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ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ɸ ï ʘʥʦʜ 

ɸɽ ï ʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ  

ɸɽʇ ï ʘʥʘʣʦʛʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ɸɯ ï ʘʢʪʠʚʥʠʡ ʽʥʪʝʛʨʘʪʦʨ 

ɸɯʄ ï ʘʤʧʣʽʪʫʜʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ 

ɸʂ ï ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɸʈʇ ï ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ 

ɸʌ ï ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ɸʏʍ ï ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɹ ï ʙʘʟʘ 

ɹɼɾ ï ʙʝʟʧʝʨʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɹɿɿ ï ʙʘʛʘʪʦʧʝʪʣʝʚʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 

ɹʊ ï ʙʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ɺ ï ʚʠʪʦʢ 

ɺɸʂ ï ʚʣʘʩʥʝ ʘʥʘʣʦʛʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ɺɸʍ ï ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺɼ ï ʚʠʧʨʷʤʥʠʡ ʜʽʦʜ 

ɺɯʉ ï ʚʝʣʠʢʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ɺɿɿ ï ʚʽʜôʻʤʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 

ɺʏ ï ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 

ɻɻʉʂ ï ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʥʫʩʦʾʜʥʠʭ ʢʦʣʠʚʘʥʴ 

ɻʅɿʃ ï ʛʝʥʝʨʘʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ 

ɻʇʅ ï ʛʝʥʝʨʘʪʦʨ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ 

ɻʉʂ ï ʛʝʥʝʨʘʪʦʨ ʩʠʥʫʩʦʾʜʥʠʭ ʢʦʣʠʚʘʥʴ 

ɻʊɯ ï ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ 

ɼɺʂ ï ʜʚʽʡʢʦʚʠʡ ʢʦʜ 

ɼɼʅʌ ï ʜʦʩʢʦʥʘʣʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ  

ɼɽʇ ï ʜʠʩʢʨʝʪʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ɼɾ ï ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɼɿɿ ï ʜʦʜʘʪʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 

ɼʂ ï ʜʠʬʝʨʝʥʮʽʶʶʯʝ ʢʦʣʦ 

ɼʂʃ ï ʜʽʦʜʥʠʡ ʢʣʶʯ 

ɼʅʌ ï ʜʠʟôʶʥʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ 

ɼʅʂʅ ï ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʥʘʧʨʫʛʦʶ 

ɼʆʅ ï ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

ɼʇ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 
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ɼʇʇʉ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʇʉ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɼʊ ï ʜʝʪʝʢʪʦʨ 

ɽ ï ʝʤʽʪʝʨ 

ɽʄʇ ï ʝʤʽʪʝʨʥʠʡ ʧʦʚʪʦʨʶʚʘʯ 

ɽʇ ï ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ɽʈʉ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 

ɿ ï ʟʘʪʚʦʨ 

ɿɻ ï ʟʘʜʘʶʯʠʡ ʛʝʥʝʨʘʪʦʨ 

ɿɿ ï ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 

ɿʇ ï ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ɿʌ ï ʟʘʛʦʨʦʜʞʫʶʯʠʡ ʬʽʣʴʪʨ 

ɯ ï ʽʥʚʝʨʪʫʶʯʠʡ 

ɯɼ ï ʽʤʧʫʣʴʩʥʠʡ ʜʽʦʜ 

ɯɼɾ ï ʽʤʧʫʣʴʩʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ɯɽʇ ï ʽʤʧʫʣʴʩʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ɯʂ ï ʽʥʪʝʛʨʫʶʯʝ ʢʦʣʦ 

ɯʄʉ ï ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ 

ɯʄʉ ʆʇ ï ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

ɯʉ ï ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ɯʉʇ ï ʽʥʪʝʛʨʘʪʦʨ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʠ 

ɯʏ ï ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

ʂ ï ʢʦʣʝʢʪʦʨ 

ʂɽ ï ʢʝʨʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʜ 

ʂɿ ï ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

ʂʅʇ ï ʢʝʨʦʚʘʥʠʡ ʥʘʧʨʫʛʦʶ ʧʽʜʩʠʣʶʚʘʯ 

ʂʄʆʅ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʡ ʤʝʪʘʣ ʦʢʠʩʝʣ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʂʎʇ ï ʢʦʤʙʽʥʘʮʽʡʥʠʡ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ 

ʂʅʌ ï ʢʦʥôʶʢʪʠʚʥʘ ʥʦʨʤʘʣʴʥʘ ʬʦʨʤʘ 

ʃɼ ï ʣʘʟʝʨʥʠʡ ʜʽʦʜ 

ʃɽ ï ʣʦʛʽʯʥʠʡ ʝʣʝʤʝʥʪ 

ʃʄʇʉʂ ï ʣʦʢʘʣʴʥʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʃʉʅ ï ʣʽʥʽʷ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʄɺ ï ʤʫʣʴʪʠʚʽʙʨʘʪʦʨ 

ʄɼʄ ï ʤʦʜʫʣʷʪʦʨ-ʜʝʤʦʜʫʣʷʪʦʨ 

ʄɼʅ ï ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʦʜʥʠʢ 

ʄɿʈ ï ʤʦʣʦʜʰʠʡ ʟʥʘʯʫʱʠʡ ʨʦʟʨʷʜ 

ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 
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ʄʆʅ ï ʤʝʪʘʣïʦʢʠʩʝʣïʥʘʧʽʚʧʨʦʚʦʜʥʠʢ 

ʄʇʉ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ 

ʄʇʉʂ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʄʉ ï ʤʽʢʨʦʩʭʝʤʘ  

ʅ ï ʥʝʽʥʚʝʨʪʫʶʯʠʡ 

ʅɺɯʉ ï ʥʘʜʚʝʣʠʢʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ 

ʅɺʏ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 

ʅɼ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʜʽʦʜ 

ʅʇ ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʧʨʷʤʘ 

ʅʉ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʩʪʘʙʽʣʽʪʨʦʥ 

ʅʏ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ 

ʆɺ ï ʦʜʥʦʚʽʙʨʘʪʦʨ 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʆʉ ï ʦʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʆʊ ï ʦʜʥʦʧʝʨʝʭʽʜʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʇ ï ʧʽʜʩʠʣʶʚʘʯ 

ʇɺɿ ï ʧʨʠʩʪʨʽʡ ʚʠʙʽʨʢʠïʟʙʝʨʽʛʘʥʥʷ 

ʇɺʏ ï ʧʽʜʩʠʣʶʚʘʯ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ 

ʇɼɿʂɼ ï ʧʦʜʽʣʴʥʠʢʠ ʟʽ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʽʣʝʥʥʷ 

ʇɿʉ ï ʧʽʜʩʠʣʶʚʘʯ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʇɿʇ ï ʧʦʩʪʽʡʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʇɯ ï ʧʽʜʩʠʣʶʚʘʯʽï̔ ʥʚʝʨʪʦʨʠ 

ʇʃɯʉ ï ʧʨʦʛʨʘʤʦʚʘʥʽ ʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ 

ʇʅʏ ï ʧʜ̔ʩʠʣʶʚʘʯ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ 

ʇʇ ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ 

ʇʇɽ ï ʧʦʨʽʚʥʷʣʴʥʠʡ ̔ ʧʽʜʩʠʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʇʇʉ ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʇʈ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʨʽʚʥʷ 

ʇʊ ï ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʇʌ ï ʧʝʨʝʤʠʢʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ʇʎɽʇ ï ʧʦʩʣʽʜʦʚʥʠʡ ʮʠʬʨʦʚʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ʇʎʇ ï ʧʦʩʣʽʜʦʚʥʠʡ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ 

ʈɽ ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʈʄ ï ʨʝʟʠʩʪʠʚʥʘ ʤʘʪʨʠʮʷ 

ʈʇʅ ï ʨʝʛʽʩʪʨ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ 

ʉ ï ʩʪʽʢ 

ʉɸ ï ʩʧʽʣʴʥʠʡ ʘʥʦʜ 

ʉɹ ï ʩʧʽʣʴʥʘ ʙʘʟʘ  

ʉɺ ï ʩʧʽʣʴʥʠʡ ʚʠʪʽʢ 
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ʉɼ ï ʩʚʽʪʣʦʜʽʦʜ 

ʉɽ ï ʩʧʽʣʴʥʠʡ ʝʤʽʪʝʨ 

ʉɿ ï ʩʧʽʣʴʥʠʡ ʟʘʪʚʦʨ 

ʉʂ ï ʩʧʽʣʴʥʠʡ ʢʦʣʝʢʪʦʨ 

ʉʇ ï ʩʭʝʤʘ ʧʦʨʽʚʥʷʥʥʷ 

ʉʇʈ ï ʩʠʥʭʨʦʥʽʟʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

ʉʈʉ ï ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ʩʪʫʜʝʥʪʽʚ 

ʉʉ ï ʩʧʽʣʴʥʠʡ ʩʪʽʢ 

ʉʊʂ ï ʩʪʫʤʦʚʠʡ ʢʣʶʯ 

ʉʌ ï ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ 

ʉʌʈ ï ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʽʚ 

ʉʏ ï ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʠʡ 

ʊ ï ʪʨʘʥʟʠʩʪʦʨ 

ʊɼ ï ʪʫʥʝʣʴʥʠʡ ʜʽʦʜ 

ʊʂ ï ʪʨʘʥʟʠʩʪʦʨʥʠʡ ʢʣʶʯ  

ʊʂʅ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʫʛʠ 

ʊʐ ï ʪʨʠʛʝʨ ʐʤʽʪʪʘ 

ʋʇʉ ï ʫʩʪʘʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ 

ʌɺʏ ï ʬʽʣʴʪʨ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ 

ʌɼ ï ʬʦʪʦʜʽʦʜ 

ʌɯ ï ʬʘʨʤʫʚʘʯ ʽʤʧʫʣʴʩʽʚ 

ʌʅʏ ï ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ 

ʌʈ ï ʬʦʪʦʨʝʟʠʩʪʦʨ 

ʌʊ ï ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ 

ʌʊʈ ï ʬʦʪʦʪʠʨʠʩʪʦʨ 

ʌʏʍ ï ʬʘʟʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʎɽʇ ï ʮʠʬʨʦʚʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ʎɯʄʉ ï ʮʠʬʨʦʚʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʩʭʝʤʘ 

ʎʂ ï ʮʠʬʨʦʚʠʡ ʢʦʤʧʘʨʘʪʦʨ 

ʎʆʄ ï ʮʠʬʨʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʤʘʰʠʥʘ 

ʏɯʄ ï ʯʘʩʪʦʪʥʦ-ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ 

ʏʉʏ ï ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ 

ʐɯʇ ï ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʐʌ ï ʰʠʥʥʠʡ ʬʦʨʤʫʚʘʯ 
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ɺʉʊʋʇ 

ʋ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʾʭ ʦʙʨʦʙʣʝʥʥʷ, ʧʨʦʩʪʦʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʩʪʨʫʤʽʚ  ̔ʥʘʧʨʫʛ (ʚʽʜ ʯʘʩʪʦʢ ʤʽʢʨʦʘʤʧʝʨʽʚ ʽ ʤʽʢʨʦʚʦʣʴʪʽʚ ʜʦ ʪʠʩʷʯ 

ʘʤʧʝʨʽʚ ʽ ʩʦʪʝʥʴ ʢʽʣʦʚʦʣʴʪʽʚ), ʧʨʦʩʪʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʽʥʰʽ ʚʠʜʠ (ʪʝʧʣʦʚʫ, ʤʝʭʘʥʽʯʥʫ, ʩʚʽʪʣʦʚʫ) ʽ ʪ. ʽʥ. 

ɿʤʽʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʩʠʛʥʘʣʽʚ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ (ʤʦʜʫʣʶʻʪʴʩʷ ʘʙʦ ʢʦʜʫʻʪʴʩʷ) ʚ ʾʭ ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ ʯʘʩʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʘ ʧʦʪʽʤ ʜʝʤʦʜʫʣʶʻʪʴʩʷ ʘʙʦ ʜʝʢʦʜʫʻʪʴʩʷ, ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʬ̔ ʟʠʯʥʽ ʚʧʣʠʚʠ ʥʘ ʦʙôʻʢʪʠ ʢʝʨʫʚʘʥʥʷ (ʥʘʛʨʽʚ, ʧʝʨʝʩʫʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ) ʘʙʦ ʚ 

ʟʨʫʯʥʽ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʬʦʨʤʠ (ʧʝʨʝʩʫʚʘʥʥʷ ʩʪʨʽʣʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʮʠʬʨʠ ʽ ʩʠʤʚʦʣʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘʙʣʦ). 

ʋ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ 

ʧʽʜʣʷʛʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ: ʧʽʜʩʠʣʝʥʥʶ, ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ  ̔ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʚʘʜ, ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʬʦʨʤʦʶ, ʘʤʧʣʽʪʫʜʦʶ 

ʘʙʦ ʪʨʠʚʘʣʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ  ̔ ʧʘʩʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ 

(ʨʝʟʠʩʪʦʨʽʚ, ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ), ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʟʚôʷʟʢʫ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʚʠʢʦʥʫʶʪ ɹʩʘʤʦʩʪʽʡʥʽ ʬʫʥʢʮʽʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʾʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʘʚʜʷʢʠ ʾʭ ʫʥʽʢʘʣʴʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ  

ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʯʘʩʪʦʪʦʶ ʫ ʜʝʩʷʪʢʠ ʪʘ ʩʦʪʥʽ ʤʝʛʘʛʝʨʮ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʤʦʞʝ 

ʙʫʪʠ ʧʽʜʩʠʣʝʥʦ ʚʽʜ ʯʘʩʪʢʠ ʤʽʢʨʦʚʦʣʴʪʘ ʜʦ ʩʦʪʝʥʴ ʚʦʣʴʪ, ʘ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ï 

ʚʽʜ ʯʘʩʪʢʠ ʥʘʥʦʚʘʪ ʜʦ ʩʦʪʝʥʴ ʢʽʣʦʚʘʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʮʠʬʨʦʚʠʭ ʽ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʜ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʘʨʠʬʤʝʪʠʯʥʽ ʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʦʧʝʨʘʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽʥʪʝʛʨʫʚʘʥʥʷ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʘ ʙʫʜʴ-ʷʢʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʘʢʦʥʦʤ. 

ʈʦʣʴ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʩʦʙʣʠʚʦ ʟʨʦʩʪʘʻ ʩʴʦʛʦʜʥʽ ʫ ʟʚôʷʟʢʫ ʟ 

ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ  ̔ ʩʠʣʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɽʣʝʢʪʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʧʫʩʢʘʶʪʴ 

ʜʚʦʭ ʚʠʜʽʚ: 

- ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʜʽʦʜʽʚ, ʪʨʘʥʟʠʩʪʦʨʽʚ, 

ʪʠʨʠʩʪʦʨʽʚ ʽ ʪ. ʽʥ.); 
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- ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʭʝʤ (ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ɯʉ)), ʚ ʷʢʠʭ ʚ ʦʜʥʦʤʫ 

ʢʦʨʧʫʩʽ ʚ ʦʜʠʥ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʚʫʟʦʣ ʦʙôʻʜʥʘʥʦ ʥʠʟʢʫ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʧʦʚʥʝʥʽ, ʟʘʟʚʠʯʘʡ, ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ɽʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʚʠʜʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʜʫʩʽʤ ʫ ʩʠʣʦʚʠʭ ʣʘʥʮʶʛʘʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʥʘʡʤʝʥʰ ʩʢʣʘʜʥʽ ʟʘ ʩʭʝʤʦʪʝʭʥʽʢʦʶ, ʨʦʟʩʽʶʶʪʴ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʤʘʶʪʴ ʙʽʣʴʰʽ ʛʘʙʘʨʠʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʪʘʢʦʞ ʫ 

ʩʣʘʙʦʪʦʯʥʠʭ ʣʘʥʮʶʛʘʭ ʜʣʷ ʧʦʛʦʜʞʝʥʥʷ  ʦʢʨʝʤʠʭ ʤʽʢʨʦʩʭʝʤ, ʢʦʨʠʛʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʢʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤ 

ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ ʥʝʜʦʮʽʣʴʥʝ. 

ʉʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʚʠʜʫ ʙʝʟʟʫʧʠʥʥʦ 

ʨʦʟʰʠʨʶʪʁʴʩʷ. ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʽ ʬʫʥʢʮʽʾ, ʚʤʽʱʫʶʪʴ ʚʩʝ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʝʨʰʠʥʦʶ ʩʫʯʘʩʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ (ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ) 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʥʘʙʦʨʽʚ ʽ 

ʤʽʢʨʦɽʆʄ (ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ (ʄʂ)), ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʽʜʢʨʠʚʘʻ ʥʦʚʠʡ 

ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʚʩʽʭ ʛʘʣʫʟʝʡ ʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦ ʘʚʪʦʤʘʪʠʢʠ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥ ̫ʩʢʣʘʜʥʦʩʪʽ ʤʽʢʨʦʩʭʝʤ  ̔ʯʠʩʣʝʥʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʚʦʥʠ ʨʝʘʣʽʟʫʶʪʴ, ʦʩʥʦʚʫ ʾʭ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʶʪʴ ʝʣʝʤʝʥʪʘʨʥʽ ʩʭʝʤʠ, ʬʽʟʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʷʢʠʭ ʧʨʦʩʪʽʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʷʚʣʷʶʪʴʩʷ 

ʧ̔ ʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʢʨʦʩʭʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʩʧʨʠʷʻ ʛʣʠʙʰʦʤʫ ʩʧʨʠʡʥʷʪʪʶ 

ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥ ̫ ʩʢʣʘʜʥʦʩʪʽ, 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʽ ʧʦʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢʦʩʪʽ, ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʧʦʰʫʢ  ʥʝʩʧʨʘʚʥʦʩʪʝʡ.  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʰʠʨʦʢʦʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʧʝʮʽʘʣʽʩʪʠ ʨʽʟʥʦʛʦ ʧʨʦʬʽʣʶ ʥʝ ʤʦʞʫʪʴ ʘʢʪʠʚʥʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʙʝʟ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʦʩʥʦʚ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʘʥʘʣʦʛʦʚʦʾ ʪʘ 

ʮʠʬʨʦʚʦʾ ʩʭʝʤʦʪʝʭʥʽʢʠ, ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʘʥʘʣʦʛʦʚʽ (ʙʝʟʧʝʨʝʨʚʥʽ) ʪʘ 

ʜʠʩʢʨʝʪʥʽ (ʧʝʨʝʨʠʚʯʘʩʪʽ), ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʽʣʷʶʪʴ ʥʘ ʽʤʧʫʣʴʩʥʽ ʪʘ 

ʮʠʬʨʦʚʽ. 

ʉʴʦʛʦʜʥʽ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ  ̔ʩʠʩʪʝʤ 

ʟʘʡʤʘʻ ʮʠʬʨʦʚʘ ʝʣʝʢʪʨʦʥʽʢʘ. 
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ʆʜʥʘʢ ʧʦʚʥʽʩʪʶ ʚʠʪʽʩʥʠʪʠ ʘʥʘʣʦʛʦʚʫ ʪʝʭʥʽʢʫ ʮʠʬʨʦʚʘ ʥʝ ʟʤʦʞʝ. 

ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʚʽʜ ʷʢʠʭ ʝʣʝʢʪʨʦʥʥʘ ʧʽʜʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʪʘ 

ʷʢʠʤʠ ʢʝʨʫʻ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ ʽ ʢʝʨʫʚʘʥʥʷ, ʤʘʶʪʴ ʘʥʘʣʦʛʦʚʫ ʧʨʠʨʦʜʫ, 

ʪʦʤʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʥʝʦʙʭʽʜʥʽ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ (ɸʎʇ) ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʎɸʇ). 

ʅʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜʨʫʯʥʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧô̫ ʪʥʘʜʮʷʪʠ ʨʦʟʜʽʣʽʚ. 

ʋ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʩʘʤʦʢʦʥʪʨʦʣʶ. 

ʋ ʧʽʜʨʫʯʥʠʢʫ ʚ ʩʪʠʩʣʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʜʦʩʪʫʧʥʽʡ ʬʦʨʤʽ ʚʠʢʣʘʜʝʥʦ ʚʩʽ 

ʨʦʟʜʽʣʠ ʧʨʦʛʨʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ  ̔ ʤʘʛʽʩʪʨʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè ʩʧʝʮʽʘʣʽʟʘʮʽʾ çɯʥʪʝʛʨʦʚʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʋʢʨʘʾʥʠ. ʎʝ 

ʧʽʜʚʠʱʠʪ ɹʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝ ʣʠʰʝ ʘʫʜʠʪʦʨʥʠʭ ʟʘʥʷʪʴ, ʘ ʡ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪʽʚ. ʄʘʪʝʨʽʘʣ ʩʢʦʤʧʦʥʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʨʦʟʜʽʣ ʻ 

ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʢʫʨʩʫ ʩʪʫʜʝʥʪʠ ʟʘʩʚʦʶʁ ʪʴ ʧʨʠʥʮʠʧʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʠʙʦʨʫ, ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ  ̔ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʥʽʢʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʝʪʦʜʠ ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʟʘʜʘʥʠʤʠ ʩʪʘʪʠʯʥʠʤʠ ʡ ʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʪʫʜʝʥʪ ʤʘʻ ʟʥʘʪʠ: 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʘʥʘʣʦʛʦʚʦʾ ʽ ʮʠʬʨʦʚʦʾ 

ʩʭʝʤʦʪʝʭʥʽʢʠ; ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʫʤʽʪʠ: ʨʦʟʨʘʭʫʚʘʪʠ ʪʘ 

ʤʦʜʝʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʣʘʥʢʠ; ʫʟʘʛʘʣʴʥʠʪʠ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

ʨʦʟʨʦʙʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ. 

ʇʽʜʨʫʯʥʠʢ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ ʟʛʽʜʥʦ ʟ 

ʧʨʦʛʨʘʤʘʤʠ ʧʽʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʽʚ, ʽʥʞʝʥʝʨʽʚ  ̔ʤʘʛʽʩʪʨʽʚ ʥʘʧʨʷʤʫ çʉʠʩʪʝʤʥʘ 

ʽʥʞʝʥʝʨʽʷè ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè. 

ʂʫʨʩ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ: ʤʘʪʝʤʘʪʠʢʘ, ʬʽʟʠʢʘ, 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ.  

ɿʽ ʩʚʦʛʦ ʙʦʢʫ ʢʫʨʩ ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʙʽʣʴʰʦʩʪʽ 

ʥʘʩʪʫʧʥʠʭ ʜʠʩʮʠʧʣʽʥ ʙʘʢʘʣʘʚʨʘʪʫ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʩʠʩʪʝʤ.  
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1. ɽʃɽʂʊʈʆʅʅɯ ɽʃɽʄɽʅʊʀ ʊɸ ʌɯɿʀʏʅɯ ʆʉʅʆɺʀ ɰʍ ʈʆɹʆʊʀ 

1.1. ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʜ̔ʥʠʢʽʚ 

1.1.1. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʫ ʘʪʦʤʽ 

ɿʛʽʜʥʦ ʟ ʢʚʘʥʪʦʚʦ ʁ ʪʝʦʨʽʻ  ʁ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʤʘʪʠ ʮʽʣʢʦʤ ʧʝʚʥʽ 

(ʜʠʩʢʨʝʪʥʽ ʘʙʦ ʢʚʘʥʪʦʚʽ) ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʦʨʙʽʪʘʣʴʥʦʾ 

ʚhʠʜʢʦʩʪʽ, ʪʦʤʫ ʝʣʝʢʪʨʦʥ ʥʘʚʢʦʣʦ ʷʜʨʘ ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʧʝʚʥʠʤʠ 

ʦʨʙʽʪʘʤʠ. ʂʦʞʥʽʡ ʦʨʙʽʪʽ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʦʢʨʝʤʣʝʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ, ʡ ʝʣʝʢʪʨʦʥʠ ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʭʦʜʠʪʠ ʟ ʦʜʥʽʻʾ 

ʦʨʙʽʪʠ ʥʘ ʽʥʰʫ. ʉʫʢʫʧʥʽʩʪʴ ʨʽʚʥʽʚ ʫʪʚʦʨʶʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ 

ʘʪʦʤʽ. ɻʨʘʬʽʯʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʢʨʝʤʦʤʫ ʘʪʦʤʽ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʚʠʤʽʨʥʦʾ ʜʽʘʛʨʘʤʠ, ʜʝ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʧʦʢʘʟʘʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ (ʨʠʩ. 1.1). 

 
ʈʠʩ. 1.1. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʝʣʝʢʪʨʦʥʽʚ ʚ ʘʪʦʤʽ 

ʋ ʥʝ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʝʣʝʢʪʨʦʥʠ ʚ ʘʪʦʤʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʥʘʡʙʣʠʞʯʠʭ ʜʦ 

ʷʜʨʘ ʦʨʙʽʪʘʭ. ʅʝ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʦʶ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʟʦʚʥʽʰʥʷ ʦʨʙʽʪʘ. ʇʽʜ 

ʯʘʩ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʘʪʦʤʦʤ ʷʢʠʡʩʴ ʝʣʝʢʪʨʦʥ ʤʦʞʝ ʧʝʨʝʡʪʠ ʥʘ ʦʜʠʥ ʟ 

ʚʠʱʠʭ ʚʽʣʴʥʠʭ ʨʽʚʥʽʚ (ʫʪʚʦʨʶʻʪʴʩʷ ʟʙʫʜʞʝʥʠʡ ʘʪʦʤ) ʘʙʦ ʟʦʚʩʽʤ ʟʘʣʠʰʠʪʠ 

ʘʪʦʤ (ʫʪʚʦʨʶʻʪʴʩʷ ʽʦʥ). 

1.1.2. ɽʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ɺʟʘʻʤʦʜʽʷ ʙʘʛʘʪʴʦʭ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʚʠʢʣʠʢʘʻ ʟʩʫʚ ʽ 

ʨʦʟʱʝʧʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʽʚ. ʇʽʜ ʯʘʩ ʦʙô̒ ʜʥʘʥʥʷ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ N ʦʜʥʘʢʦʚʠʭ ʘʪʦʤʽʚ ʢʦʞʝʥ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ N 
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ʙʣʠʟʴʢʦ ʨʦʟʤʽʱʝʥʠʭ ʦʜʥʠʡ ʜʦ ʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʜʦʟʚʦʣʝʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʟʦʥʫ. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʝ ʨʦʟʱʝʧʣʝʥʥʷ ʝʥʝʨ- 

ʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ 
1E  ʽ 

2E  ʝʣʝʢʪʨʦʥʽʚ ʫ ʦʜʠʥʦʯʥʦʤʫ ʘʪʦʤʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʟ ʰʝʩʪʠ ʦʜʥʘʢʦʚʠʭ ʘʪʦʤʽʚ (N = 6 ); rï ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ. 

ʗʢʱʦ r >> r 2, ʘʪʦʤʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʠʡ. ʋ ʨʘʟʽ ʟʙʣʠʞʝʥʥʽ 

ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʴ r < r 2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʱʝʧʣʝʥʥʷ ʨʽʚʥʷ 
2E  ʥʘ h̔ ʩʪʴ 

ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ. ʇʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ r < r 1 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʦʟʱʝʧʣʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ 
1E . ʗʢʱʦ r = r 0, ʫ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʚʽ ʩʫʢʫʧʥʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʘʭ 
1ED  ʽ 

2ED , ʭ̔ ʥʘʟʠʚʘʶʪʴ ʜʦʟʚʦʣʝʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʦʥʘʤʠ. ɿʦʥʠ 
1ED  ʽ 

2ED  ʟʘ r = 

r0 ʨʦʟʜʽʣʝʥʽ ʧʨʦʤʽʞʢʦʤ æɽ3, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ. ʊʘʢʠʡ 

ʧʨʦʤʽʞʦʢ ʥʘʟʠʚʘʶʪʴ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ. 

 
ʈʠʩ. 1.2. ʈʦʟʱʝʧʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʽʚ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ɿʘʙʦʨʦʥʝʥʽ ʟʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ, ʷʢʽ ʝʣʝʢʪʨʦʥ 

ʤʘʪʠ ʥʝ ʤʦʞʝ. ɿ ʧʦʜʘʣʴʰʠʤ ʟʙʣʠʞʝʥʥʷʤ ʘʪʦʤʽʚ r ¢ r3 ʟʦʥʠ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

1ED   ̔ 2ED , ʪʦʙʪʦ ʟʘʧʦʚʥʶʻʪʴʩʷ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ æɽ3. ʅʘ ʨʠʩ. 1.3 ʛʨʘʬʽʯʥʦ 

ʧʦʢʘʟʘʥʦ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

ʈʽʚʥʽ ʝʥʝʨʛʽʾ, ʟʘʡʥʷʪʽ ʝʣʝʢʪʨʦʥʘʤʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 ʂ, ʢʦʣʠ ʥʝʤʘʻ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʫʪʚʦʨʶʶʪʴ ʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʟʘʧʦʚʥʝʥʫ ʟʦʥʫ. ʉʫʢʫʧʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫʪʚʦʨʶʻ ʚʘʣʝʥʪʥʫ ʟʦʥʫ (ʚʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʟʘʧʦʚʥʝʥʦʾ ʟʦʥʠ). 

ɼʦʟʚʦʣʝʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʘʡʥʷʪʠʤʠ ʟʘ ʊ = 0 ʂ, 

ʫʪʚʦʨʶʶʪʴ ʚʽʣʴʥʫ ʟʦʥʫ. ʅʠʞʥʶ ʯʘʩʪʠʥʫ ʚʽʣʴʥʦʾ ʟʦʥʠ ʥʘʟʠʚʘʶʪʴ ʟʦʥʦʶ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʽ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʥʝʾ, ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ, ʱʦ ʦʪʨʠʤʘʣʠ ʜʦʜʘʪʢʦʚʫ ʝʥʝʨʛʽʶ ʟʟʦʚʥʽ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʽʣʴʢʠ 

ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʝʣʝʢʪʨʦʥʘ, ʘ ʥʝ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ. 
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E [ʝɺ]

ɺ̔ʣɹʥʘ  ʟʦʥʘ

ɿʦʥʘ ʧʨʦʚ̔ʜʥʦʩʪ̔

ɿʘʙʦʨʦʥʝʥʘ ʟʦʥʘ

ɺʘʣʝʥʪʥʘ ʟʦʥʘ

ɿʘʧʦʚʥʝʥʘ ʟʦʥʘ

}}
}
}}

 

ʈʠʩ. 1.3. ɽʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

1.1.3. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʤʽʞ ʚʘʣʝʥʪʥʦʶ ʟʦʥʦʶ ʽ ʟʦʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʻʶ ʝʥʝʨʛʽʻʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʚʘʣʝʥʪʥʠʤ ʝʣʝʢʪʨʦʥʘʤ, 

ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʧʝʨʝʡʪʠ ʥʘ ʚʠʱʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʝʣʝʢʪʨʦʥʠ ʚʪʨʘʯʘʶʪʴ ʟʚô̫ ʟʦʢ ʟ ʷʜʨʦʤ ʽ ʩʪʘʶʪʴ 

ʚʽʣʴʥʠʤʠ. 

ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʦ ʜʽʘʛʨʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʜʣʷ ʧʨʦʚʽʜʥʠʢʘ, 

ʜʽʝʣʝʢʪʨʠʢʘ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʋ ʧʨʦʚʽʜʥʠʢʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʣʝʥʪʥʘ ʟʦʥʘ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

(ʟʘʙʦʨʦʥʝʥʦ ʾ ʟʦʥʠ ʥʝʤʘʻ) ʽ ʚʘʣʝʥʪʥʽ ʝʣʝʢʪʨʦʥʠ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʦʥʫ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʋ ʜʽʝʣʝʢʪʨʠʢʽʚ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʝʣʠʢʘ. ɼʣʷ ʧʝʨʝʭʦʜʫ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʾʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʚʘʪʠ ʟʥʘʯʥʫ 

ʝʥʝʨʛʽʶ (ʥʝ ʤʝʥʰʝ 3 ʝɺ). ɼʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʘ (ʧʨʠʙʣʠʟʥʦ 0,5ï2 ʝɺ). 

ʅʘ ʨʠʩ. 1.4, ʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʠʞʥʡ̔ ʤʝʞʽ (ʜʥʫ) 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʦʟʥʘʯʝʥʠʡ ʇE , ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʭʥʽʡ 

ʤʝʞʽ (ʩʪʝʣʽ) ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ï ɺE . 
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ʈʠʩ. 1.4. ɼʽʘʛʨʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ: ʘ ï ʧʨʦʚʽʜʥʠʢ; ʙ ï ʜʽʝʣʝʢʪʨʠʢ; 

ʚ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

1.1.4. ʈʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʢʚʘʥʪʦʚʠʤʠ ʩʪʘʥʘʤʠ 

ʇʨʦʮʝʩ ʟʘʥʷʪʪʷ ʝʣʝʢʪʨʦʥʘʤʠ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʤʘʻ 

ʤ̔ʦʚʽʨʥʩ̔ʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ [3; 20] 

1

1
)()(

+

==
-

kT

EEnn
F

e

EPEf ,       

ʜʝ )(Efn
 ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ; )(EPn

ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʟ ʝʥʝʨʛʽʻʶ ɽ ʟʘʡʥʷʪʠʡ ʝʣʝʢʪʨʦʥʦʤ;              
FE  

ï ʨʽʚʝʥʴ ʌʝʨʤʽ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʬʫʥʢʮʽʷ ʌʝʨʤʽ ʷʢʦʛʦ ʨʽʚʥʘ 0,5 ʟʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ; T  ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ; k  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʢʚʘʥʪʦʚʠʡ ʩʪʘʥ ʟ ʝʥʝʨʛʽʻʶ E  ʚʽʣʴʥʠʡ ʚʽʜ 

ʝʣʝʢʪʨʦʥʘ, ʪʦʙʪʦ ʟʘʡʥʷʪʠʡ ʜʽʨʢʦʶ 
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=

+

.      

ʅʘ ʨʠʩ. 1.5 ʟʦʙʨʘʞʝʥʘ ʬʫʥʢʮʽʷ )(Efn
 ʜʣʷ T  = 0 ʂ ʽ T  > 0 ʂ. 

ʋ ʯʠʩʪʦʤʫ (ʚʣʘʩʥʦʤʫ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʌʝʨʤʽ 

IFE  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

.
2 2I

ɿ ɿ
F ɺ ʇ

E E
E E E

D D
= + = - ,     

ʪʦʙʪʦ ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʙʝʟʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʟʘ ʙʫʜʴ-ʷʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʩʝʨʝʜʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 
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ʈʠʩ. 1.5. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʌʝʨʤʽ 

1.1.5. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ: Ge ï ʛʝʨʤʘʥʽʡ, Si ï 

ʢʨʝʤʥʽʡ, Se ï ʩʝʣʝʥ, GaAs ï ʘʨʩʝʥʽʜ ʛʘʣʽʶ, GaP ï ʬʦʩʬʽʜ ʛʘʣʽʶ, SiC ï ʢʘʨʙʽʜ 

ʢʨʝʤʥʽʶ ʽ ʥʠʟʢʘ ʽʥʰʠʭ, ʤʘʶʪʴ ʧʠʪʦʤʠʡ ʦʧʽʨ 104 10...10-=r
 
ʆʤÖʩʤ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʧʠʪʦʤʠʡ ʦʧʽʨ ʧʨʦʚʽʜʥʠʢʽʚ 46 10...10 --=r  ʆʤÖʩʤ, ʘ ʜʽʝʣʝʢʪʨʠʢʽʚ ï 

1510 10...10=r  ʆʤÖʩʤ [20; 22]. 

ʆʪʞʝ, ʟʘ ʩʚʦʾʤ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʫ 

ʦʙʣʘʩʪʴ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ ʽ ʜʽʝʣʝʢʪʨʠʢʘʤʠ. ɻʨʘʥʠʮʽ ʤʽʞ ʥʠʤʠ ʜʦʩʠʪʴ ʫʤʦʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʽʝʣʝʢʪʨʠʢ ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʘ ʷʢʠʡʩʴ ʯʠʩʪʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʟʘ ʜʦʩʠʪʴ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʽʙʥʠʡ ʜʦ ʜʽʝʣʝʢʪʨʠʢʘ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʻ ʩʠʣʴʥʘ ʟʤʽʥʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʦʤ ʘʙʦ 

ʽʦʥʽʟʦʚʘʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʜʦʤʽʰʢʠ ʘʙʦ ʧʽʜ ʯʘʩ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ. 

1.1.6. ɺʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʨʦʟʛʣʷʥʝʤʦ 

ʜʝʷʢʠʡ ʦʙô̒ ʤ ʽʜʝʘʣʴʥʠʭ (ʽʟ ʩʪʨʦʛʦ ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʪʦʤʽʚ ʫ 

ʚʫʟʣʘʭ ʨʝʰʽʪʢʠ) ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʛʝʨʤʘʥʽʶ ï ʝʣʝʤʝʥʪʘ IV ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ ʄʝʥʜʝʣʻʻʚʘ. ʅʘ ʨʠʩ. 1.6 ʦʙô̒ ʤʥ̔ ʢʨʠʩʪʘʣʽʯʥ ̔ ˇʨʘʪʠ 

ʛʝʨʤʘʥʽʶ, ʝʣʝʤʝʥʪʘʨʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʽʛʫʨʦʶ ʷʢʦʾ ʻ ʪʝʪʨʘʝʜʨ, ʟʦʙʨʘʞʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʧʣʦʱʠʥʥʠʭ ˇʨʘʪ. 
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ɸʪʦʤʠ ʛʝʨʤʘʥʽʶ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ˇʨʘʪ ʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʽʥʰʠʤʠ 

ʘʪʦʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʇʦʜʚʽʡʥʽ ʣʽʥʽʾ ʤʽʞ 

ʚʫʟʣʘʤʠ ˇʨʘʪ ʫʤʦʚʥʦ ʟʦʙʨʘʞʘʶʪʴ ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʨʽʟʥʠʤ ʘʪʦʤʘʤ. ʋ ʽʜʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ 

ʛʝʨʤʘʥʽʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ T  = 0 ʂ ʚʩʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ 

ʟʘʧʦʚʥʝʥʽ ʽ ʢʦʞʝʥ ʘʪʦʤ ʤʘʻ ʜʦʙʫʜʦʚʘʥʫ ʦʙʦʣʦʥʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʩʴʤʠ 

ʝʣʝʢʪʨʦʥʽʚ. ɺʘʣʝʥʪʥʘ ʟʦʥʘ ʧʦʚʥʽʩʪʶ ʟʘʡʥʷʪʘ ʝʣʝʢʪʨʦʥʘʤʠ, ʘ ʟʦʥʘ ʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʨʦʞʥʷ. 

ɼʣʷ ʛʝʨʤʘʥʽʶ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʦʨʽʚʥʶʻ 0,72 ʝɺ. ʊʦʤʫ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ 

ʝʥʝʨʛʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. ʊʘʢʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʪʝʧʣʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣ̫ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʥʽʚ ʨʦʟʨʠʚʘʻ ʢʦʚʘʣʝʥʪʥʽ 

ʟʚô̫ ʟʢʠ ʽ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʟʚʽʣʴʥʷʶʯʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʫ 

ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ. ɺʘʢʘʥʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʥʘʟʠʚʘʶʪʴ 

ʜʽʨʢʦʶ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ ʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʽ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʷʭ ʧʦʚʦʜʠʪʴʩʷ, ʷʢ 

ʯʘʩʪʠʥʢʘ ʽʟ ʜʦʜʘʪʥʠʤ ʟʘʨʷʜʦʤ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʧʨʦʚʽʜʥʦʩʪʽ, ʜʽʨʢʘ-ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʟʠʚʘʪʁʴ ʛʝʥʝʨʘʮʽʻʶ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ (ʨʠʩ. 1.7). 

ʇʽʩʣʷ ʩʚʦʻʾ ʧʦʷʚʠ ʜʽʨʢʠ-ʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʪʁʴ ʭʘʦʪʠʯʥʠʡ ʨʫʭ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʝʣʝʢʪʨʦʥʠ ʫ ʟʦʥʽ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟʦʥʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʜʽʨʢʘʤʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ. 

ʇʨʦʮʝʩ ʟʥʠʢʥʝʥʥʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ ʥʘʟʠʚʘʪʁʴ ʨʝʢʦʤʙʽʥʘʮʽʻʶ. ʎʝʡ 

ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʝʥʝʨʛʽʾ, ʷʢʘ ʥʘʛʨʽʚʘ ̒ʢʨʠʩʪʘʣʽʯʥ ̔ˇʨʘʪʠ ʽ 

ʯʘʩʪʢʦʚʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʗʢʱʦ ʜʦ ʢʨʠʩʪʘʣʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠʢʣʘʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʪʦ ʨʫʭ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʥʘʙʫʚʘʻ ʜʝʷʢʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʟʘ ʘʙʩʦʣʶʪʥʠʡ ʥʫʣʴ ʢʨʠʩʪʘʣ ʥʘʙʫʚʘʻ ʟʜʘʪʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. 

ʁʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʧʘʨ 

ʝʣʝʢʪʨʦʥïʜʽʨʢʘ. ʇʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʫʭʦʤ ʦʙʦʭ ʚʠʜʽʚ ʥʦʩʽʾʚ ï 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ɿʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [6; 20] 

ppnn pqnq mms ÖÖ+ÖÖ= ,     

ʜʝ s ï ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ; n  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ;             p  ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ; 
nm  ï ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ; pm  ï ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ; 

nq  i 

pq  ï ʟʘʨʷʜʠ ʝʣʝʢʪʨʦʥʘ ʽ ʜʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 1.6. ʆʙô̒ ʤʥ̔ ʢʨʠʩʪʘʣʽʯʥ ̔ˇʨʘʪʠ 
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ʈʠʩ. 1.7. ɻʝʥʝʨʘʮʽʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ 

 

ʊʘʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʟʠʚʘʪʁʴ ʚʣʘʩʥʦʶ, ʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ï ʚʣʘʩʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ʎʷ ʧʨʦʚʽʜʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʥʝʚʝʣʠʢʘ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɽʣʝʢʪʨʦʥʥʘ ʽ ʜʽʨʢʦʚʘ ʧʨʦʚʽʜʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ. ʇʨʦʪʝ 

ʫ ʨʘʟʽ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʋ ʨʘʟʽ ʜʽʨʢʦʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʨʫʭʘʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ, ʟʘʧʦʚʥʶʶʯʠ ʚʘʢʘʥʪʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʜʽʨʢʠ), ʫ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʜʽʨʦʢ. 

ɺʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʜʦʩʠʪʴ ʜʣʷ ʨʦʟʨʠʚʫ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ 

ʧʝʨʝʚʝʩʪʠ ʝʣʝʢʪʨʦʥ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʙʪʦ ʧʦʜʦʣʘʪʠ ʟʘʙʦʨʦʥʝʥʫ ʟʦʥʫ. 

1.1.7. ɼʦʤʽʰʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʗʢʱʦ ʫ ʢʨʠʩʪʘʣ ʛʝʨʤʘʥʽʶ ʘʙʦ ʢʨʝʤʥʽʶ ʜʦʜʘʪʠ ʜʦʤʽʰʢʠ ʝʣʝʤʝʥʪʽʚ III 

ʘʙʦ V ʛʨʫʧʠ ʪʘʙʣʠʮʽ ʄʝʥʜʝʣʻʻʚʘ, ʪʦ ʪʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʥʘʟʠʚʘʪʁʴ 

ʜʦʤʽʰʢʦʚʠʤ. 

ɼʦʤʽʰʢʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʽʟ ʚʣʘʩʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ. 

ɼʦʤʽʰʢʠ ʙʫʚʘʶʪʴ ʜʦʥʦʨʥʽ ʽ ʘʢʮʝʧʪʦʨʥʽ. ɼʦʥʦʨʥʽ ʜʦʤʽʰʢʠ ʚʽʜʜʘʶʪʴ 

ʩʚʦʾ ʝʣʝʢʪʨʦʥʠ, ʩʪʚʦʨʶʶʯʠ ʫ ʢʨʠʩʪʘʣʽ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʘʢʮʝʧʪʦʨʥʽ ï 

ʟʘʭʦʧʣʶʶʪʴ ʝʣʝʢʪʨʦʥʠ ʟ ˇʨʘʪ ʦʩʥʦʚʥʦʛʦ ʢʨʠʩʪʘʣʫ, ʩʪʚʦʨʶʶʯʠ ʜʽʨʢʦʚʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʜʦʤʽʰʢʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʽ ʜʽʨʢʦʚʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦʤʽʰʢʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 
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ʇ̔ ʜ ʯʘʩ ʚʥʝʩʝʥʥʷ ʜʦ ʟʘʟʜʘʣʝʛʽʜʴ ʦʯʠʱʝʥʦʛʦ ʛʝʨʤʘʥʽʶ ʜʦʤʽʰʢʠ 

ʧô̫ ʪʠʚʘʣʝʥʪʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʥʘʧʨʠʢʣʘʜ, ʤʠʰô̫ ʢʫ ï As) ʘʪʦʤʠ ʜʦʤʽʰʢʠ 

ʟʘʤʽʱʘʶʪʴ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʘʪʦʤʠ ʛʝʨʤʘʥʽʶ, ʧʨʠ ʮʴʦʤʫ ʯʦʪʠʨʠ ʟ 

ʧô̫ ʪʠ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʤʠʰô̫ ʢʫ ʫʪʚʦʨʶʶʪʴ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ ʟ 

ʯʦʪʠʨʤʘ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ ʛʝʨʤʘʥʽʶ ʧʦʜʽʙʥʦ ʜʦ ʟʚô̫ ʟʢʽʚ ʫ ʚʣʘʩʥʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. ʇô̫ ʪʠʡ ʝʣʝʢʪʨʦʥ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʜʣʠʰʢʦʚʠʤ (ʨʠʩ. 1.8). 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ɼE  ʣʝʞʠʪʴ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ 

ʧʦʙʣʠʟʫ ʜʥʘ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ ʚʞʝ ʟʘ ʢʽʤʥʘʪʥʦ ʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʜʣʠʰʢʦʚʽ ʝʣʝʢʪʨʦʥʠ ʤʠʰô̫ ʢʫ ʥʘʙʫʚʘʶʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʫʞʝ 

ʥʝʚʝʣʠʢʽʡ ʝʥʝʨʛʽʾ ʾʭ ʟʚô̫ ʟʢʫ ʟ ʘʪʦʤʘʤʠ ʜʦʤʽʰʢʠ (ɼ ʇ ɼE E ED = -), ʽ ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʋ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ ʛʝʨʤʘʥʽʶ, ʱʦ ʟʘʡʥʷʪʽ ʘʪʦʤʘʤʠ ʜʦʤʽʰʢʠ, 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʥʦ ʟʘʨʷʜʞʝʥʽ ʽʦʥʠ (ʥʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʢʚʘʜʨʘʪʠʢʽʚ), ʘ ʚ ʦʙô̒ ʤʽ ʢʨʠʩʪʘʣʫ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʥʘʜʣʠʰʢʦʚʽ ʝʣʝʢʪʨʦʥʠ, ʱʦ 

ʤʘʶʪʴ ʝʥʝʨʛʽʶ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ɿɼ EE D<<D , ʪʦ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʜʦʤʽʰʢʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ɼE , ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, 

ʱʦ ʧʝʨʝʭʦʜʷʪʴ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʫ ʧʨʦʮʝʩʽ ʛʝʥʝʨʘʮʽʾ ʧʘʨ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ. ʊʦʤʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʨʠʩʪʘʣʽ ʧʽʜ ʯʘʩ ʚʥʝʩʝʥʥʷ 

ʧô̫ ʪʠʚʘʣʝʥʪʥʦʾ ʜʦʤʽʰʢʠ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʜʽʨʦʢ. ʊʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʤʘʻ, ʧʝʨʝʚʘʞʥʦ, ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘʙʦ ʧʨʦʚʽʜʥʽʩʪʴ  n-ʪʠʧʫ (n-

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ), ʘ ʜʦʤʽʰʢʘ, ʟʜʘʪʥʘ ʚʽʜʜʘʚʘʪʠ ʝʣʝʢʪʨʦʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʦʥʦʨʥʦʶ. ʆʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ       n-ʪʠʧʫ ʻ 

ʝʣʝʢʪʨʦʥʠ, ʘ ʥʝʦʩʥʦʚʥʠʤʠ ï ʜʽʨʢʠ. 

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ: 

 )ln(
I

n
FF

n

n
kTEE

In
Ö+= ,     

ʜʝ k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; nI ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʙʝʟʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ; nn ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, 

ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ. 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʭʦʜʠʪʴ, ʱʦ ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ      n-

ʪʠʧʫ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʚʠʱʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ. 

ʇ̔ ʜ ʯʘʩ ʜʦʜʘʚʘʥʥ ̫ʫ ʢʨʠʩʪʘʣ ʛʝʨʤʘʥʽʶ ʜʦʤʽʰʢʠ ʝʣʝʤʝʥʪʽʚ III ʛʨʫʧʠ 

(ʥʘʧʨʠʢʣʘʜ, ʽʥʜʽʶ ï In) ʘʪʦʤʠ ʽʥʜʽ ʁʟʘʤʽʱʘʶʪʴ ʫ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪ 

ʘʪʦʤʠ ʛʝʨʤʘʥʽʶ. ʇʨʦʪʝ ʫ ʮʴʦʤʫ ʨʘʟʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚô̫ ʟʢʽʚ 
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ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʥʝ ʚʠʩʪʘʯʘʻ, ʦʩʢʽʣʴʢʠ ʘʪʦʤʠ ʥ̔ʜʽʶ ʤʘʶʪʴ ʣʠʰʝ ʪʨʠ ʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʦʥʠ (ʨʠʩ. 1.10). 
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 ʈʠʩ. 1.8. ʋʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʦʤʽʰʢʦʚʦʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ

  

 

 

ʈʠʩ. 1.9. ɽʥʝʨʛʝʪʠʯʥʽ ʟʦʥʠ ʜʦʤʽʰʢʦʚʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ n-ʪʠʧʫ
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ʈʠʩ. 1.10. ʋʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʜʨ̔ʦʢ ʫ ʜʦʤʽʰʢʦʚʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ 

ʆʩʢʽʣʴʢʠ ʜʦʤʽʰʢʦʚʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʽʥʜʽʶ 
ɸE  ʣʝʞʠʪʴ ʫ 

ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʧʦʙʣʠʟʫ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ Ge, ʪʦ ʜʦʩʠʪʴ ʜʫʞʝ ʥʝʚʝʣʠʢʦʾ 

ʝʥʝʨʛʽʾ 3EEEE Bɸɸ D<<-=D  (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ), ʱʦʙ ʝʣʝʢʪʨʦʥʠ ʽʟ ʚʝʨʭʥʽʭ ʨʽʚʥʽʚ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʧʝʨʝʤʽʩʪʠʣʠʩʷ 

ʥʘ ʨʽʚʝʥʴ ʜʦʤʽʰʢʠ, ʫʪʚʦʨʠʚʰʠ ʧʦʪʨʽʙʥʽ ʢʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʜʣʠʰʢʦʚʽ ʚʘʢʘʥʪʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʜʽʨʢʠ), ʘ ʘʪʦʤʠ ʥ̔ʜʽʶ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʽʜô̒ ʤʥʽ ʽʦʥʠ (ʥʘ 

ʨʠʩ. 1.11 ʧʦʢʘʟʘʥʦ ʪʨʠ ʚʽʜô̒ ʤʥʠʭ ʽʦʥʠ ʜʦʤʽʰʢʠ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʠʢʽʚ). 

ʂ̔ ʣʴʢʽʩʪʴ ʜʽʨʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʧʽʜ ʯʘʩ ʚʥʝʩʝʥʥʷ ʪʨʠʚʘʣʝʥʪʥʦʾ ʜʦʤʽʰʢʠ 

ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ (3EEɸ D<<D ). ʊʘʢʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʤʘʻ 

ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ ʘʙʦ ʧʨʦʚʽʜʥʽʩʪʴ ʪʠʧʫ p (p-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ). 
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ʈʠʩ. 1.11. ɽʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʜʦʤʽʰʢʦʚʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ p-ʪʠʧʫ 

ɼʦʤʽʰʢʫ, ʚʚʝʜʝʥʥʷ ʷʢʦʾ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʜʽʨʦʢ ʫ ʚʘʣʝʥʪʥʽʡ ʟʦʥʽ, 

ʥʘʟʠʚʘʪʁʴ ʘʢʮʝʧʪʦʨʥʦʶ. ʋ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʪʠʧʫ p ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʻ 

ʜʽʨʢʠ, ʘ ʥʝʦʩʥʦʚʥʠʤʠ ï ʝʣʝʢʪʨʦʥʠ. 

ʇʦʣʦʞʝʥʥʷ ʨʽʚʥʷ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʨ-ʪʠʧʫ 
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ʜʝ pp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʨʽʚʝʥʴ ʌʝʨʤʽ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ 

ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ pp. 

1.2. ɽʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʡ ʧʝʨʝʭʽʜ 

1.2.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʆʙʣʘʩʪʴ, ʱʦ ʨʦʟʜʽʣʷʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʟ ʨʽʟʥʦʪʠʧʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ, ʥʘʟʠʚʘʪʁʴ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʘʙʦ p-n-ʧʝʨʝʭʦʜʦʤ. 

ɺʽʥ ʻ ʦʩʥʦʚʦʶ ʙʽʣʴʰʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. 

1.2.2. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʇ̔ ʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥ ̫ p-n-ʧʝʨʝʭʦʜʽʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʜʦʥʦʨʥʦʾ 

ʜʦʤʽʰʢʠ ʫ n-ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1510=ɼN
 
ʩʤ
ï3
, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ 

ʘʢʮʝʧʪʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ ʨ-ʦʙʣʘʩʪʽ ï ʙʣʠʟʴʢʦ 1810=ɸN
 
ʩʤ
ï3 

(ʨʠʩ. 1.12). 
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ʈʠʩ. 1.12. ʇʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʫ ʨʘʟʽ ʚ̔ ʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ ʫʤʦʚʠ, ʱʦ: 

1. ʅʘ ʤʝʞʽ ʨʦʟʜʽʣʫ p- ʽ n-ʦʙʣʘʩʪʝʡ ʚʽʜʩʫʪʥʽ ʤʝʭʘʥʽʯʥʽ ʜʝʬʝʢʪʠ ʽ 

ʚʢʣʶʯʝʥʥʷ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

2. ɿʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʚʩʽ ʘʪʦʤʠ ʜʦʤʽʰʢʠ ʽʦʥʽʟʦʚʘʥʽ, ʪʦʙʪʦ 

p ɸ

n ɼ

p N

n N

= ûî
ü

= îý,          

ʜʝ pp ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ p-ʪʠʧʫ, 

nn ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, ʷʢ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ n-ʪʠʧʫ.  

3. ʅʘ ʤʝʞʽ p- ʪʘ n-ʦʙʣʘʩʪʝʡ p-n-ʧʝʨʝʭʦʜʫ ʪʠʧ ʜʦʤʽʰʢʠ ʨʽʟʢʦ 

ʟʤʽʥʶʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʚ n-ʦʙʣʘʩʪʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ p-ʦʙʣʘʩʪʽ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ ʫ p-ʦʙʣʘʩʪʽ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʨʦʢ ʚ n-ʦʙʣʘʩʪʽ 

n P

p n

n n

p p

>> ûî
ü

>> îý
,        

ʪʦ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʠʥʠʢʘʻ ʛʨʘʜʽʻʥʪ (ʧʝʨʝʧʘʜ) ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʫʭʦʤʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ (ʜʽʨʦʢ ʽ ʝʣʝʢʪʨʦʥʽʚ) 

; .
dp dn

dx dx
         

ʇʽʜ ʜʽʻʶ ʛʨʘʜʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʷʜʠ ʜʠʬʫʥʜʫʚʘʪʠʤʫʪʴ ʽʟ ʦʙʣʘʩʪʽ ʟ 

ʚʠʱʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚ ʦʙʣʘʩʪʴ ʽʟ ʟʥʠʞʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʪʦʙʪʦ 

ʝʣʝʢʪʨʦʥʠ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʽʟ n-ʦʙʣʘʩʪʽ ʫ p-ʦʙʣʘʩʪʴ, ʘ ʜʽʨʢʠ ï ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 
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ʥʘʧʨʷʤʢʫ. ʎʝ ʨʫʭ ʟʘʨʷʜʽʚ (ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ) ʫʪʚʦʨʶʻ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ  

p-n-ʧʝʨʝʭʦʜʫ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ ʩʢʣʘʜʦʚʽ: 
ɼʀʌnI  ï ʝʣʝʢʪʨʦʥʥʫ ʽ ʨɼʀʌI  ï ʜʽʨʢʦʚʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʛʨʘʥʠʯʥʠʡ ʰʘʨ 

ʟʙʽʜʥʶ̒ ʪʴʩʷ ʨʫʭʦʤʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ. ʋ ʧʨʠʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ n-ʪʠʧʫ 

ʟô̫ ʚʣʷʻʪʴʩʷ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʠʡ ʜʦʜʘʪʥʠʡ ʟʘʨʷʜ ʟʘ ʨʘʭʫʥʦʢ ʽʦʥʽʚ ʜʦʥʦʨʥʦʾ 

ʜʦʤʽʰʢʠ, ʘ ʚ ʦʙʣʘʩʪʽ p-ʪʠʧʫ ï ʚʽʜô̒ ʤʥʠʡ ʟʘʨʷʜ ʟʘ ʨʘʭʫʥʦʢ ʽʦʥʽʚ ʘʢʮʝʧʪʦʨʥʦʾ 

ʜʦʤʽʰʢʠ. ʅʘ ʨʠʩ. 1.12 ʮʽ ʽʦʥʠ ʧʦʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦ: ʊɸ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʤʝʞʽ p- ʽ n-ʦʙʣʘʩʪʝʡ ʚʠʥʠʢʘʻ ʧʦʜʚʽʡʥʠʡ ʰʘʨ 

ʦʙô̒ ʤʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ E. 

ʎʝ ʧʦʣʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʭʦʜʞʝʥʥʶ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ 

(ʩʪʨʫʤʫ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ). ɿʙʽʜʥʝʥʠʡ ʰʘʨ ʤʘʻ ʤʘʣʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʨʫʭʦʤʽ ʥʦʩʽʾ ʟʘʨʷʜʫ. ʊʦʤʫ ʡʦʛʦ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʟʘʧʽʨʥʠʤ ʰʘʨʦʤ. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʰʘʨʫ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʫ 

p-n-ʧʝʨʝʭʦʜʽ ʢʦʥʪʘʢʪʥʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʟʘʟʥʘʻ ʥʘʡʙʽʣʴʰʫ ʟʤʽʥʫ ʥʘ 

ʤʝʞʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n- ʽ p-ʪʠʧʽʚ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʝʥʮʽʡʥʠʤ ʙʘʨô̒ ʨʦʤ 
ʂ0j . 

ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ   

K0 p nj j j= -        

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʦʢ ʫ n- ʽ p-ʦʙʣʘʩʪʷʭ ʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

(0,3é0,8) ɺ. 

ʆʢʨʽʤ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ n- ʽ p-ʪʠʧʫ  ̒ʥʝʦʩʥʦʚʥʽ ʥʦʩʽʾ 

ï ʜʽʨʢʠ ʡ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ, ʟʜʽʡʩʥʶʶʯʠ ʭʘʦʪʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʨʫʭ (ʜʨʝʡʬʫʶʯʠ), 

ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʫ ʟʦʥʫ ʜʽʾ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ p-n-ʧʝʨʝʭʦʜʫ. ʇʦʣʝ p-n-

ʧʝʨʝʭʦʜʫ ʙʫʜʝ ʜʣʷ ʥʠʭ ʧʨʠʩʢʦʨʶʶʯʠʤ. ʅʝʦʩʥʦʚʥʽ ʥʦʩʽʾ ï ʝʣʝʢʪʨʦʥʠ p-ʦʙʣʘʩʪʽ 

ʜʨʝʡʬʫʚʘʪʠʤʫʪʴ ʫ n-ʦʙʣʘʩʪʴ, ʘ ʜʽʨʢʠ n-ʦʙʣʘʩʪʽ ï ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʫʭ 

ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʫʪʚʦʨʶʻ ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤ p-n-ʧʝʨʝʭʦʜʫ, ʷʢʠʡ ʪʘʢʦʞ ʤʘʻ 

ʩʢʣʘʜʦʚʽ: 
ɼʈnI  ï ʝʣʝʢʪʨʦʥʥʫ ʽ 

ɼʈʨI  ï ʜʽʨʢʦʚʫ. 

ɿʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʤʘʻ 

ʝʥʝʨʛʽʶ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ, ʪʦʙʪʦ ʧʨʦʭʦʜʠʪʴ 

ʥʝʟʥʘʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ. ʎʝʡ ʩʪʨʫʤ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʜʨʝʡʬʦʚʠʤ 

ʩʪʨʫʤʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ ʫ p-n-ʧʝʨʝʭʦʜʽ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʩʪʨʫʤʽʚ, ʢʦʣʠ ʜʠʬʫʟʽʡʥʠʡ ʽ 

ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤʠ ʢʦʤʧʝʥʩʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ 

.0=- ɼʈɼʀʌ II        
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1.2.3. ɽʬʝʢʪ ʚʠʧʨʷʤʣʝʥʥʷ ʫ p-n-ʧʝʨʝʭʦʜ ̔

ʇ̔ ʜ ʯʘʩ ʧʽʜʢʣʶʯʝʥʥ ̫ʜʦ p-n-ʧʝʨʝʭʦʜʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ ʩʪʨʫʤʽʚ ʧʦʨʫʰʫʻʪʴʩʷ. ʇʦʚʝʜʽʥʢʘ p-n-ʧʝʨʝʭʦʜʫ ʧʨʠ 

ʮʴʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷʨʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʧʨʷʤʝ ʽ ʟʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. 

ɿʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. ɿʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ  

p-n-ʧʝʨʝʭʦʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13, ʛ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʣʝʤ p-n-ʧʝʨʝʭʦʜʫ. ʇʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ p-n-ʧʝʨʝʭʦʜʫ 

ʟʨʦʩʪʘʻ (ʨʠʩ. 1.13, ʜ) 

.K1 K0 ɿɺʈUj j= +        

ʇʽʜ ʜʽʻʶ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʙʫʜʫʪʴ ʥʝʥʘʯʝ  

ʚʽʜʰʪʦʚʭʫʚʘʪʠʩʴ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʽ ʜʨʝʡʬʫʚʘʪʠʤʫʪʴ ʫ ʛʣʠʙʠʥʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʧʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʰʘʨʫ, ʟʙʽʜʥʝʥʦʛʦ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ. ʆʧʽʨ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʪʨʫʤʽʚ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ. 

ɼʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʫ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. 

ɼʣʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʚʽʜʩʫʪʥʽʡ, ʽ ʚʦʥʠ ʙʫʜʫʪʴ 

ʚʪʷʛʫʚʘʪʠʩʷ ʫ p-n-ʧʝʨʝʭʽʜ ʧʦʣʝʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʦʚʥʽʰʥʴʦʶ ʥʘʧʨʫʛʦʶ U
ɿɺʈ

, 

ʽ ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʠʩʷ ʯʝʨʝʟ ʥʴʦʛʦ ʫ ʦʙʣʘʩʪʴ, ʜʝ ʚʦʥʠ ʻ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʥʘʟʠʚʘʪʁʴ ʝʢʩʪʨʘʢʮʽʻʶ. 

ʇ̔ ʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥ ̫ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʜʨʝʡʬʦʚʠʡ 

ʩʪʨʫʤ, ʷʢʠʡ ʤʘʻ ʥʝʚʝʣʠʢʫ ʚʝʣʠʯʠʥʫ (ʩʪʨʫʤ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ). ʎʝʡ ʩʪʨʫʤ 

ʥʘʟʠʚʘʶʪʴ ʟʚʦʨʦʪʥʠʤ ʩʪʨʫʤʦʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ ʽ ʧʦʟʥʘʯʘʶʪʴ ɯ0. 
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ʈʠʩ. 1.13. ʇʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ ʟʘ: ʘ, ʙ, ʚ ï ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ; ʛ, ʜ, ʝ ï ʟʘ 

ɿɺʈUU = ; ʞ, ʟ, ʠ ï ʟʘ ʇʈUU =  

ʇʨʷʤʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. ʇʨʷʤʝ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13, ʞ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘʧʨʷʤʦʢ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ 

ʧʨʦʪʠʣʝʞʥʠʡ ʜʽʾ ʧʦʣʷ p-n-ʧʝʨʝʭʦʜʫ. ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ 

ʟʤʝʥʰʫʻʪʴʩʷ 

K2 K0 ʇʈUj j= -
.
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ʆʩʥʦʚʥʽ ʥʦʩʽʾ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʢʦʥʪʘʢʪʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ n- ʽ p-ʪʠʧʫ, 

ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʶʯʠ ʦʙô̒ ʤʥʽ ʧʨʦʩʪʦʨʦʚʽ ʟʘʨʷʜʠ. ʐʠʨʠʥʘ ʟʙʽʜʥʝʥʦʛʦ ʰʘʨʫ 

p-n-ʧʝʨʝʭʦʜʫ ʽ ʡʦʛʦ ʦʧʽʨ ʧʨʦʭʦʜʞʝʥʥʶ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɼʠʬʫʟʽʡʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʜʨʝʡʬʦʚʘ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʙʣʠʟʫ p-n-ʧʝʨʝʭʦʜʫ ʟô̫ ʚʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ. ʇʨʦʮʝʩ ʚʚʝʜʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʫ ʦʙʣʘʩʪʴ, ʜʝ ʚʦʥʠ ʻ 

ʥʝʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʞʝʢʮʽʻʶ, ʧʨʠ ʮʴʦʤʫ ʟ n-ʦʙʣʘʩʪʽ ʚ p-ʦʙʣʘʩʪʴ ʽʥʞʝʢʪʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʥʠ, ʘ ʟ p-ʦʙʣʘʩʪʽ ʫ n-ʦʙʣʘʩʪʴ ï ʜʽʨʢʠ. ʆʩʢʽʣʴʢʠ, ʷʢ ʥʘʛʦʣʦʰʫʚʘʣʦʩʷ 

ʚʠʱʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʮʝʧʪʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ p-ʦʙʣʘʩʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʥʦʨʥʦʾ ʜʦʤʽʰʢʠ ʫ n-ʦʙʣʘʩʪʽ, ʦʙʣʘʩʪʴ p ʙʫʜʝ ʙʽʣʴʰ 

ʥʠʟʴʢʦʦʤʥʦʶ ï ʾʾ ʥʘʟʠʚʘʶʪʴ ʝʤʽʪʝʨʦʤ, ʘ ʦʙʣʘʩʪʴ n ï ʙʽʣʴʰ ʚʠʩʦʢʦʦʤʥʦʶ ï ʾʾ 

ʥʘʟʠʚʘʶʪʴ ʙʘʟʦʶ. 

ʇ̔ ʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ )1( BUU ʇʈʇʈ >  ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʫ p-n-ʧʝʨʝʭʦʜʽ 

ʟʥʠʢʘʻ, ʜʨʝʡʬʦʚʠʡ ʩʪʨʫʤ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʽ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ 

ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ (ʩʪʨʫʤ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ).  

ʅʝʦʩʥʦʚʥʽ ʥʦʩʽʾ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ 

ʽʥʞʝʢʮʽʾ, ʯʘʩʪʢʦʚʦ ʨʝʢʦʤʙʽʥʫʶʪʴ ʟ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʝʡ. 

ʅʘ ʨʠʩ. 1.13 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʙ, ʜ, ʟ) 

ʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ (ʚ, ʝ, ʻ) ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʧʦʚʽʜʥʦ ʟʘ 

ʥʫʣʴʦʚʦ,ʾ ʟʚʦʨʦʪʥʦ ʾʪʘ ʧʨʷʤʦ ʾʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. 

1.2.4. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-n-ʧʝʨʝʭʦʜʫ 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) p-n-ʧʝʨʝʭʦʜʫ ï ʮʝ ʟʘʣʝʞʥʽʩʪʴ 

ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʧʦʣʷʨʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ. 

ɸʥʘʣʽʪʠʯʥʦ ɺɸʍ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚʠʨʘʟʦʤ  

0 ( 1),T

U

I I e
j

= Ö -       

ʜʝ 0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ (ʟʘ ʥʝʟʤʽʥʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʪʁʴ ʬʽʟʠʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ); U  ï 

ʥʘʧʨʫʛʘ, ʱʦ ʧʨʠʢʣʘʜʝʥʘ ʜʦ p-n-ʧʝʨʝʭʦʜʫ; Tj  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ: 

T

k T

q
j

Ö
=  ,        

ʜʝ k  ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ p-n-ʧʝʨʝʭʦʜʫ;            

q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ. 

ɯʥʦʜʽ ɺɸʍ ʥʘʚʦʜʷʪʴ ʫ ʚʠʛʣʷʜʽ [1; 20; 22] 
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ɺɸʍ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.14. 
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ʈʠʩ. 1.14. ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ p-n-ʧʝʨʝʭʦʜʫ 

ʅʘʚʝʜʝʥʘ ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩʠ ʫ p-n-ʧʝʨʝʭʦʜʽ, 

ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ. ʇʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʽʜ ʤʘʻ ʤʘʣʠʡ ʦʧʽʨ ʽ 

ʯʝʨʝʟ ʥʴʦʛʦ ʧʨʦʭʦʜʠʪʴ ʟʥʘʯʥʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʪʦʯʢʠ 1, ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ ʟʥʠʢʘʻ, ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ    

p-n-ʧʝʨʝʭʦʜʫ ʻ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʥʘʭʠʣ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʦʨʫ ʦʩʥʦʚʥʦ ʾ

ʦʙʣʘʩʪʽ. 

ʋ ʨʘʟʽ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʦʧʽʨ p-n-ʧʝʨʝʭʦʜʫ ʜʫʞʝ ʚʝʣʠʢʠʡ ʽ ʯʝʨʝʟ 

ʥʴʦʛʦ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʥʝʚʝʣʠʢʠʡ ʩʪʨʫʤ 0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ. 

ʋ ʪʦʯʮʽ 2 ʟʘ 
ʇʈʆɹɿɺʈ UU =  ʥʘʩʪʘʻ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. ɸʥʘʣʽʟ ɺɸʍ 

p-n-ʧʝʨʝʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

p-n-ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ ʛʦʣʦʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ p-n-ʧʝʨʝʭʦʜʫ ï 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

1.2.5. ʇʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ 

ʈʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʧ̔ʜ ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʟʚʦʨʦʪʥʦʶ ʥʘʧʨʫʛʦʶ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʨʦʙʦʻʤ p-n-ʧʝʨʝʭʦʜʫ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ (ʦʙʦʨʦʪʥʠʡ) ʽ ʥʝʝʣʝʢʪʨʠʯʥʠʡ (ʥʝʦʙʦʨʦʪʥʠʡ) 

ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. 

ɽʣʝʢʪʨʠʯʥʠʡ (ʦʙʦʨʦʪʥʠʡ) ʧʨʦʙʽʡ. ɽʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ 

ʙʫʚʘʻ ʜʚʦʭ ʚʠʜʽʚ: 
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- ʣʘʚʠʥʥʠʡ; 

- ʪʫʥʝʣʴʥʠʡ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʣʘʚʠʥʥʠʡ ʧʨʦʙʽʡ ʚʠʥʠʢʘʻ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʝʤʽʩʽʾ ʝʣʝʢʪʨʦʥʽʚ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʘʪʦʤʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʊʫʥʝʣʴʥʠʡ ʧʨʦʙʽʡ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ ʪʫʥʝʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʫ ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ 

ʧʨʦʙʽʛʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʩʪʘʻ ʙʽʣʴʰʝ ʰʠʨʠʥʠ p-n-ʧʝʨʝʭʦʜʫ ʽ ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ ʧʨʠ 

ʮʴʦʤʫ ʥʝʤʦʞʣʠʚʘ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ ʻ ʦʙʦʨʦʪʥʠʤ, ʦʩʢʽʣʴʢʠ p-n-ʧʝʨʝʭʽʜ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʝʞʠʤʽ ʧʨʦʙʦʶ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʝʦʙʦʨʦʪʥʠʡ ʧʨʦʙʽʡ p-n-ʧʝʨʝʭʦʜʫ. ʅʝʦʙʦʨʦʪʥʠʡ ʧʨʦʙʽʡ ʙʫʚʘʻ ʜʚʦʭ 

ʚʠʜʽʚ: 

- ʪʝʧʣʦʚʠʡ; 

- ʧʦʚʝʨʭʥʝʚʠʡ. 

ʊʝʧʣʦʚʠʡ ʧʨʦʙʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʥʥʷ p-n-ʧʝʨʝʭʦʜʫ. 

ʅʘʛʨʽʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʙʽʣʴʰʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ, ʘʙʦ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ɺ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ p-n-ʧʝʨʝʭʽʜ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʛʝʥʝʨʘʮʽʷ ʧʘʨ 

ʝʣʝʢʪʨʦʥïʜ̔ ʨʢʘ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ  ʟʙʽʣʴʰʫʻ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ. ʇʨʦʚʽʜʥʽʩʪʴ  

p-n-ʧʝʨʝʭʦʜʫ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʘʩʪʘʻ ʪʝʧʣʦʚʠʡ (ʥʝʦʙʦʨʦʪʥʠʡ) ʧʨʦʙʽʡ  

p-n-ʧʝʨʝʭʦʜʫ, ʷʢʠʡ ʚʠʚʦʜʠʪʴ ʡʦʛʦ ʟ ʣʘʜʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʙʽʡ ʤʦʞʝ ʪʘʢʦʞ ʧʝʨʝʡʪʠ ʚ 

ʥʝʦʙʦʨʦʪʥʠʡ ʪʝʧʣʦʚʠʡ ʧʨʦʙʽʡ, ʷʢʱʦ ʥʝ ʦʙʤʝʞʠʪʠ ʚʝʣʠʯʠʥʫ ʟʚʦʨʦʪʥʦʛʦ 

ʩʪʨʫʤʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ. ʇʦʚʝʨʭʥʝʚʠʡ ʧʨʦʙʽʡ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʫʧʯʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʨʷʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʨʦʙʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʦʢʨʠʪʪʷ. 

1.2.6. ʊʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ 

ɺʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʩʠʣʶʻʪʴʩʷ 

ʛʝʥʝʨʘʮʽʷ ʧʘʨ ʝʣʝʢʪʨʦʥ-ʜʽʨʢʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʽ 

ʚʣʘʩʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʅʘ ʨʠʩ. 1.15 ʟʦʙʨʘʞʝʥʦ ʪʨʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (T1 > T2 > T3). 
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ʇ̔ ʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʟʨʦʩʪʘʻ, ʽ p-n-

ʧʝʨʝʭʽʜ ʚʪʨʘʯʘʻ ʩʚʦʶ ʦʩʥʦʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʷʤʠʡ ʩʪʨʫʤ p-n-ʧʝʨʝʭʦʜʫ ʫ ʨʘʟʽ ʥʘʛʨʽʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ 

ʪʘʢ ʩʠʣʴʥʦ, ʷʢ ʟʚʦʨʦʪʥʠʡ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ 

ʟʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ. 
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ʈʠʩ. 1.15. ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

1.2.7. ʏʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ 

ɺʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʟʘʣʝʞʘʪʴ ʪʘʢʦʞ ʚʽʜ ʯʘʩʪʦʪʠ ʧʨʠʢʣʘ-       

ʜʝʥʦʾ ʥʘʧʨʫʛʠ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʣʘʩʥʦʾ ʻʤʥʦʩʪʽ ʤʽʞ ʰʘʨʘʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʇ̔ ʜ ʯʘʩ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʢʣʘʜʝʥʘ ʜʦ p-n-ʧʝʨʝʭʦʜʫ, ʥʦʩʽʾ 

ʟʘʨʷʜʫ ʦʙʦʭ ʟʥʘʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʧʝʨʝʭʦʜʫ, ʘ ʫ ʩʘʤʦʤʫ ʧʝʨʝʭʦʜʽ 

ʾʭ ʜʫʞʝ ʤʘʣʦ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ p-n-ʧʝʨʝʭʽʜ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʻʤʥʽʩʪʴ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʙô̒ ʤʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ 

ʧʝʨʝʭʦʜʫ, ʪʦʙʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʦʱʽ ʧʝʨʝʭʦʜʫ, ʡʦʛʦ ʰʠʨʠʥʠ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʎʶ ʻʤʥʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʙʘʨô̒ ʨʥʦʶ 
ɹɸʈC . ʇ̔ʜ ʯʘʩ 

ʤʘʣʦʾ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʥʦʩʽʾ ʟʘʨʷʜʽʚ ʧʨʦʪʠʣʝʞʥʠʭ ʟʥʘʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ 

ʚʝʣʠʢʘ (ʰʠʨʠʥʘ p-n-ʧʝʨʝʭʦʜʫ ʤʘʣʘ). ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʾ 

ʥʘʧʨʫʛʠ ʰʠʨʠʥʘ p-n-ʧʝʨʝʭʦʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʙʘʨô̒ ʨʥʘ ʻʤʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʭʽʜ, ʷʢ ʻʤʥʽʩʪʴ, ʢʝʨʦʚʘʥʫ 

ʚʝʣʠʯʠʥʦʶ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. ʅʘʷʚʥʽʩʪʴ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ 

ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʻʤʥʽʩʥʠʡ ʦʧʽʨ ʧʝʨʝʭʦʜʫ  
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ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʰʫʥʪʫʻ ʚʠʩʦʢʠʡ ʦʧʽʨ ʟʚʦʨʦʪʥʦ ʚʢʣʶʯʝʥʦʛʦ p-n-ʧʝʨʝʭʦʜʫ. 

ʇʝʨʝʭʽʜ ʧʨʠ ʮʴʦʤʫ ʚʪʨʘʯʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

        ʆʢʨʽʤ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ p-n-ʧʝʨʝʭʽʜ ʤʘʻ ʪʘʢ ʟʚʘʥʫ ʜʠʬʫʟʽʡʥʫ ʻʤʥʽʩʪʴ. ʎʷ 

ʻʤʥʽʩʪʴ ʟô̫ ʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ ʟʘ ʨʘʭʫʥʦʢ 

ʷʚʠʱʘ ʽʥʞʝʢʮʽʾ. ɺʦʥʘ ʥʝ ʤʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ p-n-ʧʝʨʝʭʦʜʫ, 

ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʟʘʰʫʥʪʦʚʘʥʘ ʤʘʣʠʤ ʧʨʷʤʠʤ ʦʧʦʨʦʤ p-n-ʧʝʨʝʭʦʜʫ. 

1.3. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ 

 1.3.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʜʽʦʜʦʤ (ʅɼ) ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʣʘʜ ʟ 

ʜʽʨʢʦʚʦ-ʝʣʝʢʪʨʦʥʥʠʤ p-n-ʧʝʨʝʭʦʜʦʤ, ʱʦ ʤʘʻ ʜʚʘ ʚʠʚʦʜʠ. 

ʐʠʨʦʢʦ ʅɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʄʘʣʽ ʛʘʙʘʨʠʪʥʽ 

ʨʦʟʤʽʨʠ ʽ ʤʘʩʘ, ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ ʽ ʥʘʜʽʡʥʽʩʪʴ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-ʷʢʠʭ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʘʭ. 

ʂʣʘʩʠʬʽʢʫʶʪʴ ʅɼ ʟʘ ʥʠʟʢʦʶ ʦʟʥʘʢ, ʥʘʡʚʘʞʣʠʚʽʰʽ ʟ ʷʢʠʭ: 

ʧʨʠʟʥʘʯʝʥʥʷ; ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ; ʚʠʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʅɼ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʚʠʧʨʷʤʥʽ, ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽ 

ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ (ɺʏ- ʽ ʅɺʏ-ʜʽʦʜʠ), ʽʤʧʫʣʴʩʥʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʪʘʙʽʣʽʪʨʦʥʠ (ʦʧʦʨʥʽ), ʪʫʥʝʣʴʥʽ, ʚʘʨʠʢʘʧʠ, ʬʦʪʦʜʽʦʜʠ, ʩʚʽʪʣʦʜʽʦʜʠ ʪʘ ʽʥʰʽ; ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ï ʥʘ ʧʣʦʱʠʥʥʽ ʽ ʪʦʯʢʦʚʽ; ʟʘ 

ʪʠʧʦʤ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʥʘ ʛʝʨʤʘʥʽʻʚʽ, ʢʨʝʤʥʽʻʚʽ, ʩʝʣʝʥʦʚʽ, ʘʨʩʝʥʽʜ-

ʛʘʣ̔̒ ʚʽ, ʢʘʨʙʽʜ-ʢʨʝʤʥʽʻʚʽ, ʘʥʪʠʤʦʥʽʜ-ʽʥʜʽʻʚʽ ʪʘ ʽʥʰʽ. 

ʅʘ ʨʠʩ. 1.16 ʧʦʢʘʟʘʥʽ ʫʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʽʦʜʽʚ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ: ʘ ï ʚʠʧʨʷʤʥʠʭ, ʽʤʧʫʣʴʩʥʠʭ, ɺʏ- ʽ ʅɺʏ- ʜʽʦʜʽʚ; ʙ ï 

ʩʪʘʙʽʣʽʪʨʦʥʽʚ; ʚ ï ʜʚʦʩʪʦʨʦʥʥʽʭ ʩʪʘʙʽʣʽʪʨʦʥʽʚ; ʛ ï ʪʫʥʝʣʴʥʠʭ ʜʽʦʜʽʚ; ʜ ï 

ʦʙʝʨʥʝʥʠʭ ʜʽʦʜʽʚ; ʝ ï ʚʘʨʠʢʘʧʽʚ; ʞ ï ʬʦʪʦʜʽʦʜʽʚ; ʟ ï ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 
ʈʠʩ. 1.16. ʇʦʟʥʘʯʝʥʥʷ ʅɼ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 
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ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ (ʤʘʨʢʫʚʘʥʥʷ) ʜʽʦʜʽʚ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʝʣʝʤʝʥʪʠ: 

ʧʝʨʰʠʡ ï (ʮʠʬʨʘ ʘʙʦ ʙʫʢʚʘ) ʧʦʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ: 

1 ʘʙʦ ɻ ï ɻʝʨʤʘʥʽʡ, 2 ʘʙʦ ʂ ï ʂʨʝʤʥʽʡ; 3 ʘʙʦ ɸ ï ɸʨʩʝʥʽʜ ʛʘʣʽʶ ʽ ʪ. ʽʥ.; ʜʨʫʛʠʡ 

(ʙʫʢʚʘ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʣʘʩ ʘʙʦ ʛʨʫʧʫ ʜʽʦʜʽʚ: ɼ ï ʚʠʧʨʷʤʥʽ, ʫʥʽʚʝʨʩʘʣʴʥʽ 

(ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ) ʡ ʽʤʧʫʣʴʩʥʽ, ɸ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ, ɿ ï ʩʪʘʙʽʣʽʪʨʦʥʠ,          

ɺ ï ʚʘʨʠʢʘʧʠ, ɯ ï ʪʫʥʝʣʴʥʽ, ʎ ï ʚʠʧʨʷʤʥʽ ʩʪʦʚʧʠ ʽ ʙʣʦʢʠ, ʌ ï ʬʦʪʦʜʽʦʜʠ,        

ʃ ï ʩʚʽʪʣʦʜʽʦʜʠ; ʪʨʝʪʽʡ (ʪʨʠʟʥʘʯʥʠʡ ʥʦʤʝʨ) ï ʫʢʘʟʫʻ ʥʘ ʛʨʫʧʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

(ʚʠʙʠʨʘʶʪʴ ʟʘ ʜʦʚʽʜʥʠʢʦʤ); ʯʝʪʚʝʨʪʠʡ ʝʣʝʤʝʥʪ ï ʚʝʣʠʢʽ ʣʽʪʝʨʠ ʘʣʬʘʚʽʪʫ ɸ, ɹ, 

ɺ ʽ ʪ. ʽʥ. (ʜʦ ʚʩʽʭ ʜʽʦʜʽʚ) ï ʫʢʘʟʫʻ ʥʘ ʨʽʟʥʦʚʠʜ ʜʽʦʜʘ ʮʴʦʛʦ ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, 

ʂʉ147ɸ ï ʢʨʝʤʥʽʻʚʠʡ ʩʪʘʙʽʣʽʪʨʦʥ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʨʽʟʥʦʚʠʜ ʪʠʧʫ ɸ. 

ʋ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʦ ɺɸʍ, ʦʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʽ ʛʨʘʥʠʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʝʞʠʤʠ ʅɼ [20]. 

ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʅɼ. 

1.3.2. ɺʠʧʨʷʤʥʽ ʜʽʦʜʠ 

ɺʠʧʨʷʤʥʽ ʜʽʦʜʠ (ɺɼ) ï ʮʝ ʅɼ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʧʦʩʪʽʡʥʠʡ ʫ ʦʙʤʝʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ                         

(50 ɻʮ...100 ʢɻʮ). 

ʂʨʽʤ ʪʦʛʦ, ɺɼ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʽ 

ʢʦʤʫʪʘʮʽʾ, ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ʚʠʢʠʜʽʚ ʥʘʧʨʫʛʠ ʫ ʣʘʥʮʶʛʘʭ ʟ 

ʽʥʜʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢ ʝʣʝʤʝʥʪʠ ʨʦʟʚô̫ ʟʢʠ ʫ ʝʣʝʢʪʨʠʯʥʠʭ       

ʣʘʥʮʶʛʘʭ ʽ ʪ. ʽʥ. 

ʋ ʥʘʰ ʯʘʩ ʚ ʷʢʦʩʪʽ ɺɼ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʝʤʥʽʻʚʽ ʧʣʦʱʠʥʥʽ 

ʜʽʦʜʠ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʚʦʨʦʪʥʽ ʩʪʨʫʤʠ ʽ ʚʝʣʠʢʫ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʛʝʨʤʘʥʽʻʚʠʤʠ. ʅʝʜʦʣʽʢ ʢʨʝʤʥʽʻʚʠʭ ʜʽʦʜʽʚ ï ʜʝʢʽʣʴʢʘ ʙʽʣʴʰʝ 

ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʯʠʤ ʥʘ ʛʝʨʤʘʥʽʻʚʠʭ. 

ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ ʚʠʢʦʥʫʪ̒ʴʩʷ ʥʘ ʦʩʥʦʚʽ p-n-ʧʝʨʝʭʦʜʫ ʽ ʤʘʻ ʜʚʽ ʦʙʣʘʩʪʽ. 

ʆʜʥʘ ʟ ʥʠʭ ï ʙʽʣʴʰ ʥʠʟʴʢʦʦʤʥʘ (ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ ï 

ʟʘʟʚʠʯʘʡ ʦʙʣʘʩʪʴ ʟ ʧʨʦʚʽʜʥʽʩʪʶ p-ʪʠʧʫ) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʝʤʽʪʝʨʦʤ (ʜʦ ʥʝʾ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʦʜʦʤ). ɯʥʰʘ ʦʙʣʘʩʪʴ ï ʙʽʣʴʰ 

ʚʠʩʦʢʦʦʤʥʘ (ʤʽʩʪʠʪʴ ʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ ï ʟʘʟʚʠʯʘʡ ʦʙʣʘʩʪʴ ʟ 

ʧʨʦʚʽʜʥʽʩʪʶ n-ʪʠʧʫ) ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʦʶ (ʜʦ ʥʝʾ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʪʦʜʦʤ) (ʨʠʩ. 1.17). 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ɺɼ ʣʝʞʠʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ  

p-n-ʧʝʨʝʭʦʜʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʦʩʪʘʥʥʽʡ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ (ʤʘʻ 

ʤʘʣʠʡ ʦʧʽʨ) ʟʘ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ (ʤʘʻ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʦʧʽʨ) ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 
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ʈʠʩ. 1.17. ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ: ʘ ï ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ; ʙ ï ʧʦʟʥʘʯʝʥʥʷ                ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʉʢʘʟʘʥʝ ʚʽʜʦʙʨʘʞʘʻ ɺɸʍ ʽʜʝʘʣʴʥʦʛʦ ʚʠʧʨʷʤʥʦʛʦ ʜʽʦʜʘ (p-n-ʧʝʨʝʭʦʜʫ), 

ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18, ʘ.  

ʗʢ ʚʠʜʥʦ ʟ ʮʴʦʛʦ ʨʠʩʫʥʢʫ ʪʘʢʠʡ ʜʽʦʜ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ 

ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʥʫʣʴʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ (ʥʝʩʢʽʥʯʝʥʥʠʡ ʦʧʽʨ) ï ʫ ʟʚʦʨʦʪʥʦʤʫ. 

ɺɸʍ ʨʝʘʣʴʥʦʛʦ ʜʽʦʜʘ (p-n-ʧʝʨʝʭʦʜʫ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18, ʙ. 

 

ʇʨʷʤʘ ʛʽʣʢʘ ɺɸʍ ɺɼ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [20]: 

0 ( 1)
ʇʈ ʇʈ ɹ

T

U I r

ʇʈI I e
j

- Ö

= Ö -,       

ʜʝ 
ʇʈI , 

ʇʈU  ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʷʤʠʡ ʩʪʨʫʤ ʽ ʧʨʷʤʘ ʥʘʧʨʫʛʘ; I0ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ 

ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ; rɹ ï ʦʧʽʨ ʙʘʟʦʚʦ ʾʦʙʣʘʩʪʽ (ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽïʜʝʩʷʪʢʠ 

ʆʤ); 
q

kT
ʊ=j  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ; k  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ;                       

T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ. 

 
ʈʠʩ. 1.18. ɺɸʍ ɺɼ: ʘ ï ʽʜʝʘʣʴʥʦʛʦ; ʙ ï ʨʝʘʣʴʥʦʛʦ 
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ʅʘ ʨʠʩ. 1.19, ʘ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʽ ʧʨʷʤʽ ʛʽʣʢʠ ɺɸʍ ʨʝʘʣʴʥʦʛʦ 

ɺɼ ʽ p-n-ʧʝʨʝʭʦʜʫ. 

ɸʥʘʣʽʟ ʨʠʩ. 1.19, ʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʨʝʘʣʴʥʠʡ ɺɼ 

ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ ʪʽʻʾ ʞ ʚʝʣʠʯʠʥʠ, ʱʦ ʽ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ, ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ 

ʪʨʦʭʠ ʙʽʣʴʰʫ ʧʨʷʤʫ ʥʘʧʨʫʛʫ ʟʘ ʨʘʭʫʥʦʢ ʧʘʜʽʥʥʷ ʯʘʩʪʠʥʠ ʾʾ ʥʘ ʦʧʦʨʽ ʙʘʟʦʚʦʾ 

ʦʙʣʘʩʪʽ rɹ.  

ɺ ʦʙʣʘʩʪʽ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ɺɸʍ ʨʝʘʣʴʥʠʭ ɺɼ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ɺɸʍ p-n-ʧʝʨʝʭʦʜʫ (ʨʠʩ. 1.19, ʙ). 

ʋ ʨʝʘʣʴʥʠʭ ʜʽʦʜʘʭ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʤʘʻ ʪʨʠ ʩʢʣʘʜʦʚʽ: 

0 ,ɿɺʈ ɺ ʊI ɯ ɯ ɯ= + +       

ʜʝ 
0I  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ p-n-ʧʝʨʝʭʦʜʫ; 

ɺI  ï ʩʪʨʫʤ ʚʠʪʦʢʫ ʥʘ 

ʧʦʚʝʨʭʥʽ p-n-ʧʝʨʝʭʦʜʫ; 
ʊI  ï ʩʪʨʫʤ ʪʝʨʤʦʛʝʥʝʨʘʮʽʾ ʚ ʦʙô̒ ʤʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

 

 
ʈʠʩ. 1.19. ɺɸʍ ɺɼ ʪʘ p-n-ʧʝʨʝʭʦʜʫ: ʘ ï ʧ̔ ʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥ̫;           ʙ ï ʧ̔ ʜ 

ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʈʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ɺɸʍ ɺɼ ʻ ʣʽʥʽʡʥʘ (ʦʤʽʯʥʘ) ʜʽʣʷʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧ̔ ʜ ʯʘʩ ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥ ̫(ʨʠʩ. 1.18, ʙ, ʜʽʣʷʥʢʘ 2é3). 

ʅʘʭʠʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʙʘʟʦʚʦ ʾ

ʦʙʣʘʩʪʽ rɹ, ʦʩʢʽʣʴʢʠ p-n-ʧʝʨʝʭʽʜ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʻ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʷʤʫ ʛʽʣʢʫ ɺɸʍ ʨʝʘʣʴʥʦʛʦ ɺɼ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʣʘʤʘʥʦʶ ʣʽʥʽʻʶ (ʨʠʩ. 1.18, ʙ, ʜʽʣʷʥʢʠ 0...1, 1é3):  
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K0j  ï ʚʠʩʦʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨô̒ ʨʫ p-n-ʧʝʨʝʭʦʜʫ 

(ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 9,0...3,0  ɺ); 
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ɿʘʣʝʞʘʪʴ ɺɸʍ ɺɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɯʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʶʪʴ ʧʨʷʤʠʡ ʽ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤʠ ʜʽʦʜʘ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ ʣʘʚʠʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʧʨʫʛʘ 

ʪʫʥʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ.  

ʉʭʝʤʫ ʚʢʣʶʯʝʥʥʷ ɺɼ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.20. 

 

ʈʠʩ. 1.20. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ɺɼ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ 

1.3.3. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʦʜʠ  

ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʜʽʦʜʠ ʻ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʥʽʞ ʚʠʧʨʷʤʥʽ, ʪʦʤʫ ʾʭ 

ʥʘʟʠʚʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʚʠʧʨʷʤʣʷʯʘʭ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʫ ʤʦʜʫʣʷʪʦʨʘʭ, ʜʝʪʝʢʪʦʨʘʭ, ʨʽʟʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (ʜʦ ʩʦʪʝʥʴ ʤʝʛʘʛʝʨʮʽʚ). ɰʭ 

ʥʝʜʦʣʽʢʦʤ ʧʦʨʽʚʥʷʥʦ ʟ ɺɼ ʻ ʥʠʞʯʘ ʟʜʘʪʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʦʪʫʞʥʽʩʪʴ). ɺʏ 

ʜʽʦʜʠ ʨʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʤʽʩʪʷʪʴ ʪʦʯʢʦʚʠʡ p-n-ʧʝʨʝʭʽʜ ʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʪʦʯʢʦʚʠʤʠ. ʋ ʥʘʰ ʯʘʩ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʽʢʨʦʩʧʣʘʚʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʅɼ 

ʟ ʧʣʦʱʠʥʥʠʤʠ p-n-ʧʝʨʝʭʦʜʘʤʠ ʜʫʞʝ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. ʇʦʨʽʚʥʷʥʦ ʟ ʪʦʯʢʦʚʠʤʠ, 

ʪʘʢʽ ɺʏ ʜʽʦʜʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʜʦʧʫʩʪʠʤʽ ʩʪʨʫʤʠ, ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜ ʯʘʩ 

ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. ʅʘ ʨʠʩ. 1.21 ʟʦʙʨʘʞʝʥʘ ɺɸʍ ɺʏ ʜʽʦʜʘ. 
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ʈʠʩ. 1.21. ɺɸʍ ɺʏ ʜʽʦʜʘ 
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ʇʨʷʤʘ ʛʽʣʢʘ ɺɸʍ ʪʘʢʠʭ ʜʽʦʜʽʚ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɺɸʍ ʚʠʧʨʷʤʥʠʭ 

ʜʽʦʜʽʚ. ʋ ʟʚʦʨʦʪʥʽʡ ʦʙʣʘʩʪʽ ʻ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. ɿʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʤʘʻ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ ʫ ɺɼ ʯʝʨʝʟ ʤʘʣʫ ʧʣʦʱʫ p-n-ʧʝʨʝʭʦʜʫ, ʘʣʝ ʦʩʢʽʣʴʢʠ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ ʜʽʣʷʥʢʘ ʥʘʩʠʯʝʥʥʷ, ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʤʽʚ ʪʝʨʤʦʛʝʥʝʨʘʮʽʾ ʽ ʚʠʪʦʢʫ 

ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʨʽʚʥʦʤʽʨʥʦ ʟʨʦʩʪʘʻ.  

1.3.4. ɯʤʧʫʣʴʩʥʽ ʜʽʦʜʠ  

ɯʤʧʫʣʴʩʥʽ ʜʽʦʜʠ (ɯɼ) ï ʨʽʟʥʦʚʠʜ ɺʏ ʜʽʦʜʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʫ ʰʚʠʜʢʦʜʽʶʯʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʭʝʤʘʭ ʽʟ 

ʯʘʩʦʤ ʧʝʨʝʢʣʶʯʝʥʥʷ Ò 1 ʤʩ. ɰʭ ʢʦʥʩʪʨʫʢʮʽʷ, ɺɸʍ, ʩʪʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʚʢʣʶʯʘʶʯʠ ɼC  ʪʘʢʽ ʞ, ʷʢ ʽ ʫ ɺʏ- ʽ ʅɺʏ-ʜʽʦʜʽʚ [3; 20]. ʋ ʥʠʭ ʚʞʠʪʽ ʩʧʝʮʽʘʣʴʥʽ 

ʟʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ 
ɹɸʈʉ  ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ.  

ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʜʠʥʘʤʽʮʽ ʨʦʙʦʪʠ ɯɼ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʯʘʩ ʜʽʾ 

ʽʤʧʫʣʴʩʽʚ ʤʘʣʦʾ ʜʦʚʞʠʥʠ ʽ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʟʙʝʨʽʛʘʪʠ ʾʭ ʬʦʨʤʫ. 

1.3.5. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʘʙʽʣʽʪʨʦʥʠ (ʦʧʦʨʥʽ ʜʽʦʜʠ) 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʩʪʘʙʽʣʽʪʨʦʥʦʤ (ʅʉ) ʥʘʟʠʚʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʦʚʠʡ ʜʽʦʜ, ʥʘʧʨʫʛʘ ʥʘ ʷʢʦʤʫ ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʙʦʶ ʤʘʣʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ. ʈʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ɺɸʍ ʅʉ ʻ ʦʙʣʘʩʪʴ ʧʨʦʙʦʶ  

p-n-ʧʝʨʝʭʦʜʫ (ʨʠʩ. 1.22). 
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ʇ̔ ʜ ʯʘʩ ʦʙʤʝʞʝʥʥʷ ʨʝʟʠʩʪʦʨʦʤ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʥ 

ʧʨʦʙʦʶ ʫ ʩʪʘʙʽʣʽʪʨʦʥʽ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʽ ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ 

ʜʝʩʷʪʢʽʚ ï ʩʦʪʝʥʴ ʪʠʩʷʯ ʛʦʜʠʥ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʭʽʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʇ̔ʜ 

ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʝʤʥʽʡ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, 

ʱʦ ʟʚʦʨʦʪʥʽ ʩʪʨʫʤʠ p-n-ʧʝʨʝʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʥʝʚʝʣʠʢʽ ʽ ʤʘʣʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʪʞʝ, ʚ ʥʠʭ ʤʝʥʰʝ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʟʚʦʨʦʪʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʶ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʽ 

ʩʘʤʦʨʦʟʽʛʨʽʚʫ p-n-ʧʝʨʝʭʦʜʫ.  

ʅʘ ʨʠʩ. 1.23 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʚʢʣʶʯʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʠʡ 

ʣʘʥʮʶʛ. 
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ʈʠʩ. 1.23. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʅʉ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ 

 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʨʦʙʦʯʠʤ ʻ ʟʚʦʨʦʪʥʝ ʚʢʣʶʯʝʥʥʷ 

ʩʪʘʙʽʣʽʪʨʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ.  

ʉʪʘʙʽʣʽʪʨʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩ ̫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʽʢʩʘʮʽʾ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʫ ʩʭʝʤʘʭ (ʪʦʤʫ ʜʨʫʛʘ ʥʘʟʚʘ 

ʩʪʘʙʽʣʽʪʨʦʥʽʚ ï ʦʧʦʨʥʽ ʜʽʦʜʠ). 

ʉʪʘʙʽʣʽʟʘʮʽʶ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʥʘʧʨʫʛʠ ʫ ʤʝʞʘʭ 0,3...1 ɺ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʦʾ ʛʽʣʢʠ ɺɸʍ ʢʨʝʤʥʽʻʚʠʭ ʜʽʦʜʽʚï

ʩʪʘʙʽʩʪʦʨʽʚ. 

ɭ ʪʘʢʦʞ ʜʚʦʩʪʦʨʦʥʥʽ (ʩʠʤʝʪʨʠʯʥʽ) ʩʪʘʙʽʣʽʪʨʦʥʠ, ʱʦ ʤʘʶʪʴ 

ʩʠʤʝʪʨʠʯʥʫ ɺɸʍ ʱʦʜʦ ʚʽʩʽ ʩʪʨʫʤʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜ 

ʯʘʩ ʧʨʷʤʦʤʦʛʦ ʟʩʫʚʫ ʜʦʨʽʚʥʶʻ ʥʘʧʨʫʟʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʟʩʫʚʫ. 

1.3.6. ʊʫʥʝʣʴʥʽ ʜʽʦʜʠ  

ʊʫʥʝʣʴʥʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʅɼ, ʫ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʫʥʝʣʴʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ p-n-ʧʝʨʝʭʽʜ ʽ ʫ ɺɸʍ ʷʢʦʛʦ ʻ ʜʽʣʷʥʢʘ 

ʚʽʜô̒ ʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ (ʨʠʩ. 1.24, ʜʽʣʷʥʢʘ 1ï2).  



 

42 

 

Uʇʈ

Iʇʈ

0

31

2

Uʇ Uʈ

Iʇ

Iɺ 

4

Iɿɺʈ

Uɿɺʈ Uɺ

 
ʈʠʩ. 1.24. ɺɸʍ ʪʫʥʝʣʴʥʦʛʦ ʜʽʦʜʘ 

ʊʫʥʝʣʴʥʽ ʜʽʦʜʠ (ʊɼ) ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʛʝʨʤʘʥʽʶ ʽ ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʽʟ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ (ʚʠʨʦʜʞʝʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʚʫʟʴʢʠʡ p-n-ʧʝʨʝʭʽʜ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʜʽʦʜʽʚ 

ʫ ʪʘʢʠʭ ʧʝʨʝʭʦʜʘʭ ʚʠʥʠʢʘʶʪʴ ʫʤʦʚʠ ʜʣʷ ʚʽʣʴʥʦʛʦ ʪʫʥʝʣʴʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨô̒ ʨ (ʪʫʥʝʣʴʥʠʡ ʝʬʝʢʪ).  

ʊʫʥʝʣʴʥʠʡ ʝʬʝʢʪ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘ ʧʨʷʤʽʡ ʛʽʣʮʽ ɺɸʍ ʜʽʦʜʘ 

ʧʘʜʘʶʯʦʾ ʜʽʣʷʥʢʠ ʟ ʚʽʜô̒ ʤʥʠʤ ʦʧʦʨʦʤ (ʨʠʩ. 1.24, ʜʽʣʷʥʢʘ 1ï2). ʆʩʢʽʣʴʢʠ 

ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ ʥʝ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʠʬʫʟʽʾ ʽ 

ʜʨʝʡʬʫ ʝʣʝʢʪʨʦʥʽʚ, ʊɼ ʻ ʧʨʘʢʪʠʯʥʦ ʙʝʟʽʥʝʨʮʽʡʥʠʤʠ ʧʨʠʣʘʜʘʤʠ. ɼʦ ʧʝʨʝʚʘʛ 

ʊɼ ʥʘʣʝʞʠʪʴ: ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʽ ʪʝʤʧʝʨʘʪʫʨ; ʤʘʣʫ 

ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ; ʚʠʩʦʢʠʡ ʜʦʧʫʩʪʠʤʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʅʝʜʦʣʽʢ ʊɼ ï ʥʠʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʥʘʧʨʫʛ ʽ ʩʪʨʫʤʽʚ. 

ʊɼ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʝʨʝʤʠʢʘʯʘʭ (ʧʝʨʝʤʠʢʘʣʴʥʽ); 

ʧʽʜʩʠʣʶʚʘʯʘʭ (ʧʽʜʩʠʣʶʚʘʣʴʥʽ) ʽ ʛʝʥʝʨʘʪʦʨʘʭ (ʛʝʥʝʨʘʪʦʨʥʽ) ʩʭʝʤʘʭ. 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʊɼ ʧʨʘʮʶʶʪʴ ʟʘ ʥʠʟʴʢʦʾ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ, ʚʦʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. 

ʈʽʟʥʦʚʠʜʦʤ ʊɼ ʻ ʦʙʝʨʥʝʥʽ ʜʽʦʜʠ ï ʊɼ, ʫ ʷʢʠʭ ʤʘʢʩʠʤʫʤ ʩʪʨʫʤʫ ʥʘ 

ʧʨʷʤʽʡ ʛʽʣʮʽ ɺɸʍ ʘʙʦ ʥʝʟʥʘʯʥʠʡ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽʡ. ʋ ʪʘʢʠʭ ʜʽʦʜʘʭ ʧʧʽʜ 

ʯʘʩ ʧʨʷʤʦʛʦ ʟʩʫʚʫ p-n-ʧʝʨʝʭʦʜʫ ʧʨʦʭʦʜʠʪʴ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ, ʷʢ ʫ 

ʟʚʠʯʘʡʥʦʤʫ ʜʽʦʜʽ, ʘ ʫ ʨʘʟʽ ʟʚʦʨʦʪʥʦʛʦ ï ʪʫʥʝʣʴʥʠʡ. 

ɺɸʍ ʦʙʝʨʥʝʥʦʛʦ ʜʽʦʜʘ (ʨʠʩ. 1.25) ʻ ʦʙʝʨʥʝʥʦʶ ɺɸʍ ʟʚʠʯʘʡʥʦʛʦ ɺɼ. 

ʇʨʦʚʽʜʥʽʩʪʴ ʦʙʝʨʥʝʥʠʭ ʜʽʦʜʽʚ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦ ʾʥʘʧʨʫʛʠ ʚʠʱʘ, ʥʽʞ ʫ ʨʘʟʽ 

ʧʨʷʤʦ ʾ(ʫ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʥʘʧʨʫʛ: 0,3é0,5 ɺ). 
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ʈʠʩ. 1.25. ɺɸʍ ʦʙʝʨʥʝʥʦʛʦ ʜʽʦʜʘ 

1.3.7. ɺʘʨʠʢʘʧʠ 

ɺʘʨʠʢʘʧʘʤʠ ʥʘʟʠʚʘʶʪʴ ʅɼ, ʨʦʙʦʪʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʙʘʨô̒ ʨʥʦʾ ʻʤʥʦʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʢʣʘʜʝʥʦʾ 

ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʤʽʥʥʦʾ ʻʤʥʦʩʪʽ, ʻʤʥʽʩʪʶ 

ʚʘʨʠʢʘʧʽʚ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦ, ʟʤʽʥʶʶʯʠ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ ʥʘ p-n-

ʧʝʨʝʭʦʜʽ. ɺʘʨʠʢʘʧʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʚʠʩʦʢʫ ʜʦʙʨʦʪʥʽʩʪʴ, ʥʠʟʴʢʠʡ 

ʨ̔ ʚʝʥʴ ʰʫʤʽʚ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʤʘʣʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʭʦʨʦʰʫ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ. 

ɺʦʣʴʪ-ʬʘʨʘʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʘʨʠʢʘʧʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.26. 
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ʈʠʩ. 1.26. ɺʦʣʴʪ-ʬʘʨʘʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʢʘʧʘ 

ʄʽʥʽʤʘʣʴʥʘ ʻʤʥʽʩʪʴ minC  ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ 

ʟʚʦʨʦʪʥʦʶ ʥʘʧʨʫʛʦʶ, ʷʢʘ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʙʦʶ p-n-ʧʝʨʝʭʦʜʫ. ɺʝʣʠʯʠʥʘ 

maxC  ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʜʘʥʦʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʘʨʠʢʘʧʽ 
min.. ɿɺʈʇʆʏɿɺʈ UU = . 
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1.3.8. ɻʝʪʝʨʦʧʝʨʝʭʽʜ 

ɻʝʪʝʨʦʧʝʨʝʭʽʜ ï ʮʝ p-n-ʧʝʨʝʭʽʜ, ʱʦ ʩʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʽʟ ʨʽʟʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʛʦʤʦʧʝʨʝʭʦʜʫ ï ʩʪʚʦʨʝʥʦʛʦ ʢʦʥʪʘʢʪʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʟ ʦʜʥʘʢʦʚʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ). 

ɻʝʪʝʨʦʧʝʨʝʭʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ 

(ʩʚʽʪʣʦʜʽʦʜʠ, ʬʦʪʦʜʽʦʜʠ). 

1.3.9. ʇʝʨʝʭʽʜ ʐʦʪʪʢ ̔

ʇ̔ ʜ ʯʘʩ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ n-ʪʠʧʫ ʟô̫ ʚʣʷʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʐʦʪʪʢ.̔ ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʴ ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʇʝʨʝʭʽʜ ʐʦʪʪʢ ̔ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʥʠʭ ʥʦʩʽʷʭ (ʝʣʝʢʪʨʦʥʘʭ). ʋ ʧʝʨʝʭʦʜʽ 

ʐʦʪʪʢ ̔ ʚʽʜʩʫʪʥʷ ʜʠʬʫʟʽʡʥʘ ʻʤʥʽʩʪʴ, ʧʦʚô̫ ʟʘʥʘ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʪʘ 

ʨʦʟʩʤʦʢʪʫʚʘʥʥʷʤ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʪʦʤʫ ʩʠʣʴʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ 

ʧʝʨʝʢʣʶʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʝʭʦʜʽ ʐʦʪʪʢ ̔ʟʥʘʯʥʦ ʤʝʥʰʝ, 

ʥʽʞ ʥʘ ʟʚʠʯʘʡʥʦʤʫ p-n-ʧʝʨʝʭʦʜʽ (0,1 ɺ) [6]. 

1.3.10. ʉʪʘʙʽʩʪʦʨʠ 

ʉʪʘʙʽʩʪʦʨ ʮʝ ʅɼ, ʚ ʷʢʦʤʫ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʧʨʫʛʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʷʤʘ ʛʽʣʢʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʦʙʪʦ ʚ ʦʙʣʘʩʪʽ ʧʨʷʤʦʛʦ ʟʩʫʚʫ 

ʥʘʧʨʫʛʘ ʥʘ ʩʪʘʙʽʩʪʦʨʽ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ). ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʩʪʘʙʽʩʪʦʨʚ̔ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʻ ʤʝʥʰʘ ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,7 ɺ.  

1.3.11. ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ 

ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ ʜʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ 

ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʫ ʨʝʛʣʘʤʝʥʪʦʚʘʥʫ ʥʘʧʨʫʛʫ ʧʨʦʙʦʶ (ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ) ʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʶ ʥʘʧʨʫʛʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ ʫ ʨʘʟʽ 

ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ. 

ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ ʽ ʦʙʤʝʞʝʥʥʷ 

ʜʚʦʧʦʣʷʨʥʠʭ ʥʘʧʨʫʛ. ɼʚʦʘʥʦʜʥʽ ʩʪʘʙʽʣʽʪʨʦʥʠ (ʜʽʦʜʠ ɿʝʥʝʨʘ) ʤʘʶʪʴ 

ʩʠʤʝʪʨʠʯʥʫ ɺɸʍ (ʨʠʩ. 1.27). 
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ʈʠʩ. 1.27. ɺɸʍ ʜʚʦʭʘʥʦʜʥʦʛʦ ʩʪʘʙʽʣʽʪʨʦʥʘ 

1.4. ɹ̔ ʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ 

1.4.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙ̔ ʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʊʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʙʽʧʦʣʷʨʥʽ ʪʘ ʧʦʣʴʦʚʽ. 

ɹʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ (ɹʊ) ï ʮʝ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʤʘʻ ʜʚʘ p-n-ʧʝʨʝʭʦʜʠ ʽ ʪʨʠ ʚʠʚʦʜʠ. ʋ ʧʝʨʰʽ ʨʦʢʠ ʧʽʩʣʷ ʾʭ ʚʠʥʘʭʦʜʫ 

ʪʨʘʥʟʠʩʪʦʨʠ ʥʘʟʠʚʘʣʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʪʨʽʦʜʘʤʠ. 

ʊʨʘʥʟʠʩʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯ- 

ʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʋ ʨʦʙʦʪʽ ʪʨʘʥʟʠʩʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʩʽʾ ʟʘʨʷʜʫ ʦʙʦʭ 

ʧʦʣʷʨʥʦʩʪʝʡ (ʝʣʝʢʪʨʦʥʠ ʪʘ ʜʽʨʢʠ), ʪʦʤʫ ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʙʽʧʦʣʷʨʥʠʤʠ. 

ɿʘ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

- ʛʝʨʤʘʥʽʻʚʽ; 

- ʢʨʝʤʥʽʻʚʽ. 

ɹʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ (ɹʊ) ʻ ʩʪʨʫʢʪʫʨʦʶ p-n-ʨ- ʘʙʦ n-p-n-ʪʠʧʫ, ʱʦ 

ʦʪʨʠʤʘʥʘ ʚ ʦʜʥʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ (ʨʠʩ. 1.28). 

 
ʈʠʩ. 1.28. ʉʪʨʫʢʪʫʨʘ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ɺʥʫʪʨʽʰʥʷ ʦʙʣʘʩʪʴ, ʱʦ ʨʦʟʜʽʣʷʻ p-n-ʧʝʨʝʭʦʜʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʦʶ (ɹ). 

ɿʦʚʥʽʰʥʽʡ ʰʘʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʽʥʞʝʢʪʫʚʘʥʥʷ ʥʦʩʽʾʚ ʫ ʙʘʟʫ, ʥʘʟʠʚʘʻʪʴʩʷ 
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ʝʤʽʪʝʨʦʤ (ɽ), ʘ p-n-ʧʝʨʝʭʽʜ ʇ1, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʝʤʽʪʝʨʘ, ï ʝʤʽʪʝʨʥʠʤ. ɯʥʰʠʡ 

ʟʦʚʥʽʰʥʽʡ ʰʘʨ, ʝʢʩʪʨʘʢʪʫʶʯʠʡ (ʪʦʡ, ʱʦ ʚʠʪʷʛʫʻ) ʥʦʩʽʾ ʽʟ ʙʘʟʠ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʣʝʢʪʦʨʦʤ (ʂ), ʘ p-n-ʧʝʨʝʭʽʜ ʇ2 ï ʢʦʣʝʢʪʦʨʥʠʤ.  

ɼʣ̫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʝʤʥʽʡ  ̔ʛʝʨʤʘʥʽʡ, ʦʙʨʦʙʣʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ: 

ʩʧʣʘʚʥʦʶ; ʜʠʬʫʟʽʡʥʦʶ; ʚʠʨʦʱʝʥʦʶ, ʝʧʽʪʘʢʩʽʘʣʴʥʦʶ; ʧʣʘʥʘʨʥʦʶ ʽ ʪ. ʽʥ. 

ʇʝʨʰʽ ʪʨʘʥʟʠʩʪʦʨʠ ʙʫʣʠ ʪʦʯʢʦʚʠʤʠ, ʘʣʝ ʚʦʥʠ ʧʨʘʮʶʚʘʣʠ ʥʝʩʪʽʡʢʦ. ɿʘʨʘʟ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʣʦʱʠʥʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. 

ʋʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ɹʊ ʥʘ ʩʭʝʤʘʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.29. 

 
ʈʠʩ. 1.29. ʇʦʟʥʘʯʝʥʥʷ ɹʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤʘʭ 

ʂʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʧʠʩʘʥʦ ʚ [20; 22]. ʆʩʥʦʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ȭȾ ̒ ʪʝ, ʱʦ ʙʘʟʘ ʩʪʚʦʨʶʻʪʴʩʷ ʜʫʞʝ ʚʫʟʴʢʦʶ 

(ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ); ʝʤʽʪʝʨ ʤʽʩʪʠʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʢʠ, 

ʥʽʞ ʙʘʟʘ; ʧʣʦʱʘ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʙʽʣʴʰʘ, ʥʽʞ ʝʤʽʪʝʨʥʦʛʦ. 

1.4.2. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ɹʊ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʫ ʜʝʢʽʣʴʢʦʭ ʨʝʞʠʤʘʭ: ʪʦʡ, ʱʦ ʧʽʜʩʠʣʶʻ, 

ʽʤʧʫʣʴʩʥʦʤʫ, ʢʣʶʯʦʚʦʤʫ ʽ ʪ. ʽʥ. ʋ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɹʊ, ʱʦ ʧʽʜʩʠʣʶʻ, ʡʦʛʦ 

ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʟʤʽʱʫʶʪʴ ʫ ʧʨʷʤʦʤʫ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʘʭ (ʨʠʩ. 1.30, ʘ). 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʛ (ɽɹ ʂɹU =U =0) ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ p-n-

ʧʝʨʝʭʦʜʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ ʦʙô̒ ʤʥʠʤʠ ʟʘʨʷʜʘʤʠ ʽʦʥʽʚ ʜʦʤʽʰʦʢ ʽ ʧʦʪʝʥʮʽʡʥʽ 

ʙʘʨô̒ ʨʠ ʦʙʦʭ ʧʝʨʝʭʦʜʽʚ (
000 ʂʂʂɽʂ jjj == ) ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʚʥʦʚʘʛʫ ʫ 

ʪʨʘʥʟʠʩʪʦʨʽ (ʨʠʩ. 1.30, ʙ).  

ʉʫʤʘʨʥʽ ʩʪʨʫʤʠ ʯʝʨʝʟ p-n-ʧʝʨʝʭʦʜʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʧʨʠ ʮʴʦʤʫ ʫ 

ʙʝʟʜʨʝʡʬʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʫ 

ʙʘʟʽ ʨʽʚʥʦʤʽʨʥʘ ʟʘ ʚʩʽʻʶ ʪʦʚʱʠʥʦʶ ʽ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʫ ʙʘʟʽ ʚʽʜʩʫʪʥʻ. 

ʇʦʪʝʥʮʽʘʣ ʙʘʟʠ ʧʦʩʪʽʡʥʠʡ ʟʘ ʚʩʽʻʶ ʪʦʚʱʠʥʦʶ (constɹ=j , ʨʠʩ. 1.30, ʙ). 
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ʈʠʩ. 1.30. ɹʽʧʦʣʷʨʥʠʡ ʪʨʘʥʟʠʩʪʦʨ: ʘ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; 

ʙ ï ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʫ ʩʪʨʫʢʪʫʨʽ; 

ʚ, ʛ ï ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ 

ʅʘ ʨʠʩ. 1.30, ʚ ʧʦʢʘʟʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ ʫ ʪʨʘʥʟʠʩʪʦʨʽ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʥʘʧʨʫʛʠ 
ɽɹU   ̔

ʂɹU , ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ɽE  ʽ ʂE , ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʭʦʜʽʚ ʽ ʟʤʽʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʦʥ. 

ʅʘʧʨʫʛʫ 
ɽɹU  ʧʨʠʢʣʘʜʝʥʦ ʜʦ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʂɹU  

ʜʦ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ï ʫ ʟʚʦʨʦʪʥʦʤʫ. ʆʧʽʨ ʝʤʽʪʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʤʘʣʠʡ ʽ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʫ ʮʴʦʤʫ ʧʝʨʝʭʦʜʽ ʜʦʩʪʘʪʥʴʦ ʥʘʧʨʫʛʠ 
ɽɹU  

ʫ ʜʝʩʷʪʽ ʜʦʣʽ ʚʦʣʴʪʘ. 
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ʆʧʽʨ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʝʣʠʢʠʡ, ʽ ʥʘʧʨʫʛʘ 
ʂɹU  ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ï 

ʜʝʩʷʪʢʠ ʚʦʣʴʪ. ʋ ʝʤʽʪʝʨʥʦʤʫ ʧʝʨʝʭʦʜʽ ʚʠʥʠʢʘʻ ʷʚʠʱʝ ʽʥʞʝʢʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ ʫ ʝʤʽʪʝʨʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʢʪʨʦʥʽʚ ʫ ʙʘʟʽ (
ɹɽ np >> ), ʧʦʪʽʢ ʜʽʨʦʢ ʽʟ ʝʤʽʪʝʨʘ ʫ ʙʘʟʫ 

ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ 

ɽnɽpɽ III += , ʜʝ ɽpI , 
ɽnI  ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʨʢʦʚʘ ʽ ʝʣʝʢʪʨʦʥʥʘ ʩʢʣʘʜʦʚʽ. 

ʏʠʤ ʤʝʥʰʝ 
ɽnI , ʪʠʤ ʝʬʝʢʪʠʚʥʽʰʝ ʨʦʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʦʤʫ ʚʚʝʜʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ g, ʱʦ ʦʮʽʥʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʤʽʪʝʨʘ ʩʪʘʥʦʚʠʪʴ:  
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ɺ ʽʜʝʘʣʴʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 0=ɽnI , 1=g . ɯʥʞʝʢʪʦʚʘʥʽ ʜʽʨʢʠ ʧʨʦʥʠʢʘʶʪʴ 

ʫ ʛʣʠʙʠʥʫ ʙʘʟʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʧʨʦʭʦʜʞʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ 

ʦʙʣʘʩʪʴ ʙʘʟʠ ʨʦʟʨʽʟʥʷʶʪʴ ʙʝʟʜʨʝʡʬʦʚʽ ʽ ʜʨʝʡʬʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ [6; 20]. ʅʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʮʶ ʚʽʜʤʽʥʥʽʩʪʴ, ʜʽʨʢʠ, ʧʦʪʨʘʧʠʚʰʠ ʫ ʙʘʟʫ, ʜʣʷ ʷʢʦʾ ʚʦʥʠ ʻ 

ʥʝʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ, ʧʦʯʠʥʘʶʪʴ ʨʝʢʦʤʙʽʥʫʚʘʪʠ ʽʟ ʝʣʝʢʪʨʦʥʘʤʠ ʙʘʟʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʝ ʧʨʠʙʫʪʪʷ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʫ 

ʙʘʟʦʚʫ ʦʙʣʘʩʪʴ, ʪʦʙʪʦ ʟô̫ ʚʣʷʻʪʴʩʷ ʙʘʟʦʚʠʡ ʩʪʨʫʤ 
ɹI . 

ʇʨʦʮʝʩ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʤʠʪʪʻʚʦ ʽ ʧʦʚô̫ ʟʘʥʠʡ ʽʟ ʯʘʩʦʤ 

ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ (ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚ e ʨʘʟ̔ʚ). ʊʦʚʱʠʥʘ ʙʘʟʠ ʜʫʞʝ ʤʘʣʘ (ʦʜʠʥʠʮʽ ʤʽʢʨʦʥ). 

ʊʦʤʫ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʙʽʛʫ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʝʨʝʟ ʙʘʟʫ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʯʘʩʫ ʾʭ ʞʠʪʪʷ, ʪʦʙʪʦ ʚʝʣʠʢʘ ʯʘʩʪʢʘ ʜʽʨʦʢ ʜʦʭʦʜʠʪʴ ʜʦ ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʦʧʠʩʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʦʩʽʾʚ ʫ ʙʘʟʽ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʽʨʦʢ): 
ɽp

ɹp

p
I

I
=b , ʜʝ ɹpI  ï ʜʽʨʢʦʚʘ 

ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ ʙʘʟʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʜʽʨʦʢ, ʱʦ ʜʽʡʰʣʠ ʜʦ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ (ɽpɹp II < , 1<b ). 

ʋ ʢʦʣʝʢʪʦʨʥʦʤʫ ʧʝʨʝʭʦʜʽ, ʚʢʣʶʯʝʥʦʤʫ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʚʠʱʝ ʝʢʩʪʨʘʢʮʽʾ. ʇʣʦʱʘ ʮʴʦʛʦ ʧʝʨʝʭʦʜʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʧʣʦʱʽ 

ʝʤʽʪʝʨʥʦʛʦ, ʪʦʤʫ ʤʘʡʞʝ ʚʩʽ ʜʽʨʢʠ ʚʠʚʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʢʦʣʝʢʪʦʨʘ. 

ɿô̫ ʚʣʷʻʪʴʩʷ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʂI . ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ 0ʂʂʨʂ III += , ʜʝ ʂʨI  ï ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʫ 

ʣʘʥʮʶʟʽ ʢʦʣʝʢʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ ʧʨʦʮʝʩʽʚ; 
0ʂI  ï ʟʚʦʨʦʪʥʠʡ 

ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʟʚʦʨʦʪʥʦ ʚʢʣʶʯʝʥʦʛʦ ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʆʜʥʠʤ ʽʟ 
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ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʟʠʩʪʦʨʘ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʝʤʽʪʝʨʘ: 

ɽ

ʂ

I

I
=a . ʆʩʢʽʣʴʢʠ 

0ʂI  ʜʫʞʝ ʤʘʣʠʡ, ʟʘʟʚʠʯʘʡ ʟʘʧʠʩʫʶʪʴ: 

ɽ

ʂp

I

I
=a  (a = ( 0,95é0,99);  

ɹI  = ( 0,05é0,01 ) 
ɽIÖ ;  

ʂI  = ( 0,95é0,99 ) 
ɽIÖ ). 

ʇʦʚʥʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ 
0ʂɽʂ III +Ö=a . ʆʩʢʽʣʴʢʠ 00 ºʂI , ʧʝʨʝʚʘʞʥʦ 

ʚʚʘʞʘʶʪʴ, ʱʦ 
ɽʂ II Ö=a . ʉʪʨʫʤ ʙʘʟʠ 

0(1 )ɹ ɽ ʂ ɽ ʂI I I I Ia= - = - -. ʗʢʱʦ 0=ɽI , 

0ʂɹ II -= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʪʨʘʥʟʠʩʪʦʨʽ, ʚʢʣʶʯʝʥʦʤʫ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.30, 

ʯʝʨʝʟ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʧʨʦʭʦʜʠʪʴ ʚʭʽʜʥʠʡ ʩʪʨʫʤ 
ɽI  ï ʷʢʠʡ ʢʝʨʫʻ, ʘ ʯʝʨʝʟ 

ʢʦʣʝʢʪʦʨʥʠʡ ʧʝʨʝʭʽʜ ï ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ 
ʂI , ʷʢʠʤ ʢʝʨʫʶʪʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, 

ʪʨʘʥʟʠʩʪʦʨ ï ʧʨʠʣʘʜ, ʫ ʷʢʦʛʦ ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʢʝʨʫʻ ʚʠʭʽʜʥʠʤ. 

ʆʩʢʽʣʴʢʠ ʝʤʽʪʝʨʥʠʡ p-n-ʧʝʨʝʭʽʜ ʚʢʣʶʯʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ 

ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ ʟʚʦʨʦʪʥʦʤʫ, ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʝʢʪʦʨʥʠʡ ʩʪʨʫʤ 

ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʚʠʭʽʜʥʘ. ʅʘ ʮʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʟʘʩʥʦʚʘʥʘ ʧʽʜʩʠʣʶʶʯʘ ʜʽʷ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʗʢʱʦ ʥʘʧʨʫʛʘ, ʘ ʦʪʞʝ, ʽ ʩʪʨʫʤ ʫ ʣʘʥʮʶʟʽ ʝʤʽʪʝʨʘ ʟʤʽʥʶʚʘʪʠ ʫ 

ʯʘʩʽ ʟʘ ʟʘʢʦʥʦʤ ʜʞʝʨʝʣʘ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ 
CU  (ʨʠʩ. 1.30, ʘ), ʪʦ ʟʘ ʮʠʤ ʞʝ 

ʟʘʢʦʥʦʤ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʩʪʨʫʤ 
ʂI , ʘ ʦʪʞʝ ʽ ʥʘʧʨʫʛʘ ʥʘ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂR . ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ (ɽʂ II <  ʥʘ ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʫ ʙʘʟʠ) 

ʨʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʧʽʜʩʠʣʶʻ ʥʘʧʨʫʛʫ (ʚʭʽʜʥʠʡ ʦʧʽʨ ʤʘʣʠʡ, ʚʠʭʽʜʥʠʡ ï ʚʝʣʠʢʠʡ, 

ʘ ʩʪʨʫʤʠ ɽʂ II º , ʦʩʢʽʣʴʢʠ 0ºɹI ). 

ɿʚô̫ ʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ ʚʠʨʘʞʘʻʪʴʩʷ 

ʦʯʝʚʠʜʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ɺʍɽɺʍ RɯU = ; ɽɽʂʂɺʀʍ RIRɯU a==  (
ɺʍR  ï ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ï ʩʢʣʘʜʘʻ ʜʝʩʷʪʢʠ ʆʤ; 
ʂR  ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ ï ʩʢʣʘʜʘʻ ʪʠʩʷʯʽ ʆʤ; ɺʍʂ RR >> , ʪʦʤʫ ɺʍɺʀʍ UU >> ). 

ʊʨʘʥʟʠʩʪʦʨ ï ʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ (ɸɽ), ʱʦ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ɿʤʽʥʶʶʯʠ ʩʪʨʫʤ ʫ ʚʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ ʟʘ 

ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʽʜʩʠʣʝʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʪʽʻʾ ʞ ʬʦʨʤʠ. 

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ p-n-p-ʪʠʧʫ. ɺʩʽ 

ʦʧʠʩʘʥʽ ʧʨʦʮʝʩʠ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ n-

p-n-ʪʠʧʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦʣʷʨʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʟ ʝʤʽʪʝʨʘ ʽʥʞʝʢʪʫʶʪʴʩʷ ʫ ʙʘʟʫ, ʘ ʧʦʪʽʤ 

ʚʠʚʦʜʷʪʴʩʷ ʚ ʢʦʣʝʢʪʦʨ ʥʝ ʜʽʨʢʠ, ʘ ʝʣʝʢʪʨʦʥʠ. ʉʴʦʛʦʜʥʽ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʘʤʝ ʪʨʘʥʟʠʩʪʦʨʠ n-ʨ-n-ʪʠʧʫ. 
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1.4.3. ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʋ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʪʨʘʥʟʠʩʪʦʨ ʚʢʣʶʯʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʜʠʥ 

ʽʟ ʡʦʛʦ ʝʣʝʢʪʨʦʜʽʚ ʻ ʚʭʽʜʥʠʤ, ʚ ʽʥʰʽʡ ï ʚʠʭʽʜʥʠʤ. ʊʨʝʪʽʡ ʝʣʝʢʪʨʦʜ ï ʩʧʽʣʴʥʠʡ 

ʱʦʜʦ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ. ʋ ʣʘʥʮʶʛ ʚʭʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʢʣʶʯʘʶʪʴ ʜʞʝʨʝʣʦ 

ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʚ ʣʘʥʮʶʛ ʚʠʭʽʜʥʦʛʦ ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ.    

ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʝʣʝʢʪʨʦʜ ʻ ʩʧʽʣʴʥʠʤ, ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʩʭʝʤʠ 

ʚʢʣʶʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ: ʽʟ ʩʧʽʣʴʥʦʶ ʙʘʟʦʶ (ʉɹ), ʽʟ ʩʧʽʣʴʥʠʤ ʝʤʽʪʝʨʦʤ (ʉɽ) ʽ 

ʽʟ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ (ʉʂ). ʎʽ ʩʭʝʤʠ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ p-n-p-ʪʠʧʫ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.31. 

ɼʣʷ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ ʫ ʩʭʝʤʘʭ ʚʢʣʶʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʣʠʰʝ 

ʧʦʣʷʨʥʽʩʪʴ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ ʽ ʥʘʧʨʷʤʢʠ ʩʪʨʫʤʽʚ. 

ʉʣʽʜ ʧʘʤô̫ ʪʘʪʠ, ʱʦ ʫ ʧʽʜʩʠʣʶʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ʡʦʛʦ ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʚʢʣʶʯʝʥʠʡ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ. 

 

ʈʠʩ. 1.31. ʉʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ɹʊ: ʘ ï ʉɹ; ʙ ï ʉɽ; ʚ ï ʉʂ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʻ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʽʟ ʉɽ (ʨʠʩ. 1.31, ʙ), ʱʦ ʤʘʻ 

ʥʘʡʙʽʣʴʰʝ ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ. 

1.4.4. ʉʪʘʪʠʯʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʪʨʘʥʟʠʩʪʦʨʘ 

ʂʦʞʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʤʘ ʩʽʤô̫ ʤʠ ɺɸʍ:       

ʘ ï ʚʠʭʽʜʥʠʤʠ; ʙ ï ʚʭʽʜʥʠʤʠ; ʚ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʯʽ ʟʘ ʩʪʨʫʤʦʤ;         

ʛ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ (ɿɿ) ʟʘ ʥʘʧʨʫʛʦʶ. ʇʝʨʰ̔ ʜʚʽ ʟ ʥʠʭ ʻ 

ʦʩʥʦʚʥʠʤʠ. 

ʅʘ ʨʠʩ. 1.32, ʨʠʩ. 1.33 ʧʦʢʘʟʘʥʽ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤ ʽʟ ʉɹ ʽ ʉɽ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ. 
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ʈʠʩ. 1.33. ʉʪʘʪʠʯʥʽ ɺɸʍ ʩʭʝʤʠ ʽʟ ʉɽ: ʘ ï ʚʭʽʜʥʽ; ʙ ï ʚʠʭʽʜʥʽ 

1.4.5. ʈʦʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʉʪʘʪʠʯʥʽ ɺɸʍ (ʨʠʩ. 1.32, ʨʠʩ. 1.33) ʟʥʽʤʘʶʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʚʠʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ.  

ʋ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʭʽʜʥʠʡ ʣʘʥʮʶʛ ʤʽʩʪʠʪʴ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʂR  (ʜʣʷ ʩʭʝʤʠ ʽʟ ʉɽ). ʋ ʮʴʦʤʫ ʨʘʟʽ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʈʦʟʛʣʷʥʝʤʦ ʜʠʥʘʤʽʢʫ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ n-p-n-ʪʠʧʫ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʭʝʤʠ ʽʟ ʉɽ (ʨʠʩ. 1.34, ʘ). 

ʋ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʟʤʽʥʠ ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʫ ʟʘ constEʂ=  ʽ 

constRʂ=  ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʟʤʽʥʠ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ, ʘʣʝ ʽ ʚʽʜ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 

ʥʘ ʢʦʣʝʢʪʦʨʽ ( ),( ʂɽɹʂ UIfI = ). ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʛʣʜ̫ 
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KKKK RIEU Ö-= .     (1.1) 

 

ʈʠʩ. 1.34. ɹʊ ʽʟ ʉɽ: ʘ ï ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ; ʙ ï ʚʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ɺɸʍ ʪʘ 

ʜʠʥʘʤʯ̔ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘʧʨʫʛʘ ʂɽU , ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʘʤʠ ʷʢ ʙʘʟʦʚʦʛʦ, ʪʘʢ ʽ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʩʪʨʫʤʽʚ, ʪʦʙʪʦ ʫ ʜʠʥʘʤʽʮʽ ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʩʽ ʩʪʨʫʤʠ ʽ 

ʥʘʧʨʫʛʠ ʫ ʪʨʘʥʟʠʩʪʦʨʽ ( ®®¬¬ ʂʂɽʂɹ IUII ). 

ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʩʪʨʫʤʘʤʠ ʽ ʥʘʧʨʫʛʘʤʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʧʦʨʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʂR , ï ʜʠʥʘʤʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʫʜʫʻʪʴʩʷ ʥʘ ʩʽʤô̫ ʭ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʟʘ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥ ɹ ʂE  ʽ ʂR  (ʨʠʩ. 1.34, ʙ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʠʥʘʤʽʯʥʦʾ ʚʠʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʠ ʽʟ ʉɽ 

ʚʠʢʦʨʠʩʪʘʥʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ (1.1), ʷʢʝ ʻ ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ 

ʣʽʥʽʾ. ʎʝ ʦʯʝʚʠʜʥʦ, ʷʢʱʦ ʧʨʝʜʩʪʘʚʠʪʠ (1.1) ʫ ʚʠʛʣʷʜʽ 
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öö
÷

õ
ææ
ç

å
=

ʂR
arctg

1
j  ï ʢʫʪ ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʜʦ ʦʩʽ ʘʙʩʮʠʩ.     

ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʠʥʘʤʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ) ʟ 

ʦʜʥʽʻʶ ʽʟ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʙʦʯʦʶ ʪʦʯʢʦʶ ʪʨʘʥʟʠʩʪʦʨʘ (P ). 

ɿʤʽʥʶʶʯʠ ɹI , ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʨʦʙʦʯʫ ʪʦʯʢʫ ʧʦ ʧʨʷʤʽʡ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʟʤʽʥʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘʟʠʚʘʶʪʴ ʪʦʯʢʦʶ ʩʧʦʢʦʶ CP  ( 0P  ). 

1.4.6. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʾ ʪʦʯʢʠ, ʻ ʪʨʠ ʦʩʥʦʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʪʨʘʥʟʠʩʪʦʨʘ: ʘʢʪʠʚʥʠʡ (ʣʽʥʽʡʥʠʡ, ʧʽʜʩʠʣʶʶʯʠʡ), ʥʘʩʠʯʝʥʥʷ ʽ ʚʽʜʩʽʯʝʥʥʷ. 

ʇʦʥʷʪʪʷ ʨʝʞʠʤʫ ʧʦʚô̫ ʟʘʥʝ ʽʟ ʥʘʷʚʥʽʩʪʶ ʪʨʴʦʭ ʦʙʣʘʩʪʝʡ ʫ ʪʨʘʥʟʠʩʪʦʨʘ: 

ʘʢʪʠʚʥʦʾ, ʥʘʩʠʯʝʥʥʷ ʽ ʚʽʜʩʽʯʝʥʥʷ. 

ʅʘ ʨʠʩ. 1.35 ʥʘʚʝʜʝʥʦ ʪʨʠ ʦʙʣʘʩʪʽ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ I, ɯɯ ʽ ɯɯɯ. 

ʆʙʣʘʩʪʴ ʚʽʜʩʽʯʝʥʥʷ ʦʙʤʝʞʝʥʘ ʟʚʝʨʭʫ ɺɸʍ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0ʂɹ II -=   

(ʦʙʠʜʚʘ ʨ-n-ʧʝʨʝʭʦʜʠ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʢʨʠʪʽ). ʆʙʣʘʩʪʴ ʥʘʩʠʯʝʥʥʷ ʦʙʤʝʞʝʥʘ 

ʩʧʨʘʚʘ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʟ ʷʢʦʾ ʚʠʭʦʜʷʪʴ ʩʪʘʪʠʯʥʽ ɺɸʍ (ʦʙʠʜʚʘ p-n-ʧʝʨʝʭʦʜʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʢʨʠʪʽ). ɸʢʪʠʚʥʘ ʦʙʣʘʩʪʴ ʣʝʞʠʪʴ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʚʽʜʩʽʯʝʥʥʷ ʽ 

ʥʘʩʠʯʝʥʥʷ (ʝʤʽʪʝʨʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜʢʨʠʪʠʡ, ʘ ʢʦʣʝʢʪʦʨʥʠʡ ï ʟʘʢʨʠʪʠʡ). 
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ʈʠʩ. 1.35. ʈʝʞʠʤʠ (ʦʙʣʘʩʪʽ) ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ 
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ʋ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʪʦʯʢʘ ʩʧʦʢʦʶ CP  ʪʨʘʥʟʠʩʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʧʦʩʝʨʝʜʠʥʽ ʜʽʣʷʥʢʠ ʧʨʷʤʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ CF (ʨʠʩ. 1.35), ʘ ʨʦʙʦʯʘ 

ʪʦʯʢʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʽʣʷʥʢʠ CF. ʋ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʨʦʙʦʯʘ ʪʦʯʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʥʘʩʠʯʝʥʥʷ, ʘ ʫ ʨʝʞʠʤʽ ʚʽʜʩʽʯʝʥʥʷ ï ʚʽʜʧʦʚʽʜʥʦ ʫ 

ʦʙʣʘʩʪʽ ʚʽʜʩʽʯʝʥʥʷ. 

ɸʢʪʠʚʥʠʡ ʨʝʞʠʤ ʻ ʦʩʥʦʚʥʠʤ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʪ. ʽʥ. ʈʝʞʠʤʠ ʚʽʜʩʽʯʝʥʥʷ ʪʘ ʥʘʩʠʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʽʤʧʫʣʴʩʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʘʤʧʝʨʝʜ ʟʙʽʣʴʰʫʻ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ 

ʢʦʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʫ (ʧʦʯʘʪʢʦʚʠʡ ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ). 

ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʦʤʫ ʩʭʝʤʠ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʤʽʩʪʷʪʴ ʝʣʝʤʝʥʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ [6; 20]. ʇʽʜ ʯʘʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʭʝʤ (ʦʩʦʙʣʠʚʦ ʧʦʪʫʞʥʠʭ) 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʪʨʘʥʟʠʩʪʦʨʘ.  

1.4.7. ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ 

ʉʭʝʤʫ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.36. ʋ ʮʽʡ ʩʭʝʤʽ 

ʝʤʽʪʝʨʥʠʡ ʩʪʨʫʤ ʧʝʨʰʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʻ ʙʘʟʦʚʠʤ ʩʪʨʫʤʦʤ ʜʨʫʛʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷʤ ʩʪʨʫʤʫ ʫ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ɓ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʢʦʞʥʦʛʦ ʽʟ ʜʚʦʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ: 21 bbb Ö=   ̔  ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ. 

VT1

VT2

ɹ

ʂ

ɽ

ɹ

ʂ

ɽ

ɹ

ʂ

ɽ

 

ʈʠʩ. 1.36. ʉʭʝʤʘ ʩʢʣʘʜʝʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

VT2 ʦʙʠʨʘʶʪʴ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ, ʥʽʞ VT1, ʪʦʤʫ ʱʦ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʠʡ 

ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʥʦʤʽʥʘʣʴʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʫ VT1. 
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ʉʢʣʘʜʝʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʇɯɼʉK  ʟʘ ʩʪʨʫʤʦʤ 

ʪʘ ʥʘʧʨʫʛʦʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ 

ʢʘʩʢʘʜʫ, ʱʦ ʧʽʜʩʠʣʶʻ. 

1.5. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ 

1.5.1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʇʦʣʴʦʚʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ (ʇʊ) ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʡ 

ʪʨʠʝʣʝʢʪʨʦʜʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʣʘʜ, ʫ ʷʢʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ 

ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ ʧʽʜ ʜʽʻʶ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʘ 

ʢʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, 

ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʱʦ ʢʝʨʫʻ. ʇʊ ï ʫʥʽʧʦʣʷʨʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʙʦʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʨʝʡʬʽ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʦʜʥʦʛʦ ʟʥʘʢʫ ʫ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʯʝʨʝʟ ʢʘʥʘʣ n- ʘʙʦ 

p-ʪʠʧʫ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ. ʂʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʯʝʨʝʟ ʢʘʥʘʣ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ, ʘ ʥʝ ʩʪʨʫʤʦʤ, ʷʢ ʫ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʇʊ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ɹ ʩʷ ʢʨʝʤʥʽʡ 

(Si), ʱʦ ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ, ʯʠʤ ʛʝʨʤʘʥʽʡ. ʅʘ 

ʨʠʩ. 1.37 ʟʦʙʨʘʞʝʥʽ ʫʤʦʚʥʽ ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ʇʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ. ʂʦʥʩʪʨʫʢʮʽʾ ʇʊ ʥʘʚʝʜʝʥʦ ʫ [20; 22], ʘ ʾʭ ʤʘʨʢʫʚʘʥʥʷ 

ʘʥʘʣʦʛʽʯʥʝ ʤʘʨʢʫʚʘʥʥʶ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ 

ʜʨʫʛʠʡ ʝʣʝʤʝʥʪ ʤʘʨʢʫʚʘʥʥʷ ʤʘʻ ʙʫʢʚʫ ʇ ï ʧʦʣʴʦʚʠʡ. 

 
ʈʠʩ. 1.37. ʇʦʟʥʘʯʝʥʥʷ ʇʊ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ: ʘ, ʙ ï ʟ ʨ-n-

ʧʝʨʝʭʜʘʤʠ; ʚ, ʛ, ʜ, ʝ ï ʄʆʅ-ʪʠʧʫ 

ʇʨʠʥʮʠʧ ʜʽʾ ʇʊ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʤʽʥʶʻ ʧʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ, ʧʦ ʷʢʦʤʫ 

ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ ʚʠʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ. 

ʋ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʇʊ: 

ï ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ; 

ï ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ (ʄɼʅ- ʘʙʦ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʠ).  
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ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ 

ʇʊ ʽʟ ʢʘʥʘʣʦʤ p- ʘʙʦ n-ʪʠʧʫ. ʂʘʥʘʣ p-ʪʠʧʫ ʤʘʻ ʜʽʨʢʦʚʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ                    

n-ʪʠʧʫ ï ʝʣʝʢʪʨʦʥʥʫ. 

 

1.5.2. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ p-n-ʧʝʨʝʭʦʜʫ 

ʅʘ ʨʠʩ. 1.38 ʟʦʙʨʘʞʝʥʽ ʩʪʨʫʢʪʫʨʘ ʽ ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ ʇʊ ̔ʟ ʟʘʪʚʦʨʦʤ ʫ 

ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ. ʇʨʠʣʘʜ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʣʘʩʪʠʥʠ 

ʢʨʝʤʥʽʶ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ n-ʪʠʧʫ, ʱʦ ʻ ʢʘʥʘʣʦʤ, ʜʦ ʪʦʨʮʽʚ ʷʢʦʾ ʧʽʜô̒ ʜʥʘʥʽ ʜʚʘ 

ʤʝʪʘʣʝʚʽ ʢʦʥʪʘʢʪʠ, ʷʢʽ ʟʚʫʪʴʩʷ ʚʠʪʦʢʦʤ (ɺ) ʽ ʩʪʦʢʦʤ (ʉ). ʄʽʞ ʩʪʦʢʦʤ ʽ 

ʚʠʪʦʢʦʤ ʧʽʜʢʣʶʯʝʥʦ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 
ʉɺE  ʽ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ 

CR . 

 
ʈʠʩ. 1.38. ʇʊ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ: ʘ ï ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ;                  

ʙ ï ʩʭʝʤʘ ʚʢʣʶʯʝʥʥʷ 

ʅʘʧʨʫʛʘ 
ʉɺE  ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʪʘʢʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʱʦʙ ʩʪʨʫʤ ʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ (ʫ ʢʘʥʘʣʽ n-ʪʠʧʫ ï ʝʣʝʢʪʨʦʥʠ) ʧʨʦʭʦʜʠʚ ʚʽʜ ʚʠʪʦʢʫ ʜʦ ʩʪʦʢʫ. 

ʋ ʧʨʦʪʠʣʝʞʥʽ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʛʨʘʥʽ ʧʣʘʩʪʠʥʠ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʚʝʜʝʥʽ ʘʢʮʝʧʪʦʨʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʧʝʨʝʪʚʦʨʠʣʠ ʾʾ ʧʦʚʝʨʭʥʝʚʽ 
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ʰʘʨʠ ʚ ʦʙʣʘʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ p-ʪʠʧʫ. ʎʽ ʦʙʣʘʩʪʽ ʟô̒ ʜʥʘʥʥʽ ʨʘʟʦʤ ʽ 

ʫʪʚʦʨʶʶʪʴ ʻʜʠʥʠʡ ʝʣʝʢʪʨʦʜ, ʷʢʠʡ ʟʚʝʪʴʩʷ ʟʘʪʚʦʨʦʤ (ɿ). ʄʽʞ ʢʘʥʘʣʦʤ ʽ 

ʟʘʪʚʦʨʦʤ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʨ-n-ʧʝʨʝʭʦʜʠ. ʅʘ ʟʘʪʚʦʨ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 
ɿɺU , 

ʧʦʣʷʨʥʽʩʪʴ ʷʢʦʾ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ ʢʘʥʘʣʫ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ). 

ʈʦʙʦʪʘ ʇʊ (ʨʠʩ. 1.38, ʘ) ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʤʽʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ ʧʽʜ ʜʽʻʶ 

ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ. ʇ̔ ʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʤʦʜʫʣʷ ʮʽʻʾ ʥʘʧʨʫʛʠ ʨ-n-

ʧʝʨʝʭʦʜʠ ʟʤʽʱʫʶʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʰʠʨʠʥʘ ʰʘʨʽʚ, ʟʙʽʜʥʝʥʠʭ 

ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ, ʨ-n-ʧʝʨʝʭʦʜʠ ʨʦʟʰʠʨʶʶʪʴʩʷ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʫ ʟʘʪʚʦʨʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʢʘʥʘʣʽ, ʪʦʙʪʦ 

ʟʘʪʚʦʨ ʙʽʣʴʰ ʥʠʟʴʢʦʦʤʥʠʡ, ʥʽʞ ʢʘʥʘʣ.  

ʊʦʤʫ ʨʦʟʰʠʨʝʥʥʷ ʨ-n-ʧʝʨʝʭʦʜʽʚ ʧ̔ ʜ ʯʘʩ ʧʦʜʘʯʽ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʢʘʥʘʣʫ. ʇʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʡ ʧʣʦʱʽ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ. 

ʇ̔ ʜ ʯʘʩ ʨʦʟʰʠʨʝʥʥ ̫ ʨ-n-ʧʝʨʝʭʦʜʽʚ (ʟʙʽʣʴʰʝʥʥʽ ʟʚʦʨʦʪʥʦʾ ʜʣʷ                    

ʨ-n-ʧʝʨʝʭʦʜʫ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ, ʱʦ ʟʘʢʨʠʚʘʻ ʇʊ), ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʦʚʽʜʥʽʩʪʴ ʢʘʥʘʣʫ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʎʽ ʧʨʦʮʝʩʠ ʽʣʶʩʪʨʫʻ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʘ (ʚʭʽʜʥʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-

ʪʠʧʫ (ʨʠʩ. 1.39, ʘ). 

 

 

ʈʠʩ. 1.39. ʉʪʘʪʠʯʥʽ ɺɸʍ ʇʊ ʽʟ ʟʘʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʨ-n-ʧʝʨʝʭʦʜʫ ʽ ʢʘʥʘʣʦʤ n-ʪʠʧʫ: ʘ ï 

ʚʭʽʜʥʘ ɺɸʍ; ʙ ï ʚʠʭʽʜʥʽ ɺɸʍ 
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ʅʘ ʨʠʩ. 1.39, ʙ ʥʘʚʝʜʝʥʽ ʩʪʦʢʦʚʽ (ʚʠʭʽʜʥʽ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʊ ʽʟ 

ʢʘʥʘʣʦʤ n-ʪʠʧʫ. ʉʪʦʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʜʽʣʷʥʢʫ 

ʥʘʩʠʯʝʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʫ ʢʘʥʘʣʽ, 

ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘ ̒ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥ ̫
CɺE , ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʘʜʽʥʥʷ  ʥʘʧʨʫʛʠ ʫ 

ʢʘʥʘʣʽ. ʎʝ ʧʘʜʽʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʪʦʢʫ ʤʘʻ ʜʦʜʘʪʥʠʡ ʟʥʘʢ, ʪʦʤʫ ʟʤʽʱʫʻ ʨ-n-

ʧʝʨʝʭʦʜʠ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʝʨʝʪʠʥ ʢʘʥʘʣʫ ʧʦʯʠʥʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ (ʩʧʦʯʘʪʢʫ ʚ ʦʙʣʘʩʪʽ ʩʪʦʢʫ, ʘ ʧʦʪʽʤ ʚʦʥʦ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫʛʣʠʙ ʜʦ ʚʠʪʦʢʫ). ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʩʪʨʫʤʫ 
CI  ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

CɺU . ʄʝʞʝʶ ʦʙʣʘʩʪʽ 

ʥʘʩʠʯʝʥʥʷ ʻ (ʨʠʩ. 1.39, ʙ) 
. 0 .Cɺ ʅɸʉ ɿɺ ɺɯɼʉU U= , 

ʅɸʉCC II .= , ʟʘ 0=ɿɺU ; 

. .ʉɺ ʅɸʉ ɿɺ ɺɯɼʉU U= . ʉʪʨʫʤ 
ʅɸʉCI .

 ï ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ .0>ɿɺU  

ʋ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʦʛʽ ʜʽʣʷʥʢʠ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʊ. ʇ̔ ʜ ʯʘʩ ʚʝʣʠʢʦ ʾʥʘʧʨʫʛʠ ʥʘ ʩʪʦʮʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʨʦʙʽʡ 

ʩʪʨʫʢʪʫʨʠ ʇʊ. ʊʦʤʫ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

max.ʉɺU  ʥʝʧʨʠʧʫʩʪʠʤʦ. 

1.5.3. ʇʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ  

ʍʘʨʘʢʪʝʨʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʇʊ ʽʟ ʽʟʦʣʴʦʚʘʥʠʤ ʟʘʪʚʦʨʦʤ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 

ʪʘʢʦʞ ʄɼʅ (ʤʝʪʘʣïʜʽʝʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ) ʘʙʦ ʄʆʅ (ʤʝʪʘʣïʦʢʠʩʝʣï

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ) ʪʨʘʥʟʠʩʪʦʨʠ, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ ʥʠʭ ʤʽʞ ʤʝʪʘʣʝʚʠʤ 

ʟʘʪʚʦʨʦʤ ʽ ʦʙʣʘʩʪʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ, ʚ ʷʢʦʩʪʽ 

ʷʢʦʛʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʠʩʣʠ. 

ɭ ʜʚʘ ʨʽʟʥʦʚʠʜʠ ʄɼʅ (ʄʆʅ) ʇʊ: ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʽ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ. 

ʄʝʪʘʣïʦʢʠʩʝʣïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄʆʅ) ʇʊ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʢʘʥʘʣʦʤ. 

ʉʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1.40. ɺʦʥʘ ʤʽʩʪʠʪʴ ʧʽʜʢʣʘʜʢʫ (ʩʣʘʙʦʣʝʛʦʚʘʥʫ ʜʦʤʽʰʢʦʶ ʢʨʝʤʥʽʻʚʫ 

ʧʣʘʩʪʠʥʢʫ ʽʟ ʧʨʦʚʽʜʥʽʩʪʶ p-ʪʠʧʫ). ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʽʜʢʣʘʜʢʠ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʣʘʙʦʣʝʛʦʚʘʥʠʡ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʧʨʦʪʠʣʝʞʥʘ 

ʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜʢʣʘʜʢʠ. ʎʝʡ ʰʘʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʢʘʥʘʣʫ. 

ʋ ʧʨʦʮʝʩʽ ʦʢʠʩʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʥʘʜ ʢʘʥʘʣʦʤ ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʦʥʢʠʡ (0,2...0,3 ʤʢʤ) ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ (ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ SiO2). 

ʏʝʨʝʟ ʚʠʢʦʥʘʥʽ ʫ ʜʽʝʣʝʢʪʨʠʢʫ ʦʪʚʦʨʠ ʫ ʪʽʣʽ ʧʽʜʢʣʘʜʢʠ ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʽ 

ʩʠʣʴʥʦʣʝʛʦʚʘʥʽ ʦʙʣʘʩʪʽ: n
+
, ʪʠʧ ʧʨʦʚʽʜʥʦʩʪʽ ʷʢʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ̔ ʪʠʧʦʤ 

ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ. ʎʽ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʚʠʚʦʜʘʤʠ ʽ 
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ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʚʠʪʦʢʫ (ɺ) ʽ ʩʪʦʢʫ (ʉ). ʅʘʜ ʰʘʨʦʤ ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ ʤʽʞ 

ʚʠʪʦʢʦʤ ʽ ʩʪʦʢʦʤ ʥʘʥʦʩʷʪʴ ʤʝʪʘʣʝʚʠʡ ʰʘʨ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚʠʚʽʜ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʪʚʦʨ. ʇʽʜʢʣʘʜʢʘ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʤʘʻ ʚʠʚʽʜ, 

ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʟô̒ ʜʥʫʻʪʴʩʷ ɱʟ ʚʠʪʦʢʦʤ.  

 

 

ʈʠʩ. 1.40. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ 

ʅʘʷʚʥʽʩʪʴ ʰʘʨʫ ʜʽʝʣʝʢʪʨʠʢʘ ʜʦʟʚʦʣʷʻ ʫ ʄʆʅ (ʄɼʅ) ʇʊ ʽʟ ʢʘʥʘʣʦʤ, 

ʱʦ ʚʙʫʜʦʚʘʥʠʡ, ʧʦʜʘʚʘʪʠ ʥʘ ʟʘʪʚʦʨ ʥʘʧʨʫʛʫ, ʱʦ ʢʝʨʫʻ, ʦʙʦʭ ʧʦʣʷʨʥʦʩʪʝʡ. ʇ̔ ʜ 

ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʄʆʅ ʇʊ ʽʟ n-ʢʘʥʘʣʦʤ ʜʦʜʘʪʥʦʾ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʦʣʝʤ, ʷʢʝ ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ, ʜʽʨʢʠ ʽʟ ʢʘʥʘʣʫ ʚʠʰʪʦʚʭʫʚʘʪʠʤʫʪʴʩʷ ʫ 

ʧʽʜʢʣʘʜʢʫ, ʘ ʝʣʝʢʪʨʦʥʠ ʙʫʜʫʪʴ ʚʠʪʷʛʫʚʘʪʠʩʷ ʽʟ ʧʽʜʢʣʘʜʢʠ ʫ ʢʘʥʘʣ. ʂʘʥʘʣ 

ʟʙʘʛʘʯʫʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ï ʝʣʝʢʪʨʦʥʘʤʠ, ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝʡ ʨʝʞʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʟʙʘʛʘʯʝʥʥʷ (ʨʠʩ. 1.41, ʘ).  

ʇʨʠ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʄʆʅ ʇʊ ʟ n-ʢʘʥʘʣʦʤ ʚʽʜô̒ ʤʥʦʾ ʥʘʧʨʫʛʠ 

ʝʣʝʢʪʨʦʥʠ ʽʟ ʢʘʥʘʣʫ ʚʠʰʪʦʚʭʫʶʪʴʩʷ ʫ ʧʽʜʢʣʘʜʢʫ, ʘ ʜʽʨʢʠ ʚʠʪʷʛʫʶʪʴʩʷ ʽʟ 

ʧʽʜʢʣʘʜʢʠ ʫ ʢʘʥʘʣ. ʂʘʥʘʣ ʟʙʽʜʥʶʻʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʽ ʡʦʛʦ 

ʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʠʡ ʨʝʞʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʞʠʤʦʤ ʟʙʽʜʥʝʥʥʷ    

(ʨʠʩ. 1.41, ʘ). 

ʄʝʪʘʣïʜʽʝʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄɼʅ) ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʽʟ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ. ʋ ʄʆʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʇʊ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʠʧʫ ʢʘʥʘʣ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʚʠʪʦʢʫ ʽ ʩʪʦʢʫ ʧʽʜ ʯʘʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ (ʚʽʜʩʫʪʥʽʡ)           

(ʨʠʩ. 1.42). 
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ʈʠʩ. 1.41. ʉʪʘʪʠʯʥʽ ɺɸʍ ʇʊ ʄʆʅ-ʪʠʧʫ ʽʟ n-ʢʘʥʘʣʦʤ, ʱʦ 

ʚʙʫʜʦʚʘʥʠʡ: ʘ ï ʚʭʽʜʥʘ; ʙ ï ʚʠʭʽʜʥʽ 

ʂʘʥʘʣ n-ʪʠʧʫ ʽʥʜʫʢʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱʘ ʽʥʚʝʨʩʽʾ, ʷʢʝ ʚʠʥʠʢʘʻ ʫ 

ʩʠʩʪʝʤʽ ʤʝʪʘʣïʜʽʻʣʝʢʪʨʠʢïʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʇʽʜ ʯʘʩ ʧʦʜʘʯʽ ʥʘ ʟʘʪʚʦʨ ʥʘʧʨʫʛʠ 

ʜʦʜʘʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʽʥʜʫʢʫʻʪʴʩʷ ʢʘʥʘʣ n-ʪʠʧʫ, ʚʽʜô̒ ʤʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ï p-ʪʠʧʫ. 

ʊʦʤʫ ȸȺȹ ʇʊ ʽʟ ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ, ʢʝʨʫʻʪʴʩʷ ʥʘʧʨʫʛʦʶ 

ʟʘʪʚʦʨʫ ʣʠʰʝ ʦʜʥʦʛʦ ʟʥʘʢʫ. ʅʘ ʨʠʩ. 1.42 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʄʆʅ ʇʊ ʽʟ 

ʢʘʥʘʣʦʤ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ n-ʪʠʧʫ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʜʦʜʘʪʥʦʶ ʥʘʧʨʫʛʦʶ ʥʘ 

ʟʘʪʚʦʨʽ. ʅʘ ʨʠʩ. 1.43 ʟʦʙʨʘʞʝʥʽ ʩʪʦʢʦ-ʟʘʪʚʦʨʥʘ ʽ ʩʪʦʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘʢʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

 

ʈʠʩ. 1.42. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʄɼʅ ʇʊ ʽʟ ʢʘʥʘʣʦʤ n-ʪʠʧʫ, ʱʦ ʽʥʜʫʢʫʻʪʴʩʷ 
















































































































































































































































































































































































































































































































































































































































































































































































































































