʁ  ʢʨʠʚʦʁ , ʪʦʤʫ ʟʘʣʝʞʥ̔ʩʪɹ ʩ=f(t) ʥʘʟʠʚʘʁʪ ɹʨ̔ʚʥ̫ʥʥ̫ʤ 

ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʐʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʧʦ ʜʝ̫ʢʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t 

ʣʝʛʢʦ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʜʦ ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ 

ʮɹʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʧʨʦʚʝʜʝʥʦʁ  ʯʝʨʝʟ ʪʦʯʢʫ ʟ ʘʙʩʮʠʩʦʁ  Ű' (ʨʠʩ. 24). 

 
ʈʠʩʫʥʦʢ 24 ï ʂ̔ʥʝʪʠʯʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʯʦʚʠʥʠ ʚ̔ʜ ʯʘʩʫ 
 
ʇʨʠ ʟʘʜʘʥʠʭ ʟʦʚʥ̔h ʥʭ̔ ʫʤʦʚʘʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʨʦʟʯʠʥʥʠʢ) 

ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ̫  ̒ ʬʫʥʢʮ̔̒  ʁ ʣʠ ʝh ʢʦʥʮʝʥʪʨʘʮ̔ʡ 

ʢʦʤʧʦʥʝʥʪ̔ʚ ʨʝʘʢʮ̔ʡʥʦʾ ʩʫʤ̔ʰ̔. ʈ̔ʚʥ̫ʥʥ̫, ʱʦ ʦʧʠʩʫ̒ ʟʘʣʝʞʥ̔ʩʪɹ ʰʚʠʜʢʦʩʪ̔ 

ʭ̔ʤ̔ʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʢʦʤʧʦʥʝʥʪ̔ʚ ʨʝʘʢʮ̔ʡʥʦʾ ʩʫʤ̔ʰ̔, 

ʚʚʘʞʘʁʪɹ ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ ʭ̔ʤ̔ʯʥʦʛʦ ʧʨʦʮʝʩʫ  ̒ ʧʦʨ̫ʜʢʦʤ ʨʝʘʢʮ̔ ʾ ʧʦ 

ʢʦʤʧʦʥʝʥʪʫ ɸ. 

ɡ = k[A1]
n1Ŀ[A2]

n2Ŀ é [A i]
n,                                                   (3.8) 

ʜʝ ni= 1, 2. 

 
ʉʫʤʘ ʧʦʨ̫ʜʢ̔ʚ ʧʦ ʫʩ̔ʭ ʨʝʘʛʝʥʪʘʭ ʜʘ̒ ʩʫʤʘʨʥʠʡ ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ʾ. ɺ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʝʘʢʮ̔ ʭ̫ ʧʦʨ̫ʜʦʢ ʩʧ̔ʚʧʘʜʘ̒ ʟ̔ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʤʠ ʢʦʝʬ̔ʮ̔̒ ʥʪʘʤʠ 
,̔ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʩʣ̔ ʜ ʚʚʘʞʘʪʠ, ʦɦ ʤʘ̒ ʤ̔ʩʮʝ ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ ʤ̔ʞ ʢ̔ʥʝʪʠʯʥʠʤ 
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ʪʘ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤʠ. ɺʪ̔ʤ ʫ ʙ̔ʣʴhʦʩʪ̔ ʚʠʧʘʜʢ̔ʚ ʮ̫ ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ 
ʥʝ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪɹʩ̫, ʜʦ ʪʦʛʦ ʞ ʟʥʘʯʝʥʥ̫ ni ʥʝ ʦʙʦʚ' ʟ̫ʢʦʚʦ ʧʦʚʠʥʥ̔ ʙʫʪʠ ʮ̔ʣʠʤ 

ʯʠʩʣʦʤ. 
ʄʥʦʞʥʠʢ k ʚ ʢʥ̔ʝʪʠʯʥʦʤʫ ʨ̔ʚʥ̫ʥʥ̔, ʢ̫ʠʡ ʧʦʢʘʟʫ̒ ʟ ʢ̫ʦʁ  ʚhʠʜʢ̔ʩʪʁ  

ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʭ̔ʤ̔ʯʥʠʡ ʧʨʦʮʝʩ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ ʨʝʘʛʫʁʯʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ 
ʜʦʨ̔ʚʥ̫ʥʠʭ 1, ʤʘ̒ ʥʘʟʚʫ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ ʭ̔ʤ̔ ʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʨ̫ʜ ʟ̔ 
ʚhʠʜʢ̔ʩʪʁ  ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ ʾ  ̒ ʦʩʥʦʚʥʦʁ  ʚʝʣʠʯʠʥʦʁ  ʚ 
ʭ̔ʤ̔ ʯʥ̔ʡ ʢ̔ʥʝʪʠʮ̔. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥ̫ ʤʘʁ ʪɹ ʨʝʘʢʮ̔ ʾ ɯ, ɯɯ  ̔ ɯɯɯ ʧʦʨ̫ʜʢ̔ʚ. 
ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ ʤʘʁʪ ɹ ʦʜʠʥʠʮ ̔ ʚʠʤ̔ʨ ʚʁʘʥʥ̫ ʟʘʣʝʞʥʦ ʚ̔ʜ ʧʦʨ̫ʜʢʫ 

ʨʝʘʢʮ̔ ʾ ʪʘ ʚʠʟʥʘʯʘʁʪʩɹ̫ ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ, ʪʘʢ kɯ = [t]-1, ʪʦʙʪʦ ʩ-1; 

kɯɯ = [C]-1[t]-1 ʣ/(ʤʦʣĿɹʩ);                                                     (3.9) 
 

kɯɯɯ=[C]-2[t]-1 ʣ2/(ʤʦʣɹ2Ŀʩ)                                                     (3.10) 
 

ɯʥʦʜ̔ ʟʘʤ̔ʩʪ ɹ ʩʝʢʫʥʜ (ʩ) ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʛʦʜʠʥʠ (ʛʦʜ). ʂʦʥʩʪʘʥʪʘ 

ʰʚʠʜʢʦʩʪ̔ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ ʨ̔ʟʢʦ ʨʦʩʪʝ ʟ ʧ̔ ʜʚʠ ʝɦʥʥ̫ʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ  ̔

ʫ ʙ̔ʣʴʦhʩʪ̔ ʚʠʧʘʜʢ̔ʚ ʮ̫ ʟʘʣʝʞʥ̔ʩʪɹ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʨ̔ʚʥ̫ʥʥʁ  ɸʨʝʥ̔ʫʩʘ 

 
ɺʨʘʭʦʚʫʁʯʠ, ʦɦ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʘʛʫʁʯʠʭ ʨʝʯʦʚʠʥ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʘʪɹ  ʚ̔ʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʚ̔ʜʧʦʚ̔ʜʥʝ ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ̫  ̔ʜʣ̫ ʰʚʠʜʢʦʩʪ̔ ʧʨʦʮʝʩʫ 

 
 

ʜʝ ɡʦ= ko[A1]
n1[A2]

n2. 

 

ɺ̔ʜʥʦʩʥʝ ʟʨʦʩʪʘʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ ʟ ʪʝʤʧʝʨʘʪʫʨʦʁ  

ʭʘʨʘʢʪʝʨʠʟʫ̒ ʪɹʩ̫ ʣʦʛʘʨʠʬʤ̔ʯʥʦʁ  ʧʦʭ̔ʜʥʦʁ  ɡ ʧʦ ʊ, ʪʦʙʪʦ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʙ̔ʣʴhʝ ʟʥʘʯʝʥʥ̫ ɽ (ʝʥʝʨʛ̫̔  ʘʢʪʠʚʘʮ̔ʾ), ʪʠʤ 

ʚhʠʜh ʝ ʟʨʦʩʪʘ̒ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʟ ʪʝʤʧʝʨʘʪʫʨʦʁ . ɺʝʣʠʯʠʥʘ ɽ ʧʦʢʘʟʫ̒ , ʢ̫ʫ 

ʤ̔ʥ̔ʤʘʣɹ ʥʫ ʝʥʝʨʛ̔ʁ  ʧʦʚʠʥʥ̔ ʤʘʪʠ ʨʝʘʛʫʁʯ ̔ ʯʘʩʪʢʠ, ʦɦʙ ʚʦʥʠ ʤʘʣʠ ʟʤʦʛʫ 

ʚʩʪʫʧʠʪʠ ʚ ʭ̔ʤ̔ʯʥʫ ʚʟʘ̒ʤʦʜ̔ʁ . ʋ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ʡ, ʷʢ̔ ʩʢʣʘʜʘʁʪɹʩ̫ 

ʟ ʜʝʢ̔ʣʢɹʦʭ ʩʪʘʜʡ̔, ʧʘʨʘʤʝʪʨ ɽ ʥʝ ʤʘ̒ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ ʬ̔ʟʠʯʥʦʛʦ ʟʠʩʢʫ  ̔ʻ 

ʜʝ̫ʢʦʁ  ʬʫʥʢʮ̔̒  ʁ ʝʥʝʨʛ̔ʡ ʘʢʪʠʚʘʮ̔ ʾ ʦʢʨʝʤʠʭ ʩʪʘʜʡ̔, ʪʦʤʫ ʪʘʢʝ ɽ ʧʨʠʡʥ̫ʪʦ 

ʚʚʘʞʘʪʠ ʝʬʝʢʪʠʚʥʦʁ  ʯʠ ʝʤʧ̔ʨʠʯʥʦʁ  ʝʥʝʨʛ̔̒  ʁʘʢʪʠʚʘʮ̔ʾ. 
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ʇʘʨʘʤʝʪʨ ko ʥʘʟʠʚʘʁʪɹ ʧʨʝʜʝʢʩʧʦʥʝʥʮ̔ʘʣʥɹʠʤ ʤʥʦʞʥʠʢʦʤ. ɿʥʘʯʝʥʥ̫ 

ɽ  ̔ko ʚʠʟʥʘʯʘʁʪ ɹʟ ʟʘʣʝʞʥʦʩʪ̔ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʚ̔ ʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘ ʜʦʧʦʤʦʛʦʁ  ʨ̔ʚʥ̫ʥʥ̫ ʚʠʜʫ 

 
ɿʘʚʜ̫ʢʠ ʣ̔ʥ̔ʡʥ̔ʡ ʟʘʣʝʞʥʦʩʪ̔ lgk ʚ̔ ʜ 1/ʊ 
(ʨʠʩ. 25) ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪ̔ʚ 
ʣʝʛʢʦ ʟʥʘʭʦʜʷʪʴ ʧʘʨʘʤʝʪʨʠ lgko  ̔ ɽ/R, ʘ 
ʧʦʪ̔ʤ ʟʥʘʯʝʥʥʷ ɽ ʪʘ ko. 

 

ʈʠʩʫʥʦʢ 25 ï ɿʘʣʝʞʥ̔ʩʪɹ 
ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
ʫ ʢʦʦʨʜʠʥʘʪʘʭ ɸʨʝʥ̔ʫʩʘ 

 

 
ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ E  ̔ ko ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʤʧ̔ʨʠʯʥ̔ ʬʦʨʤʫʣʠ 

ʜʣ̫ ʚ̔ʜʦʤʠʭ ʟʥʘʯʝʥɹ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪ̔ k1 ʪʘ k2, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ1  ̔ʊ2 ʚ̔ʜʧʦʚ̔ʜʥʦ 

 
ɹ̔ʣʴʰ ʪʦʯʥʠʤ ʙʫʜʝ ʚʠʟʥʘʯʝʥʥ̫ ʧʨʠ ʯʦʪʠʨɹʦʭ ʨ̔ʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʥʘʥʥ̫ ʨ̔ʚʥ̫ʥʥ̫ ɸʨʝʥ̔ʫʩʘ ʟʘʣʝʞʥ̔ʩʪɹ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʚ̔ʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lgk ï 1/ʊ ʧʦʚʠʥʥʘ ʥʘ ʛʨʘʬ̔ʢʫ ʤʘʪʠ ʚʠʛʣ̫ʜ ʧʨ̫ʤʦʾ 

ʣ̔ʥ̔ ʾ (ʨʠʩ. 25). ɽʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʛʨʘʬ̔ ʯʥʠʤ ʣh̫ʭʦʤ ʢ̫ 

ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʣ̔ʥ̔ʾ 
 

E = 2,303R|tgű|ɝ,                                                  (3.16) 
 

ʜʝ ű ï ʢʫʪ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʜʦ ʦʩ̔ ʘʙʩʮʠʩ; 

ɝ ï ʚ̔ ʜʥʦhʝʥʥ̫ ʤʘʩhʪʘʙ̔ʚ ʦʩ̔ ʘʙʩʮʠʩ ʜʦ ʦʩ̔ ʦʨʜʠʥʘʪ. 

 

ɺʪ̔ʤ, ʜʣ̫ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ʡ ʣ̔ʥ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʤʦʞʝ ʥʝ ʚʠʢʦʥʫʚʘʪʠʩ̫ 

 ̔ʪʦʜ ̔ɽ ʚʠʟʥʘʯʘʁʪɹ ʧʦ ʢʫʪʫ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʜʦ ʦʪʨʠʤʘʥʦʾ ʢʨʠʚʦʾ. 
 
3.2.2 ʈʝʘʢʮ̔ʾ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ 

ʗʢɦʦ ʭ̔ʤ̔ ʯʥʘ ʨʝʘʢʮ̔ ʷ ʧʨʦʪ̔ʢʘ̒ ʚ ʦʜʥʫ ʝʣʝʤʝʥʪʘʨʥʫ ʩʪʘʜʽʁ, ʪʦ ʾʾ 

ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣ̫ ʜ̔ 
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ʧʦ ʘʥʘʣʦʛ̔ ʾ ʟ ʭʤ̔̔ʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ 

 
 

ʄʘʡʞʝ ʚʩ̔ ʭ̔ʤ̔ʯʥ̔ ʨʝʘʢʮ̔ ʾ  ̒ʦʙʦʨʦʪʥʠʤʠ, ʘʣʝ ʨ̔ʚʥʦʚʘʛʘ ʚ ʙ̔ʣʴhʦʩʪ̔ 

ʚʠʧʘʜʢ̔ʚ ʟʜʚʠʛʥʫʪʘ ʚ ʪʦʡ ʯʠ ʥ̔h ʠʡ ʙ̔ʢ, ʪʦʤʫ ʨ̔ʚʥ̫ʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ 

ʟʘʧʠʩʫʁ ʪɹ ʢ̫ ʥʝʟʚʦʨʦʪʥʝ. 

ʋ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ ʾ, ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʰʚʠʜʢʦʩʪ̫ʭ ʧʨ̫ʤʦʾ ʪʘ 

ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʡ, ʩʧʦʩʪʝʨ̔ʛʘ̒ʤʘ ʩʫʤʘʨʥʘ ʚhʠʜʢ̔ʩʪ ɹ ʨʝʘʢʮ̔ ʾ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ 

 
ʋ ʩʪʘʥ̔ ʨ̔ʚʥʦʚʘʛʠ ʚhʠʜʢʦʩʪ̔ ʜʦʨ̔ʚʥʶʁʪɹʩ ̫  ̔ʩʫʤʘʨʥʘ ʚhʠʜʢ̔ʩʪɹ ʩʪʘ̒  

ʨ̔ʚʥʦʁ  0 (ɡ = 0)  ̔ʪʦʜ̔ 

 

 
ʈʝʘʢʮ̔ʾ, ʢ̔ʥʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʢ̫ʠʭ ʤʘʁʪɹ ʥʘʜʘʥʠʡ ʚʠʜ, ʥʘʟʠʚʘʁʪɹ 

ʨʝʘʢʮ̫̔ ʤʠ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ. 

ʋ ʚʠʧʘʜʢʫ ʛʦʤʦʬʘʟʥʦʾ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ, ʦɦ ʧʨʦʪ̔ʢʘ̒ ʚ ʟʘʤʢʥʝʥ̔ʡ 

ʩʠʩʪʝʤ̔ ʪʘ ʤʘ̒ ʥʘʚʝʜʝʥʝ ʨʘʥ̔h ʝ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ  ̔ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ ʧʦʚ' ʟ̫ʘʥ̔ ʤ̔ʞ ʩʦʙʦʁ  ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ʤʠ 

 
ʘʙʦ ʚ ʥ̔ʪʝʛʨʘʣʥɹ̔ʡ ʬʦʨʤ̔ 

 

 
ʜʝ [Ai]o ʪʘ [Bj]o ï ʧʦʯʘʪʢʦʚ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ  ̔ʧʨʦʜʫʢʪ̔ʚ 
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ʨʝʘʢʮ̔ʾ, ʧʨʠ ʮʦɹʤʫ [B j]o = 0. ɼʣ̫ ʩʧʨʦɦʝʥʥ̫ ʧʦʜʘʣʴhʦʛʦ ʚʠʢʣʘʜʘʥʥ̫ ʚʚʦʜ̫ʪɹ 
ʧʝʨʝʤ̔ʥʥʫ ʍ 

 
ʢ̫ʘ ʭʘʨʘʢʪʝʨʠʟʫ̒ ʛʣʠʙʠʥʫ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ: ʚʦʥʘ ʜʦʨ̔ʚʥʁ̒  0 ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʘ ʟʨʦʩʪʘ̒ ʟ ʥʘʢʦʧʠʯʝʥʥ̫ʤ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ. ɿʘ 

ʜʦʧʦʤʦʛʦ  ʁ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʤʦʞʥʘ ʚ̔ʜʦʙʨʘʟʠʪʠ ʧʦʪʦʯʥʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʫʩ̔ʭ 

ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ  ̔ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ ʯʝʨʝʟ ʍ 
 

[Ai] = [Ai]o ï aiX                                                (3.24) 
 

[Bj] = [Bj]o + bjX                                                 (3.25) 
 

ʎʝ ʜʦʟʚʦʣʠʪɹ ʟʘʧʠʩʘʪʠ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʫ ʚʠʛʣ̫ʜ̔ 

 
ʋ ʟʘʤʢʥʝʥ̔ʡ ʩʠʩʪʝʤ̔ ʧʨʠ V = const ɡ=dt\dx  ̔ʪʦʤʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

 
ʎ̔ ʨ̔ʚʥ̫ʥʥ̫  ̒ʜʠʬʝʨʝʥʮ̔ʘʣʥɹʠʤʠ, ʥ̔ʪʝʛʨʫʚʘʥʥ̫ ʢ̫ʠʭ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚʘʭ ʍ= 0  ̔ t = 0 ʜʦʟʚʦʣ̫  ̒ ʚʠʟʥʘʯʠʪʠ ʍ ʷʢ ʬʫʥʢʮ̔ʁ  t. ʆʩʢ̔ʣʢɹʠ ʚ 

ʜʠʬʝʨʝʥʮʘ̔ʣɹ ʥʠʭ ʨ̔ʚʥ̫ʥʥ̫ʭ ʚ ʢ̫ʦʩʪ̔ ʧʘʨʘʤʝʪʨ̔ʚ ʤ̔ʩʪ̫ʪɹʩ̫ ʢʦʥʩʪʘʥʪʠ 

ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʦʯʘʪʢʦʚ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʾ, ʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʜʣ̫ ʥʝʦʙʦʨʦʪʥʦʾ 

ʨʝʘʢʮ̔ ʾ 
 

X = f ([Ai]o, k, t),                                                    (3.30) 
 

ʘ ʜʣ̫ ʟʚʦʨʦʪʥʦʾ 
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X = f ([Ai]o, [Bj]o, k, k', t)                                               (3.31) 

 

ʜʦ ʪʦʛʦ ʞ ʚʦʥʠ ʣʝʛʢʦ ʧ̔ʜʣ̫ʛʘʁʪɹ ʥ̔ʪʝʛʨʫʚʘʥʥʁ . 

ɺʨʘʭʦʚʫʁʯʠ, ʦɦ ʚ ʨ̔ʚʥ̫ʥʥ̫ʭ ʍ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ' ʟ̫ʘʥʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʤ̫ʠ ʚʩ̔ʭ ʩʧʦʣʫʢ, ʪʦ ʜʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʍ ʜʦʩʪʘʪʥɹʦ ʟʥʘʡʪʠ ʧʦʪʦʯʥʫ 

ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʘ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʚ̔ʜʥʦʩʥʦ ʥɹ ʦʛʦ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʠʭ ʨʘʥ̔h ʝ ʬʫʥʢʮ̔ʡ, ʟ ʪ̔̒  ʾʞ ʧʨʠʯʠʥʠ, ʣʝʛʢʦ ʚʠʟʥʘʯʘ̒ʪʩɹ̫ 

ʨ̔ʚʥ̫ʥʥ̫ ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ ʜʣ̫ ʙʫʜɹ- ʢ̫ʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮ̔ʾ, ʘʣʝ 

ʟʦʚʥ̔h ʥ̔ʡ ʚʠʜ ʮʠʭ ʢʨʠʚʠʭ ʟʘʣʝʞʘʪʠʤʝ ʚ̔ ʜ ʧʦʨ̫ ʜʢʫ ʨʝʘʢʮ̔ ʾ ʚ̔ʜʥʦʩʥʦ ʜʘʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 

ɺ ʢ̔ʥʝʪʠʮ̔ ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ ʚʠʨ̔h ʫʁ ʪɹʩ̫, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʩʣ̔ʜʫʁʯʠ ʟʘʜʘʯ̔. 

ʇʨ̫ʤʘ ʟʘʜʘʯʘ. ɺ̔ʜʦʤ̔ ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ ʾ  ̔ʢʦʥʩʪʘʥʪʘ (ʘʙʦ ʢʦʥʩʪʘʥʪʠ ʜʣ̫ 

ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ) ʚhʠʜʢʦʩʪ̔. ʇʦʪʨ̔ʙʥʦ ʟʥʘʡʪʠ ʢʦʥʮʝʥʪʨʘʮ̔  ʁ ʦʜʥ̔̒  ʾ ʟ 

ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ ʯʠ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ʾ ʫ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘʙʦ ʯʘʩ, ʟʘ 

ʢ̫ʠʡ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʦʜʥ̔̒  ʾʟ ʩʧʦʣʫʢ ʜʦʩʛ̫ʥʝ ʟʥʘʥʦʛʦ ʟʥʘʯʝʥʥ̫. ʈ̔h ʝʥʥ̫ ʟʘʜʘʯ̔ 

ʚ̔ ʜʙʫʚʘ̒ ʪʩɹ̫ ʣh̫ʭʦʤ ʟʥʘʭʦʜʞʝʥʥ̫ ʬʫʥʢʮ̔ ʾ (ʍ = f ([A], k, t). 

ɿʚʦʨʦʪʥʘ ʟʘʜʘʯʘ. ʆʪʨʠʤʘʥ̔ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹ̔ ʜʘʥʥ̔ ʟ ʢ̔ʥʝʪʠʢʠ 

ʨʘʥ̔h ʝ ʥʝ ʜʦʩʣ̔ ʜʞʝʥʦʾ ʨʝʘʢʮ̔ʾ. ʇʦʪʨ̔ ʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʨ̫ ʜʦʢ ʨʝʘʢʮ̔ʾ  ̔

ʢʦʥʩʪʘʥʪʫ (ʘʙʦ ʢʦʥʩʪʘʥʪʠ) ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ. 
ʗʢɦ ʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ɡ ʚ̔ʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭ̔ ʜʥʦʾ ʩʧʦʣʫʢʠ [Ai] ʘʙʦ, ʫ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʾ, ɡ ʚ̔ʜ 
[Ai]  ̔ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ [Bj], ʪʦ ʟʘʜʘʯʘ ʚʠʨ̔h ʫ̒ʪɹʩ̫ ʟʘ ʜʦʧʦʤʦʛʦʁ   
ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʾ. ɼʣ̫ ʥʝʦʙʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʾ 
ʣʦʛʘʨʠʬʤʫʚʘʥʥ̫ ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʧʨʠʚʦʜʠʪ ɹʜʦ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

 
ʢ̫ʝ  ̒ʣ̔ʥ̔ʡʥʠʤ ʚ̔ʜʥʦʩʥʦ lg k  ̔ʫʩ̔ʭ ni. ʆʜʥʦʯʘʩʥʦ ʟ ʚʠʟʥʘʯʝʥʥ̫ʤ ni ʟʥʘʭʦʜ̫ʪɹ 

lg k  ̔ ʧʦʪ̔ʤ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ k. ʋ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʦʾ 
ʨʝʘʢʮ̔ʾ ʧʨʦʩʪʦʛʦ ʪʠʧʫ ʧʠʪʘʥʥ̫ ʧʨʦ ʧʦʨ̫ʜʦʢ ʧʨ̫ʤʦʾ  ̔ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʡ ʥʝ 
ʧʦʩʪʘ̒ , ʦʩʢ̔ʣʢɹʠ ʧʦʨ̫ʜʦʢ ʧʦ ʙʫʜɹ- ʢ̫ʦʤʫ ʟ ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʧ̔ʚʧʘʜʘ̒ ʟ̔ 
ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬ̔ʮ̔̒ ʥʪʦʤ ʮʦɹʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʂʦʥʩʪʘʥʪʠ k  ̔ k' ʣʝʛʢʦ 

ʟʥʘʭʦʜ̫ʪɹʩ̫ ʟ̔ ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫, ʢ̫ʝ ʣ̔ʥ̔ʡʥʝ ʚ̔ʜʥʦʩʥʦ ʫhʢʘ̒ʤʠʭ ʚʝʣʠʯʠʥ. 

ʗʢɦʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʟʘʣʝʞʥ̔ʩʪɹ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʜʥʦ-

ʛʦ ʟ ʢʦʤʧʦʥʝʥʪ̔ʚ ʚ̔ʜ ʯʘʩʫ (ʢ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ ʨʝʘʢʮ̔ʾ), ʪʦ ʮʝ ʩʧʨʠ̫  ̒

ʚ̔ʜʥʘʭʦʜʞʝʥʥ  ʁʟʘʣʝʞʥʦʩʪ̔ ʍ ʚ̔ ʜ Ű. 
 
3.2.3 ʈ̔ʚʥ̫ ʥʥʷ ʢ̔ʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ ʫ 

ʟʘʤʢʥʝʥʠʭ ʩʠʩʪʝʤʘʭ 

3.2.3.1 ʅʝʟʚʦʨʦʪʥ̔ ʨʝʘʢʮ̔ʾ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ 

ɼʣ̫ ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʧʝʨhʦʛʦ ʧʦʨ̫ʜʢʫ ʜʠʬʝʨʝʥʮ̔ʡʥʝ ʨ̔ʚʥ̫ʥʥ̫ 
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ʗʢɦʦ ʚ ʨʝʘʢʮ̔ ʾ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʙ̔ʣʴhʝ ʦʜʥ̔̒  ʾʚʠʭ̔ʜʥʦʾ ʩʧʦʣʫʢʠ, ʪʦ 

ʧ̔ ʜ ɸ ʨʦʟʫʤ̔ ʪʁɹ ʨʝʯʦʚʠʥʫ, ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢ̫ʦʾ ʚʠʟʥʘʯʘ̒ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ 

ʨʝʘʢʮ̔ʾ. 

ʋ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʥ̔ʪʝʛʨʫʚʘʥʥ̫, ʢʦʣʠ ʍ = 0 ʧʨʠ t = 0 ʬʫʥʢʮ̔ ʷ ʍ 

ʧʨʠʡʤʝ ʚʠʜ 

 
 

ʇʨʠ t = Ð ʚʝʣʠʯʠʥʘ ʍ = [Ao]/a, ʪʦʤʫ ʾʾ ʤʦʞʥʘ ʦʟʥʘʯʠʪʠ ʷʢ ʍÐ. ɿ 
ʫʚʘʛʦʁ ʥʘ ʮʝ 

ʍ = ʍ˿  1-e-akŰ )                                                             (3.36) 

 

ʋ ʙ̔ʣɹ ʦhʩʪ̔ ʚʠʧʘʜʢ̔ʚ ʘ=1  ̔ ʥʘʚʝʜʝʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ 

ʚʠʛʣ̫ʜ̔ 

 

ɺ ʮɹʦʤʫ ʨ̔ʚʥ̫ʥʥ̔ ʤʦʞʥʘ ʟʘʤ̔ʥʠʪʠ ʍ ʥʘ [A] ʟʘ ʜʦʧʦʤʦʛʦ  ʁ
ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

[Ao] = [Ao] ï ʍ 

ʪʦʜ̔ 

 
ʃʦʛʘʨʠʬʤʫʚʘʥʥ̫ ʮɹʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʧʨʠʚʦʜʠʪɹ ʜʦ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

 
ʘʙʦ 
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lg [A] = lg[Ao] ï 0,434kt                                           (3.41) 

 

ɺ̔ʜʧʦʚ̔ʜʥʦ ʯʝʨʝʟ ʍ ʨ̔ʚʥ̫ʥʥ̫ ʧʨʠʡʤʝ ʚʠʜ 
 

lg([Ao] ï X = lg[Ao] ï 0,434kt                                         (3.42) 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʝʞʥ̔ʩʪɹ lg[A] ʘʙʦ lg([Ao] ï X) ʚ̔ʜ ʯʘʩʫ, ʪʘʢ ʟʚʘʥʘ 

ʧʦʣʫʣʦʛʘʨʠʬʤ̔ʯʥʘ ʘʥʘʤʦʨʬʦʟʘ ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʜʣ̫ ʥʝʟʚʦʨʦʪʥʠʭ 
ʨʝʘʢʮ̔ʡ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʦʙʨʘʞʝʥʥ̫ ʧʨ̫ʤʦʾ ʣ̔ʥ̔ʾ. ɺʠʢʦʥʘʥʥ̫ 
ʪʘʢʦʾ ʣ̔ʥ̔ʡʥʦʾ ʟʘʣʝʞʥʦʩʪ̔ ʚʚʘʞʘ̒ ʪʩɹ̫ ʛʦʣʦʚʥʠʤ ʢʨʠʪʝʨ̔̒ʤ, ʦɦ ʜʦʟʚʦʣ̫  ̒
ʚʚʘʞʘʪʠ ʜʦʩʣ̔ ʜʞʝʥʫ ʨʝʘʢʮ̔ʁ  ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ. ʇʦ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʥʘʭʠʣʫ 
ʦʪʨʠʤʘʥʦʾ ʧʨ̫ʤʦʾ ʣ̔ʥ̔ʾ ʣʝʛʢʦ ʚʠʟʥʘʯʘʁʪɹ ʢʦʥʩʪʘʥʪʫ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ 
ʧʝʨ ʦhʛʦ ʧʦʨʜ̫ʢʫ. ɼʣ̫ ʮɹʦʛʦ ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʤʧʠʨ̔ ʯʥʫ 
ʬʦʨʤʫʣʫ ʚʠʜʫ 

 
ʋ ʮɹʦʤʫ ʚʠʧʘʜʢʫ k ʟʥʘʭʦʜ̫ʪɹ ʜʣ̫ ʢʦʞʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʾ ʪʦʯʢʠ 

ʪʘ ʙʝʨʫʪɹ ʩʝʨʝʜʥ̒ ʥʘ ʧ̔ʜʩʪʘʚ̔ ʫʩ̔ʭ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥɹ. ʈʦʟʨʘʭʫʥʦʢ k ʟʘ 
ʜʦʧʦʤʦʛʦʁ  ʨ̔ʚʥ̫ʥʥ̫ (10) ʤ̔ʦʚ̔ʨʥʠʡ ʣʠ ʝh ʧʨʠ ʚ̔ʜʦʤʦʩʪ̔ ʟʥʘʯʝʥʥ̫ [Ao], ʱʦ 

ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫ̒ʪɹʩ.̫ ʅʘʧʨʠʢʣʘʜ, ʢ̫ɦ ʦ ʯʘʩ, ʥʝʦʙʭ̔ʜʥʠʡ ʜʣ̫ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʚ 
ʨʝʘʢʪʦʨ̔ ʥʝʦʙʭ̔ ʜʥʠʭ ʜʣ̫ ʧʨʦʪ̔ʢʘʥʥ̫ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, 
ʨʅ ʩʝʨʝʜʦʚʠɦ ʘ, ʪʠʩʢ ʪʘ ʥ̔h ʝ), ʩʧ̔ʚʧʘʜʘ̒ ʟ ʯʘʩʦʤ ʧʨʦʪ̔ʢʘʥʥ̫ ʨʝʘʢʮ̔ ʾ, ʪʦ 
ʧʦʤ̔ʪʥʘ ʜʦʣ̫ ʚʠʭ̔ʜʥʦʾ ʩʧʦʣʫʢʠ ʚʩʪʠʛʘ̒ ʧʨʦʨʝʘʛʫʚʘʪʠ. ʆʩʢ̔ʣʢɹʠ 
ʥ̔ʪʝʛʨʫʚʘʥʥ̫ (1) ʧʨʦʚʦʜʠʣʦʩɹ ʟʘ ʫʤʦʚʠ, ʱʦ k  ̒ʧʦʩʪ̔ʡʥʦʁ , ʪʦ ʨ̔ʚʥ̫ʥʥ̫ (10) 
ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ̫ ʣʠh ʝ ʟ ʤʦʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʥ̫ ʚ ʨʝʘʢʪʦʨ̔ 
ʧʦʩʪ̔ʡʥʠʭ ʫʤʦʚ, ʪʦʤʫ ʚʝʣʠʯʠʥʘ, ʚʠʟʥʘʯʝʥʘ ʟ ʢ̔ʣʢɹʦʩʪ̔ ʚʥʝʩʝʥʦʾ ʚʠʭ̔ʜʥʦʾ 
ʩʧʦʣʫʢʠ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʪʦʞʥʝʥʦʁ  ʟ̔ ʟʥʘʯʝʥʥ̫ʤʠ [Ao] ʚ ʨ̔ʚʥ̫ʥʥ̫ʭ (6) ï 

(10). ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʣ̔ ʜ ʚʠʟʥʘʯʘʪʠ k ʟʘ ʜʦʧʦʤʦʛʦʁ  ʩʧ̔ʚʚ̔ʜʥʦh ʝʥɹ (7) ï (8) 
ʦʜʥʦʯʘʩʥʦ ʟ ʚʠʟʥʘʯʝʥʥ̫ʤ [Ao] ʘʙʦ ʍ ʚ̔ʜ ʯʘʩʫ ʚ ʧʦʣʦʛʘʨʠʬʤ̔ʯʥʠʭ ʢʦʨʜʠʥʘʪʘʭ, 

ʘʙʦ ʨʦʟʨʘʭʦʚʫʁʯʠ ʣh̫ʭʦʤ ʥʘʡʤʝʥh ʠʭ ʢʚʘʜʨʘʪ̔ʚ. 

ɺ ʢ̫ʦʩʪ̔ ʧʨʠʢʣʘʜʘ ʥʝʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮʽʾ ʧʝʨ ʦhʛʦ ʧʦʨ̫ʜʢʫ ʨʦʟʛʣ̫ʥʝʤʦ 

ʨʝʘʢʮ̔ʁ  ʨʦʟʧʘʜʫ ʛʝʢʩʘʬʝʥ̔ʣʝʪʘʥʫ ʥʘ ʜʚʘ ʚ̔ʣʥɹ̔ ʨʘʜʠʢʘʣʠ ʪʨʠʬʝʥ̔ʣʤʝʪʠʣʫ: 
 

(ʉ6ʅ5)3ʉïʉ(ʉ6ʅ5)3 Ÿ 2 (ʉ6ʅ5)3ǘ                                   (3.44) 

 

ʂ̔ʥʝʪʠʢʘ ʮ̔̒  ʾʨʝʘʢʮ̔ ʾ ʚʠʚʯʘʣʘʩ̫ ʫ ʧʨʠʩʫʪʥʦʩʪ̔ ʦʢʩʠʜʫ ʥ̔ʪʨʦʛʝʥʫ (11), 

ʢ̫ʠʡ ʟʚ' ʟ̫ʫ̒ ʦʪʨʠʤʘʥ̔ ʚ̔ʣʥɹ̔ ʨʘʜʠʢʘʣʠ, ʧʦ ʢ̔ʣʢɹʦʩʪ̔ ʚʠʪʨʘʯʝʥʦʛʦ NO, ʟ ʢ̫ʦʛʦ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʢ̔ʣʢɹ̔ʩʪɹ ʥʝʧʨʦʨʝʘʛʫʚʘʚ ʦhʛʦ ʛʝʢʩʘʬʝʥ̔ʣʝʪʘʥʫ. ʅʘ ʨʠʩʫʥʢʫ 16 

ʥʘʚʝʜʝʥ̔ ʢʥ̔ʝʪʠʯʥʘ ʢʨʠʚʘ ʨʦʟʧʘʜʫ ʛʝʢʩʘʬʝʥ̔ʣʝʪʘʥʫ  ̔ ʾʾ ʧʦʣʫʣʦʛʘʨʠʬʤ̔ʯʥʘ 

ʘʥʘʤʦʨʬʦʟʘ. 
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ʈʠʩʫʥʦʢ 16 ï ʂ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ 

ʨʦʟʧʘʜʫ ʛʝʢʩʘʬʝʥ̔ʣʝʪʘʥʫ ʪʘ ʾʾ 

ʧʦʣʫʣʦʛʘʨʠʬʤ̔ʯʥʘ ʘʥʘʤʦʨʬʦʟʘ. 
 

ɺʠʜʥʦ, ʦɦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹ̔ 
ʜʘʥ̔ ʟʘʜʦʚ̔ʣʥɹʦ ʚʢʣʘʜʘʁʪɹʩ̫ ʥʘ 
ʧʨ̫ʤʫ ʣʥ̔ʁ̔  ʚ ʢʦʦʨʜʠʥʘʪʘʭ lg[A] ï 
Ű, ʜʝ [A] ï ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ 
ʛʝʢʩʘʬʝʥ̔ʣʝʪʘʥʫ, ʦɦ ʩʚ̔ʜʯʠʪɹ ʧʨʦ 
ʜ̔ʡʩʥʦ ʧʝʨh ʠʡ ʧʦʨ̫ʜʦʢ ʮ̔̒  ʾ
ʨʝʘʢʮ̔ʾ. ɺʠʟʥʘʯʝʥʠʡ ʪʘʥʛʝʥʩ ʢʫʪʘ 
ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʜʦʨ̔ʚʥʶʻ 0,060, ʘ 

ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʚ̔ʜʧʦʚ̔ʜʥʦ 0,138 ʭʚ-1. 

ɺ ʪʘʙʣʠʮ̔ ʧʨʠʚʝʜʝʥ̔ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪ̔, ʢ̫̔ 

ʦʙʯʠʩʣʝʥ̔ ʟʘ ʜʦʧʦʤʦʛʦ  ʁ ʨ̔ʚʥ̫ʥʥ̫ (10) ʜʣ̫ ʨ̔ʟʥʠʭ ʧʘʨ ʟʥʘʯʝʥɹ [A] ʪʘ Ű, 

ʟʚ̔ʜʢ̔ʣ̫ ʚʠʜʥʦ, ʱʦ k ʩʧ̔ʚʧʘʜʘʁʪɹ ʫ ʤʝʞʘʭ ʨʦʟʢʠʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ 

ʦʪʨʠʤʘʥʠʭ ʪʦʯʦʢ. 

ʊʘʙʣʠʮ̫ 1 ï ɿʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪ̔ ʦʙʯʠʩʣʝʥ̔ ʟʘ 

ʜʦʧʦʤʦʛʦʁ  ʝʤʧ̔ʨʠʯʥʠʭ ʬʦʨʤʫʣ 

 
ɿ ʨ̔ʚʥ̫ʥʥ̫ (10) ʚʠʜʥʦ, ʦɦ ʫ ʬʦʨʤʫʣʫ ʜʣ̫ ʦʙʯʠʩʣʝʥʥ̫ k ʚʭʦʜ̫ʪɹ ʥʝ 

ʩʘʤ̔ ʟʥʘʯʝʥʥ̫ [A], [Ao], X, ʘ ʚ̔ʜʥʦhʝʥʥ̫ ʚʝʣʠʯʠʥ [A] ʯʠ X ʜʦ [Ao]. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ, ʜʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʥʝ 

ʣʠ ʝh ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʩʧʦʣʫʢ, ʘ ʪʘʢʦʞ ʥ̔ ʠhʭ ʧʨʦʧʦʨʮ̔ʡʥʠʭ ʤʾ ʚʝʣʠʯʠʥ, 
ʥʘʧʨʠʢʣʘʜ, ʪʠʩʢʫ, ʦʧʪʠʯʥʦʾ ʱ̔ʣʥɹʦʩʪ̔, ʦʙʝʨʪʘʥʥ̫ ʧʣʦɦ ʠʥʠ ʧʦʣ̫ʨʠʟʘʮ̔ʾ. ʂʨ̔ʤ 
ʪʦʛʦ, ʜʦʩʪʘʪʥɹʦ ʟʥʘʪʠ ʟʘʢʦʥ ʟʤ̔ʥʠ ʨʦʟʛʣ̫ʜʘ̒ʤʦʾ ʚʣʘʩʪʠʚʦʩʪ̔ ʚ ʧʝʨ̔ʦʜ 
ʧʨʦʪ̔ʢʘʥʥ ̫ʨʝʘʢʮ̔ ʾ ʜʣ̫ ʚʩ̔̒  ʾʩʠʩʪʝʤʠ ʚ ʮ̔ʣʦʤʫ  ̔ ʥʝʤʘ̒ ʧʦʪʨʝʙʠ ʚʠʤ̔ʨ ʚʁʘʪʠ 

ʟʤ̔ʥʠ ʚʜ̔ʧʦʚ̔ ʜʥʠʭ ʚʝʣʠʯʠʥ ʜʣ̫ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʠʩʪʝʤʠ ʥʘ ʧʨʦʪ̫ʟ̔ 
ʚʩ̔̒  ʾʨʝʘʢʮ̔ʾ. ʋʤʦʚʥʦ ʦʟʥʘʯʠʤʦ ʜʝ̫ʢʫ ʚʣʘʩʪʠʚʩ̔ʪ ɹ ʢ̫ G, ʪʦʜ̔ 
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ɿʥʘʯʝʥʥ̫ k ʚʠʟʥʘʯʘʁʪɹ ʧʦ ʢʫʪʫ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lg|G ï 

GÐ| ʚʜ̔ t, ʘ ʦɦʙ ʚʠʢʦʨʠʩʪʘʪʠ ʬʦʨʤʫʣʫ (11) ʥʝʦʙʭ̔ʜʥʦ ʪʦʯʥʦ ʟʥʘʪʠ ʚʝʣʠʯʠʥʫ Go. 

ɿʘʣʝʞʥʦʩʪ̔, ʘʥʘʣʦʛ̔ ʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫ʤ (1) ï (10), ʤʦʞʫʪɹ ʜʦʪʨʠʤʫʚʘʪʠʩ ̫  ̔ʚ 

ʨʝʘʢʮ̫̔ ʭ ʟ ʙ̔ʣʴʰ ʚʠʩʦʢʠʤʠ ʧʦʨ̫ʜʢʘʤʠ ʫ ʥʘʩʪʫʧʥʠʭ ʧʨʠʚʘʪʥʠʭ ʚʠʧʘʜʢʘʭ. 

1. ʐʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʙʫʜɹ- ʢ̫ʦʾ ʨʝʯʦʚʠʥʠ 

,̔ ʦʢʨ̔ʤ ʪʦʛʦ,  ̒ʬʫʥʢʮ̔̒ ʶ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʉ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ï 

 
ʆʩʢ̔ʣʢɹʠ ʢʘʪʘʣ̔ʟʘʪʦʨ ʚ ʨʝʘʢʮ̔ ʾ ʥʝ ʚʠʪʨʘʯʘ̒ʪʩɹ̫, ʪʦ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʷ  ̔ f([C]) ʟʘʣʠ ʘhʁʪɹʩ̫ ʧʦʩʪ̔ʡʥʠʤʠ. ʊʘʢʦʛʦ ʨʦʜʫ ʚʠʧʘʜʢʠ 

ʟʫʩʪʨ̔ʯʘʁʪɹʩ̫ ʧʨʠ ʨʦʟʛʣ̫ʜʘʥʥ̔ ʨʝʘʢʮ̔ʡ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣ̔ʟʫ. 

2. ʂʦʥʮʝʥʪʨʘʮ̔ ʾ ʫʩ̔ʭ ʢʦʤʧʦʥʝʥʪ̔ʚ ʨʝʘʢʮ̔ʾ, ʦʢʨ̔ʤ ʦʜʥʦʛʦ, ʢ̫ʠʡ 

ʚʠʪʨʘʯʘ̒ ʪɹʩ̫ ʧʦ ʟʘʢʦʥʫ ʨʝʘʢʮ̔ ʾ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ, ʧ̔ ʜʪʨʠʤʫʁʪɹʩ ̫ʧʦʩʪ̔ʡʥʠʤʠ. 

3. ʈʝʘʢʮ̔ ʷ ʧ̔ ʜʧʦʨ̫ʜʢʦʚʫ̒ʪɹʩ ̫ʟʘʢʦʥʫ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʧʦ ʦʜʥʦʤʫ ʟ 

ʢʦʤʧʦʥʝʥʪ̔ʚ, ʘ ʥ̔ʰ̔ ʧʨʠʩʫʪʥ̔ ʫ ʪʘʢʦʤʫ ʥʘʜʣʠh ʢʫ, ʱʦ ʟʤ̔ʥʦʁ  ʭʾʥ̔ʭ 

ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʥʘ ʧʨʦʪ̫ʟ̔ ʭ̔ʤ̔ʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʅʘʧʨʠʢʣʘʜ 
 

ɸ1 + ɸ2 Ÿ Ɇ bjBj,                                                 (3.48) 
 

ʜʝ ɸ2 ʤʘ̒ ʚʝʣʠʢʠʡ ʥʘʜʣʠ ʦhʢ. 
ʊʦʜ̔ 

 
ʜʝ kù = k [A ] å const ï ʢʦʥʩʪʘʥʪʘ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ, ʱʦ ʪʘʢʦʁ  ʟʜʘ̒ ʪʩɹ̫. 
 

ɿʛ̔ ʜʥʦ ʣ̔ʥ̔ʡʥʦʾ ʟʘʣʝʞʥʦʩʪ̔ lg[A1] ʚ̔ʜ t ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ kù. ʑʦʙ 

ʚʩʪʘʥʦʚʠʪʠ, ʯʠ  ̒ ʮ̫ ʚʝʣʠʯʠʥʘ ʩ̔ʪʠʥʦʁ , ʥʝʦʙʭ̔ ʜʥʦ ʧʝʨʝʚ̔ʨʠʪʠ ʷʢ ʚʧʣʠʚʘ̒ ʥʘ 
ʦʪʨʠʤʘʥʫ ʢʦʥʩʪʘʥʪʫ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʟʤ̔ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 
ʥ̔h ʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʪʦʙʪʦ ʧʝʨʝʚ̔ʨʠʪʠ ʚʠʢʦʥʘʥʥ̫ ʟʘʢʦʥʫ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ 
ʥʝ ʪ̔ʣʢɹʠ ʚ ʯʘʩʫ, ʘ  ̔ʧʦ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ ʨʝʘʛʫʁʯʠʭ ʯʠ ʧʨʠʩʫʪʥ̔ʭ ʚ 
ʩʠʩʪʝʤ̔ ʨʝʯʦʚʠʥ. 

ʏʘʩ, ʥʘ ʧʨʦʪ̫ʟ̔ ʢ̫ʦʛʦ ʨʝʘʢʮ̔ ʷ ʧʨʦʡʜʝ ʥʘ ʯʘʩʪʢʫ ɝ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ̫ʢ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʣʠʯʠʥʘ tɝ ʜʦʣ̫ ʨʝʘʢʮ̔ ʾ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʘ ʥʝ 

ʟʘʣʝʞʠʪɹ ʚ̔ ʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʚʠʭ̔ ʜʥʦʾ ʩʧʦʣʫʢʠ ʪʘ ʦʜʥʦʟʥʘʯʥʦ 
ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʟʥʘʯʝʥʥʤ̫ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʧʨʦʮʝʩʫ. ʏʘʩ, ʥʘ ʧʨʦʪ̫ʟ̔ ʢ̫ʦʛʦ 
ʚʠʭ̔ʜʥʘ ʩʧʦʣʫʢʘ ʚʠʪʨʘʯʘ̒ʪɹʩ̫ ʥʘʚʧ̔ʣ (ʯʘʩ ʧʦʣʫʧʝʨʝʪʚʦʨʝʥʥ̫) ʜʦʨ̔ʚʥʁ  ̒

 
ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʜʥʦ, ʱʦ ʚ ʢ̫ʦʩʪ̔ ʢ̔ʣʢɹ̔ʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚhʠʜʢʦʩʪ̔ 

ʨʝʘʢʮ̔ʾ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʤʦʞʣʠʚʦ ʟʘʤ̔ʩʪɹ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨ̔ʦʜ ʧʦʣʫʧʝʨʝʪʚʦʨʝʥʥ̫. 
 
3.2.3.2 ɿʚʦʨʦʪʥ̔ ʨʝʘʢʮ̔ ʾʧʝʨh ʦʛʦ ʧʦʨʜ̫ʢʫ 

ɺ ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ ʭ̫ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʦʙʠʜʚ̔ ʨʝʘʢʮ̔ʾ, ʧʨ̫ʤʘ  ̔

ʟʚʦʨʦʪʥʘ,  ̒ʨʝʘʢʮ̔ ʤ̫ʠ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ̔  ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ ʥʠʭ ʤʘ̒ ʚʠʜ 

 
ʜʝ ɸ ï ʚʠʭ̔ʜʥʘ ʩʧʦʣʫʢʘ; ɺ ï ʧʨʦʜʫʢʪ ʨʝʘʢʮ̔ ʾ. 

 

ɯʥʪʝʛʨʫʚʘʥʥ̫ ʨ̔ʚʥ̫ʥɹ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʍ = 0, t = 0 ʧʨʠʚʦʜʠʪɹ 

ʜʦ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

 
ʚʨʘʭʦʚʫʁʯʠ, ʦɦ k/kù = K ï ʢʦʥʩʪʘʥʪʘ ʨ̔ʚʥʦʚʘʛʠ 

 
                                                                            ð 

ʈ̔ʚʥʦʚʘʞʥʝ ʟʥʘʯʝʥʥ̫ ʍ (ʧʨʠ t ŸÐ) ʜʦʨ̔ʚʥʶʻ 

 
ʘ ʪʦʤʫ ʟʤ̔ʥʘ ʍ ʫ ʯʘʩ̔ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʨ̔ʚʥ̫ʥʥ̫ʤ 
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ʢ̫ʝ ʘʥʘʣʦʛ̔ ʯʥʝ ʜʣ̫ ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ. 

ʋ ʩʪʘʥ̔ ʨ̔ʚʥʦʚʘʛʠ ʟʥʘʯʝʥʥ̫ [A]  ̔[B] ʚʠʟʥʘʯʘʁʪɹʩ̫ ʥʘ ʧ̔ ʜʩʪʘʚ̔ ʨ̔ʚʥ̫ʥɹ 
 

[A]=[ɸ]+(A]o
 ï[ɸ]Āe-(k+k/ ) ;                               (3.58)  

[B]=[ɺ]-(ɺ]-[B]o Āe
-(k+k/ ) ,                                 (3.59) 

                ð     ð 

ʜʝ [ A]  ̔[ B ] ï ʨ̔ʚʥʦʚʘʞʥ̔ ʟʥʘʯʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʮʠʭ ʨʝʯʦʚʠʥ, ʢ̫̔ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠ ʚ̔ʜʦʤʠʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ ʪʘ ʢʦʥʩʪʘʥʪʠ 

ʨ̔ʚʥʦʚʘʛʠ ʂ: 

 
ɿʥʘʯʝʥʥ̫ k  ̔kù ʟʥʘʭʦʜ̫ʪɹ ʚ ʜʚʘ ʧʨʠʡʦʤʠ. ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʭ ʜʘʥʠʭ   
                                                                                                      ð 

ʦʪʨʠʤʫʁ ʪɹ ʨ̔ʚʥʦʚʘʞʥ̔ ʟʥʘʯʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʩʧʦʣʫʢ [ A] ʘʙʦ ʍ, 

ʦʙʯʠʩʣʁ ʪʁɹ ʢʦʥʩʪʘʥʪʫ ʨ̔ʚʥʦʚʘʛʠ ʟʘ ʬʦʨʤʫʣʦʁ  

 
ɿʥʘʁ ʯʠ ʨ̔ʚʥʦʚʘʞʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʾ, ʧʦ ʬʦʨʤʫʣʘʤ (14)-(16) ʥʘ ʧ̔ ʜʩʪʘʚ̔ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣɹ ʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʁʪɹ ʩʫʤʫ ʢʦʥʩʪʘʥʪ ʰʚʠʜʢʦʩʪʝʡ ʧʨ̫ʤʦʾ ʪʘ 

ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʡ: 

 
ʘʙʦ 

 
ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ (3.62)  ̔(3.63) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣ̫ʜ̔ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʚʦʨʦʪʥ̔ʡ ʨʝʘʢʮ̔ ʾ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ ʧʦʚʠʥʥʘ 

ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫ ʣ̔ʥ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ lg- [A]ï ɸ ʘʙʦ lg(ʍ ï X ) ʚ̔ʜ ʯʘʩʫ. 
ʇʦ ʢʫʪʫ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʩʫʤʘ ʢʦʥʩʪʘʥʪ ʚhʠʜʢʦʩʪʝʡ 

ʧʨ̫ʤʦʾ  ̔ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʡ, ʘ ʧʦʪ̔ʤ  ̔ʟʥʘʯʝʥʥ̫ ʥ̔ʜʠʚ̔ ʜʫʘʣʥɹʠʭ ʢʦʥʩʪʘʥʪ ʟʘ 

ʜʦʧʦʤʦʛʦʁ  ʬʦʨʤʫʣ: 

 
 

3.2.3.3 ʅʝʟʚʦʨʦʪʥ̔ ʨʝʘʢʮ̔ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ 
 
ʐʚʠʜʢ̔ʩʪɹ ʥʝʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ʧʨʦʧʦʨʮ̔ʡʥʘ 

ʜʦʙʫʪʢʫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʜʚʦʭ ʚʠʭ̔ʜʥʠʭ ʩʧʦʣʫʢ ɸ1  ̔ɸ2 ʯʠ ʢʚʘʜʨʘʪʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ 
ʦʜʥ̔̒  ʾʚʠʭ̔ʜʥʦʾ ʨʝʯʦʚʠʥʠ ɸ. ʈ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʛʣ̫ʜ 

 
ʘʙʦ 

 
ʗʢɦʦ ʚ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ ʜʢʫ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʜʚ̔ ʚʠʭ̔ʜʥ̔ 

ʨʝʯʦʚʠʥʠ, ʪʦ ʟʚʠʯʘʡʥʦ ʘ1=ʘ2=1  ̔ʨ̔ʚʥ̫ʥʥ̫ (3.67) ʧʨʠʡʤʘ̒ ʚʠʛʣ̫ʜ 

 
ʈ̔ʚʥ̫ʥʥ̫ (3.69) ʧʨʠʡʤʘ̒ ʚʠʜ (3.68), ʷʢɦʦ ʧʦʯʘʪʢʦʚ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ɸ1 

 ̔ɸ2 ʚ̔ʜʧʦʚ̔ ʜʘʁʪɹ [A1]o=[A2]o=[A]o. ʋ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʘ=1 

 
ɯʥʪʝʛʨʫʚʘʥʥ̫ (3.69 ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʍ=0, t=0 ʧʨʠʚʦʜʠʪɹ ʜʦ 

 
ʘʙʦ ʫ ʚʠʛʣ̫ʜ̔ ʚ̔ʜʥʦʩʥʦ ʍ 
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ʇ̔ʩʣ̫ ʜʝ̫ ʢʠʭ ʧʝʨʝʪʚʦʨʝʥɹ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

 
ʋ ʟʚ' ʟ̫ʢʫ ʟ ʮʠʤ, ʚ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ʧʦʚʠʥʥʘ ʜʦʪʨʠʤʫʚʘʪʠʩ̫ 

ʣ̔ʥ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ lg{ ([A2]o ï [A1]o + [A1])/[A1]}  ʘʙʦ lg{ ([A2]o ï X)/([A1]o ï X}  

ʚ̔ʜ ʯʘʩʫ. ʇʦ ʢʫʪʫ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʦʙʯʠʩʣʁ ʪʁɹ ʢʦʥʩʪʘʥʪʫ ʚhʠʜʢʦʩʪ̔ 
ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʾ ʨʝʘʢʮ̔ʾ. 

ɯʥʪʝʛʨʫʚʘʥʥ̫ʤ ʨ̔ʚʥ̫ʥʥ̫ (3.70) ʪʘ ʜʝ̫ʢʠʭ ʧʝʨʝʪʚʦʨʝʥɹ ʦʪʨʠʤʫʁ ʪɹ ʚʠʨʘʟʠ 

 

 
ɿʚ̔ʜʢʠ ʚʠʪ̔ʢʘ̒, ʦɦ 

 
ʪʦʙʪʦ 1/[A], ʣ̔ʥ̔ʡʥʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ ʯʘʩʫ. ɸʥʘʣʦʛ̔ʯʥʦ 

 
ʟ ʯʦʛʦ 1/X ʣ̔ʥ̔ʡʥʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 1/Ű. 

ʇʦ ʢʫʪʫ ʥʘʭʠʣʫ ʧʨ̫ʤʠʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 1/[A] ʚ̔ ʜ Ű ʯʠ 1/X ʚ̔ʜ 1/Ű 

ʦʙʯʠʩʣʶʁʪɹ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ. ʉʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ (3.75-(3.77) 

ʤʦʞʫʪɹ  ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ̔ ʝɦ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ: 
- ʢʦʣʠ ʚ ʨʝʘʢʮ̔ʾ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʜʚ̔ ʨʝʯʦʚʠʥʠ ɸ1 ʪʘ ɸ2 ʟ̔ 

ʩʪʝʭ̔ʦʤʝʪʨʠʯʥʠʤʠ ʢʦʝʬ̔ʮ̔̒ ʥʪʘʤʠ 1 ʪʘ ʭʾ ʧʦʯʘʪʢʦʚ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʧʦʨ̔ʚʥ̫ʥ̔ 
ʦʜʥʘ ʟ ʦʜʥʦʁ , ʪʦʙʪʦ ʚ ʫʩ̔ʭ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ʭ ʘ = 1; 

- ʚ ʨʝʘʢʮ̔ʾ ʧʨʠʡʤʘ̒ ʫʯʘʩʪɹ ʦʜʥʘ ʩʧʦʣʫʢʘ, ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ 

ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʚʘʜʨʘʪʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʮ̔̒  ʾʩʧʦʣʫʢʠ  ̔ʘ = 2. 
 

3.2.3.4 ɿʚʦʨʦʪʥ̔ ʨʝʘʢʮ̔ ʾʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ 

ɿʚʦʨʦʪʥ̔ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ʮʝ ʨʝʘʢʮ̔ʾ, ʚ ʷʢʠʭ ʦʜʥʘ ʟ ʥʠʭ, ʧʨ̫ʤʘ 
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ʯʠ ʟʚʦʨʦʪʥʘ,  ̒ ʨʝʘʢʮ̔̒  ʁ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ, ʘ ʜʨʫʛʘ ʤʦʞʝ ʤʘʪʠ ʧʝʨh ʠʡ ʘʙʦ 

ʜʨʫʛʠʡ ʧʦʨ̫ ʜʦʢ. ʐʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ ʧʨʦʧʦʨʮ̔ʡʥʘ ʜʦʙʫʪʢʫ 

ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʜʚʦʭ ʨʝʯʦʚʠʥ, ʘʙʦ ʢʚʘʜʨʘʪʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʜʥ̔̒  ʾʩʧʦʣʫʢʠ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʢ̔ʥʝʪʠʢʠ, ʚʩ̔ ʚ̔ʨʦʛ̔ ʜʥ̔ ʚʠʧʘʜʢʠ ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ 

ʘʥʘʣʦʛ̔ʯʥ̔ ʦʜʠʥ ʦʜʥʦʤʫ. ʈʦʟʛʣ̫ʥʝʤʦ ʣʠh ʝ ʦʜʠʥ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

 

ɸ1 + ɸ2 Ҏɺ1 + ɺ2                                                                           (3.78) 

 

ʂ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʛʣ̫ʜ 

 
ʂʦʥʩʪʘʥʪʘ ʨ̔ʚʥʦʚʘʛʠ ʂ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩ̫ ʟ ʨʚ̔ʥ̫ʥʥ̫ 

 
                     ï       ï 

ʜʝ ʍ ʪʘ ʍ/ ʟʚ' ʟ̫ʘʥ̔ ʤ̔ʞ ʩʦʙʦʁ  ʚʠʨʘʟʦʤ 

 
ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʮɹʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ̫ʢ 

 
ʇʨʠ ʨ̔h ʝʥʥ̔ ʮʠʭ ʨ̔ʚʥ̫ʥɹ ʥʘʚʝʜʝʥʠʤ ʨʘʥ̔h ʝ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫ 

ʚʩ̔ʭ ʚʠʧʘʜʢʘʭ ʜʠʬʝʨʝʥʮ̔ʡʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʜ 

 
ʡʦʛʦ ʨ̔h ʝʥʥ̫ 

 
ɿ ̔ ʩʧ̔ʚʚ̔ ʜʥʦhʝʥʥ̫ (30) ʚʠʪ̔ʢʘ̒, ʦɦ, ʫ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʾ 

ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ, ʧʦʚʠʥʥʘ ʤʘʪʠ ʤ̔ʩʮʝ ʣ̔ʥ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ lg|(X' ï X)/(X ï X)| ʚ̔ ʜ 

ʯʘʩʫ. ʇʦ ʢʫʪʫ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʚʝʣʠʯʠʥʘ ʘ(ʍ' ï ʍ) ʪʘ, 

ʦʩʢ̔ʣʢɹʠ ʟʥʘʯʝʥʥ̫ ʍ'  ̔ ʍ ʚ̔ ʜʦʤ̔, ʨʦʟʨʘʭʦʚʘʥ̔ ʪʘʢʦʞ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ 

ʧʨ̫ʤʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʡ. 
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3.2.3.5 ʈʝʘʢʮ̔ʾ ʪʨʝʪɹʦʛʦ ʧʦʨ̫ʜʢʫ 

ʂ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʪʨʝʪɹʦʛʦ ʧʦʨ̫ʜʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ 

ʚʟʘ̒ ʤʦʜ̔ ʷ ʤ̔ʞ ʪʨʦɹʤʘ ʩʧʦʣʫʢʘʤʠ, ʤʘ̒ ʚʠʛʣ̫ʜ 
 

dx/dŰ = k([A1]o ï X)([A2]o ï X)([A3]o ï X)                               (3.85) 
 

ʗʢɦ ʦ ʧʨʠʡʤʘʁʪɹ ʫʯʘʩʪɹ ʜʚ̔ ʨʝʯʦʚʠʥʠ, ʘʣʝ ʧʦ ʦʜʥ̔ʡ ʟ ʥʠʭ 

ʩʧʦʩʪʝʨ̔ʛʘ̒ ʪʩɹ̫ ʜʨʫʛʠʡ ʧʦʨ̫ʜʦʢ, ʪʦ ʨ̔ʚʥ̫ʥʥ̫ ʧʨʠʡʤʝ ʚʠʜ 
 

dx/dŰ = k([A1]o ï X)([A2]o ï 2X)2,                                      (3.86) 
 

ʘ ʷʢɦʦ ʧʦʨ̔ʚʥ̫ʥ̔ ʧʦʯʘʪʢʦʚ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʫʩ̔ʭ ʪʨʦɹʭ ʨʝʯʦʚʠʥ, ʪʦ 
 

dx/dŰ = k([A]o ï X)3                                                                                  (3.87) 
 

ʋ ʟʘʛʘʣʥɹʦʤʫ ʚʠʧʘʜʢʫ ʩʣ̔ʜ ʢʦʨʠʩʪʫʚʘʪʠʩ̫ ʟʚʠʯʘʡʥʠʤ ʢʥ̔ʝʪʠʯʥʠʤ 

ʨ̔ʚʥ̫ʥʥ̫ʤ ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ 

 
3.2.4 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥ ̫ʧʦʨ̫ʜʢʫ ʨʝʘʢʮ̔ʾ 

ʅʘʡʙ̔ʣʴʰ ʟʘʛʘʣʥɹʠʤ ʤʝʪʦʜʦʤ  ̒ʚʠʢʦʨʠʩʪʘʥʥ̫ ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ 

 
ʢ̫ʝ ʙʫʜʝ ʣ̔ʥ̔ʡʥʠʤ ʚ̔ ʜʥʦʩʥʦ ʥʝʚ̔ ʜʦʤʠʭ ʚʝʣʠʯʠʥ lgk  ̔ ni. ʑʦʙ ʩʢʦʨʠʩʪʘʪʠʩ̫ 
ʮʠʤ, ʥʝʦʙʭ̔ ʜʥʦ ʟʥʘʡʪʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʝʞʥ̔ʩʪɹ ɡ ʚ̔ʜ ʫʩ̔ʭ [Ai], ʪʦʙʪʦ 
ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥ̫ ɡ ʧʨʠ ʜʦʩʪʘʪʥɹʦ ʚʝʣʠʢʦʤʫ ʥʘʙʦʨ̔ ʟʥʘʯʝʥɹ [Ai] (ʥʝ 
ʤʝʥh  ʥ̔ʞ l + 1). 

ɼʣ̫ ʨʝʘʢʮ̔ʡ, ʢ̫̔ ʧʨʦʪ̔ʢʘʁʪ ɹ ʫ ʟʘʤʢʥʝʥ̔ʡ ʩʠʩʪʝʤ̔ ʯʠ ʨʝʘʢʪʦʨ̔ 

ʜ̔ʝʘʣʴʥʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫ ʪʘ ʤʘʁ ʪɹ ʦʜʥʘʢʦʚ̔ ʩʪʝʭ̔ʦʤʝʪʨʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫, 

ʜʦʩʪʘʪʥɹʦ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʧʦ ʦʜʥʦʤʫ ʟ ʢʦʤʧʦʥʝʥʪ̔ʚ ʷʢ ʬʫʥʢʮ̔ʁ  

ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʡʦʛʦ, ʦʩʢ̔ʣʢɹʠ ʟʥʘʯʝʥʥ̫ ʥ̔ ʠhʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʫ ʟʘʤʢʥʝʥ̔ʡ 

ʩʠʩʪʝʤ̔ ʚʠʟʥʘʯʘʁʪɹ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ 

 
ɿʘʣʝʞʥ̔ʩʪɹ ɡ ʚ̔ ʜ [Ai] ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʙʝʟʧʦʩʝʨʝʜʥɹʦ, ʷʢɦʦ ʨʝʘʢʮ̔ʁ  

ʧʨʦʚʦʜ̫ʪɹ ʚ ʨʝʘʢʪʦʨ̔ ʽʜʝʘʣʥɹʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫. 

ɼʣ̫ ʟʥʘʭʦʜʞʝʥʥ̫ ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʠhʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ 
ʧʦʯʘʪʢʦʚ̔ ʚhʠʜʢʦʩʪ̔ ɡʦ ʧʨʠ ʨ̔ʟʥʠʭ ʥʘʙʦʨʘʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ [Ai]o. 
ʎ̫  ʟʘʣʝʞʥ̔ʩʪɹ ʤʘ̒ ʪʦʡ ʞʝ ʚʠʛʣ̫ʜ 
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ɼʦʩʠʪɹ ʧʨʦʩʪʦ ʚʠʨ̔h ʫ̒ʪɹʩ̫ ʟʘʜʘʯʘ, ʢ̫ɦ ʦ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʷʢ ʬʫʥʢʮ̔ʁ  ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʣʠh ʝ ʦʜʥʦʛʦ ʟ ʨʝʘʛʝʥʪ̔ʚ, ʱʦ ʤ̔ʦʚ̔ʨʥʦ ʚ 

ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ: 

- ʨʝʘʢʮ̔ʾ ʧʨʠʡʤʘ̒ ʫʯʘʩʪɹ ʦʜʥʘ ʚʠʭ̔ʜʥʘ ʨʝʯʦʚʠʥʘ; 

- ʚ ʨʝʘʢʮ̔ ʾ ʧʨʠʡʤʘʁʪ ɹ ʫʯʘʩʪɹ ʜʝʢ̔ʣʢɹʘ ʚʠʭ̔ʜʥʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʭʾʥ̔ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ, ʟʦʢʨʝʤʘ ʦʜʥ̔̒ ,ʾ ʥʝ ʚʭʦʜ̫ʪɹ ʚ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫; 

-  ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʟʘʣʝʞʠʪ ɹ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʦʜʥ̔̒  ʾ ʩʧʦʣʫʢʠ ʪʘ 

ʢʘʪʘʣ̔ʟʘʪʦʨʘ. ʆʩʢ̔ʣʢɹʠ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢʘʪʘʣ̔ʟʘʪʦʨʘ ʥʘ ʢ̔ʥʝʮɹ ʨʝʘʢʮ̔ ʾ 

ʟʘʣʠh ʘ̒ʪɹʩ̫ ʙʝʟ ʟʤ̔ʥʠ, ʪʦ ʤʥʦʞʥʠʢ, ʢ̫ʠʡ ʫʪʨʠʤʫ̒ ʧʦʩʪ̔ʡʥʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  

ʢʘʪʘʣ̔ʟʘʪʦʨʘ, ʧʨʠ ʚʠʟʥʘʯʝʥʥ̔ ʧʦʨ̫ʜʢʫ ʨʝʘʢʮ̔ ʾ ʧʦ ʨʝʘʛʝʥʪʫ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʩʢʣʘʜʦʚʦʁ  ʦʪʨʠʤʘʥʦʾ ʢʦʥʩʪʘʥʪʠ hʚʠʜʢʦʩʪ̔; 

-  ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʚʩ̔ʭ ʨʝʘʛʝʥʪ̔ʚ, ʦʢʨ̔ʤ ʦʜʥʦʛʦ, ʧ̔ ʜʪʨʠʤʫʁ ʪɹ 

ʧʦʩʪ̔ʡʥʠʤʠ ʪhʫʯʥʠʤ ʣh̫ʭʦʤ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʚʦʜ̫ʪɹ ʨʝʘʢʮ̔ʁ  ʟʘ ʫʯʘʩʪʁ  

ʦ̔ʥʘ ʆʅï, ʷʢ ʨʝʘʛʝʥʪʫ (ʣʫʞʥʝ ʧʣʘʚʣʝʥʥ̫), ʧʨʠ ʧʦʩʪ̔ʡʥ̔ʡ ʨʅ ʩʝʨʝʜʦʚʠ ʘɦ ʫ 

ʧʨʠʩʫʪʥʦʩʪ̔ ʙʫʬʝʨʘ ʯʠ ʰʣ̫ʭʦʤ ʫʪʨʠʤʘʥʥ̫ ʧʦʩʪ̔ʡʥʦ ʾʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦ̔ʥ̔ʚ ʆʅï 

ʚ ʨʝʘʢʮ̔ʡʥʡ̔ ʤʘʩ̔ ʧʨʦʪ̫ʛʦʤ ʚʩɹʦʛʦ ʧʨʦʮʝʩʫ; 

-  ʫʩ̔ ʨʝʘʛʝʥʪʠ, ʦʢʨ̔ʤ ʪʦʛʦ, ʧʦ ʢ̫ʦʤʫ ʚʠʟʥʘʯʘʁʪɹ ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʟ ʚʝʣʠʢʠʤ ʥʘʜʣʠ ʢhʦʤ, ʚʥʘʩʣ̔ʜʦʢ ʯʦʛʦ ʭʾʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ 

ʤʘʡʞʝ ʥʝ ʟʤ̔ʥʁ ʪʁɹʩ̫ ʟʘ ʧʝʨ̔ʦʜ ʨʝʘʢʮ̔ʾ  ̔ ʪʦʤʫ ʤʦʞʫʪ ɹ ʚʚʘʞʘʪʠʩ̫ 

ʧʦʩʪ̔ʡʥʠʤʠ; 

-  ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʤ ʣh̫ʭʦʤ ʟʥʘʭʦʜʪ̫ɹ ʟʘʣʝʞʥ̔ʩʪɹ ʧʦʯʘʪʢʦʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦʜʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪ̔ʚ ʨʝʘʢʮ̔ʾ ʧʨʠ ʧʦʩʪ̔ʡʥʦʤʫ ʥʘʙʦʨ̔ 

ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʥ̔h ʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʠʩʪʝʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 
 

lgɡ = lgkʟʜʘʚ + n lg[A]                                          (3.92) 
 

lgɡo = lgkʟʜʘʚ + n lg[A]o                                                               (3.93) 
 

ʜʝ ɸ ï ʢʦʤʧʦʥʝʥʪ, ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢ̫ʦʛʦ ʟʤ̔ʥʁ ʪ̒ɹʩ̫;  

     n ï ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ ʾ ʧʦ ʮɹʦʤʫ ʢʦʤʧʦʥʝʥʪʫ; 
     kʟʜʘʚ ï ʜʦʙʫʪʦʢ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔ ʥʘ ʬʫʥʢʮ̔ ʾ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 

ʥ̔h ʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ (ʟʜʘʚʘʥʘ ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔). 

 

ʋ ʚʠʧʘʜʢʘʭ (1)  ̔(2) kʟʜʘʚ  ̒ ʩ̔ʪʠʥʦʁ  ʢʦʥʩʪʘʥʪʦʁ  ʚhʠʜʢʦʩʪ̔; ʫ ʚʠʧʘʜʢʘʭ 
(3) ï (6) ʚʦʥʘ  ̒ʬʫʥʢʮ̔̒ ʶ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʝh ʪʠ ʢʦʤʧʦʥʝʥʪ̔ʚ. 

ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʧʦʨ̫ ʜʢʫ ʨʝʘʢʮ̔ʡ ʟʘ ʨ̔ʚʥ̫ʥʥ̫ʤʠ (3.92)  ̔ (3.93) 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʛʨʘʬ̔ʯʥʦʛʦ ʤʝʪʦʜʫ, ʢʦʣʠ ʧʦʨ̫ʜʦʢ ʚʠʟʥʘʯʘʁʪɹ ʷʢ 

ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨ̫ʤʦʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lgɡ ʚ̔ ʜ lg[A]. 
ʇʦʨ̫ʜ ʟ ʛʨʘʬ̔ ʯʥʠʤ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥ̫ ʧʦʨ̫ʜʢʫ ʟʘ 
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ʟʥʘʯʝʥʥʤ̫ʠ ɡʦ ʜʣ̫ ʜʚʦʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʝʘʛʝʥʪʫ ɸ:[A]0,1 ʪʘ [A]0,2 ʧʦ 
ʬʦʨʤʫʣ̔ 

 
ɺ ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨ̔ʚʥ̫ʥʥ̫ ʢ̔ʥʝʪʠʯʥʦʾ 

ʢʨʠʚʦʾ ʩʚʘʚ̔ʣʥɹʦʛʦ ʧʦʨ̫ʜʢʫ 

 
ɯʥʪʝʛʨʫʚʘʥʥ̫ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ [A]=[A]o  ̔ t=0 ʧʨʠʚʦʜʠʪɹ ʧʨʠ       

n Í 1 ʜʦ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

 
ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥ̫ʤ ʚʝʣʠʯʠʥʠ ɕ=[A]/[A]o ï ʯʘʩʪʢʠ ʥʝʚʠʪʨʘʯʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
ɸ 

 
ʗʢɦʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʘʥ̔ ʜʝʢ̔ʣʢɹʘ ʢ̔ʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʧʨʠ 

ʨ̔ʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ ʨʝʘʛʝʥʪʫ ɸ, ʪʦ ʢʨʘɦʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʨ̔ʚʥ̫ʥʥ̫ (3.96), ʚʠʟʥʘʯʠʚ ʟʘʟʜʘʣʝʛ̔ʜɹ ʟ ʮʠʭ ʢʨʠʚʠʭ ʯʘʩ tɕ , ʱʦ ʚ̔ʜʧʦʚ̔ʜʘ̒ 

ʚʠʟʥʘʯʝʥ̔ʡ ʯʘʩʪʮ̔ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʚʠʭ̔ʜʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʁ ɕ. ʋ 
ʪʘʢʦʤʫ ʨʘʟ̔, ʜʣ̫ ʫʩ̔̒  ʾʩʝʨ̔ ʾ ʝʢʩʧʝʨʠʤʝʥʪ̔ʚ ʚʝʣʠʯʠʥʘ, ʱʦ ʟʥʘʭʦʜʠʪʩɹ̫ ʚ ʣ̔ʚ̔ʡ 
ʯʘʩʪʠʥ̔ ʨ̔ʚʥ̫ʥʥ̫ (3.96) ʙʫʜʝ ʦʜʥʘʢʦʚʦʁ   ̔ lg tɕ+(n-1) lg [A]o = const. ʉʘʤʝ ʮʝ 

ʨ̔ʚʥ̫ʥʥ̫ ʙʫʜʝ ʣ̔ʥ̔ʡʥʠʤ ʚ̔ʜʥʦʩʥʦ ʫhʢʘ̒ʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (n-1). 
ɿʘ ʫʤʦʚʠ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥ̫ tɕ ʜʦʩʪʘʪʥɹʦ ʧʨʦʚʝʩʪʠ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʢʦʥʮʝʥʪʨʘʮ̔ ʤ̫ʠ [A]0,1  ̔ [A]0,2 ʪʘ ʟʥʘʡʪʠ ʚ̔ʜʧʦʚ̔ʜʥʝ ʤʾ 
ʟʥʘʯʝʥʥ ̫tɕ1  ̔tɕ2 
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ʄʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ n ʟ ʦʜʥ̔̒  ʾ ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ ʧʨʠ ʚ̔ʜʦʤʠʭ 

ʟʥʘʯʝʥʥ̫ʭ ɕ1 ʪʘ ɕ2, ʷʢ̔ ʙʫʜʫʪɹ ʚ̔ʜʧʦʚ̔ ʜʘʪʠ ʜʚʦʤ ʤʦʤʝʥʪʘʤ ʯʘʩʫ t1  ̔ t2. ɿʘ 
ʜʦʧʦʤʦʛʦ  ʁ ʨ̔ʚʥ̫ʥʥ̫ (3.98), ʚʟ̫ʪʦʛʦ ʜʣ̫ t1  ̔ t2, ʧ̔ʩʣ̫ ʨʦʟʜ̔ʣʫ ʡʦʛʦ ʣ̔ʚʦʾ ʪʘ 
ʧʨʘʚʦʾ ʯʘʩʪʢʠ ʦʪʨʠʤʘ̒ ʤʦ ʨ̔ʚʥ̫ʥʥ̫, ʢ̫ʝ ʜʘʩʪɹ ʨ̔h ʝʥʥ̫ ʚ̔ʜʥʦʩʥʦ 

 
ʎʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ, ʢ̫ɦ ʦ ʦʙʨʘʪʠ ʜʚʘ ʟʥʘʯʝʥʥ̫ ɕ, 

ʟʚ' ʟ̫ʘʥ̔ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ʤ ɕ1
2 = ɕ2, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʦɹʤʫ t2 > t1, ʘ ʚ̔ʜʪʦʜ̔        

ɕ2 < ɕ1. ʋ ʪʘʢʦʤʫ ʨʘʟ̔ ʦʪʨʠʤʘ̒ʤʦ ʚ̔ʜʥʦʩʥʦ n 

 
ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʨʦʟʛʣ̫ʥʫʪʠ ʨʝʘʢʮ̔ʁ  ʨʦʟʧʘʜʫ NO2, ʢ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ 

ʢ̫ʦʾ (ʨʠʩ. 17) ʦʧʠʩʫ̒ʪɹʩ ̫ ʨ̔ʚʥ̫ʥʥ̫ʤ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ 
ʨʠʩʫʥʢʫ ʧʨʠʚʝʜʝʥʘ ʫ ʣʦʛʘʨʠʬʤ̔ʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʣʝʞʥ̔ʩʪ ɹ ʚhʠʜʢʦʩʪ̔ 
ʚʠʪʨʘʯʘʥʥ̫ NO2, ʢ̫ʫ ʚʠʟʥʘʯʠʣʠ ʤʝʪʦʜʦʤ ʛʨʘʬ̔ ʯʥʦʛʦ ʜʠʬʝʨʝʥʮ̔ʁ ʚʘʥʥ ̫ (ʟʘ 

ʢʫʪʦʚʠʤ ʢʦʝʬ̔ʮ̔̒ ʥʪʦʤ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʣ̔ʥ̔ ʾ ʫ ʨ̔ʟʥʠʭ ʪʦʯʢʘʭ ʢ̔ʥʝʪʠʯʥʦʾ 
ʢʨʠʚʦʾ) ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʥʝʚʠʪʨʘʯʝʥʦʛʦ NO2. ɺ̔ʜʧʦʚ̔ʜʥʦ ʨ̔ʚʥ̫ʥʥʁ  (3.97) ʮ̫ 

ʟʘʣʝʞʥ̔ʩʪɹ ʤʘ̒ ʚʠʜ ʧʨ̫ʤʦʾ, ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʢ̫ʦʾ ʜʦʨ̔ʚʥʁ  ̒ 1,98, ʪʦʜʪʦ 
ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ ʾ ʩʪʘʥʦʚʠʪɹ 2. 

 
ʈʠʩʫʥʦʢ 17 ð ʂ̔ʥʝʪʠʯʥʘ ʢʨʠʚʘ ʚʠʪʨʘʯʘʥʥ̫ NO2 

 
ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ʧʦʨ̫ʜʢʫ ʮ̔̒  ʾʨʝʘʢʮ̔ ʾ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩ ̫ʪʘʢʦʞ ʬʦʨ-

ʤʫʣʦʁ . ɼʣ̫ ʮʦɹʛʦ ʧʦʪʨ̔ʙʥʦ ʚʠʙʨʘʪʠ ʥʘ ʢʥ̔ʝʪʠʯʥ̔ʡ ʢʨʠʚ̔ʡ ʚʠʪʨʘʯʘʥʥ̫ NO2 ʜʚ̔ 
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ʪʦʯʢʠ, ʷʢ̔ ʚ̔ʜʧʦʚ̔ʜʘʁʪɹ ʚʠʤʦʛʘʤ ɕ2 = ɕ , ʪʦʙʪʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

[NO2]1
2/[NO2]o

2 = [NO2]2/[NO2]o. ʎʠʤ ʚʠʤʦʛʘʤ ʚ̔ ʜʧʦʚ̔ ʜʘʁʪɹ, ʥʘʧʨʠʢʣʘʜ, 
ʪʘʢ̔ ʪʦʯʢʠ, ʷʢ 

t1 = 20 c, [NO2]1 = 10,6Ŀ10-5ʤʦʣɹ/ʣ, ɕ1 = 0,595  
t2 = 52 ʩ, [NO2]2 = 6,3Ŀ10 ʤʦʣ/ɹʣ, ɕ2 = 0,354 
 
ɿʘ ʬʦʨʤʫʣʦʁ  ʦʪʨʠʤʫ̒ʤʦ 

 
 
ɺ ʢ̫ʦʩʪ̔ ʥʘʩʪʫʧʥʦʛʦ ʧʨʠʢʣʘʜʘ ʨʦʟʛʣ̫ʥʝʤʦ ʨʝʘʢʮ̔ʁ  ʪʝʨʤ̔ʯʥʦʛʦ 

ʨʦʟʧʘʜʫ ʜ̔ʦʢʩʘʥʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ̔ ʧʨʠ 804 oʉ, ̫ ʢʘ ʚ̔ ʜʙʫʚʘ̒ ʪʩɹ̫ ʟʘ ʨ̔ʚʥ̫ʥʥ̫ʤ 

 
ʆ=(ʉʅ2ïʉʅ2)2= ʆ Ÿ 2ʉʆ + ʅ2 + ʉ2ʅ6                                           (3.102) 

 
ʈʠʩʫʥʦʢ 18 ï ʂ̔ʥʝʪʠʯʥ̔ ʢʨʠʚ̔ ʚʠʪʨʘʯʘʥʥ̫ ʜ̔ʦʢʩʘʥʫ ʧʨʠ ʨ̔ʟʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫ 
 
ʅʘ ʨʠʩʫʥʢʫ 18 ʥʘʚʝʜʝʥ̔ ʢ̔ʥʝʪʠʯʥ̔ ʢʨʠʚ̔ ʚʠʪʨʘʯʘʥʥ̫ ʜ̔ʦʢʩʘʥʫ ʧʨʠ ʜʚʦʭ 

ʨ̔ʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫: [A]0,1 = 800 ʤʤ.ʨʪ.ʩʪ. (ʢʨʠʚʘ 1);       

[A]0,2= 400 ʤʤ.ʨʪ.ʩʪ. (ʢʨʠʚʘ 2). ɿʘ ʥʘʭʠʣʦʤ ʜʦʪʠʯʥʠʭ, ʷʢ̔ ʧʨʦʚʝʜʝʥ̔ ʜʦ 

ʧʦʯʘʪʢʦʚʠʭ ʪʦʯʦʢ ʢʨʠʚʠʭ, ʚʠʟʥʘʯʝʥ̔ ʧʦʯʘʪʢʦʚ̔ ʚhʠʜʢʦʩʪ̔. ʇʦʪ̔ʤ ʟʘ ʬʦʨʤʫʣʦʁ  
ʧʦʨ̫ʜʦʢ ʨʝʘʢʮ̔ ʾ 
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ʅʘ ʮʠʭ ʞʝ ʢʨʠʚʠʭ ʧʦʤ̔ʯʝʥʦ ʯʘʩ 50 % ʧʝʨʝʪʚʦʨʝʥʥ̫, ʢ̫ʠʡ ʚ̔ʜʧʦʚ̔ʜʘ̒ 

13,9  ̔19,0 ʭʚ ʚ̔ʜʧʦʚ̔ʜʥʦ. ɿʛ̔ ʜʥʦ ʬʦʨʤʫʣ̔ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʜʘʁʪɹ ʤʘʡʞʝ ʦʜʥʘʢʦʚ̔ ʟʥʘʯʝʥʥ̫ n å 1,5. 

ɿʥʘʁʯʠ n ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ kʩʧʦʩʪʝʨ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʬʦʨʤʫʣ ʘʙʦ. ɺʠʟʥʘʯʝʥʘ ʪʘʢʠʤ 
ʯʠʥʦʤ kʩʧʦʩʪʝʨ ʤʦʞʝ ʜʘʣ̔ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ̫ ʜʣ̫ ʟʥʘʭʦʜʞʝʥʥ̫ ʧʦʨ̫ʜʢʫ ʨʝʘʢʮ̔ʾ 
ʟʘ ʥ̔ ʠhʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʥʝʭʘʡ ʰʚʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʟʘʣʝʞʠʪ ɹʚ̔ʜ 
ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʢʦʤʧʦʥʝʥʪ̔ʚ ɸ1  ̔ɸ2: 

 
 

ʉʢʦʨʠʩʪʘʚhʠʩɹ ʦʜʥʠʤ ʟ ʤʝʪʦʜ̔ʚ, ʥʘʚʝʜʝʥʠʭ ʨʘʥ̔h ʝ, ʧʨʠ ʧʦʩʪ̔ʡʥ̔ʡ 

ʢʦʥʮʝʥʪʨʘʮ̔ʾ, ʥʘʧʨʠʢʣʘʜ [A2], ʚʠʟʥʘʯʘʁʪ ɹn1 ʪʘ 

 
ʇʦʪ̔ʤ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʘʥʘʣʦʛ̔ ʯʥ̔ ʚʠʤ̔ʨʠ kʩʧʦʩʪʝʨ ʧʨʠ ʜʝʢ̔ʣʢɹʦʭ 

ʟʥʘʯʝʥʥ̫ʭ [A2], ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥ̫ n2 ʟ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪ̔ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ 

 

lgkʩʧʦʩʪʝʨ = lgk + n2lg[A2]                                            (3.107) 

 
ʗʢɦ ʦ ʚʠʟʥʘʯʝʥ̔ ʧʦʨ̫ʜʢʠ ʨʝʘʢʮ̔ʡ ʧʦ ʦʢʨʝʤʠʤ ʢʦʤʧʦʥʝʥʪʘʤ n , ʪʦ 

ʩʫʤʘʨʥʠʡ ʧʦʨ̫ ʜʦʢ ʨʝʘʢʮ̔ ʾ ʜʦʨ̔ʚʥʶ̒ ʩʫʤ̔ ʫʩ̔ʭ ni. ɺʪ̔ʤ, ʩʫʤʘʨʥʠʡ ʧʦʨ̫ʜʦʢ 
ʨʝʘʢʮ̔ ʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʣh̫ʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʜʝ̫ʢʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 
ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʧʨʦʩʪʠʭ ʪʠʧ̔ʚ. ʗʢɦʦ ʚʥʝʩʪʠ ʚ ʨ̔ʚʥ̫ʥʥ̫ ʟʘʤ̔ʩʪɹ ʍ 
ʚʝʣʠʯʠʥʫ ɕ = ʍ/[A1]o, ʟʨʦʙʠʪʠ ʜʠʬʝʨʝʥʮ̔ʁ ʚʘʥʥ,̫ ʘ ʧʦʪ̔ʤ ʥ̔ʪʝʛʨʫʚʘʥʥ̫ 
ʨ̔ʚʥ̫ʥʥ̫ ʢ̔ʥʝʪʠʯʥʦʾ ʢʨʠʚʦʾ, ʪʦ n ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ tɕ  ʜʣ̫ ʜʚʦʭ ʨ̔ʟʥʠʭ 
ʢʦʥʮʝʥʪʨʘʮ̔ʡ [A1]o 
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ɺ̔ʜʧʦʚ̔ʜʘʣʥɹʠʤ ʧʦʧʝʨʝʜʥ̔ʤ ʝʪʘʧʦʤ ʜʦʩʣ̔ʜʞʝʥʥ̫  ̒ ʨʦʟʨʦʙʢʘ ʡʦʛʦ 

ʤʝʪʦʜʠʢʠ, ʢ̫ʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʜʦʩʪʘʪʥʁ  ʪʦʯʥ̔ʩʪɹ ʪʘ ʚ̔ ʜʪʚʦʨʁʚʘʥʥ̫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʉʁ ʜʠ ʥʘʣʝʞʘʪɹ ʚʠʙ̔ʨ ʪʘ ʧʝʨʝʚ̔ʨʢʘ ʨʝʘʢʮ̔ʡʥʦʛʦ ʘʧʘʨʘʪʘ, 

ʨʝʛʫʣʁ ʯʁʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʤ̔ʨ ʚʁʘʣʴʥʠʭ ʧʨʠʙʦʨ̔ʚ, ʤʝʪʦʜʠʢ ʘʥʘʣ̔ʟ̔ʚ 

ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʪʘ ʥ̔. ɺ̔ʜʪʚʦʨʁʚʘʥʥ̫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʘʩʪʦ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 

ʢ̫ʦʩʪ̔  ̔ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʢ̫ʠʤʠ ʚʦʣʦʜ̔ʁ ʪɹ ʚʠʢʦʨʠʩʪʘʥ̔ 

ʩʧʦʣʫʢʠ. ʊʦʤʫ ʭʾʥ̫ ʢ̫̔ʩʪɹ , ʩʧʦʩ̔ʙ ʚʠʛʦʪʦʚʣʝʥʥ̫ ʪʘ ʦʯʠʩʪʢʠ ʧʦʚʠʥʥ̔ ʙʫʪʠ 

ʥʘʜʘʥʠʤʠ ʪʘ ʟʘʣʠh ʘʪʠʩ̫ ʧʦʩʪ̔ʡʥʠʤʠ ʧ̔ ʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ̫ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɸʣʝ  ̔ ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʚ̔ʜʪʚʦʨʁʚʘʥʥ̫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʣ̔ʜ ʧʝʨ̔ʦʜʠʯʥʦ 

ʧʝʨʝʚ̔ʨ̫ʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʟʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮ̔ʥʁ ʚʘʥʥ̫ ʟʘ ʨʝʟʫʣɹʪʘʪʘʭ ʧʘʨʘʣʝʣʥɹʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪ̔ʚ, ʪʘʢ ʟʚʘʥʦʁ , ʚʝʣʠʯʠʥʦʁ  ʭʾ ʩʝʨʝʜʥɹʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ 
(ʩʪʘʥʜʘʨʪʥʝ ʚ̔ʜʭʠʣʝʥʥ̫) 

 
ʘʙʦ ʜʠʩʧʝʨʩ̔ ʾ ʚ̔ʜʪʚʦʨʁʚʘʥʥ̫ 

 
ʜʝ ʉi ï ʚʠʭ̔ʜʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʩʧʦʣʫʢ, ʟʘ ʢ̫ʠʤʠ ʘʥʘʣ̔ʟʫʁʪ ɹʩʪʘʥ ʩʠʩʪʝʤʠ; 
     ʉ ï ʭʾʥ̒ ʩʝʨʝʜʥ̒ ʘʨʠʬʤʝʪʠʯʥʝ; 

     m ï ʯʠʩʣʦ ʧʘʨʘʣʝʣɹʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪ̔ʚ. 

 

ʂʦʣʠ ʧʦʤʠʣʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘ̒ ʜʦʧʫʩʪʠʤʦʁ , ʧʦʯʠʥʘʁ ʪɹ ʚʠʢʦʥʫʚʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʟʤ̔ʥʁ ʯʁʠ ʧʨʠ ʮɹʦʤʫ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ. ɿʘʟʚʠʯʘʡ ʩʧʦʯʘʪʢʫ 

ʧʨʦʚʦʜ̫ʪ ɹ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʧʦʩʪ̔ʡʥ̔ʡ ʪʝʤʧʝʨʘʪʫʨ̔ ʪʘ ʨ̔ʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʭ̫  ̔ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ʭ ʨʝʘʛʝʥʪ̔ʚ, ʢʣ̔ʢɹʦʩʪ̔ ʢʘʪʘʣ̔ʟʘʪʦʨʘ, 

ʪʨʠʚʘʣʦʩʪ̔ ʨʝʘʢʮ̔ ʾ (ʜʣ̫ ʧʝʨ̔ʦʜʠʯʥʠʭ ʧʨʦʮʝʩ̔ʚ) ʠ ʪʘʢʝ ʥ̔h ʝ. ʇʦʪ̔ʤ ʟ 

ʤʝʥh ʠʤ ʯʠʩʣʦʤ ʝʢʩʧʝʨʠʤʝʥʪ̔ʚ ʚʠ̫ʚʣ̫ ʪʁɹ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʪʘʢʦʤʫ 

ʤʝʪʦʜ̔ ʜʦʩʣ̔ ʜʞʝʥʥ̫ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʦʜʥʦʬʘʟʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʢʦʣʠ ʚ ʢʦʞʥ̔ʡ 

ʩʝʨʽʾ ʩʧʨʦʙ ʟʤ̔ʥʁ ʪ̒ɹʩ̫ ʪ̔ʣʢɹʠ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʧʨʠ ʧʦʩʪ̔ʡʥʠʭ ʥ̔ ʠhʭ. ɺʪ̔ʤ ʮʝʡ 

ʤʝʪʦʜ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ, ʪʦʤʫ ʢʨʘɦʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʧʨʠ ʢ̫ʦʤʫ ʟʤ̔ʥʁ ʪʁʩɹ ̫ ʟʨʘʟʫ ʜʚʘ ʯʠ ʙ̔ʣɹ ʝh ʧʘʨʘʤʝʪʨ̔ʚ, ʱʦ 

ʩʫʪʪ̒ʚʦ ʟʥʠʞʫ̒ ʪʨʠʚʘʣ̔ʩʪɹ ʜʦʩʣ̔ʜʞʝʥɹ . ɺʥʘʩʣ̔ʜʦʢ ʟʤ̔ʥʠ ʧʘʨʘʤʝʪʨ̔ʚ 

ʦʪʨʠʤʫʁʪɹ ʨ̫ ʜ ʢʨʠʚʠʭ ʘʙʦ ʪʘʙʣʠʮɹ, ʥʘ ʧ̔ʜʩʪʘʚ̔ ʢ̫ʠʭ ʨʦʙʣ̫ʪɹ 
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ʥʘʧ̔ʚʢ̔ʣʢɹ̔ʩʥ̔ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʧʣʠʚ ʪʠʭ ʯʠ ʥ̔ ʠhʭ ʬʘʢʪʦʨ̔ʚ. ɼʘʣ̔ ʧʦʩʪʘ̒ 

ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ, ʢ̫̔ ʙ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʣʠ ʨʝʟʫʣɹʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪ̔ʚ ʪʘ ʚ̔ʜʥʘʭʦʜʞʝʥʥ̫ ʧʘʨʘʤʝʪʨ̔ʚ ʮʠʭ ʨ̔ʚʥ̫ʥɹ (ʢʦʥʩʪʘʥʪʠ 

ʚhʠʜʢʦʩʪ̔, ʢʦʝʬʮ̔̒̔ʥʪʠ ʘʜʩʦʨʙʮ̔ ʾ, ʧʦʨ̫ʜʢʠ ʨʝʘʢʮ̔ʡ, ʝʥʝʨʛ̔ ʾ ʘʢʪʠʚʘʮ̔ʡ). ɼʣ̫ 

ʮɹʦʛʦ ʧʦʪʨ̔ʙʥʦ ʟʨʦʙʠʪʠ ʤ̔ʦʚ̔ʨʥʝ ʧʨʠʧʫɦʝʥʥ̫ (ʛ̔ʧʦʪʝʟʫ) ʦɦʜʦ ʤʝʭʘʥ̔ʟʤʫ 

ʨʝʘʢʮ̔ʾ ʪʘ ʧʦʩʣ̔ʜʦʚʥʦʩʪ̔ ʫʪʚʦʨʝʥʥ̫ ʧʨʦʜʫʢʪ̔ʚ, ʚʠʚʝʩʪʠ ʥʘ ʮ̔ʡ ʧ̔ ʜʩʪʘʚ̔ 

ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫, ʚʠʨ̔h ʠʪʠ ʡʦʛʦ ʜʣ̫ ʜʘʥʦʛʦ ʪʠʧʫ ʨʝʘʢʪʦʨʘ ʪʘ ʧʝʨʝʚ̔ʨʠʪʠ 

ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
 

3.2.4.1 ɼʦʩʣ̔ʜʞʝʥʥ̫  ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ɺ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʢʦʞʥʦʾ ʨʝʘʢʮ̔ ʾ ʚʭʦʜʠʪɹ ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔, 

ʢ̫ʘ ʟʤ̔ʥʶ̒ ʪʩɹ̫ ʟʘʣʝʞʥʦ ʚ̔ʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʚ̔ʜʧʦʚ̔ʜʥʦ ʨ̔ʚʥ̫ʥʥʁ  

ɸʨʝʥ̔ʫʩʘ. ʊʦʤʫ ʜʣ̫ ʟʥʘʭʦʜʞʝʥʥ̫ ʧʦʚʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʰʚʠʜʢʦʩʪ̔ 

 
ʥʝʦʙʭ̔ ʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʝʜʝʢʩʧʦʥʝʥʮ̔ʘʣʥɹʠʡ ʤʥʦʞʥʠʢ ki,o ʪʘ ʝʥʝʨʛ̔ʁ  ʘʢʪʠʚʘʮ̔ʾ 

ɽ. ɿʛ̔ ʜʥʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥ̫ ʪʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʩʧʦʯʘʪʢʫ ʧʨʠ ʊ = 
const ʟʥʘʭʦʜ̫ʪɹ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥ̔ ʟʘʣʝʞʥʦʩʪ̔, ʷʢ̔ ʟʘʟʚʠʯʘʡ ʟʙʝʨ̔ʛʘʁ ʪɹ ʩʚ̔ʡ 
ʚʠʛʣ̫ʜ  ̔ ʧʨʠ ʥ̔h ʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʪ̔ʤ ʧʨʠ 2-3 ʥ̔h ʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʚʠʟʥʘʯʘʁʪɹ ʚ̔ʜʧʦʚ̔ʜʥ̔ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪ̔, ʘ ʜʣ̫ ʚʠʟʥʘʯʝʥʥ̫ ki,o  ̔ ɽ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʣʦʛʘʨʠʬʤ̔ʯʥʫ ʬʦʨʤʫʣʫ ʨ̔ʚʥ̫ʥʥ̫ ɸʨʝʥ̔ʫʩʘ 

 
ɺ ʢʦʦʨʜʠʥʘʪʘʭ lgki ï 1/T ʮʝ ʙʫʜʝ ʧʨ̫ʤʘ ʣ̔ʥ̔ ʷ, ʢ̫ʘ ʚ̔ ʜʩ̔ʢʘ̒ ʥʘ ʦʩ̔ 

ʦʨʜʠʥʘʪ ʟʥʘʯʝʥʥ̫ lgki,o, ʘ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʾʾ ʜʦʨ̔ʚʥʁ  ̒ ɽ/2,3R. ɼʣ̫ 
ʧʨ̫ʤʦʣ̔ʥ̔ʡʥʦʾ ʟʘʣʝʞʥʦʩʪ̔ ʮ̔ ʞ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʝʪʦʜʦʤ 
ʥʘʡʤʝʥh ʠʭ ʢʚʘʜʨʘʪ̔ʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʦɦ ʜ̔ʁ ʪɹ 
ʚʦʥʠ ʣʠ ʝh ʜʣ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥʠʭ ʬʦʨʤ ʨʝʯʦʚʠʥ, ʘ ʥʝ ʜʣ̫ ʧʘʨʮ̔ʘʣʥɹʦʛʦ ʪʠʩʢʫ. 

 

3.2.5 ʄʘʪʝʨ̔ʘʣɹʥʠʡ ʙʘʣʘʥʩ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɼʣ̫ ʢʦʞʥʦʾ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʩʧʨʘʚʝʜʣʠʚʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ 

ʙʘʣʘʥʩʫ, ʢ̫ʝ ʦʩʥʦʚʘʥʝ ʥʘ ʟʘʢʦʥ̔ ʟʙʝʨʝʞʝʥʥ̫ ʤʘʩʠ: ×dmi = 0. ʊʘʢʝ ʨ̔ʚʥ̫ʥʥ̫ 
ʥʝʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʯʝʨʝʟ ʯʠʩʣʦ ʤʦʣʝʡ, ʘʣʝ, ʜʣ̫ ʙʫʜɹ- ʢ̫ʦʾ ʧʨʦʩʪʦʾ ʨʝʘʢʮ̔ ʾ 
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ʜʝ ʄi ï ʯʠʩʣʦ ʤʦʣʝʡ ʨʝʯʦʚʠʥʠ; 
      ɜi ï ʩʪʝʭ̔ʦʤʝʪʨ̔ʯʥʠʡ ʢʦʝʬ̔ʮ̔̒ ʥʪ, ʢ̫ʠʡ ʜʣ̫ ʚʠʭ̔ ʜʥʦʾ ʩʠʨʦʚʠʥʠ 

ʤʘ̒  ʟʥʘʢ òïò, ʘ ʜʣ̫ ʧʨʦʜʫʢʪ̔ʚ ʨʝʘʢʮ̔ ʾ ï ò+ò, ʦʩʢ̔ʣʢɹʠ ʧʝʨh  ̔ʚʠʪʨʘʯʘʁʪɹʩ̫, 
ʘ ʜʨʫʛ̔ ʥʘʢʦʧʠʯʫʁ ʪɹʩ ̫ʧ̔ ʜ ʯʘʩ ʨʝʘʢʮ̔ ʾ. 

ʆʩʪʘʥʥ̒ ʨ̔ʚʥ̫ʥʥ̫ ʜʦʟʚʦʣ̫  ̒ ʚʠʨʘʟʠʪʠ ʟʤ̔ʥʫ ʯʠʩʣʘ ʤʦʣʝʡ ʢʦʞʥʦʾ 

ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʯʠʩʣʦ ʤʦʣʝʡ ʦʜʥʦʛʦ ʟ ʥʠʭ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣ̫ ʢʦʞʥʦʾ ʧʨʦʩʪʦʾ ʨʝʘʢʮ̔ ʾ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʦʜʥʫ 

ʚʠʟʥʘʯʝʥʫ (ʢʣʁʯʦʚʫ) ʨʝʯʦʚʠʥʫ, ʟʛ̔ʜʥʦ ʢ̫ʦʾ ʨʦʙʣ̫ʪ ɹ ʚʠʩʥʦʚʢʠ ʦɦʜʦ 

ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ,  ̔ʷʢʫ ʥʘʜʘʣ̔ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ɸ. 
ɼʣ̫ ʧʝʨ̔ʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʧʝʨʝʜʥ̒ ʨ̔ʚʥ̫ʥʥ̫ ʚ̔ʜʧʦʚ̔ ʜʘ̒ 

ʤʘʪʝʨ̔ʘʣʴʥʦʤʫ ʙʘʣʘʥʩʫ ʦʜʥ̔̒  ʾ ʦʧʝʨʘʮ̔ ʾ  ̔ ȹʄi ʚʠʨʘʞʘʁʪɹ ʫ ʤʦʣ̫ʭ. ɼʣ̫ 
ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʨʦʮʝʩ̔ʚ ʙʘʣʘʥʩ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩ̫ ʜʣ̫ ʜʝ̫ʢʦʛʦ ʧʝʨ̔ʦʜʫ ʯʘʩʫ 
ȹŰ: 

 
ȹFi ʚʚʘʞʘ̒ ʪʩɹ̫ ʤʦʣʥɹʦʁ  ʚhʠʜʢ̔ʩʪʁ  ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʦɦ ʧʦʜʘ̒ʪʩɹ̫ ʚ 

ʨʝʘʢʮ̔ʡʥʠʡ ʘʧʘʨʘʪ ʘʙʦ ʚʠʭʦʜʠʪɹ ʟ ʥʦɹʛʦ  ̔ ʨ̔ʚʥ̫ʥʥ̫ (1) ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʠʤ  ̔
ʜʣ̫ ʮ̔̒  ʾʚʝʣʠʯʠʥʠ. 

ʆʜʥ̔̒  ʁʟ ʥʘʡʙ̔ʣʴʰ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨ̔ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ  ̔

ʪʝʭʥʦʣʦʛ̔ ʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮ̔ʣʦʤʫ  ̒ ʩʪʫʧ̔ʥ ɹ ʢʦʥʚʝʨʩ̔ ʾ (ʧʝʨʝʪʚʦʨʝʥʥ̫) 

ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʘʛʝʥʪʫ. ɺʦʥʘ ʜʦʨ̔ʚʥʶʻ ʚ̔ʜʥʦhʝʥʥʁ  ʧʨʦʨʝʘʛʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ɸ 

ʜʦ ʾʾ ʚʠʭ̔ʜʥʦʾ ʢʣ̔ʢɹʦʩʪ̔. 

 
ʉʪʫʧ̔ʥɹ ʢʦʥʚʝʨʩ̔ ʾ  ̒ʚʝʣʠʯʠʥʦʁ  ʙʝʟ ʨʦʟʤ̔ʨʫ, ʢ̫ʘ ʤʦʞʝ ʟʤ̔ʥ ʚʁʘʪʠʩ̫ ʚ̔ʜ 

0 ʜʦ 1, ʘʣʝ ʾ ʾ ʪʘʢʦʞ ʚʠʨʘʞʘʁʪɹ ʫ %. 

 
ɿʦʢʨʝʤʘ ʮ̔̒  ʾ ʬʘʢʪʠʯʥʦʾ ʢʦʥʚʝʨʩ̔ ʾ ʜʣ̫ ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʚʘʞʣʠʚʘ 

ʨ̔ʚʥʦʚʘʞʥʘ ʩʪʫʧ̔ʥɹ ʢʦʥʚʝʨʩ̔ ʾ ʍ: 

 
ʜʝ ʄ ɸ ʪʘ F ɸ ʚ̔ʜʥʝʩʝʥ̔ ʜʦ ʢ̔ʣʢɹʦʩʪ̔ ʨʝʯʦʚʠʥʠ ɸ ʫ ʨ̔ʚʥʦʚʘʞʥ̔ʡ 
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ʩʫʤ̔ʰ̔. ɼʣ̫ ʟʚʦʨʦʪʥʠʭ ʨʝʘʢʮ̔ʡ ʍ ɸ ʤʦʞʝ ʟʤ̔ʥʁ ʚʘʪʠʩ̫ ʚ̔ʜ 0 ʜʦ ʍɸ. 

ɼʣ̫ ʚʠʨʘʟʫ ʟʤ̔ʥʠ ʢ̔ʣʢɹʦʩʪ̔ ʜʨʫʛʦʾ ʨʝʯʦʚʠʥʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʁʪ ɹ

ʚ̔ʜʥʦhʝʥʥ̫ ʧʦʯʘʪʢʦʚʦʛʦ ʯʠʩʣʘ ʡʦʛʦ ʤʦʣʝʡ ʜʦ ʯʠʩʣʘ ʤʦʣʝʡ ʚʠʟʥʘʯʥʦʛʦ 

ʨʝʘʛʝʥʪʫ: 

 
ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

 
ʆʩʢ̔ʣʢɹʠ ʚ ʨ̔ʚʥ̫ʥʥ̫ ʚhʠʜʢʦʩʪ̔ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʚʭʦʜ̫ʪɹ ʥʝ ʢ̔ʣʢɹʦʩʪ̔, 

ʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʯʦʚʠʥ ʘʙʦ ʭʾʥ̔ʡ ʧʘʨʮ̔ʘʣʥɹʠʡ ʪʠʩʢ ʨʦʟʨʘʭʦʚʫʁʪɹ ʥʘ ʧ̔ʜʩʪʘʚ̔ 

ʤʘʪʝʨ̔ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ. ɼʣ̫ ʧʝʨ̔ʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 
ʜʝ V ï ʦʙ'ʻʤ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ. 
 
ʇʨʠ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʨʦʮʝʩʘʭ ʜʣ̫ ʟʥʘʭʦʜʞʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʯʦʚʠʥʠ 

ʧʦʪʨʙ̔ʥʦ ʨʦʟʜ̔ʣʠʪʠ ʤʦʣɹʥʫ ʰʚʠʜʢ̔ʩʪɹ F ʥʘ ʦʙ' ʤ̒ʥʫ ʰʚʠʜʢʩ̔ʪɹ ʧʦʪʦʢʫ W, ʢ̫ʘ 

ʚʠʨʘʞʝʥʘ ʚ ʣ/ʩ ʘʙʦ ʤ3/ʛʦʜ 

 
ʗʢɦʦ ʦʙ'ʻʤ ʧʨʦʪ̫ʛʦʤ ʨʝʘʢʮ̔ ʾ ʥʝ ʟʤ̔ʥʁ ʪ̒ɹʩ̫, ʪʦ ʤ̔ʞ ʉi  ̔Fi (ʘʙʦ ʄi) 

ʟʙʝʨ̔ʛʘ̒ ʪɹʩ̫ ʧʨ̫ʤʘ ʧʨʦʧʦʨʮ̔ʡʥ̔ʩʪɹ ʪʘ ʚ ʫʩ̔ʭ ʧʦʧʝʨʝʜʥ̔ʭ ʬʦʨʤʫʣʘʭ ʢ̔ʣɹʢ̔ʩʪɹ 
(ʤʦʣ̔) ʤʦʞʥʘ ʟʘʤ̔ʥʠʪʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ. ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ 
ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʫʩʢʣʘʜʥʶ̒ʪɹʩ,̫ ʪʦʤʫ ʜʣ̫ ʧʨʦʩʪʠʭ ʨʝʘʢʮ̔ʡ ʤʦʞʥʘ 
ʩʢʦʨʠʩʪʘʪʠʩ̫ ʙʝʟʨʦʟʤ̔ʨʥʠʤ ʢʦʝʬ̔ʮ̔̒ ʥʪʦʤ ʟʤ̔ʥʠ ʦʙ'ʤ̒ʫ Ů, ʢ̫ʠʡ ʜʦʨ̔ʚʥʶ̒ 
ʨ̔ʟʥʠʮ̔ ʤ̔ʞ ʢ̔ʥʮʝʚʠʤ ʦʙ' ʤ̒ʦʤ ʩʠʩʪʝʤʠ (ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʟʘʚʝʨh ʝʥʥ̫ 
ʨʝʘʢʮ̔ʾ, ʪʦʙʪʦ ʧʨʠ ʍɸ = 1)  ̔ʧʦʯʘʪʢʦʚʠʤ ʦʙ' ʤ̒ʦʤ, ʚ̔ʜʥʝʩʝʥʦʾ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʦʙ'ʻʤʫ ʩʠʩʪʝʤʠ 

 

ɺʘʞʣʠʚʦʁ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʁ  ʩʢʣʘʜʥʠʭ ʨʝʘʢʮ̔ʡ  ̒ ʩʝʣʝʢʪʠʚʥ̔ʩʪ,ɹ ʢ̫ʘ 

ʭʘʨʘʢʪʝʨʠʟʫ̒ ʜʦʣ  ʁ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʨʝʘʛʝʥʪʫ ɸ, ʚʠʪʨʘʯʝʥʫ ʥʘ ʫʪʚʦʨʝʥʥ̫ 

ʢ̔ʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ɺ. ʇʨʠ ʙʝʟʢ̔ʥʝʯʥʦ ʤʘʣ̔ʡ ʟʤ̔ʥ̔ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ 

ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʧʦʥ̫ʪʪ̫ ʜʠʬʝʨʝʥʮ̔ʡʥʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪ̔ ű 
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ʘ ʨʦʙʦʪʫ ʨʝʘʢʮ̔ʡʥʦʛʦ ʧʨʠʩʪʨʦʁ  ʚ ʮ̔ʣʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʁ ʪɹ ʥ̔ʪʝʛʨʘʣʥɹʦʶ 

ʩʝʣʝʢʪʠʚʥ̔ʩʪʁ  ʌ 

 
ɯʥʪʝʛʨʘʣʥɹʘ ʩʝʣʝʢʪʠʚʥ̔ʩʪɹ ʥʝ ʤʘ̒ ʨʦʟʤ̔ʨʫ ʪʘ ʟʤ̔ʥʁ ʪ̒ɹʩ̫ ʚ̔ʜ 0 ʜʦ 

1, ʘʣʝ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩ ̫ ʫ %. ʄʞ̔ ʥ̔ʪʝʛʨʘʣʥɹʦʁ  ʪʘ ʜʠʬʝʨʝʥʮ̔ʘʣʥɹʦʁ  

ʩʝʣʝʢʪʠʚʥʦʩʪ̫ʤʠ ʤʘ̒ ʤ̔ʩʮʝ ʟʚ' ʟ̫ʦʢ: 

 
ʆʩʦʙʣʠʚʩ̔ʪʁ  ʩʝʣʝʢʪʠʚʥʦʩʪ̔  ̒ ʪʝ, ʱʦ ʚʦʥʘ ʚʨʘʭʦʚʫ̒ ʣʠh ʝ ʭ̔ʤ̔ʯʥ̔ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ ʨʝʘʛʝʥʪʫ ʚ ʮ̔ʣʦɹʚʠʡ ʪʘ ʧʦʙ̔ ʯʥ̔ ʧʨʦʜʫʢʪʠ. ʅʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ ʮɹʦʛʦ, 
ʚʠʭ̔ ʜ ʥʘ ʧʝʨʝʪʚʦʨʝʥʫ ʩʠʨʦʚʠʥʫ ʚʨʘʭʦʚʫ̒ ʚʪʨʘʪʠ ʨʝʯʦʚʠʥ ʥʘ ʨ̔ʟʥʠʭ ʩʪʘʜ̔ ʭ̫ 
ʧ̔ʜʛʦʪʦʚʢʠ, ʨʦʟʜ̔ʣʝʥʥ̫  ̔ ʪʘʢʝ ʥ̔h ʝ. ʗʢɦ ʦ ʦʟʥʘʯʠʪʠ ʮ̔ ʚʪʨʘʪʠ ʯʝʨʝʟ ɖ ,ʪʦ 
ʚʠʭ̔ ʜ ʥʘ ʧʝʨʝʪʚʦʨʝʥʫ ʩʠʨʦʚʠʥʫ ʙʫʜʝ ʜʦʨ̔ʚʥ ʚʁʘʪʠ ʌɺ(1 ï ɖ). ʊʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ ʷʢ ʚʠʭ̔ʜ ʥʘ ʟʘʚʘʥʪʘʞʝʥʫ ʩʠʨʦʚʠʥʫ, 
ʚʝʣʠʯʠʥʘ ʢ̫ʦʛʦ ʚʠʟʥʘʯʘ̒ ʪʩɹ̫ ʟʘ ʬʦʨʤʫʣʦʁ  ʍɸʌɺ(1 ï ɖ). ʊʘ ʥʘʨʝhʪ̔, ʚʠʪʨʘʪʥ̔ 

ʢʦʝʬ̔ʮ̔̒ ʥʪʠ ʟ ʩʠʨʦʚʠʥʠ ʫ ʚʘʛʦʚʠʭ ʦʜʠʥʠʮ̫ʭ ʥʘ 1ʪʦʥʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮ̔ʾ. 

 
3.2.6 ɯʜʝʘʣɹʥ̔ ʭ̔ʤ̔ʯʥ̔ ʨʝʘʢʪʦʨʠ 

ɼʣ̫ ʚʠʨh̔ʝʥʥ̫ ʨʝʟʫʣɹʪʘʪ̔ʚ ʧʨʦʮʝʩʫ ʧʨʠ ʚʝʣʠʢʠʭ ʟʤ̔ʥʘʭ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʜʣ̫ ʨʝʘʢʪʦʨʘ ʚ ʮ̔ʣʦʤʫ, ʧʦʪʨ̔ʙʥʝ ʨ̔h ʝʥʥ̫ ʜʠʬʝʨʝʥʮ̔ʡʥʠʭ 

ʨ̔ʚʥ̫ʥɹ  hʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʚ̔ʜ ʧʦʯʘʪʢʦʚʦʛʦ ʜʦ ʢ̔ʥʮʝʚʦʛʦ ʩʪʘʥ̔ʚ ʩʠʩʪʝʤʠ. ʎʝ 

ʨ̔h ʝʥʥ̫ ʙʫʜʝ ʨ̔ʟʥʠʤ ʜʣ̫ ʢʦʞʥʦʛʦ ʪʠʧʫ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʪʦʨ̔ʚ. ʊʘʢʠʡ ʨʝʘʢʪʦʨ 

ʤʘ̒  ʩʚ̔ʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ  ̔ ʚʠʨ̔h ʫ̒ʪɹʩ̫ ʚ ʢʦʤʧʣʝʢʩ̔ ʟ 

ʜʠʬʝʨʝʥʮ̔ʘʣʥɹʠʤʠ ʨ̔ʚʥ̫ʥʥ̫ʤʠ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯ̔. 

ʅʘʡʧʨʦʩʪ̔h ʝ ʮʝ ʜʦʩʛ̫ʘ̒ʪʩɹ̫ ʜʣ̫ ʜ̔ʝʘʣɹʥʠʭ ʭ̔ʤ̔ʯʥʠʭ ʨʝʘʢʪʦʨ̔ʚ. ɯʩʥʫ̒ ʪʨʠ ʪʠʧʠ 

ʨʝʘʢʪʦʨ̔ʚ, ʢ̫̔ ʢʣʘʩʠʬ̔ʢʦʚʘʥ̔ ʥʘ ʧ̔ ʜʩʪʘʚ̔ ʙʫʜʦʚʠ ʧʦʪʦʢʫ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ: ʦʜʠʥ 

ʟ ʥʠʭ  ̒ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ʾ, ʘ ʜʚʘ ʥ̔h  ̔ï ʙʝʟʧʝʨʝʨʚʥʦʾ ʜ̔ʾ ( ʜ̔ʝʘʣʥɹʦʛʦ ʚʠʪʠʩʢʘʥʥ̫ 

ʪʘ ʧʦʚʥʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫). 
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3.2.6.1 ɯʜʝʘʣɹʥʠʡ ʧʝʨ̔ʦʜʠʯʥʠʡ ʨʝʘʢʪʦʨ 

ʈʝʘʢʪʦʨ ʚ̔ʜʨ̔ʟʥ̫ ʪ̒ɹʩ̫ ʚ̔ʜʩʫʪʥ̔ʩʪ  ʁʛʨʘʜ̔̒ʥʪʘ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʧʦ ʦʙ' ʤ̒ʫ 

(dCi/dV = 0), ʱʦ  ̒ ʜʦʩ̫ʞʥʠʤ ʧʨʠ ʚʠʩʦʢ̔ʡ ʥ̔ʪʝʥʩʠʚʥʦʩʪ̔ ʧʝʨʝʤ̔ ʫhʚʘʥʥ̫, 

ʪʘ ʚʝʜʝ ʜʦ ʧʦʩʪ̔ʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʙ' ʤ̒ʫ (dT/dV = 0).  

 
ʈʠʩʫʥʦʢ 19 ï ʉʭʝʤʘ ̔ʜʝʘʣɹʥʦʛʦ 

ʧʝʨ̔ʦʜʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ  

 

ɼʦʜʘʪʢʦʚʘ ʫʤʦʚʘ ʜ̔ʝʘʣʥɹʦʩʪ̔ ʪʘʢʦʛʦ 

ʨʝʘʢʪʦʨʘ ʧʦʣ̫ʛʘ̒ ʚ ʦʜʥʦʯʘʩʥʦʤʫ  ̔

ʤʦʤʝʥʪʘʣɹ ʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥ̔ ʫʩ̔ʭ ʢʦʤʧʦʥʝʥʪ̔ʚ 

ʚʠʭ̔ʜʥʦʾ ʩʫʤ̔ʰ̔. 

ʆʩʢ̔ʣʢɹʠ ʢʣ̔ʢɹʦʩʪ̔ ʪʘ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʫʩ̔ʭ 

ʢʦʤʧʦʥʝʥʪ̔ʚ ʚʠʭ̔ʜʥʦʾ ʩʫʤ̔ʰ̔ ʟʤ̔ʥʶʁʪɹʩ̫ ʚ 

ʨʝʘʪʦʨ̔ ʪ̔ʣʢɹʠ ʚ ʯʘʩ̔, ʪʦ ʟʘ ʙʝʟʢʥ̔ʝʯʥʦ ʤʘʣʠʡ ʧʨʦʤ̔ʞʦʢ ʯʘʩʫ ʦʪʨʠʤʘ̒ ʤʦ 

ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ ʙʘʣʘʥʩʫ: 

 

dM i = r VdŰ                                                         (3.128) 

 

ɯʥʪʝʛʨʫʚʘʥʥ̫ ʚ ʤʝʞʘʭ ʚ̔ʜ 0 ʜʦ Ű ʧʨʠ ʟʤ̔ʥ̔ ʢʣ̔ʢɹʦʩʪ̔ ʨʝʯʦʚʠʥʠ ʚ̔ʜ Mi,o 

ʜʦ Mi ʧʨʠʚʦʜʠʪ ɹʜʦ 

 
ʎʝ ʨ̔ʚʥ̫ʥʥ̫ ʩʧʨʘʚʝʜʣʠʚʝ ʜʣ̫ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʩʪʦʾ ʯʠ 

ʩʢʣʘʜʥʦʾ ʨʝʘʢʮ̔ʾ, ʧʨʠ ʮʦɹʤʫ ʜʣ̫ ʨ̔h ʝʥʥ̫ ʥ̔ʪʝʛʨʘʣʘ ʧʦʪʨ̔ʙʥʦ ʧ̔ʜʩʪʘʚʠʪʠ ʚ 
ʥɹʦʛʦ ʬʫʥʢʮ̔ʁ  r i = f(ki, Ci, T) ʪʘ ʚʠʟʥʘʯʠʪʠ ʫʩ̔ ʢ̔ʣʢɹʦʩʪ̔  ̔ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʯʝʨʝʟ 

ʦʜʥʫ ʧʝʨʝʤ̔ʥʥʫ. ɼʣ̫ ʧʝʨ̔ʦʜʠʯʥʠʭ ʘʧʘʨʘʪ̔ʚ ʨʝʘʢʮ̔ʡʥʠʡ ʦʙ'ʻʤ  ̒ ʧʦʩʪ̔ʡʥʠʤ 
(ʘʙʦ ʟ ʥʝʟʥʘʯʥʠʤʠ ʟʤ̔ʥʘʤʠ, ʢ̫ʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ), ʱʦ ʧʨʠʚʦʜʠʪ ɹ ʜʦ 
ʥ̔h ʦʛʦ ʚʠʜʫ ʨ̔ʚʥ̫ʥʥ̫ 

 
ʏʘʩʪ̔h ʝ ʨʦʙʦʪʫ ʘʧʘʨʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʁ ʪɹ ʧʦ ʚʠʟʥʘʯʝʥʦʤʫ ʨʝʘʛʝʥʪʫ ɸ, 

ʜʣ̫ ʢ̫ʦʛʦ rA = ï ɜAr, ʦɦ ʧʨʠʚʦʜʠʪɹ ʜʦ 

 
ʜʝ |rA| ï ʘʙʩʦʣʁʪʥʠʡ ʚʠʨʘʟ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʧʦ ʨʝʯʦʚʠʥ̔ ɸ. 
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ʇʨʠ ʨ̔h ʝʥʥ̔ ʥ̔ʪʝʛʨʘʣʘ ʧʦʪʨ̔ʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʘʢ ʚhʠʜʢʦʩʪ̔ : ʤ̔ʥʫʩ 

ʜʣ̫ ʨʝʯʦʚʠʥ, ʦɦ ʚʠʪʨʘʯʘʁʪɹʩ̫, ʘ ʧʣʁʩ ʜʣ̫ ʪʠʭ, ʦɦ ʫʪʚʦʨʁ ʪʁɹʩ̫. 

ʇʝʨ̔ʦʜʠʯʥ̔ ʫʤʦʚʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʜʣ̫ ʚʠʚʯʝʥʥ̫ ʢʥ̔ʝʪʠʢʠ 

ʨ̔ʜʢʦʬʘʟʥʠʭ ʧʨʦʮʝʩ̔ʚ ʪʘ ʚʠʥ̫ʪʢʦʚʦ ʜʣ̫ ʛʘʟʦʬʘʟʥʠʭ. ʆʙ' ʤ̒ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ 

ʟʘʣʠhʘ̒ ʪʩɹ̫ ʧʦʩʪ̔ʡʥʠʤ  ̔ ʜʣ̫ ʦʧʠʩʫ ʜ̔ʡʩʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʨʝʘʢʪʦʨʘ ʜ̔ʝʘʣɹ ʥʦʾ 

ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ʾ, ʢ̫ʝ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʚ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥ̔ʡ ʬʦʨʤ̔. ʂʦʣʠ 

ʧ̔ʜʩʪʘʚʠʪʠ ʚ ʥɹʦʛʦ ʟʘʛʘʣʥɹʠʡ ʚʠʨʘʟ ʜʣ̫ ʰʚʠʜʢʦʩʪ̔ ʥʝʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ ʾ ʟ 

ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ ʨʝʘʢʮ̔ʡ ʧʨʦʩʪʦʛʦ ʪʠʧʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥ̔ ʜʦʩʣ̔ ʜʞʝʥɹ 

ʟʘ ʫʤʦʚ ʧʦʩʪ̔ʡʥ̔ʡ ʪʝʤʧʝʨʘʪʫʨ̔, ʢʦʣʠ ʢʦʥʩʪʘʥʪʫ ʚhʠʜʢʦʩʪ̔ ʤʦ-ʞʥʘ ʚʠʥʝʩʪʠ ʟʘ 

ʟʥʘʢ ̔ ʥʪʝʛʨʘʣʘ, ʦʪʨʠʤʘ̒ ʤʦ 

 
ʗʢɦʦ ʨʝʘʛʫ̒ ʪ̔ʣʢɹʠ ʦʜʥʘ ʩʧʦʣʫʢʘ ɸ, ʘ ʜʨʫʛʠʡ ʨʝʘʛʝʥʪ ʚ̔ʜʩʫʪʥ̔ʡ, ʤʘ̒  

ʧʦʩʪ̔ʡʥʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʯʠ ʟʥʘʭʦʜʠʪɹʩ̫ ʫ ʚʝʣʠʢʦʤʫ ʥʘʜʣʠh ʢʫ, ʘʙʦ ʨʝʘʢʮ̫̔  ʤʘ̒ 

ʥʫʣɹʦʚʠʡ ʧʦʨ̫ʜʦʢ, ʪʦ ʫ ʧ̔ʜ̔ʥʪʝʛʨʘʣʥɹʦʤʫ ʚʠʨʘʟ̔ ʟʘʣʠʘh̒ʪʩɹ̫ ʣʠ ʝh 

ʧʝʨʝʤ̔ʥʥʘ ʉɸ  ̔ʨ̔ʚʥ̫ʥʥ̫ ʧʨʠʡʤʘ̒ ʚʠʜ 

 
ʋ ʚʠʧʘʜʢʫ ʚʟʘ̒ʤʦʜ̔ʾ ʜʚʦʭ ʨʝʘʛʝʥʪ̔ʚ, ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʤʝʪʦʜ 

ʟ̔ʦʣʁʚʘʥʥ̫ ï ʝʢʩʧʝʨʠʤʝʥʪ ʚʝʜʫʪɹ ʩʧʦʯʘʪʢʫ ʟ ʥʘʜʣʠhʢʦʤ ʦʜʥ̔̒ ,ʾ ʘ ʧʦʪ̔ʤ ʥ̔h ʦʾ 

ʩʧʦʣʫʢʠ. ɺ ʮʠʭ ʫʤʦʚʘʭ (ʧʩʝʚʜʦʥʫʣɹʦʚʠʡ ʧʦʨ̫ʜʦʢ ʧʦ ʩʧʦʣʫʮ̔, ʦɦ ʤʘ̒ 

ʥʘʜʣʠ ʦhʢ) ʾʾ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤ̔ʥʁ ʪ̒ɹʩ̫  ̔ʤʦʞʝ ʙʫʪʠ ʚʥʝʩʝʥʦʁ  ʫ 

ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ hʚʠʜʢʦʩʪ̔ 

 
ʋ ʨʝʟʫʣɹʪʘʪ̔ ʩʪʘ̒ ʧʨʠʜʘʪʥʠʤ ʧʦʧʝʨʝʜʥ̔ʡ ʥ̔ʪʝʛʨʘʣʥɹʠʡ ʚʠʨʘʟ. ɺʪ̔ʤ, 

ʤʝʪʦʜ ʟ̔ʦʣʁʚʘʥʥ̫ ʧʦʪʨʝʙʫ̒ ʙʘʛʘʪʦ ʯʘʩʫ ,̔ ʢʨ̔ʤ ʪʦʛʦ, ʡʦʛʦ ʤʦʞʣʠʚʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʟʘʚʞʜʠ. ʏʘʩʪ̔h ʝ ʚʠʚʯʘʁʪ ɹ ʧʨʦʮʝʩ ʟ ʧʦʨ̔ʚʥ̫ʥʠʤʠ 
ʢʦʥʮʝʥʪʨʘʮ̫̔ ʤʠ ʨʝʘʛʝʥʪ̔ʚ, ʢʦʣʠ ʚ ʧ̔ʜ̔ʥʪʝʛʨʘʣʥɹʦʤʫ ʚʠʨʘʟ̔ ʟʥʘʭʦʜ̫ʪʩɹ̫ ʜʚ̔ 
ʘʙʦ ʙ̔ʣɹ ʰʝ ʧʝʨʝʤ̔ʥʥʠʭ (ʉɸ, ʉʋ...). ɼʣ̫ ʨ̔h ʝʥʥ̫ ʥ̔ʪʝʛʨʘʣʘ ʮ̔ ʟʥʘʯʝʥʥ̫ 

ʚʠʨʘʞʘʁʪɹ  ʯʝʨʝʟ ʦʜʥʫ ʧʝʨʝʤ̔ʥʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥ̫ʤ ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ ʘʣʥɹʦʛʦ 
ʙʘʣʘʥʩʫ ʧʨʠ V = const 

 
ʱʦ ʜʘ̒ 
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ɼʣ̫ ʚʠʟʥʘʯʝʥʥ̫ n  ̔k ʧʨʦʚʦʜ̫ʪ ɹʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʟ̔ʦʪʝʨʤ̔ʯʥʠʭ ʫʤʦʚʘʭ, 

ʪʦʙʪʦ ʟʤ̔ʥʶʁʪɹ ʟʥʘʯʝʥʥ̫ ʉɸ ʚ ʯʘʩ̔. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʁ ʪɹ 

ʢ̔ʥʝʪʠʯʥʫ ʢʨʠʚʫ ʘʙʦ ʩʝʨ̔ʁ  ʢʨʠʚʠʭ ʧʨʠ ʨ̔ʟʥʠʭ ʟʥʘʯʝʥʥ̫ʭ ʉɸ,ʦ. ʇʦʜʘʣʴhʘ 

ʟʘʜʘʯʘ ʧʦʣ̫ʛʘʣʘ ʚ ʦʙʨʦʙʮ̔ ʜʘʥʠʭ ʟ ʤʝʪʦʁ  ʦʪʨʠʤʘʥʥ̫ ʜ̒ʠʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
ʨ̔ʚʥ̫ʥʥ̫. ʇʨʠʡʥ̫ʪʦ ʚʠʨ̔h ʫʚʘʪʠ ʚʠɦ ʝ ʥʘʚʝʜʝʥ̔ ʥ̔ʪʝʛʨʘʣʠ ʧ̔ʩʣ̫ ʧʦʧʝʨʝʜʥɹʦʛʦ 
ʟʥʘʭʦʜʞʝʥʥ̫ ʧʦʨ̫ʜʢ̔ʚ ʨʝʘʢʮ̔ ʾ. ɯʥʦʜ̔ ʩʧʦʯʘʪʢʫ ʟʘʜʘʁʪɹ ʧʦʨ̫ʜʢʠ, ʚʠʨh̔ʫʁ ʪɹ  
ʥ̔ʪʝʛʨʘʣ, ʘ ʧʦʪ̔ʤ ʧʝʨʝʚ̔ʨ̫ ʪʁɹ ʡʦʛʦ ʚ̔ʜʧʦʚ̔ ʜʥ̔ʩʪɹ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʠʡ ʤʝʪʦʜ 
ʦʙʨʦʙʢʠ ʥʘʟʠʚʘʁʪɹ ʥ̔ʪʝʛʨʘʣʥɹʠʤ. ʈ̔h ʝʥʥ̫ ʥ̔ʪʝʛʨʘʣ̔ʚ ʜʣ̫ ʙ̔ʣʴhʦʩʪ̔ 
ʧʦʨ̫ʜʢ̔ʚ ʥʘʚʝʜʝʥ̔ ʚ ʩʧʝʮ̔ ʘʣʥɹʠʭ ʜʦʚ̔ʜʢʦʚʠʭ ʪʘʙʣʠʮ̫ʭ. ɺʪ̔ʤ ʥʘʡʙ̔ʣʴʰ 
ʟʨʫʯʥʠʤ ʟʘʩʦʙʦʤ ʧʝʨʝʚ̔ʨʢʠ  ̒ ʤʝʪʦʜ ʣ̔ʥʝʘʨʠʟʘʮ̔ʾ (ʩʧʨ̫ʤʦʚʫʚʘʥʥ̫) 
ʢʥ̔ʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʫ ʚʠʟʥʘʯʝʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʢ̫ʠʡ ʜʦʟʚʦʣ̫  ̒ ʚ̔ʟʫʘʣʥɹʦ 
ʚʠʟʥʘʯʠʪʠ ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ ʨ̔ʚʥ̫ʥɹ . 

 

3.2.6.2 ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʝʘʢʪʦʨ ̔ʜʝʘʣɹʥʦʛʦ ʚʠʪʠʩʢʘʥʥ̫ 

ʊʘʢʠʡ ʨʝʘʢʪʦʨ  ̒ʚʠʥ̫ʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʙʝʟʧʝʨʝʨʚʥʦ ʜ̔ʁ ʯʠʭ ʘʧʘʨʘʪ̔ʚ 

ʚʠʪʠʩʢʘʥʥ̫, ʚ ʢ̫ʠʭ ʨʝʘʢʮ̔ʡʥʘ ʤʘʩʘ ʨʫʭʘ̒ʪʩɹ̫ ʚʟʜʦʚʞ ʦʩ̔ ʧʦʪʦʢʫ, òʚʠʪʠʩʢʘ-

ʯʁʠò ʧʦʩʣ̔ʜʦʚʥ̔ ʘhʨʠ. ʋʤʦʚʘ ʽʜʝʘʣʥɹʦʩʪ̔ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʣ̫ʛʘ̒ ʚ ʪʦʤʫ, ʱʦ 

ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʚ ʜʘʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨ̔ʟ̔ ʨʫʭʘ̒ ʪɹʩ̫ 

ʚʟʜʦʚʞ ʦʩ̔ ʧʦʪʦʢʫ ʟ ʦʜʥʘʢʦʚʦʁ  ʣ̔ʥ̔ʡʥʦʁ  ʚhʠʜʢ̔ʩʪ .ʁ ʉʘʤʝ ʮʠʤ 

ʚʠʢʣʁʯʘ̒ʪʴʩ̫ ʛʘʣʤɹʫʚʘʥʥ̫ ʧʦʪʦʢʫ ʥʘʩʘʜʢʦʁ  ʘʙʦ ʩʪ̔ʥʢʘʤʠ ʪʘ ʜʠʬʫʟ̔ʡʥ̔ ʚ̫ʠ ʘɦ, 

ʟ ʢ̫ʠʭ ʦʩʦʙʣʠʚʦ ʩʫʪʪ̒ʚʠʤ  ̒ ʟʚʦʨʦʪʥʝ ʘʙʦ ʧʨʦʢʦʣɹʥʝ ʧʝʨʝʤ̔ ʫhʚʘʥʥ̫ ʚʟʜʦʚʞ 

ʦʩ̔ ʧʦʪʦʢʫ. ʋ ʩʪʘʮ̔ʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤ̔ ʨʦʙʦʪʠ, ʪʦʙʪʦ ʧʨʠ 

ʧʦʩʪ̔ʡʥʠʭ ʚ  ʯʘʩ̔  hʚʠʜʢʦʩʪ̔, 

ʩʦʩʪʘʚ̔ ʧʦʪʨʘʧʣ̫ ʯʁʦʾ ʩʫʤ̔ʰ̔ ʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯ̔, ʢʦʞʝʥ ʝʣʝʤʝʥʪ 

ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ ʟʥʘʭʦʜʠʪɹʩ̫ ʚ 

ʨʝʘʢʪʦʨ̔ ʜ̔ʝʘʣɹʥʦʛʦ ʚʠʪʠʩʢʘʥʥ̫ 

ʦʜʥʘʢʦʚʠʡ ʯʘʩ, ʘ ʢʦʥʮʝʥʪʨʘʮ̔ʾ 

ʨʝʘʛʝʥʪ̔ʚ  ̔ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʢʦʞʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʤʽʥʶʶʪʴʩʷ 

ʣʠʰʝ ʧʦ ʜʦʚʞʽʥʽ ʘʧʘʨʘʪʘ, ʱʦ 

ʜʦʟʚʦʣ̫  ̒ ʩʢʣʘʩʪʠ ʜʠʬʝʨʝʥʮ̔ ʘʣʥɹʝ ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ ʘʣɹʥʦʛʦ ʙʘʣʘʥʩʫ ʜʣ̫ 

ʦʙô̒ʤʫ dV ʚ ʦʜʠʥʠʮʁ  ʯʘʩʫ 

 

dF = r dV                                                                 (3.137) 
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ɯʥʪʝʛʨʫʚʘʥʥ̫ʤ ʧʦ ʮ̔ʣʦʤʫ ʦʙ' ʤ̒ʫ V, ʢʦʣʠ ʢ̔ʣʢɹ̔ʩʪɹ ʨʝʯʦʚʠʥʠ 

ʟʤ̔ʥʶʻʪɹʩ̫ ʚ̔ʜ Fi,o ʜʦ Fi, ʦʪʨʠʤʫ̒ ʤʦ 

 
ʎʝ ʨ̔ʚʥ̫ʥʥ̫ ʩʧʨʘʚʝʜʣʠʚʝ ʜʣ̫ ʫʩ̔ʭ ʢʦʤʧʦʥʝʥʪ̔ʚ, ʘʣʝ ʯʘʩʪ̔h ʝ ʟʘ ʚʩʝ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʜʣ̫ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʘʛʝʥʪʫ ɸ. 

 
ʘʙʦ 

 
ɺʝʣʠʯʠʥʘ FA,o/V ʚʚʘʞʘ̒ʪɹʩ̫ ʧʠʪʦʤʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʝʘʢʪʦʨʘ ʧʦ 

ʨʝʯʦʚʠʥ̔ ɸ (ʯʠʩʣʦ ʤʦʣʝʡ ʚ ʦʜʠʥʠʮʁ  ʯʘʩʫ ʥʘ ʦʜʠʥʠʮ ʁ ʦʙ' ʤ̒ʫ). ɼʣ̫ 
ʙʝʟʧʝʨʝʨʚʥʦ ʜ̔ʁ ʯʠʭ ʘʧʘʨʘʪ̔ʚ ʚʚʦʜʪ̫ɹ ʜʦʜʘʪʢʦʚʦ 

 

Ὗ
ὡ

ὠ
 ʛʦʜȟ                                                            σȢρτρ 

 

ʎʁ  ʚʝʣʠʯʠʥʫ ʥʘʟʠʚʘʁʪ ɹ ʧʨʠʚʝʜʝʥʦʁ  ʦʙ' ʤ̒ʥʦʁ  ʚhʠʜʢ̔ʩʪ  ʁ (ʦʙ'ʻʤ 

ʚʠʭʜ̔ʥʦʾ ʩʫʤ̔ʰ̔, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʪʦʨ̔,  ̔ ʷʢʠʡ 

ʧʦʜʘʁ ʪɹ ʥʘ ʦʜʠʥʠʮʁ ʡʦʛʦ ʦʙ' ʤ̒ʫ ʚ ʦʜʠʥʠʮ  ʁʯʘʩʫ). ʗʢɦ ʦ ʦʙ'ʻʤ ʩʫʤ̔ʰ̔ ʧ̔ ʜ 

ʯʘʩ ʨʝʘʢʮ̔ʾ ʥʝ ʟʤ̔ʥʁ ʪ̒ʩɹ̫  ̔Wo = W = const, ʪʦ 

 
ʜʝ Ű ï ʩ̔ʪʠʥʥʠʡ ʯʘʩ ʨʝʘʢʮ̔ʾ (ʯʘʩ ʢʦʥʪʘʢʪʫ). 
 

ɺ ʟʘʛʘʣʥɹʦʤʫ ʚʠʧʘʜʢʫ Ű = U-1 ʥʘʟʠʚʘʁʪɹ ʫʤʦʚʥʠʤ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ. ɼʣ̫  

ʛʝʪʝʨʦʛʝʥʥʦʢʘʪʘʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ, ʜʝ ʰʚʠʜʢ̔ʩʪɹ ʤʘ̒ ʚʠʨʘʟ ʥʘ ʦʜʠʥʠʮ ʁ

ʤʘʩʠ ʢʘʪʘʣ̔ʟʘʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʨ̔ʚʥ̫ʥʥ̫ 

 
ʧʨʠ ʮɹʦʤʫ Wʢ/FA,o ʪʘʢʦʞ ʥʘʟʠʚʘʁʪɹ ʫʤʦʚʥʠʤ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ, ʭʦʯʘ  ̔ʥʝʤʘ̒  

ʨʦʟʤ̔ʨ̔ʚ ʯʘʩʫ. 
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ʊʘʢ̔ ʨʝʘʢʪʦʨʠ, ʢ̫̔ ʭʘʨʘʢʪʝʨʠʟʫʁ ʪɹʩ ̫ʧʨʦʚʝʜʝʥʥ̫ʤ ʧʨʦʮʝʩʫ ʚ ʧʦʪʦʮ̔ 

ʧʨʠ ʧʦʩʪ̔ʡʥʦʤʫ ʪʠʩʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʜʣ̫ ʚʠʚʯʘʥʥ̫ ʛʘʟʦʬʘʟʥʠʭ ʨʝʘʢʮ̔ʡ, ʫ 

ʪʦʤʫ ʯʠʩʣ̔ ʛʝʪʝʨʦʛʝʥʥʦʢʘʪʘʣ̔ʪʠʯʥʠʭ. ɼʦ ʜ̔ʝʘʣʥɹʦʾ ʤʦʜʝʣ̔ ʥʘʙʣʠʞʘʁʪɹʩ̫ 

ʪʨʫʙʯʘʩʪ̔ ʨʝʘʢʪʦʨʠ, ʚ ʢ̫ʠʭ ʣ̔ʥ̔ʡʥʘ ʚhʠʜʢ̔ʩʪɹ ʛʘʟʫ ʧʝʨʝʚʘʞʘ̒ ʥʘʜ ʰʚʠʜʢ̔ʩʪ  ʁ

ʜʠʬʫʟ̔ʾ. 

ʆʩʢ̔ʣʢɹʠ ʚ ʛʘʟʦʬʘʟʥʠʭ ʨʝʘʢʮ̔ ʭ̫ ʯʘʩʪʦ ʚ̔ʜʙʫʚʘ̒ ʪɹʩ̫ ʟʤ̔ʥʘ ʦʙ' ʤ̒ʫ, ʪʦ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʟʘʛʘʣʥɹʝ ʨ̔ʚʥ̫ʥʥ̫ ʨʝʘʢʪʦʨʘ ʜ̔ʝʘʣɹʥʦʛʦ ʚʠʪʠʩʢʘʥʥ̫. 

ʗʢɦʦ ʧ̔ʜʩʪʘʚʠʪʠ ʚ ʥʦɹʛʦ ʨ̔ʚʥ̫ʥʥ̫ ʰʚʠʜʢʦʩʪ̔ ʥʝʟʚʦʨʦʪʥʦʾ ʨʝʘʢʮ̔ʾ ʪʦ 

ʧʨʠ ̔ʟʦʪʝʨʤ̔ʯʥʠʭ ʫʤʦʚʘʭ ʦʪʨʠʤʘ̒ʤʦ: 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʩʣ̔ ʜʞʝʥʥ̔ ʧʨʦʮʝʩʫ ʚ ʮʠʭ ʨʝʘʢʪʦʨʘʭ ʧʦʪʨ̔ʙʥʦ 

ʟʤ̔ʥʁ ʚʘʪʠ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʮʦɹʤʫ ʚʠʟʥʘʯʘʁ ʪʴʩʷ ʚ̔ʜʧʦʚ̔ʜʥ̔ ʩʪʫʧʝʥ̔ 

ʢʦʥʚʝʨʩ̔ ʾ, ʧʦʚ' ʟ̫ʘʥ̔ ʦʜʥʝ ʟ ʦʜʥʠʤ ʧʦʧʝʨʝʜʥ̔ʤ ʨ̔ʚʥ̫ʥʥ̫ʤ. ɼʦʩʣ̔ ʜʞʝʥʥ̫ ʚ 

ʪʘʢʠʭ ʨʝʘʢʪʦʨʘʭ ʜʦʩʠʪɹ ʩʢʣʘʜʥ̔, ʪʦʤʫ ʜʦʮ̔ʣʥɹʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʆʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣɹʪʘʪ̔ʚ ʥ̔ʪʝʛʨʘʣʥɹʠʤ 

ʤʝʪʦʜʦʤ ʘʥʘʣʦʛ̔ʯʥʘ ʧʝʨ̔ʦʜʠʯʥʠʤ ʫʤʦʚʘʤ, ʨ̔h ʝʥʥ̫ ʥ̔ʪʝʛʨʘʣ̔ʚ ʪʘʢʦʞ ʥʘʚʝʜʝʥ̔ 

ʚ ʜʦʚ̔ʜʢʦʚʠʭ ʪʘʙʣʠʮ̫ʭ, ʜʝ ʫ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʥʘʜʘʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʜʣ̫ 

ʣ̔ʥʝʘʨʠʟʘʮ̔.ʾ ʗʢɦʦ ʢʥ̔ʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʚʠ̫ʚʣ̫ ʪʁʩɹ̫ ʙ̔ʣʴʰ ʩʢʣʘʜʥʠʤʠ ʜʣ̫ 

ʥ̔ʪʝʛʨʘʣʥɹʦʛʦ ʤʝʪʦʜʫ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʜʠʬʝʨʝʥʮ̔ʘʣʥɹ̔ ʤʝʪʦʜʠ. 

ɼʦ ʥʠʭ ʥʘʣʝʞʘʪɹ: 

- ʜʠʬʝʨʝʥʮ̔ ʘʣʥɹ̔ ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ 

ʥ̔ʪʝʛʨʘʣɹ ʥʠʭ ʨʝʘʢʪʦʨʘʭ; 

- ʜʦʩʣ̔ʜʞʝʥʥ̫ ʧʨʦʮʝʩʫ ʚ ʜʠʬʝʨʝʥʮ̔ʘʣʥɹʠʭ ʘʙʦ ʙʝʟʛʨʘʜ̔̒ʥʪʥʠʭ 
ʨʝʘʢʪʦʨʘʭ, ʜʝ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʨʝʘʛʝʥʪ̔ʚ ʟʦʚʩ̔ʤ ʥʘ ʟʤ̔ʥʶ̒ ʪɹʩ̫ ʥ̔ ʚ ʦʙ' ʤ̒̔, ʥ̔ ʚ 
ʯʘʩ̔, ʘʙʦ ʞ ʮ̔ ʟʤ̔ʥʠ ʥʘʩʪ̔ʣʢɹʠ ʥʝʟʥʘʯʥ̔, ʦɦ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ; 

ʈʦʟʛʣ̫ʥʝʤʦ ʧʝʨh ʠʡ ʤʝʪʦʜ. ʗʢɦ ʦ ʦʪʨʠʤʘʥ̔ ʜʚ̔ ʯʠ ʙʣ̔ɹ ʝh ʢ̔ʥʝʪʠʯʥ̔ 
ʢʨʠʚ̔ ʉɸ ï Ű (ʜʣ̫ ʨʝʘʢʪʦʨʘ ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ ʾ) ʘʙʦ ʍɸ ï V/FA,o (ʚ ʨʝʘʢʪʦʨ̔ 

ʜ̔ʝʘʣʴʥʦʛʦ ʚʠʪʠʩʢʘʥʥ̫) ʧʨʠ ʨ̔ʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʪʦ ʧʦ ʥʠʭ ʤʦʞʥʘ 
ʚʠʟʥʘʯʠʪʠ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ ʣh̫ʭʦʤ ʛʨʘʬ̔ ʯʥʦʛʦ ʯʠ ʯʠʩʣʝʥʥʦʛʦ 
ʜʠʬʝʨʝʥʮ̔ʁ ʚʘʥʥ,̫ ʘ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʟʤ̔ʥʘʭ ʧʘʨʘʤʝʪʨ̔ʚ ï ʚ̔ʜʥʦhʝʥʥ̫ʤ 
ʢ̔ʥʮʝʚʠʭ ʨ̔ʟʥʠʮɹ: 

 
ʇʦʜʘʣʴhʠʡ ʘʥʘʣ̔ʟ ʮʠʭ ʜʘʥʠʭ ʟʜ̔ʡʩʥʁ ʪ̒ʩɹ̫ ʟʘ ʣʦʛʘʨʠʬʤ̔ʯʥʠʤʠ 

ʬʦʨʤʘʤʠ ʨ̔ʚʥ̫ʥɹ , ʜʣ̫ ʢʦʪʨʠʭ ʤ̔ʦʚ̔ʨʥʘ ʣ̔ʥʝʘʨʠʟʘʮ̫̔  ʝʢʩʧʝʨʠʤʝʥʪʫ. 
ʆʪʨʠʤʘʥʘ ʧʨ̫ʤʘ (lg|rA| ï lgCA) ʚ̔ ʜʩ̔ʢʘ̒ ʥʘ ʦʩ̔ ʦʨʜʠʥʘʪ ʚ̔ʜʨ̔ʟʦʢ, ʦɦ 

ʚ̔ʜʧʦʚ̔ʜʘ̒ ʟʥʘʯʝʥʥ  ʁ lgkA, ʘ tg ʢʫʪʘ ʥʘʭʠʣʫ ï nA (ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʜ                

lg|rA| = lgkA + nlgCA). 



124 

 
ɼʨʫʛʠʡ ʤʝʪʦʜ ʙʣ̔ʴʰ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʨʝʘʢʪʦʨʫ ʧʦʚʥʦʛʦ ʟʤ̔ʰʫʚʘʥʥ̫, 

ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʢ̫ʦʛʦ  ̒ ʧʨʦʪʦʯʥʦ-ʮʠʨʢʫʣ̫ʮ̔ʡʥ̔ ʫʩʪʘʥʦʚʢʠ ʜʣ̫ 
ʛʘʟʦʬʘʟʥʠʭ ʨʝʘʢʮ̔ʡ. 

 

3.2.6.3 ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʝʘʢʪʦʨ ʧʦʚʥʦʛʦ ʟʤ̔ ʫhʚʘʥʥ̫ 
ʈʝʘʢʪʦʨ ʚ̔ʜʨ̔ʟʥ̫ ʪ̒ɹʩ̫ ʪʠʤ, ʦɦ ʨʝʘʢʮ̔ʡʥʘ ʤʘʩʘ ʚ ʥʦɹʤʫ ʥ̔ʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤ̔ ʫh̒ʪɹʩ̫, ʘ ʫʤʦʚʘʤʠ ʽʜʝʘʣʥɹʦʩʪ̔  ̒ ʚ̔ʜʩʫʪʥ̔ʩʪɹ ʛʨʘʜʽ̒ʥʪ̔ʚ 
ʢʦʥʮʝʥʪʨʘʮ̔ʡ ̔ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʙ' ʤ̒ʫ (dCi/dV = 0, dT/dV = 0), ʜʦ ʪʦʛʦ ʞ ʧʨʠ 

ʩʪʘʮ̔ʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ  ̔ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪ̔ʡʥ̔  ̔ʫ ʯʘʩ̔. ʋ ʪʘʢʦʤʫ 
ʘʧʘʨʘʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʨʝʯʦʚʠʥʠ ɸ ʫ ʚʠʭ̔ʜʥ̔ʡ ʩʫʤ̔ʰ̔ ʉɸ,ʦ ʤʠʪʪʻʚʦ ʧʘʜʘ̒ (ʯʝʨʝʟ 

ʨʦʟʚʝʜʝʥʥ̫ ʫ ʚʝʣʠʢʦʤʫ ʦʙ'ʤ̒̔ ʨʝʘʢʮ̔ʡʥʦʾ ʤʘʩʠ) ʜʦ ʚʝʣʠʯʠʥʠ ʉɸ, ʱʦ 

ʜʦʨ̔ʚʥʶ̒ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʫ ʩʫʤ̔ʰ̔, ʢ̫ʘ ʚʠʭʦʜʠʪɹ ʟ ʨʝʘʢʪʦʨʘ. ʉʘʤʝ 
ʮ̫ ʦʩʦʙʣʠʚ̔ʩʪɹ ʨʝʘʢʪʦʨʘ ʥʘʜʘ̒ ʤʦʞʣʠʚ̔ʩʪɹ ʧʨʠ ʩʪʘʮ̔ʦʥʘʨʥʠʭ ʫʤʦʚʘʭ 
ʨʦʙʦʪʠ ʩʢʣʘʩʪʠ ʨ̔ʚʥ̫ʥʥ̫ ʤʘʪʝʨ̔ʘʣɹ ʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʮ̔ʣʦʤʫ ʧʦ ʘʧʘʨʘʪʫ ʙʝʟ 
ʡʦʛʦ ʜʠʬʝʨʝʥʮ̔ʡʥʦʾ ʬʦʨʤʠ 

Fi - Fi
1
o  = r iV                                                    (3.146) 

 

 

 

 

 

 

 

 

 
ʋ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʘʛʝʥʪʫ ɸ ʤʘ̒ʤʦ FAïFA,o = -FA,oȹXA, ʱʦ 

ʧʨʠʚʦʜʠʪɹ ʜʦ 

 
ʊʘʢ̔ ʨʝʘʢʪʦʨʠ ʥʘʟʠʚʘʁʪɹ ʝɦ ʙʝʟʛʨʘʜʽ̒ʥʪʥʠʤʠ ʥʘ ʚ̔ʜʤ̔ʥʫ ʚ̔ʜ 

ʥ̔ʪʝʛʨʘʣʴʥʠʭ ʨʝʘʢʪʦʨ̔ʚ ʧʝʨ̔ʦʜʠʯʥʦʾ ʜ̔ ʾ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʽʜʝʘʣʥɹʦʛʦ 

ʚʠʪʠʩʢʘʥʥ̫, ʜʝ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ  ̔ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ  ̒ ʧʝʨʝʤ̔ʥʥʠʤʠ. ɼʣ̫ 

ʛʝʪʝʨʦʛʝʥʥʦʢʘʪʘʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ 

 
ɿʘ ʫʤʦʚʠ ʧʦʩʪ̔ʡʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʧʦ ʚʩɹʦʤʫ ʦʙ' ʤ̒ʫ ʙʝʟʛʨʘʜʽ̒ʥʪʥʠʭ 

ʨʝʘʢʪʦʨ̔ʚ, ʜʣ̫ ʥʠʭ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʘʪʠ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʙʝʟ ʛʨʘʬ̔ ʯʥʦʛʦ 
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ʜʠʬʝʨʝʥʮʽʁʚʘʥʥ ̫ʯʠ ʚ̔ʜʥʦhʝʥʥ̫ ʢ̔ʥʮʝʚʠʭ ʨ̔ʟʥʠʮɹ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ ʥʘʚʝʜʝʥʠʭ ʨʘʥ̔h ʝ ʟʘʛʘʣʥɹʠʭ ʨ̔ʚʥ̫ʥɹ ʪʘʢʠʭ ʘʧʘʨʘʪ̔ʚ, ʢʦʪʨ̔ 

ʟʜʘʪʥ̔ ʧʝʨʝʪʚʦʨʠʪʠʩ ̫ʜʦ ʚʠʜʫ: 

 
ʧʨʠ ʧʦʩʪ̔ʡʥʦʤʫ ʦʙ'ʤ̒̔ W = Wo 

 
ʉʘʤʝ ʜʦʩʣ̔ ʜʞʝʥʥ̫ ʩʢʣʘʜʘ̒ ʪɹʩ̫ ʫ ʚʘʨʽʁʚʘʥʥ̔ ʧʨʠ ʧʦʩʪ̔ʡʥ̔ʡ 

ʪʝʤʧʝʨʘʪʫʨ̔ ʧʨʠʚʝʜʝʥʦʾ ʦʙ'ʤ̒ʥʦʾ ʚhʠʜʢʦʩʪ̔ (u) (ʯʠ ʧʠʪʦʤʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ FA,o/V), ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ  ̔ ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ ̫ʨʝʘʛʝʥʪ̔ʚ. 

ʄʘʁʯʠ ʮʝʡ ʥʘʙ̔ʨ ʜʘʥʠʭ, ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʦʜ̫ʪ ɹʟʘ ʜʦʧʦʤʦʛʦʁ  ʪʠʭ 
ʞʝ ʣ̔ʥ̔ʡʥʠʭ ʣʦʛʘʨʠʬʤ̔ʯʥʠʭ ʬʦʨʤʫʣ, ʦɦ  ̔ ʧʦ ʧʝʨh ʦʤʫ ʤʝʪʦʜʫ ʛʨʘʬ̔ ʯʥʠʤ 
ʣh̫ʭʦʤ ʯʠ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪ̔ʚ. 

ɺ ʭ̔ʤ̔ ʯʥ̔ʡ ʪʝʭʥʦʣʦʛ̔ ʾ ʟʫʩʪʨ̔ʯʘʁʪɹʩ̫ ʡ ʙ̔ʣʴʰ ʩʢʣʘʜʥ̔ ʧʨʦʮʝʩʠ. 

ʄʝʪʦʜʠʢʘ ʭʾ ʜʦʩʣ̔ ʜʞʝʥɹ ʚ ʨʝʘʢʪʦʨʘʭ ʨ̔ʟʥʠʭ ʪʠʧ̔ʚ ʘʥʘʣʦʛ̔ ʯʥʘ ʨʦʟʛʣ̫ʥʫʪʠʤ 

ʥʘʤʠ ʨʘʥ̔h ʝ, ʘʣʝ ʜʝʢ̔ʣʢɹʘ ʩʢʣʘʜʥ̔h ʘ. ʊʦʤʫ ʜʣ̫ ʨ̔h ʝʥʥ̫ ʪʘʢʠʭ ʧʨʦʮʝʩ̔ʚ 

ʨʝʢʦʤʝʥʜʫʁ ʪɹ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʠ ʦʙʯʠʩʣʁʚʘʥʦʾ ʪʝʭʥ̔ʢʠ. 
ʋʩ̔ ʚʠʚʝʜʝʥ̔ ʨ̔ʚʥ̫ʥʥ̫ ʧʦʚ' ʟ̫ʫʁʪ ɹʢʥ̔ʝʪʠʯʥ̔ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʮ̔ ʾ (ki, n , 

E)  ̔ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ (ʈi,o, Ci,o, T) ʟ ʡʦʛʦ ʨʝʟʫʣɹʪʘʪʘʤʠ (Pi, C , XA). ʇʨʠ 
ʚ̔ʜʦʤʦʤʫ ʢ̔ʥʝʪʠʯʥʦʤʫ ʨ̔ʚʥ̫ʥʥ̔ ʨʝʘʢʮ̔ʾ ʟ'̫ʚʣ̫ ʪ̒ʩɹ̫ ʤʦʞʣʠʚ̔ʩʪɹ ʚʠʙʦʨʫ 
ʧʘʨʘʤʝʪʨ̔ʚ ʧʨʦʮʝʩʫ ʪʘ ʤʝʪʦʜʘ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʮ̔ʾ. 

 

ʂʦʥʪʨʦʣɹʥ̔ ʟʘʧʠʪʘʥʥ̫ 
 

1. ʑʦ ʚʠʚʯʘ̒ ʢʥ̔ʝʪʠʢʘ? 

2. ʗʢ̔ ʚʝʣʠʯʠʥʠ ʩʣʫʞʘʪɹ ʢ̔ʣʢɹ̔ʩʥʦʁ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʁ  ʭ̔ʤ̔ʯʥʦʾ 

ʨʝʘʢʮ̔ ʾ? 

3. ʑʦ ʪʘʢʝ ʚhʠʜʢ̔ʩʪɹ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ? 

4. ʋ ʯʦʤʫ ʬ̔ʟʠʯʥʠʡ ʩʝʥʩ ʢʦʥʩʪʘʥʪʠ hʚʠʜʢʦʩʪ̔ ʭ̔ʤ̔ʯʥʦʾ ʨʝʘʢʮ̔ʾ?  

5. ʑʦ ʪʘʢʝ ʧʦʨ̫ ʜʦʢ ʨʝʘʢʮ̔?ʾ 

6. ʗʢ ʥʘʟʠʚʘ̒ʪʩɹ̫ ʨ̔ʚʥ̫ʥʥ̫ ʩ=f(t)? 

7. ʗʢʠʡ ʚʠʛʣ̫ʜ ʤʘ̒ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʭ̔ʤ̔ ʯʥʦʾ ʨʝʘʢʮ̔ʾ?  

8. ʑʦ ʚ̔ ʜʦʙʨʘʞʫ̒ ʟʘʣʝʞʥ̔ʩʪɹ ʨ̔ʚʥ̫ʥʥ̫ ɸʨʝʥ̔ʫʩʘ? 

9. ʑʦ ʪʘʢʝ ʝʥʝʨʛ̔ ʷ ʘʢʪʠʚʘʮ̔ ʾ ʧʨʦʮʝʩʫ? 

10. ʂʦʣʠ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʩɹ̫ ʟʚʦʨʦʪʥʘ ʨʝʘʢʮ̔ ʷ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ? 

11. ʑʦ  ̒ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨ̔̒ʤ, ʢ̫ʠʡ ʜʦʟʚʦʣ̫  ̒ʚʚʘʞʘʪʠ ʜʦʩʣ̔ʜʞʫʚʘʥʫ 

ʭ̔ʤ̔ ʯʥʫ ʨʝʘʢʮ̔ʁ  ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ? 

12. ʗʢ̔ ʚʝʣʠʯʠʥʠ ʜʦʟʚʦʣ̫ ʪʁɹ ʦʧʠʩʘʪʠ ʤʘʪʝʨ̔ ʘʣʥɹʠʡ ʙʘʣʘʥʩ ʭ̔ʤ̔ ʯʥʦʾ 
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ʨʝʘʢʮ̔ ʾ? 

13. ʗʢ̔ ʜ̔ʝʘʣʥɹ̔ ʭ̔ʤ̔ʯʥ̔ ʨʝʘʢʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪɹ ʜʣ̫ ʤʘʪʝʨ̔ʘʣʥɹʦʛʦ 

ʦʧʠʩʫ ʭ̔ʤ̔ʯʥʦʛʦ ʧʨʦʮʝʩʫ? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 ɻʆʄʆɻɽʅʅʆʂɸʊɸʃɯʊʀʏʅɯ, ɻɽʊɽʈʆɻɽʅʅʆ-



127 

 
ʂɸʊɸʃɯʊʀʏʅɯ ʊɸ ɻɽʊɽʈʆʌɸɿʅɯ ʈɽɸʂʎɯɰ ʆʉʅʆɺʅʆɻʆ 

ʆʈɻɸʅɯʏʅʆɻʆ ʉʀʅʊɽɿɸ 
 
4.1 ɻʦʤʦʛʝʥʥʦʢʘʪʘʣ̔ʪʠʯʥ̔ ʨʝʘʢʮ̔ʾ 

 

ɻʦʤʦʛʝʥʥʠʤʠ ʚʚʘʞʘʁʪɹʩ̫ ʨʝʘʢʮ̔ ʾ, ʦɦ ʚ̔ʜʙʫʚʘʁ ʪɹʩ̫ ʚ ʦʙ'ʤ̒̔ ʦʜʥ̔̒  ʾʬʘʟʠ, ʫ 

ʚʠʧʘʜʢʫ ʛʦʤʦʛʝʥʥʦʢʘʪʘʣ̔ʪʠʯʥʦʾ ʨʝʘʢʮ̔ ʾ ʫ ʪʦʤʫ ʞ ʦʙ' ʤ̒̔ ʟʥʘʭʦʜʠʪɹʩ ̫  ̔

ʨʦʟʯʠʥʝʥʠʡ ʢʘʪʘʣ̔ʟʘʪʦʨ. 

ʋʩ̔ ʢʥ̔ʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫, ʦɦ ʙʫʣʠ ʥʘʚʝʜʝʥ̔ ʥʘ ʧ̔ʜʩʪʘʚ̔ ʧʨʠʥʮʠʧʫ 

ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ ʢʦʥʮʝʥʪʨʘʮ̔ʡ, ʤʦʞʫʪɹ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ̔ ʜʣ̫ 

ʧʝʨʝʪʚʦʨʁʚʘʥʥ̫ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ʥɹ ʨʝʘʢʮ̔ʡ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣ̔ʟʫ ʟ 

ʫʨʘʭʫʚʘʥʥ̫ʤ ʤʘʪʝʨ̔ʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ. 
 

4.1.1 ʇʝʨʝʪʚʦʨʁ ʚʘʥʥʷ ʢ̔ʥʝʪʠʯʥʠʭ ʨ̔ʚʥ̫ ʥɹ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨ̔ ʟʥʠʭ 

ʬʦʨʤ ʩʪʘʥʫ ʨʝʘʛʝʥʪ̔ʚ 

ʈʘʥ̔h ʝ, ʚ ʨ̔ʚʥ̫ʥʥ̫ʭ ʥʝʢʘʪʘʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʩʧʦʣʫʢ 

ʦʟʥʘʯʘʣʠ ʚ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ, ʥʘʧʨʠʢʣʘʜ [A], ʧ̔ʜʢʨʝʩʣʁ ʯʁʠ ʪʝ, ʦɦ ʜʘʥʘ 

ʜ̔ʁ ʯʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʥʘʣʝʞʠʪɹ ʪ̔ʣʢɹʠ ʪ̔ʡ ʬʦʨʤ̔ ʨʝʘʛʝʥʪʫ, ʱʦ ʚ̔ʜʦʙʨʘʞʝʥʘ ʚ 

ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ. ɺʦʥʘ ʥʝ ʦʙʦʚ' ʟ̫ʢʦʚʦ ʜʦʨ̔ʚʥʶ̒ ʡʦʛʦ ʘʥʘʣ̔ʪʠʯʥ̔ʡ 

ʢʦʥʮʝʥʪʨʘʮ̔ʾ, ʦʩʢ̔ʣʢɹʠ ʧʨʠ ʫʪʚʦʨʝʥʥ̔ ʧʨʦʤ̔ʞʥʠʭ ʢʦʤʧʣʝʢʩ̔ʚ ʨʝʘʛʝʥʪ ʟʜʘʪʝʥ 

ʤʘʪʠ ʚ ʩʠʩʪʝʤ̔ ʨ̔ʟʥ̔ ʬʦʨʤʠ,  ̔ ʪ̔ʣʢɹʠ ʧ̔ ʜʩʫʤʦʚʫʚʘʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʫʩ̔ʭ 

ʬʦʨʤ ʜʘ̒ ʧ̔ ʜʩʫʤʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʨʝʘʛʝʥʪʫ, ʢ̫ʫ ʚʠʟʥʘʯʘʁʪ ɹ ʚ ʨʝʟʫʣɹʪʘʪ̔ 

ʘʥʘʣ̔ʟʫ ,̔ ʧʦ ʢ̫̔ʡ ʩʫʜʪ̫ɹ ʧʨʦ ʢʥ̔ʝʪʠʢʫ ʧʨʦʮʝʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣ̔ʪʠʯʥʘ 

ʢʦʥʮʝʥʪʨʘʮ̫̔  ʨʝʘʛʝʥʪʫ ʜʦʨ̔ʚʥʁ  ̒

 

ʉɸ = Ɇ [Ai]                                                              (4.1) 

 

ʈʦʟʛʣ̫ʥʝʤʦ ʜʚʘ ʧʨʠʢʣʘʜʠ, ʱʦ ʚʠʪ̔ʢʘʁʪɹ ʟ ʮʦɹʛʦ ʚʠʩʥʦʚʢʫ. 

ʇʨʠʢʣʘʜ 1 ï ʚ̔ʜʙʫʚʘ̒ʪʩɹ̫ ʨʝʘʢʮ̔ ʷ ʤ̔ʞ ʢʘʨʙʦʥʦʚʦʁ  ʢʠʩʣʦʪʦʶ ̔ ʘʤ̔ʥʦʤ 

 

RCOOH + R2NH Ÿ RCONR2 + H2O,                         (4.2) 

 

ʢ̫ʘ ʤʘ̒ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ 

 

r = k[RCOOH][R2NH],                                                (4.3) 

 

ʚ ʢ̫ʦʤʫ ʧʨʠʩʫʪʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʘʛʝʥʪ̔ʚ ʪ̔ʣʢɹʠ ʫ ʚ̔ʣʥɹʦʤʫ, ʪʦʙʪʦ ʥʝ 

ʟʚ'ʟ̫ʘʥʦʤʫ, ʚʠʛʣ̫ ʜ̔. ɺʪ̔ʤ, ʧʨʠ ʚʟʘ̒ʤʦʜ̔ ʾ ʢʠʩʣʦʪʠ ʟ ʘʤ̔ʥʦʤ ʫʪʚʦʨʁ ʪ̒ɹʩ ̫ ʩ̔ʣʴ, 

ʢ̫ʘ ʧʝʨʝʚʦʜʠʪɹ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʨʝʘʛʝʥʪ̔ʚ ʫ ʤʝʥh  ʨʝʘʢʮ̔ʡʥʠʡ ʩʪʘʥ: 

 

RCOOH + R2NH«½­ RCOOïN+H2R2                                         (4.4) 
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ɿ ʫʨʘʭʫʚʘʥʥ̫ʤ ʮ̔̒  ʾ ʨ̔ʚʥʦʚʘʛʠ ʘʥʘʣ̔ʪʠʯʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʢʠʩʣʦʪʠ ʪʘ 

ʘʤ̔ʥʫ ʙʫʜʫʪɹ ʜʦʨ̔ʚʥ ʚʁʘʪʠ: 

 
ɿʘʛʘʣʥɹʝ ʨ̔h ʝʥʥ̫ ʮ̔̒  ʾ ʩʠʩʪʝʤʠ ʨ̔ʚʥ̫ʥɹ ʜʘ̒ ʩʢʣʘʜʥʠʡ ʚʠʨʘʟ, 

ʢ̫ʠʡ ʩʧʨʦɦʫ̒ʪɹʩ̫ ʟʘ ʫʤʦʚʠ ʝʢʚ̔ʤʦʣʴʥʦʛʦ ʩʧ̔ʚʚ̔ʜʥʦh ʝʥʥ̫ ʨʝʘʛʝʥʪ̔ʚ, ʢʦʣʠ 

 
ʇ̔ʩʣ̫ ʧ̔ʜʩʪʘʚʠ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥɹ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʫ ʚʠʭ̔ ʜʥʝ ʢ̔ʥʝʪʠʯʥʝ 

ʨ̔ʚʥ̫ʥʥ̫, ʦʪʨʠʤʘʻʤʦ 

 
ʇʨʠ ʚʝʣʠʢʠʭ ʢʦʥʩʪʘʥʪ̔ ʨ̔ʚʥʦʚʘʛʠ  ̔ʘʥʘʣ̔ʪʠʯʥ̔ʡ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʘʛʝʥʪ̔ʚ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ò1ò ʧ̔ʜ ʢʦʨʝʥʝʤ, ʱʦ ʜʘʩʪɹ 

 
ʗʢɦʦ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫʚʘʪʠ ò1ò ʚ ʦʩʪʘʥʥɹʦʤʫ ʚʠʨʘʟ̔ 

ʧʦʨ̔ʚʥ̫ʥʦ ʟ  ʪʦ ʦʪʨʠʤʘ̒ ʤʦ 

 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʢʮ̫̔ , ʢ̫ʘ ʟʛ̔ ʜʥʦ ʢ̔ʥʝʪʠʢʠ ʙʫʣʘ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʁ , 

ʧʝʨʝʪʚʦʨʠʣʘʩ̫ ʚ ʨʝʘʢʮ̔ʁ  ʧʝʨh ʦʛʦ ʧʦʨʷʜʢʫ ʟ̔ ʩʧʦʩʪʝʨ̔ʛʘ̒ʤʦʁ  ʢʦʥʩʪʘʥʪʦʶ 

ʚhʠʜʢʦʩʪ̔, ʢ̫ʘ ʦʙʝʨʪʘʥʥʦ ʧʨʦʧʦʨʮ̔ʡʥʘ ʢʦʥʩʪʘʥʪ̔ ʨ̔ʚʥʦʚʘʛʠ ʧʨʦʤ̔ʞʥʦʾ 

ʨʝʘʢʮ̔ʾ ʫʪʚʦʨʝʥʥ̫ ʥʝʨʝʘʢʮ̔ʡʥʦʟʜʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤ̔ʞ ʨʝʘʛʝʥʪʘʤʠ. 

ʇʨʠʢʣʘʜ 2 ï ʨʝʘʢʮ̔ ʷ ʫʪʚʦʨʝʥʥ̫ Ŭ-ʦʢʩʠʜʽʚ ʣh̫ʭʦʤ ʣʫʞʥʦʛʦ 

ʜʝʛ̔ʜʨʦʭʣʦʨʫʚʘʥʥ̫ ʭʣʦʨʛ̔ ʜʨʠʥ̔ʚ 
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ʈ̔ʚʥʦʚʘʛʘ ʥʘ ʧʝʨh ʡ̔ ʩʪʘʜ̔ʾ ʚʩʪʘʥʦʚʣʁ ʪ̒ɹʩ̫ ʤʘʡʞʝ ʤʦʤʝʥʪʘʣʥɹʦ  ̔

ʚhʠʜʢ̔ʩʪɹ ʧʨʦʮʝʩʫ ʙʫʜʝ ʣ̔ʤ̔ʪʦʚʘʥʘ ʜʨʫʛʦʁ  ʩʪʘʜ̔̒  ʁ ʟ ʚ̔ʜʧʦʚ̔ ʜʥʠʤ 

ʢ̔ʥʝʪʠʯʥʠʤ ʨ̔ʚʥ̫ʥʥ̫ʤ 

r = k[ClCH2ïCHROï]                                              (4.13) 

 

ɸʥʘʣ̔ʪʠʯʥ̔ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʣʫʛʠ ʪʘ ʭʣʦʨʛ̔ʜʨʠʥʫ ʜʦʨ̔ʚʥʁ ʪʁɹ: 

 
ʗʢɦʦ ʦʜʠʥ ʟ ʨʝʘʛʝʥʪ̔ʚ, ʥʘʧʨʠʢʣʘʜ ʭʣʦʨʛ̔ʜʨʠʥ, ʟʥʘʭʦʜʠʪɹʩ̫ ʫ 

ʥʘʜʣʠh ʢʫ ʚ̔ʜʥʦʩʥʦ ʜʨʫʛʦʛʦ, ʚʚʘʞʘ̒ʪɹʩ̫ ʩʧʨʘʚʝʜʣʠʚʦʁ  ʨ̔ʚʥ̔ʩʪɹ 

 
ʇʨʠ ʜʫʞʝ ʥʝʚʝʣʠʢ̔ʡ ʢʦʥʩʪʘʥʪ̔ ʨ̔ʚʥʦʚʘʛʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚ 

ʟʥʘʤʝʥʥʠʢʫ ʂʉʍɻ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ò1ò, ʦɦ ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʨ̔ʚʥ̫ʥʥ̫ ʜʨʫʛʦʛʦ 

ʧʦʨ̫ʜʢʫ. ʇʨʠ ʚʝʣʠʢ̔ʡ ʢʦʥʩʪʘʥʪ̔ ʨ̔ʚʥʦʚʘʛʠ ʟʥʝʭʪʫʪʁ ɹ ò1ò  ̔ ʚʥʘʩʣ̔ ʜʦʢ 

ʦʪʨʠʤʫʁʪɹ  ʨ̔ʚʥ̫ʥʥ̫ ʧʝʨh ʦʛʦ ʧʦʨ̫ʜʢʫ. ɿʘ ʫʤʦʚʠ ʧʨʦʤ̔ʞʥʠʭ ʟʥʘʯʝʥɹ ʢʦʥʩʪʘʥʪ 

ʨ̔ʚʥʦʚʘʛʠ ʙʫʜʝ ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫ ʜʨ̔ ʙʥʠʡ ʧʦʨ̫ʜʦʢ, ʱʦ ʩʧʦʩʪʝʨ̔ʛʘ̒ʪʴʩʷ, ʧʦ 

ʭʣʦʨʛ̔ ʜʨʠʥʫ, ̫ ʢʠʡ ʟʤ̔ʥʁ ʪ̒ɹʩ̫ ʚ̔ʜ 0 ʜʦ1. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚ̔ʪ ɹ ʫ ʧʨʦʩʪʠʭ ʥʝʢʘʪʘʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̫̔ʭ 

ʢ̔ʥʝʪʠʯʥ̔ ʨ̔ʚʥ̫ʥʥ̫, ʚʠʨʘʞʝʥ̔ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʘʥʘʣ̔ʪʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡ, 

ʙʫʜʫʪɹ ʩʫʪʪ̒ʚʦ ʟʤ̔ʥʁ ʚʘʪʠʩ̫  ̔ʫʩʢʣʘʜʥ ʚʁʘʪʠʩ ̫ʯʝʨʝʟ ʟʥʘʭʦʜʞʝʥʥ̫ ʨʝʘʛʝʥʪ̔ʚ ʚ 

ʜʝʢ̔ʣʢɹʦʭ ʢʦʥʮʝʥʪʨʘʮ̔ʡʥʠʭ ʬʦʨʤʘʭ, ʧʨʠ ʮɹʦʤʫ ʚʠʜ ʨ̔ʚʥ̫ʥɹ ʙʫʜʝ ʟʘʣʝʞʘʪʠ 

ʚ̔ʜ ʚʝʣʠʯʠʥʠ ʢʦʥʩʪʘʥʪʠ ʨ̔ʚʥʦʚʘʛʠ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥ̫ ʢʦʤʧʣʝʢʩ̔ʚ, 

ʩʧ̔ʚʚ̔ʜʥʦhʝʥʥ̫ ʨʝʘʛʝʥʪ̔ʚ ʪʘ ʥ̔h ʠʭ ʬʘʢʪʦʨ̔ʚ, ʷʢ̔ ʚʠʟʥʘʯʘʁʪɹʩ̫ 

ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ ʷʢ ʨʝʘʛʝʥʪ̔ʚ, ʪʘʢ  ̔ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥ̫ ʧʨʦʮʝʩʫ. ʋ ʙʣ̔ʴh̔ʡ 

ʤ̔ʨ̔ ʮʝ ʩʪʦʩʫ̒ʪɹʩ̫ ʢʘʪʘʣ̔ʪʠʯʥʠʭ ʨʝʘʢʮ̔ʡ, ʦʩʢ̔ʣʢɹʠ ʩʘʤʝ ʚ ʥʠʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ 

ʢʘʪʘʣ̔ʟʘʪʦʨʫ ʤʘʣʘ  ̔ ʡʦʛʦ ʧʨʠʩʫʪʥ̔ʩʪ ɹ ʫ ʨ̔ʟʥʠʭ ʬʦʨʤʘʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ̒ ʥʘ 

ʚʠʜ ʢ̔ʥʝʪʠʯʥʦʛʦ ʨ̔ʚʥ̫ʥʥ̫. 

 

4.1.2 ɼʚʦʭʩʪʘʜʡ̔ʥʘ ʨʝʘʢʮ̫̔ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣ̔ ʟʫ ʟ ʦʜʥ̔̒  ʁ

ʩʪʘʜʽ̒ʁ, ʱʦ ʣʽʤʽʪʫʻ 

ʋ ʪʠʧʦʚʠʭ ʚʠʧʘʜʢʘʭ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣ̔ʟʫ ʩʧʦʯʘʪʢʫ ʟʘ ʟʚʦʨʦʪʥʦʁ  

ʨʝʘʢʮ̔̒  ʁʫʪʚʦʨʁ ʪ̒ɹʩ ̫ʘʢʪʠʚʥʠʡ ʢʦʤʧʣʝʢʩ ʢʘʪʘʣʽʟʘʪʦʨʫ ʂ ʟ ʦʜʥʠʤ ʟ ʨʝʘʛʝʥʪ̔ʚ 

(ʩʫʙʩʪʨʘʪ ɸ), ʜʦ ʪʦʛʦ ʞ ʮ̫ ʩʪʘʜʽʷ ʧʦʣ̫ʛʘ̒ ʫ ʧʨʠ̒ʜʥʘʥʥ̔ ʘʙʦ ʟʘʤ̔ ʝɦʥʥ̔: 

 
ʇʦʪ̔ʤ ʫʪʚʦʨʝʥʠʡ ʢʦʤʧʣʝʢʩ (ʘʙʦ ʘʢʪʠʚʥʘ ʯʘʩʪʢʘ) ʟʘ ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʶ 

ʨʝʘʢʮ̔̒ ʶ ʚʟʘ̒ʤʦʜ̔̒  ʟ ʜʨʫʛʠʤ ʨʝʘʛʝʥʪʦʤ ʯʠ ʟʘ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʦʁ  ʨʝʘʢʮ̔̒  ʁ

ʨʦʟʧʘʜʘ̒ʪɹʩ̫ ʟ ʫʪʚʦʨʝʥʥ̫ʤ ʤʦʣʝʢʫʣʠ ʧʨʦʜʫʢʪʫ ʠ ʨʝʛʝʨʫʚʘʥʥ̫ʤ ʢʘʪʘʣʽʟʘʪʦʨʫ 

 

ɸʂ (ʘʙʦ ɸ*) + ʋ̠ ʂ + ʧʨʦʜʫʢʪ                            (4.20)  

ɸʂ (ʘʙʦ ɸ*)̠ ʂ + ʧʨʦʜʫʢʪ                                 (4.21) 

 

ɼʣ̫ ʘʥʘʣ̔ʟʫ ʢ̔ʥʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʛʣ̫ʥʝʤʦ ʥʘʡʙ̔ʣʴʰ 

ʪʠʧʦʚʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʝʨh ʘ ʩʪʘʜ̫̔  ʧʦʣ̫ʛʘ̒ ʫ ʟʘʤ̔ ʝɦʥʥ̔, ʘ ʜʨʫʛʘ  ̒

ʙ̔ʤʦʣʝʢʫʣ̫ʨʥʦʁ  ʚʟʘ̒ ʤʦʜ̔̒  ʁ  ̔ʪʦʜ ̔ ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ʾ ʜʦʨ̔ʚʥʁ  ̒

 

r = k2[A* ][Y],                                                      (4.22) 

 

ʜʝ k2 ï ʩ̔ʪʠʥʘ ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪ̔ ʢʘʪʘʣ̔ʪʠʯʥʦʾ ʨʝʘʢʮ̔ʾ. 

 

ʂʦʥʮʝʥʪʨʘʮ̔ʁ  ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʘʙʦ ʯʘʩʪʢʠ) ʟʥʘʭʦʜ̫ʪɹ ʟ 

ʫʤʦʚ ʩʪʘʮ̔ʦʥʘʨʥʦʩʪ̔ : 
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ʗʢɦʦ ʧʝʨh ʘ ʩʪʘʜʽʷ  ̒ ʧʨʠ̒ʜʥʘʥʥ̫ʤ, ʪʦ [Z] ʚ ʨ̔ʚʥ̫ʥʥ̔ ʟʥʠʢʘ̒ , 

ʧʝʨʝʪʚʦʨʶʁʯʠʩɹ ʚ 1. ʋ ʚʠʧʘʜʢʫ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʦʩʪ̔ ʜʨʫʛʦʾ ʩʪʘʜ̔ʾ ʪʝ ʩʘʤʝ 

ʚ̔ʜʙʫʚʘ̒ ʪʩɹ̫ ʟ [Y]. ʇʦʜ̔ ʙʥ̔ ʟʤ̔ʥʠ ʩʧʦʩʪʝʨ̔ʛʘʁʪɹʩ̫, ʢʦʣʠ ʮ̔ ʩʧʦʣʫʢʠ 

ʟʥʘʭʦʜ̫ʪʩɹ ̫ʫ ʚʝʣʠʢʦʤʫ ʥʘʜʣʠ ʢhʫ, ʘʙʦ  ̒ʨʦʟʯʠʥʥʠʢʘʤʠ, ʱʦ ʜʦʟʚʦʣ̫  ̒ʚʥʝʩʪʠ 

ʭʾ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʫ ʚ̔ ʜʧʦʚ̔ʜʥ̔ ʢʦʥʩʪʘʥʪʠ ʚhʠʜʢʦʩʪ̔. ʋ ʨʘʟ̔ ʘʥʘʣ̔ʟʫ ʨ̔ʚʥ̫ʥʥ̫ 

ʮ̔ʢʘʚ̔ ʜʚʘ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʠ. 

1) ʐʚʠʜʢ̔ʩʪ ɹ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʜʨʫʛ̔ʡ 

ʩʪʘʜʽʾ ʟʥʘʯʥʦ ʧʝʨʝʚʠɦ ʫ ̒ ʚhʠʜʢ̔ʩʪ ɹ ʡʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʘʜʫ ʥʘ ʚʠʭ̔ʜʥ̔ 

ʨʝʯʦʚʠʥʠ, ʪʦʙʪʦ k2[Y] >> k-1[Z]. ʋ ʮɹʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʦʁ  k-1[Z] ʫ 

ʟʥʘʤʝʥʥʠʢʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʘ ʢʦʤʧʣʝʢʩ ʥʝ ʟʜʘʪʝʥ ʥʘʢʦʧʠʯʫʚʘʪʠʩ̫ ʚ 

ʧʦʤ̔ʪʥ̔ʡ ʢ̔ʣʢɹʦʩʪ̔. ʗʢɦ ʦ ʥ̔h  ̔ʬʦʨʤʠ ʩʪʘʥʫ ʨʝʯʦʚʠʥ ʚ̔ʜʩʫʪʥ̔, ʪʦ [K] = CK  ̔

[A] = CA, ʦɦ ʧʨʠʚʦʜʠʪ ɹ ʜʦ r = k1CKCA = kʝʬʉɸ. ʈʝʘʢʮ̔ ʷ ʤʘ̒ ʧʝʨh  ̔

ʧʦʨ̫ ʜʢʠ ʧʦ ʢʘʪʘʣ̔ʟʘʪʦʨʫ  ̔ ʨʝʘʛʝʥʪʫ ʧʝʨh ʦʾ ʩʪʘʜ̔ʾ, ʥʫʣʦɹʚʠʡ ʧʦʨ̫ʜʦʢ ʧʦ 

ʨʝʘʛʝʥʪʫ ʜʨʫʛʦʾ ʩʪʘʜʽʾ ʪʘ ʥʝ ʛʘʣʴʤʫ̒ʪʩɹ̫ ʨʝʯʦʚʠʥʦʁ  Z. ʂʦʥʩʪʘʥʪʘ 

ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʾ ʜʦʨ̔ʚʥʶʻ ʢʦʥʩʪʘʥʪ̔ ʚhʠʜʢʦʩʪ̔ ʝʣʝʤʝʥʪʘʨʥʦʾ ʩʪʘʜ̔ʾ 

ʫʪʚʦʨʝʥʥ̫ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (k1), ʢ̫ʫ ʣʝʛʢʦ ʟʥʘʡʪʠ, ʢ̫ɦ ʦ ʧʦʜ̔ʣʠʪʠ, 

ʦʪʨʠʤʘʥʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʝʬʝʢʪʠʚʥʫ ʢʦʥʩʪʘʥʪʫ kʝʬ ʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  

ʢʘʪʘʣ̔ʟʘʪʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʝ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʤ̔ʩʪʠʪ ɹ ʫ ʩʦʙ̔ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠh ʝ ʧʝʨh ʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ, ʢ̫ʘ ʚʠ̫ʚʣ̫ ʪ̒ɹʩ̫ ʣ̔ʤ̔ʪʫʁʯʦʁ . 

2) ʐʚʠʜʢ̔ʩʪɹ ʜʨʫʛʦʾ ʩʪʘʜ̔ʾ ʨʝʘʢʮ̔ʾ ʟʥʘʯʥʦ ʤʝʥ ʘh ʰʚʠʜʢʦʩʪ̔ ʟʚʦʨʦʪ-

ʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫ ʚʠʭ̔ ʜʥ̔ ʩʧʦʣʫʢʠ, ʪʦʙʪʦ 

k2[Y]<<k-1[Z]. ʎʝ ʜʦʟʚʦʣ̫  ̒ ʟʥʝʭʪʫʚʘʪʠ ʚʝʣʠʯʠʥʦʁ  k2[Y] ʫ ʟʥʘʤʝʥʥʠʢʫ 

ʨ̔ʚʥ̫ʥʥ̫ (3), ʱʦ ʧʨʠʚʦʜʠʪɹ ʜʦ 

 
ɺʠʜʥʦ, ʱʦ ʚ ʨ̔ʚʥ̫ʥʥ̫ ʚʭʦʜ̫ʪɹ ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʜʨʫʛʦʾ ʩʪʘʜ̔ʾ 

ʪʘ ʣʠ ʝh ʢʦʥʩʪʘʥʪʘ ʨ̔ʚʥʦʚʘʛʠ ʧʝʨh ʦʾ, ʦɦ ʚ̔ʜʧʦʚ̔ ʜʘ̒ ʣ̔ʤ̔ʪʫʚʘʥʥʁ  ʟʘʛʘʣʥɹʦʾ 

ʚhʠʜʢʦʩʪ̔ ʧʨʦʮʝʩʫ ʜʨʫʛʦ  ʁʩʪʘʜʽ̒ʁ ï ʧʝʨʝʪʚʦʨʝʥʥ̫ʤ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮ̔ʾ. 
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ʈ̔ʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʞʝ ʜʦʩʛ̫ʘʪʠ 

ʟʥʘʯʥʦʾ ʚʝʣʠʯʠʥʠ  ̔ ʪʦʜ̔ ʘʥʘʣ̔ʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢʘʪʘʣʽʟʘʪʦʨʫ ʤʦʞʝ ʤʘʪʠ 

ʚʠʛʣ̫ʜ ʩʫʤʠ ʢʦʥʮʝʥʪʨʘʮ̔ʡ 

 
ʗʢɦʦ ʨʝʘʛʝʥʪʠ ʟʥʘʭʦʜʪ̫ʩɹ̫ ʚ ʩʠʩʪʝʤ̔ ʫ ʥʘʜʣʠh ʢʫ, ʪʦ ʜʦʮ̔ʣʥɹʦ 

ʧʨʠʡʥ̫ʪʠ, ʱʦ [A] å CA, [Z] å CZ, [Y] å CY, ʦɦ ʜʦʟʚʦʣ̫  ̒ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʝ 

ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫: 

 

 
ʇʨʠ ʜʫʞʝ ʤʘʣ̔ʡ ʢʦʥʩʪʘʥʪ̔ ʨ̔ʚʥʦʚʘʛʠ ʫ ʟʥʘʤʝʥʥʠʢʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʚʝʣʠʯʠʥʦʁ  ʂ1ʉɸ, ʦɦ ʜʘ̒ 

 
ʗʢɦʦ ʧʝʨh ʘ ʩʪʘʜʽʷ ʧʨʠ̒ʜʥʘʥʥ̫ ʘʙʦ ʨʝʯʦʚʠʥʘ Z  ̒ ʨʦʟʯʠʥʥʠʢʦʤ, 

ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢ̫ʦʛʦ ʚʭʦʜʠʪɹ ʜʦ ʟʥʘʯʝʥʥ̫ ʢʦʥʩʪʘʥʪʠ, ʪʦ ʦʪʨʠʤʘ̒ ʤʦ 

 
ʂʦʣʠ ʜʨʫʛʘ ʩʪʘʜ̔ ʷ ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʘ, ʯʠ ʫ ʟʥʘʯʥʦʤʫ ʥʘʜʣʠ ʢhʫ 

ʟʥʘʭʦʜʠʪɹʩ̫ ʨʝʯʦʚʠʥʘ Y, ʪʦ ʢ̔ʥʝʪʠʯʥʝ ʨ̔ʚʥ̫ʥʥ̫ ʙʫʜʝ ʤʘʪʠ ʚʠʜ 

 
ʈʦʟʛʣ̫ʥʫʪ̔ʡ ʢ̔ʥʝʪʠʮ̔ ʚ̔ʜʧʦʚ̔ ʜʘʁʪɹ ʙʘʛʘʪʦ ʨʝʘʢʮ̔ʡ ʟ ʥʝʟʥʘʯʥʦʁ  

ʨ̔ʚʥʦʚʘʞʥʦʁ  ʢʦʥʮʝʥʪʨʘʮ̔̒  ʁʧʨʦʤ̔ʞʥʠʭ ʢʦʤʧʣʝʢʩ̔ʚ ʘʙʦ ʯʘʩʪʦʢ. 

ʗʢɦʦ ʢʦʥʩʪʘʥʪʘ ʨ̔ʚʥʦʚʘʛʠ ʧʨʠ ʫʪʚʦʨʝʥʥ̔ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʝʣʠʢʘ, ʪʦ ʂ1ʉɸ ʫ ʟʥʘʤʝʥʥʠʢʫ ʨ̔ʚʥ̫ʥʥ̫ ʟʥʝʭʪʫʚʘʪʠ ʥʝ ʤʦʞʣʠʚʦ. ɿʘ 

ʚ̔ʜʩʫʪʥʦʩʪ̔ ʨʝʯʦʚʠʥʠ Z (ʢʦʣʠ ʧʝʨ ʘh ʩʪʘʜ̫̔  ʧʨʠ̒ʜʥʘʥʥ̫) ʘʙʦ ʧʨʠ ʥʘʚ̫ʥʦʩʪ̔ 

ʚʝʣʠʢʦʛʦ ʥʘʜʣʠh ʢʫ ʡʦʛʦ (ʨʦʟʯʠʥʥʠʢ) ʨ̔ʚʥ̫ʥʥ̫ ʧʝʨʝʪʚʦʨʁ ʪ̒ɹʩ̫ ʫ 

 
ʗʢɦʦ Y  ̒ ʨʦʟʯʠʥʥʠʢʦʤ ʘʙʦ ʜʨʫʛʘ ʩʪʘʜ̫̔  ʤʦʥʦʤʦʣʝʢʫʣ̫ʨʥʘ, ʪʦ ʟ 
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ʨ̔ʚʥ̫ʥʥ̫ (9) ʟʥʠʢʘ̒ ʉY. ʇʨʠ ʚʝʣʠʢʦʤʫ ʟʥʘʯʝʥʥ̔ ʂ1 ʥ̔ʦʜ̔ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ò1ò 

 ̔ʪʦʜ̔ 

 
ɿ' ʩ̫ʫʚʘʣʦʩ̫, ʦɦ ʚ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮ̔ ʷ ʤʘ̒ ʥʫʣɹʦʚʠʡ ʧʦʨ̫ʜʦʢ 

ʧʦ ʨʝʘʛʝʥʪʫ ɸ ʧʝʨh ʦʾ ʩʪʘʜ̔ʾ. ʌ̔ʟʠʯʥʘ ʩʫʪʥ̔ʩʪ ɹʮʦɹʛʦ ʩʢʣʘʜʘ̒ ʪʩɹ̫ ʟ ʪʦʛʦ, ʦɦ 

ʧʨʠ ʤʘʡʞʝ ʢ̔ʣʢɹ̔ʩʥʦʤʫ ʫʪʚʦʨʝʥʥ̔ ʧʨʦʤ̔ʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʜʘʣʴhʝ 

ʧ̔ ʜʚʠɦ ʝʥʥ̫ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ɸ ʚʞʝ ʥʝ ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʧʨʠʩʢʦʨʝʥʥ̫ ʨʝʘʢʮ̔ʾ. 

 

ʈʠʩʫʥʦʢ 22 ï ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ 

 

ɿ ʨʦʟʛʣ̫ʥʫʪʠʭ ʨ̔ʚʥ̫ʥɹ ʚʠʜʥʦ, ʱʦ 

ʚhʠʜʢ̔ʩʪɹ ʨʝʘʢʮ̔ ʾ ʟʘʣʝʞʠʪɹ ʚ̔ʜ 

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨʝʯʦʚʠʥʠ ɸ ʚ̔ʜ ʧʝʨh ʦʛʦ 

ʧʦʨʷʜʢʫ ( ʢ̫ɦ ʦ ʥʝʟʥʘʯʥʘ ʂ1ʉɸ ʧʦʨ̔ʚʥ̫ʥʦ 

ʟ ʉZ ʘʙʦ 1) ʜʦ ʥʫʣʦɹʚʦʛʦ (ʧʨʠ ʟʥʘʯʥ̔ʡ ʉɸ). ʋ ʧʨʦʤ̔ʞʥ̔ʡ ʦʙʣʘʩʪ̔ 

ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʙʫʜʝ ʩʧʦʩʪʝʨ̔ʛʘʪʠʩ̫  ʧʦʩʪʫʧʦʚʦ ʩʧʦʚ̔ʣʥɹʶʁʯʠʡ ʨ̔ʩʪ ʰʚʠʜʢʦʩʪ̔, 

ʱʦ ʥ̔ʦʜ ̔ʧʣʫʪʘʁʪɹ ʟ ʜʨ̔ʙʥʠʤ ʧʦʨ̫ʜʢʦʤ ʨʝʘʢʮ̔ʾ. ʎ̔ ʚʟʘ̒ ʤʦʚʽʜʥʦʩʠʥʠ ʜʦʙʨʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʛʨʘʬʽʢʫ, ʧʨʠ ʮʴʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʽʣʴʥʠʮʽ ʢʨʠʚʦʾ ʣʝʛʢʦ 

ʟʥʘʭʦʜʷʪʴ ʩ̔ʪʠʥʫ ʢʦʥʩʪʘʥʪʫ ʚhʠʜʢʦʩʪ̔ ʢʘʪʘʣ̔ʪʠʯʥʦʾ ʨʝʘʢʮ̔ ʾ k2, ʢ̫ʘ ʜʦʨ̔ʚʥʶʻ 

ʝʬʝʢʪʠʚʥ̔ʡ ʢʦʥʩʪʘʥʪ̔, ʧʦʜ̔ʣʝʥ̔ʡ ʥʘ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  ʢʘʪʘʣʽʟʘʪʦʨʫ. 

 

4.1.3 ʆʩʦʙʣʠʚʦʩʪ̔ ʢ̔ʥʝʪʠʢʠ ʦʩʥʦʚʥʦ-ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣ̔ʟʫ 

ʂʠʩʣʦʪʥʠʡ ʪʘ ʦʩʥʦʚʥʠʡ ʢʘʪʘʣ̔ʟʠ ʚ ʧʦʚʥ̔ʡ ʤ̔ʨ̔ ʚ̔ʜʧʦʚ̔ʜʘʁʪɹ ʫʩ̔ʤ 

ʚʠʢʣʘʜʝʥʠʤ ʨʘʥ̔h ʝ ʟʘʢʦʥʦʤ̔ʨʥʦʩʪ̫ʤ, ʘʣʝ ʤʘʁʪ ɹ ʧʨʠ ʮɹʦʤʫ  ̔ ʜʝ̫ ʢ̔ 

ʦʩʦʙʣʠʚʦʩʪ̔. 

ʇʨʦʪʦʥʥ̔ ʢʠʩʣʦʪʠ (ʯʠ ʦʩʥʦʚʠ) ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜ̫ʪɹʩ̫ ʫ ʨʝʘʢʮ̔ʡʥ̔ʡ ʤʘʩ̔ 

ʚ ʜʝʢ̔ʣʢɹʦʭ ʬʦʨʤʘʭ: ʦ̔ʥʘ ʣ̔ʦʥ̔  ʁ (SH+) (ʘʙʦ ʣ̔ʘʪʫ Sï); ʥʝʜʠʩʦʮ̔ʡʦʚʘʥʦʾ 

ʢʠʩʣʦʪʠ HZ (ʘʙʦ ʩʧʦʣʫʯʝʥʦʾ ʦʩʥʦʚʠ Zï); ʘ ʪʘʢʦʞ ʧʨʦʪʦʥʦʚʘʥʠʭ ʬʦʨʤ 

ʨʝʘʛʝʥʪ̔ʚ ʪʘ ʧʨʦʜʫʢʪ̔ʚ (ʘʙʦ ʩʧʦʣʫʯʝʥʠʭ ʤʾ ʦʩʥʦʚ). ʂʨ̔ʤ ʪʦʛʦ, ʩʘʤ ʨʦʟʯʠʥʥʠʢ 

ʤʦʞʝ ʚʦʣʦʜ̔ʪʠ ʢʠʩʣʦʪʥʠʤʠ  ̔ (ʘʙʦ) ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ʤʠ. ʇʨʠ ʮʦɹʤʫ 

ʢʘʪʘʣ̔ʟ ʟʜ̔ʡʩʥʁ ʪ̒ʩɹ̫ ʘʙʦ ʪ̔ʣʢɹʠ ʦ̔ʥʘʤʠ ʣ̔ʦʥ̔  ʁ  ̔ ʣ̔ʘʪʫ (ʩʧʝʮʠʬ̔ ʯʥʠʡ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʡ ʢʘʪʘʣ̔ʟ), ʘʙʦ ʫʩ̔ʤʘ ʬʦʨʤʘʤʠ ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ (ʟʘʛʘʣʥɹʠʡ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʡ ʢʘʪʘʣ̔ʟ). 

ʇʨʠ ʟʘʛʘʣʥɹʦʤʫ ʢʠʩʣʦʪʥʦʤʫ ʢʘʪʘʣ̔ʟ̔ ʘʢʪʠʚʫʚʘʥʥ̫ ʦʜʥʦʛʦ ʟ ʨʝʘʛʝʥʪ̔ʚ 

ʜʦʩ̫ʛʘ̒ʪɹʩ̫ ʧʝʨʝʜʘʯʝʁ  ʡʦʤʫ ʧʨʦʪʦʥʫ ʘʙʦ ʫʪʚʦʨʝʥʥ̫ʤ ʢʦʤʧʣʝʢʩʫ ʟ 

ʥʝʜʠʩʦʮ̔ʡʦʚʘʥʠʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʪ; ʮ̔ ʩʪʘʜ̔ʾ ʟʘʚʞʜʠ ʧʨʦʪ̔ʢʘʁ ʪʴ ʟʚʦʨʦʪʥʦ 

ʪʘ ʟ ʚʠʩʦʢʦʁ  ʚhʠʜʢ̔ʩʪ .ʁ ʊʦʤʫ ʟʘʛʘʣʥɹʘ ʰʚʠʜʢ̔ʩʪɹ ʣ̔ʤ̔ʪʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥ̫ʤʠ ʘʢʪʠʚʥʠʭ ʢʦʤʧʣʝʢʩ̔ʚ: 
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ʂʦʞʥʘ ʟ ʧʨʦʤ̔ʞʥʠʭ ʘʢʪʠʚʥʠʭ ʯʘʩʪʦʢ (ʘʙʦ ʢʦʤʧʣʝʢʩ̔ʚ) ʨʝʘʛʫ̒ ʜʘʣ̔ 

ʟ̔ ʩʚʦʻʁ ʢʦʥʩʪʘʥʪʦʁ  ʰʚʠʜʢʦʩʪ̔, ʘ ʝʬʝʢʪʠʚʥʘ ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩ̫ ʩʫʤʦʁ : 

 
ʜʝ ko ï ʢʦʥʩʪʘʥʪʘ ʚhʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ, ʱʦ ʢʘʪʘʣ̔ʟʦʚʘʥʘ 

ʨʦʟʯʠʥʥʠʢʦʤ, ʢʦʥʮʝʥʪʨʘʮ̔ ʷ ʢ̫ʦʛʦ ʤ̔ʩʪʠʪɹʩ̫ ʚ ʟʥʘʯʝʥʥ̔ ko (ʟʘʟʚʠʯʘʡ ʮʁ  

ʨʝʘʢʮ̔ʁ  ʚʚʘʞʘʁʪɹ ʥʝʢʘʪʘʣ̔ʪʠʯʥʦʁ ). 

ɸʥʘʣʦʛ̔ ʯʥʦ ʜʣ̫ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣ̔ʟʫ ʤʘ̒ʤʦ ʨ̔ʚʥ̫ʥʥ̫ 

 
ɺ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʨ̔ʟʥʠʭ ʬʦʨʤ ʢʠʩʣʦʪ  ̔ ʦʩʥʦʚ 

ʚʠʟʥʘʯʘʁʪɹʩ̫ ʨ̔ʚʥʦʚʘʞʥʠʤʠ ʨʝʘʢʮ̫̔ ʤʠ ʦ̔ʥ̔ʟʘʮ̔ʾ ʯʠ ʩʦʣɹʚʦʣ̔ʟʫ: 

 
ɺʨʘʭʦʚʫʁʯʠ, ʱʦ ʩʪʫʧ̔ʥɹ ʜʠʩʦʮ̔ʘʮ̔ ʾ ʢʠʩʣʦʪʠ ʚ ʜʘʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ 

ʜʦʨ̔ʚʥʶ̒ 

 
ʦʪʨʠʤʘ̒ ʤʦ ʜʣ̫ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣ̔ʟʫ ʚʠʨʘʟ 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʘʛʘʣʥɹʦʤʫ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʤʫ ʢʘʪʘʣ̔ʟ̔ ʢ̔ʥʝʪʠʯʥʝ 

ʨ̔ʚʥ̫ʥʥ̫ ʤʘ̒ ʚʠʜ ʙʘʛʘʪʦʯʣʝʥʘ, ʢ̫ʠʡ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʤʥʦʞʠʥʥʦʤʫ ʢʘʪʘʣ̔ʟʫ 

ʨ̔ʟʥʠʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ, ʱʦ ʧʨʠʩʫʪʥ̔ ʚ ʨʦʟʯʠʥ̔. 

ʋ ʨʘʟ̔ ʩʧʝʮʠʬ̔ ʯʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ (ʯʠ ʦʩʥʦʚʥʦʛʦ) ʢʘʪʘʣ̔ʟʫ ʚ ʮɹ ʦʤʫ 

ʨ̔ʚʥ̫ʥʥ̔ ʟʘʣʠhʠʪʩɹ̫ ʣʠh ʝ ʯʣʝʥ ʟk
S

H

2 
( k

S
- ). ɿʘ ʫʤʦʚʠ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣ̔ʟʫ 

ʧʦʚʥ̔ʩʪʁ  ʜʠʩʦʮ̔ʡʦʚʘʥʠʤʠ ʩʠʣʥɹʠʤʠ ʢʠʩʣʦʪʘʤʠ Ŭ = 1 ʟ ʨ̔ʚʥ̫ʥʥ̫ ʟʥʠʢʘ̒  



135 

 
ʯʣʝʥ ʟ kHZ. ʇʨʠ ʢʘʪʘʣ̔ʟ̔ ʢʠʩʣʦʪʘʤʠ ʩʝʨʝʜʥɹʦʾ ʪʘ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʥʦʩʪ̔  ̔

ʥʘʚ̔ʪɹ ʩʠʣɹʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʘʣʝ ʨʦʟʯʠʥʝʥʠʤʠ ʚ ʦʨʛʘʥ̔ʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, 

ʩʪʫʧ̔ʥɹ ʜʠʩʦʮ̔ ʘʮ̔ ʾ ʟʥʠʞʫ̒ʪɹʩ ̫ʟ̔ ʟʨʦʩʪʘʥʥ̫ʤ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʢʠʩʣʦʪʠ. 

ʆʩʢ̔ʣʢɹʠ ʙ̔ʣʴʰ ʩʠʣʥɹʦʁ  ʢʠʩʣʦʪʦʁ  ʚ ʜʘʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ ʟʘʚʞʜʠ ʻ ʦ̔ʥ 

ʣ̔ʦʥ̔ ,ʁ ʪʦ k
S

H

2 
> kHZ. ʎʝ ʟʫʤʦʚʣʁ  ̒ʟʛʘʩʘʁʯʠʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʾ ʟʘʣʝʞʥʦʩʪ̔ 

ʚhʠʜʢʦʩʪ̔ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣ̔ʟʘʪʦʨʫ ʥʘ ʚ̔ ʜʤ̔ʥʫ ʚ̔ʜ ʧʨ̫ʤʦʾ 

ʜʣ̫ ʪʠʭ ʢʠʩʣʦʪ, ʱʦ ʧʦʚʥ̔ʩʪʁ  ʦ̔ʥ̔ʟʦʚʘʥ̔ ʚ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʘʭ. ʋ ʨʘʟ̔ ʥʝ 

ʧʦʚʥ̔ʩʪʁ  ʦ̔ʥ̔ʟʦʚʘʥʠʭ ʢʠʩʣʦʪ ʩʪʫʧ̔ʥɹ ʜʠʩʦʮ̔ʘʮ̔ ʾ ʟʥʠʞʫ̒ʪɹʩ̫ ʧʨʠ ʚʚʝʜʝʥʥ̔ ʚ 

ʩʠʩʪʝʤʫ ʦʜʥʦʡʤʝʥʥʦʛʦ ʘʥ̔ʦʥʫ, ʦɦ ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʟʥʠʞʝʥʥ̫ ʰʚʠʜʢʦʩʪ̔ ʟʘ 

ʫʤʦʚʠ ʜʦʜʘʚʘʥʥ̫ ʚ̔ʜʧʦʚ̔ʜʥʠʭ ʩʦʣʝʡ. 

 

ʈʠʩʫʥʦʢ 23 ï ɿʘʣʝʞʥ̔ʩʪɹ ʚhʠʜʢʦʩʪ̔ 

ʨʝʘʢʮ̔ ʾ ʚ̔ʜ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʢʠʩʣʦʪʥʦʛʦ 

ʢʘʪʘʣ̔ʟʘʪʦʨʫ ʧʨʠ ʧʦʚʥ̔ʡ ʪʘ ʥʝʧʦʚʥ̔ʡ ʡʦʛʦ 

ʦ̔ʥ̔ʟʘʮ̔ ʾ 

 

ɺʝʣʠʯʠʥʠ k
S

H

2 
ʯʠ k

S
-     ʫ ʜʘʥʦʤʫ 

ʨʦʟʯʠʥʥʠʢʫ ʥʝ ʟʘʣʝʞʘʪɹ ʚ̔ʜ ʧʨʠʨʦʜʠ 

ʢʠʩʣʦʪʠ ʯʠ ʦʩʥʦʚʠ, ʘ kHZ  ̔kZ ï  ̒ʬʫʥʢʮ̔̒  ʁʮ̔̒  ʾʢʠʩʣʦʪʠ ʯʠ ʦʩʥʦʚʠ. ʋ ʟʚ' ʟ̫ʢʫ ʩ 

ʮʠʤ, kʝʬ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ʡ, ʦɦ ʢʘʪʘʣ̔ʟʦʚʘʥ̔ ʥʝ ʧʦʚʥ̔ ʩʪʁ  ʦ̔ʥ̔ʟʦʚʘʥʠʤʠ 

ʢʠʩʣʦʪʘʤʠ ʯʠ ʦʩʥʦʚʘʤʠ, ʟʘʣʝʞʘʪɹ ʚ̔ʜ ʩʠʣʠ ʮʠʭ ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ  ̔ ʤʘʁ ʪɹ  

ʚʠʨʘʟ ʟʛ̔ ʜʥʦ ʨ̔ʚʥ̫ʥʥ̫ ɹʨʝʥʩʪʝʜʘ: 

 

lgka
 = lgGa +ŬlgKa                                           (4.41) 

lgkb = lgGb + ɓlgKb                                           (4.42) 

 

ɺʝʣʠʯʠʥʠ Ŭ  ̔ ɓ ʚʢʘʟʫʁ ʪɹ ʥʘ ʯʫʪʣʠʚ̔ʩʪ ɹ ʜʘʥʦʾ ʨʝʘʢʮ̔ ʾ ʜʦ ʟʤ̔ʥ 

ʢʠʩʣʦʪʥʦʩʪ̔ ʯʠ ʦʩʥʦʚʥʦʩʪ̔ ʢʘʪʘʣʽʟʘʪʦʨʫ, ʜʦ ʪʦʛʦ ʞ Ŭ  ̔ɓ ʟʘʚʞʜʠ ʤʝʥh ʝ 1, ʘʣʝ 

ʙʣ̔ɹ ʝh 0. ʋ ʣʦʛʘʨʠʬʤ̔ ʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨ̔ʚʥ̫ʥʥ̫ ʚ̔ʜʧʦʚ̔ʜʘ̒ ʧʨ̫ʤ̔ʡ, ʟʘ 

ʪʘʥʛʝʥʩʦʤ ʢʫʪʘ ʥʘʭʠʣʫ ʢ̫ʦʾ ʟʥʘʭʦʜʪ̫ɹ Ŭ (ʯʠ ɓ), ʘ ʚ̔ʜʨ̔ʟʦʢ ʧʦ ʦʩ̔ ʦʨʜʠʥʘʪ 

ʚ̔ʜʧʦʚ̔ʜʘ̒ lgG. 

ʆʩʢ̔ʣʢɹʠ ʚ̔ʜʩʫʪʥ̔ ʜʘʥ̔ ʜʣ̫ ʂʘ ʪʘ ʂʚ ʫ ʥʝʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠɦ ʘʭ, ʪʦ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ ʟʥʘʯʝʥʥ̫ ʭʾ ʫ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠ ʘɦʭ. 

 
ʈʠʩʫʥʦʢ 24 ï ɿʘʣʝʞʥ̔ʩʪɹ 

ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮ̔ ʾ ʦʢʠʩʫ ʝʪʠʣʝʥʫ ʟ 

ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚ̔ʜ ʭʾʥʦɹʾ 

ʢʠʩʣʦʪʥʦʩʪ̔ 
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ɺʪ̔ʤ, ʢʦʥʩʪʘʥʪʠ ʢʠʩʣʦʪʥʦʩʪ̔  ̔ʦʩʥʦʚʥʦʩʪ̔  ̒ʘʙʩʦʣʁʪʥʦ ʁʤ̔ʨʦʁ  ʩʠʣʠ 

ʢʠʩʣʦʪʠ ʯʠ ʦʩʥʦʚʠ, ʢ̫̔ ʥʝʦʙʭ̔ʜʥ̔ ʜʣ̫ ʧʦʨ̔ʚʥ̫ʥʥ̫ ʭʾʥɹ ʦʾ ʢʘʪʘʣ̔ʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪ̔ ʫ ʨ̔ʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʨʝʘʣʥɹʠʭ ʨʦʟʯʠʥʘʭ. ʊʘʢ, ʚ ʘʤ̔ʘʢʫ  ̔

ʘʤ̔ʥʘʭ ʥʘʚ̔ʪ ɹ ʚ̔ ʜʥʦʩʥʦ ʩʣʘʙʢ̔ ʢʠʩʣʦʪʠ ʧʦʚʥ̔ʩʪʁ  ʦ̔ʥ̔ʟʦʚʘʥ̔, ʘʣʝ ʟʜ̔ʙʥ̔ʩʪɹ 

ʚ̔ʜʜʘʚʘʪʠ ʧʨʦʪʦʥ ʫ ʦ̔ʥ̔ʚ RNH3
+ ʜʫʞʝ ʤʘʣʘ ʟʘʚʜʢ̫ʠ ʡʦʛʦ ʤ̔ʮʥʦʤʫ ʟʚ' ʟ̫ʢʫ ʟ 

ʘʪʦʤʦʤ ʥ̔ʪʨʦʛʝʥʫ. ʅʘʚʧʘʢʠ, ʩʪʫʧ̔ʥɹ ʦ̔ʥ̔ʟʘʮ̔ ʾ ʪʘʢʦʾ ʩʠʣɹʥʦʾ ʢʠʩʣʦʪʠ, ʢ̫ 

ʭʣʦʨʥʫʚʘʪʠʩʪʘ, ʫ ʨʦʟʯʠʥ̔ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʩ̫ʛʘ̒ ʣʠh ʝ 1,6Ŀ10-4, ʭʦʯʘ 

ʢʠʩʣʦʪʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔ ʭʣʦʨʥʫʚʘʪʠʩʪʦʾ ʢʠʩʣʦʪʠ ʪʫʪ ʚʠʱ̔, ʥ̔ʞ ʫ ʚʦʜ̔, ʟʘʚʜʢ̫ʠ 

ʙ̔ʣʴh̔ʡ ʢʠʩʣʦʪʥʦʩʪ̔ ʉʅ3ʉʆʆʅ2
+ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʅ3ʆ

+. 

ɿ ʤʝʪʦʁ  ʩʪʚʦʨʝʥʥ̫ ʘʙʩʦʣʁʪʥʦʾ ʢhʘʣʠ ʢʠʩʣʦʪʥʦʩʪ̔  ̔ ʦʩʥʦʚʥʦʩʪ̔ 

ɻʘʤʝʪ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥ̔ʜʠʢʘʪʦʨʥʠʡ ʤʝʪʦʜ, ʘ ʟʘ ʩʪʘʥʜʘʨʪ 

ʚʟ̫ʪʠ ʢʠʩʣʦʪʥ̔ʩʪɹ ʦ̔ʥ̔ʚ ʛ̔ʜʨʦʢʩʦʥ̔ʁ  ʅ3ʆ
+ ʘʙʦ ʛ̔ ʜʨʦʢʩʠʣʘ ʅʆï ʫ ʙʝʟʢ̔ʥʝʯʥʦ 

ʨʦʟʙʘʚʣʝʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ʋ ʥ̔ʜʠʢʘʪʦʨ̔ʚ ʥʝʡʪʨʘʣʥɹʘ (ɺ) ʪʘ ʧʨʦʪʦʥʦʚʘʥʘ 

(ɺʅ+) ʬʦʨʤʠ ʤʘʁ ʪɹ ʨ̔ʟʥʠʡ ʢʦʣ̔ʨ, ʪʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʁ  

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʮʠʭ 

ʬʦʨʤ. ʄʘʁʯʠ ʥʘʙ̔ʨ ̔ʥʜʠʢʘʪʦʨ̔ʚ ʟ ʨ̔ʟʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʢʠʩʣʦʪʥʦʩʪ̔ ʪʘ 

ʦʩʥʦʚʥʦʩʪ̔, ʚʠʤ̔ʨ̫ʥʠʤʠ ʫ ʨʦʟʙʘʚʣʝʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʘʙʩʦʣʁʪʥʫ ʢʠʩʣʦʪʥ̔ʩʪɹ ʯʠ ʦʩʥʦʚʥ̔ʩʪɹ ʣʁ ʙʦʛʦ ʩʝʨʝʜʦʚʠ ʘɦ. 

ɼʣ̫ ʨ̔ʚʥʦʚʘʛʠ ̔ʦʥ̔ʟʘʮ̔ ʾ ʢʠʩʣʦʪʠ, ʩʧʦʣʫʯʝʥ̔ʡ ̔ʥʜʠʢʘʪʦʨʫ 

 

BH+ + SH ź B + SH2
+                                        (4.43) 

 

ʢʦʥʩʪʘʥʪʘ ʢʠʩʣʦʪʥʦʩʪ̔, ʦɦ ʤʘ̒ ʚʠʨʘʟ ʯʝʨʝʟ ʘʢʪʠʚʥ̔ʩʪɹ, ʜʦʨ̔ʚʥʶ̒ 

 

 
ʭʘʨʘʢʪʝʨʠʟʫ̒ ʪʝʨʤʦʜʠʥʘʤ̔ʯʥʫ ʘʢʪʠʚʥ̔ʩʪɹ ʧʨʦʪʦʥʘ ʫ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱ̔ ʪʘ 

ʤʘ̒ ʥʘʟʚʫ ʟʘ ɻʘʤʝʪʦʤ ʢʠʩʣʦʪʥ̔ ʩʪ ɹh . 

ʇʨʠ ʟʨʦʩʪʘʥʥ̔ ho ʧ̔ ʜʚʠ ʫɦ̒ʪɹʩ̫ ʜʦʣ̫ ʧʨʦʪʦʥʦʚʘʥʦʛʦ ʥ̔ʜʠʢʘʪʦʨʫ 

ɺʅ+ ʧʦʨ̔ʚʥ̫ʥʦ ʟ ʥʝʡʪʨʘʣʥɹʦʁ  ʬʦʨʤʦʁ  ɺ. ʅʘ ʨ̔ʚʥ̫ʥʥ̔ ʦʩʥʦʚʘʥʝ 

ʚʠʟʥʘʯʝʥʥ̫ ʢʠʩʣʦʪʥʦʩʪ̔ ʩʝʨʝʜʦʚʠ ʘɦ ʣh̫ʭʦʤ ʘʥʘʣ̔ʟʫ ʢʦʣɹʦʨʫ ʨʦʟʯʠʥʫ 

ʥ̔ʜʠʢʘʪʦʨʘ ʟ ʚʜ̔ʦʤʦʁ  ʢʠʩʣʦʪʥ̔ʩʪʁ  ʡʦʛʦ ʧʨʦʪʦʥʦʚʘʥʦʾ ʬʦʨʤʠ K 
ɺʅ 

ʄ 

. ɼʣ̫ 



137 

 
ʨʦʟʙʘʚʣʝʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥ̔ʚ ɔɺ = ɔɺʅ+ = 1, ʘa

SH2 
ʧʨʠʡʤʘʁʪɹ ʨ̔ʚʥʦʁ  

ʢʦʥʮʝʥʪʨʘʮ̔ ʾ ʦ̔ʥ̔ʚ ʛ̔ʜʨʦʢʩʦʥ̔  ʁ ʅ3ʆ
+ ( ʢ̫ ʩʪʘʥʜʘʨʪʫ ʚ ʢhʘʣ̔ ʢʠʩʣʦʪʥʦʩʪ̔), 

ʪʦʙʪʦ ho = [H3O
+] ʤʦʣ/ɹʣ. ɿʘ ʘʥʘʣʦʛ̔̒  ʁʟ ʨʦʟʙʘʚʣʝʥʠʤʠ ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪɹ  ̔ ʟʚʦʨʦʪʥ̔ʡ ʣʦʛʘʨʠʬʤ ʢʠʩʣʦʪʥʦʩʪ̔, ʷʢʠʡ ʤʘ̒ ʥʘʟʚʫ ʬʫʥʢʮ̔ ʷ 

ʢʠʩʣʦʪʥʦʩʪ̔ ɻʘʤʝʪʘ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʦʥʘ ʘʥʘʣʦʛ̔ ʯʥʘ ʨʅ = ïlg[H3O
+]. ʗʢɦ ʦ ʪʝʧʝʨ ʫ 

ʩʝʨʝʜʦʚʠɦʝ ʟ ʚʜ̔ʦʤʦʁ  ʢʠʩʣʦʪʥ̔ʩʪ  ʁʚʚʦʜʠʪʠ ʨʝʘʛʝʥʪ ɸ, ʪʦ ʨ̔ʚʥʦʚʘʛʘ ʨʝʘʢʮ̔ ʾ 

 

A + SH2
+ źAH+ + SH                                              (4.47) 

 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩ̫ ʚʠʨʘʟʦʤ 

 
ʇ̔ʩʣ̫ ʯʝʨʛʠ ʧʝʨʝʪʚʦʨʝʥɹ ʦʪʨʠʤʘ̒ ʤ 

 
ʎʝ ʨ̔ʚʥ̫ʥʥ̫ ʜʦʟʚʦʣ̫  ̒ʟʘ ʚ̔ʜʦʤʠʤʠ ʢʠʩʣʦʪʥ̔ʩʪ  ʁʜʘʥʦʛʦ ʩʝʨʝʜʦʚʠ ʘɦ 

(ho) ʪʘ ʢʦʥʩʪʘʥʪʦʁ  ʦʩʥʦʚʥʦʩʪ̔ ʨʝʘʛʝʥʪʫ( Kb ) ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮ̔ʁ  

ʡʦʛʦ ʧʨʦʪʦʥʦʚʘʥʦʾ ʬʦʨʤʠ (ɸʅ+), ʚ̔ʜ ʢ̫ʦʾ ʟʘʣʝʞʠʪɹ ʚhʠʜʢ̔ʩʪ ɹ

ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣ̔ʪʠʯʥʦʾ ʨʝʘʢʮ̔ʾ. 

ʗʢɦ ʦ ʥ̔ʜʠʢʘʪʦʨ ʪʘ ʨʝʘʛʝʥʪ ʤʘʁʪɹ ʨ̔ʟʥ̔ ʟʘʨ̫ ʜʠ ʥʘ ʚʠʭ̔ʜʥ̔ʡ ʪʘ 

ʧʨʦʪʦʥʦʚʘʥ̔ʡ ʬʦʨʤʘʭ, ʪʦ ʚ̔ʜʥʦhʝʥʥ̫ ʢʦʝʬ̔ʮ̔̒ ʥʪ̔ʚ ʦʩʥʦʚʥʦʩʪ̔ ʥʝ ʙʫʜʝ 

ʧʦʩʪ̔ʡʥʠʤ ̔ ʨ̔ʚʥ̫ʥʥ̫ ʥʝ ʚʠʢʦʥʫʚʘʪʠʤʝʪɹʩ.̫ ɿʘʟʚʠʯʘʡ, ho  ̔ Ho ʚ̔ʜʧʦʚ̔ ʜʘʁʪɹ 

ʥʫʣʦɹʚ̔ʡ ʟʘʨ̫ʜʥʦʩʪ̔ ʚʠʭ̔ ʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʪʘ ʥ̔ʜʠʢʘʪʦʨʫ. ʆʢʨ̔ʤ ʥʠʭ ʜʣ̫ 

ʚʠʟʥʘʯʝʥʥ̫ ʥ̔h ʠʭ ʬʦʨʤ ʟʤ̔ʥʠ ʟʘʨ̫ʜʥʦʩʪ̔ ʫ ʧʨʦʪʦʣ̔ʪʠʯʥʠʭ ʨ̔ʚʥʦʚʘʛ 

ʩ̔ʥʫʁʪɹ ʪʘʢ ̔ ʬʫʥʢʮ̔ ʾ ʢ̫ ʅ_, ʅ+, ʪʘ ʥ̔h ,̔ ʧʨʠ ʮɹʦʤʫ, ʥʘʧʨʠʢʣʘʜ, ʅ_ ʚʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫ̒ ʥʝ ʢʠʩʣʦʪʥ̔ʩʪɹ , ʘ ʦʩʥʦʚʥ̔ʩʪɹ ʩʝʨʝʜʦʚʠ ʘɦ. ʌʫʥʢʮ̔ ʾ ʢʠʩʣʦʪʥʦʩʪ̔ 

ʪʘ ʦʩʥʦʚʥʦʩʪ̔ ʚʠʤ̔ʨ̫ʥ̔ ʜʣ̫ ʙʘʛʘʪɹʦʭ ʩʧʦʣʫʢ ʫ ʨʦʟʙʘʚʣʝʥʠʭ  ̔

ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʘʭ (ʚʦʜʘ, ʦʨʛʘʥ̔ ʯʥ̔ ʨʦʟʯʠʥʥʠʢʠ) ʪʘ ʥʘʚʝʜʝʥ̔ ʫ 

ʜʦʚ̔ ʜʢʦʚʠʭ ʪʘʙʣʠʮ̫ʭ. ɿʤ̔ʥʠ ʬʫʥʢʮ̔ ʾ ʢʠʩʣʦʪʥʦʩʪ̔ ʅʦ ʜʣ̫ ʩʫʣɹ ʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʤʘʁʪ ɹʥʘʩʪʫʧʥʫ ʛʨʘʬ̔ʯʥʫ ʟʘʣʝʞʥ̔ʩʪɹ: 




