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ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʪʠʧʦʚʠʭ ʚʫʟʣʽʚ ʽ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ.  

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʢʨʝʜʠʪʥʦʛʦ ʤʦʜʫʣʷ ʻ: 

- ʦʜʝʨʞʘʥʥʷ ʟʥʘʥʴ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʥʦʚʥʠʭ 

ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ;  

- ʥʘʙʫʪʪʷ ʫʤʽʥ ɹʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ ʽʥʞʝʥʝʨʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʚʠʷʚʣʷʪʠ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, 

ʧʨʦʚʦʜʠʪʠ ʦʙ'ʻʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʫ ʝʣʝʤʝʥʪʥʫ ʙʘʟʫ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ; 

- ʦʪʨʠʤʘʥʥʷ ʥʘʚʠʯʦʢ ʨʦʟʨʦʙʢʠ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ; ʦʮʽʥʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ.  

ɼʘʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʩʢʣʘʜʝʥʠʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʘʚʯʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ  ʢʨʝʜʠʪʥʦʛʦ ʤʦʜʫʣʷ çɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜè. ʇʨʠ ʡʦʛʦ 

ʧʽʜʛʦʪʦʚʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʧʫʙʣʽʢʦʚʘʥʽ ʧʽʜʨʫʯʥʠʢʠ ʪʘ ʥʘʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ ʟ 

ʜʘʥʦʾ ʜʠʩʮʠʧʣʽʥʠ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʫ ʧʨʦʚʽʜʥʠʭ ɺʅɿ, ʚ ʪʦʤʫ ʯʠʩʣʽ ̔  ʟʘ ʫʯʘʩʪʶ ʫʢʣʘʜʘʯʘ.  
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ʈʆɿɼɯʃ 1. ɿɸɻɸʃʔʅɯ ʇʈʀʅʎʀʇʀ ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ 

 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʤʘʰʠʥ ʦʩʥʘʱʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʨʠʚʦʜʘʤʠ, ʪʦʤʫ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʮʠʭ ʤʘʰʠʥ ʧʽʜʚʠʱʫ ̒ ʚʠʤʦʛʠ ʜʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʘ ʷʢʠʡ ʧʦʢʣʘʜʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʘʙʦ ʮʽʣʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʋ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʨʫʭʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʦʥʫ, 

ʛʘʣʴʤʫʚʘʥʥʷ, ʨʝʚʝʨʩʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʽʜʪʨʠʤʢʠ ʩʪʘʣʦʩʪʽ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʟʤʽʥʠ ʾʾ ʟʘ ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ ʽ ʪ.ʜ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ ʚʠʪʨʠʤʫʚʘʪʠʩʷ ʟʘʜʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ. ʄʝʭʘʥʽʟʤ ʤʦʞʝ ʙʫʪʠ 

ʦʙʣʘʜʥʘʥʦ ʜʝʢʽʣʴʢʦʤʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. 

 

ʊɽʄɸ 1.1.ʆʉʅʆɺʅɯ ɺʀɿʅɸʏɽʅʅʗ ʊɸ ʇʆʂɸɿʅʀʂʀ ʗʂʆʉʊɯ 

ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ 

 

1.1.1.ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɿʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ɽʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ɽʇ) ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʧʝʨʝʪʚʦʨʶ  ̒ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʤʝʭʘʥʽʯʥʫ ʽ ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ 

ʚʠʢʦʥʫʶʯʦʛʦ ʦʨʛʘʥʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ. 

ʂʝʨʫʚʘʥʥʷ - ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʪʨʽʙʥʠʡ ʟʘʢʦʥ ʨʫʭʫ ʚʠʢʦʥʫʶʯʦʛʦ ʦʨʛʘʥʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʚ ʩʪʘʪʠʮʽ  ̔ʜʠʥʘʤʽʮ.̔  

ɸʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ (ɸʂ) - ʢʝʨʫʚʘʥʥʷ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʫʯʘʩʪʽ 

ʦʧʝʨʘʪʦʨʘ. 

ɸʚʪʦʤʘʪʠʯʥʠʡ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ɸʂʇ) - ʩʫʢʫʧʥʽʩʪʴ ʟʘʩʦʙʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʦʜʦʤ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʤʘʻ ʜʚʽ ʩʢʣʘʜʦʚʽ: ɸɽʇ = ɽʇ + ɸʂʇ. 

ʆʩʥʦʚʥʽ ʪʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʽ ʫ ʜʝʨʞʘʚʥʦʤʫ 

ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ 2313. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.1, ʜʝ 

ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  
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- ɽɽ ï ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ; 

- ɽʇ ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʷʢʠʡ ʚʢʣʶʯʘʻ:  ɽɼ - ʝʣʝʢʪʨʦʜʚʠʛʫʥ - ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ; ɺʄ - ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ; ʇʇ ï ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʝʥʝʨʛʽʶ ʤʝʨʝʞʽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʧʦʪʨʽʙʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ ʝʥʝʨʛʽʾ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ 

ʜʚʠʛʫʥʘ; 

- ɸʂʇ ï ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʢʦʤʘʥʜʥʽ ʩʠʛʥʘʣʠ ʪʘ 

ʬʦʨʤʫʻ ʥʝʦʙʭʽʜʥʠʡ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʢʣʶʯʘʻ:  ʂʆ - ʢʦʤʘʥʜʥʠʡ ʦʨʛʘʥ - 

ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʘʥʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʟʨʫʯʥʽ 

ʜʣʷ ʦʙʨʦʙʢʠ ʽʥʰʠʤʠ ʣʘʥʢʘʤʠ ɽʇ; ʌʏ - ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʯʘʩʪʠʥʫ (ʦʭʦʧʣʶʻ ʚʩʽ 

ʨʝʛʫʣʷʪʦʨʠ, ʥʘʷʚʥʽ ʚ ʩʠʩʪʝʤʽ); ɺʇ (ɼ) - ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʜʘʪʯʠʢʠ) - 

ʚʠʤʽʨʶʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ (ʷʢ ʝʣʝʢʪʨʠʯʥʽ, ʪʘʢ ʽ ʥʝ ʝʣʝʢʪʨʠʯʥʽ) ʽ 

ʧʝʨʝʪʚʦʨʶʁ ʪʴ ʾʭ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ; ʇʇ - ʧʨʦʤʽʞʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

 

 

ʂʦʨʦʪʢʘ ʽʩʪʦʨʠʯʥʘ ʜʦʚʽʜʢʘ 

ɿʚʠʯʘʡʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ: 

1800 ʨ. ï ʝʣʝʤʝʥʪ ʚʦʣʴʪʘ (ʚʦʣʴʪʚ̔ ʩʪʦʚʧ); 

1834 ʨ. ï ʧʝʨʰʠʡ ʜʚʠʛʫʥ ɸ.ʉ. ʗʢʦʙ;̔  

1838 ʨ. - ʧʝʨʰʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ. ʗʢʦʙ ̔ʫʩʪʘʥʦʚʠʚ ʜʚʠʛʫʥ ʥʘ ʩʚʦʶ 

ʷʭʪʫ; 

ɸɽʇ 

ɸʂʇ 

ɽɽ 

ɽʇ 

ʂʆ ʌʏ ʇʇ ʇʇ ɽɼ 

ʈʠʩʫʥʦʢ 1.1 

W, q 

ɺʇ 

(ɼ) 

ɺʄ 
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1800 ʨ. ï ʧʝʨʰʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʥʘ ʚʽʡʩʴʢʦʚʠʭ 

ʢʦʨʘʙʣʷʭ; 

1890 ʨ. - ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ; 

1920 ʨ. - ʟ'ʷʚʠʣʠʩʷ ʨʝʣʝ, ʢʦʥʪʘʢʪʦʨʠ  ̔ʽʥʰʘ ʝʣʝʤʝʥʪʥʘ ʙʘʟʘ ɸʂʇ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ: 

1930 ʨ. - ʧʨʦʤʠʩʣʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ɽʇ - ʩʠʩʪʝʤʘ 

çɻʝʥʝʨʘʪʦʨ ï ʜʚʠʛʫʥè (ɻ-ɼ); 

1940 ʨ. ï ɸɽʇ ʟ ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ, ʟ'ʷʚʠʣʠʩʷ 

ʩʠʣʦʚʽ ʤʘʰʠʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ; 

1950 ʨ. - ʽʦʥʥʠʡ ɽʇ (ʥʘ ʨʪʫʪʥʠʭ ʚʝʥʪʠʣʷʭ, ʪʠʨʘʪʨʦʥʘʭ); 

1960 ʨ. - ʟ'ʷʚʠʣʠʩʷ ʪʠʨʠʩʪʦʨʠ, ʘ, ʦʪʞʝ, ʪʠʨʠʩʪʦʨʥʠʡ ɸɽʇ; 

1990 ʨ. - IGBT ʪʨʘʥʟʠʩʪʦʨʠ - ʛʽʙʨʠʜʠ, ʫ ʷʢʠʭ ʥʘ ʚʭʦʜʽ ʧʦʣʴʦʚʠʡ 

ʪʨʘʥʟʠʩʪʦʨ, ʥʘ ʚʠʭʦʜʽ ï ʙʽʧʦʣʷʨʥʠʡ; ʟôʷʚʠʣʠʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ 

ʐɯʄ. 

 

1.1.2.ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

 

1.1.2.1 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʦ 

ʰʚʠʜʢʦʩʪʽ ɽʇ 

ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʨʝʞʠʤʽʚ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʦ ʰʚʠʜʢʦʩʪʽ ɽʇ: ʩʪʘʪʠʯʥʘ ʪʦʯʥʽʩʪʴ,  ʩʪʘʪʠʯʥʘ ʧʦʤʠʣʢʘ, ʜʽʘʧʘʟʦʥ ʪʘ 

ʧʣʘʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (ʜʠʚ. ʨʠʩ. 1.2). 

 

ʈʠʩ. 1.2 
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ʊʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ ʚ ɽʇ ʫ ʩʪʘʪʠʯʥʠʭ ʨʝʞʠʤʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤʠ ʾʭʥʽʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʧʽʜ ʜʽʻʶ ʟʙʫʨʶʶʯʠʭ 

ʬʘʢʪʦʨʽʚ. ʆʩʥʦʚʥʠʤ ʟʙʫʨʶʚʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʻ ʤʦʤʝʥʪ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʽʜ ʜʽʻʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʩʪʘʪʠʟʤʫ ʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 

0/ HS w w=D ,  

 ʜʝ - wD  - ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʧʦ ʰʚʠʜʢʦʩʪʽ, 0Hw  - ʰʚʠʜʢʽʩʪʴ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʥʘ ʤʝʭʘʥʽʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ. 

 ɼʣʷ ʦʮʽʥʢʠ ʩʪʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ɽʇ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʩʪʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ (ʫ 

%): 

0( / ) 100,%w wD= D ³  

ʗʢ ʧʨʘʚʠʣʦ, ʷʢʱʦ ʮʝ ʥʝ ʟʘʩʪʝʨʝʞʝʥʝ ʦʢʨʝʤʦ, ʩʪʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʣʷ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʽʥʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ʈʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʤʢʥʝʥʠʭ ɽʇ 0...10D= %. 

ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ɽʇ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ maxw  ʜʦ minw  ʧʨʠ 

ʢʦʥʢʨʝʪʥʽʡ ʚʝʣʠʯʠʥʽ ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

max min/D w w=
 

ʗʢ ʧʨʘʚʠʣʦ, ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ c HM M= . 

ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ: 

. . 0max 0min/x xD w w=  

ʈʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʜ 5:1 ʜʦ 10000:1. 

ɼʣʷ ʜʠʩʢʨʝʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ɽʇ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʧʣʘʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʠʩʣʦʤ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

ʆʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʣʘʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ: 
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i i
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w

w w-
=
-

Ʉʃ

 

ʜʝ iw, 1iw-  - ʫʩʪʘʣʝʥʽ ʰʚʠʜʢʦʩʪʽ ʥʘ ʩʫʤʽʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

 

1.1.2.1 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʦ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ɽʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʧʦʢʘʟʥʠʢʠ: ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʢʦʣʠʚʘʣʴʥʽʩʪʴ. 

ɼʘʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʶʶʪʴʩʷ ʧʦ ʧʝʨʝʭʽʜʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʨʝʘʢʮʽʶ ʚʠʭʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ɽʇ (ʰʚʠʜʢʦʩʪʽ) ʚ ʯʘʩʽ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ 

ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʘʜʘʶʯʦʾ ʜʽʾ. 

ʊʠʧʦʚʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʻ ʚʠʛʣʷʜ (ʜʠʚ. ʨʠʩ. 1.3): 

 

 

 

 

 

 

 

ʈʠʩ. 1.3 

                   

ʈʠʩ. 1.3                                             

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ: 

max
100,%

w w
s

w

-
= ³

ʫʩʪ

ʫʩʪ  

ʈʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 0é50%. 

ʏʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ tʧ.ʧ ï ʮʝ ʯʘʩ ʜʦ ʚʭʦʜʞʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʢʦʦʨʜʠʥʘʪʠ 

ʚ ʟʘʜʘʥʫ ʟʦʥʫ ʚʽʜʭʠʣʝʥʴ 5%°  ʚʽʜʥʦʩʥʦ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ 
wʫʩʪ . ʈʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

- ʚʽʜ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʩʝʢʫʥʜʠ ʜʦ ʦʜʠʥʠʮʴ ʩʝʢʫʥʜ. 

ʏʠʩʣʦ ʢʦʣʠʚʘʥʴ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ n ï ʨʝʘʣʴʥʦ 0é3. 

5%°

t

tʧ.ʧ.

w

ʫʩʪw

m
a
x

1
w

m
a
x

2
w
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ʂʦʣʠʚʘʣʴʥʽʩʪʴ (ʩʪʫʧʽʥʴ ʢʦʣʠʚʘʣʴʥʦʩʪʽ): 

max 1

max

i

i

w
z

w
+=  

ʅʦʨʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʩʪʽ ï ʜʦ 0,7. 

ʗʢʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʥʘʢʠʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ tʚ.ʰ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ȹɤʤʘʢʩ (ʜʠʚ. ʨʠʩ. 1.4). ʇʝʨʝʨʠʚʯʘʩʪʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥ ʛʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʫ ʩʪʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ.  

 

ʈʠʩ. 1.4 

 

1.1.3.ʇʦʥʷʪʪʷ ʧʨʦ ʦʧʪʠʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʅʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʢʣʘʜʘʶʪʴʩ ̫ʜʚʽ ʥʘʡʚʘʞʣʠʚʽʰʽ ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʬʫʥʢʮʽʾ: 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ  ̔ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ 

ʨʦʙʦʯʠʭ ʤʘʰʠʥ. ʇʨʠ ʥʘʜʘʥʥʽ ʨʫʭʫ ʚʠʢʦʥʘʚʯʦʤʫ ʤʝʭʘʥʽʟʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦʚʠʥʝʥ 

ʚʠʨʦʙʣʷʪʠ ʘʙʦ ʩʧʦʞʠʚʘʪʠ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʦʥʫʚʘʥʦʾ 

ʤʝʭʘʥʽʟʤʦʤ ʨʦʙʦʪʠ. ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʘʙʦ ʫʩʪʘʥʦʚʢʦʶ 

ʥʝʦʙʭʽʜʥʦ ʫʧʨʘʚʣʷʪʠ ʧʦʪʦʢʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʩʧʦʞʠʚʘʥʦʾ ʘʙʦ ʚʠʨʦʙʣʝʥʦʾ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʝʭʘʥʽʯʥʽ ʟʤʽʥʥʽ (ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ, ʰʚʠʜʢʽʩʪʴ 

ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ, ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʡ ʪ.ʧ.) ʘʙʦ 

ʧʽʜʪʨʠʤʫʚʘʣʠʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ, ʘʙʦ ʟʤʽʥʶʚʘʣʠʩʷ ʟʘ ʟʘʜʘʥʠʤʠ ʟʘʢʦʥʘʤʠ ʟ 

ʥʝʦʙʭʽʜʥʦʾ ʟʘ ʫʤʦʚʘʤʠ ʪʝʭʥʦʣʦʛʽʾ ʪʦʯʥʽʩʪʶ. ʆʩʢʽʣʴʢʠ ʥʘ ʟʤʽʥʥ ̔ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʟʤʽʥʥʠʭ ʾʭʥʽʤʠ ʧʨʠʧʫʩʪʠʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʫ ʚʩʽʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʣʴʥʝ ʟʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʉʪʦʩʦʚʥʦ ʟʘʛʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʚʘʪʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. 

 

1.1.3.1.ʌʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ʪʘ 

ʛʘʣʴʤʫʚʘʥʥʷ 

 

 ɿʜʽʡʩʥʝʥʥʷ ʟʘʢʦʥʽʚ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʻ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʥʷʪʢʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʚʠʨʦʙʥʠʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʟʘʚʞʜʠ ʚ 

ʨʦʟʚ'ʷʟʢʫ ʮʴʦʛʦ ʛʦʣʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ 

ʧʫʩʢʫ ʽ ʟʫʧʠʥʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʘ ʚ ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʚʠʤʘʛʘʻ ʦʜʥʽʻʾ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ, ʜʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟ ʽʥʰʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʦʙʫʤʦʚʣʝʥʦʾ ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽ ʨʽʟʥʦʤʫ 

ʭʘʨʘʢʪʝʨʽ ʟʤʽʥʠ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʧʨʦʪʽʢʘʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʛʦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦ ʨʽʟʥʠʭ 

ʪʨʘʻʢʪʦʨʽʷʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʧʝʨʝʭʦʜʫ, ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ ʫ ʜʚʠʛʫʥʽ ʟʘ ʯʘʩ ʧʝʨʝʭʦʜʫ, ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʟʘ ʪʦʡ ʞ ʯʘʩ ʽ ʽʥʰʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. 

ɿ ʙʝʟʣʽʯʽ ʤʦʞʣʠʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʟʤʽʥʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ 

ʚʠʙʨʘʪʠ ʪʘʢʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʦʜʽʶ, ʤʽʥʽʤʫʤ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, ʤʘʢʩʠʤʫʤ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ ʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ. ʍʘʨʘʢʪʝʨ 
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ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚʽʜʧʦʚʽʜʥʠʡ ʜʦ ʪʘʢʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʽ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʫ ʩʘʤʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʦʜʥʘʢ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʫʪʨʫʜʥʷʻʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʾʭ ʨʽʟʥʦʶ ʧʨʘʢʪʠʯʥʦʶ ʟʥʘʯʠʤʽʩʪʶ ʽ 

ʩʫʧʝʨʝʯʣʠʚʽʩʪʶ ʚʠʤʦʛ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʽ ʟʘʢʦʥʽʚ ʟʤʽʥʠ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʠʤʘʛʘʻ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʧʨʠʢʣʘʜ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʋ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ 

ʧʦʚʠʥʝʥ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʟʘʜʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʷʢʽʨʥʦʤʫ ʢʦʣʽ ʜʚʠʛʫʥʘ. ʊʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʘ ʚʠʟʥʘʯʘʻ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʦʙʤʝʞʝʥʴ, ʥʘʢʣʘʜʝʥʠʭ ʥʘ ʟʤʽʥʥʽ ʩʠʩʪʝʤʠ. ɿʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫὭ̠ ,‫ Ὢὸ ʧʨʠ ʮʠʭ ʫʤʦʚʘʭ ʚʠʢʦʥʘʻʤʦ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʤʘʢʩʠʤʫʤʫ JI.ʉ.ʇʦʥʪʨʷʛʽʥʘ. ʆʧʪʠʤʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ‫ȟὭ̐, ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʮʴʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ ʧʨʠ MC=0, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.5. ʈʦʟʛʣʷʥʫʪʦʤʫ ʢʨʠʪʝʨʽʶ ʚʽʜʧʦʚʽʜʘʻ 

ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʩʪʨʫʤʫ ʽ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʽ ʧʘʨʘʙʦʣʽʯʥʘ ʢʨʠʚʘ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ. 

ʋ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜ ̐‫ ̏ ̘ʜʦ ̋‫ ̨,̎ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʰʚʠʜʢʦʜʽʾ, ʪʦʙʪʦ ʤʽʥʽʤʫʤʫ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʥʷ, ʥʘʢʣʘʜʝʥʦʛʦ ʥʘ ʩʪʨʫʤ ʜʚʠʛʫʥʘ Ὥ̠

 Ὅ̒̓̏.̐ ɸʥʘʣʽʟ ʮʠʭ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʚʦʜʫ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ 

ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʧʨʦʮʝʩʫ. ɺʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ Ὥ̠ ,‫ Ὢὸ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.5, 

ʧʨʠʯʦʤʫ ʧʨʷʤʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʘʢʪʠʚʥʦʤʫ ʛʘʣʴʤʽʚʥʦʤʫ ʤʦʤʝʥʪʫ Mʉ = const, ʘ ʣʘʤʘʥʘ 

2 ð ʨʝʘʢʪʠʚʥʦʤʫ ʤʦʤʝʥʪʫ ʟ ʪʠʤ ʞʝ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ. 

ʇʦʨʽʚʥʶʶʯʠ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʧʫʩʢʫ ʥʘ ʨʠʩ. 1.5 ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʧʦ 

ʰʚʠʜʢʦʜʽʾ, ʣʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʧʨʠ ʧʨʦʮʝʩʽ, ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪ 

ʫ ʜʚʠʛʫʥʽ, ʜʚʠʛʫʥ ʛʽʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʯʠʤ 

ʧʨʠ ʧʨʦʮʝʩʽ, ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʦ ʰʚʠʜʢʦʜʽʾ. ʊʦʤʫ, ʷʢʱʦ ʦʙʤʝʞʝʥʥʷ ʧʦ ʥʘʛʨʽʚʘʥʥʶ 
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ʚʽʜʩʫʪʥʽ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ 

ʦʙʤʝʞʝʥʥʷʭ, ʥʘʢʣʘʜʝʥʠʭ ʥʘ ʩʪʨʫʤ, Ὥ̠  Ὅ̒̓̏̐ ʽ ʰʚʠʜʢʽʩʪʴ ‫  ̎‫  ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʦʤʫ ʧʨʦʪʽʢʘʥʥʽ ʚʩʽʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1.6, ʩʫʮʽʣʴʥʽ 

ʣʽʥʽʾ). 

 

 

ʈʠʩ. 1.5 

 

 

ʈʠʩ. 1.6 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʨʦʟʛʣʷʥʫʪʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʨʫʭʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʨʠʩ. 1.6 ʧʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʖȟÉ̠Ô, 

ʦʧʪʠʤʘʣʴʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʥʘʛʨʽʚʫ ʜʚʠʛʫʥʘ, ʧʨʠ ̍‫ ́̋̒̎‫  ʽ ʦʜʥʘʢʦʚʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ 

ʟʘ ʯʘʩ ὸὴ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʧʘʨʘʙʦʣʽʯʥʦʤʫ ʟʘʢʦʥʽ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʚʪʨʘʪʠ ʫ ʜʚʠʛʫʥʽ ʥʘ 12% ʤʝʥʰʝ, ʯʠʤ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʦʤʫ 

ʧʨʦʪʽʢʘʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʘʢ ʮʷ ʧʝʨʝʚʘʛʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʪʽʣʴʢʠ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ )̍́̋̒)̍́̋̒Ȣ̅̏.̐ ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ  )̠ )̒̓̏̐
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)̍́̋̒Ȣ̅̏ ̐ʪʘ hʚʠʜʢʦʩʪʽ ʖ  ʖ̎  ʧʘʨʘʙʦʣʽʯʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʥʝ ʤʘʻ ʧʝʨʝʚʘʛ, 

ʘʣʝ ʬʦʨʤʫʻʪʴʩʷ ʩʢʣʘʜʥʽʰʝ, ʯʠʤ ʟʘʣʝʞʥʽʩʪʴ ʽ ʖÔ ʫ ʚʠʛʣʷʜʽ ʪʨʘʧʝʮʽʾ, ʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ. 

ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʟ ʧʦʩʪʽʡʥʠʤ 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʦʙʪʦ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʛʨʘʬʽʢʘ ʩʪʨʫʤʫ ʽ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ (ʨʠʩ. 1.6), ʪʦ ʮʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʦʞ 

ʦʙʤʝʞʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʽʥʝʨʮʽʻʶ ʜʚʠʛʫʥʽʚ, ʷʢʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʣʶʯʘʻ 

ʟʤʽʥʠ ʩʪʨʫʤʫ ʽ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʩʪʨʠʙʢʦʤ. ɺʠʢʣʶʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʝ 

ʥʘʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʽ ʤʦʤʝʥʪʫ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ 

ʨʦʪʦʨʦʤ ʘʙʦ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʤʝʨʝʞʫ ʧʨʠ ʚʝʣʠʢʦʤʫ ʜʦʜʘʪʢʦʚʦʤʫ 

ʦʧʦʨʽ ʚ ʢʦʣʽ ʨʦʪʦʨʘ ʜʚʠʛʫʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʭʽʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ: ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʩʪʨʫʤʫ ʽ ʰʚʠʜʢʦʩʪʽ, ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʤʝʭʘʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʟʘʟʦʨʽʚ ʽ ʧʨʫʞʥʠʭ ʟʚôʷʟʢʽʚ ʦʙʤʝʞʝʥʥʷ 

ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʝʞʝʥʥʷ ʡʦʛʦ ʤʦʤʝʥʪʫ, ʘ ʦʪʞʝ, ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʭʘʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʩ ʩʠʩʪʝʤʠ ʽ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ. ʇʨʠ, ʮʴʦʤʫ ʤʽʥʽʤʫʤ ʯʘʩʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʦʶ ʜʽʘʛʨʘʤʦʶ ʩʪʨʫʤʫ ʧʨʠ ʧʫʩʢʫ ʽ 

ʛʘʣʴʤʫʚʘʥʥʽ, ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ. 

ʆʜʥʘʢ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʽ ʧʝʨʝʜʘʯ ʙʝʟ ʥʝʦʙʭʽʜʥʠʭ 

ʨʦʙʦʯʠʭ ʟʘʟʦʨʽʚ ʥʝ ʽʩʥʫʻ. ʊʦʤʫ, ʚ ʜʦʜʘʪʦʢ ʜʦ ʤʦʤʝʥʪʫ ʧʨʫʞʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, 

ʧʨʠ ʤʘʣʦʤʫ ʜʝʤʧʬʫʚʘʥʥʽ ʚ ʥʽʡ ʚʠʥʠʢʘʶʪʴ ʩʣʘʙʢʦ ʟʘʛʘʩʘʶʯʽ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʱʦ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʙʽʣʴʰʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʘʯ. ɼʠʥʘʤʽʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ -Ãς π ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ Ë̅ ς, ʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʟʦʨʽʚ ʫ ʧʝʨʝʜʘʯʘʭ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʽ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ, ʪʦʤʫ ʦʧʪʠʤʽʟʘʮʽʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʢʦʣʠʚʘʣʴʥʦʩʪʽ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ð ʝʬʝʢʪʠʚʥʠʡ ʰʣʷʭ ʨʦʟʚôʷʟʢʫ ʪʨʝʪʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 16 

 

 

ʈʠʩ. 1.7 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 17 

 

ʈʠʩ. 1.8 

 

 

1.1.4.ʈʝʞʠʤʠ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

 

ɿ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɽʇ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʠʛʫʥʥʽ 

ʪʘ ʛʘʣʴʤʽʚʥʽ. 

ʋ ʢʦʞʥʦʤʫ ʽʟ ʮʠʭ ʨʝʞʠʤʽʚ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʩʪʘʪʠʯʥʠʡ ʘʙʦ ʨʝʞʠʤ, ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ; 
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- ʜʠʥʘʤʽʯʥʠʡ ʘʙʦ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ. 

ɺʚʘʞʘʶʯʠ ʫʤʦʚʥʦ ʧʦʟʠʪʠʚʥʠʤ ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʧʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʢʨʽʤ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʛʘʪʠʚʥʠʤʠ, ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʧʦ ʥʘʧʨʷʤʢʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʦʟʠʪʠʚʥʠʤʠ, ʪʘʢ ʽ 

ʥʝʛʘʪʠʚʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʧʨʠʚʦʜʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʟʠʪʠʚʥʘ. 

 

Ὠὡ

Ὠὸ

Ὠ

Ὠὸ

ὐ‫

ς
ὐ‫
Ὠ‫

Ὠὸ
πȢ 

 

ɯ ʥʘʚʧʘʢʠ, ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʧʨʠʚʦʜʘ, ʢʦʣʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʠʚʽʣʴʥʶʻʪʴʩʷ, 

ʮʷ ʩʢʣʘʜʦʚʘ ʧʦʪʫʞʥʦʩʪʽ ʥʝʛʘʪʠʚʥʘ. 

ʉʢʣʘʜʦʚʽ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʨʽʚʥʽʚ, ʥʘʧʨʷʤʢʽʚ ʝʥʝʨʛʽʡ ʽ 

ʟʥʘʢʽʚ, ʚʠʟʥʘʯʘʶʯʠ ʪʠʤ ʩʘʤʠʤ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʩʠʣʦʚʦʛʦ 

ʢʘʥʘʣʫ ʪʘ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʨʠʚʦʜʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʝʡ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ (ʨʠʩ. 1.9). 

 

 

ʈʠʩ. 1.9 

 

ʊʫʪ ʧʦʢʘʟʘʥʽ ʧʦʟʠʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ: ὖ˒ - ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ; ὖ̇ - ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; ὖ ï ʧʦʪʫʞʥʦʩʪʽ, ʟʚ'ʷʟʘʥʦʾ ʟʽ ʟʤʽʥʦʶ ʟʘʧʘʩʫ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ; ὖɫ - ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʪʨʘʪ.  

ʂʦʞʥʘ ʟʽ ʩʢʣʘʜʦʚʠʭ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʩʘʤʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʥʝʨʛʝʪʠʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʊʘʢ, ὖ˒ ʽ ᷿ὖ˒Ὠὸ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʽ ʝʥʝʨʛʽʾ; ὖ̇ ʽ ᷿ὖ̇Ὠὸ ʤʝʭʘʥʽʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ; Ўὖ ʽ 

Ў᷿ὖὨὸ - ʚʪʨʘʪʠ ʽ ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʣʦʚʦʛʦ ʢʘʥʘʣʫ. ʎʽ ʩʢʣʘʜʦʚʽ 

ʚʠʟʥʘʯʘʶʪʴ ʙʣʠʟʴʢʦ ʜʝʩʷʪʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʋ ʪʘʙʣ. 1.1 

ὖ˒ ὖ̇ ὖὐ 

Ўὖɫ 
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ʥʘʚʝʜʝʥʽ ʢʦʤʙʽʥʘʮʽʾ ʨʽʚʥʽʚ  ̔ʥʘʧʨʷʤʢʽʚ ʝʥʝʨʛʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫʤʦʚʥʦʶ ʩʭʝʤʦʶ 

ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʝʡ. ʇʝʨʰʽ ʰʽʩʪʴ ʩʪʘʥʽʚ - ʩʪʘʪʠʯʥʽ, ̔ ʥʰʽ ʧ'ʷʪʴ - ʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʊʘʙʣʠʮʷ 1.1 

ʇʦʪʫʞʥʽʩʪʴ  

ɹʘʣʘʥʩ 

ʧʦʪʫʞʥʦʩʪʝʡ 

 

ʈʝʞʠʤʠ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 
ɽʣʝʢʪʨʠʯʥʘ 

Pɽ 

ʄʝʭʘʥʽʯʥʘ 

Pʄ 

ʇʦʚ'ʷʟʘʥʘ 

ʟʽ ʟʤʽʥʦʶ 

ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ 

PJ 

ɺʪʨʘʪʠ 

ȹPɆ 

+ + 0 + 

 

 
 

ὖ˒ ὖ̇ Ўὖ 

ʈʫʭʦʚʠʡ.  

ʉʧʦʞʠʚʘʥʘ ʟ ʤʝʨʝʞʽ 

ʝʥʝʨʛʽʷ ʟʘ ʚʠʥʷʪʢʦʤ 

ʚʪʨʘʪ ʚʽʜʜʘʻʪʴʩʷ 

ʤʝʭʘʥʽʟʤʫ. 

+ 
ὓ π 

‫ ̖‫  ̖ 0 + 

 

 
ὖ˒ Ўὖ 

 ʍʦʣʦʩʪʠʡ ʭʽʜ. 

ʉʧʦʞʠʚʘʥʘ ʝʥʝʨʛʽʷ ʡʜʝ 

ʥʘ ʧʦʢʨʠʪʪʷ ʚʪʨʘʪ ʫ 

ʜʚʠʛʫʥʽ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽ 

ʧʝʨʝʜʘʯʘʭ. 

+ 
‫ π 

ὓ ὓ̋ Ȣ̈Ȣ 
0 + 

 

 
ὖ˒ Ўὖ 

ɼʚʠʛʫʥ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʤʝʨʝʞʽ, ʘʣʝ ʥʝʨʫʭʦʤʠʡ. 

ʈʝʞʠʤ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ. ʉʧʦʞʠʚʘʥʘ 

ʝʥʝʨʛʽʷ ʨʦʟʩʽʶʻʪʴʩʷ ʫ 

ʜʚʠʛʫʥʽ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ.  

+ - 0 + 

 

 
ὖ˒ ὖ̇ Ўὖ 

ɻʘʣʴʤʽʚʥʠʡ ï 

ʧʨʦʪʠʚʤʠʢʘʥʥʷ. ɽʥʝʨʛʽʷ 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʤʝʨʝʞʽ ʽ ʤʝʭʘʥʽʟʤʫ, 

ʨʦʟʩʽʶʶʯʠʩʴ ʫ ʚʠʛʣʷʜʽ 

ʚʪʨʘʪ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, 

ʜʚʠʛʫʥʽ ʽ ʧʝʨʝʜʘʯʘʭ. 

0 - 0 + 

 

 
ὖ̇ Ўὖ 

ɻʘʣʴʤʽʚʥʠʡ ï ʜʠʥʘʤʽʯʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ. ɽʥʝʨʛʽʷ 

ʨʦʟʩʽʚʘʻʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʭ 

ʧʨʠʚʦʜʘ. 

- - 0 + 

 

 
ὖ̇ ὖ˒ Ўὖ 

ɻʝʥʝʨʘʪʦʨʥʠʡ ʟ 

ʨʝʢʫʧʝʨʘʮʽʻʶ ʝʥʝʨʛʽʾ ʚ 

ʤʝʨʝʞʫ. ʇʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʧʝʨʝʜʘʻʪʴʩʷ (ʟʘ ʚʠʥʷʪʢʦʤ 

ὖ̇ 

Ўὖɫ 

ὖ˒ 

ὖ˒ ὖ̇ 

Ўὖ 

ὖ̇ 

Ўὖ 

ὖ˒ ὖ̇ 

Ўὖ 

ὖ˒ 

Ўὖ 

ὖ˒ 

Ўὖ 
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ʚʪʨʘʪ ʫ ʧʝʨʝʜʘʯʘʭ, 

ʜʚʠʛʫʥʽ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ) 

ʫ ʤʝʨʝʞʫ. 

+ + + + 

 

 
ὖ˒
Ўὖ ὖ ὖ̇  

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. 

ʉʧʦʞʠʚʘʥʘ ʝʥʝʨʛʽʷ ʡʜʝ 

ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʢʦʨʠʩʥʦʾ 

ʨʦʙʦʪʠ, ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʧʘʩʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʨʠʚʦʜʘ ʡ ʯʘʩʪʢʦʚʦ 

ʛʫʙʠʪʴʩʷ. 

+ + - + 

 

 
ὖ˒ ὖ

ὖ̇ Ўὖ 

ɼʚʠʛʘʪʝʣʴʥʠʡ ʨʝʞʠʤ 

ʛʘʣʴʤʫʚʘʥʥʷ. ɿʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ. 

ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʑʦ 

ʚʠʚʽʣʴʥʷʻʪʴʩʷ, ʨʘʟʦʤ ʟʽ 

ʩʧʦʞʠʚʘʥʦʾ ʟ ʤʝʨʝʞʽ ʡʜʝ 

ʥʘ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʡ 

ʧʦʢʨʠʪʪʷ ʚʪʨʘʪ. 

- + - + 

 

 
 

ὖ

ὖ˒ ὖ̇ Ўὖ 

ɻʘʣʴʤʫʚʘʥʥʷ 

(ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ).  

ɽʥʝʨʛʽʷ, ʱʦ 

ʚʠʚʽʣʴʥʶʻʪʴʩʷ, ʯʘʩʪʢʦʚʦ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʤʝʨʝʞʫ, 

ʽʜʝ ʥʘ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʽ 

ʚʠʪʨʘʯʘʻʪʴʩʷ. 

0 + - + 

 

 
 

ὖ Ўὖ ὖ̇  

ɻʘʣʴʤʫʚʘʥʥʷ 

(ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ) ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʟ 

ʤʝʨʝʞʝʶ. 

- - + +  
ὖ̇
ὖ ὖ˒ Ўὖ 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ 

ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʾʾ 

ʚʝʨʪʘʻʪʴʩʷ ʚ ʤʝʨʝʞʫ. 

 

ʉʪʘʪʠʯʥʽ ʜʚʠʛʫʥʥʽ ʪʘ ʛʘʣʴʤʽʚʥʽ ʨʝʞʠʤʠ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽʣʶʩʪʨʫʶʪʴʩʷ 

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʨʠʩ. 1.10. 

 

ὖ˒ ὖ̇ 

Ўὖ 

ὖὐ 

ὖ˒ 

ὖ̇ 

ὖὐ 

Ўὖ 

ὖ˒ ὖ̇ 

ὖὐ 

Ўὖ 

ὖ̇ 

Ўὖ 

ὖὐ 

Ўὖ 

ὖ̇ ὖ˒ 

ὖὐ 
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ʈʠʩ. 1.10 

 

 

ʊɽʄɸ 1.2.ʇʈʀʅʎʀʇʀ ʂɽʈʋɺɸʅʅʗ ʊɸ ʆʉʅʆɺʅɯ ʌʋʅʂʎɯɰ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɽʃɽʂʊʈʆʇʈʀɺʆɼɸ  

 

 1.2.1.ɿʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ɸɽʇ 

 

ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ (ɸɽʇ) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.11.  

 

 

ɿʘʚʜʘʥʥʷ, ʨʦʟʚ'ʷʟʫʚʘʥʽ ɸɽʇ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʭ(t) ʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ y(t) ʥʝʦʙʭʽʜʥʦʤʫ ʟʘʢʦʥʫ: 

    ˩ ˩       ˸ ˿     f 

 

ɸɽʇ 

y(t) x(t) 

ʈʠʩ. 1.11 
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1. ʌʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʝʨʝʭʽʜʥʠʭ 

ʨʝʞʠʤʘʭ ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʨʠʙʢʦʤ. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ, 

ʢʦʣʠ ʚʠʟʥʘʯʘʶʪʴ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʘʙʦ ʻ ʧʨʦʩʪʦ ʢʦʤʘʥʜʦʶ 

ʥʘ ʧʫʩʢ, ʛʘʣʴʤʫʚʘʥʥʷ, ʨʝʚʝʨʩ ʽ ʪ.ʜ. 

y(t)=f1{ʭ(t)}, ʜʝ f1 ï ʬʫʥʢʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʧʫʩʪʠʤʠʭ ʩʪʨʫʤʽʚ ʜʚʠʛʫʥʘ, 

ʧʨʠʩʢʦʨʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʪ.ʜ.; 

2. ʇʽʜʪʨʠʤʢʘ ʟ ʜʝʷʢʦʶ ʪʦʯʥʽʩʪʶ ʚ ʩʪʘʪʠʮʽ  ̔ ʜʠʥʘʤʽʮ ̔ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʚʠʭʽʜʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʟʘʜʘʶʯʦʶ ʜʽʻʶ. ɿʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ, ʢʦʣʠ ʭ(t) ʻ ʙʘʞʘʥʠʤ 

ʟʘʢʦʥʦʤ ʟʤʽʥʠ y(t);  

y(t)=ʢʭ(t) - ʪʘʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʪʦʤʫ ʱʦ: 

- ʜʽʶʪʴ ʟʙʫʨʝʥʥʷ (ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʄʉ, ʥʘʧʨʫʛʠ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ, 

ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʪ.ʜ.); 

- ʻ ̔ʥʝʨʮʽʡʥ̔ʩʪʴ ʝʣʝʤʝʥʪʽʚ ɸʋʋ  ̔ɽʇ; 

- ʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʘʥʦʢ; 

- ʦʙʤʝʞʝʥʘ ʯʫʪʣʠʚʽʩʪʴ ʣʘʥʦʢ; 

- ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ (ʛʽʩʪʝʨʝʟʠʩ). 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʧʨʠ ʟʤʽʥʽ 

ʟʘʜʘʶʯʦʛʦ ʘʙʦ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʠʭ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ. 

y(t)=f2[ʭ(t)], ʜʝ f2 ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʡʥʷʪʠʤ ʢʨʠʪʝʨʽʻʤ, ʥʘʧʨʠʢʣʘʜ, 

ʰʚʠʜʢʦʜʽʻʶ, ʢʦʣʠʚʘʣʴʥʽʩʪʶ, ʚʪʨʘʪʘʤʠ. 

 

1.2.2.ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

 

ʂʦʞʥʫ ʉʂɽʇ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʩʪʝʤʫ, ʱʦ ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʉʂɽʇ ʢʘʥʘʣʽʚ ʽʥʬʦʨʤʘʮʽʾ ʽ ʾʭ ʩʪʨʫʢʪʫʨʠ ʨʦʟʨʽʟʥʷʶʪʴ 

3 ʚʠʜʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ: ʧʦ ʨʦʟʽʤʢʥʫʪʦʤʫ ʮʠʢʣʫ, ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʫ, ʧʦ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʮʠʢʣʫ. 

ʅʘ   ʩʭʝʤʘʭ (ʨʠʩ. 1.12 - 1.14)   ʚʚʝʜʝʥʽ   ʥʘʩʪʫʧʥʽ   ʧʦʟʥʘʯʝʥʥʷ: UC - ʥʘʧʨʫʛʘ 

ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ; Yʈʆ - ʨʝʛʫʣʴʦʚʘʥʘ ʚʝʣʠʯʠʥʘ; m - ʨʝʛʫʣʶʶʯʠʡ ʚʧʣʠʚ; g ï 

ʟʘʜʘʶʯʠʡ ʩʠʛʥʘʣ; f1-fn - ʟʙʫʨʝʥʥʷ; ɿɽ - ʟʘʜʘʶʯʠʡ ʝʣʝʤʝʥʪ; ʇʇ - ʧʽʜʩʫʤʦʚʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ; ʂɽ - ʢʝʨʫʶʯʠʡ ʝʣʝʤʝʥʪ; ʇ - ʩʠʣʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; ʄ - ʝʣʝʢʪʨʠʯʥʘ 
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ʤʘʰʠʥʘ; ɻɿɿ - ʛʦʣʦʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ; ɺɿɿ ï ʚʥʫʪʨʽʰʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ 

(ʜʦʧʦʤʽʞʥʠʡ); ʊʄ ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʰʠʥʘ; ʇɽ - ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ.  

 

ʈʠʩʫʥʦʢ 1.12 - ʉʠʩʪʝʤʘ, ʱʦ ʧʨʘʮʶʻ ʧʦ ʨʦʟʽʤʢʥʫʪʦʤʫ ʮʠʢʣʫ 

 

 

ʈʠʩʫʥʦʢ 1.13 - ʉʠʩʪʝʤʘ, ʱʦ ʧʨʘʮʶʻ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʫ 

 

 

ʈʠʩʫʥʦʢ 1.14 - ʉʠʩʪʝʤʘ, ʱʦ ʧʨʘʮʶʻ ʧʦ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʮʠʢʣʫ 

 

ɼʣʷ ʩʠʩʪʝʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʦ ʨʦʟʽʤʢʥʫʪʦʤʫ ʮʠʢʣʫ (ʨʠʩʫʥʦʢ 1.12) ʭʘʨʘʢʪʝʨʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʫʩʷʢʦʛʦ ʚʠʤʽʨʫ ʽ ʢʦʥʪʨʦʣʶ ʢʽʥʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ  ʚʝʣʠʯʠʥʠ 

ʋ. ʈʝʛʫʣʶʶʯʠʡ ʚʧʣʠʚ ʚʽʜ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʥʝ ʟʘʣʝʞʠʪʴ. ʋ ʮʠʭ ʩʠʩʪʝʤʘʭ  ̒

ʪʽʣʴʢʠ ʦʜʠʥ ʢʘʥʘʣ ʽʥʬʦʨʤʘʮʽʾ - ʢʘʥʘʣ ʟʘʚʜʘʥʥʷ, ʪʦʯʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʚʠʩʦʢʘ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʶ ʧʨʠʨʦʜʥʴʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ. ɼʘʥʘ  ʩʠʩʪʝʤʘ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ  ʧʫʩʢʫ  ʽ  ʛʘʣʴʤʫʚʘʥʥʷ  ʜʚʠʛʫʥʽʚ, ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ 

ʥʝʚʝʣʠʢʠʭ ʤʝʞʘʭ.  
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ʋ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʫ (ʨʠʩʫʥʦʢ 1.13) ʩʧʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʘ ʢʘʥʘʣʠ ʽʥʬʦʨʤʘʮʽʾ:  

- ʢʘʥʘʣ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʟʘʚʜʘʥʥʷʤ g(t); 

- ʢʘʥʘʣ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ y(t) 

(ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ).  

ɯʥʬʦʨʤʘʮʽʷ ʟʘʚʜʘʥʥʷ, ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʤʠʣʢʘ ʢʝʨʫʚʘʥʥʷ x(t)=g(t)-y(t) ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʟʥʘʢʘ ʮʽʻʾ 

ʧʦʤʠʣʢʠ ʧʦ ʢʘʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʣʷʻʪʴʩʷ ʨʝʛʫʣʶʶʯʠʡ ʚʧʣʠʚ m(t) ʥʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʚʝʩʪʠ ʧʦʤʠʣʢʫ ʜʦ ʥʫʣʷ (ʘʙʦ ʜʦ ʧʨʠʧʫʩʪʠʤʦʾ 

ʚʝʣʠʯʠʥʠ), ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʽʥʫ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʥʝʦʙʭʽʜʥʠʤ ʟʘʢʦʥʦʤ. 

ʇʨʠ ʮʴʦʤʫ ʞʦʜʥʝ ʟʽ ʟʙʫʨʝʥʴ ʥʝ ʚʠʤʽʨʶʻʪʴʩʷ, ʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʛʫʣʴʦʚʘʥʫ ʚʝʣʠʯʠʥʫ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦ ʢʘʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ʊʘʢʝ ʢʝʨʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷʤ ʟʘ ʧʦʤʠʣʢʦʶ ʘʙʦ ʟʘ ʚʽʜʭʠʣʝʥʥʷʤ, ʘ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ʨʝʛʫʣʴʦʚʘʥʽʡ ʚʝʣʠʯʠʥʽ - ʛʦʣʦʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ 

(ʚʠʢʦʥʫʻʪʴʩʷ ʞʦʨʩʪʢʠʤ, ʥʝʛʘʪʠʚʥʠʤ). ʂʨʽʤ ʛʦʣʦʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʧʦʤʽʞʥʽ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ ɺʆʉ (ʤʽʩʮʝʚʽ, ʞʦʨʩʪʢʽ ʽ 

ʛʥʫʯʢʽ). ɼʽʷ ʛʥʫʯʢʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʂʝʨʫʶʯʽ ʝʣʝʤʝʥʪʠ ʽ ʜʦʧʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ʉʂɽʇ ʩʣʫʞʘʪʴ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ (ʞʦʨʩʪʢʽ ʥʝʛʘʪʠʚʥʽ ɺʆʉ ʧʦʩʣʘʙʣʷʶʪʴ ʚʧʣʠʚ ʟʙʫʨʝʥʴ ʥʘ 

ʝʣʝʤʝʥʪʠ, ʦʭʦʧʣʶʚʘʥʽ ʥʠʤʠ). ʗʢʱʦ ʩʠʩʪʝʤʘ ʤʘʻ ʦʜʠʥ ʛʦʣʦʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ, 

ʚʦʥʘ ʦʜʥʦʢʦʥʪʫʨʥʘ, ʷʢʱʦ ʢʨʽʤ ʛʦʣʦʚʥʦʛʦ ɿɿ ʤʘʻ ʱʝ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʤʽʩʮʝʚʠʭ ɿɿ, 

ʪʦ ʚʦʥʘ - ʙʘʛʘʪʦʢʦʥʪʫʨʥʘ.  

ʉʂɽʇ, ʷʢʽ ʤʘʶʪʴ ʛʦʣʦʚʥʠʡ ɿɿ ʧʦ ʨʝʛʫʣʴʦʚʘʥʽʡ ʚʝʣʠʯʠʥʽ ʥʘʟʠʚʘʶʪʴ 

ʟʘʤʢʥʝʥʠʤʠ. 

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʽ ɿɿ ʟʥʘʯʥʦ ʚʠʱʝ, ʯʠʤ ʫ ʨʦʟʽʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʽ ʾʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ:  

- ʫ ʛʣʠʙʦʢʦ ʨʝʛʫʣʴʦʚʘʥʠʭ ɽʇ; 

- ʧʨʠ ʩʢʣʘʜʥʠʭ ʟʘʢʦʥʘʭ ʟʤʽʥʠ ʟʘʜʘʶʯʦʛʦ ʚʧʣʠʚʫ g(t); 

- ʫ ʧʨʠʚʦʜʘʭ ʚʠʢʦʥʘʚʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫʟʛʦʜʞʝʥʦ ʫ ʦʜʥʦʤʫ 

ʤʝʭʘʥʽʟʤʽ ʘʙʦ ʫ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʘʭ; 

- ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʷ, 
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ʨʝʚʝʨʩʫ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʢʠ ʟʘ ʟʙʫʨʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦ ʟʙʫʨʝʥʥʶ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʩʠʛʥʘʣʫ, ʧʨʦʧʦʨʮʽʡʥʦʛʦ 

ʟʙʫʨʝʥʥʶ, ʧʨʠʯʦʤʫ ʮʝʡ ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʢʦʤʧʝʥʩʫʚʘʪʠ ʩʠʛʥʘʣ ʟʙʫʨʝʥʥʷ ʚ ʪʦʯʮʽ ʡʦʛʦ 

ʧʨʠʢʣʘʜʘʥʥʷ. 

ɿʤʝʥʰʝʥʥʷ ʘʙʦ ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʢʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʢʝʨʫʚʘʥʥʽ, ʷʢʝ ʧʦʻʜʥʫʻ ʢʝʨʫʚʘʥʥʷ ʧʦ ʚʽʜʭʠʣʝʥʥʶ ʽ ʢʝʨʫʚʘʥʥʷ ʧʦ 

ʟʙʫʨʝʥʥʶ. ʎʝʡ ʚʠʜ ʢʝʨʫʚʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʤʠ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʮʠʢʣʫ (ʨʠʩʫʥʦʢ 1.14). ɼʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʜʦ ʦʩʥʦʚʥʦʾ ʟʘʤʢʥʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʦʜʘʻʪʴʩʷ ʨʦʟʽʤʢʥʫʪʘ ʩʪʨʫʢʪʫʨʘ ʟ ʢʘʥʘʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʦʩʥʦʚʥʦʤʫ 

ʟʙʫʨʶʚʘʣʴʥʦʤʫ ʚʧʣʠʚʫ f1(t).  

ɺ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫ ʨʝʛʫʣʶʶʯʽʡ ʜʽʾ m(t) ʧʦʩʪʽʡʥʦ ʻ ʧʨʠʩʫʪʥʦʶ ʩʢʣʘʜʦʚʘ, ʷʢʘ 

ʢʦʤʧʝʥʩʫʻ ʚʧʣʠʚ ʟʙʫʨʝʥʥʷ f1(t) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʤʽʩʮʽ ʡʦʛʦ ʧʨʠʢʣʘʜʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʟʘʣʝʞʥʽʩʪʴ (ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ) ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚ(t) ʚʽʜ 

ʦʩʥʦʚʥʦʛʦ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. ʊʦʙʪʦ ʨʦʟʽʤʢʥʫʪʘ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʽʟʫʻ ʢʝʨʫʚʘʥʥʷ 

ʧʦ ʟʙʫʨʝʥʥʶ, ʘ ʚʧʣʠʚ ʽʥʰʠʭ ʟʙʫʨʝʥʴ ʣʽʢʚʽʜʫʻ ʦʩʥʦʚʥʘ ʟʘʤʢʥʝʥʘ ʩʪʨʫʢʪʫʨʘ.  

ɯʥʦʜʽ ʨʝʛʫʣʴʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʜʣʷ ɽʇ ʻ ʚʠʭʽʜʥʘ ʢʦʦʨʜʠʥʘʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʘʰʠʥʠ ʊʄ - Yʈʆ (ʢʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪ.ʜ.). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʭʽʜʥʝ ʢʦʣʦ ʛʦʣʦʚʥʦʛʦ ɿɿ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʚʠʭʽʜ ʊʄ (ʟʛʽʜʥʦ ʟ 

ʧʫʥʢʪʠʨʦʤ ʥʘ ʨʠʩʫʥʢʘʭ 1.13, 1.14).  

ʇʦ ʚʠʜʫ ʩʠʛʥʘʣʽʚ ʽʥʬʦʨʤʘʮʽʾ  ̔ʢʝʨʫʚʘʥʥʷ ʉʂɽʇ ʧʦʜʽʣ̫ʁ ʪʴʩʷ ʥʘ ʙʝʟʧʝʨʝʨʚʥʽ 

(ʘʥʘʣʦʛʦʚʽ) ʽ ʜʠʩʢʨʝʪʥʽ (ʽʤʧʫʣʴʩʥʽ, ʮʠʬʨʦʚʽ, ʨʝʣʝʡʥʽ).  

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʘʪʠʯʥʠʤʠ (ȹXÍ0) ʽ ʘʩʪʘʪʠʯʥʠʤʠ (ȹX=0) 

ʩʪʦʩʦʚʥʦ ʟʘʜʘʶʯʦʛʦ ʘʙʦ ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ.  

ʋʩʽ ʩʠʩʪʝʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʢʝʨʫʚʘʥʥʷ, 

ʫʤʦʚʥʦ ʜʽʣʷʪʴʩʷ ʥʘ ʣʽʥʽʡʥʽ (ʣʥ̔ʝʘʨʠʟʦʚʘʥ)̔ ʽ ʥʝʣʽʥʽʡʥʽ.  

ʉʂɽʇ ʧʽʜʨʦʟʜʽʣʷʶʪʴ ʪʘʢʦʞ ʽʥʦʜʽ ʧʦ ʚʠʜʫ ʩʠʣʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʘʙʦ 

ʦʩʥʦʚʥʦʾ ʘʧʘʨʘʪʫʨʠ:  

- ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʘʙʦ ʩʠʩʪʝʤʠ ɻ-ɼ, ɽʄʇ-ɼ, ʄʋ-ɼ; 

- ʩʠʩʪʝʤʠ ʟ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʪʘ ʧʫʩʢʦʨʝʛʫʣʶʚʘʣʴʥʠʤʠ 

ʨʝʟʠʩʪʦʨʘʤʠ; 
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- ʩʠʩʪʝʤʘ ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ - ʜʚʠʛʫʥ (ʊʇ-ɼ); 

- ʩʠʩʪʝʤʘ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʝʨʝʪʚʦʨʶʚʘʯ - ʜʚʠʛʫʥ (ʐɯʇ-ɼ); 

- ʩʠʩʪʝʤʠ ʜʨʦʩʝʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

- ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ (ʈʅ-ɸɼ); 

- ʩʠʩʪʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ (ʇʏ-ɸɼ); 

- ʩʠʩʪʝʤʠ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

 

1.2.3.ʌʫʥʢʮʽʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ɸɽʇ 

 

ɺ   ʷʢʦʩʪʽ   ʙʘʟʦʚʦʾ   ʧʨʠʡʥʷʪʘ   ʢʣʘʩʠʬʽʢʘʮʽʷ  ʉʂɽʇ ʧʦ ʚʠʜʘʭ   ʢʝʨʫʚʘʥʥʷ 

ʧʝʚʥʠʤ ʦʩʥʦʚʥʠʤ ʬʫʥʢʮʽʷʤ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʅʘʨʘʭʦʚʫʻʪʴʩʷ  6 ʦʩʥʦʚʥʠʭ 

ʬʫʥʢʮʽʡ ɸɽʇ: 

1. ʂʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʷ, ʨʝʚʝʨʩʫ (ʬʫʥʢʮʽʷ 

ʢʝʨʫʚʘʥʥʷ). ʎʶ ʬʫʥʢʮʽʶ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʽʤʢʥʫʪʽ ʩʠʩʪʝʤʠ ɸɽʇ. ʋ ʧʨʦʮʝʩʽ 

ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʨʫʙʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʨʫʤʦʤ. ɾʦʨʩʪʢʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʚʠʱʝ ʧʨʠʨʦʜʥʠʭ. ʅʘ ʮʝʡ ʤʦʤʝʥʪ ʮʝ ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʛʨʫʧʘ ɸɽʇ; 

2. ʇʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ï ʩʪʨʫʤʫ, 

ʰʚʠʜʢʦʩʪʽ, ʧʦʣʦʞʝʥʥʷ, ʧʦʪʫʞʥʦʩʪʽ ʽ ʪ.ʜ. ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʫ ʩʪʘʪʠʮʽ ʽ 

ʜʠʥʘʤʽʮʽ (ʬʫʥʢʮʽʷ ʩʪʘʙʽʣʽʟʘʮʽʾ). ʎʶ ʬʫʥʢʮʽʶ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʪʽʣʴʢʠ ʟʘʤʢʥʫʪʘ 

ʩʠʩʪʝʤʘ ɸɽʇ. ʆʩʥʦʚʥʘ ʨʝʛʫʣʴʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ï ʪʘ, ʧʦ ʷʢʽʡ ʟʘʤʠʢʘʻʪʴʩʷ ʛʦʣʦʚʥʠʡ 

ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ; 

3. ʉʪʝʞʝʥʥʷ ʟʘ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʜʦʚʽʣʴʥʦ (ʬʫʥʢʮʽʷ 

ʩʪʝʞʝʥʥʷ, ʩʣʽʜʢʫʚʘʥʥʷ). ʎʝ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʪʽʣʴʢʠ ʚ ʟʘʤʢʥʫʪʠʭ 

ʩʠʩʪʝʤʘʭ. ʉʫʯʘʩʥʘ ʩʣʽʜʢʫʶʯʘ ʩʠʩʪʝʤʘ, ʷʢ ʧʨʘʚʠʣʦ, ʪʨʴʦʭʢʦʥʪʫʨʥʘ; 

4. ɺʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʧʨʦʛʨʘʤʠ (ʬʫʥʢʮʽʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ); 

5. ɺʠʙʽʨ ʜʦʮʽʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɸɽʇ (ʬʫʥʢʮʽʷ ʘʜʘʧʪʘʮʽʾ). ɿʘʚʜʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʚ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤʘʭ; 

6. ɸʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʘʤʠ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʦʙôʻʜʥʘʥʠʭ 

ʟʘʛʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ.  

ʂʨʽʤ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ, ʩʠʩʪʝʤʠ ɸɽʇ ʚʠʢʦʥʫʶʪʴ ʱʝ ʡ ʜʦʜʘʪʢʦʚʽ: 
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1) ʟʘʭʠʩʪ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜ ʢ.ʟ., ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʧʦ ʩʪʨʫʤʫ, 

ʧʦ ʥʘʧʨʫʟʽ ʽ ʪ.ʜ.; 

2) ʙʣʦʢʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʽ ʚʠʢʣʶʯʘʻ 

ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ; 

3) ʩʠʛʥʘʣʽʟʘʮʽʷ. 

ʋʩʽ ʉʂɽʇ, ʱʦ ʚʠʢʦʥʫʶʪʴ 1 ï 4 ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ. ɸʜʘʧʪʠʚʥʽ ʉʂɽʇ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʽʙʝʨʥʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. 

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʰʦʾ ʛʨʫʧʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʧʨʦʩʪʽʰʽ ʦʧʝʨʘʮʽʾ  ʧʫʩʢʫ, 

ʟʫʧʠʥʢʠ, ʨʝʚʝʨʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ. ʐʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ ʧʽʩʣʷ ʨʦʟʛʦʥʫ ʥʝ ʨʝʛʫʣʶʻʪʴʩʷ  ̔

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʘ ʚʝʣʠʯʠʥʦʶ ʤʦʤʝʥʪʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʄʉ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʤʫ ʚ 

ʜʠʥʘʤʽʮ ̔ ʤʦʞʣʠʚʽ ʜʦʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʟʤʽʥʥʠʭ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʗʢʱʦ ʚʽʜ 

ʤʝʭʘʥʽʟʤʫ ʧʦʪʨʽʙʥʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪ̔ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ, ʪʦ ʚʽʜ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʫʩʢ ʜʚʠʛʫʥʘ ʥʘ ʢʦʞʥʫ ʽʟ ʟʘʜʘʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʧʝʨʝʭʦʜʠ ʟ ʢʦʞʥʦʾ ʽʟ ʟʘʜʘʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʞʥʘ ʰʚʠʜʢʽʩʪʴ ʟʘʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʁ ʤʝʭʘʥʽʯʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʚʠʛʫʥʘ. ɸʚʪʦʤʘʪʠʯʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʝʨʰʫ ʬʫʥʢʮʽʶ 

ʜʦʩʠʪʴ ʧʨʦʩʪʽ  ̔ ʜʦʧʫʩʢʘʶʪʴ ʧʝʨʝʨʠʚʯʘʩʪʝ ʢʝʨʫʚʘʥʥʷ. ɺʦʥʠ ʤʘʶʪʴ ʨʦʟʽʤʢʥʫʪʫ 

ʩʪʨʫʢʪʫʨʫ  ̔ʧʨʝʜʩʪʘʚʣʝʥ ̔ʥʘ ʨʠʩ. 1.15.  

 

ʈʠʩ. 1.15 
 

ʉʠʩʪʝʤʘ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʯʘʩʪʠʥʫ (ʌʏ), ʚ ʷʢʫ ʚʭʦʜʠʪʴ ʢʦʤʘʥʜʥʠʡ ʦʨʛʘʥ 

(ʂʆ), ʢʝʨʫʶʯʠʡ ʝʣʝʤʝʥʪ (ʂɽ), ʧʝʨʝʤʠʢʘʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʇʇ), ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʽ 

ʩʪʫʧʽʥʯʘʩʪʠʤ ʧʝʨʝʤʠʢʘʥʥʷʤ ʨʝʟʠʩʪʦʨʽʚ, ʨʝʘʢʪʦʨʽʚ, ʦʙʤʦʪʦʢ ʽ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʚ ɽʇ ʧʦʩʪʽʡʥʦʛʦ  ̔ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ 

ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʽʚ ʤʝʪʘʣʦʦʙʨʦʙʥʦʾ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ  ̔ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʨʫʛʦʾ ʛʨʫʧʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʧʨʘʮʴʦʚʫʶʪʴ ʢʝʨʫʶʯʫ ʜʽʶ ʽ 

ʧʽʜʪʨʠʤʫʶʪʴ ʟʘʜʘʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʘʙʦ ʽʥʰʫ ʢʦʦʨʜʠʥʘʪʫ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʚ ʩʪʘʪʠʮʽ  ̔ʜʠʥʘʤʽʮ ̔(ʩʪʨʫʤ, ʰʚʠʜʢʽʩʪʴ, ʧʦʪʫʞʥʽʩʪʴ, ʤʦʤʝʥʪ, ʧʨʠʩʢʦʨʝʥʥʷ). 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʻ ʟʘʤʢʥʝʥʦʶ  ̔ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʩʪʽ ʟʘʜʘʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʯʠʤ ʨʦʟʽʤʢʥʫʪʘ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.16 ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʘʥʜʥʦʛʦ ʦʨʛʘʥʫ ʂʆ, ʂʝʨʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ʂʇ, ʩʠʣʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʇ ʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʦ ʰʚʠʜʢʦʩʪʽ ɼʐ 

ʜʚʠʛʫʥʘ, ʩʠʛʥʘʣ ʷʢʦʛʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʂʇ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʽʟ 

ʟʘʜʘʥʠʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ.  

 

ʈʠʩ. 1.16 

 

ʉʠʛʥʘʣ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʫʩʪʘʣʝʥʦʾ ʰʚʠʜʢʦʩʪʽ. ʊʘʢ, ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʠʣʦʚʦʛʦ ʟʙʫʨʝʥʥʷ ʄʉ ʰʚʠʜʢʽʩʪʴ ɤ ʟʤʝʥʫh̒ ʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ 

ʟʤʝʥʫhʪ̒ʴʩʷ ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ Uɿɿ, ʟʨʦʩʪʘʻ ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ Uɿ ï Uɿɿ ʥʘ 

ʚʭʦʜʽ ʂʇ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ Uʫ  ̔ʢʝʨʫʶʯʦʾ ʜʽʾ, ʷʢʘ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʄ. ʇʽʩʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʪʨʦʭʠ ʤʝʥʰʝ ʢʦʣʠʰʥʴʦʛʦ, ʷʢʱʦ ʉʂɽʇ ʩʪʘʪʠʯʥʘ  ̔ʨʽʚʥʝ 

ʢʦʣʠʰʥʴʦʤʫ, ʷʢʱʦ ʉʂɽʇ ʘʩʪʘʪʠʯʥʘ. ʋ ʟʘʤʢʥʝʥʽ ʉʂɽʇ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʨʽʟʥʽ 

ʘʧʘʨʘʪʠ ʢʝʨʫʚʘʥʥʷ (ʢʦʥʪʘʢʪʥʽ  ̔ʙʝʟʢʦʥʪʘʢʪʥʽ), ʩʠʣʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ 

(ʝʣʝʢʪʨʦʤʘʰʠʥʥʽ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ).  
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ʈʦʟʛʣʷʥʫʪʽ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʝʣʠʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʦʯʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ɽʇ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, 

ʧʘʧʝʨʦʨʦʙʥʠʭ ʤʘʰʠʥʘʭ, ʤʝʭʘʥʽʟʤʘʭ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʪʘ ʽʥ.  

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʟʜʽʡʩʥʶʶʪʴ ʩʪʝʞʝʥʥʷ ʟʘ ʩʠʛʥʘʣʦʤ 

ʟʘʚʜʘʥʥʷ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ̔  ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʨʠʚʦʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, 

ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ (ʨʽʜʰʝ ʰʚʠʜʢʦʩʪʽ) ʚʠʢʦʥʫʶʯʦʛʦ 

ʦʨʛʘʥʫ, ʪʦʙʪʦ ʱʦʙ ʚʠʭʽʜʥʠʡ ʚʘʣ ʧʦʚʪʦʨʶʚʘʚ ʟʘʚʜʘʥʥʷ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ  ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʚʝʣʠʯʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʥʘ 

ʨʠʩ. 1.17.  

ʉʣʽʜʢʫʶʯʘ ʩʠʩʪʝʤʘ ʤʘʻ ʟʘʤʢʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʛʦʣʦʚʥʠʤ ʥʝʛʘʪʠʚʥʠʤ ʟʚô̫ ʟʢʦʤ 

ʧʦ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ Ūʚʠʭ (ʨʠʩ. 1.17,ʘ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʜʘʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ɿʇ ʽ ʜʘʪʯʠʢʘ ɼʇ ʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʥʘʜʭʦʜʷʪʴ ʩʠʛʥʘʣʠ Ūʚʭ(t) ʽ Ūʚʠʭ(t), 

ʨʽʟʥʠʮʷ ʤʽʞ ʷʢʠʤʠ (ʩʠʛʥʘʣ ʧʦʤʠʣʢʠ) ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʢʝʨʫʶʯʦʛʦ ʽ ʬʦʨʤʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ ʂʇ, ʷʢʠʡ ʚʠʨʦʙʣʷʻ ʩʠʛʥʘʣ ʢʝʨʫʚʘʥʥʷ Uʫ(t) ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʇʇ ʪʘʢʦʛʦ 

ʟʥʘʢʫ, ʱʦʙ ʜʚʠʛʫʥ ʄ, ̫ʢʠʡ ʦʜʝʨʞʫʻ ʩʠʛʥʘʣ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʦʚʝʨʪʘʚ ʩʚʽʡ ʚʘʣ ʫ 

ʥʘʧʨʷʤʢʫ, ʧʨʠ ʷʢʦʤʫ ʨʽʟʥʠʮʷ ʢʫʪʽʚ (Ūʚʭ ï Ūʚʠʭ) ʟʤʝʥʫh̒ ʪʩɹʷ.  

 

ʈʠʩ. 1.17 

 

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʯʝʪʚʝʨʪʦʾ ʛʨʫʧʠ ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʜʘʥʦʾ 

ʧʨʦʛʨʘʤʠ, ʪʦʙʪʦ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ 
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ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʷʢ ʟʘʤʢʥʝʥʽ, ʪʘʢ ʽ ʨʦʟʽʤʢʥʫʪʽ ʉʂɽʇ, ʘʣʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʡ 

ʧʨʦʛʨʘʤʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʇʈʇ, ̫ ʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18. 

 

ʈʠʩ. 1.18 

 

ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2-ʭ ʧʽʜʩʠʩʪʝʤ: ʚʝʨʭʥʷ ï ʟʘʤʢʥʝʥʘ, 

ʥʠʞʥʷ ï ʨʦʟʽʤʢʥʫʪʘ. ɽʣʝʢʪʨʦʧʨʠʚʦʜ ʽʟ ʜʚʠʛʫʥʦʤ ʄ1 ʚʠʢʦʥʘʥʠʡ ʧʦ ʟʘʤʢʥʝʥʽʡ ʉʋ, 

ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʧʦʩʪʽʡʥʠʤ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʈʆ1 ɤʨʦ1. ɽʣʝʢʪʨʦʧʨʠʚʦʜ ̔ ʟ ʜʚʠʛʫʥʦʤ 

ʄ2 ʤʘʻ ʨʦʟʽʤʢʥʫʪʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ  ̔ʟʘʙʝʟʧʝʯʫʻ ʟʤʽʥʫ h ʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

ʈʆ2 ɤʨʦ2. ʇʨʦʛʨʘʤʘ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʧʨʦʛʨʘʤʥʠʤ ʧʨʠʩʪʨʦʻʤ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ.  

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧô̫ ʪʦʾ ʛʨʫʧʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʙʽʨ ʜʦʮʽʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ɽʇ ï ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.19 ʽ 

ʚʢʣʶʯʘʻ: ʆʂ ï ʦʙô̒ ʢʪ ʢʝʨʫʚʘʥʥʷ, ʇʇ ï ʩʠʣʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʂʇ ï ʧʨʠʩʪʨʽʡ 

ʢʝʨʫʚʘʥʥʷ, ʆʇ ï ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 1 ï ʢʦʥʪʫʨ ʧʨʝʜʩʪʘʚʣʷʻ ʪʠʧʦʚʫ 

ʟʘʤʢʥʝʥʫ ʩʠʩʪʝʤʫ ʧʦ ʧʘʨʘʤʝʪʨʫ Y, 2 ï ʘʜʘʧʪʠʚʥʠʡ ʢʦʥʪʫʨ (ʱʦ ʧʨʠʩʪʦʩʦʚʫʶʪʴʩʷ). 

ɺ ʘʜʘʧʪʠʚʥʦʤʫ ʢʦʥʪʫʨʽ ʆʇ ʦʙʨʦʙʣʷʻ ̔ ʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆʂ, ʢʝʨʫʶʯ ̔

ʩʠʛʥʘʣʠ Uʟ ʽ ʟʙʫʨʝʥʥʷ f1,f2é..fn, ʚʽʜʰʫʢʫʻ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ  ̔ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ Z1 é Zi, ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʥʦʾ 

ʚʝʣʠʯʠʥʠ Uʟ ʽ ʧʦʜʘʻ ʮʽ ʩʠʛʥʘʣʠ ʚ ʂʇ, ʷʢʠʡ, ʦʙʨʦʙʠʚʰʠ ʮʽ ʩʠʛʥʘʣʠ, ʟʤʽʥʶʻ ʩʚʦʾ 

ʧʘʨʘʤʝʪʨʠ ʘʙʦ ʩʪʨʫʢʪʫʨʫ  ̔ʚʠʨʦʙʣʷʻ ʥʝʦʙʭʽʜʥʠʡ ʚʧʣʠʚ U ʥʘ ʩʠʣʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʇʇ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʦʙô̒ ʢʪ ʢʝʨʫʚʘʥʥʷ. ʇʦʜʽʙʥʽ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʽʜʜʘʥʠʭ ʨʽʟʥʠʤ 

ʢʝʨʫʶʯʠʤ, ʟʙʫʨʶʚʘʣʴʥʠʤ  ̔ ʢʦʦʨʜʠʥʘʪʥʠʤ ʜʽʷʤ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʚʧʣʠʚʘʤ.  
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ʈʠʩ. 1.19 

 

ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʰʦʩʪʦʾ ʛʨʫʧʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʘʤʠ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʦʙô̒ ʜʥʘʥʠʭ ʟʘʛʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛ̔ʯʥʠʤ ʧʨʦʮʝʩʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽ ʾ  ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʫʩʪʘʥʦʚʦʢ ï ʩʠʩʪʝʤ ̔ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠ ʷʢʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʚʠʢʦʥʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʜʽʶʯʦʶ ʩʠʩʪʝʤʦʶ ʤʘʰʠʥ. ʂʦʤʧʣʝʢʩʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʨʠʧʫʩʢʘʻ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ 

ʢʝʨʫʚʘʥʥʷ. ɼʘʥ ̔ʉʂɽʇ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʚʩʭ̔ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʩʠʩʪʝʤ 

(ʩʣʽʜʢʫʶʯʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥ.). ʉʪʨʫʢʪʫʨʘ ʜʘʥʠʭ 

ʩʠʩʪʝʤ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʘ. 

 

1.2.4.ɼʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʉʂɽʇ 

 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʪʘʢʦʞ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ 

ʬʫʥʢʮʽʡ, ʢʨʽʤ ʚʠʱʝʨʦʟʛʣʷʥʫʪʠʭ ʫ ʰʝʩʪʠ ʛʨʫʧʘʭ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ  ʬʫʥʢʮʽʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ, ʱʦ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʭʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦ ʚʢʣʶʯʝʥʥʷ 

ʤʝʭʘʥʽʟʤʽʚ, ʾʭ ʩʧʨʘʚʥʩ̔ʪɹ, ʘʙʦ ʥʘʚʧʘʢʠ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʩʪʘʥ ʩʘʤʠʭ ʉʂɽʇ, ʢʽʣʴʢʩ̔ʪɹ ʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥ ̫ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ, ʪʨʘʥʩʧʦʨʪʥ ̔ʟʘʩʦʙʠ, ʩʠʛʥʘʣʠ, ʧʝʨʝʜʘʥ ̔

ʦʧʝʨʘʪʦʨʘʤʠ ʽ ʪ. ʜ. ɺʠʢʦʥʘʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʧʫʣʴʪʘʭ ʢʝʨʫʚʘʥʥʷ, 

ʩʧʝʮʽʘʣʴʥʠʭ ʪʘʙʣʦ, ʤʥʝʤʦʩʭʝʤʘʭ ʪʘ ʽʥ., ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʠʭ ʽ ʟʚʫʢʦʚʠʭ 

ʩʠʛʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ.  
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ɼʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴ: ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ; ʙʣʦʢʫʚʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫ ̒ ʩʫʚʦʨʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʢʣʶʯʝʥʥʷ ʽ ʚʽʜʢʣʶʯʝʥʥʷ ʦʢʨʝʤʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ; ʟʘʭʠʩʪ ʜʚʠʛʫʥʽʚ ʽ ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜ 

ʩʪʨʫʤʽʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʪʨʠʚʘʣʠʭ ʽ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ. 

 

1.3. ɽʃɽʂʊʈʀʏʅɯ ʉʍɽʄʀ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ ɯ ɺʀʄʆɻʀ ɼʆ ʅʀʍ 

 

1.3.1.ɽʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ 

 

ʉʠʩʪʝʤʠ ɽʇ ʟʦʙʨʘʞʫʶʪʴ ʥʘ ʢʨʝʩʣʝʥʥʷʭ ʫ ʚʠʛʣʷʜʽ ʩʭʝʤ. ʉʭʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʣʝʢʪʨʠʯʥʽ, ʢʽʥʝʤʘʪʠʯʥʽ, ʙʫʜʽʚʝʣʴʥʽ ʪʘ ʽʥʰʽ (ɻʆʉʊ 2.702). 

ɺʠʜʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ: 

1. ʌʫʥʢʮʽʦʥʘʣʴʥʽ; 

2. ʉʪʨʫʢʪʫʨʥʽ; 

3. ʇʨʠʥʮʠʧʦʚʽ; 

4. ʄʦʥʪʘʞʥʽ: 

ʘ) ʚʥʫʪʨʽʰʥʽ; 

ʙ) ʟʦʚʥʽʰʥʽ; 

5. ʉʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ; 

6. ʉʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ; 

7. ɿʘʛʘʣʴʥʽ; 

8. ʂʦʤʙʽʥʦʚʘʥʽ. 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ (ʨʠʩ. 1.20). ɺʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ, ʨʦʟ'ʷʩʥʶ̒  ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʘʭ ʽ ʚ ɽʇ ʫ ʮʽʣʦʤʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʫʶʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʩʭʝʤʽ ʫ ʚʠʛʣʷʜʽ ʫʤʦʚʥʠʭ 

ʛʨʘʬʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ ʘʙʦ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ɻʨʘʬʽʯʥʘ ʧʦʙʫʜʦʚʘ ʩʭʝʤʠ ʧʦʚʠʥʥʝ ʜʘʚʘʪʠ 

ʥʘʡʙʽʣʴʰ ʥʘʦʯʥʫ ʫʷʚʫ ʧʨʦ ʩʠʩʪʝʤʫ. 
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ʈʠʩ. 1.20 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ (ʨʠʩ. 1.21). ɺʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ 

ʩʠʩʪʝʤʠ, ʾʭʥʻ ʧʨʠʟʥʘʯʝʥʥʷ  ̔ ʚʟʘʻʤʦʜʽ.ʁ ʉʪʨʫʢʪʫʨʥʘ  ̔ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʠ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʘ ʩʪʘʜʽʾ, ʱʦ ʧʝʨʝʜʫʻ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʦʚʦʾ 

ʩʭʝʤʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʟ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ, ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ, ʛʨʘʬʽʢʦʤ ʧʝʨʝʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ ʡ ʪ.ʜ. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʧʦʪʨʽʙʥʽ ʧʨʠ ʘʥʘʣʽʟʽ  ̔ʩʠʥʪʝʟʽ ʩʠʩʪʝʤ. 

 

 

 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ. ɺʠʟʥʘʯʘʻ ʧʦʚʥʠʡ ʩʢʣʘʜ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʥʦʚʢʠ. ɽʣʝʤʝʥʪʠ 

ʥʘ ʧʨʠʥʮʠʧʦʚʽʡ ʩʭʝʤʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʦʟʥʘʯʝʥʴ (ʋɻʇ) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʝʨʞʩʪʘʥʜʘʨʪʽʚ (ɻʆʉʊ 2.702, 2.722 ï 2.768). ʉʢʣʘʜʥʽ ʝʣʝʤʝʥʪʠ ʥʘ 

ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤʘʭ, ʱʦ ʥʝ ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʧʦʟʥʘʯʠʪʠ 

ʧʨʷʤʦʢʫʪʥʠʢʦʤ.  

ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ ï ʥʘʦʯʥʽʩʪʴ ʢʦʣʘ ʧʨʦʪʽʢʘʥʥʷ 

ʩʪʨʫʤʫ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʨʦʟʥʝʩʝʥʠʡ ʩʧʦʩʽʙ ʨʦʟʤʽʱʝʥʥʷ 

ʊʇ ɸ ɼ 

ɼʐ 

ʈʠʩ. 1.21 
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ʫʤʦʚʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʝʣʝʤʝʥʪʽʚ (ʜʠʚ. ʨʠʩ. 1.22,ʙ,ʚ). ʉʫʤʽʱʝʥʠʡ ʩʧʦʩʽʙ 

ʟʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ (ʜʠʚ. ʨʠʩ. 1.22,ʘ) ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʠʭ ʩʭʝʤ. ɿʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʝʡ ʩʧʦʩʽʙ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʩʭʝʤ ʟôʻʜʥʘʥʴ 

(ʤʦʥʪʘʞʥʠʭ). ɹʫʢʚʝʥʦ-ʮʠʬʨʦʚʝ ʧʦʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʨʦʩʪʘʚʣʷʻʪʴʩʷ ʧʨʘʚʦʨʫʯ ʘʙʦ 

ʥʘʜ ʝʣʝʤʝʥʪʦʤ. ɽʣʝʤʝʥʪʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʫ ʧʦʨʷʜʢʫ ʟʣʽʚʘ ï ʥʘʧʨʘʚʦ ʪʘ ʟʚʝʨʭʫ ï ʫʥʠʟ. 

ʉʠʣʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʤʦʞʥʘ ʟʦʙʨʘʞʫʚʘʪʠ ʩʪʦʚʱʝʥʠʤʠ ʣʽʥʽʷʤʠ. ʂʦʥʪʘʢʪʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʟʦʙʨʘʞʫʶʪʴ ʥʘ ʩʭʝʤʽ ʧʨʠ ʚʽʜʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ (ʧʨʠ 

ʟʥʝʩʪʨʫʤʣʝʥʽʡ ʢʦʪʫʰʮʽ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ). 

ʇʨʠʢʣʘʜ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.22. 

 

ʈʠʩ.1.22 

ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʽ ʽʥʰʠʭ ʩʭʝʤ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ  ̔ʨʝʤʦʥʪʫ. 

ʉʭʝʤʘ ʟôʻʜʥʘʥʴ (ʤʦʥʪʘʞʥʘ ʩʭʝʤʘ). ʇʦʢʘʟʫʻ ʚʥʫʪʨʽʰʥʽ ʝʣʝʢʪʨʠʯʥʽ ʟô̒ ʜʥʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʜʞʛʫʪʠ ʘʙʦ ʢʘʙʝʣʽ, ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʮʽ ʟô̒ ʜʥʘʥʥʷ. ʂʨʝʩʣʝʥʥ̫ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʫʪʁʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʛʝʦʤʝʪʨʽʾ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʋɻʇ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʦʙʨʠʩʽʚ. ʉʭʝʤʘ 

ʟʘʩʪʦʩʦʚʫʪ̒ʴʩʷ  ʧʨʠ ʤʦʥʪʘʞʽ, ʥʘʣʘʛʦʜʞʝʥʥ ̔  ̔ʨʝʤʦʥʪʽ. 

ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʴ. ʇʦʢʘʟʫʻ ʟʦʚʥʽʰʥ ̔ʧʽʜʢʣʶʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ɽʇ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʟ ʽʥʰʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟô̒ ʤʽʚ, ʢʣʝʤʥʠʢʽʚ, ʜʞʛʫʪʽʚ ʪʘ 

ʢʘʙʝʣʽʚ. ʂʨʝʩʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚʠʢʦʥʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʦʤʝʪʨʽʾ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʋɻʇ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʦʙʨʠʩʽʚ. 
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ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ. ɺʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʠʥ ɽʇ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʩʪʘʥʦʚʮʽ  ̔ʧʦʟʘ ʥʝʶ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ. ʉʭʝʤʘ ʜʣʷ ʛʨʫʧʠ ɽʇ. 

ʂʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ. ʅʘ ʜʘʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ 

ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʨʘʟʦʤ ʟ ʝʣʝʤʝʥʪʘʤʠ ʛʽʜʨʘʚʣʽʢʠ, ʧʥʝʚʤʘʪʠʢʠ ʪʘ ʽʥ. 
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ʈʆɿɼɯʃ 2. ʈɽʃɽʁʅʆ-ʂʆʅʊɸʂʊʆʈʅɽ ʂɽʈʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ ʇʈʀ ɾʀɺʃɽʅʅɯ ɺɯɼ ʄɽʈɽɾɯ. ʊʀʇʆɺɯ ɺʋɿʃʀ 

ɿɸʍʀʉʊʋ, ɹʃʆʂʋɺɸʅʅʗ, ʉʀɻʅɸʃɯɿɸʎɯɰ 

 

 

ʊɽʄɸ 2.1. ʇʈʀʅʎʀʇʀ ʈʆɹʆʊʀ ʉʍɽʄ ʂɽʈʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ʈɽʃɽʁʅʆ-ʂʆʅʊɸʂʊʆʈʅʀʍ ɸʇɸʈɸʊɯɺ  

 

2.1.1. ʂʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʦʨʥʠʭ ʩʠʩʪʝʤ ɸɽʇ 

 

ʋ ʜʘʥʠʡ ʯʘʩ ʮʽ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʴʰʝ 50% ʚʽʜ ʚʩʽʭ ʩʠʩʪʝʤ ɸɽʇ. 

ɿʚʠʯʘʡʥʦ, ʚ ʩʪʘʪʠʮʽ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ ʜʚʠʛʫʥ ʧʽʜʢʣʶʯʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʘʧʘʨʘʪʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʷ (ʢʦʥʪʘʢʪʦʨʠ, ʨʝʣʝ, ʪʠʨʠʩʪʦʨʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ 

ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ). 

ʉʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʭ ɸɽʇ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʬʦʨʤʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʪʘʥʮʽʡ 

ʢʝʨʫʚʘʥʥʷ. ʋ ʩʭʝʤʘʭ ʩʪʘʥʮʽʡ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʠʧʦʚʽ ʚʫʟʣʠ ʢʝʨʫʚʘʥʥʷ ʽ ʚʫʟʣʠ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʟʘʭʠʩʪʽʚ  ̔ʙʣʦʢʫʚʘʥ.ɹ 

 

2.1.2 ʇʨʠʥʮʠʧʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʷ, 

ʨʝʚʝʨʩʫ 

 

ʋ ʨʦʟʽʤʢʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ ʜʣʷ ʧʫʩʢʫ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʦʩʪʘʪʥʠʡ ʩʧʦʩʽʙ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʟʘʧʫʩʪʠʪʠ (ʟʫʧʠʥʠʪʠ) ʜʚʠʛʫʥ ʽ ʦʙʤʝʞʠʪʠ ʢʠʜʢʠ ʩʪʨʫʤʫ. ʉʭʝʤʘ 

ɼʇʉ ʅɿ ʽ ʜʽʘʛʨʘʤʘ ʩʠʛʥʘʣʽʚ ʧʨʠ ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʤʫ ʧʫʩʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2.1 ʽ 

2.2. ʅʘ ʩʭʝʤʽ ʨʠʩ. 2.1 ʧʦʟʥʘʯʝʥʽ: ʂ ï ʧʫʩʢʦʚʠʡ ʢʦʥʪʘʢʪʦʨ; R1, R2 ï ʩʪʫʧʝʥʽ ʧʫʩʢʦʚʦʛʦ 

ʨʝʟʠʩʪʦʨʘ Rʇ. ɿ ʧʫʩʢʦʚʦʾ ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 2.2. ʚʠʜʥʦ, ʱʦ ʧʝʨʝʤʠʢʘʥʥʷ ʩʪʫʧʝʥʽʚ 

ʨʝʦʩʪʘʪʘ ʧʦʚʠʥʥʝ ʚʽʜʙʫʚʘʪʠʩʷ ʘʙʦ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (t1, t2), ʘʙʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʧʝʚʥʦʾ ʰʚʠʜʢʦʩʪʽ (W1, W2) ʘʙʦ ʧʨʠ ʟʥʠʞʝʥʥʽ ʩʪʨʫʤʫ ʷʢʦʨʷ ʜʦ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ (I2).  

ɿʚʽʜʩʠ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ: 
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1) ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ f(t); 

2) ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ f(ɤ); 

3) ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʩʪʨʫʤʫ f(I). 

 

 

ʈʠʩ. 2.1 

 

 

 

ʊɽʄɸ 2.2. ʉʍɽʄʀ ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆɼɺʀɻʋʅɸʄʀ ʇʆʉʊɯʁʅʆɻʆ 

ʉʊʈʋʄʋ 

 

2.2.1.ʉʭʝʤʘ ʧʫʩʢʫ ɼʇʉ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʘ ʘʧʘʨʘʪʫʨʘ, ʱʦ ʢʦʥʪʨʦʣʶʻ 

ʯʘʩ (ʨʝʣʝ ʯʘʩʫ). ʈʝʣʝ ʯʘʩʫ ʥʘʩʪʨʦʶʻʪʴʩʷ ʥʘ ʚʽʜʣʽʢʦʚʠʡ ʧʝʨʽʦʜ ʟʘʜʘʥʠʭ ʫʩʪʘʚʦʢ, ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʷʢʠʭ ʚʢʣʶʯʘʶʪʴʩʷ ʢʦʥʪʘʢʪʦʨʠ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʽ ʰʫʥʪʫʶʪʴ ʩʪʫʧʝʥʽ 

ʧʫʩʢʦʚʦʛʦ ʨʝʦʩʪʘʪʘ. 

 

 

W2 

W1 

t  

Wͤ  ¢ Wͯ ͫͭ ¢ Wͦ  

t1 t2 

wͯ ͫͭ 
W 

I1 

I2 

ʈʠʩ. 2.2 
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ʊʠʧʦʚʠʡ ʚʫʟʦʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʫʩʢ ɼʇʉ ʟ ʅɿ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.3. 

ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʛʣʷʜʫ ʩʭʝʤ ʧʦʣʷʛʘʻ ʫ ʚʽʜʧʦʚʽʜʷʭ ʥʘ 8 ʧʠʪʘʥʴ: 

1) ʧʨʠʟʥʘʯʝʥʥʷ ʩʭʝʤʠ (ʥʘʟʚʘ); 

2) ʩʢʣʘʜ ʩʭʝʤʠ (ʧʝʨʝʣʽʯʠʪʠ ʝʣʝʤʝʥʪʠ ʩʠʣʦʚʦʛʦ ʢʦʣʘ  ̔ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ); 

3) ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ; 

4) ʨʦʙʦʪʘ ʩʭʝʤʠ ʚ ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ (ʧʨʠ ʧʦʜʘʯʽ ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ); 

5) ʩʪʘʣʠʡ ʨʝʞʠʤ; 

6) ʜ̔ ʘʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʽ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʦʮʝʩʠ ʢʝʨʫʚʘʥʥʷ; 

7) ̔ ʣʶʩʪʨʘʮʽʷ ʨʦʙʦʪʠ ʩʭʝʤʠ ʟ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ; 

8) ʨʦʙʦʪʘ ʩʭʝʤʠ ʫ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ. 

ɺʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʟʘʧʠʪʘʥʥʷ ʜʣʷ ʩʭʝʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ: 

1) ɼʠʚ. ʥʘʟʚʫ ʩʭʝʤʠ. 

2) ʄ - ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; R1, R2 - ʩʪʫʧʝʥʽ ʧʫʩʢʦʚʦʛʦ ʨʝʦʩʪʘʪʘ; 

ʂʇ1, ʂʇ2, ʂʃ - ʢʦʥʪʘʢʪʦʨʠ ʧʨʠʩʢʦʨʝʥʥʷ  ̔ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ; ʈʋ1, ʈʋ2 - 

ʨʝʣʝ ʯʘʩʫ ʟ ʚʽʜʣʽʢʦʤ ʫʩʪʘʚʢʠ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥ ̔ʢʦʪʫʰʢʠ; ʂʥʉ, ʂʥʇ - ʢʥʦʧʢʠ 

ʉʪʦʧ, ʇʫʩʢ (SB1 SB2). 

3) ɺʠʭʽʜʥʠʡ ʩʪʘʥ: ʧʨʠ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʚ ʩʠʣʦʚʽʡ ʩʭʝʤʽ ʦʙʤʦʪʢʘ 

ʟʙʫʜʞʝʥʥʷ ʙʫʜʝ ʧʽʜ ʩʪʨʫʤʦʤ, ʘ ʚ ʩʭʝʤʽ ʢʝʨʫʚʘʥʥʷ ʙʫʜʝ ʚʢʣʶʯʝʥʘ ʢʦʪʫʰʢʘ 

ʨʝʣʝ ʧʨʠʩʢʦʨʝʥʥʷ ʈʋ1. 

4) ʈʦʙʦʪʘ ʩʭʝʤʠ: ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʂʥʇ ʚʢʣʶʯʘʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ ʂʃ, 

ʧʨʠ ʮʴʦʤʫ ʟʘʤʠʢʘʻʪʴʩʷ ʡʦʛʦ ʛʦʣʦʚʥʠʡ (ʩʠʣʦʚʠʡ) ʢʦʥʪʘʢʪ ʫ ʢʦʣʽ ʷʢʦʨʷ ʜʚʠʛʫʥʘ, 

ʟʘʤʠʢʘʶʪʴʩʷ ʙʣʦʢ-ʢʦʥʪʘʢʪʠ, ʧʘʨʘʣʝʣʴʥʽ ʧʫʩʢʦʚʽʡ ʢʥʦʧʮʽ ʪʘ ʚ ʢʦʣʽ ʢʦʪʫʰʢʠ 

 

ʈʠʩ. 2.3 
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ʢʦʥʪʘʢʪʦʨʽʚ ʧʨʠʩʢʦʨʝʥʥʷ, ʽ ʨʦʟʤʠʢʘʻʪʴʩʷ ʢʦʥʪʘʢʪ ʫ ʢʦʣʽ ʨʝʣʝ ʯʘʩʫ ʈʋ1. ʇʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʰʠʥ ʞʠʚʣʝʥʥʷ ʽ ʡʜʝ ʨʦʟʛʽʥ ʜʚʠʛʫʥʘ ʧʦ ʧʝʨʰʽʡ 

ʰʪʫʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. ʂʦʪʫʰʢʘ ʂʃ ʚʩʪʘʻ ʥʘ ʩʘʤʦʞʠʚʣʝʥʥʷ, ʧʽʜʛʦʪʦʚʣʷʻʪʴʩʷ ʜʦ 

ʚʢʣʶʯʝʥʥʷ ʢʦʣʦ ʢʦʥʪʘʢʪʦʨʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʂʋ1, ʂʋ2, ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʣʽʢ ʫʩʪʘʚʢʠ 

ʈʋ1. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʚʽʜ ʢʠʜʢʘ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ  ʚʢʣʶʯʘʻʪʴʩʷ ʈʋ2, ʱʦ  ʨʦʟʤʠʢʘʻ 

ʤʠʪʪʻʚʦ ʩʚʽʡ ʢʦʥʪʘʢʪ ʫ ʢʦʣʽ ʂʋ2. 

ɺ ʤʦʤʝʥʪ ʯʘʩʫ t = tʋʉʊ.ʈʋ1, ʚʢʣʶʯʘʻʪʴʩʷ ʂʋ1, ʩʠʣʦʚʠʡ ʢʦʥʪʘʢʪ ʷʢʦʛʦ ʰʫʥʪʫ ̒

ʧʝʨʰʠʡ ʩʪʫʧʝʥʴ ʧʫʩʢʦʚʦʛʦ ʨʝʦʩʪʘʪʘ (ʜʚʠʛʫʥ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʰʪʫʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

(2) (ʜʠʚ. ʨʠʩ. 2.4) ʽ, ʦʜʥʦʯʘʩʥʦ, ʰʫʥʪʫʻ ʢʦʪʫʰʢʫ ʈʋ2. ʇʦʯʠʥʘʻʪʴʩʷ ʚʽʜʣʽʢ ʫʩʪʘʚʢʠ 

ʈʋ2. 

ʋ ʤʦʤʝʥʪ ʯʘʩʫ t = tʋʉʊ.ʈʋ1 + tʋʉʊ.ʈʋ2 ï ʚʢʣʶʯʘʻʪʴʩʷ ʂʋ2, ʰʫʥʪʫʪ̒ɹʩʷ ʜʨʫʛʠʡ 

ʩʪʫʧʽʥʴ ʧʫʩʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ ʽ ʜʚʠʛʫʥ ʧʝʨʝʭʦʜʠʪʴ  ʥʘ ʧʨʠʨʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʨʦʟʛʽʥ ʧʦ ʷʢʠʡ ʪʨʠʚʘʻ ʜʦ ʪʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʫ ʦʧʦʨʫ. 

5) ʉʪʘʣʠʡ ʨʝʞʠʤ - ʙʫʜʝ ʥʘ ʧʨʠʨʦʜʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. 

6) ɼʠʥʘʤʽʢʘ ʧʫʩʢʫ ʚʽʜʙʠʪʘ ʥʘ ʨʠʩ. 2.2. 

7) ɯʣʶʩʪʨʘʮʽʷ ʨʦʙʦʪʠ ʩʭʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʠʚ. 

ʨʠʩ. 2.4). ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ ʇʍ ï ʧʨʠʨʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʐʍ1,2 ï 

ʰʪʫʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

 

ʈʠʩ. 2.4 

ɼʦʩʪʦʾʥʩʪʚʘ ʩʭʝʤʠ: 

-   ʧʨʦʩʪʦʪʘ  ̔ʥʘʜʽʡʥʽʩʪʴ; 

-   ʟʨʫʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʫʩʪʘʚʦʢ ʢʝʨʫʶʯʠʭ ʘʧʘʨʘʪʽʚ; 
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- ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʪʠʧʥʠʭ ʨʝʣʝ ʯʘʩʫ ʜʣʷ ʜʚʠʛʫʥʽʚ ʨʽʟʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ; 

-  ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʯʘʩʫ ʧʫʩʢʫ ʚʽʜ ʄʉ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ J, ʪʦʙʪʦ tn  ̧f (ʄʉ,J); 

- ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʪʨʠʤʢʠ ʧʫʩʢʫ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʱʘʙʣʽ (ʱʦ ʚʠʢʣʶʯʘʻ 

ʧʝʨʝʛʦʨʷʥʥʷ ʧʫʩʢʦʚʠʭ ʦʧʦʨʽʚ). 

ʅʝʜʦʣʽʢʠ: 

- ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 4-ʛʦ ʡ 5-ʛʦ ʜʦʩʪʦʾʥʩʪʚ ʤʦʞʣʠʚʝ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʭʠʩʪʫ; 

- ʧʨʠ ʤʦʤʝʥʪʽ ʥʘ ʚʘʣʫ ʙʽʣʴʰʝ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʭʽʜ ʥʘ ʰʪʫʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (2) ʽ ʧʨʠʨʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʟʥʘʯʥʠʤʠ 

ʢʠʜʢʘʤʠ ʩʪʨʫʤʫ. ʇʨʠ ʮʴʦʤʫ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʜʠʥʘʤʽʯʥʠʡ ʤʦʤʝʥʪ ʥʝ 

ʟʤʽʥʠʪʴʩʷ (Iʉ
'); 

- ʧʨʠ ʤʦʤʝʥʪʽ ʥʘ ʚʘʣʫ ʤʝʥʰʝ, ʯʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʡ, ʧʝʨʝʭʽʜ ʥʘ ʰʪʫʯʥʫ  ̔

ʧʨʠʨʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝ ʧʨʠ ʤʝʥʰʠʭ ʢʠʜʢʘʭ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʜʚʠʛʫʥ ʙʫʜʝ 

ʧʨʘʮʶʚʘʪʠ ʟ ʤʝʥʰʠʤ ʤʦʤʝʥʪʦʤ, ʘʣʝ ʜʠʥʘʤʽʯʥʠʡ ʤʦʤʝʥʪ ʥʝ ʟʤʽʥʠʪʴʩʷ (IC
1). 

 

2.2.2.ʉʭʝʤʘ ʧʫʩʢʫ ɼʇʉ ʚ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʧʦʪʨʽʙʥʘ ʘʧʘʨʘʪʫʨʘ, ʱʦ ʢʦʥʪʨʦʣʶʻ ʰʚʠʜʢʽʩʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʧʦʙʽʯʥʦ. ʏʘʩʪʽʰʝ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʧʦʙʽʯʥʦ ʧʦ ʥʘʧʨʫʟʽ ʥʘ ʷʢʦʨʽ, ʧʦ 

ʚʝʣʠʯʠʥʽ ɽʈʉ ʷʢʦʨʷ (ʨʦʪʦʨʘ), ʧʦ ʯʘʩʪʦʪʽ ʩʪʨʫʤʫ ʨʦʪʦʨʘ. ʂʝʨʫʚʘʥʥʷ ʡʜʝ ʫ ʬʫʥʢʮʽʾ 

Uʗ, Eʈ, fʈ, s, ʘʣʝ ʚʩʝ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ. 

ʊʠʧʦʚʘ ʩʭʝʤʘ ʧʫʩʢʫ ɼʇʉ ʚ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.5, ʜʝ 

ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʄ ï ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; R1, R2 ï ʩʪʫʧʝʥʽ ʧʫʩʢʦʚʦʛʦ 

ʨʝʦʩʪʘʪʘ; ʂʋ1, ʂʋ2, ʂʃ ï ʢʦʥʪʘʢʪʦʨʠ ʧʨʠʩʢʦʨʝʥʥʷ  ̔ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ; ʈʋ1, ʈʋ2 

ï ʨʝʣʝ  ʯʘʩʫ ʟ ʚʽʜʣʽʢʦʤ ʫʩʪʘʚʢʠ; R3 ï ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʜʣʷ ʟʤʽʥʠ ʫʩʪʘʚʢʠ ʨʝʣʝ ʈʋ2; 

ʂʥʉ, ʂʥʇ ï ʢʥʦʧʢʠ ʉʪʦʧ, ʇʫʩʢ (SB1 SB2). 
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ʈʠʩ. 2.5 

 

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ̔ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʫ, ʰʚʠʜʢʦʩʪʽ  ̔ʥʘʧʨʫʛʠ ʚ ʯʘʩʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.6,ʘ,ʙ, ʚʽʜʧʦʚʽʜʥʦ. 
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ɼʦʩʪʦʾʥʩʪʚʘ ʩʭʝʤʠ: 

- ʧʨʦʩʪʦʪʘ ʩʭʝʤʥʦʛʦ ʨʽʰʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʪʠʧʥʠʭ ʨʝʣʝ ʥʘʧʨʫʛʠ ʜʣʷ ʜʚʠʛʫʥʽʚ ʨʽʟʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʘʣʝ ʟ ʦʜʥʘʢʦʚʦʶ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ; 

ʅʝʜʦʣʽʢʠ: 

- ʪʨʫʜʥʦʱʽ ʥʘʩʪʨʦʶʚʘʥʥʷ ʨʝʣʝ ʢʝʨʫʚʘʥʥʷ ʂʋ ʥʘ ʨʽʟʥʽ ʥʘʧʨʫʛʠ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ; 

- ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʫʩʢʫ tʇ = f(Mʉ, J); 

- ʤʦʞʣʠʚʘ ʟʘʪʨʠʤʢʘ ʧʫʩʢʫ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʩʪʫʧʝʥʽ  ̔ ʧʝʨʝʛʨʽʚ ʧʫʩʢʦʚʦʛʦ 

ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʄʉ''>ʄʉ. ʇʨʠ ʤʦʤʝʥʪʽ ʄʉôô>ʄʉ ʜʚʠʛʫʥ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʥʘ 

ʰʪʫʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ (ʩʪʘʣʠʡ ʨʝʞʠʤ). 

 

2.2.3.ʉʭʝʤʘ ʧʫʩʢʫ ɼʇʉ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʚ ʬʫʥʢʮʽʾ ʩʪʨʫʤʫ 

 

ʊʠʧʦʚʠʡ ʚʫʟʦʣ, ʱʦ ʨʝʘʣʽʟʫʻ ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 2.7, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: Rʇ = R2+R1; ʈʋʇ ï ʨʝʣʝ ʢʝʨʫʚʘʥʥʷ ʧʦʣʝʤ; Rɺɼ ï 

ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʰʚʠʜʢʽʩʪʴ ʚ 2-ʦʡ ʟʦʥʽ. 

 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʪʦʢʫ ʩʪʘʣʘ ʯʘʩʫ ʟʙʫʜʞʝʥʥʷ ʊɿS = Lʄ/(Rɿ+Rɿɼ), ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʧʦʪʦʢʫ ï ʊɺS = Lʟ(Rɿ), ʪʦʙʪʦ ʦʩʣʘʙʣʝʥʥʷ ʧʦʪʦʢʫ ʡʜʝ ʟ ʙʽʣʴʰʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʯʠʤ ʟʙʽʣʴʰʝʥʥʷ (ʜʠʚ. ʨʠʩ. 2.8). 

 

ʈʠʩ. 2.7 
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ʈʠʩ. 2.8 

 

ʇʨʠ ʚʠʭʦʜʽ ʜʚʠʛʫʥʘ ʚ ʜʨʫʛʫ ʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʘʣʫ ʜʚʠʛʫʥʘ ʧʦʚʠʥʥʦ ʟʤʝʥʰʫʚʘʪʠʩʷ. ʇʨʠ ʨʦʙʦʪʽ ʥʘ ʰʚʠʜʢʦʩʪʽ ʚ ʜʨʫʛʽʡ ʟʦʥʽ Wɿ(2) 

= 2Wʅ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʤʝʥʰʝʥʠʡ ʚʜʚʽʯʽ ʄʉ = ʄʅ/2.  

ʈʦʙʦʪʘ ʩʭʝʤʠ: ʜʘʥʠʡ ʚʫʟʦʣ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ 

ʂʋ2, ʪʦʙʪʦ ʧʨʠ ʚʠʭʦʜʽ ʜʚʠʛʫʥʘ ʥʘ ʇʍ. ɺʽʜ ʢʠʜʢʘ ʩʪʨʫʤʫ ʩʧʨʘʮʴʦʚʫʻ ʈʋʇ ʽ ʰʫʥʪʫʻ 

ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʠʩʪʦʨ ʚ ʢʦʣʽ ʟʙʫʜʞʝʥʥʷ Rɿɼ (ʜʦ ʮʴʦʛʦ ʚʦʥʦ ʰʫʥʪʫʚʘʣʦʩʷ 

ʢʦʥʪʘʢʪʦʨʦʤ ʂʋ2). ʈʦʟʛʽʥ ʪʨʠʚʘʻ ʥʘ ʇʍ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʢʦʣʠ ʩʪʨʫʤ ʷʢʦʨʷ ʩʪʘʥʝ 

ʨʽʚʥʠʤ ʪʦʢʫ ʚʽʜʧʫʩʢʘʥʥʷ ʈʋʇ. ʈʝʣʝ ʈʋʇ ʚʠʤʠʢʘʻʪʴʩʷ, ʫ ʢʦʣʦ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ 

ʚʚʦʜʠʪʴʩʷ Rɿɼ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ ʧʦʣʷ, ʩʪʨʫʤ ʷʢʦʨʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʩʪʨʫʤʽ 

ʷʢʦʨʷ, ʨʽʚʥʦʤʫ ʩʪʨʫʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʈʋʇ ʚʦʥʦ ʰʫʥʪʫʻ Rɿɼ, ʧʦʣʝ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʧʦʯʠʥʘ ̒ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘʣʝ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ, ʩʪʨʫʤ ʷʢʦʨʷ ʧʦʯʥʝ ʟʤʝʥʰʫʚʘʪʠʩʷ. 

ʇʨʦʮʝʩ ʧʦʚʪʦʨʶʪ̒ʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ, ʧʦʢʠ ʧʦʪʽʢ ʚʠʡʜʝ ʥʘ ʫʩʪʘʣʝʥʝ ʟʥʘʯʝʥʥʷ ʌʋ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʜʚʠʞʢʘ Rɿɼ. 

ʋ ʧʦʪʫʞʥʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ ʈʋʇ ʚʢʣʶʯʘʻ ʜʦʜʘʪʢʦʚʠʡ ʢʦʥʪʘʢʪʦʨ ʢʝʨʫʚʘʥʥʷ 

ʧʦʣʝʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʚʢʣʶʯʝʥʥʷ  ̔ʚʽʜʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ. ʇʨʠ ʨʽʟʢʽʡ ʟʤʽʥʽ 

ʧʦʣʦʞʝʥʥʷ ʜʚʠʞʢʘ Rɿɼ ʪʘʢʦʞ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽ ʾʩʪʨʫʤʫ. 

ɼʦʩʪʦʾʥʩʪʚʘ: ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ. 

ʅʝʜʦʣʽʢʠ:  

- ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʪʨʽʙʥʠʡ ʩʚʽʡ ʝʣʝʢʪʨʠʯʥʠʡ ʘʧʘʨʘʪ (ʈʋʇ); 

- ʯʘʩ ʧʫʩʢʫ ʻ ʬʫʥʢʮʽʻʶ ʄʉ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 
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2.2.4.ʊʠʧʦʚʠʡ ʚʫʟʦʣ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ɼʇʉ ʟ ʅɿ 

 

ʊʠʧʦʚʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ɼʇʉ ʟ ʅɿ ʫ ʨʝʞʠʤʽ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.9, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʂɼɻ, ʈɼɻ ï ʢʦʥʪʘʢʪʦʨ ʽ ʨʝʣʝ 

ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

 

ʈʠʩ. 2.9 

 

ʈʦʙʦʪʘ ʩʭʝʤʠ: ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʂʥʉ (t=0) ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʂʃ, ʜʚʠʛʫʥ 

ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ. ɺʽʜʢʣʶʯʘʻʪʴʩʷ ʈɼʊ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʣʽʢ 

ʫʩʪʘʚʢʠ ʯʘʩʫ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʫʩʪʘʚʢʠ ʚʢʣʶʯʘʻʪʴʩʷ ʂɼʊ, 

ʩʠʣʦʚʠʡ ʢʦʥʪʘʢʪ ʷʢʦʛʦ ʰʫʥʪʫʻ ʷʢʽʨ ʜʚʠʛʫʥʘ ʨʝʟʠʩʪʦʨʦʤ Rɼɻ (Rɼɻ º Rʇ, ʜʝ Rʇ ï 

ʜʦʜʘʪʢʦʚʠʡ ʨʝʟʠʩʪʦʨ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ). ʉʪʨʫʤ ʜʚʠʛʫʥʘ ʤʽʥʷʻ 

ʥʘʧʨʷʤʦʢ ʽ ʧʦʯʠʥʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ: 

ʧʨʠ t = tɼɻ ï ʜʚʠʛʫʥ ʟʘʛʘʣʴʤʫʻʪʴʩʷ (W = 0), ʘʣʝ ʚ ʩʭʝʤʽ ʥʽʯʦʛʦ ʥʝ ʟʤʽʥʠʪʴʩʷ; 

ʧʨʠ t = tʋ ï ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʂɼʊ, ʷʢʽʨ ʜʚʠʛʫʥʘ ʙʫʜʝ ʨʦʟʰʫʥʪʦʚʘʥʦ; tʋ
ʈɼɻ ² tɼɻ. 

ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʄʉ ʥʘ ʜʚʠʛʫʥ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘʢʣʘʜʝʥʦ ʤʝʭʘʥʽʯʥʝ ʛʘʣʴʤʦ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ. 

ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʽʘʛʨʘʤʠ ʩʪʨʫʤʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʚ ʯʘʩʽ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 2.10, ʨʠʩ. 2.11. 
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ʈʠʩ. 2.10 

 

ʈʠʩ. 2.11 

 

ʊɽʄɸ 2.3. ʉʍɽʄʀ ʂɽʈʋɺɸʅʅʗ ɸʉʀʅʍʈʆʅʅʀʄʀ 

ɽʃɽʂʊʈʆɼɺʀɻʋʅɸʄʀ  

 

2.3.1.ʉʭʝʤʠ ʧʫʩʢʫ ɸɼ ʟ ʌʈ 

ʊʠʧʦʚʘ ʩʭʝʤʘ ʧʫʩʢʫ ɸɼ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ  ̔ ʚʽʜʧʦʚʽʜʥʽ 

ʤʝʭʘʥʽʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.12,ʘ,ʙ, ʚʽʜʧʦʚʽʜʥʦ. 

 

                

ʈʠʩʫʥʦʢ 2.7 
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ʘ) 

 

ʙ) 

ʈʠʩ. 2.12 

ʆʩʦʙʣʠʚʽʩʪʴ ʩʭʝʤʠ: ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʘʨʘʪʫʨʘ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ɽʇ, ʘʙʦ ʧʨʠ 

ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ ʚʢʣʶʯʝʥʴ ʫ ʛʦʜʠʥʫ (ʜʦ 1000 ʚʢʣ/ʛʦʜ). ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʪʨʠʬʘʟʥʦʾ 

ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʣʽʥʽʡʥʠʭ ʢʦʥʪʘʢʪʦʨʠ, ʫ ʷʢʠʭ ʪʽʣʴʢʠ ʧʦ ʜʚʘ ʛʦʣʦʚʥʠʭ 

(ʩʠʣʦʚʠʭ) ʢʦʥʪʘʢʪʠ. 

ʈʦʙʦʪʘ ʩʭʝʤʠ ʘʥʘʣʦʛʽʯʥʘ ʩʭʝʤʽ ʢʝʨʫʚʘʥʥʷ ɼʇʉ ʟ ʅɿ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ (ʜʠʚ. ʧ. 

2.2.1). 

 

2.3.2.ʊʠʧʦʚʠʡ ʚʫʟʦʣ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ ɸɼ ʟ ʂɿ ʨʦʪʦʨʦʤ 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ ɸɼ ʟ ʂɿ ʨʦʪʦʨʦʤ ʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ. 

ʉʭʝʤʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʦʚʤʠʢʘʥʥʷʤ ɸɼ ʟ ʂɿ ʨʦʪʦʨʦʤ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

2.13, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʈʂʐ ï ʨʝʣʝ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ; Wʋʉʊ
ʈʂʐ = (0,03 ï 

0,05)W0. 

 

 

ʇʨʠ ʦʙʝʨʪʘʥʥ ̔ʚʧʝʨʝʜ ʟʽ ʰʚʠʜʢʽʩʪʶ W > Wʋʉʊ,  ʫ ʈʂʉ ʟʘʤʠʢʘʪʁʴʩʷ ʢʦʥʪʘʢʪʠ 1-

3; ʧʨʠ ʦʙʝʨʪʘʥʥ ̔ʥʘʟʘʜ ʟʽ ʰʚʠʜʢʽʩʪʶ W > Wʋʉʊ ʫ ʈʂʉ ʟʘʤʠʢʘʪʁʴʩʷ ʢʦʥʪʘʢʪʠ 1-2. ʂɺ, 

ʂʅ ï ʢʦʥʪʘʢʪʦʨʠ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʪʘʪʦʨ ʧʨʠ ʨʫʩʽ ʚʧʝʨʝʜ ʪʘ 

ʥʘʟʘʜ; ʈɹ ï ʨʝʣʝ ʙʣʦʢʫʚʘʣʴʥʝ (ʚʚʦʜʠʪʴ ʫ ʜʽʶ ʈʂʉ ʪʽʣʴʢʠ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʂʥ). 

ɺʠʭʽʜʥʠʡ ʩʪʘʥ: ʚʢʣʶʯʝʥʠʡ ʢʦʥʪʘʢʪʦʨ ʂɺ. 

ʈʦʙʦʪʘ ʩʭʝʤʠ: ʜʣʷ ʟʫʧʠʥʢʠ ʜʚʠʛʫʥʘ ʩʣʽʜ ʢʦʨʦʪʢʦʯʘʩʥʦ ʥʘʪʠʩʥʫʪʠ ʂʥʩ. 

ɺʢʣʶʯʘʻʪʴʩʷ ʈɹ ʽ ʢʦʥʪʘʢʪʦʨ ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ, ʟʤʽʥʁ̒ʪʴʩʷ 

ʯʝʨʛʫʚʘʥʥʷ ʬʘʟ ʩʪʘʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʦʪʞʝ, ʜʚʠʛʫʥ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʨʦʟʽʤʢʥʫʪʴʩʷ 

ʢʦʥʪʘʢʪʠ ʈʂʉ (ʧʨʠ  W= 0). 

M 

ʈɹ 

ʈɹ 

ʂɺ 

ʂʅ 

ʂɺ 
ʂʥ

ɺ ʂʥ

ʅ 

ʈʠʩ. 2.13 
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ɼʣʷ ʨʝʚʝʨʩʘ ʜʚʠʛʫʥʘ ʂʥʩ ʥʘʪʠʩʢʘʪʠ ʥʝ ʪʨʝʙʘ. ɼʦʩʠʪʴ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ. ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʧʝʨʝʡʜʝ ʚ ʨʝʞʠʤ ʛʘʣʴʤʫʚʘʥʥʷ 

ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʘ ʧʦʪʽʤ ʨʦʟʞʝʥʝʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

 

2.3.3.ʂʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʫ ʬʫʥʢʮʽʾ ʰʣʷʭʫ 

 

ʎʝ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʢʝʨʫʚʘʥʥʷ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʽ ʝʣʝʢʪʨʠʯʥʽ 

ʘʧʘʨʘʪʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʰʣʷʭ (ʢʽʥʮʝʚʽ ʘʙʦ ʰʣʷʭʦʚʽ ʚʠʤʠʢʘʯʽ), ʷʢʽ ʚ ʧʝʚʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʤʝʭʘʥʽʟʤʫ ʟʜʽʡʩʥʶʶʪʴ ʧʫʩʢ, ʨʝʚʝʨʩ, ʟʫʧʠʥʢʫ, ʧʝʨʝʭʽʜ ʥʘ 

ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʽ ʪ.ʜ.  

 

2.3.4.ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ɸɼ ʽʟ ʂɿ 

ʨʦʪʦʨʦʤ 

 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʢʝʨʫʚʘʥʥʷ ʫ ʬʫʥʢʮʽʾ ʰʣʷʭʫ ʨʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 2.14, ʜʝ ʧʨʠʡʥʷʪʽ 

ʧʦʟʥʘʯʝʥʥʷ: SQ1, SQ2 - ʢʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʦʟʜʦʚʞʥʴʦ-ʩʪʨʫʛʘʣʴʥʠʭ ʽ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

 

ʈʠʩ. 2.14 
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2.3.5.ʆʛʣʷʜ ʩʧʦʩʦʙʽʚ ʨʝʣʝʡʥʦ ï ʢʦʥʪʘʢʪʦʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʽʚ ʨʝʣʝʡʥʦ ï ʢʦʥʪʘʢʪʦʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɼʇʉ ʽ 

ɸɼ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʪʘʙʣʠʮʽ 2.1. 

 

ʊʘʙʣʠʮʷ 2.1 - ʉʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ  ̔ʦʙʣʘʩʪ ̔ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʌʫʥʢʮʽʷ ɸʧʘʨʘʪʫʨʘ ʢʝʨʫʚʘʥʥʷ ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 
 

f(t) 

1) ʈʝʣʝ ʯʘʩʫ ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ  ̔ʟʤʽʥʥʦʤʫ 

ʩʪʨʫʤʽ 

2) ʇʥʝʚʤʘʪʠʯʥʽ ʨʝʣʝ 

1) ʇʫʩʢ ɸɼ, ɼʇʉ 

2) ɼʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ 

 

f(ɤ) 

1) ʈʝʣʝ ʥʘʧʨʫʛʠ 

2) ʈʝʣʝ ʢʦʥʪʨʦʣʶ 

ʰʚʠʜʢʦʩʪʽ 

1) ʇʫʩʢ ɼʇʉ ʥʘ ʭ.ʭ. ʚ ʦʜʥʫ ʩʪʫʧʝʥʴ 

2) ɻʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ ɸɼ ʟ ʢ.ʟ. 

ʨʦʪʦʨʦʤ 

3) ʇʫʩʢ ʉɼ ̔ʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ  

f(I)  ʈʝʣʝ ʩʪʨʫʤʫ 1) ɼʚʦʟʦʥʥʠʡ ɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ  

2) ʇʫʩʢ ʉɼ ʽʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ  

 

f(S) 

ʂʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ 1) ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ 

2) ɿʘʭʠʩʥʽ ʢʦʣʽʡʥʽ ʙʣʦʢʫʚʘʥʥʷ 

 

 

ʊɽʄɸ 2.4.ʉʍɽʄʀ ʂɽʈʋɺɸʅʅʗ ʉʀʅʍʈʆʅʅʀʄʀ 

ɽʃɽʂʊʈʆɼɺʀɻʋʅɸʄʀ  

 

2.4.1.ʊʠʧʦʚʽ ʩʭʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʉɼ 

 

ʊʨʘʜʠʮʽʡʥʦʶ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɼ ʻ ɸɽʇ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʨʝʛʫʣʴʦʚʘʥʽ ʟ ʪʨʠʚʘʣʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ. ɯʩʪʦʪʥʠʤʠ ʜʦʩʪʦʾʥʩʪʚʘʤʠ 

ʉɼ ʻ:  

- ʥʘʡʚʠʱʠʡ ʂʂɼ; 

- ʉɼ ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʪʫʞʥʽʩʪʴ  500 ʢɺʪ ʽ  ʚʠʱʝ; 

- ʉɼ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ ʢʦʤʧʝʥʩʘʪʦʨʽʚ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(ʧʨʘʮʶʚʘʪʠ ʷʢ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ, ʪʘʢ ʽ ʟ ʚʽʜʜʘʯʝʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ). 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʨʝʞʠʤ ʨʦʙʦʪʠ ʉɼ ʪʨʠʚʘʣʠʡ, ʧʦʪʨʽʙʥʘ ʘʧʘʨʘʪʫʨʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʫʩʢ. ɻʘʣʴʤʫʚʘʥʥʷ ʮʠʭ ʜʚʠʛʫʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘ ʚʽʣʴʥʦʤʫ 

ʚʠʙʽʛʫ, ʫ ʨʽʜʢʠʭ ʚʠʧʘʜʢʘʭ - ʜʠʥʘʤʽʯʥʝ. 
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ʇʫʩʢ ʉɼ - ʘʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ, ʜʣʷ ʯʦʛʦ ʥʘ ʨʦʪʦʨ ̔ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ 

ʧʫʩʢʦʚʘ ʦʙʤʦʪʢʘ ʫ ʚʠʛʣʷʜʽ ʙʽʣʷʯʦʾ ʢʣʽʪʢʠ, ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ. ʎʷ ʦʙʤʦʪʢʘ ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʜʝʤʧʬʝʨʥʫ ʬʫʥʢʮʽʶ ʧʨʠ ʨʽʟʢʦ-ʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʫʩʢʫ ʉɼ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʧʦʪʨʽʙʥʦ ʥʝ ʪʽʣʴʢʠ 

ʧʽʜʢʣʶʯʠʪʠ ʩʪʘʪʦʨ, ʘʣʝ ʡ ʫ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʧʦʜʘʪʠ ʥʘʧʨʫʛʫ ʥʘ  ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ. 

ɸ: ʇʦ ʩʧʦʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʘʪʦʨʘ ʧʫʩʢ ʙʫʚʘʻ: 

1) ʧʨʷʤʠʡ ï ʥʘ ʩʪʘʪʦʨ ʚʽʜʨʘʟʫ ʧʽʜʜʘʻʪʴʩʷ UCʊ = Uʅ. 

2) ʧʨʠ ʟʥʠʞʝʥʽʡ ʥʘʧʨʫʟʽ Uʉʊ < Uʅ 

ʘ) ʨʝʟʠʩʪʦʨʥʠʡ (ʧʨʠ ʈɼɺ < 400 ʢɺʪ, Uʅ < 1000 ɺ); 

ʙ) ʨʝʘʢʪʦʨʥʠʡ  ʧʨʠ U > 1000 B, Pʅ > 1 ʄɺʪ; 

ʚ) ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʡ  ʧʨʠ U > 1000 B, Pʅ > 1 ʄɺʪ. 

ɹ: ʇʦ ʩʧʦʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ: 

1) ʩ ʛʣʫʭʦʧʜ̔ʢʣʶʯʝʥʠʤ ʟʙʫʜʥʠʢʦʤ; 

2) ʩ ʧʽʜʢʣʶʯʝʥʥʷʤ ʟʙʫʜʥʠʢʘ ʥʘ ʧʜ̔ʩʠʥʭʨʦʥʥʡ̔ ʰʚʠʜʢʦʩʪʽ wʇʐ = 0.95w0 

ʘ) UC<Uʅ; 

ʙ) UC = Uʅ. 

ʗʢʱʦ ʜʦʟʚʦʣʷʻ ʜʚʠʛʫʥ ʽ ʞʠʚʠʣʴʥʘ ʤʝʨʝʞʘ, ʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʦʩʽʙ ʧʫʩʢʫ 

(1ʘ+1ʙ) ʘʙʦ (1ʘ+2ʙ). ʇʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʤʽʩʮʝ ʧʦʩʘʜʢʠ ʚ ʤʝʨʝʞʽ ʚʽʜ ʢʠʜʢʘ ʧʫʩʢʦʚʦʛʦ 

ʩʪʨʫʤʫ Uʄ < ( 5-10)%Uʅ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ (2ʘ+2ʙ): 2ʘ ï ʣʝʛʢʠʡ ʧʫʩʢ 

(P < 0,4Pʅ); 2ʙ ï ʚʘʞʢʠʡ ʧʫʩʢ (P > 0,4Pʅ). 

 

2.4.2.ʉʭʝʤʘ ʧʨʷʤʦʛʦ ʧʫʩʢʫ ʽʟ ʛʣʫʭʦʧʦʜʢʣʶʯʝʥʠʤ ʟʙʫʜʥʠʢʦʤ 

 

ʉʭʝʤʘ ʧʨʷʤʦʛʦ ʧʫʩʢʫ ʽʟ ʛʣʫʭʦʧʜ̔ʢʣʯʁʝʥʠʤ ʟʙʫʜʥʠʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2.15, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʄ1 ï ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; ʄ2 ï ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʡ 

ʟʙʫʜʥʠʢ (ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʥʘ W = Wʇʐ). 

ʈʦʙʦʪʘ ʩʭʝʤʠ: ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ S2 ʟʘʤʠʢʘʻʪʴʩʷ ʢʦʥʪʘʢʪ ʢʦʥʪʘʢʪʦʨʘ K, ʩʪʘʪʦʨ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ. ʇʦʯʠʥʘʻʪʴʩʷ ʘʩʠʥʭʨʦʥʟ̔ʦʚʘʥʠʡ ʧʫʩʢ ʉɼ. ʅʘ 

ʧ̔ʜʩʠʥʭʨʦʥʥʡ̔ ʰʚʠʜʢʦʩʪʽ (Wʇʐ) ʥʘʧʨʫʛʠ ʟʙʫʜʥʠʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʜʣʷ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʭʦʜʞʝʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʩʠʥʭʨʦʥʽʟʤ. 
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ʈʠʩ. 2.15 

 

ʋ ʪʠʭʦʭʽʜʥʠʭ ʤʘʰʠʥʘʭ ʟʙʫʜʥʠʢ ʟ'ʻʜʥʘʥʠʡ ʟ ʉɼ ʯʝʨʝʟ ʧʽʜʚʠʱʫʚʘʣʴʥʫ 

ʢʣʠʥʦʨʝʤʽʥʥʫ ʧʝʨʝʜʘʯʫ, ʘʙʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʩʧʝʮʽʘʣʴʥʦʛʦ ʛʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ. 

ʆʩʢʽʣʴʢʠ ʉɼ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʨʦʙʦʪʫ ʚ ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤ,̔ ʩʠʣʦʚʽ 

ʢʦʥʪʘʢʪʠ ʚʠʧʫʩʢʘʶʪʴʩʷ ʽʟ ʜʚʦʤʘ ʢʦʪʫʰʢʘʤʠ  ̔ʟʘʩʫʚʢʦʶ.  

ʅʝʜʦʣʽʢ ʩʭʝʤʠ: ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʘ ʢʦʪʫʰʢʘ ʢʦʥʪʘʢʪʦʨʘ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʫ ʙʽʣʴʰ ʩʫʯʘʩʥʫ ʩʭʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʪʽʡ 

ʞʝ ʩʠʣʦʚʽʡ ʩʭʝʤʽ. 

 

2.4.3.ʉʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʉɼ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʶʯʘ ʢʝʨʫʚʘʥʥʷ 

 

ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʉɼ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʶʯʘ ʢʝʨʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.16, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: K - ʨʝʣʝ ʟʘʭʠʩʪʫ - ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʧʝʨʚʠʥʥʦʛʦ ʟʘʭʠʩʪʫ; K1, K2, K3 - ʧʝʨʚʠʥʥʠʡ ʟʘʭʠʩʪ; ʂʥ1 - 

ʘʚʪʦʤʘʪʠʯʥʝ (ʘʚʘʨʽʡʥʝ ʚʽʜʢʣʶʯʝʥʥʷ); ʂʥ2 - ʢʥʦʧʢʘ ʜʝʙʣʦʢʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ; ʅL1, 

HL2 - ʩʚʽʪʣʦʚʘ ʩʠʛʥʘʣʽʟʘʮʽʷ ʧʨʦ ʚʽʜʢʣʶʯʝʥʠʡ ʽ ʚʢʣʶʯʝʥʠʡ ʩʪʘʥ ʉɼ. 
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ʈʠʩ. 2.16 

 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʢʣʶʯʘ ʢʝʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 2.2. 

 

ʊʘʙʣʠʮʷ 2.2  

ʇʦʣʦʞʝʥʥʷ 

ʢʣʶʯʘ 

«45̄  ­ 0 «̄ ­45̄  

1 ï 2   ʍ ʍ 

3 ï 4   ʍ ʍ 

5 ï 6 ʍ ʍ   

7 ï 8  ʍ ʍ  

9 ï 10    ʍ 

11 ï 12 ʍ    

ʇʨʠʤʽʪʢʘ - ʍ - ʚʢʣʶʯʝʥʠʡ ʩʪʘʥ ʢʦʣʘ. 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʚʢʣʶʯʝʥʘ HL1, ʱʦ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʽʜʢʣʶʯʝʥʠʡ ʩʪʘʥ ʂʃ. 

ʇʨʠ ʧʦʚʦʨʦʪʽ ʢʣʶʯʘ S ʚʧʨʘʚʦ ʥʘ 45( ʟʘʤʠʢʘʻʪʴʩʷ ʢʦʣʦ 9-10 ʮʴʦʛʦ ʢʣʶʯʘ  ̔ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʚʢʣʶʯʝʥʠʭ ʟʘʭʠʩʪʽʚ ʦʜʝʨʞʫʻ ʞʠʚʣʝʥʥʷ ʩʦʣʝʥʦʾʜ ʂʃ ʥʘ ʚʢʣʶʯʝʥʥʷ. 

ʇʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʂʃ ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʢʠ ʂʃ ʩʦʣʝʥʦʾʜʘ ʥʘ ʚʢʣʶʯʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ, 

ʪʦʤʫ ʱʦ ʨʦʟʤʠʢʘʻʪʴʩʷ ʙʣʦʢ-ʢʦʥʪʘʢʪ ʣʽʥʽʡʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʂʃ ʡʦʛʦ ʢʦʣʘ. 

ɺʢʣʶʯʘʻʪʴʩʷ ʩʠʛʥʘʣʴʥʘ ʣʘʤʧʘ HL2, ʱʦ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʢʣʶʯʝʥʠʡ ʩʪʘʥ ʢʦʥʪʘʢʪʦʨʘ 

(ʩʪʨʫʤʠ ʩʠʛʥʘʣʴʥʠʭ ʣʘʤʧ ʜʫʞʝ ʤʘʣʽ ̔ ʥʝ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʚʢʣʶʯʝʥʥʷ ʘʙʦ 
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ʚʽʜʢʣʶʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ ʂʃ). ɸʚʘʨʽʡʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘʪʠʩʢʘʥʥʷʤ ʂʥ1, ʜʝʙʣʦʢʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ - ʂʥ2. 

 

2.4.4.ʉʭʝʤʘ ʧʫʩʢʫ ʉɼ ʽʟ ʧʦʜʘʯʝʶ ʟʙʫʜʞʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ 

 

ʉʭʝʤʘ ʧʫʩʢʫ ʉɼ ʽʟ ʧʦʜʘʯʝʶ ʟʙʫʜʞʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2.17, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: Rʈ ï ʨʦʟʨʷʜʥʠʡ ʨʝʟʠʩʪʦʨ (Rʈ º RLʄ1); ʈʇɿ ï ʨʝʣʝ 

ʧʦʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ï ʨʝʣʝ ʯʘʩʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ; ʄ3 ï ʛʦʥʥʠʡ ʜʚʠʛʫʥ; ʈɹ ï ʨʝʣʝ 

ʙʣʦʢʫʚʘʣʴʥʝ ï ʚʠʢʣʶʯʘʻ ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʂɹ ʧʨʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʚ ʩʭʝʤʫ 

ʢʝʨʫʚʘʥʥʷ; ʂɿ ï ʢʦʥʪʘʢʪʦʨ ʟʙʫʜʞʝʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʯʘʩʫ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ, ʪʦʤʫ ʱʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʯʘʩʪʦʪʘ ɽʈʉ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ LM1, ʘ ʧʦ ʮʽʡ ʯʘʩʪʦʪʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʢʦʚʟʘʥʥʷ 

 ̔ʰʚʠʜʢʽʩʪʴ  ɽ = ɽS, f = fʉÖs. 

ʆʙʤʦʪʢʘ ʟʙʫʜʞʝʥʥʷ LM1 ʧʦʚʦʜʠʪʴʩʷ, ʷʢ ʬʘʟʘ ʜʚʠʛʫʥʘ ɸɼ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ, 

ʪʦʙʪʦ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʩʪʘʪʦʨʘ ʜʦ ʤʝʨʝʞʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 2.18, ʚ ʦʙʤʦʪʮʽ 

ʟʙʫʜʞʝʥʥʷ LM1 ʥʘʚʦʜʠʪʴʩʷ ɽʈʉ ʦʙʝʨʪʘʥʥʷ. ʈʇɿ ʩʧʨʘʮʴʦʚʫʻ ʧʨʠ ʧʦʟʠʪʠʚʥʽʡ 

ʧʽʚʭʚʠʣʽ ELʄ. t0 ï ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʈʇɿ < tʋʉʊ ʈʇɿ, ʧʦʢʠ ʜʚʠʛʫʥ ʥʝ ʚʠʡʜʝ ʥʘ 

ʧ̔ʜʩʠʥʭʨʦʥʥʫ ʰʚʠʜʢʽʩʪʴ Wʇʉ. 

 

 

ʈʠʩ. 2.17 
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ʈʦʙʦʪʘ ʩʭʝʤʠ: ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʂʥʇ ʚʢʣʶʯʘʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ ʂʃ, 

ʩʪʘʪʦʨ ʉɼ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ, ʧʦʯʠʥʘʻʪʴʩʷ ʘʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ ʧʫʩʢ ʜʚʠʛʫʥʘ. 

ɺ LM1 ʥʘʚʦʜʠʪʴʩʷ ʦʜʥʦʬʘʟʥʘ ɽʈʉ ɽLM1, ʨʽʚʝʥʴ ʽ ʯʘʩʪʦʪʘ ʷʢʦʾ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʚʟʘʥʥʶ 

ɽLM1 = ɽS, f = fs. ʆʩʢʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʫ ʧʫʩʢʫ ɽʈʉ ʚʝʣʠʢʘ, ʚʢʣʶʯʘʻʪʴʩʷ ʈʇɿ, ʢʦʥʪʘʢʪ 

ʷʢʦʛʦ ʚʢʣʶʯʘʻ ʙʣʦʢʫʚʘʣʴʥʝ ʨʝʣʝ, ʘ  ʽʥʰʠʡ ʢʦʥʪʘʢʪ ʨʦʟʨʠʚʘʻ ʢʦʣʦ ʢʦʥʪʘʢʪʦʨʘ ʂɿ.  

ɼʦ ʰʚʠʜʢʦʩʪʽ, ʤʝʥʰʝ ʧʜ̔ʩʠʥʭʨʦʥʥʦ ʾW < Wʇʉ, t0< tʋʉʊ ʈʇɿ, ʪʦʤʫ ʢʦʥʪʘʢʪ ʈʇɿ ʫ ʢʦʣʽ 

ʂɿ ʥʝ ʚʩʪʠʛʘʻ ʟʘʤʢʥʫʪʠʩ ̫ʟʘ ʯʘʩ ʥʝʛʘʪʠʚʥʦʾ ʥʘʧʽʚʭʚʠʣʽ ɽʈʉ. ʇʨʠ W = Wʇʉ, t0 = tʋʉʊ 

ʈʇɿ, ʪʦʤʫ ʚʢʣʶʯʘʻʪʴʩʷ ʂɿ ʽ ʥʘ ʆɺ ʉɼ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʟʽ ʟʙʫʜʥʠʢʘ ʄ2, ʉɼ ʧʨʠ 

ʮʴʦʤʫ ʚʪʷʛʫʻʪʴʩʷ ʚ ʩʠʥʭʨʦʥʽʟʤ. 

 

ʈʠʩ. 2.18 

 

 

ʊɽʄɸ 2.5.ʊʀʇʆɺɯ ɺʋɿʃʀ ɿɸʍʀʉʊʋ, ɹʃʆʂʋɺɸʅʅʗ ʊɸ ʉʀɻʅɸʃɯɿɸʎɯɰ 

 

ʋ ʩʠʩʪʝʤʘʭ ɸɽʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʝʣʝʢʪʨʠʯʥʽ ʟʘʭʠʩʪʠ ʚ ʨʝʣʝʡʥʦ-

ʢʦʥʪʘʢʪʦʨʥʠʭ ʩʭʝʤʘʭ ʜʦ 1000 ɺ 

Á ʦʩʥʦʚʥʽ: 

1) ʤʘʢʩʠʤʘʣʴʥʦ-ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ; 

2) ʪʝʧʣʦʚʠʡ ʟʘʭʠʩʪ; 

3) ʥʫʣʴʦʚʠʡ ʟʘʭʠʩʪ; 

4) ʤʽʥʽʤʘʣʴʥʦ-ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ; 

Á ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ: 

5) ʟʘʭʠʩʪ ʚʽʜ ʪʨʠʚʘʣʦʛʦ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʉɼ; 
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6) ʟʘʭʠʩʪ ʚʽʜ ʚʠʧʘʜʘʥʥʷ ʽʟ ʩʠʥʭʨʦʥʽʟʤʫ ʉɼ; 

7) ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ; 

8) ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ  ̔ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ; 

9) ʰʣʷʭʦʚʠʡ ʟʘʭʠʩʪ. 

 

2.5.1.ʄʘʢʩʠʤʘʣʴʥʦ - ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ 

 

ʇʨʠʟʥʘʯʝʥʥʷ - ʟʘʭʠʩʪ ʚʽʜ ʩʪʨʫʤʽʚ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʠʧʫʩʪʠʤʠʡ ʩʪʨʫʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʚʽʜ ʩʪʨʫʤʽʚ ʢ.ʟ. 

ɿʜʽʡʩʥʶʻʪʴʩʷ ʧʣʘʚʢʠʤʠ ʟʘʧʦʙʽʞʥʠʢʘʤʠ, ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʚʠʤʠʢʘʯʘʤʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦ-ʩʪʨʫʤʦʚʠʤʠ ʨʦʟʯʝʧʣʶʚʘʯʘʤʠ, ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. 

1) ɿʘʭʠʩʪ ɸɼ ʟ ʂɿʈ (Iʇ) 

 

1.1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʦʙʽʞʥʠʢʽʚ (ʧʣʘʚʢʦʾ ʚʩʪʘʚʢʠ) 

ʘ) ʥʦʨʤʘʣʴʥʠʡ ʧʫʩʢ (tʇ < 5ʩ) 

Iɺʉʊ.ʅ = 0,4Iʇ; 

ʙ) ʚʘʞʢʠʡ ʧʫʩʢ (tʇ > 10ʩ) 

Iɺʉʊ.ʅ = 0,6Iʇ  = 3Iʅ. 

ʇʣʘʚʢʘ ʚʩʪʘʚʢʘ ʟʘʭʠʱʘʻ ʪʘʢʦʞ ʽ ʧʨʠ ʪʨʠʚʘʣʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ (ʜʠʚ. ʨʠʩ. 

2.19). 

 

   

ʈʠʩ. 2.19       ʈʠʩ. 2.20 
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ʑʦʙ ʧʣʘʚʢʘ ʚʩʪʘʚʢʘ ʥʝ ʧʝʨʝʛʦʨʽʣʘ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʧʫʩʢʦʚʘ ʜʽʘʛʨʘʤʘ ʜʚʠʛʫʥʘ 

ʧʦʚʠʥʥʘ ʣʝʞʘʪʠ ʥʠʞʯʝ ʯʘʩʦ-ʩʪʨʫʤʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʢʦʾ ʚʩʪʘʚʢʠ (ʜʠʚ. ʨʠʩ. 

2.20). 

1.2) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ ʽ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ Iʩʧʨ = (1,2...1,3)Iʇ. 

 

2) ɿʘʭʠʩʪ ɸɼ ʟ ʌʈ ʪʘ ɼʇʉ  (ʚ ʜʽʘʧʘʟʦʥʽ I1 ¢ 2,5 Iʅ) 

 

    2.1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʚʢʠʭ ʚʩʪʘʚʦʢ (ʨʠʩ. 2.21) 

Iɺʉʊ @ 1,25 Iʅ; 

 

 

2.2) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʽʚ ʽ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ. 2.22) 

Iʋ @ 1,25 I1. 

 

 

 

ʈʠʩ. 2.21 

 

ʈʠʩ. 2.22 
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2.5.2.ʄʽʥʽʤʘʣʴʥʦ-ʩʪʨʫʤʦʚʠʡ ʟʘʭʠʩʪ 

 

ɿʘʭʠʩʪ ʉɼ ʽ ɼʇʉ ʚʽʜ ʦʙʨʠʚʫ ʢʦʣʘ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʈʆʇ - ʨʝʣʝ ʦʙʨʠʚʫ ʧʦʣʷ), ʱʦ ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ ʚ ʢʦʣʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʦʙʤʦʪʢʠ (ʜʠʚ. ʨʠʩ. 2.23). 

 

                           

ʈʠʩ. 2.23 

 

2.5.3.ʊʝʧʣʦʚʠʡ ʟʘʭʠʩʪ 

 

ɿʜʽʡʩʥʶʻ ʟʘʭʠʩʪ ʜʚʠʛʫʥʘ ʚʽʜ ʧʝʨʝʛʨʽʚʫ, ʚʠʢʣʠʢʘʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʧʦ 

ʩʪʨʫʤʫ: 

ʘ) ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʦʛʦ ʨʝʣʝ  ̔

ʘʚʪʦʤʘʪʽʚ ʟ ʪʝʧʣʦʚʠʤʠ ʨʦʟʯʝʧʣʶʚʘʯʘʤʠ; 

ʙ) ʫ ʧʦʚʪʦʨʥʦʤʫ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʨʝʞʠʤʽ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ. 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʨʦʟʛʣʷʥʫʪʠʭ ʚʫʟʣʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʻ ʾʭʥʷ 

ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ (ʜʚʠʛʫʥ ʽ ʰʘʬʘ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪ.ʧ.), ʪʦʤʫ ʙʽʣʴʰ ʪʦʯʥʠʡ ʟʘʭʠʩʪ ʙʫʜʫʻʪʴʩʷ ʥʘ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʘʭ, ʷʢʽ ʚʙʫʜʦʚʫʪʁʴʩʷ ʚ ʦʙʤʦʪʢʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ʜʠʚ. ʨʠʩ. 2.24). 

 

 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 58 

 

 

ʏʘʩʪʦ ɸɼ ʤʘʶʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʦʙʨʠʚ ʦʜʥʽʻʾ ʟ ʬʘʟ. ʊʦʤʫ 

ʧʦʙʽʯʥʦ ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ, ʢʦʥʪʨʦʣʶʶʯʠ ʚʩʽ ʬʘʟʠ 

ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʥʘʧʨʫʛʠ ï ʨʝʣʝ ʦʙʨʠʚʫ ʬʘʟʠ (ʈʆʌ). ɺʦʥʦ ʚʢʣʶʯʘʻʪʴʩʷ 

ʤʽʞ ʥʫʣʝʤ ʤʝʨʝʞʽ ʽ ʥʫʣʴʦʚʦʶ ʪʦʯʢʦʶ ʬʘʟ (ʜʠʚ. ʨʠʩ. 2.25). ʋ ʜʚʠʛʫʥʽʚ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʪʨʫʤʫ. 

 

ʇʨʠ ʧʦʚʪʦʨʥʦ-ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʨʝʞʠʤʽ ʪʝʧʣʦʚʠʡ ʟʘʭʠʩʪ ʟʜʽʡʩʥʶʻ ʨʝʣʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 2.26). 

 

2.5.4.ʅʫʣʴʦʚʠʡ ʟʘʭʠʩʪ (ʟʘʭʠʩʪ ʚʽʜ ʩʘʤʦʟʘʧʫʩʢʫ) 

 

ɿʘʙʝʟʧʝʯʫʻ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ ʧʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ ʥʠʞʯʝ 

ʧʨʠʧʫʩʪʠʤʦʛʦ, ʚʠʢʣʶʯʘʻ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʢʣʶʯʝʥʥʷ ʟ ʧʦʷʚʦʶ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ. 

ɿʜʽʡʩʥʶʻʪʴʩʷ: 

 

ʈʠʩ. 2.24 

                       

 

ʈʠʩ. 2.25                                             ʈʠʩ. 2.26 
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ʘ) ʧʨʠ ʢʥʦʧʢʦʚʦʤʫ ʢʝʨʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ ʂʃ (ʜʠʚ. 

ʨʠʩ. 2.27); 

 

ʙ) ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʢʦʤʘʥʜʦ-ʢʦʥʪʨʦʣʝʨʦʤ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʝʣʝ 

ʥʘʧʨʫʛʠ ʈʅ (ʜʠʚ. ʨʠʩ. 2.28). 

 

 

ʈʅ ʚʠʢʦʥʫʻ ʚ ʩʭʝʤʘʭ ʪʘʢʦʞ  ̔ʟʙʽʨʥʫ ʬʫʥʢʮʽʶ, ʫ ʢʦʣʦ ʢʦʪʫʰʢʠ ʈʅ ʚʢʣʶʯʘʶʪʴ 

ʢʦʥʪʘʢʪʠ ʚʩʽʭ ʘʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ, ʷʢʽ ʻ ʚ ʩʭʝʤʽ. ʇʦʩʣʽʜʦʚʥʝ ʚʢʣʶʯʝʥʥʷ ʜʚʦʭ ʢʦʥʪʘʢʪʽʚ 

ʈʅ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʭʠʩʪʫ. 

ʈʦʙʦʪʘ ʩʭʝʤʠ: ɼʣʷ ʧʝʨʚʽʩʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʩʭʝʤʠ ʢʣʶʯ S ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʩʪʠ 

ʚ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʦʜʝʨʞʠʪʴ ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʢʘ ʈʅ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ) ʽ ʚʩʪʘʥʝ ʥʘ ʩʘʤʦʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʩʚʽʡ ʢʦʥʪʘʢʪ 

ʈʅ. ʇʽʩʣʷ ʮʴʦʛʦ, ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʥʽ S ʫʣʽʚʦ ʘʙʦ ʚʧʨʘʚʦ ʚʢʣʶʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʢʦʥʪʘʢʪʦʨ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʥʠʞʯʝ ʧʨʠʧʫʩʪʠʤʦʛʦ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʈʅ ʽ, 

 

ʈʠʩ. 2.27 

 

ʈʠʩ. 2.28 
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ʚʽʜʧʦʚʽʜʥʦ, ʨʘʥʽʰʝ ʚʢʣʶʯʝʥʠʡ ʢʦʥʪʘʢʪʦʨ. ʇʦʚʪʦʨʥʝ ʚʢʣʶʯʝʥʥʷ ʩʭʝʤʠ ʤʦʞʣʠʚʦ 

ʣʠʰʝ ʯʝʨʝʟ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ ʢʣʶʯʘ ʢʝʨʫʚʘʥʥʷ S. 

ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʘʤʦʟʘʧʫʩʢ ʜʚʠʛʫʥʘ ʧʦʪʨʽʙʝʥ, ʡʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ ʘʙʦ 

ʪʫʤʙʣʝʨ (ʧʨʠ ʤʘʣʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ). 

 

2.5.5.ɿʘʭʠʩʪ ʉɼ ʚʽʜ ʪʨʠʚʘʣʦʛʦ ʧʫʩʢʫ, ʘʙʦ ʧʫʩʢʫ, ʱʦ ʥʝ ʚʽʜʙʫʚʩʷ 

 

ɿʘʭʠʩʪ ʦʙʤʦʪʢʠ ʉɼ ʚʽʜ ʪʨʠʚʘʣʦʛʦ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʦʙʨʠʚʫ ʧʦʣʷ  ̔ʨʝʣʝ ʯʘʩʫ. ʅʘ ʨʠʩ. 2.29 ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: TV ï 

ʫʟʛʦʜʞʫʶʯʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; ʈʇ - ʨʝʣʝ ʧʨʦʤʽʞʥʝ; S - ʢʣʶʯ ʽʟ ʩʘʤʦʧʦʚʝʨʥʝʥʥʷʤ ʫ 

ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ; ʈɺ - ʨʝʣʝ ʟ ʚʠʪʨʠʤʢʦʶ ʯʘʩʫ ʧʨʠ ʚʽʜʧʫʩʢʘʥʥʽ (tʫʨʚ ʈʆʇ = 10 - 60 

ʩ). 

 

ɸʣʛʦʨʠʪʤ ʟʘʭʠʩʪʫ: ʢ̫ʱʦ ʥʘ ʧʨʦʪʷʟʽ ʯʘʩʫ, ʨʽʚʥʦʤʫ ʫʩʪʘʚʮ ̔ʈɺ, ʧʦʜʘʯʘ ʥʘʧʨʫʛʠ 

ʥʘ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ, ʪʦʙʪʦ ʥʝ ʚʚʽʤʢʥʝʪʴʩʷ ʈʆʇ, ʧʫʩʢ ʚʚʘʞʘʻʪʴʩʷ 

ʪʘʢʠʤ, ʱʦ ʥʝ ʚʽʜʙʫʚʩʷ ʽ ʩʪʘʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʢʣʶʯʝʥʠʡ ʚʽʜ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ. 

 

2.5.6.ɿʘʭʠʩʪ ʚʽʜ ʚʠʧʘʜʘʥʥʷ ʽʟ ʩʠʥʭʨʦʥʽʟʤʫ 

 

ʇʨʠʟʥʘʯʝʥʥʷ: ʟʘʭʠʱʘʻ ʉɼ, ʱʦ ʧʨʘʮʶʻ ʟ ʨʟ̔ʢʦʟʤʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜ 

ʚʠʧʘʜʘʥʥʷ ʽʟ ʩʠʥʭʨʦʥʽʟʤʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʬʦʨʩʠʨʦʚʢʠ (ʨʝʣʝ ʥʘʧʨʫʛʠ), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʥʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʮʽ ʟʙʫʜʞʝʥʥʷ (ʜʠʚ. ʨʠʩ. 2.30). 

 

ʈʠʩ. 2.29 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 2.31 ʢʫʪʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʫʻ, ʷʢ ʤʽʥʷʻʪʴʩʷ ʤʦʤʝʥʪ 

ʄ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ q. 

ʅʘ ʨʠʩ. 2.31 ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: U ï ʥʘʧʨʫʛʘ ʥʘ ʩʪʘʪʦʨʽ; ɽ ï ɽʈʉ ʫ ʨʦʪʦʨʽ;  

q = (25·300) ʚʽʜʧʦʚʽʜʘʻ ʄʅ. 

ɿʥʘʯʝʥʥʷ UC < UCʅ;  Uɺ < Uɺʅ ï ʜʦʧʫʩʢʘʪʁʴʩʷ ʥʘ ʧʨʦʪʷʟʽ ʜʫʞʝ ʢʦʨʦʪʢʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

 

 

 

ʇʨʠ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʥʘ 20% ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʈʌ ʽ ʚʢʣʶʯʘʻʪʴʩʷ ʂʌ, ʱʦ 

ʰʫʥʪʫ ̒Rɼʆɹ ʫ ʢʦʣʽ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʟʙʫʜʥʠʢʘ. ʎʝ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ 

 ̔ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʚʠʛʫʥʘ ʧʨʠʙʣʠʟʥʦ ʥʘ ʢʦʣʠʰʥʽʡ 

ʨ̔ʚʝʥʴ. 

 

2.5.7.ɿʘʭʠʩʪ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛ 

 

ʇʨʠʟʥʘʯʝʥʥʷ: ʟʘʭʠʱʘʻ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ɼʇʉ ʽ ʉɼ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛ, 

ʚʠʢʣʠʢʘʥʠʭ ʚʽʜʢʣʶʯʝʥʥʷʤ, ʘʙʦ ʦʙʨʠʚʦʤ ʢʦʣʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ʇʝʨʝʥʘʧʨʫʛʠ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ɽʈʉ ʩʘʤʦʽʥʜʫʢʮʽʾ, ʷʢʘ ʧʨʘʛʥʝ ʧʽʜʪʨʠʤʘʪʠ ʩʪʨʫʤ ʚ ʫʤʦʚʘʭ 

ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʧʦʨʫ ʢʦʣʘ. 

ɿʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʷʜʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ 

ʷʢʥʘʡʙʣʠʞʯʝ ʜʦ ʢʣʝʤ ʮʠʭ ʦʙʤʦʪʦʢ (ʜʠʚ. ʨʠʩ. 2.32). 

 

 

ʈʠʩ. 2.30                                              ʈʠʩ. 2.31 
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ʈʦʟʨʷʜʥʠʡ ʨʝʟʠʩʪʦʨ RP ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʤʦʚ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʥʘʧʨʫʛ ʥʘ ʨʽʚʥʽ 

Uʇɽʈ ʉʈ ¢ 1000 ɺ. 

1) Uʅ = 110 ɺ;    RP = 9 Rɿ; 

2) Uʅ = 220 ɺ;    RP = 4,5 Rɿ; 

3) Uʅ = 440 ɺ;    RP = 2,25 Rɿ. 

ʑʦʙ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʟʘʤʢʥʫʪʦʤʫ ʢʣʶʯʽ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʥʝ ʧʨʦʭʦʜʠʚ 

ʩʪʨʫʤ, ʩʪʘʚʣʷʪʴ ʜʽʦʜ ʟ ʥʘʧʨʷʤʢʦʤ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʦʪʠʣʝʞʥʠʤ ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ. ʅʘ 

ʜʽʘʛʨʘʤʘʭ (ʨʠʩ. 2.33,ʘ,ʙ) ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ, 

ʟʘʭʠʱʝʥʦʾ ʨʦʟʨʷʜʥʠʤ ʨʝʟʠʩʪʦʨʦʤ ʟ ʜʽʦʜʦʤ ʽ ʪʽʣʴʢʠ ʦʜʥʠʤ ʜʽʦʜʦʤ, ʚʽʜʧʦʚʽʜʥʦ: 

Iɿʅ = Uʅ / Rɿ, Uʇɽʈ ʉʈ = Iɺʅ Rɿ. 

 

ʇʨʠʢʣʘʜʠ ʩʭʝʤ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ: 

1) ʥʝʢʝʨʦʚʘʥʘ ʦʜʥʦʧʽʚʧʝʨʽʦʜʥʘ ʩʭʝʤʘ (ʨʠʩ. 2.34); 

 

 

ʈʠʩ. 2.34 

                                              

ʈʠʩ. 2.32                                                    ʈʠʩ. 2.33 
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ʅʘʧʨʫʛʘ ʟʥʠʞʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʘ ʩʪʨʫʤ ʥʝ ʟʥʠʞʫʻʪʴʩʷ. VD2 - ʩʪʘʚʠʪʴʩʷ ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ; 

2) ʥʝʢʝʨʦʚʘʥʘ ʜʚʦʧʽʚʧʝʨʽʦʜʥʘ ʩʭʝʤʘ (ʨʠʩ. 2.35); 

 

 

ʈʠʩ. 2.35 

3) ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʘ ʩʭʝʤʘ (ʨʠʩ. 2.36), ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: 

VS5 ï ʪʠʨʠʩʪʦʨ; VD1 ï ʩʪʘʙʽʣʽʪʨʦʥ; RP ï ʨʦʟʨʷʜʥʠʡ ʨʝʟʠʩʪʦʨ; 

 

ʈʠʩ. 2.36 

 

ʊʠʨʠʩʪʦʨ VS5 ʘʚʪʦʤʘʪʠʯʥʦ ʚʤʠʢʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʧʨʠʧʫʩʪʠʤʦʾ 

ʥʘʧʨʫʛʠ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʽʚ VD1, 

VD2, ʽ ʰʫʥʪʫʻ ʦʙʤʦʪʢʫ LM ʨʝʟʠʩʪʦʨʦʤ RP. 
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2.5.7.ɿʘʭʠʩʪ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ  ̔ʰʚʠʜʢʦʩʪʽ 

 

ɿʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ KV ʘʙʦ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʜʘʪʯʠʢʘ ʰʚʠʜʢʦʩʪʽ SR (ʜʠʚ. ʨʠʩ. 2.37). 

 

2.5.8.ʐʣʷʭʦʚʠʡ ʟʘʭʠʩʪ 

 

ʇʨʠʟʥʘʯʝʥʥʷ: ʟʘʙʦʨʦʥʷʻ ʨʫʭ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʝʭʘʥʽʟʤʫ ʜʘʣʽ ʢʽʥʮʝʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ. 

 

 

ɿʘʭʠʩʪ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ SR (ʨʠʩ. 

2.37) ʘʙʦ ʰʣʷʭʦʚjuj ʚʠʤʠʢʘʯʘ S (ʨʠʩ. 2.38). 

 

2.5.ɹʃʆʂʋɺɸʅʅʗ ʊɸ ʉʀɻʅɸʃɯɿɸʎɯʗ ɺ ʉʀʉʊɽʄɸʍ ɸɽʇ 

 

ʇʨʠʟʥʘʯʝʥʥʷ: ʙʣʦʢʫʚʘʥʥʷ ʧʽʜʚʠʱʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ ɸɽʇ ʟʘ ʨʘʭʫʥʦʢ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʨʷʜʢʫ ʨʦʙʦʪʠ ʩʭʝʤ. 

ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʙʣʦʢʫʚʘʥʥʷ ʜʽʣʷʪʴʩʷ: 

- ʟʘʭʠʩʥʽ; 

- ʪʝʭʥʦʣʦʛʽʯʥʽ. 

ʇʦ ʚʠʢʦʥʘʥʥʶ: 

- ʚʥʫʪʨʽʰʥʽ (ʫ ʜʘʥʦʤʫ ɸɽʇ); 

- ʟʦʚʥʽʰʥʽ. 

2.5.1.ɿʘʭʠʩʥʽ ʙʣʦʢʫʚʘʥʥʷ 

1) ɹʣʦʢʫʚʘʥʥʷ ʟʘʤʠʢʘʶʯʦʛʦ ʢʦʥʪʘʢʪʫ ʧʫʩʢʦʚʦʾ ʢʥʦʧʢʠ (ʜʠʚ. ʨʠʩ. 2.39), ʜʝ 

                     

ʈʠʩ. 2.37                                                ʈʠʩ. 2.38 
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ʙʣʦʢ-ʢʦʥʪʘʢʪ ʂʃ - ʟʘʙʝʟʧʝʯʫʻ ʩʘʤʦʞʠʚʣʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʧʨʠ ʚʽʜʧʫʩʢʘʥʥʽ ʢʥʦʧʢʠ ʪʘ 

ʥʫʣʴʦʚʠʡ ʟʘʭʠʩʪ. 

2) ɹʣʦʢʫʚʘʥʥʷ ʨʝʚʝʨʩʠʚʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ. 

ɺʠʢʣʶʯʘʻ ʦʜʥʦʯʘʩʥʝ ʚʢʣʶʯʝʥʥʷ ʨʝʚʝʨʩʠʚʥʠʭ ʢʦʥʪʘʢʪʦʨʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ: 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʤʠʢʘʣʴʥʠʭ ʢʦʥʪʘʢʪʽʚ ʧʫʩʢʦʚʠʭ ʢʥʦʧʦʢ (ʨʠʩ. 2.40). 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʤʠʢʘʣʴʥʠʭ ʙʣʦʢ-ʢʦʥʪʘʢʪʽʚ ʢʦʥʪʘʢʪʦʨʽʚ (ʨʠʩ. 2.41). 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʢʦʥʪʘʢʪʦʨʘ 

(ʧʨʠʥʮʠʧ ʛʦʡʜʘʣʢʠ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤ ʢʨʽʤ ʤʝʭʘʥʽʯʥʦʛʦ 

ʙʣʦʢʫʚʘʥʥʷ ʩʪʘʚʣʷʪʴ ʦʜʥʝ ʟ ʝʣʝʢʪʨʠʯʥʠʭ ʙʣʦʢʫʚʘʥʴ. 

3) ɹʣʦʢʫʚʘʥʥʷ ʰʣʷʭʦʚʽ (ʘʥʘʣʦʛ ʰʣʷʭʦʚʦʛʦ ʟʘʭʠʩʪʫ). 

4) ɹʣʦʢʫʚʘʥʥʷ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʦʧʝʨʘʪʦʨʘ ʚʽʜ ʥʝʧʨʘʚʠʣʴʥʠʭ ʜʽʡ (ʨʠʩ. 2.42). 

 

 

 

 

          

ʈʠʩ. 2.39                                                      ʈʠʩ. 2.40 

                                           

ʈʠʩ. 2.41                                                      ʈʠʩ. 2.42 
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2.5.2.ʊʝʭʥʦʣʦʛʽʯʥʽ ʙʣʦʢʫʚʘʥʥʷ 

 

ɿʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʭʝʤ. 

ʇʨʠʢʣʘʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ - ʥʘ ʨʠʩ. 2.43. ʈʝʣʝ ʯʘʩʫ 

ʂʊ3 ʚʠʢʦʥʫʻ ʨʦʣʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ (ʈɼʊ), ʱʦ ʟʘʙʦʨʦʥʷʻ 

ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʧʦʢʠ ʥʝ ʟʘʢʽʥʯʠʣʦʩʷ ʜʠʥʘʤʽʯʥʝ 

ʛʘʣʴʤʫʚʘʥʥʷ. 

 

 

ʈʠʩ. 2.43 

 

ʇʨʠʢʣʘʜ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.44, ʜʝ: 

S1 ï ʢʦʥʪʨʦʣʴ ʪʠʩʢʫ ʤʘʩʣʘ; S2 ï ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ. ɺʢʣʶʯʝʥʥʷ 

ʜʨʫʛʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠ ʨʦʙʦʪʽ ʧʝʨʰʦʛʦ. 

 

ʈʠʩ. 2.44 

 

2.5.3.ʉʠʛʥʘʣʽʟʘʮʽʷ ʚ ʩʠʩʪʝʤʘʭ ɸɽʇ 

 

ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʩʠʛʥʘʣʽʟʘʮʽʾ: 

1. ʂʦʥʪʨʦʣʴʥʘ. 

2. ʊʝʭʥʦʣʦʛʽʯʥʘ. 
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3. ɸʚʘʨʽʡʥʘ. 

 

2.5.3.1.ʂʦʥʪʨʦʣʴʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ 

 

 

ʈʠʩ. 2.45 

 

ʉʣʫʞʠʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʘʙʦ ʩʪʘʥʫ ʘʧʘʨʘʪʘ (ʜʠʚ. ʨʠʩ. 2.45). 

 

2.5.3.2.ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ 

 

ʋʢʘʟʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ɸɽʇ (ʜʠʚ. ʨʠʩ. 

2.46). 

 

ʈʠʩ. 2.46 

 

2.5.3.3.ɸʚʘʨʽʡʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ 

 

ʋʢʘʟʫʻ ʥʘ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ ʩʭʝʤʠ, ʘʙʦ ʥʘ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʟʘʭʠʩʪʫ (ʜʠʚ. ʨʠʩ. 2.47). 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 68 

 

ʈʠʩ. 2.47 

ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʱʠʪʘ ʘʚʘʨʽʡʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ - ʮʝ ʧʨʠʥʮʠʧ ʪʝʤʥʦʛʦ ʪʘʙʣʦ, 

ʪʦʙʪʦ ʞʦʜʥʘ ʟ ʣʘʤʧ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʝ ʧʦʚʠʥʥʘ ʛʦʨʽʪʠ. 

ʉʠʛʥʘʣʽʟʘʮʽʾ ʙʫʚʘʶʪʴ: 

- ʩʚʽʪʣʦʚʘ; 

- ʟʚʫʢʦʚʘ; 

- ʚʢʘʟʽʚʥʘ. 

2.5.4.ʉʪʘʥʮʽʾ ʢʝʨʫʚʘʥʥʷ 

ʉʪʘʥʮʽʾ ʢʝʨʫʚʘʥʥʷ (ʉʂ) - ʮʝ ʦʙ'ʻʜʥʘʥʘ ʟʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʤʧʣʝʢʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʦʶ. 

ʋ ʩʭʝʤʫ ʩʪʘʥʮʽʾ ʢʝʨʫʚʘʥʥʷ ʜʦʜʘʥʽ ʘʧʘʨʘʪʠ ʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ, ʝʣʝʤʝʥʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʣʦʢʫʚʘʥʴ ʽʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

2.5.4.1.ʈʝʚʝʨʩʠʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʩʪʘʥʮʽʻʶ ʢʝʨʫʚʘʥʥʷ ʻ ʤʘʛʥʽʪʥʠʡ ʧʫʩʢʘʯ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʫʩʢʫ  ɸɼ ʟ ʢ.ʟ. ʨʦʪʦʨʦʤ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʤʝʥʰ 75 ʢɺʪ.  

 

 

ʈʠʩ. 2.48 
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ʇʨʠʢʣʘʜ ʩʭʝʤʠ ʨʝʚʝʨʩʠʚʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʫʩʢʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.48, 

ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: QS - ʥʝ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ; FU1 (FU2 - ʟʘʧʦʙʽʞʥʠʢʠ 

ʜʣʷ ʩʠʣʦʚʦʛʦ ʢʦʣʘ ̔  ʢʦʣʘ ʢʝʨʫʚʘʥʥʷ; KM1, KM2 - ʨʝʚʝʨʩʠʚʥʽ ʢʦʥʪʘʢʪʦʨʠ; KK1, KK2 

- ʪʝʧʣʦʚʽ ʨʝʣʝ; S1, S2, S3 - ʢʥʦʧʢʦʚʘ ʩʪʘʥʮʽʷ. 

ʉʭʝʤʘ ʟʘʙʝʟʧʝʯʫʻ: ʧʫʩʢ ʜʚʠʛʫʥʘ ʥʘ ʧʨʠʨʦʜʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ, ʨʝʚʝʨʩ ʽʟ 

ʛʘʣʴʤʫʚʘʥʥʷʤ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ, ʟʫʧʠʥʢʫ (S1) ʧʽʜ ʜʽʻʶ ʄʉ ʥʘ ʚʠʙʽʛʫ. 

ʋ ʩʭʝʤʽ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʭʠʩʪʠ: ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤʦʚʠʡ (ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʦʙʽʞʥʠʢʽʚ), ʪʝʧʣʦʚʠʡ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʨʝʣʝ), ʥʫʣʴʦʚʠʡ (ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʙʣʦʢ-ʢʦʥʪʘʢʪʦʤ ʂʄ1 ʢʦʥʪʘʢʪʦʨʘ). 

 

2.5.4.2.ʇʨʦʤʠʩʣʦʚʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ (ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ1) 

 

 ʊʠʧʦʚʘ ʧʨʦʤʠʩʣʦʚʘ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ɼʇʉ ʟ ʥʝʟʘʣʝʞʥʠʤ 

ʟʙʫʜʞʝʥʥʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 2.49, ʟʘʙʝʟʧʝʯʫʻ ʧʫʩʢ ʜʚʠʛʫʥʘ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ ʫ 

ʪʨʠ ʩʪʫʧʝʥʽ, ʘ ʪʘʢʦʞ ʜʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ ʫ 

ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ. ɼʘʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ˉ1. 
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ʆʧʠʩ ʨʦʙʦʪʠ ʩʭʝʤʠ. ʉʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ɼʇʉ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ (ʅɿ) 

ʟʜʽʡʩʥʶʻ ʧʫʩʢ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ, ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ ʚ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ ʽ 

ʜʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʇʫʩʢ. ʇʽʜʢʣʶʯʝʥʥʷ ʩʭʝʤʠ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ: ʩʠʣʦʚʦʛʦ QF1 ʽ ʫʧʨʘʚʣʽʥʥʷ - SA2. ʇʨʠ ʮʴʦʤʫ 

ʚ ʩʭʝʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʝ: 

- ʩʧʨʘʮʴʦʚʫʻ K1Pʋ ʽ ʨʦʟʤʠʢʘʻ ʩʚʽʡ ʢʦʥʪʘʢʪ ʚ ʣʘʥʮʶʟʽ ʞʠʚʣʝʥʥʷ ʢʦʪʫʰʢʠ 

ʢʦʥʪʘʢʪʦʨʘ ʧʨʠʩʢʦʨʝʥʥʷ ʂʄ1ʋ; 

- ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʟʙʫʜʞʝʥʥʷ. ʉʧʨʘʮʴʦʚʫʻ ʨʝʣʝ ʥʘʷʚʥʦʩʪʽ ʩʪʨʫʤʫ 

ʟʙʫʜʞʝʥʥʷ ʂʅʊ ʽ ʟʘʤʠʢʘʻ ʩʚʽʡ ʢʦʥʪʘʢʪ ʚ ʣʘʥʮʶʟʽ ʨʝʣʝ ʥʫʣʴʦʚʦʛʦ ʟʘʭʠʩʪʫ KV. 

ʉʧʨʘʮʴʦʚʫʻ KMD (ʢʦʥʪʘʢʪʦʨ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ) ʽ ʧʽʜʢʣʶʯʘʻ ʷʢʽʨ ʜʚʠʛʫʥʘ 

ʜʦ ʨʝʟʠʩʪʦʨʫ ʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

- ʧʦ ʢʦʣʫ 1-2 ʢʦʤʘʥʜʦʢʦʥʪʨʦʣʝʨʘ SA2 (ʡʦʛʦ ʨʫʢʦʷʪʢʘ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʥʫʣʴʦʚʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ) ʩʧʨʘʮʴʦʚʫʻ ʥʫʣʴʦʚʝ ʨʝʣʝ KV ʽ ʩʪʘʻ ʥʘ 

ʩʘʤʦʙʣʦʢʫʚʘʥʥʷ ʯʝʨʝʟ ʚʣʘʩʥʠʡ ʢʦʥʪʘʢʪ. ʅʘʜʘʣʽ ʚʩʷ ʨʝʰʪʘ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʞʠʚʠʪʴʩʷ ʯʝʨʝʟ ʮʝʡ ʞʝ ʢʦʥʪʘʢʪ. 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʥ ̔SA2 ʚ ʢʨʘʡʥʻ ʧʦʣʦʞʝʥʥʷ ʧʦ ʢʦʣʫ 3-4 SA2 ʩʧʨʘʮʴʦʚʫʻ 

ʣʽʥʽʡʥʠʡ ʢʦʥʪʘʢʪʦʨ ʂʄʃ ʽ ʧʽʜʢʣʶʯʘʻ ʜʚʠʛʫʥ ʜʦ ʤʝʨʝʞʽ, ʘ ʩʚʦʾʤ ʙʣʦʢ-ʢʦʥʪʘʢʪʦʤ 

ʨʦʟʤʠʢʘʻ ʢʦʣʦ ʞʠʚʣʝʥʥʷ ʨʝʣʝ ʯʘʩʫ ʂ1ʈʋ. 

ʇʦ ʢʦʣʫ 5-6 ʩʧʨʘʮʴʦʚʫʶʪʴ ʢʦʥʪʘʢʪʦʨʠ çʚʧʝʨʝʜè ʂʄ1ɺ, ʂʄ2ɺ. ʇʦʯʠʥʘʻʪʴʩʷ 

ʨʦʟʛʽʥ ʜʚʠʛʫʥʘ ʚ ʥʘʧʨʷʤʢʫ çʚʧʝʨʝʜè ʟ ʧʦʚʥʽʩʪʶ ʚʚʝʜʝʥʠʤ ʧʫʩʢʦʚʠʤ ʨʝʟʠʩʪʦʨʦʤ 

(R32 + R43). ʇʨʠ ʮʴʦʤʫ ʩʧʨʘʮʴʦʚʫʻ ʨʝʣʝ ʧʨʠʩʢʦʨʝʥʥʷ ʂ2ʈʋ, ʱʦ ʞʠʚʠʪʴʩʷ ʧʘʜʽʥʥʷʤ 

ʥʘʧʨʫʛʠ ʥʘ ʧʫʩʢʦʚʦʤʫ ʨʝʟʠʩʪʦʨʽ ʽ ʨʦʟʤʠʢʘʻ ʩʚʽʡ ʢʦʥʪʘʢʪ ʚ ʢʦʣʽ ʂʄ2ʋ. 

ʂʨʽʤ ʪʦʛʦ, ʢʦʥʪʘʢʪʦʨ ʂʄ1ɺ ʩʚʦʾʤ ʙʣʦʢ-ʢʦʥʪʘʢʪʦʤ ʧʽʜʢʣʶʯʘʻ ʨʝʣʝ 

ʧʨʦʪʠʚʤʠʢʘʥʥʷ KVB ʜʦ ʩʝʨʝʜʥʴʦʾ ʪʦʯʢʠ ʩʫʤʘʨʥʦʛʦ ʧʫʩʢʦʚʦʛʦ ʦʧʦʨʫ. ʇʨʠ ʮʴʦʤʫ 

ʨʝʣʝ KVB ʩʧʨʘʮʴʦʚʫʻ, ʪʦʤʫ ʱʦ ɽʈʉ ʜʚʠʛʫʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʜʠʚ. ʦʧʠʩ ʨʦʙʦʪʠ 

ʜʘʥʦʛʦ ʚʫʟʣʘ ʚ ʢʦʥʩʧʝʢʪʽ ʣʝʢʮʽʡ) ʽ ʟʘʤʠʢʘʻ ʩʚʽʡ ʢʦʥʪʘʢʪ ʚ ʢʦʣʽ ʞʠʚʣʝʥʥʷ ʢʦʥʪʘʢʪʦʨʘ 

ʧʨʦʪʠʚʦʚʤʠʢʘʥʥʷ ʂʄʇ. ʆʩʪʘʥʥʽʡ ʩʧʨʘʮʴʦʚʫʻ ʽ ʰʫʥʪʫʻ ʩʪʫʧʝʥʴ ʧʨʦʪʠʚʦʚʤʠʢʘʥʥʷ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʪʨʠʤʢʠ ʯʘʩʫ ʂ1ʈʋ ʡʦʛʦ ʢʦʥʪʘʢʪ ʚ ʢʦʣʽ ʂʄ1ʋ 

ʟʘʤʠʢʘʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ ʣʘʥʮʶʛ 9-10 ʟʘʤʢʥʫʪ, ʢʦʥʪʘʢʪʦʨ ʧʨʠʩʢʦʨʝʥʥʷ ʂʄ1ʋ 

ʩʧʨʘʮʴʦʚʫʻ ʽ ʰʫʥʪʫʻ ʧʝʨʰʫ ʩʪʫʧʝʥʴ ʧʫʩʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʚ. ɼʚʠʛʫʥ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʜʨʫʛʫ ʩʪʫʧʝʥʴ ʽ ʧʦʯʠʥʘʻ ʨʦʟʛʘʥʷʪʠʩʷ. ʆʜʥʦʯʘʩʥʦ ʂʄ1ʋ ʰʫʥʪʫʻ ʢʦʪʫʰʢʫ ʜʨʫʛʦʛʦ 

ʨʝʣʝ ʧʨʠʩʢʦʨʝʥʥʷ ʂʄ2ʋ. ʆʩʪʘʥʥʻ ʧʦʯʠʥʘʻ ʚʽʜʣʽʢ ʚʠʪʨʠʤʢʠ ʯʘʩʫ ʽ ʧʦ ʾʾ ʟʘʢʽʥʯʝʥʥʽ 

ʟʘʤʠʢʘʻ ʩʚʽʡ ʢʦʥʪʘʢʪ ʚ ʢʦʣʽ ʂʄ2ʋ. 

ʊʘʢ ʷʢ ʢʦʣʦ 11-12 ʟʘʤʢʥʫʪʦ, ʂʄ2ʋ ʩʧʨʘʮʴʦʚʫʻ ʽ ʰʫʥʪʫʻ ʜʨʫʛʫ ʩʪʫʧʝʥʴ 

ʧʫʩʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ 43R .  

ɼʚʠʛʫʥ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʧʨʠʨʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʽ ʨʦʟʛʘʥʷʻʪʴʩʷ ʜʘʣʽ, ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʥʝ ʫʚʽʡʜʝ ʚ ʨʦʙʦʯʫ ʪʦʯʢʫ. 

ʗʢʱʦ ʨʫʯʢʘ ʢʦʤʘʥʜʦʢʦʥʪʨʦʣʝʨʘ SA2 ʙʫʣʘ ʙ ʚʢʣʶʯʝʥʘ ʥʝ ʚ ʢʨʘʡʥʻ 3-ʝ 

ʧʦʣʦʞʝʥʥʷ, ʘ ʚ 1-ʝ ʘʙʦ ʚ 2-ʝ, ʪʦ ʜʚʠʛʫʥ ʟʘʣʠʰʠʚʩʷ ʙ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʝʨʰʽʡ ʘʙʦ ʜʨʫʛʽʡ 
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ʰʪʫʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʧʽʥʯʘʩʪʦ ʨʝʛʫʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʨʠʚʦʜʫ. 

ʈʝʚʝʨʩ. ɼʣʷ ʨʦʟʛʦʥʫ ʜʚʠʛʫʥʘ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʩʪʠ 

ʨʫʯʢʫ ʢʦʤʘʥʜʦʘʧʧʘʨʘʪʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɻʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʤʠʢʘʥʥʷʤ. ɼʣʷ ʮʴʦʛʦ SA2 ʨʠʚʢʦʤ ʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʦʣʦʞʝʥʥʷ çʚʧʝʨʝʜè ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʷ çʥʘʟʘʜè ʘʙʦ ʥʘʚʧʘʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʜʚʠʛʫʥ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʧʦʣʷʨʥʽʩʪʶ. ɽʈʉ ʜʚʠʛʫʥʘ ʜʽʻ ʟʛʽʜʥʦ 

ʟ ɽʈʉ ʤʝʨʝʞʽ ʽ ʨʝʣʝ KVB ʚʽʜʢʣʶʯʘʻʪʴʩʷ (ʚʪʨʘʯʘʻ ʞʠʚʣʝʥʥʷ). ʎʝʡ ʚʫʟʦʣ ʦʧʠʩʘʥʠʡ ʚ 

ʢʦʥʩʧʝʢʪʽ (ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʪʠʚʦʚʤʠʢʘʥʥʷʤ ɼʇʉ). 

ʉʚʦʾʤ ʢʦʥʪʘʢʪʦʤ KVB ʚʽʜʢʣʶʯʘʻ ʢʦʪʫʰʢʫ ʂʄʇ, ʦʩʪʘʥʥʷ ʨʦʟʤʠʢʘʻ ʩʚʽʡ 

ʢʦʥʪʘʢʪ, ʰʫʥʪʫʶʯʠʡ ʩʪʫʧʝʥʴ ʧʨʦʪʠʚʤʠʢʘʥʥʷ. ɼʚʠʛʫʥ ʛʘʣʴʤʫʻʪʴʩʷ ʟ ʧʦʚʥʽʩʪʶ 

ʚʚʝʜʝʥʠʤʠ ʧʫʩʢʦʚʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʽ ʩʪʫʧʝʥʝʤ ʧʨʦʪʠʚʤʠʢʘʥʥʷ. ʇʨʠ ʰʚʠʜʢʦʩʪʽ, 

ʙʣʠʟʴʢʽʡ ʜʦ ʥʫʣʷ, KVB ʩʧʨʘʮʴʦʚʫʻ. ɺʢʣʶʯʘʻ ʂʄʇ, ʷʢʠʡ ʰʫʥʪʫʻ ʩʪʫʧʽʥʴ 

ʧʨʦʪʠʚʤʠʢʘʥʥʷ. ʈʦʟʛʽʥ ʚ ʟʚʦʨʦʪʥʠʡ ʙʽʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ. 

ɼʠʥʘʤʽʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ SA2 ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʚ ʥʫʣʴʦʚʠʡ ʩʪʘʥ. 

ʂʦʥʪʘʢʪʦʨʠ ʂʄɺ (ʘʙʦ ʂʄʅ) ʚʪʨʘʯʘʶʪʴ ʞʠʚʣʝʥʥʷ, ʚʽʜʢʣʶʯʘʶʪʴ ʜʚʠʛʫʥ ʚʽʜ ʤʝʨʝʞʽ, 

ʘ ʩʚʦʾʤʠ ʙʣʦʢ-ʢʦʥʪʘʢʪʘʤʠ ʧʽʜʢʣʶʯʘʶʪʴ ʢʦʪʫʰʢʫ ʢʦʥʪʘʢʪʦʨʘ ʜʠʥʘʤʽʯʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ KMD, ʷʢʠʡ ʧʽʜʢʣʶʯʘʻ ʧʘʨʘʣʝʣʴʥʦ ʜʚʠʛʫʥʫ ʨʝʟʠʩʪʦʨ ʜʠʥʘʤʽʯʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ. 

ɿʘʭʠʩʪʠ ʽ ʙʣʦʢʫʚʘʥʥʷ. ʋ ʩʭʝʤʽ ʧʝʨʝʜʙʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʟʘʭʠʩʪʽʚ ʽ 

ʙʣʦʢʫʚʘʥʴ: ʚʽʜ ʢ.ʟ. ʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ ʩʠʣʦʚʦʤʫ ʢʦʣʽ: ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ QF1. 

ɺʽʜ ʥʘʜʤʽʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ, ʱʦ ʥʝ ʜʦʩʷʛʘʶʪʴ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ - ʨʝʣʝ - ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʂɸ1, ʂɸ2. 

ɺʽʜ ʢ.ʟ. ʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ ʢʦʣʘʭ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ 

ʚʠʤʠʢʘʯʽ SA1 ʽ F1, F2. 

ɺʽʜ ʦʙʨʠʚʫ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ - ʨʝʣʝ ʦʙʨʠʚʫ ʧʦʣʷ ʂʅʊ, ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ 

ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ - ʨʦʟʨʷʜʥʠʡ ʨʝʟʠʩʪʦʨ. 

ɺʽʜ ʩʘʤʦʟʘʧʫʩʢʫ ʽ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ: ʥʫʣʴʦʚʝ ʨʝʣʝ KV.  

ʇʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʘʚʪʦʤʘʪʽʚ ʥʝʦʙʭʽʜʥʝ ʨʫʯʥʝ ʧʦʚʝʨʥʝʥʥʷ ʫ ʚʢʣʶʯʝʥʠʡ 

ʩʪʘʥ. ʇʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ ʚʪʨʘʯʘʻ ʞʠʚʣʝʥʥʷ 

ʥʫʣʴʦʚʝ ʨʝʣʝ KV, ʜʚʠʛʫʥ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞʽ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʫʱʝʥʠʡ ʣʠʰʝ 

ʧʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʨʫʢʦʷʪʢʠ ʚ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

ʇʨʠ ʟʥʠʢʥʝʥʥʽ ʘʙʦ ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ, ʘ ʪʘʢʦʞ ʦʙʨʠʚʽ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ - 

ʘʥʘʣʦʛʽʯʥʦ. 
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ʈʆɿɼɯʃ 3. ʊʀʇʆɺɯ ʉʊʈʋʂʊʋʈʀ ʊɸ ʆʉʅʆɺʅɯ ɽʃɽʄɽʅʊʀ ʉʀʉʊɽʄ 

ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ 

 

ʊɽʄɸ 3.1.ʊʀʇʆɺɯ ʉʊʈʋʂʊʋʈʀ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ ʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʦʪʝʧʝʨ ʨʦʟʛʣʷʜʘʣʦʩʷ ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʚʚʦʜʠʣʠʩʷ ʜʦʜʘʪʢʦʚʽ ʚʥʫʪʨʽʰʥʽ 

ʘʙʦ ʧʘʨʘʣʝʣʴʥʽ ʢʦʥʪʫʨʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʦʩʥʦʚʥʦʤʫ ʟʘʚʜʘʥʥʶ - 

ʨʝʛʫʣʶʚʘʥʥʶ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʟ ʨʦʟʛʣʷʜʫ ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ 

ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʘ ʢʦʦʨʜʠʥʘʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʱʦʙ 

ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʤʦʞʣʠʚʦʩʪʷʭ ʢʦʨʝʢʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʟʤʽʥʥʦʾ. ʗʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʫ ʙʽʣʴʰʦʩʪʽ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʦʪʨʽʙʥʦ ʨʝʛʫʣʶʚʘʪʠ ʦʜʨʘʟʫ ʜʝʢʽʣʴʢʘ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʯʦʤʫ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ 

ʢʦʦʨʜʠʥʘʪʠ. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʷʢʠʡ 

ʥʘ ʦʜʥʠʭ ʝʪʘʧʘʭ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʘ ʥʘ 

ʽʥʰʠʭ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʫʧʦʨ ʽ ʪʦʜʽ ʥʝʦʙʭʽʜʥʝ ʪʦʯʥʝ ʜʦʟʫʚʘʥʥʷ ʤʦʤʝʥʪʫ, ʱʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʚʠʛʫʥʦʤ. ʄʘʡʞʝ ʫ ʚʩʽʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʦʜʥʽʻʾ 

ʢʦʦʨʜʠʥʘʪʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʤʝʞʝʥʥʷ ʽʥʰʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʾʭ ʧʦʭʽʜʥʠʭ, ʱʦ 

ʚʠʢʣʠʢʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪ ʁʢʦʥʪʨʦʣʶ  ̔ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʭ ʟʤʽʥʥʠʭ ʟ 

ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

 ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ ʚʠʥʠʢʘʻ 

ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʙʽʨ ʟʤʽʥʥʠʭ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʨʝʛʫʣʶʚʘʥʥʶ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ. ʇʨʠ 

ʮʴʦʤʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʦʢʨʝʤʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ, 

ʱʦ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʽ ʩʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʾʭ ʧʨʘʚʠʣʴʥʫ ʚʟʘʻʤʦʜʽ ʁ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ɯʟ ʮʠʭ ʧʦʟʠʮʽʡ ʽʟ ʫʩʴʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʩʪʚʦʨʝʥʠʭ ʥʘ 
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ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʡʦʛʦ ʨʦʟʚʠʪʢʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʪʨʠ ʪʠʧʠ ʩʪʨʫʢʪʫʨ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʭʘʨʘʢʪʝʨʥʠʤʠ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʨʠʩʘʤʠ:  

1) ʩʪʨʫʢʪʫʨʘ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ; 

2) ʩʪʨʫʢʪʫʨʘ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ; 

3) ʩʪʨʫʢʪʫʨʘ ʟ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʢʣʘʚʰʠ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʶ 

ʧʽʜʣʷʛʘʶʪʴ n ʢʦʦʨʜʠʥʘʪ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʉʪʨʫʢʪʫʨʘ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ, ʱʦ ʜʦʥʝʜʘʚʥʘ ʤʘʣʘ ʚ 

ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʚʠʥʷʪʢʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.1. ɰʾ 

ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ ʟʘʛʘʣʴʥʦʛʦ 

ʧʽʜʩʫʤʦʚʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʥʘ ʷʢʠʡ ʟʚʠʯʘʡʥʦ ʧʦʢʣʘʜʘʻʪʴʩʷ ʪʘʢʦʞ ʟʘʚʜʘʥʥʷ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧ̔ ʜʩʠʣʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʭ1 ʭ2, é, ʭn ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʫʧʝʨʝʯʣʠʚʽ ʟʤʽʥʠ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʅʘʧʨʠʢʣʘʜ, ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʽʻ ʚ ʥʘʧʨʷʤʢʫ 

ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʩʚʦʻʶ ʜʽʻʶ ʧʝʨʝʰʢʦʜʞʘʻ ʮʴʦʤʫ, ʚʠʢʣʠʢʘʶʯʠ ʟʤ'ʷʢʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ ʟʚʠʯʘʡʥʦ ʦʜʥʦʯʘʩʥʘ ʜʽʷ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʥʝʙʘʞʘʥʘ ʘʙʦ 

ʥʝʧʨʠʧʫʩʪʠʤʘ  ̔ ʜʣʷ ʾʾ ʚʠʢʣʶʯʝʥʥʷ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʩʪʨʫʢʪʫʨʽ ʚ ʢʦʣʘʭ ʟʚʦʨʦʪʥʠʭ 

ʟʚ'ʷʟʢʽʚ ʚʚʦʜʷʪʴʩʷ ʥʝʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʽʜʢʣʶʯʘʶʪʴ ʜʘʥʠʡ ʟʚ'ʷʟʦʢ ʧʨʠ ʨʽʚʥʽ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʟʤʽʥʥʦʾ, ʤʝʥʰʦʤʫ ʛʨʘʥʠʯʥʦʾ ʥʘʧʨʫʛʠ ʥʝʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʥʘʟʠʚʘʥʦʾ 

ʥʘʧʨʫʛʦʶ ʚʽʜʩʽʢʘʥʥʷ 
0ʽU . ʗʢ ʥʘʩʣʽʜʦʢ, ʨʦʟʛʣʷʥʫʪʫ ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ʩʠʩʪʝʤʦʶ ʟ ʚʽʜʩʽʢʘʥʥʷʤʠ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥʥʠʭ. 

 

ʈʠʩ. 3.1  
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 74 

 ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʩʽʢʘʥʴ ʫ ʢʦʣʘʭ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʟʘʜʘʶʯʠʡ ʩʠʛʥʘʣ 
ʟu  ʥʝ 

ʚʠʟʥʘʯʘʻ ʧʦʚʥʽʩʪʶ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʽ ʦʜʥʽʻʾ ʟ ʨʝʛʫʣʴʦʚʘʥʠʭ ʟʤʽʥʥʠʭ. ʆʩʥʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʢʦʞʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʻ ʥʘʧʨʫʛʘ ʚʽʜʩʽʢʘʥʥʷ ʚ ʢʦʣʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʚʜʘʥʥʷ ʨʽʚʥʷ ʜʘʥʦʾ ʟʤʽʥʥʦʾ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʚʽʜʩʽʢʘʥʥʷ ʚ ʢʦʣʽ ʮʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, 

ʪʦʤʫ ʥʘʚʽʪʴ ʷʢʱʦ ʧʨʠ ʨʦʙʦʪʽ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʫʩʪʘʚʢʫ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ, 

ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʫʛʠ ʫ ʜʚʦʭ ʢʦʣʘʭ ʩʭʝʤʠ (
ʟu  ʽ 

0ʽu ), ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. 

ʇʨʘʛʥʝʥʥʷ ʩʧʨʦʩʪʠʪʠ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʯʘʩʪʦ ʟʤʫʰʫʻ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ 

ʥʽʞ ʦʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʩʽʢʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʟʚ'ʷʟʢʠ, ʱʦ ʢʦʨʝʢʪʫʶʪʴ 

ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ, ʟʚʠʯʘʡʥʦ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ. ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ 

ʥʝʟʘʣʝʞʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚʩʽʭ ʟʤʽʥʥʠʭ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʤʦʞʣʠʚʠʤ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ɦ ʦ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʛʦʣʦʚʥʠʭ ʽ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ 

ʟʚʠʯʘʡʥʦ ʥʝʩʧʨʠʷʪʣʠʚʠʡ, ʩʠʩʪʝʤʠ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʚʠʤʘʛʘʶʪʴ ʪʘʢ 

ʟʚʘʥʦʛʦ ʢʦʤʧʨʦʤʽʩʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʦʜʝʨʞʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʝʤʦʞʣʠʚʦ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʭʝʤ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʻ ʾʭʥʷ ʧʨʦʩʪʦʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʽ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ.  

ʆʜʥʘʢ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠʚʝʣʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ 

ʩʪʨʫʢʪʫʨ ʥʘʚʽʪʴ ʥʘ ʙʘʟʽ ʮʽʻʾ ʪʝʭʥʽʢʠ ʢʝʨʫʚʘʥʥʷ. ʋ ʮʝʡ ʯʘʩ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʰʠʨʦʢʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ 

ʰʚʠʜʢʦ ʩʢʦʨʦʯʫʻʪʴʩʷ. 

ʇʦʚʥʽʩʪʶ ʥʝʟʘʣʝʞʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʨʠʩ. 3.2.  
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ʈʠʩ. 3.2. ʉʪʨʫʢʪʫʨʘ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʘʨʘʣʝʣʴʥʦʛʦ ʪʠʧʫ 

 

ʊʫʪ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʢʨʝʤʠʡ ʨʝʛʫʣʷʪʦʨ ʽ ʚ 

ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʨʝʛʫʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʥʘ ʟʽ ʟʤʽʥʥʠʭ. ʆʩʪʘʥʥʻ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʝʨʝʜʙʘʯʝʥʠʤ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʣʦʛʽʯʥʠʤ ʧʝʨʝʤʠʢʘʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʃʇʋ, ʷʢʠʡ 

ʧʽʜʢʣʶʯʘʻ ʜʦ ʚʭʦʜʫ ʩʠʩʪʝʤʠ ʚʠʭʽʜ ʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʚʧʣʠʚ ʷʢʦʛʦ ʚ ʮʝʡ ʤʦʤʝʥʪ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ. ʄʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʢʦʨʝʢʮʽʾ ʚ ʮʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʟʜʽʡʩʥʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʞʥʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʦʙʤʝʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʩʪʠʤ ʦʙʤʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʘʜʘʶʯʠʭ 

ʩʠʛʥʘʣʽʚ ʟʧʟ1 ʟ2x , ʭ , ..., ʭ (ʨʠʩ. 3.3). 

 

ʈʠʩ. 3.3 

 

ʅʝʜʦʣʽʢʦʤ ʩʭʝʤʠ ʻ ʫʩʢʣʘʜʥʝʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʽʟ ʚʚʝʜʝʥʥʷʤ ʃʇʋ, ʘ ʪʘʢʦʞ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʣʝʛʣʠʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʠ 

ʧʦʩʣʽʜʦʚʥʽʡ ʢʦʨʝʢʮʽʾ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʚʠʭʦʜʠʪʴ ʚʘʞʢʦ ʨʝʘʣʽʟʦʚʘʥʦ.ʁ 

ʎʷ ʩʭʝʤʘ ʟʥʘʡʰʣʘ ʜʝʷʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʨʫʙʝʞʝʤ. ʋ ʚʽʪʯʠʟʥʷʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ 

ʚʦʥʘ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʝʨʝʚʘʛʘʤʠ ʪʨʝʪʴʦʾ ʪʠʧʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚʠʱʝ 

ʚʞʝ ʨʦʟʛʣʷʜʘʣʘʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ. ʄʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.4 
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ʙʘʛʘʪʦʢʦʥʪʫʨʥʘ ʩʪʨʫʢʪʫʨʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

 

ʈʠʩ. 3.4. ʉʪʨʫʢʪʫʨʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ 

 

ʋ ʮʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʞʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʽʜʣʝʛʣʠʡ ʢʦʥʪʫʨ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʘ ʚʽʜ 

ʫʩʽʭ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʟʘʜʘʥʝ 

ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʟʤʽʥʥʦʾ ʙʫʜʴ-ʷʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʭ̔ʜʥʠʤ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʷʪʦʨʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʥʪʫʨʫ. ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ 

x  ̔ʜʦʩʠʪʴ ʦʙʤʝʞʠʪʠ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʘ (ʽ+1)-ʛʦ ʢʦʥʪʫʨʫ, ʩʬʦʨʤʫʚʘʚʰʠ ʩʪʘʪʠʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʜʫ, ʧʦʢʘʟʘʥʦʛʦ ʜʣʷ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʨʠʩ. 3.3,ʘ, ʘ ʜʣʷ ɯ-ʨʝʛʫʣʷʪʦʨʘ 

- ʥʘ ʨʠʩ. 3.3,ʙ. 

ɼʦʪʠ, ʧʦʢʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ (ʽ+1)-ʛʦ ʢʦʥʪʫʨʫ ʤʝʥʰʝ ʛʨʘʥʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ 
0ʭD  (ʨʠʩ. 3.3,ʘ) ʘʙʦ ʧʦʢʠ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ɯ-ʨʝʛʫʣʷʪʦʨʘ ʥʝ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʭʟ.ʤʘʢʩ, ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʭ ̔ʧʨʘʮʶʻ ʷʢ ʜʦʧʦʤʽʞʥʠʡ 

ʢʦʥʪʫʨ, ʧʽʜʣʝʛʣʠʡ ʨʝʛʫʣʶʚʘʥʥʶ ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ. 

ʇʨʠ ʚʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ Wp(i+1) ʫ ʟʦʥʫ ʦʙʤʝʞʝʥʥʷ, ʡʦʛʦ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʭʟ ̔ʩʪʘʻ ʧʦʩʪʽʡʥʠʤ (ʭʟ ̔= ʭʟʽ ʤʘʢʩ = const). ʂʦʣʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʽ-ʛʦ 

ʢʦʥʪʫʨʫ ʨʦʟʤʠʢʘʻʪʴʩʷ, ʽ ʩʭʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʽʥʥʦʾ x ̔ʜʦʪʠ, ʧʦʢʠ ʥʝ 

ʚʠʡʜʝ ʽʟ ʟʦʥʠ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʽ+1)-ʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʘʙʦ, ʥʘʚʧʘʢʠ, ʧʦʢʠ 

ʥʝ ʧʝʨʝʡʜʝ ʫ ʨʝʞʠʤ ʦʙʤʝʞʝʥʥʷ ʨʝʛʫʣʷʪʦʨ ʽ-ʛʦ ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʣʝʛʣʦʛʦ ʡʦʤʫ 

ʢʦʥʪʫʨʫ. ʗʢʱʦ ʞʦʜʝʥ ʟ ʨʝʛʫʣʷʪʦʨʽʚ ʥʝ ʧʨʘʮʶʻ ʚ ʟʦʥʽ ʦʙʤʝʞʝʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʭn ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʚʥʫʪʨʽʰʥʽ ʢʦʥʪʫʨʠ 

ʧʨʘʮʶʶʪʴ ʷʢ ʧʽʜʣʝʛʣʽ ʟʘʚʜʘʥʥʶ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʩʠʩʪʝʤʠ.  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʢʪʫʨʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 
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ʥʘʩʪʨʦʶʚʘʥʥʷ ʡʦʛʦ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʽ ʤʦʞʣʠʚʝ 

ʚʚʝʜʝʥʥʷ ʚ ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʭ ̔ʜʦʜʘʪʢʦʚʠʭ ʬʦʨʤʫʶʯʠʭ ʘʙʦ ʢʦʨʠʛʫʚʘʣʴʥʠʭ 

ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʽ-  ʾʟʤʽʥʥʦʾ, ʧʨʠʯʦʤʫ ʮʽ ʟʚ'ʷʟʢʠ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʚʩʽʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʚʥʫʪʨʽʰʥʽʭ ʩʪʦʩʦʚʥʦ ʜʘʥʦʛʦ. ʋ 

ʮʽʡ ʤʦʞʣʠʚʦʩʪʽ ʟʘʢʣʘʜʝʥʘ ʚʘʞʣʠʚʘ ʧʝʨʝʚʘʛʘ ʩʪʨʫʢʪʫʨʠ ʟ ʧʽʜʣʝʛʣʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʢʦʦʨʜʠʥʘʪ.  

ʆʜʥʘʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʨʦʟʛʣʷʥʫʪʘ ʩʪʨʫʢʪʫʨʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʥʘʩʪʨʦʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ 

ʚʽʜ ʜʠʥʘʤʽʯʥʠʭ ʷʢʦʩʪʝʡ ʚʥʫʪʨʽʰʥʽʭ ʧʽʜʣʝʛʣʠʭ ʢʦʥʪʫʨʽʚ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ, ʟʦʢʨʝʤʘ, 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʙʽʣʴʰʝʥʥʽ ʥʝʢʦʤʧʝʥʩʦʚʘʥʦʾ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʥʦʤʝʨʘ 

ʢʦʥʪʫʨʫ, ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʠʤʦʛ ʜʦ ʜʝʤʧʬʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʢʦʥʪʫʨʽʚ, ʪʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ  i-1 i-2a , a  ʽ ʪ.ʜ.  

 

ʊɽʄɸ 3.2.ʆʉʅʆɺʅɯ ɽʃɽʄɽʅʊʀ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɸʄʀ 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ 

ʬʫʥʢʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʠ.  

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʘʚʪʦʤʘʪʠʟʘʮʽʾ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʘʶʯʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʦʚʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʚʠʩʦʢʦʪʦʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʘ ʪʘʢʦʞ ʘʥʘʣʦʛʦʚʠʭ, 

ʣʦʛʽʯʥʠʭ ʽ ʮʠʬʨʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ ʫ ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʷʭ. ʇʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʚôʷʟʘʥʠʡ ʟ ʰʠʨʦʢʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʘ ʪʘʢʦʞ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʜʠʩʢʨʝʪʥʠʭ ʩʭʝʤ 

ʘʚʪʦʤʘʪʠʢʠ, ʱʦ ʤʘʶʪʴ ʥʝʟʤʽʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʜʦ ʚʽʣʴʥʦ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʦ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ. 

ʋʩʝ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʜʦ ʾʾ ʚʠʚʯʝʥʥʷ ʟ ʤʝʪʦʶ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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3.2.1.ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

 

ɼʦ ʝʣʝʤʝʥʪʽʚ ɽʄʉɸʂ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽ, 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʥʽ, ʧʝʨʝʜʘʪʦʯʥʽ ʪʘ ʢʝʨʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʢʘʟʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʞʥʘ  ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʡʛʦʣʦʚʥʽʰʽ ʫʟʘʛʘʣʴʥʝʥʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʝʣʝʤʝʥʪʽʚ ɽʄʉɸʂ: 

- ʤʽʥʽʤʘʣʴʥʽ ʛʘʙʘʨʠʪʠ, ʤʘʩʘ, ʚʘʨʪʽʩʪʴ, ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʪʨʘʪʠ 

ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ; 

- ʣʽʥʽʡʥʽʩʪʴ ʪʘ ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʥʘʜʽʡʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚ ʯʘʩʽ ʪʘ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ;   

- ʟʘʭʠʱʝʥʽʩʪʴ ʚʽʜ ʚʧʣʠʚʫ  ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʙʫʨʶʚʘʣʴʥʠʭ ʜʽʡ 

ʟ ʙʦʢʫ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʪʠʧʫ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ; 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ,  ʫʥʽʬʽʢʘʮʽʷ;   

- ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʫ, ʥʘʣʘʛʦʜʞʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʦʥʪʨʦʣʶ ʧʨʠʜʘʪʥʦʩʪʽ ʪʘ 

ʨʝʤʦʥʪʫ. 

ɹʽʣʴʰʽʩʪʴ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʠʭ ʻ ʬʫʥʢʮʽʷʤʠ ʟʤʽʥʥʠʭ 

(ʢʦʦʨʜʠʥʘʪ) ʩʠʩʪʝʤʠ, ʘʙʦ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʝʪʦʜʦʣʦʛʽʷ 

ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʆʙʫʤʦʚʣʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʧʨʠʧʫʱʝʥʥʷ ʟ ʤʝʪʦʶ ʽʜʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʽ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʩʢʣʘʜʘʶʪʴʩʷ ʚʠʭʽʜʥʽ ʜʠʬʝʨʝʥʮʽʡʥʽ ʪʘ ʘʣʛʝʙʨʘʾʯʥʽ 

ʨʽʚʥʷʥʥʷ ʚ ʢʽʣʴʢʦʩʪʽ, ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʮʽ 

ʨʽʚʥʷʥʥʷ; 

2. ʅʝʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʨʽʚʥʷʥʥʷ, ʟʘʜʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ ʘʙʦ 

ʛʨʘʬʽʯʥʦ. ʇʦʪʽʤ ʚʦʥʠ ʧʽʜʜʘʶʪʴʩʷ ʣʽʥʝʘʨʠʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʚ ʷʢʦʤʫ ʚʽʜʢʠʜʘʶʪʴʩʷ ʚʩʽ ʯʣʝʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʧʦʭʽʜʥʽ ʚʠʱʝ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʄʦʞʣʠʚʦ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʨʤʦʥʽʯʥʦʾ 

ʣʽʥʝʘʨʠʟʘʮʽʾ, ʛʨʘʬʽʯʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʤʝʪʦʜʽʚ [3]; 
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3. ɺʠʟʥʘʯʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʪʘ ʫʩʪʘʣʝʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ; 

4. ɿʤʽʥʥʽ ʚʝʣʠʯʠʥʠ ʯʘʩʪʦ ʟʘʤʽʥʶʶʪʴʩʷ ʾʭ ʚʽʜʭʠʣʝʥʥʷʤʠ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ 

ʟʥʘʯʝʥʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʦʪʨʠʤʫʶʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʽ ʩʪʘʣʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, 

ʷʢʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

n
ʚʠʭ

0 n ʚʠʭ ʚʭn

d x
a ... a X Kʍ

dt
+ + = , 

ʜʝ ʍʚʠʭ, ʍʚʭ ï ʚʠʭʽʜʥʘ ʪʘ ʚʭʽʜʥʘ ʟʤʽʥʥʽ, ʘn,...ʘ0 ï ʩʪʘʣʽ ʢʦʝʬʽʮʽʻʥʪʠ; K ï 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʣʘʥʢʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʝʣʝʤʝʥʪʘ ʚ ʷʢʦʩʪʽ ʣʘʥʢʠ ʉɸʂ, 

ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʟʛʽʜʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ ʧʨʠ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ: 

n
0 n ʚʠʭ ʚʭ(ʘ ʨ ...a )X (ʨ) Kʍ (ʨ)+ = , 

 

ʜʝ ʍʚʠʭ(ʨ), ʍʚʭ (ʨ) ï ʟʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʪʘ ʚʭʽʜʥʦʾ ʟʤʽʥʥʠʭ. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʝʣʝʤʝʥʪʫ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ʚʠʭ
n

ʚʭ 0 n

X (ʨ) K
W(p)

ʍ (ʨ)ʘ ʨ ... a
= =

+ +
 

ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʫʯʘʩʥʠʭ ɽʄʉɸʂ, ʷʢ ʙʫʣʦ 

ʩʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʪʠʧʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʣʘʥʦʢ: 

ʙʝʟʽʥʝʨʮʽʡʥʘ, ʘʧʝʨʽʦʜʠʯʥʘ, ʽʥʪʝʛʨʫʶʯʘ, ʜʠʬʝʨʝʥʮʽʶʶʯʘ, ʢʦʣʠʚʘʣʴʥʘ, 

ʟʘʧʽʟʥʶʚʘʣʴʥʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʜʘʪʦʯʥʠʭ ʬʫʥʢʮʽʡ 

ʝʣʝʤʝʥʪʽʚ ɽʄʉɸʂ. ɼʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʪʘʣʽ ʯʘʩʫ. 

ɺʠʟʥʘʯʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ (ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ) ʣʘʥʢʠ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʦʤʫ, ʱʦ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʧʨʠʨʦʩʪʦʤ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ 

XD ʚʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʠʨʦʩʪʦʤ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ XD ʚʭ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ñʚʭʽʜ-ʚʠʭʽʜò (ʜʠʚ. ʨʠʩ. 3.5) ʮʽ ʧʨʠʨʦʩʪʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʙʣʠʟʫ ʧʨʠʧʫʩʢʘʻʤʦʾ ʨʦʙʦʯʦʾ ʪʦʯʢʠ (ʈʊ). 
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ʭʚʠʭ 

ʭʚʭ 

ʚʠʭ
xD

 

ʚʭ
xD  

ʈʊ 

 

ʈʠʩ. 3.5 

 

ʈʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʫ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʻ 

ʦʙʨʦʙʢʘ ʦʩʮʠʣʦʛʨʘʤʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʥʦʾ  ʚʠʭX (t)ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ 

ʣʘʥʢʠ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʩʠʛʥʘʣʫ ʍʚʭ (ʜʠʚ. ʨʠʩ. 3.6,ʘ). ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʨʠʡʦʤʽʚ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʪʘʣʦʾ ʯʘʩʫ ʊ: 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʪʠʯʥʦʾ, ʷʢʫ ʧʨʦʚʝʜʝʥʦ ʜʦ  ʢʨʠʚʦʾ ʚʠʭX (t)  ʟ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ. ʎʷ ʜʦʪʠʯʥʘ ʚʽʜʩʽʢʘʻ ʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʫ ʊ ʥʘ ʛʦʨʠʟʦʥʪʘʣʽ 

ʍʚʠʭ.ʫʩʪ; 

- ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ 0.63 ʍʚʠʭ.ʫʩʪ ; 

- ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱʠʥʠ S ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʍ1. 

ʭ
1

.

t

ʭʚʠʭ.ʫʩʪ

ʭʚʠʭ

0
,6

3
 X

 ʚ
ʠ
ʭ

.ʫ
ʩ
ʪ

S

T

0

a)

T
0

Ŭ t

ʭʚʠʭ

ʙ)

t

T

0,37

0

ʭʚʠʭ
ʭʚʠʭ(0)

ʚ)
 

ʈʠʩ. 3.6 

 

ɿʦʢʨʝʤʘ, ʚʠʟʥʘʯʘʶʯʠ ʧʦʚʥʫ ʧʣʦʱʠʥʫ S, ʦʙʤʝʞʝʥʫ ʢʨʠʚʦʶ ʚʠʭX (t) , 

ʘʩʠʤʧʪʦʪʦʶ ʍʚʠʭ.ʫʩʪ  ʽ ʧʦʯʘʪʢʦʚʦʶ ʦʨʜʠʥʘʪʦʶ ʍʚʠʭ.ʧʦʯ (ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʤʽʥʥʘ ʍʚʠʭ  

ʧʦʯʠʥʘʻʪʴʩʷ ʥʝ ʟ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ), ʦʪʨʠʤʫʻʤʦ: 
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ʚʠʭ.ʫʩʪ ʚʠʭ.ʧʦʯ( -ʍ ) 

S
ʊ

ʍ
= .  

ʉʪʘʣʘ ʯʘʩʫ ʽʜʝʘʣʴʥʦʾ ʽʥʪʝʛʨʫʶʯʦʾ ʣʘʥʢʠ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʠʭʽʜʥʘ 

ʟʤʽʥʥʘ ʚʠʭX (t)  ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʚʭʽʜʥʦʾ ʩʪʫʧʽʥʯʘʩʪʦʾ ʜʽʾ ʚʭX (t). ʉʪʘʣʫ ʯʘʩʫ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʨʝʘʣʴʥʦʾ ʽʥʪʝʛʨʦ-ʽʥʝʨʮʽʡʥʦʾ ʣʘʥʢʠ, ʷʢʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʤʠ ʣʘʥʢʘʤʠ ï ʽʥʪʝʛʨʘʣʴʥʦʾ ʽ ʘʧʝʨʽʦʜʠʯʥʦʾ 

(ʥ̔ʝʨʮʽʡʥʦʾ) ʟ  ʧʝʨʝʜʘʪʦʯʥʦʶ ʬʫʥʢʮʽʻʶ ʚʠʜʫ 
K

W(p)
p(Tp 1)
=

+
, ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʠʚ. ʨʠʩ. 3.6,ʙ). ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʣʘ ʯʘʩʫ ʊ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʘʩʠʤʧʪʦʪʠ ʟ ʚʽʩʩʶ ʯʘʩʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽʥʪʝʛʨʦ-ʽʥʝʨʮʽʡʥʦʾ ʣʘʥʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʂ = tg

a, ʜʝ a- ʢʫʪ ʤʽʞ ʘʩʠʤʧʪʦʪʦʶ ʪʘ ʚʽʩʩʶ ʯʘʩʫ. 

ʉʪʘʣʘ ʯʘʩʫ ʨʝʘʣʴʥʦʾ ʜʠʬʝʨʝʥʮʽʶʶʯʦʾ ʣʘʥʢʠ ʟ ʧʝʨʝʜʘʪʦʯʥʦʶ ʬʫʥʢʮʽʻʶ ʚʠʜʫ 

Kʨ
W(p)

Tp 1
=

+
, ʷʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʶʶʯʦʾ ʪʘ ʽʥʝʨʮʽʡʥʦʾ ʣʘʥʦʢ,  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʮʠʣʦʛʨʘʤʠ 

ʚʠʭX (t)  ʧʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʚʽʜ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ ʚʭʽʜʥʦʾ ʩʪʫʧʽʥʯʘʩʪʦʾ ʜʽʾ ʜʦ ʤʦʤʝʥʪʫ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʭX (t)  37% ʾʾ ʧʦʯʘʪʢʦʚʦʛʦ (ʧʨʠ t=0) ʟʥʘʯʝʥʥʷ (ʜʠʚ. ʨʠʩ. 4.2,ʚ). 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʣʘʥʢʠ ʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʚʠʭ ʚʭX (0) /ʍ  ʽ ʧʨʠ 

ʚʭX (t)=1 ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʟʥʘʯʝʥʥʶ ʚʠʭʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ɼʦʢʣʘʜʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʩʪʘʣʠʭ ʯʘʩʫ ʝʣʝʤʝʥʪʚ̔ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘʚʝʜʝʥʘ ʚ ʚ ʧʽʜʨʦʟʜ. 3.2.2 ï 3.2.6.. 

ɺ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʥʝʛʣʘʜʢʽ (ʨʦʟʨʠʚʥʽ) 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʪʠʧʫ ʦʙʤʝʞʝʥʥʷ, ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ, ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʽʥ., ʤʦʞʣʠʚʝ 

ʚʠʜʽʣʝʥʥʷ ʨʝʞʠʤʽʚ, ʚ ʷʢʠʭ ʮʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʨʦʙʦʪʫ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʨʝʛʫʣʷʪʦʨʘ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʤʘʣʠʭ 

ʟʥʘʯʝʥʥʷʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʘʷʚʥʽʩʪʴ ʩʫʭʦʛʦ ʪʝʨʪʷ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢʱʦ ʚ 

ʧʨʦʮʝʩʽ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʥʫʣʷ. ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʠʩʪʝʤʘ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ, ʷʢ ʣʽʥʝʘʨʠʟʦʚʘʥʘ. 
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ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʞʠʤʽʚ, ʜʣʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʛʘʨʤʦʥʽʡʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ɽʆʄ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʪʘ Z- ʧʝʨʝʪʚʦʨʝʥʴ [6, 

7]. 

 

3.2.2. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ɼʇʉ ʷʢ ʝʣʝʤʝʥʪʘ ʟʘʤʢʥʫʪʦʾ ʉɸʋ 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.7. 

 

 

ʈʠʩ. 3.7 

 

 ʅʘ ʩʭʝʤʽ ʨʠʩ. 3.7 ʧʦʟʥʘʯʝʥʽ: ʄʉ ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʦʤʝʥʪ; Uʗ ï ʥʘʧʨʫʛʘ 

ʷʢʦʨʷ; Uɿ ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ; W - ʚʠʭʽʜʥʘ ʢʦʦʨʜʠʥʘʪʘ (ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ). ʗʢ ʚʠʜʥʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʜʣʷ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽʩʥʫʻ 

ʜʚʽ ʢʝʨʫʶʯʦʾ ʜʽʾ ï ʥʘʧʨʫʛʘ ʷʢʦʨʷ ʽ ʥʘʧʨʫʛʘ ʟʙʫʜʞʝʥʥʷ.  

 

 

3.2.2.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ɼʇʉ ʧʨʠ ʦʜʥʦʟʦʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʰʚʠʜʢʦʩʪʽ 

 

ʇʽʜ ʦʜʥʦʟʦʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʨʦʟʫʤʽʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ɼʇʉ ʫʥʠʟ 

ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʷʢʦʨʷ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʚʠʛʫʥʘ ʧʨʠ ʦʜʥʦʟʦʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

)p(U

)p(
)p(W

ʷ

W
= , 
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ʜʝ ʥʘʧʨʫʛʘ ʷʢʦʨʷ Uʗ - var (ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ Uʗʅ); ʥʘʧʨʫʛʘ ʟʙʫʜʞʝʥʥʷ 

Uɺ - ʩʦnst (Uɺʅ). 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʭʝʤʦʶ ʟʘʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʨʠ ʞʠʚʣʝʥʥʽ ʚʽʜ 

ʽʜʝʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ: 

;

;

;

.

ë
= = + Ö + Öî

î
Wî = + Öì

î
= Ö Öî

î = Ö ÖWí

ʧ ʷ ʷ ʷ

c

m ʥ

e ʥ

di
U U ɽ i R L

dt

d
M M J

dt

M C ʌ ɯ

ɽ C ʌ
 

ɿʘʧʠʰʝʤʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʥʦ ʩʪʨʫʤʫ ʷʢʦʨʷ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʦʾ: 

1
;c

ʤ ʥ

d
ɯ J M
ʉ ʌ dt

Wå õ
= +æ ö

Ö ç ÷
 

2

2

1
;c

ʤ ʥ ʤ ʥ

dɯ J d dM

dt ʉ ʌ dt ʉ ʌ dt

W
= Ö + Ö

Ö Ö
 

ʊʦʜʽ ʚʽʜʥʦʩʥʦ ʢʝʨʫʶʯʦʾ ʜʽʾ Uʗ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

2

c ʩʗ ʗ ʗ
ʷ ʗ ʝ ʥ2

ʤ ʥ ʤ ʥ ʤ ʥ ʤ ʥ

dM ʄL J L J Rd d
U R C ʌ ;

ʉ ʌ dt ʉ ʌ dt ʉ ʌ dt ʉ ʌ

Ö ÖW W
= Ö + Ö + + Ö + Ö ÖW

Ö Ö Ö Ö
 

2

c ʩʷ ʗ ʗ ʗ
ʗ2 2 2 2 2

ʝ ʥ ʤ ʝ ʥ ʤ ʝ ʥ ʤ ʝ ʥ ʤ ʝ ʥ

dM ʄU L J L J Rd d
R ;

ʉ ʌ ʉ ʉ ʌ dt ʉ ʉ ʌ dt ʉ ʉ ʌ dt ʉ ʉ ʌ

Ö ÖW W
= Ö + Ö + + Ö +W

Ö Ö Ö Ö Ö Ö Ö Ö Ö
 

ʧʦʟʥʘʯʠʤʦ  
2

;
Ö

Ö = Ö
Ö Ö

ʗ ʗ
ɽ ʄ

ʗ

L J R
T T

ʉʤ ʉʝ ʌʥ R
  

ʜʝ  
2 ʤ

J Ra
ʊ

ʉʝ ʉʤ ʌʥ

Ö
=

Ö Ö
  ï ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʪʘʣʘ ʯʘʩʫ; 

ʷ
ɽ

ʷ

L
T

R
=   ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʪʘʣʘ ʯʘʩʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʧʨʠʚʦʜʫ ʚʽʜʥʦʩʥʦ 

ʚʠʭʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ 

2

2 2 2

W W
Ö Ö + +W= + Ö + Ö

Ö Ö Ö Ö Ö

ʉʗ ʗ ʗ
ʄ ɽ ʄ ʉ

dMU L Rd d
ʊ ʊ ʊ ʄ

dt dt ʉʝ ʌʥ ʉʝ ʉʤ ʌʥ dt ʉʝ ʉʤ ʌʥ
 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʃʘʧʣʘʩʫ ʧʨʠ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ 

2 ʗ ʗ
ʄ ɽ ʄ 2 2

L RUʷ
ʊ ʊ ʨ (ʨ) ʊ ʨ (ʨ) (ʨ) ʨ ʄʩ(ʨ) ʄʩ(ʨ).

ʉʝ ʌʥ ʉʝ ʉʤ ʌʥ ʉʝ ʉʤ ʌʥ
Ö Ö ÖW + Ö ÖW +W = + Ö Ö + Ö

Ö Ö Ö Ö Ö
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ʇʨʠ ʄʩ = 0 ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

2 1
( ) ( 1) ( );W Ö Ö Ö + Ö + = Ö

Ö
ʄ ɽ ʗʨ ʊ ʊ ʨ ʊʤ ʨ U ʨ

ʉʝ ʌʥ  

ɿʚʽʜʩʠ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ɼʇʉ ʧʨʠ ʦʜʥʦʟʦʥʥʦʤʫ  (ʷʢʽʨʥʦʤʫ) ʢʝʨʫʚʘʥʥʽ
 

2

1

( )
( )

( ) 1

W Ö= =
Ö Ö + Ö +

ɼ

ɽ ʄ ʄ

ʨ ʉʝ ʌʥW ʨ
Uʷ ʨ ʊ ʊ ʨ ʊ ʨ

  

ɿ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʘʣʠʭ ʯʘʩʫ, ɼʇʉ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʦ  ʁʘʙʦ ʘʧʝʨʽʦʜʠʯʥʦ  ʁʣʘʥʢʦ  ʁʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʜʠʚ. 

ʨʠʩ. 3.8). 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.8 

ʘ) ʧʨʠ ʊʄ > 4ʊɽ - ʘʧʝʨʽʦʜʠʯʥʘ ʣʘʥʢʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

2 2

1 2 1 2 1 2

1 2

1 2

( 1) ( 1) ( ) 1 1ɽ ʄ ʄ

ɽ ʄ

ʄ

ʊ ʨ ʊ ʨ ʊ ʊ ʨ ʊ ʊ ʨ ʊ ʊ ʨ ʊ ʨ

ʊ ʊ ʊ ʊ

ʊ ʊ ʊ

Ö + Ö Ö + = Ö Ö + + Ö + = Ö Ö + Ö +

Ö = Öë
ì

= +í

 

ʙ) ʧʨʠ ʊʄ < 4ʊɽ ï ʢʦʣʠʚʘʣʴʥʘ ʣʘʥʢʘ. 

ʈʝʘʢʮʽʷ ʥʘ ʩʪʨʠʙʦʢ ʟʘʜʘʶʯʦʛʦ ʩʠʛʥʘʣʫ Uʗ ʜʣʷ ʮʠʭ ʣʘʥʦʢ ʥʘʚʝʜʝʥʘ ʥʘ  ʨʠʩ. 3.9. 

        

ʈʠʩ. 3.9 
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ɼʘʥʽ ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ  ̔ʪʨʘʻʢʪʦʨʽʾ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʪʨʠʙʢʘ (ʨʝʘʢʮʽʷ ʥʘ 

ʩʪʨʠʙʦʢ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ) ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʦʙʤʝʞʝʥʴ ʥʘ ʚʥʫʪʨʽʰʥʶ ʢʦʦʨʜʠʥʘʪʫ (ʩʪʨʫʤ ʜʚʠʛʫʥʘ).  

ʗʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʛʦʨʥʫʪʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ, ʪʦʤʫ ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ ʥʘ ʧʨʠʧʫʩʪʠʤʦʤʫ 

ʨʽʚʥʽ. 

 

3.2.2.2.  ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɼʇʉ ʜʣʷ ʦʜʥʦʟʦʥʥʦʛʦ ɽʇ 

 

ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɼʇʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.10, ʜʝ ʧʦʟʥʘʯʝʥʦ 

ɼʉ - ʜʘʪʯʠʢ ʩʪʨʫʤʫ ʷʢʦʨʷ. 

 

 

ɺʠʟʥʘʯʠʤʦ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʷʢʽʨʥʦʛʦ ʢʦʣʘ W (̫ʨ). 

( )

;

( ) ( ) ( ) ( ) ( ) ( ) 1

( ) ( ) 1 ;

= + Ö + Ö

å õ
= + Ö + Ö Ö = + Ö Ö + Ö =æ ö

ç ÷

= + Ö Ö +

ʗ

ʗ
ʗ ʗ

ʗ

ʗ ɽ

dɯʷ
Uʷ ɽ ɯʷ Rʷ L

dt

L
Uʷ p E p Rʷ Iʷ ʨ L p Iʷ ʨ E p R Iʷ ʨ p

R

E p R I̫ ʨ ʊ ʨ

 

( )( ) ( ) ( ) 1 ;- = Ö Ö +ʗ ɽUʷ p E p R Iʷ ʨ ʊ ʨ 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ 

( ) ( )
( ) 1

( ) ;
( ) ( ) ( ) 1 1

= = =
- Ö Ö Ö + Ö Ö +ʗ ɽ ʗ ɽ

Iʷ ʨ Iʷ
Wʷ ʨ

Uʷ ʨ ɽ ʨ R Iʷ ʨ ʊ ʨ R ʊ ʨ
 

  
 

 

  
 

  

 

  

 

ʈʠʩ. 3.10 ï ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɼʇʉ 
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ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ ʧʨʝʜʩʪʘʚʠʤʦ ʫ 

ʚʠʛʣʷʜʽ
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( ) ;
( ) ( )

;

;

;

=
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W
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ɽʄ

E p
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d
ʄ ʄʩ J
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M Cʤ ʌʥ Iʷ

Mc Cʤ ʌʥ Ic

 

2

1
;

( ) ( ) ( ) ;
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;
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( ) ( )
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W
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Ö
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Ö
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Ö
- = Ö

= = =
Ö- Ö
Ö

ʗ

ʗ

ʗ

ʗ

ʗ
ɽʄ

ʗ

d
Iʷ Ic J

ʉʤ ʌʥ dt

RJ ʉʝ ʌʥ
Iʷ ʨ Ic p ʨ ʨ

ʉʤ ʌʥ ʉʝ ʌʥ R

p Cʝ ʌʥ ɽ ʨ

J Tʤ
ʊʤ

ʉʤ ʉʝ ʌʥ

ʊʤ ʨ
I ʨ Ic p E p

R

Rɽ ʨ E p
W p

ʊʤ ʨIʷ ʨ Ic p ʊʤ ʨ
E p

R

 

ʈʝʘʣʴʥʦ ʩʠʣʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʤʘʻ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ, ʥʝ ʨʽʚʥʠʡ ʥʫʣʶ (Rʧ ̧0; 

Lʧ ̧0). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʧʦʨʠ, ʚʥʝʩʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, ʚʢʣʶʯʘʶʪʴ ʫ ʷʢʽʨʥʝ ʢʦʣʦ 

ʜʚʠʛʫʥʘ (ʜʠʚ. ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 3.15). 

ɽʢʚʽʚʘʣʝʥʪʥʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ʦʨʽʻʥʪʦʚʥʦ 

ʧʨʠʡʤʘʶʪʴʩʷ: 

 

2 ;

2 ;

.

= + º Ö

= + º Ö

=

ɽ ʗ ʇ ʗ

ɽ ʗ ʇ ʗ

ɽ
ɽ

ɽ

L L L L

R R R R

L
ʊ

R

 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.11, ʨʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɼʇʉ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ. 
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3.2.3.ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ 

ʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ʆʪʨʠʤʘ̒ ʤʦ ʩʧʨʦʱʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ 

ʦʩʥʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɿʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ɽɼ ʽ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ 

ʥʠʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚ'ʷʟʦʢ ʤʽʞ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ, ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʽʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

 

0( 1) ( )ɽT p M b w w+ = -ʜ , 

 ʜʝ ɽT  - ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʧʦʩʪʽʡʥʘ ʯʘʩʫ; b - ʤʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʦʜʽ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʚʠʛʫʥʘ: 

0

( )
1ɽ

M
W p

T p

b

w w
= =
- +

ʜ

ʜ  

 

ʎʽʡ ʧʝʨʝʜʘʪʥʽʡ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ (ʜʠʚ. ʨʠʩ. 3.12). 

 

                                                  ʈʠʩ. 3.12    

  
   

   

 

  

ʈʠʩ. 3.11 ï ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ  ɼʇʉ 
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ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ: U - ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ; kʜ - ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 

ʇʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ: 

- ʜʣʷ ɼʇʉ ʽʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʧʨʠ ʷʢʽʨʥʦʤʫ ʢʝʨʫʚʘʥʥʽ. ʋ ʷʢʦʩʪʽ 

ʢʝʨʫʶʯʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʧʨʫʛʘ: U U­ ;̫ 

k
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w
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ʷ
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R
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ʷ ʦʥ ʥ
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U

c
w = ʷʥ
ʦʥ

ʥʌ ;

P

w
= ʥ

ʥ

ʥ

ʄ

 

- ʜʣʷ ɸɼ ʽʟ ʯʘʩʪʦʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ʋ ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʯʘʩʪʦʪʘ: 1U f­ . 

2
k

p

p
=ʜ

; 

1
=

Ö
ɽT

Swʦʝʣ ʢʥ

; 

2 KM M

S
b
w w w
= =

Ö -

ʥ

ʦʥ ʢʥ ʦʥ ʥ; 

2 f

p

p
w = 1ʥ
ʦʥ

, 

ʜʝ 2 fw p=ʦʵʣʥ 1ʥ - ʥʦʤʽʥʘʣʴʥʘ ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ; 

1f ʥ - ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ; 

Sʢʥ - ʢʨʠʪʠʯʥʝ ʢʦʚʟʘʥʥʷ ʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʤʝʭʘʥʽʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ; 

Mʢ - ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ; 

wʥ - ʥʦʤʽʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ. 

ʅʝʜʦʣʽʢ ʜʘʥʦʾ ʤʦʜʝʣʽ: ʪʫʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʥʝ ʧʦ ʜʚʦʤ ʢʘʥʘʣʘʤ ï 

ʥʘʧʨʫʟʽ ʽ ʯʘʩʪʦʪʽ, ʘ ʣʠʰʝ ʧʦ ʢʘʥʘʣʫ ʯʘʩʪʦʪʠ. 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 89 

- ʜʣʷ ɸɼ ʟ ʘʤʧʣʽʪʫʜʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʢʝʨʫʚʘʥʥʷʤ ʧʦ ʥʘʧʨʫʟʽ ʩʪʘʪʦʨʘ). ʋ 

ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ: 

1U U­ . 
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Uʥ- ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. 

- ʜʣʷ ɸɼ ʟ ʬʘʟʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ʋ ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʩʫʚ ʧʦ ʬʘʟʽ ʤʽʞ ʥʘʧʨʫʛʘʤʠ ʩʪʘʪʦʨʘ U j­ . ɼʘʥʠʡ ʩʧʦʩʽʙ 

ʢʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʜʣʷ ʜʚʦʬʘʟʥʠʭ ʚʠʢʦʥʘʚʯʠʭ ɸɼ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʣʘʚʥʦʛʦ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ 

ʥʘʧʨʫʛʠ, ʧʨʠʢʣʘʜʝʥʦ ʾʜʦ ʦʜʥʽʻʾ ʟ ʦʙʤʦʪʦʢ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʤʦʪʢʦʶ ʫʧʨʘʚʣʽʥʥʷ, 

ʩʪʦʩʦʚʥʦ ʥʘʧʨʫʛʠ ʽʥʰʦʾ ʦʙʤʦʪʢʠ ï ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ. 
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ʜʝ jʥ- ʥʦʤʽʥʘʣʴʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʤʽʞ ʥʘʧʨʫʛʘʤʠ ʟʙʫʜʞʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ. 

 

3.2.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ɸɼ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʬʘʟʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ 

ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʬʘʟʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ɸɼ (ʜʠʚ. ʨʠʩ. 

3.13)  ̔ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʭʘʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ 

 

ʈʠʩ. 3.13  
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ʋʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʧʦ ʜʚʦʤ ʢʘʥʘʣʘʤ: ʯʘʩʪʦʪʠ  ̔

ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʘ ʚʭʦʜʠ ʟʘʚʜʘʥʥʷ ï ʧʦ 

ʥʘʧʨʫʟʽ ʽ ʯʘʩʪʦʪʽ (ʜʠʚ. ʨʠʩ. 3.14). 

 

ʈʠʩ. 3.14 

                                                                             

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʚ ʥʽʡ ʟʘʢʣʘʜʝʥʘ ʬʘʢʪʠʯʥʘ ʤʝʭʘʥʽʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ, ʦʜʥʘʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʽʥʝʨʮʽʷ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʮʝ ʧʨʠʧʫʩʪʠʤʝ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʢʽʥʯʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. 

 

 

3.2.5. ʉʠʣʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ 

 

ɺ ʢ̫ʦʩʪʽ ʩʠʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚ ʩʠʩʪʝʤʘʭ ɸɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʩʪʫʧʥʠʭ ʛʨʫʧ: 

ʘ) ʝʣʝʢʪʨʦʤʘʰʠʥʥ ̔ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

- ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɻʇʉ); 
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- ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ɽʄʇ) (ʈʥ ¢ 11ʢɺʪ). 

ʎʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʪʘʨʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ, ʘʙʦ ʚ ʧʦʪʫʞʥʠʭ 

ʫʥʽʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɻʇʉ, ʈʥ ¢ 10ʄʚʪ). 

ʙ) ʤʘʛʥʪ̔ʦʚʝʥʪʠʣʴʥ ̔ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

- ʩʠʣʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʈʥ = 100 ɺʪ -100 ʢɺʪ); 

ʚ) ʽʦʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ; 

- ʨʪʫʪʥʽ ʚʝʥʪʠʣʽ, ʽʛʥʽʪʨʦʥʠ (ʈʥ = 100 ʢɺʪ ï 10 ʄʚʪ); 

ʛ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

- ʪʨʘʥʟʠʩʪʦʨʥʽ (ʜʦ 300 ʢɺʪ); 

- ʪʠʨʠʩʪʦʨʥʽ (ʜʦ 25 ʄɺʪ). 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧʝʨʝʪʚʦʨʶ ʪʁ:ɹ 

- ʥʝʨʝʛʫʣʴʦʚʘʥʫ ʧʦʩʪʽʡʥʫ ʚ ʨʝʛʫʣʴʦʚʘʥʫ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ (ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʜʦ 300 ʢɺʪ); 

- ʥʝʨʝʛʫʣʴʦʚʘʥʫ ʟʤʽʥʥʫ ʚ ʨʝʛʫʣʴʦʚʘʥʫ ʧʦʩʪʽʡʥʫ (ʚʠʧʨʷʤʣʝʥʫ) ʥʘʧʨʫʛʫ 

(ʢʝʨʦʚʘʥʽ ʚʠʧʨʷʤʣʷʯʽ, 100 ɺʪ · 25 ʄɺʪ); 

- ʥʝʨʝʛʫʣʴʦʚʘʥʫ ʟʤʽʥʥʫ ʚ ʨʝʛʫʣʴʦʚʘʥʫ ʧʦ ʘʤʧʣʽʪʫʜʽ ʽ ʯʘʩʪʦʪʽ ʟʤʽʥʥʫ 

ʥʘʧʨʫʛʫ (ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ, ʜʦ 10 ʄɺʪ). 

 

3.2.5.1.ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ʐɯʇ) 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚ ʐɯʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʰʧʘʨʫʚʘʪʦʩʪʽ (ʪʨʠʚʘʣʦʩʪʽ ʚʢʣʶʯʝʥʦʛʦ ʩʪʘʥʫ ʩʠʣʦʚʠʭ ʚʝʥʪʠʣʽʚ). 

ʊʨʘʥʟʠʩʪʦʨʠ ʚ ʮʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʧʨʘʮʶʶʪʴ ʫ ʢʣʶʯʦʚʦʤʫ ʨʝʞʠʤʽ, ʘ 

ʪʠʨʠʩʪʦʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʫʟʣʠ ʰʪʫʯʥʦʾ ʢʦʤʫʪʘʮʽʾ.  

ʅʝʨʝʚʝʨʩʠʚʥʠʡ ʐʀʇ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.15; ʜʽʦʜ VD2 - ʟʘʭʠʱʘʻ 

ʪʨʘʥʟʠʩʪʦʨ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ. 
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ʈʠʩ. 3.15 

 

ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ - ʢʚʘʟʫ̔ʩʪʘʣʝʥʠʡ ʨʝʞʠʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 

3.16, ʜʝ t1 - ʚʽʜʥʦʩʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʢʣʶʯʝʥʦʛʦ ʩʪʘʥʫ. 

 

 

ʈʠʩ. 3.16 

 

ʏʘʩʪʦʪʘ ʢʦʤʫʪʘʮʽʾ ʐɯʇ - f0 = 500 ɻʮ ï 20 ʢɻʮ; 

ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ - ɽd = 0·E0; 

0

1

ʊ

t
=g  - ʰʧʘʨʫʚʘʪʽʩʪʴ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʐɯʄ ʥʘʚʝʜʝʥʘ ʥʘ  ʨʠʩ. 3.17, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʉʋ - 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʐɯʇ; ʉʂ - ʩʠʣʦʚʝ ʢʦʣʦ. 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.17, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʭʽʜ ï ʚʠʭʽʜ ʪʘ 

ʨʝʛʫʣʶʚʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʐɯʇ (ʜʠʚ. ʨʠʩ. 3.18). 
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ɿʦʚʥʽʰʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.19, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: 

ʈʇʊ ï ʨʝʞʠʤ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ; ʈʅʊ ï ʨʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʪʨʫʤʽʚ. 

 

ʈʠʩ. 3.19 

 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʐɯʇ ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʩʠʣʶʚʘʣʴʥʽʡ ʣʘʥʮʽ  

kʐɯʇ ʪʘ ʣʘʥʮʽ ʯʠʩʪʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ 
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ʈʠʩ. 3.18 
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ʅʘ ʨʠʩ. 3.20 ʧʦʢʘʟʘʥʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʐɯʇ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ Uʆʇ ʟ ʥʘʧʨʫʛʦʶ ʫʧʨʘʚʣʽʥʥʷ Uʋ.

 

 

 

ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʥʘ ʚʭʦʜʽ ʐʀʇ ʩʪʘʚʣʷʪʴ 

ʬʽʣʴʪʨ (ʜʠʚ. ʨʠʩ. 3.21). 

 

 
ʊʦʜʽ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʐɯʇ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

ʨʊ
)ʨ(W

ʌ
ʌ

Ö+
=

1

1
, 

ʜʝ ʊʌ = (1 · 5) ʤʩ,  ʊʌ >> t. 

( )
1

ʐɯʇ
ʐɯʇ

ʌ

k
W ʨ

ʊ ʨ
=
+ Ö

. 

ʅʘ ʦʙ'ʻʢʪʘʭ ʟ ʚʝʣʠʢʦ  ʁ ʥ̔ʝʨʮʽʡʥ̔ʩʪʶ, ʩʪʘʣʦʶ ʯʘʩʫ ʩʘʤʦʛʦ ʐɯʇ ʤʦʞʥʘ 

ʟʥʝʚʘʞʠʪʠ. ʊʦʜʽ 

 

ʈʠʩ. 3.20 

  

  
 

 

ʈʠʩ. 3.21 
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( )ʐɯʇ ʐɯʇW ʨ k= . 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐʀʇ - ʰʚʠʜʢʦʜʽʶʯʽ ʩʠʩʪʝʤʠ ɸɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

 

3.2.5.2.ʂʝʨʦʚʘʥʽ ʚʠʧʨʷʤʣʷʯʽ 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʝʜʝʥʠʭ ʤʝʨʝʞʝʶ ʪʠʨʠʩʪʦʨʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʪʨʠʤʢʠ ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʱʦʜʦ 

ʪʦʯʢʠ ʤʦʞʣʠʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

aMIN ¢ a ¢ aMAX , 

ʜʝ a - ʢʫʪ ʢʝʨʫʚʘʥʥʷ; aMIN = (10·15)0 ʝʣ, ʱʦʙ ʥʝ ʧʝʨʝʡʪʠ ʟʘ ʪʦʯʢʫ ʧʨʠʨʦʜʥʦʾ 

ʢʦʤʫʪʘʮʽʾ; aMAX  = (150·165)0 ʝʣ, ʱʦʙ ʥʝ ʙʫʣʦ ʧʝʨʝʢʠʜʘʥʥʷ ʽʥʚʝʨʪʦʨʘ. 

ɹʘʟʦʚʦʶ ʩʭʝʤʦʶ ʻ ʤʦʩʪʦʚʘ (1 ʢɺʪ · 1 ʄɺʪ), m2 = 6 (ʧʫʣʴʩʥʩ̔ʪʴ ʚʠʭʽʜʥʠʭ 

ʥʘʧʨʫʛ ʛʘʨʤʦʥʽʢ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ: 5, 7, 11, 13 ʽ ʪ.ʜ.). ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʝ 

ʟ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʤʦʩʪʽʚ (1 ʄɺʪ · 6.3 ʄɺʪ), m2 = 12 (ʧʫʣʴʩʥʩ̔ʪʴ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ 

ʛʘʨʤʦʥʽʢ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ: 1 , 11, 13, 23, 25 ʽ ʪ.ʜ.). ɹʽʣʴʰʝ  6,3 ʄɺʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʩʭʝʤʘ ʟ m2 = 24 (ʛʘʨʤʦʥʽʢʠ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ: 1 , 23, 25, 47, 49 ʽ ʪ.ʜ.). 

ɿʦʚʥʽʰʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʢʝʨʦʚʘʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

3.22, ʜʝ ʧʨʠʡʥʷʪʝ ʧʦʟʥʘʯʝʥʥʷ: ʆʍɯ - ʦʙʤʝʞʫʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʚʝʨʪʦʨʘ, ʈʅʉ 

ï ʨʝʞʠʤ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ, ʈʇʉ ï ʨʝʞʠʤ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʩʪʨʫʤʫ. 

 

 

ʈʅʉ: 
0d dU E cos= Ö a; 

 

ʈʠʩ. 3.22 
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ʆʍɯ: 
0d dU E cos=- Ö a, 

ʜʝ a - ʢʫʪ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘ, ʧʨʠ (a = 10 ʝʣ. ʛʨʘʜ. ï ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʤʠʢʘʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʣʶʯʝʥʦʛʦ ʪʠʨʠʩʪʦʨʘ). 

 

 

ʈʠʩ. 3.24 

 

ʅʘ ʨʠʩ. 3.23 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʚʝʜʝʥʦʛʦ ʤʝʨʝʞʝʶ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʊʇ ï ʪʠʨʠʩʪʦʨʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ; ʂɺ ï ʢʝʨʦʚʘʥʠʡ ʚʠʧʨʷʤʣʷʯ; ʉɯʌʂ ï ʩʠʩʪʝʤʘ ʽʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ; ʉɹ ï ʩʠʣʦʚʠʡ ʙʣʦʢ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.23, ʨʝʛʫʣʶʚʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʜʝʥʦʛʦ ʤʝʨʝʞʝʶ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʙʫʜʫʪʴ ʤʘʪʠ 

ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.24. 

ʃʽʥʽʡʥʘ ʨʝʛʫʣʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʨʘʱʘ 

ʜʣʷ ʉɸʈ, ʪʦʤʫ ʱʦ ʟ ʪʘʢʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʣʘʥʢʘ ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫ 

ʚʩɹʦʤʫ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʽʟ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʪʠʨʠʩʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʫ ʷʢʠʭ ʜʫʞʝ ʚʘʞʣʠʚʠʤ 

ʩʪʘʻ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʦ ʥʘʧʨʫʟʽ  ̔ʫ ʷʢʦʤʫ ʢʫʪ 

a ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʛʨʘʥʠʮʴ ʜʽʘʧʘʟʦʥʽʚ (aMIN; aMAX ). 

ʈʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʚʝʣʠʢʦʾ  ̔

ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʞʠʤ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

  

  

 

 

ʈʠʩ. 3.23 
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ʩʪʨʫʤʫ ʻ ʩʫʪʪʻʚʠʤ. ʋ ʮʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʝʛʫʣʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʥʝ ʪʽʣʴʢʠ ʥʝʣʽʥʽʡʥʠʤʠ (ʢʦʩʠʥʫʩʦʜʾʘʣʴʥʠʤʠ), ʘʣʝ 

ʡ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ ʨʝʛʫʣʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʮʽʣʦʤʫ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʢʝʨʦʚʘʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ. ɼʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ ʪʨʴʦʤʘ ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

ʘ) ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ - ʣʘʥʢʘ ʜʠʩʢʨʝʪʥʘ (ʽʤʧʫʣʴʩ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʪʠʨʠʩʪʦʨ ʬʦʨʤʫʻʪʴʩʷ ʚ ʧʝʚʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ); 

ʙ) ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ - ʣʘʥʢʘ ʥʘʧʽʚʢʝʨʦʚʘʥʘ (ʚʢʣʶʯʝʥʥʷ ʪʠʨʠʩʪʦʨʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʜʘʯʝʶ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ, ʘ ʚʽʜʢʣʶʯʝʥʥʷ - ʧʨʠ ʟʥʠʞʝʥʥʽ ʩʪʨʫʤʫ 

ʜʦ ʚʝʣʠʯʠʥʠ ʥʠʞʯʝ ʩʪʨʫʤʫ ʫʪʨʠʤʘʥʥʷ); 

ʚ) ʨʝʘʢʮʽʷ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʟʤʽʥʫ ʢʫʪʘ ʢʝʨʫʚʘʥʥʷ (ʫʙʽʢ 

ʚʠʧʨʷʤʥʦʛʦ ʘʙʦ ʥ̔ʚʝʨʪʦʨʥʦʛʦ ʨʝʞʠʤʽʚ ʥʝ ʦʜʥʘʢʦʚʘ (ʥʘ ʟʤʽʥʫ ʢʫʪʘ ʢʝʨʫʚʘʥʥʷ ʫʙʽʢ 

ʚʠʧʨʷʤʥʦʛʦ ʨʝʞʠʤʫ ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʨʝʘʛʫʻ ʰʚʠʜʰʝ, ʘ ʧʝʨʝʭʽʜ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʥ̔ʚʝʨʪʦʨʥʳʡ ʨʝʞʠʤ ʽʜʝ ʧʦ ʩʠʥʫʩʦʾʜʽ ʦʩʪʘʥʥʴʦʾ, ʱʦ 

ʚʚʽʤʢʥʫʣʘʩʷ ʬʘʟʠ (ʥʫʣʴʦʚʘ ʩʭʝʤʘ)). 

ʋ ʩʠʣʫ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ  ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ï ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʘ 

ʣʘʥʢʘ. 

ʗʢʱʦ ʯʘʩʪʦʪʘ ʚʭʽʜʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʾ (w ¢ wʂʈ), ʪʦ 

ʥʝʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ, ʽ ʚʚʘʞʘʪʠ ʡʦʛʦ 

ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ 

ʨʊ

k
)ʨ(W

ʊʇ

ʊʇ
ʊʇ

Ö+
=

1
; 

ʜʝ   ʉʉɿʌʊʇ ʊʊʊ += ;  

ʊʌ ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʬʽʣʴʪʨʘ, ʚʢʣʶʯʝʥʦʛʦ ʥʘ ʚʭʦʜʽ ʉɯʌʂ ʊʌ º 3ʤʩ; 

ʊʉɿ ï ʯʘʩ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʩʠʣʦʚʘ ʩʭʝʤʘ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ; ʊʉɿ = ʊʉ / 2m ,  ʊʉ ï ʧʝʨʽʦʜ ʤʝʨʝʞʽ ʊʉ = 1/f; ʊʉʉɿ = 3,33 ʤʩ (ʪʨʠʬʘʟʥʘ 

ʥʫʣʴʦʚʘ ʩʭʝʤʘ); ʊʉʉɿ = 1,7 ʤʩ (ʪʨʠʬʘʟʥʘ ʤʦʩʪʦʚʘ ʩʭʝʤʘ). 
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ʗʢʱʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʢʦʥʪʫʨʫ, ʫ ʷʢʦʤʫ ʧʨʘʮʶʻ ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʟʥʘʯʥʦ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʾ (w << wʂʈ), ʪʦ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʷʢ Wʊʇ = kʊʇ.. 

 

3.2.6.ɿʘʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʤʢʥʝʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

 

3.2.6.1.ʊʠʧʦʚʽ ʨʝʛʫʣʷʪʦʨʠ 

 

ʈʝʛʫʣʷʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʘʜʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ʽ ʩʠʛʥʘʣʽʚ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ. 

ʈʝʛʫʣʷʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ʆʇ) ʚ 

ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ. ʆʇ ʤʘʻ ʧ'ʷʪʴ ʦʩʥʦʚʥʠʭ ʚʠʚʦʜʽʚ (ʜʠʚ. ʨʠʩ. 3.25): 

- ʜʚʘ ʜʣʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ; 

- ʦʜʠʥ ʚʠʭʽʜʥʠʡ; 

- ʜʚʘ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʇʨʠ ʨʦʙʦʪʽ ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ DUɺʍ = Uɺʍ
(ï) ï Uɺʍ

(+) º0. ʇʨʠ ʥʘʧʨʫʟʽ 

ʞʠʚʣʝʥʥʷ °15 ɺ ʥʘʧʨʫʛʘ ʥʘʩʠʯʝʥʥʷ ʜʦʨʽʚʥʶʻ Uʅɸʉ = °(10é13) ɺ (ʜʠʚ. ʨʠʩ. 3.26). 

 

ʈʠʩ. 3.25 

 

ʈʠʩ. 3.26 
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ɺ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʚʭ(1)

2
U ʥʘʩ

ʦʧ

U

ʂ

Ö
D = . 

ʇʨʠʢʣʘʜ ï ʂʆʇ = 26000 (ʜʽʘʧʘʟʦʥ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 10000 ¢ ʂʆʋ ¢ 

100000), ʪʦʜʽ 

=
Ö

=D
26000

132
U )1(ʚʭ 1ʤɺ ï ʤʝʞʘ ʧʝʨʝʚʝʜʝʥʥʷ ʆʇ ʟ ʦʜʥʦʛʦ ʨʽʚʥʷ ʥʘ ʽʥʰʽʡ. 

 

3.2.6.1.1.ʃ̔ʥʽʡʥʽ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʣʝʞʥʽ ʩʭʝʤʠ ʆʇ 

 

ʇʽʜʩʫʤʦʚʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. ʇʨʠʟʥʘʯʝʥʥʷ, ʧʝʨʝʜʘʪʦʯʥʽ 

ʬʫʥʢʮʽʾ, ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɯʥʚʝʨʪʫʶʯʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ 

ʘʢʪʠʚʥʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ ʫ ʚʭʽʜʥʠʭ ʢʦʣʘʭ ʽ ʢʦʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʭʝʤ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʷʢʠʭ ʫ ʤʝʞʘʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɯʄʉ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʦ ʪʘʢʠʭ ʩʭʝʤ ʥʘʣʝʞʠʪʴ ʨʦʟʛʣʷʥʫʪʠʡ 

ʽʥʚʝʨʪʫʶʯʠʡ ʆʇ, ʷʢʠʡ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʩʰʪʘʙʫʶʯʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʘʙʦ 

ʧʨʦʧʦʨʮʽʡʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʇ-ʨʝʛʫʣʷʪʦʨʦʤ). ʉʭʝʤʫ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.27,ʘ. ʁʦʛʦ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ: 

ʟ.ʟ
ʧ

1

R
W(ʨ) ʂ

R
= =  

 

ʃʦʛʘʨʠʬʤʽʯʥʽ ʘʤʧʣʽʪʫʜʥʘ ʽ ʬʘʟʦʚʘ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇ-ʨʝʛʫʣʷʪʦʨʘ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.27,ʙ, ʘ ʥʘ ʨʠʩ. 3.27,ʚ ʧʦʢʘʟʘʥʦ ʡʦʛʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠ 

ʦʜʠʥʠʯʥʦʤʫ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʩʠʛʥʘʣʽ, ʧʦʜʘʥʦʤʫ ʥʘ ʚʭʽʜ. 
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ʈʠʩ. 3.27 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 100 

 

ʅʘ ʦʩʥʦʚʽ ʽʥʚʝʨʪʫʶʯʦʛʦ ʆʇ ʙʫʜʫʻʪʴʩʷ ʩʭʝʤʘ ʩʫʤʘʪʦʨʘ ʥʘʧʨʫʛ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʘ 

ʧʦʨʽʚʥʷʥʥʷ (ʨʠʩ. 3.28). ʅʘʧʨʫʛʠ, ʷʢʽ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ, ʧʦʜʘʶʪʴʩʷ ʯʝʨʝʟ ʚʭʽʜʥʽ 

ʨʝʟʠʩʪʦʨʠ R1, R2, é, Rn ʥʘ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʆʇ. ʉʪʨʫʤʠ I1, I2, é, In, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ 

ʯʝʨʝʟ ʮʽ ʨʝʟʠʩʪʦʨʠ, ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʥʘ ʚʭʦʜʽ ʆʇ. ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ, ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʜʝʘʣʴʥʦʛʦ ʆʇ, ʜʦʨʽʚʥʶʻ: 

1 1 ...ʚʠʭ ʚʭ ʚʭ ʚʭnU U U U- = + + + 
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ʉʭʝʤʘ ʨʠʩ. 3.28 ʦʜʥʦʯʘʩʥʦ ʟ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛ ʜʦʟʚʦʣʷʻ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʧʝʚʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ Rʟ.ʟ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʭʽʜʥʠʤʠ ʨʝʟʠʩʪʦʨʘʤʠ. 

3.2.6.1.2ʃʽʥʽʡʥʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʩʭʝʤʠ ʆʇ 

ʗʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʴ ʥʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʨʦʟʜʽʣʫ, ʚ ʘʥʘʣʦʛʦʚʠʭ ʉʂɽʇ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʽ ʪʘ ʧʘʨʘʣʝʣʴʥʽ ʢʦʨʝʛʫʶʯʽ ʣʘʥʢʠ. ɻʦʣʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʮʠʭ ʣʘʥʦʢ ʻ 

ʚʽʜʪʚʦʨʝʥʥʷ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʥʠʭ ʧʝʨʝʜʘʪʦʯʥʠʭ 

ʬʫʥʢʮʽʡ. ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʪʘʢʠʭ ʣʘʥʦʢ ʻ ʧʨʦʧʦʨʮʽʡʥʘ, ʽʥʪʝʛʨʘʣʴʥʘ, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ, ʘʧʝʨʽʦʜʠʯʥʘ, ʘ ʪʘʢʦʞ ʢʦʤʙʽʥʦʚʘʥʽ ʣʘʥʢʠ ʪʠʧʫ: ʧʨʦʧʦʨʮʽʡʥʦ-
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ʽʥʪʝʛʨʘʣʴʥʘ, ʧʨʦʧʦʨʮʽʡʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ, ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʪʘ ʽʥʰʽ. 

 ɹʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʧʦʩʣʽʜʦʚʥʽ ʢʦʨʝʛʫʶʯʽ ʣʘʥʢʠ, ʷʢʽ ʚ ʩʠʩʪʝʤʘʭ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ. 

  ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʨʝʛʫʣʷʪʦʨʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ 

ʽʜʝʘʣʴʥʦʛʦ ʆʇ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʚʠʭ 2
ʆʇ

ʚʭ 1

U (ʨ) Z (p)
W (p) ,

U (ʨ) Z(ʨ)
= =-  

 ʨʦʟʛʣʷʥʝʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʨʷʜʫ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʩʭʝʤ ʆʇ ʟ ʣʽʥʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʫ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʢʦʣʘʭ. 

ʅʘ ʨʠʩ. 3.36,ʘ ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʽʥʪʝʛʨʘʪʦʨʘ (ɯ-ʨʝʛʫʣʷʪʦʨʘ). ʇʝʨʝʜʘʪʦʯʥʫ 

ʬʫʥʢʮʽʶ ɯ-ʨʝʛʫʣʷʪʦʨʘ ʦʜʝʨʞʠʤʦ, ʚʚʘʞʘʶʯʠ, ʱʦ 

1 1 2

ʟ.ʟ

1
Z (ʨ) R , Z (p) .

C ʈ
= =  

ʊʦʜʽ 

ʚʠʭ
ɯ

ʚʭ 1 ʟ.ʟ ɯ

U (ʨ) 1 1
W (p) ,

U (ʨ) R ʉ ʨ ʊ ʈ
= =- =- 

 

ʜʝ ʊɯ ï ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

 

 

ʚʠʭ
-U  

1
R  

ʟ.ʟ
C  

ʚʠʭ
U  

0 

t  

j 

L  

ɤ 0  

/ 2-p  

ɯ
1/ʊ 

-20ʜʙ/ʜʝʢ 

ʚʭ
U  

ɯ
ʊ 

a) ʙ) ʚ) 

ʥʘʩ
U  

 

ʈʠʩ. 3.29 

 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 102 

ʃʦʛʘʨʠʬʤʽʯʥʽ ʘʤʧʣʽʪʫʜʥʘ ʽ ʬʘʟʦʚʘ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɯ-ʨʝʛʫʣʷʪʦʨʘ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.29,ʙ, ʘ ʥʘ ʨʠʩ. 3.29,ʚ ʧʦʜʘʥʦ ʡʦʛʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

(Uʚʠʭ - ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʆʇ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ). 

ʇʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʇɯ ï ʨʝʛʫʣʷʪʦʨ) ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʥʘ ʦʜʥʦʤʫ ʆʇ, ʷʢʱʦ ʢʦʣʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʩʪʚʦʨʠʪʠ ʟ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ 

ʨʝʟʠʩʪʦʨʘ Rʟ.ʟ ʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉʟ.ʟ (ʨʠʩ. 3.30,ʘ). ɼʣʷ ʮʽʻʾ ʩʭʝʤʠ 

1 1 ʟ.ʟ ʟ.ʟ

ʟ.ʟ

ʟ.ʟ

ʟ.ʟʚʠʭ
ʇɯ ʇ

ʚʭ 1 ɯ

1
Z (p) R ; Z (p) R ;

ʉ ʈ

1
R

ʉ ʈU (ʨ) 1
W (p) ʂ ,

U (ʨ) R ʊ ʈ

= = +

+

= = = +

 

                                                         

ʜʝ ʟ.ʟ
ʇ

1

R
ʂ

R
=  - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ; 

ɯ 1 ʟ.ʟT R C=  - ʩʪʘʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʏʘʩʪʦʪʥʽ ʽ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɯ- ʨʝʛʫʣʷʪʦʨʘ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 30,ʙ ʪʘ 

ʨʠʩ. 3.30,ʚ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 3.30 

 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 103 

ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʪʦʨʘ (ɼ-ʨʝʛʫʣʷʪʦʨʘ) ʪʘ ʡʦʛʦ ʯʘʩʪʦʪʥʽ ʽ ʧʝʨʝʭʽʜʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.31. ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ɼ-ʨʝʛʫʣʷʪʦʨʘ ʜʦʨʽʚʥʶʻ: 

1 ʟ.ʟ ʟ.ʟ

1

ʚʠʭ
ɼ ʟ.ʟ 1 ɼ

ʚʭ

1
Z (p) ; Z (p) R ;

C p

U (ʨ)
W (p) R C p T p,

U (ʨ)

= =

= =- =-

 

 

ʜʝ ʊɼ=Rʟ.ʟ. ʉ1 - ʩʪʘʣʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. 
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ʈʠʩ. 3.31 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʭʝʤʠ ʨʠʩ. 3.31,ʘ ʧʽʜʩʠʣʶʚʘʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʧʝʨʝʰʢʦʜʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ, ʧʦʩʣʽʜʦʚʥʦ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ C1 

ʚʤʠʢʘʶʪʴ ʨʝʟʠʩʪʦʨ ʟ ʥʝʚʝʣʠʢʠʤ ʦʧʦʨʦʤ. 

ɺʠʩʦʢʦʷʢʽʩʥʽ ʜʠʬʝʨʝʥʮʽʘʪʦʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʭʝʤ ʟ 

ʽʥʪʝʛʨʘʪʦʨʦʤ, ʫʚʽʤʢʥʝʥʠʤ ʚ ʢʦʣʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʩʫʤʘʪʦʨʘ.  

ʇʨʦʧʦʨʮʽʡʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʇɼ-ʨʝʛʫʣʷʪʦʨ), ʷʢʠʡ ʦʙôʻʜʥʫʻ 

ʬʫʥʢʮʽʾ ʇ- ʽ ɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʚʤʠʢʘʥʥʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦ ʚʭʽʜʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʷʢ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.32. ʇʝʨʝʜʘʪʦʯʥʘ 

ʬʫʥʢʮʽʷ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ʟ.ʟ
ʧ ɼ ʟ.ʟ 1

1

R
ʂ ; T R ʉ

R
= = . 

ʏʘʩʪʦʪʥʽ ʽ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɼ - ʨʝʛʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.32,ʙ,ʚ 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 3.32 

ʉʭʝʤʫ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘ), ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

3.33,ʘ. ʃʦʛʘʨʠʬʤʽʯʥʽ ʯʘʩʪʦʪʥʽ ʽ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 3.33,ʙ,ʚ  ʚʽʜʧʦʚʽʜʥʦ. 

ʈʠʩ. 3.33 
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ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʘʻ ʚʠʛʣʷʜ: 

ʚʠʭ 1 2
ʇɯɼ ʇ ɼ

ʚʭ ɯ ɯ

U (ʨ) (ʊʨ 1)(ʊ ʨ 1) 1
W (p) ʂ T p ,

U (ʨ) ʊ ʨ ʊ ʨ

+ +
= = = + +

 

ʜʝ 1 ʟ.ʟ ʟ.ʟ 2 1 1 ɯ 1 ʟ.ʟ ɼ ʟ.ʟ 1 ʇ 1 2 ɯʊ R ʉ ;ʊ Rʉ;ʊ Rʉ ;T R ʉ;ʂ (ʊ ʊ )/ʊ= = = = = + . 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʟʘʭʠʩʪʫ ʨʝʛʫʣʷʪʦʨʽʚ ʚʽʜ ʧʝʨʝʰʢʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʭʝʤʘ ʆʇ 

ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ Z1, Z2 (ʨʠʩ. 3.34). ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʆʇ ʚ 

ʮʴʦʤʫ ʨʘʟʽ ʤʘʻ ʚʠʛʣʷʜ: 

ʟ.ʟ 1

ʚʭ 2

Z (ʨ) Z (ʨ)
W(p) 1

R Z (ʨ)

è ø
= = +é ù

ê ú
 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʧʘʨʘʤʝʪʨʠ Z1, Z2, Zʟ.ʟ ʩʣʽʜ ʚʠʙʠʨʘʪʠ, 

ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ 
ʟ.ʟ 1 2Z Z Z>> +  

Uʚʭ

Uʚʠʭ

Z 2

Z ʟ.ʟ

Z 1
Rʚʭ

 

ʈʠʩ. 3.34 

ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʦʜʝʨʞʠʤʦ ʧʨʠ ʫʤʦʚʽ: 

ʟ.ʟ ʟ.ʟ 1 1 2

1

1
Z (p) R ; Z (p) R ; Z (p) ,

ʉ ʨ
= = =  

ʪʦʜʽ  

ʟ.ʟ
ʇɼ 1 1 ʇ ɼ

ʚʭ

R
W (p) (R C p 1) ʂ T p,

R
= + = +  

ʜʝ ʟ.ʟ 1 1 ʟ.ʟ
ʇ ɼ

ʚʭ ʚʭ

R RʉR
ʂ ; T

R R
= = . 

ʉʭʝʤʫ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.35. 
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Uʚʭ Uʚʠʭ

C1

R ʟ.ʟ

R1

Rʚʭ

 

ʈʠʩ. 3.35 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʝʤʫ ʨʠʩ. 3.36, 

ʧʨʠʡʥʷʚʰʠ: 

ʟ.ʟ ʟ.ʟ 1 1 2

ʟ.ʟ 2

1 1
Z R ; Z (ʨ) R ; Z (ʨ) .

ʉ ʨ ʉ ʨ
= + = =  

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʟ.ʟ ʟ.ʟ 1 1
ʇɯɼ ʧ ɼ

ʚʭ ʟ.ʟ ɯ

(R ʉ ʨ 1)(Rʉʨ 1)1
W (p) ʂ T p,

R ʉ ʨ ʊ ʨ

+ +
= = + +  

 

ʜʝ ʟ.ʟ ʟ.ʟ 1 1 ʟ.ʟ 1 1
ʇ ɯ ʚʭ ʟ.ʟ ɼ

ʚʭ ʟ.ʟ ʚʭ

R ʉ R ʉ R R ʉ
ʂ ; ʊ R ʉ ; T .

R ʉ R

+
= = =  

            

Uʚʭ

Cʟ.ʟR ʟ.ʟ

Rʚʭ

Uʚʠʭ
R1

C1

 

ʈʠʩ. 3.36 

ʉʭʝʤʠ ʇɼ- ʽ ʇɯɼ- ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʆʇ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʥʝ ʤʘʶʪʴ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʫ ʚʭʽʜʥʠʭ ʢʦʣʘʭ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʩʣʘʙʣʶʻ 

ʚʧʣʠʚ ʧʝʨʝʰʢʦʜ ʫ ʚʭʽʜʥʽʡ ʥʘʧʨʫʟʽ. 
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ʉʭʝʤʘ ʥʘ ʨʠʩ. 3.36 ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ ʚʠʜʽʚ 

ʢʦʨʝʢʪʫʶʯʠʭ ʣʘʥʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʢʦʤʙʽʥʦʚʘʥʽ ʨʝʛʫʣʷʪʦʨʠ (ʇɯ, ʇɼ, ʇɯɼ), 

ʟʚʠʯʘʡʥʦ, ʨʝʘʣʽʟʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʩʪʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ (ʇ, ɯ, ɼ). ɼʣʷ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʆʇ, ʷʢʠʡ ʚʦʜʥʦʯʘʩ ʚʠʢʦʥʫʻ ʽʥʚʝʨʪʫʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʝʷʢʦʶ ʤʽʨʦʶ ʫʩʢʣʘʜʥʶʻ ʩʭʝʤʫ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʾʾ ʛʥʫʯʢʽʩʪʴ 

ʧʨʠ ʥʘʣʘʰʪʦʚʫʚʘʥʥʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʥʝʟʘʣʝʞʥʦ ʨʝʛʫʣʶʚʘʪʠ ʩʢʣʘʜʦʚʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʦ ʢʣʘʩʫ ʣʽʥʽʡʥʠʭ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʩʭʝʤ ʆʇ ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ ʘʢʪʠʚʥʽ 

ʬʽʣʴʪʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

3.2.6.1.3.ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʆʇ ʟ ʦʙʤʝʞʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ʆʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʟʘʜʘʶʯʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʽʜʣʝʛʣʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ. 

ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʟ ʥʝʨʝʛʫʣʴʦʚʘʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.37, ʦʙʤʝʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʙʽʣʽʪʨʦʥʽʚ) ʫ ʢʦʣʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʆʇ. 

              

ʘ) 
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ʙ) 

                                  

ʚ) 

ʈʠʩ. 3.37 

 

 1

1

ɿɿ
ɺʀʍ

R
U E

R
=- Ö; 

ï(UCT VD2 + DUVD1) ¢ Uɺʀʍ ¢ UCT VD1 + DUVD2, 

ʜʝ Uʉʊ ï ʥʘʧʨʫʛʘ ʩʪʘʙʽʣʽʟʘʮʽʾ; 

DUVD ï ʩʧʘʜʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʜʽʦʜʽ (DUVD º1 ɺ). 

 

3.2.6.2.ɼʘʪʯʠʢʠ 

 

ɼʘʪʯʠʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ɽʇ. ɺʽʜ ʪʦʯʥʦʩʪʽ ʜʘʪʯʠʢʽʚ 

ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ. 

ɺʠʤʦʛʠ, ʷʢʽ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʜʘʪʯʠʢʽʚ: 

- ʥʝ ʧʦʚʠʥʥʽ ʚʥʦʩʠʪʠ ʧʦʭʠʙʢʠ ʫ ʚʠʤʽʨʶʚʘʥʠʡ ʣʘʥʮʶʛ; 

- ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʯʘʩʽ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 

ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ; 

- ʣʽʥʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʤʘʣʘ ʽʥʝʨʮʽʡʥʽʩʪʴ; 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 109 

- ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʬʦʨʤʫ (U, I). 

 

3.2.6.2.1.ɼʘʪʯʠʢʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 

 

ʐʫʥʪ - ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʜʘʪʯʠʢ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʪʝʨʤʦʩʪʘʙʣ̔̔ʟʦʚʘʥʠʡ ʦʧʽʨ). ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʰʫʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʨʠʩ. 

3.38,ʘ, ʜʝ RS - ʡʦʛʦ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.38,ʙ, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʰʫʥʪʘ 

 

ʰ
ʰ

ʰ R
)ʨ(I

)ʨ(U
)p(W == . 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) ʰʫʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.38,ʛ. 

Uʐʅ = 75ʤɺ; Iʐʅ ï ʚʽʜ 1ɸ  ʜʦ 7,5ʢɸ. 

ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʃɸʏʍ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.38,ʚ. 

ɼʦʩʪʦʾʥʩʪʚʘ ʜʘʥʦʛʦ ʚʠʜʫ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ: 

- ʧʨʦʩʪʦʪʘ; 

- ʪʦʯʥʽʩʪʴ. 

ʅʝʜʦʣʽʢʠ: 

- ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; 

- ʛʘʣʴʚʘʥʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʩʠʣʦʚʦʶ ʩʭʝʤʦʶ. 

 

                                  

ʘ)                                                 ʙ) 
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ʚ)                                                  ʛ) 

ʈʠʩ. 3.38 

 

ɼʘʪʯʠʢ ʩʪʨʫʤʫ ʥʘ ʙʘʟʽ ʰʫʥʪʘ ʟ ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.39,ʘ, ʜʝ ʧʨʠʡʥʷʪʝ ʧʦʟʥʘʯʝʥʥʷ - ʇʇʉ - ʧʽʜʩʠʣʶʚʘʯ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʇʽʜʩʠʣʶʚʘʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ: 

- ʧʽʜʩʠʣʶʚʘʯ (ʨʦʟʜʽʣʦʚʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ), ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ ʛʘʣʴʚʘʥʽʯʥʦʾ 

ʨʦʟʚ'ʷʟʢʠ; 

- ʤʦʜʫʣʷʪʦʨ, ʱʦ ʧʝʨʝʪʚʦʨʶ  ̒ʧʦʩʪʽʡʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʫ ʟʤʽʥʥʠʡ; 

- ʜʝʤʦʜʫʣʷʪʦʨ, ʷʢʠʡ, ʧʨʘʮʶʶʯʠ ʩʠʥʬʘʟʥʦ ʟ ʤʦʜʫʣʷʪʦʨʦʤ, ʚʠʧʨʷʤʣʷʻ 

ʧʦʩʠʣʝʥʠʡ ʩʠʛʥʘʣ ʽ ʥʘʜʘʻ ʡʦʤʫ ʚʽʜʧʦʚʽʜʥʠʡ ʟʥʘʢ (ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʤʦʜʫʣʷʮʽʾ 1ʢɻʮ - 50 ʢɻʮ). 

 

                   

ʘ)                                                             ʙ) 

                                          

ʚ)                                                             ʛ) 

ʈʠʩ. 3.39 
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ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ 

 

( )
( )

( )
= = =

ɼʉ

ʐ ʇʇʉ ɼʉ

U ʨ
W p ʂ ʂ ʂ

I ʨ
, 

ʜʝ  ʂʐ ï ʢʦʝʬʽʮʽʻʥʪ ʰʫʥʪʘ; 

ʂʇʇʉ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʶʚʘʯʘ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ; 

ʂɼʉ ï ʢʦʝʬʽʮʽʻʥʪ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ. 

ɺɸʍ ʽ ʃɸʏʍ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.39,ʙ,ʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʩʠʯʝʥʥʷ  ɺɸʍ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʩʠʣʶʚʘʯʘ, ʘʙʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ 

ʜʩ
ʧʜʩ

ʰ

ʂ
K

ʂ
= ; 

max

max

ʜʩ ʜʩ
ʜʩ

U U
K

I I
= = , 

ʜʝ Uɼʉ max = 10 ɺ, Imax = (2·2,5) Iʅ.  

ʰʥ

ʰʥ

ʰ

ʰ
ʰ

I

U

I

U
K == ,  ʧʨʠ  Iʐʅ = Iɼʅ   

ʜʥ

ʰʥ
ʰ

I

U
K = ; 

max max2 10
66

2 2 0,0075

ʜʩ ʜʩ ʜʥ ʜʩ
ʧʜʩ

ʰ ʰʥ ʜʥ ʰʥ

ʂ U I U
K

ʂ U I U
= = = = @

Ö
. 

ʐʫʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʘʤʧʝʨʤʝʪʨʘ ʈɸ (ʜʠʚ. ʨʠʩ. 3.39,ʛ). 

ɺ ʷʢʦʩʪʽ ʘʤʧʝʨʤʝʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʣʽʚʦʣʴʪʤʝʪʨ ʟʽ ʰʢʘʣʦʶ 75 ʤɺ,  

ʧʨʦʛʨʘʜʫʡʦʚʘʥʠʡ ʫ ʩʪʨʫʤʽ. 

ɼʘʪʯʠʢ ʩʪʨʫʤʫ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʭʝʤʘʭ ʽʟ ʊʇ (ʜʠʚ. ʨʠʩ. 3.40,ʘ). 
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ʘ) 

ʈʠʩ. 3.40 

 

Id = 1,22ÖIʬ (g = 0). 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ 

( )
1

=
+

ɼʉ

ʬ

K
W p

T ʨ
; 

ʜʝ          

ɼʉmax

max

10

2
= = @

ɼʉ

ʜʩ

d d ʥ

U U
K

I I I
. 

ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʥʘʧʨʫʛ ʽ ʃɸʏʍ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 3.41,ʙ,ʚ, ʚʽʜʧʦʚʽʜʥʦ. 

                           

ʙ)                                                                      ʚ) 

ʈʠʩ. 3.41 

 

ʊʘʢʠʡ ʜʘʪʯʠʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʚʦʜʘʭ ʩʝʨʽʡ ɹʊʋ, 

ɽʇʋ. 

ɼʦʩʪʦʾʥʩʪʚʘ: 
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- ʩʠʛʥʘʣ ʛʘʣʴʚʘʥʯ̔ʥʦ ʨʦʟʚ'ʷʟʘʥʠʡ; 

- ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. 

ʅʝʜʦʣʽʢ: ʥ̔ʝʨʮʽʡʥ̔ʩʪʴ. 

ɼʘʪʯʠʢ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʙʘʟʽ ʤʘʛʥʪ̔ʦʜ̔ʦʜ̔ʚ. ʎʝʡ ʜʘʪʯʠʢ ʚʠʤʽʨʶʻ 

ʩʪʨʫʤ ʧʦʙʽʯʥʦ ʧʦ ʚʝʣʠʯʠʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʝ ʩʪʚʦʨʶʻ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ 

ʰʠʥʽ (ʜʠʚ. ʨʠʩ. 3.42). 

RRM = f(ʌ). 

ʉʘʤ ʤʘʛʥʪ̔ʦʨʝʟʠʩʪʦʨ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʦʣʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʫ. 

ɼʘʪʯʠʢ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʽʚ ʍʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʨʠʩ. 3.43. 

ɽɽʍ = ʂÖIɼʉ  º 250 ʤɺ ʧʨʠ ʟʤʽʥʽ ʽʥʜʫʢʮʽʾ ɺ ʜʦ 0,7 ʊʣ. 

ʋ ʜʘʪʯʠʢʽʚ ʥʘ ʙʘʟʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʍʦʣʫ ʚʽʜʩʫʪʥʽʡ ʛʘʣʴʚʘʥʽʯʥʠʡ 

ʟʚô̫ ʟʦʢ ʟ ʞʠʚʠʣʴʥʦʶ ʤʝʨʝʞʝʶ, ʘ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʝʟʠʥʝʨʮʠʡʥʦʶ ʣʘʥʢʦʶ. ɼʣʷ ʮʠʭ ʜʘʪʯʠʢʽʚ  

Wɼʉ(p) = ʂɼʉ. 

                    

ʈʠʩ. 3.42                                                     ʈʠʩ. 3.43 

 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. 

 

3.2.6.2.2.ɼʘʪʯʠʢʠ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ 

 

ʇʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥʠʡ ʜʽʣʴʥʠʢ. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʧʦʪʝʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʜʘʪʯʠʢʘ ʥʘʧʨʫʛʠ (ʜʠʚ. ʨʠʩ. 3.44) 

ʜʥ
21

2

ʜ

ʜʥ
ʜʥ ʂ

)RR(I

IR

U

U
)ʨ(W =

+
== . 

ʅʝʜʦʣʽʢ: ʛʘʣʴʚʘʥʽʯʥʠʡ ʟʚô̫ ʟʦʢ ʽʟ ʩʠʣʦʚʦʶ ʩʭʝʤʦʶ. 
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ɼʘʪʯʠʢ ʥʘʧʨʫʛʠ ʥʘ ʧʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥʦʤʫ ʜʽʣʴʥʠʢʫ  ̔ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʛʘʣʴʚʘʥʽʯʥʦʶ ʨʦʟʚô̫ ʟʢʦʶ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.45. 

 

                                     

ʈʠʩ. 3.44                                                     ʈʠʩ. 3.45 

 

3.2.6.2.3.ɼʘʪʯʠʢʠ ʰʚʠʜʢʦʩʪʽ 

 

ɼʘʪʯʠʢ ʰʚʠʜʢʦʩʪʽ ʥʘ ʙʘʟʽ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.46. 

 

 

 

ʈʠʩʫʥʦʢ 3.46 

 

ɽʊɻ = ʉʄÖʌÖW = Uɼʐ. 

ʗʢʱʦ ʌ = const, ʪʦ ɽʊɻ ¹ W. 

ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʜʚʠʛʫʥʘ ʌɼɺ ʧʨʠʡʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʘʭʦʜʠ: 

ʘ) ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ ʊɻ ʨʦʙʣʷʪʴ ʥʘʩʠʯʝʥʦʾ, ʪʦʙʪʦ ʨʦʙʦʯʘ ʪʦʯʢʘ ʣʝʞʠʪʴ ʟʘ 

ʢʦʣʽʥʦʤ (ʜʠʚ. ʨʠʩ. 3.47,ʘ); 
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ʘ)         ʙ) 

ʈʠʩ. 3.47 

 

ʙ) ʞʠʚʣʝʥʥʷ ʢʦʣʘ ʆɿ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ LBR ʟʜʽʡʩʥʶʶʪʴ ʚʽʜ ʜʞʝʨʝʣʘ 

ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 3.47,ʙ); 

ʚ) ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ (ʨʠʩ. 3.48). 

 

 

ʈʠʩ. 3.48 

 

ʅʘ ʨʠʩ. 3.48 ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʈʉ - ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ; ʊʇ - ʪʠʨʠʩʪʦʨʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ. 

ʛ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʊɻ ʽʟ ʟʙʫʜʞʝʥʥʷʤ ʚʽʜ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ.  

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ʰʚʠʜʢʦʩʪʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

( )
( )

( )
= =
W

ʊɻ
ɼʐ ɼʐ

E ʨ
W ʨ ʂ

ʨ
. 

ɼʣʷ ɽʇ ʽʟ ʛʣʠʙʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʝʛʫʣʶʚʘʥʥʷ 1000:1 ʽ ʙʽʣʴʰʝ ʊɻ ʧʦʚʠʥʝʥ 

ʤʘʪʠ ʥʘʧʨʫʛʫ ʥʝ ʤʝʥʰ 20 ɺ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 1000 ʦʙ/ʭʚ. ɿʚʽʜʩʠ ʤʽʥʽʤʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʊɻ ʩʢʣʘʜʘʻ 

min

min 20
0,2

104 104
= = @ Ö

ɼʐ

ɼʐ

E
K ɺ ʩ. 

 

ɼʘʪʯʠʢ ʰʚʠʜʢʦʩʪʽ ʥʘ ʙʘʟʽ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.49. 
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ʈʠʩ. 3.49 

 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʥʝʨʝʚʝʨʩʠʚʥʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ. 

 

ɯʤʧʫʣʴʩʥʠʡ ʜʘʪʯʠʢ ʰʚʠʜʢʦʩʪʽ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʽʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ 

ʰʚʠʜʢʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʨʠʩ. 3.50, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʆʇ - ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ; ɼʉ - ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ (ʩʚʽʪʣʦʜʽʦʜʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ); ʇʉ - ʧʨʠʡʤʘʯ ʩʚʽʪʣʘ. 

ɼʞʝʨʝʣʘ ʩʚʽʪʣʘ ʤʘʶʪʴ ʥʝʚʠʜʠʤʠʡ ʩʧʝʢʪʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ 

ʥʘ ʜʠʩʢʫ 600, 3000, 6000. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʘ ʜʠʩʢʫ ʨʦʙʣʷʪʴ ʱʝ ʨʷʜ 

ʧʝʨʬʦʨʘʮʡ̔, ʟʩʫʥʫʪʠʭ ʫ ʧʨʦʩʪʦʨʽ ʥʘ 900, ʽ ʧʦ ʾʭ ʬʘʟʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʦʢ 

ʦʙʝʨʪʘʥʥʷ. ʊʦʜʽ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʜʨʫʛʝ ʜʞʝʨʝʣʦ  ̔ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʡʤʘʯ ʩʚʽʪʣʘ (ʜʠʚ. ʨʠʩ. 

3.51). 

 

                     

ʈʠʩ. 3.5                                              ʈʠʩ. 3.51 
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3.2.6.2.4.ɼʘʪʯʠʢʠ ɽʈʉ 

 

ɼʘʪʯʠʢʠ ɽʈʉ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ɽʇ ʟ ʜʽʘʧʘʟʦʥʦʤ ʨʝʛʫʣʶʚʘʥʥʷ D = 

40:1 ʪʽʣʴʢʠ ʟ ʦʜʥʦʟʦʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ, ʪʦʤʫ ʱʦ ʪʽʣʴʢʠ ʧʨʠ ʌɼɺ = const,  

ɽ ¹ W.  

ɼʘʪʯʠʢʠ ɽʈʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʟ 

ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ.  

ɼʘʪʯʠʢ ɽʈʉ ʥʘ ʙʘʟʽ ʪʘʭʦʤʝʪʨʠʯʥʦʛʦ ʤʦʩʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.52,ʘ, 

ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʂʆ - ʢʦʤʧʝʥʩʘʮʽʡʥʘ ʦʙʤʦʪʢʘ; ɼʇ - ʜʦʜʘʪʢʦʚʽ ʧʦʣʶʩʠ. 

ʗʢʱʦ ʧʽʜʽʙʨʘʪʠ 
ʢʦʜʧ

ʷ

2

1

RR

R

R

R

+
= , ʪʦ Uɼɽ ¹ ɽ (ʜʠʚ. ʨʠʩʫʥʦʢ 3.52,ʙ). 

                    

ʘ)                                                                      ʙ) 

ʈʠʩ. 3.52 

 

ɼʦʩʪʦʾʥʩʪʚʦ: ʧʨʦʩʪʦʪʘ ʩʭʝʤʠ. 

ʅʝʜʦʣʽʢʠ:  

- ʪʝʤʧʝʨʘʪʫʨʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʜʘʪʯʠʢʘ, ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʦʶ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ, 

ʱʦ ʧʨʦʪʽʢʘʻ ʟʘ ʩʠʣʦʚʦʶ ʩʭʝʤʦʶ  ̔ʩʭʝʤʦ  ʁʜʽʣʴʥʠʢʘ, ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʫʤʦʚ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʧʦʛʨʽʰʥʽʩʪʴ 7-10%); 

- ʧʦʭʠʙʢʘ ʜʘʪʯʠʢʘ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ, ʜʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʧʣʠʚ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʩʠʣʦʚʦʛʦ ʢʦʣʘ ʜʚʠʛʫʥʘ. 

ʉʭʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.53. 
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ʈʠʩ. 3.53 

ʑʦʙ Uɼɽ ¹ ʝ, ʪʨʝʙʘ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ ʧʨʦʧʦʨʮʽʷ  
ʢʦʜʧ

ʷ

2

1

LL

L

R

R

+
= . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʦ, ʱʦʙ   
ʢʦʜʧ

ʷ

ʢʦʜʧ

ʷ

LL

L

RR

R

+
=

+
. 

ʊʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦʤʫ ʚʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʽ L2, ʪʦʜʽ ʚʠʪʨʠʤʫʻʪʴʩʷ ʙʘʣʘʥʩ ʧʦ ʘʢʪʠʚʥʦʤʫ  ̔ʽʥʜʫʢʪʠʚʥʦʤʫ 

ʦʧʦʨʘʭ. 

ʢʦʜʧ

ʷ

2

1

LL

L

L

L

+
= . 

ɸʣʝ ʮʝ ʫʩʢʣʘʜʥʶʻ ʩʭʝʤʫ, ʪʦʤʫ ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʶʪʴ ʙʽʣʴʰ ʧʨʦʩʪʫ (ʪʦʙʪʦ 

ʙʝʟ L1 ʽ L2). 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ɽʈʉ 

Wɼɽ(ʨ) = ʂɼɽ. 

ɼʘʪʯʠʢʠ ʮʴʦʛʦ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʶʪ,ɹ ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ ʽ ʤʘʥʽʧʫʣʷʪʦʨʘʭ. 

 

3.2.6.2.5.ɼʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ 

 

ʇʦʜʽʣʷʶʪʴʩʷ: 

ʘ) ʘʥʘʣʦʛʦʚʽ ɼʇ 

- ʧʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥ;̔ 

- ʩʝʣʴʩʠʥʥ.̔ 
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ʙ) ʽʤʧʫʣʴʩʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʬʦʨʦʚʘʥʠʡ ʜʠʩʢ (ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʮʠʬʨʦʚʠʭ ɸɽʇ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ). 

ʄʘʶʪʴ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʙʝʟʽʥʝʨʮʽʡʥʦʾ ʣʘʥʢʠ Wɼʇ = ʂɼʇ. 

 

3.2.6.2.6.ɼʘʪʯʠʢʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ 

 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʜʚʦʟʦʥʥʠʭ ɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ɽʇ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʚʝʢʪʦʨʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

ɼʘʪʯʠʢ ʧʦʪʦʢʫ ʥʘ ʙʘʟʽ ʝʣʝʤʝʥʪʘ ʍʦʣʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʝ (ʙʝʟʧʦʩʝʨʝʜʥʻ) 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʫ ʽ ʚʤʦʥʪʦʚʫʻʪʴʩʷ ʧʨʷʤʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʜʘʪʯʠʢʘ ʧʦʪʦʢʫ 

Wɼʇ(ʨ) = ʂɼʇ. 

 

ɼʘʪʯʠʢ ʧʦʪʦʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ. ɿʜʽʡʩʥʶʻ 

ʧʦʙʽʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʫ ʟʘ ʩʪʨʫʤʦʤ ʟʙʫʜʞʝʥʥʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʜʘʪʯʠʢʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʨʠʚʫ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. 

 

3.2.6.2.7.ɿʘʜʘʪʯʠʢʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ 

 

ɿʘʜʘʪʯʠʢʠ ʨʝʛʫʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʠʛʥʘʣʽʚ ʟʘʚʜʘʥʥʷ. 

ʇʨʠ ʨʫʯʥʦʤʫ ʚʚʝʜʝʥʥʽ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

ʘ) ʧʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥ ̔ʟʘʜʘʪʯʠʢʠ; 

ʙ) ʩʝʣʴʩʠʥʥ ̔ʟʘʜʘʪʯʠʢʠ. 

 

ʇʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥʠʡ ʟʘʜʘʪʯʠʢ ʽʟ ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʨʝʚʝʨʩʠʚʥʦʛʦ  ̔ʥʝʨʝʚʝʨʩʠʚʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.54. 
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ʈʠʩ. 3.54 

 

ʇʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥʠʡ ʟʘʜʘʪʯʠʢ ʟ ʜʠʩʢʨʝʪʥʦʶ ʟʤʽʥʦʶ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.55, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: S ï ʛʘʣʝʪʥʠʡ ʧʝʨʝʤʠʢʘʯ; R1·Rn 

ï ʨʝʟʠʩʪʦʨʠ ʢʦʣʘ ʟʘʚʜʘʥʥʷ. 

ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟʘʜʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʙʨʫ ʩʪʘʙʽʣʽʟʘʮʽʶ 

ʥʘʧʨʫʛʠ. 

 

ʈʠʩ. 3.55 

 

ɺ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʟ ʥʝʚʝʣʠʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʝʛʫʣʶʚʘʥʥʷ (D 10:1, 20:1) 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʽʥʽʡʥʫ ʰʢʘʣʫ ʟʘ ʜʘʪʯʠʢʘ; ʷʢʱʦ ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʚʝʣʠʢʠʡ (D 

1000:1 ʽ ʙʽʣʴʰʝ), ʪʦ ʰʢʘʣʫ ʨʦʙʣʷʪʴ ʥʝʣʽʥʽʡʥʦʶ. 

ʋ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʾ ʰʢʘʣʠ ʚʩʽ ʦʧʦʨʠ ʦʜʥʘʢʦʚʽ, ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʰʢʘʣʠ 

ʧʨʠʡʤʘʻʪʴʩ ̫ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

q
U

U

i

1i =+ = 1,1·1,3. 

ɼʦʩʪʦʾʥʩʪʚʦ ʥʝʣʽʥʽʡʥʦʾ ʰʢʘʣʠ - ʟʤʽʥʘ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ ʢʦʞʥʦʤʫ 

ʱʘʙʣʽ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʥʘ ʦʜʥʝ ʡ ʪʝʞ ʟʥʘʯʝʥʥʷ. 

ʉʝʣʴʩʠʥʥʠʡ ʟʘʜʘʪʯʠʢ ʻ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʽ ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʟ ʥʘʧʨʫʞʝʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʪʠʧʠ ʩʝʣʴʩʠʥʥʠʭ ʟʘʜʘʪʯʠʢʽʚ: ʉʂɸʇ - ʩʝʣʴʩʠʥʥʠʡ 

ʢʦʤʘʥʜʦʘʧʘʨʘʪ ʧʝʜʘʣʴʥʠʡ; ʉʂɸʈ - ʩʝʣʴʩʠʥʥʠʡ ʢʦʤʘʥʜʦʘʧʘʨʘʪ ʨʫʯʥʠʡ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʦʜʥʘʢʦʚʠʡ. 

ʉʝʣʴʩʠʥʠ ʚ ʮʠʭ ʧʨʠʩʪʨʦʷʭ ʧʨʘʮʶʶʪʴ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ (ʜʠʚ. ʨʠʩ. 

3.56). 

 

ʈʠʩ. 3.56 

 

ʅʘ ʨʠʩʫʥʢʫ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ɻ - ʛʝʥʝʨʘʪʦʨ; ʌʏɺ - ʬʘʟʦʯʫʪʣʠʚʠʡ 

ʚʠʧʨʷʤʣʷʯ. 

ʋ ʜʽʘʧʘʟʦʥʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʩʝʣʴʩʠʥʘ 0<ɗ< ́ /6 ʟʘʣʝʞʥʽʩʪʴ ʚʚʘʞʘʻʪʴʩʷ ʣʽʥʽʡʥʦʶ. 

ʊʘʢʽ ʩʝʣʴʩʠʥʥ ̔ ʟʘʜʘʪʯʠʢʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ̫ʢʦʩʪʽ ʟʘʜʘʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ ɽʇ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʘʛʨʝʩʠʚʥʠʭ ʪʘ ʟʘʙʨʫʜʥʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

 

3.2.7.ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʯ̔ʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʄʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʩʪʦʩʦʚʥʦ ʡʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʾ ʯʘʩʪʠʥʠ, ʻ ʦʙ'ʻʢʪʦʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʝʞʠʤʠ ʨʫʭʫ 

ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ, ʦʧʪʠʤʘʣʴʥʽ ʧʦ ʪʠʤ ʘʙʦ ʽʥʰʠʤ ʧʦʢʘʟʥʠʢʘʤ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʘʙʦ ʫʩʪʘʥʦʚʢʠ.  

ɿʘ ʦʩʥʦʚʫ ʧʨʠʡʤʝʤʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʚʦʜʘ ʜʚʦʤʘʩʦʚʦ ʁ

ʧʨʫʞʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʧʨʠʥʮʠʧʦʚʦ ʧʦʚʥʦ ʚʽʜʙʠʚʘʻ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ̔  ʚ ʪʦʡ ʞʝ ʯʘʩ ̒  ʛʨʘʥʠʯʥʦ ʩʧʨʦʱʝʥʦʶ ʤʦʜʝʣʣʶ ʪʘʢʠʭ ʩʠʩʪʝʤ (ʨʠʩ. 3.57). 
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C1MM ʇM

1w

1J

ʟDj

2J

ʇM C2M

2w

12ʉ

12m

  

ʈʠʩ. 3.57 ɼʚʦʤʘʩʦʚʘ ʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ 

 

ʇʦʜʘʣʴʰʝ ʩʧʨʦʱʝʥʥʷ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʜʦ ʨʦʟʛʣʷʜʫ ʦʜʥʦʤʘʩʦʚʦʾ ʣʘʥʢʠ ʧʦʚ'ʷʟʘʥʝ ʽʟ 

ʚʪʨʘʪʦʶ ʤʦʜʝʣʣʶ ʨʷʜʫ ʚʘʞʣʠʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙ'ʻʢʪʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʽʭ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʣ, ʱʦ ʧʨʠʩʫʪʥ ̔ʫ ʨʝʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʤʦʤʝʥʪʠ ʩʫʭʦʛʦ ʪʝʨʪʷ, ʧʨʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʝʭʘʥʽʟʤʫ  ̔ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʝʨʝʜʘʯ, ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʛʨʽʰʥʦʩʪʝʡ 

ʧʝʨʝʜʘʯ ʧʦʢʘʟʘʚ, ʱʦ ʮʝʡ ʬʘʢʪʦʨ, ʧʨʠʩʫʪʥʽʡ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʨʝʘʣʴʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ, 

ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ  ̔ʥʘ ʷʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʦʛʨʽʰʥʦʩʪʝʡ ʧʝʨʝʜʘʯ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ  ̔

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʦʚʫʚʘʪʠ. ʅʘʨʝʰʪʽ, ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʜʠʥʘʤʽʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʚʠʷʚʣʷʶʪʴ ʧʨʠʩʫʪʥʽ ʚ ʨʝʘʣʴʥʠʭ ʧʝʨʝʜʘʯʘʭ ʟʘʟʦʨʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ 

ʯʘʩʪʠʥʠ ʧʨʠʚʦʜʘ ʧʨʠ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ: 
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ʜʝ ( )12 12 1 2 ʂ.ʇ. 3M c / 2= j -j -Dj -Dj ʧʨʠ  1 2 ʂ.ʇ.| |j -j -Dj > 

3 2;>Dj  12M 0=  ʧʨʠ  1 2 ʂ.ʇ. 3| | 2;j -j -Dj <Dj 

    12 12 1212M M dM / dt=¡ +b Ö - ʧʨʫʞʥʠʡ ʤʦʤʝʥʪ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚ'ʷʟʢʦʛʦ   

ʪʝʨʪʷ; 

1cM¡  ̔  2M c¡ - ʘʢʪʠʚʥʽ ʧʦʩʪʽʡʥʽ ʤʦʤʝʥʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʣʘʭ; 
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11 2cM M c sign=¡¡ ¡ w ʽ  22c2M M c sign=¡¡ ¡¡w - ʤʦʤʝʥʪʠ ʩʫʭʦʛʦ ʪʝʨʪʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ  

ʚʘʣʘʭ;  

1 11cM =¡¡¡bw ̔  2 22cM =¡¡¡b w- ʤʦʤʝʥʪʠ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʣʘʭ.  

ʇʨʝʜʩʪʘʚʣʝʥʽʡ ʩʠʩʪʝʤʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʧʦʚʽʜʘʻ ʫʟʘʛʘʣʴʥʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.58. ʎʷ 

ʩʭʝʤʘ ʚʨʘʭʦʚʫʻ ʥʘʡʚʘʞʣʠʚʽʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʯʥʽ 

ʧʨʦʮʝʩʠ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʎʷ 

ʩʭʝʤʘ ʥʘʦʯʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʷʚʣʷʻ ʩʦʙʦʶ ʦʙ'ʻʢʪ 

ʢʝʨʫʚʘʥʥʷ ʟ ʽʩʪʦʪʥʠʤʠ ʥʝʣʥ̔̔ʡʥʦʩʪʷʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʥʘʷʚʥʽʩʪʶ ʟʘʟʦʨʽʚ ʽ ʩʫʭʦʛʦ 

ʪʝʨʪʷ.  

 

 

ʈʠʩ. 3.58 ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

 

ʅʘʡʯʘʩʪʽʰʝ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʝ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ 

ʦʜʥʦʯʘʩʥʦʤʫ ʫʨʘʭʫʚʘʥʥʽ ʚʩʽʭ ʬʘʢʪʦʨʽʚ ʽ ʥʝʣʥ̔̔ʡʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʩʭʝʤʽ ʥʘ 

ʨʠʩ. 3.58, ʪʦʤʫ ʟʚʠʯʘʡʥʦ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤʫ ʘʥʘʣʽʟʽ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ 

ʦʙʤʝʞʝʥʝ ʯʠʩʣʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ. ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ 

ʟʘʚʜʘʥʥʷʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʭʝʤʠ ʚ ʧʦʚʥʦʤʫ ʚʠʜʽ, ʙʝʟ 

ʩʧʨʦʱʝʥʴ. ɼʣʷ ʨʦʟʚ'ʷʟʢʫ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʘʰʠʥʠ. 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 124 

ʈʆɿɼɯʃ 4. ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂɯʉʊʖ ʊɸ ʄʆʄɽʅʊʆʄ ɼɺʀɻʋʅɸ 

ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ ʋ ʉʀʉʊɽʄɯ ɿ ʇɯɼʉʋʄʆɺʋʖʏʀʄ 

ʇɯɼʉʀʃʖɺɸʏɽʄ 

 

ʊɽʄɸ 4.1. ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂɯʉʊʖ ɺ ʆɼʅʆʂʆʅʊʋʈʅɯʁ ʉʀʉʊɽʄɯ 

ʂɽʈʆɺɸʅʀʁ ʇɽʈɽʊɺʆʈʖɺɸʏ ï ɼɺʀɻʋʅ  

 

4.1.1.ɿʘʤʢʥʫʪʽ ʦʜʥʦʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ ɸɽʇ  

 

ʆʜʥʦʢʦʥʪʫʨʥʘ ʩʠʩʪʝʤʘ çʂʝʨʦʚʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ - ʜʚʠʛʫʥ ʟ ʧʽʜʩʫʤʦʚʫʶʯʠʤ 

ʧʽʜʩʠʣʶʚʘʯʝʤè (Feedback system) ʟʥʘʡʰʣʘ h ʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʪʠʯʥʠʭ  ̔

ʘʩʪʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʷʢʽ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʶ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʚ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ. ʊʠʧʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʦʜʽʙʥʦʾ 

ʩʠʩʪʝʤʠ ʤʽʩʪʠʪʴ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʩʠʣʦʚʠʡ ʢʝʨʦʚʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, 

ʧʽʜʩʠʣʶʚʘʯ, ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʩʫʤʘʪʦʨ) ʽ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ ʚʫʟʣʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʟʘʜʘʥʽ ʟʤʽʥʥʽ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ.  

ɺ ʷʢʦʩʪʽ ʢʝʨʦʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʝʥʝʨʘʪʦʨʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʝʣʝʢʪʨʦʤʘʰʠʥʥʽ  ̔ ʤʘʛʥʽʪʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ,  ʪʠʨʠʩʪʦʨʥʽ ʚʠʧʨʷʤʣʷʯʽ, ʪʨʘʥʟʠʩʪʦʨʥʽ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʽʜʩʠʣʶʻ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ  ̔ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ (ʧʝʨʝʜʘʯʽ) ʟʘʣʝʞʥʠʡ ʚʽʜ ʚʭʽʜʥʦʾ ʘʙʦ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ. ɺ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ (ʥʘ ʨʦʙʦʯʽʡ ʜʽʣʷʥʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜ - ʚʠʭʽʜ) ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɼʨʫʛʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʚʘʞʘʻʪʴʩʷ ʪʝ, ʱʦ ʚʽʥ 

ʤʘʻ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʥʘ ʷʢʦʤʫ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ ʩʪʚʦʨʶʻ ʩʧʘʜʘʥʥʷ ʥʘʧʨʫʛʠ. ʋ ʜʠʥʘʤʽʮ ̔

ʧʝʨʝʪʚʦʨʶʚʘʯ ʚʚʘʞʘʻʪʴʩʷ ʘʙʦ ʙʝʟʽʥʝʨʮʽʡʥʠʤ, ʘʙʦ ʽʥʝʨʮʽʡʥʠʤ ʝʣʝʤʝʥʪʦʤ, 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 125 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʧʦ ʜʽʾ ʘʧʝʨʽʦʜʠʯʥʽʡ ʘʙʦ ʢʦʣʠʚʘʣʴʥʽʡ ʣʘʥʮʽ. ʇʦʩʪʽʡʥʽ ʯʘʩʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʦʞʫʪʴ ʪʘʢʦʞ ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʝʛʫʣʴʦʚʘʥʠʭ ʟʤʽʥʥʠʭ. 

ʇʨʦʤʽʞʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʽ ʩʫʤʘʪʦʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʭ, 

ʤʘʛʥʽʪʥʠʭ, ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʣʘʩʥʫ 

ʽʥʝʨʮʽʡʥʽʩʪʴ.  

ʋ ʜʠʥʘʤʽʮ ̔ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʟʤʽʥʦ  ʁʥʘʧʨʫʛʠ ʷʢʦʨʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʚʚʘʞʘʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʧʦ ʜʽʾ ʢʦʣʠʚʘʣʴʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʣʘʥʮʽ ʘʙʦ 

ʘʧʝʨʽʦʜʠʯʥʽʡ ʣʘʥʮʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʊʘʭʦʛʝʥʝʨʘʪʦʨʠ ʚʚʘʞʘʶʪʴʩʷ ʙʝʟʽʥʝʨʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʚʠʭʽʜʥʦʶ 

ʥʘʧʨʫʛʦʶ, ʣʽʥʽʡʥʦ ʧʨʦʧʦʨʮʽʡʥʦ  ʁʰʚʠʜʢʦʩʪʽ.  

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛ ʞʠʚʣʝʥʥʷ, ʟʘʚʜʘʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʤʘʶʪʴ  

ʥʝʩʢʽʥʯʝʥʥ ̔ ʧʦʪʫʞʥʦʩʪʽ   ̔ ʚʥʫʪʨʽʰʥʽ  ʦʧʦʨʠ, ʨʽʚʥʽ ʥʫʣʶ.  

ʇʨʫʞʥʽ ʤʝʭʘʥʽʯʥʽ ʣʘʥʢʠ ʚʚʘʞʘʶʪʴʩʷ ʙʝʟʽʥʝʨʮʽʡʥʠʤʠ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʟʘʢʦʥʫ ɻʫʢʘ. 

ʋ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʠ ʦʩʥʦʚʥʠʭ ʚʠʜʠ ʞʦʨʩʪʢʠʭ 

ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ: ʧʦ ʰʚʠʜʢʦʩʪʽ, ʧʦ ʥʘʧʨʫʟʽ ʽ ʩʪʨʫʤʫ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʾʭ ʨʽʟʥʽ 

ʢʦʤʙʽʥʘʮʽʾ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʟʚʦʨʦʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʚ ʮʽʣʦʤʫ, 

ʜʦʮʽʣʴʥʦ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʫʪʠ ʾʾ ʨʦʙʦʪʫ ʟ ʨʦʟʜʽʣʴʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ, ʘ ʧʦʪʽʤ ʫ 

ʢʦʤʧʣʝʢʩʽ.  

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʚʠʜʘʤ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ, ʪʦʤʫ ʱʦ ʚʠʚʯʘʶʯʠ 

ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʠʭ 

ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʟʤʽʥʥʠʭ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʪʠʧʦʚʽ ʚʫʟʣʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʣʽʩʪʴ ʥʘʧʨʫʛʠ, ʩʪʨʫʤʫ, ʰʚʠʜʢʦʩʪʽ, ʦʙʝʨʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ; ʧʨʠʚʝʩʪʠ  ʬʽʟʠʯʥʽ  ʦʧʠʩʠ  ʜʽʾ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ,  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʦʯʥʝ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʟʤʽʥʥʠʭ.  

ʋ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ ʻ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ, ʧʦ ʷʢʠʭ ʫ ʩʠʩʪʝʤʫ ʥʘʜʭʦʜʠʪʴ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʟʙʫʨʶʚʘʣʴʥʠʡ ʚʧʣʠʚ. 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 126 

ɺʩʽ ʟʘʤʢʥʫʪʽ ʩʠʩʪʝʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʽʣʝʥʽ ʥʘ ʪʨʠ 

ʢʣʘʩʠ: 

- ʧʦ ʚʽʜʭʠʣʝʥʥʶ (ʻ ʢʘʥʘʣʠ, ʧʦ ʷʢʠʭ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ); 

- ʧʦ ʟʙʫʨʝʥʥʶ (ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʙʫʨʶʚʘʣʴʥʠʡ ʚʧʣʠʚ); 

- ʢʦʤʙʽʥʦʚʘʥʽ (ʚʢʣʶʯʘʶʪʴ ʦʙʠʜʚʘ ʧʨʠʥʮʠʧʠ). 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʜʽʾ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ (ɿɿ) ʙʫʚʘʶʪʴ: 

ʘ) ʞʦʨʩʪʢ;̔ 

ʙ) ʛʥʫʯʢʽ. 

ɾʦʨʩʪʢʽ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ ʜʽʶʪʴ ʫ ʩʪʘʪʠʮʽ  ̔ ʜʠʥʘʤʽʮʽ; ʾʭʥʽʡ ʩʠʛʥʘʣ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʚʝʣʠʯʠʥʽ. 

Uɿɿ = ɸ. 

ʉʠʛʥʘʣ ʛʥʫʯʢʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʭʽʜʥʦʾ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ  ̔ʜʽʻ ʪʽʣʴʢʠ ʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ. 

n

n

ʜʦʩ
dt

Ad
U = . 

ɿʘ ʥʘʧʨʷʤʢʦʤ ʜʽʾ: 

ʘ) ʧʦʟʠʪʠʚʥʽ   Uɿ¬  Uɿɿ¬; 

ʙ) ʥʝʛʘʪʠʚʥʽ    Uɿ¬  Uɿɿ®. 

ʉʠʩʪʝʤʠ ɸɽʇ ʙʫʚʘʶʪʴ ʦʜʥʦʢʦʥʪʫʨʥʽ ʘʙʦ ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ. 

 

4.1.2.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟ 

ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ 

 

ʉʠʩʪʝʤʘ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.1, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʈʅ ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ; ʇ ï ʧʝʨʝʪʚʦʨʶʚʘʯ; ʂʇʈ=1 

ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʦʟʜʽʣʴʥʠʢʘ. 
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ʈʠʩ. 4.1 

ʂɼʅ = ʂɼɯʃ Öʂʇʈ = ʂɼɯʃ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʩʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ  ̔ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ ʜʣʷ ʾʾ 

ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʣʽ ʧʦʨʽʚʥʷʻʤʦ ʞʦʨʩʪʢʽʩʪʴ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʟ 

ʞʦʨʩʪʢʽʩʪʶ ʧʨʠʨʦʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʽʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ. 

ʘ) ʇʨʠʨʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʇʍ) 

Uʅ = ɽ + IÖRʗ = ceÖʌʅÖW + IÖRʗ; 

E = ceÖʌʅÖW; 

Ö
W= - =W +DWʧʭʥ ʗ

ʦ

e ʥ e ʥ

U I R

cʌ cʌ
. 

ʙ) ʈʦʟʽʤʢʥʫʪʘ ʩʠʩʪʝʤʘ (ʈʉ) 

U = E + IÖ(Rʗ + Rʇ), 

ʜʝ Rʇ ï ʦʧʽʨ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʈʉʥ ʗ ʧ
ʦ

e ʥ e ʥ

U I (R R )

c ʌ c ʌ

Ö +
W= - =W +DW. 

ɿʚʽʜʩʠ  DWʇʍ ¢ DWʈʉ. 

ʧ

ʥ
1ʫ

K

U
U = ;  

ʨʥʧ

ʥ

ʨʥ

1ʫ
1ʟʥ

KK

U

K

U
U

Ö
== . 

ʚ) ɿʘʤʢʥʫʪʘ ʩʠʩʪʝʤʘ (ɿʉ) ʧʦ ʥʘʧʨʫʟʽ 

Uy = (Uɿʅ ï Uɼʅ)Öʂʈʅ  (ʷʢʱʦ Rɿʅ = Rɼʅ); 

ɽʇ = UyÖʂʇ = ɽ + IÖ(Rʗ + Rʇ),  ɽ = ceÖʌʅÖW;  
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Uɼʅ = UɼÖʂɼʅ,  (Uɼ = ɽʇ ï IÖRʇ = ɽ + IÖRʗ). 

ɽ = UyÖʂʇ ï IÖ(Rʗ + Rʇ) = (Uɿʅ ï UɼÖʂɼʅ)ÖʂʇÖʂʈʅ ï IÖ(Rʗ + Rʇ); 

ɽ(1+ʂʈʅÖʂʇÖʂɼʅ) = UɿʅÖʂʇÖʂʈʅ ï IÖ(RʗÖʂʈʅÖʂʇÖʂɼʅ + Rʗ + Rʧ). 

)ʂʂʂ1(ʌc

KKU

ʜʥʧʨʥʥe

ʧʨʥʟʥ
oi

+
=W ; 

ʗ ʧ ʨʥ ʧ ʜʥɿʉ

ʝ ʥ

I R R / (1 ʂ ʂ ʂ )

ʩ ʌ

è øÖ + +ê úDW = ; 

W = WOi + DWɿʉ. 

ɸʥʘʣʽʟ DWɿʉ: 

1) ʥʝʭʘʡ ʂʈʅÖʂʇÖʂɼʅ ­ ¤  

DWɿʉ = IÖRʗ/ ceÖʌʅ = DWʇʍ; 

2) ʧʨʠ ʂʈʅÖʂʇÖʂɼʅ = 0 (ʨʦʟʽʨʚʘʣʠ ʟʚ'ʷʟʦʢ, ʪʦʙʪʦ ʈʉ) 

ɿʉ ʈʉʗ ʧ

ʝ ʥ

I (R R )

ʩ ʌ

Ö +
DW = DW

Ö
. 

ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʜʽʾ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʘ ʧʦ ʥʘʧʨʫʟʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʚʽʥ ʢʦʤʧʝʥʩʫʻ ʩʧʘʜʘʥʥʷ ʥʘʧʨʫʛʠ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ  ̔ʚ ʽʜʝʘʣʽ (ʧʨʠ ʂ1Öʂ2Öʂ3 ­ ¤) 

ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʷʢ ʙʠ ʚʽʜ ʜʞʝʨʝʣʘ ɽʈʉ ʟ ʥʫʣʴʦʚʠʤ ʚʥʫʪʨʽʰʥʽʤ 

ʦʧʦʨʦʤ. 

ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ 

ʥʘʧʨʫʟʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.2. 

ɺʠʟʥʘʯʠʤʦ ʩʠʛʥʘʣ Uɿʅ, ʷʢʠʡ ʪʨʝʙʘ ʧʦʜʘʪʠ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ. 

 

ʈʠʩ. 4.2 
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ʧ
ʜʥʧʨʥ

ʧʨʥʟʥ
ɽ

ʂʂʂ1

ʂʂU
=

+
 

 

ʧʨʥ

ʜʥʧʨʥʧ
ʟʥ

ʂʂ

)ʂʂʂ1(ɽ
U

+
= ; 

ʧʨʥ

ʜʥʧʨʥʥ

ʥUʧɽ
ʟʥ

ʂʂ

)ʂʂʂ1(U
U

+
=

=
. 

ʏʠʩʣʦʚʠʡ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ: 

Uʅ = 220 ɺ;   ɽd0 = 300 ɺ. 

ʂʨʥ = 20;   ʂʇ = ɽd0 /Uʫ max = 300/10 =30; 

ʂɼʅ = Uʜʥ /Uʜ = Uʜʥ max /Uʜ max = 10/300 = 1/30; 

ɺ7,7
600

21220

3020

)30/130201(220
Uɿʉ

1ʟʥ
=

Ö
=

Ö

ÖÖ+Ö
= ; 

ɺ37,0
600

220

KK

U
U

ʨʥʧ

ʥ
1ʟʥ ==

Ö
= . 

4.1.3.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʧʦ ʩʪʨʫʤʫ 

 

 

ʈʠʩ. 4.3 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʧʦ ʟʙʫʨʝʥʥʶ (ʇɿɿ), ʘʙʦ ʧʦ ʚʽʜʭʠʣʝʥʥʶ (ʅɿɿ) ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʧʦ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 4.3). 

ʈʽʚʥʷʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ: 

U = (Uɿʉ ° Uɼʉ)Öʂʈʉ, 
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ʜʝ (+) ʜʣʷ ʇɿɿ,  (-) ʜʣʷ ʅɿɿ. 

ɽʇ = Uy Öʂʇ = ɽɼɺ + IÖ(Rʗ + Rʇ); 

ɽ = ceÖʌʅÖW; 

Uɼʉ = IÖʂɼʉ = bÖIÖ(Rʗ + Rʇ). 

ɽ = UyÖʂʇ ï IÖ(Rʗ + Rʇ) = [Uɿʉ ° bÖIÖ(Rʗ + Rʇ)]ÖʂʈʉÖʂʇ ï IÖ(Rʗ + Rʇ) = 

= UɿʉÖʂʈʉÖʂʇ ï IÖ(Rʗ + Rʇ)Ö(1 ° bÖʂʈʉÖʂʇ) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

( )ʟʩ ʨʩ ʧ ʗ ʧ
ʨʩ ʧ

e ʥ e ʥ

U K K I(R R )
1 ʂ ʂ

c ʌ c ʌ

+
W= - °b . 

ʈʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ (ʇɿɿ) ʧʦ ʩʪʨʫʤʫ 

( )ʟʩ ʨʩ ʧ ʗ ʧ
ʨʩ ʧ

e ʥ e ʥ

U K K I(R R )
1 ʂ ʂ

c ʌ c ʌ

+
W= - -b . 

iʟʪ ʨʩ ʧ

oi

e ʥ

U K K

c ʌ
W = ;  ( )( )ɿʉ ʗ ʧ

ʨʩ ʧ

e ʥ

I(R R )
1 ʂ ʂ

c ʌ

+ +
DW = -b . 

 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʴ 

ʘ) bÖʂʈʉÖʂʇ = 0  Ý ( )ɿʉ PCʗ ʧ

e ʥ

I(R R )

c ʌ

+ +
DW = =DW; 

ʙ) bÖʂʈʉÖʂʇ = 1  Ý  DW(+) ɿʉ = 0 ï ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʚ) bÖʂʈʉÖʂʇ ­ ¤  Ý  DW(+) ɿʉ ­ ï¤. 

ʇʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ʩʪʨʫʤʫ ʨʦʙʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʣʴʰʝ 

ʞʦʨʩʪʢʠʤʠ, ʯʠʤ ʪ ̔ʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʦʟʽʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ (ʜʠʚ. ʨʠʩ. 4.4). ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʇɿɿ ʟʘ ʩʪʨʫʤʦʤ ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʪʘʪʠ ʥʝʩʪʽʡʢʦʶ. 

ʈʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʛʘʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ (ʅɿɿ) ʧʦ ʩʪʨʫʤʫ  

( )ʟʩ ʨʩ ʧ ʗ ʧ
ʨʩ ʧ

e ʥ e ʥ

U K K I(R R )
1 ʂ ʂ

c ʌ c ʌ

+
W= - +b . 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ 

ʘ) bÖʂʈʉÖʂʇ = 0  Ý ( ) ( )- +
DW = =DWɿʉ ʧʭʗ ʧ

e ʥ

I R R

cʌ
; 
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ʙ) bÖʂʈʉÖʂʇ = ¤  Ý  DW(ï) ɿʉ = ¤. 

ʅʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ʩʪʨʫʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤ'ʷʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʇ ʟ ʤʝʪʦʶ ʧʝʨʝʚʝʜʝʥʥʷ ʡʦʛʦ ʫ ʨʝʞʠʤ ʜʞʝʨʝʣʘ ʤʦʤʝʥʪʫ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʟʘʭʠʩʪʫ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ 

(ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘʪʨʠʤʘʥʠʤ, ʪʦʙʪʦ ʧʦʯʠʥʘʻ ʜʽʷʪʠ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʫʤʦʤ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ Iʚʽʜʩ (ʜʠʚ. ʨʠʩ. 4.5). ɼʣʷ ʟʘʪʨʠʤʢʠ ʧʦʯʘʪʢʫ ʜʽʾ ɿɿ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʘʙʽʣʽʪʨʦʥ ʘʙʦ ʜʽʦʜ ʟ ʦʧʦʨʥʦʶ ʟʘʧʠʨʘʶʯʦʶ ʥʘʧʨʫʛʦʶ. 

 

          

ʈʠʩ. 4.4     ʈʠʩ. 4.5 

 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʩʠʩʪʝʤʘ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚôʷʟʢʦʤ ʟʘ ʩʪʨʫʤʦʤ ʤʦʞʝ ʪʘʢʦʞ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ɼʇʉ ʚ ʨʝʞʠʤ ʜʞʝʨʝʣʘ ʤʦʤʝʥʪʫ. ʂʦʝʬʽʮʽʻʥʪ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫʧʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘ ʫʤʦʚ ʪʝʭʥʽʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. 

ʏʠʩʣʦʚʠʡ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ. 

( )ʟʩ ʨʩ ʧ ʗ ʧ
ʨʩ ʧ

e ʥ e ʥ

U K K I(R R )
1 ʂ ʂ

c ʌ c ʌ

+
W= - °b . 

ʅʝʭʘʡ ʫ ʩʠʩʪʝʤʽ ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ʩʪʨʫʤʫ. ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ, 

ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʦʶ. 

1ï bÖʂʈʉÖʂʇ = 0, 

ʜʝ ʂʈʉ = 20; ʂʇ = 30. 

b = 1/ ʂʈʉÖʂʇ = 1/600=0,002. 
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ɿʥʘʡʜʝʤʦ ʂɼʉ =?  ʂʇɼʉ =? 

Uɼʉ = IÖʂɼʉ = bÖIÖ(Rʗ + Rʇ); 

ʂɼʉ = bÖ(Rʗ + Rʇ);  ʂɼʉ = ʂʐ Öʂʇɼʉ;  ʂʐ = Uʐʅ /Iʐʅ. 

ʜʩ ʗ ʧ ʰʥ
ʧʜʩ

ʰ ʰʥ

ʂ (R R ) I
K

ʂ U

bÖ + Ö
= = . 

ʇʨʠʢʣʘʜ ï ʥʝʭʘʡ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʈʅ = 1 ʢɺʪ, Uʅ = 220 ɺ ,  Iʅ 

= 5ɸ ,  Rʗ = 4 ʆʤ ,  Rʇ = 4 ʆʤ. 

ʂɼʉ¼DW=0 = bÖ(Rʗ + Rʇ) = 0,002Ö(4 + 4) = 0,016 

ʗ ʧ ʰʥ
ʧʜʩ

ʰʥ

(R R ) I 0,016 5
K 1

U 0,075

bÖ + Ö Ö
= = @. 

oʟʩ ʨʩ ʧ

o

e ʥ

U K K

c ʌ
W =  ­  

o

e ʥ o ʥ
ʟʩ

ʨʩ ʧ ʨʩ ʧ

c ʌ U 220
U 0,37ɺ

K K ʂ ʂ 20 30

W
= = = =

Ö
 

. 

  

ʈʠʩ. 4.6 

 

Uɼʊ = IʅÖʂɼʊ = 5Ö0,016 = 0,08 ɺ. 

ʈʉ1:  Uɿʊ1 = 0,37 ɺ; 

ʈʉ2:  Uɿʊ2 = 0,37 + 0,08 = 0,45 ɺ.  

ʈʦʟʨʘʭʦʚʘʥʽ ʩʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʢʥʫʪʦʾ ʡ ʨʦʟʽʤʢʥʫʪʦʾ ʩʠʩʪʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.6. 

 

4.1.4.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟ 

ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ 
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ʉʠʩʪʝʤʘ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.7. 

ɺʠʭʽʜʥʽ ʩʪʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ 

Uy = (Uɿʐ ï Uɼʐ)Öʂʈʐ (ʧʨʠ Rɿʐ = Rɼʐ); 

ɽʇ = Uʫ Öʂʇ = ɽ + IÖ(Rʗ + Rʇ); 

ɽ = ceÖʌʅÖW;  

 

 

ʈʠʩ. 4.7 

Uɼʐ = ʂɼʐÖW,   
ʜʰ

ʜʰ ʜʰ

U (p)
W (p) ʂ

(ʨ)
= =
W

. 

(Uɿʐ ï ʂɼʐÖW)ÖʂʈʐÖʂʇ = ceÖʌʅÖW + IÖ(Rʗ + Rʇ); 

UɿʐÖʂʈʐÖʂʇ + ʂɼʐÖWÖʂʈʐÖʂʇ = ceÖʌʅÖW + IÖ(Rʗ + Rʇ); 

ʈʽʚʥʷʥʥʷ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʰ ʨʰ ʧ ʗ ʧ

e ʥ ʨʰ ʧ ʜʰ e ʥ ʨʰ ʧ ʜʰ

U K K I(R R )

c ʌ K ʂ ʂ c ʌ K ʂ ʂ

+
W= -

+ + ; 

ʜʝ    

ɿʐ ʗ ʧ

e ʥ ʨʰ ʧ ʜʰ

I(R R )

c ʌ K ʂ ʂ

+
DW =

+
. 

ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 ʘ) ʂɼʐÖʂʈʐÖʂʇ = 0  ­  
ʈʉ

ʥe

ʧʘɿʉ

ʌc

)RR(I
DW=

+
=DW ; 

 ʙ) ʂɼʐÖʂʈʐÖʂʇ = ¤  ­  DW = 0. 
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ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ 

ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.8. 

 

ʈʠʩ.4.8 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʥʷ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʰʚʠʜʢʽʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʅɿɿ ʧʦ ʰʚʠʜʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 4.8).  

ʋ ʩʠʩʪʝʤʽ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʣʝ ʪʽʣʴʢʠ ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

ʧʽʜʩʠʣʝʥʥʷ. ʊʘʢʠ ʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʧʨʠ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʝʛʫʣʷʪʦʨʽ 

ʰʚʠʜʢʦʩʪʽ. 

 

ʊɽʄɸ 4.2. ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂɯʉʊʖ ʋ ɼɺʆʂʆʅʊʋʈʅɯʁ ʉʀʉʊɽʄɯ 

ʂɽʈʆɺɸʅʀʁ ʇɽʈɽʊɺʆʈʖɺɸʏ ï ɼɺʀɻʋʅ  

 

4.2.1.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ ʽ ʚʽʜʩʽʢʘʥʥʷʤ ʧʦ ʩʪʨʫʤʫ 

 

ʉʠʩʪʝʤʘ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ  ̔ʚʽʜʩʽʢʘʥʥʷʤ ʧʦ 

ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.9. 
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ʈʠʩ. 4.9 

ʘ) I < Iɺɯɼʉ, ¼Uɼʉ¼< Uʉʊ VD. 

ʋ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʫ ʩʧʨʘʚʝʜʣʠʚʽ ʚʠʨʘʟʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧ. 

4.1.4, ʪʦʤʫ ʱʦ ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʦʜʠʥ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ʰʚʠʜʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 4.10). 

ʙ) I > Iɺɯɼʉ, ¼Uɼʉ¼> Uʉʊ VD. 

ʋ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʫ ʦʜʥʦʯʘʩʥʦ ʥʘ ʚʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʜʽʶʪʴ ʜʚʘ 

ʩʠʛʥʘʣʠ ɿɿ: 

- ʩʠʛʥʘʣ ʧʦ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʧʨʘʛʥʝ ʟʨʦʙʠʪʠ ʰʚʠʜʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʽʣʴʰʝ 

ʞʦʨʩʪʢʦʶ; 

- ʩʠʛʥʘʣ ʧʦ ʩʪʨʫʤʫ, ʱʦ ʧʨʘʛʥʝ ʟʨʦʙʠʪʠ ʰʚʠʜʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʽʣʴʰʝ 

ʤ'ʷʢʦ.ʁ 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʙ̔ʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʠʥʝʥ ʧʝʨʝʚʘʞʘʪʠ ɿɿ ʧʦ ʩʪʨʫʤʫ. 

ʉʪʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʚʽʜʩʽʯʢʠ ʟʘ ʩʪʨʫʤʦʤ: 

Uy = (Uɿʐ ï Uɼʐ ï Uɼʉ + Uʉʊ)Öʂʈʐ; 

ɽʇ = UʫÖʂʇ = ɽ + IÖ(Rʗ + Rʇ); 

ɽ = ceÖʌʅÖW; 

Uɼʉ = WÖʂɼʐ; 

Uɼʊ = bÖIÖ(Rʗ + Rʇ). 

[Uɿʐ ï WÖʂɼʐ ï bÖIÖ(Rʗ + Rʇ) + Uʉʊ]ÖʂʈʐÖʂʇ = ceÖʌʅÖW + IÖ(Rʗ + Rʇ); 

W = W0 ï DW; 
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ʟʰ ʨʰ ʧ ʩʪ ʨʰ ʧ ʗ ʧ ʨʰ ʧ

e ʥ ʨʰ ʧ ʜʰ e ʥ ʨʰ ʧ ʜʰ

U K K U K K I(R R ) (1 ʂ ʂ )

cʌ K ʂ ʂ c ʌ K ʂ ʂ

+ + Ö +b
W= -

+ +
. 

ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ɿɿ ʧʦ 

ʰʚʠʜʢʦʩʪʽ  ̔ʚʽʜʩʽʢʘʥʥʷʤ ʧʦ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.10. 

 

ʈʠʩ. 4.10 

 ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ: ɯ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʤʢʥʝʥʦʾ ʟʘ ʰʚʠʜʢʽʩʪʶ ʩʠʩʪʝʤʠ 

ʜʦ ʧʦʯʘʪʢʫ ʜʽʾ ʚʽʜʩʽʢʘʥʥʷ ʟʘ ʩʪʨʫʤʦʤ; ɯɯ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʩʣʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʚʽʜʩʽʢʘʥʥʷ ʟʘ ʩʪʨʫʤʦʤ. 

 

4.2.2.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ  ̔ʧʦʟʠʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʩʪʨʫʤʫ 

 

ʉʠʩʪʝʤʘ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ  ̔ʧʦʟʠʪʠʚʥʠʤ 

ʟʚʦʨʦʪʥʦʤʫ ʟʚ'ʷʟʢʦʤ ʧʦ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.11. 

 

 

ʈʠʩ. 4.11 
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ʈʽʚʥʷʥʥʷ ʜʣʷ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ 

Uy = (Uɿʐ ï Uɼʅ + Uɼʉ)Öʂʈʐ; 

ɽʇ = UʫÖʂʇ = ɽ + IÖ(Rʗ + Rʇ); 

ɽ = ceÖʌʅÖW; 

ʂɼʅ = UɼÖʂɼʅ = (ɽʇ ï IÖRʇ)Öʂɼʅ = (ɽ + IÖRʗ)Öʂɼʅ; 

Uɼʅ = bÖIÖ(Rʗ + Rʇ). 

[Uɿʐ ï (ceÖʌʅÖW + IÖRʗ)Öʂɼʅ + bÖIÖ(Rʗ + Rʇ)]ÖʂʈʐÖʂʇ = ceÖʌʅÖW + IÖ(Rʗ + Rʇ). 

ʈʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟc ʨʰ ʧ ʗ ʧ ʨʰ ʧ ʘ ʨʰ ʧ ʜʥ

e ʥ ʨʰ ʧ ʜʥ e ʥ ʨʰ ʧ ʜʥ

U K K I(R R ) (1 ʂ ʂ ) I R K K K

cʌ (1 K ʂ ʂ ) c ʌ (1 K ʂ ʂ )

+ Ö +b + Ö
W= -

+ +
; 

W = Wʦi ï DW. 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʜʦʩʪʘʪʥʴʦ ʞʦʨʩʪʢʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

4.2.3.ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ɸɽʇ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ  ̔ʚʠʧʝʨʝʜʞʘʶʯʠʤ ʩʪʨʫʤʦʚʠʤ ʦʙʤʝʞʝʥʥʷʤ 

 

ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʨʽʟʥʠʮʽ ɽʈʉ ʧʝʨʝʪʚʦʨʶʚʘʯʘ  ̔ ʜʚʠʛʫʥʘ ʥʘ 

ʧʨʠʧʫʩʪʠʤʦʤʫ ʨʽʚʥʽ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʰʚʠʜʢʦʩʪʽ: 

¼ɽʇ ï ɽɼ¼ ¢ IɼʆʇÖRʗʂ ä 

 

ʗʢʱʦ ʦʙʤʝʞʝʥʥʷ ʧʦʩʪʽʡʥʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʰʚʠʜʢʦʩʪʽ, ʪʦ ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ 

ʣʽʥʽʡʥʠʤ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ɽʇ ʽʟ ʜʚʠʛʫʥʘʤʠ ʟʚʠʯʘʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ. 

ʗʢʱʦ ʦʙʤʝʞʝʥʥʷ ʧʦʚʠʥʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʟʽ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪ̔, ʪʦ ʮʝ ʥʝʣʽʥʽʡʥʝ 

ʩʪʨʫʤʦʦʙʤʝʞʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ɽʇ ʟ ʚʠʩʦʢʦʤʦʤʝʥʪʥʠʤʠ ʜʚʠʛʫʥʘʤʠ. 

ʇʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ɽɼ ʽ ɽʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ (ʜʣʷ ʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ) ʩʠʛʥʘʣʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʚʭʦʜʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʜʠʚ. ʨʠʩ. 4.12): ɽʇ = ʂʇÖUʫʧʨ. 

ʅʘ ʨʠʩ. 4.12 ʧʨʠʡʥʷʪʝ ʧʦʟʥʘʯʝʥʥʷ: ɹʆ - ʙʣʦʢ ʦʙʤʝʞʝʥʥʷ (ʣʽʥʽʡʥʠʡ). 
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ʈʠʩ. 4.14 
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ʈʆɿɼɯʃ 5. ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂɯʉʊʖ ʊɸ ʄʆʄɽʅʊʆʄ 

ɽʃɽʂʊʈʆɼɺʀɻʋʅɸ ʋ ʉʀʉʊɽʄɯ ʇɯɼʇʆʈʗɼʂʆɺɸʅʆɻʆ 

ʈɽɻʋʃʖɺɸʅʅʗ  

 

ʊɽʄɸ 5.1. ʇɯɼʇʆʈʗɼʂʆɺɸʅɯ ʉʀʉʊɽʄʀ ʈɽɻʋʃʖɺɸʅʅʗ ʂʆʆʈɼʀʅɸʊ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

 

 5.1.1. ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

 

ʄʝʪʘ ʦʧʪʠʤʽʟʘʮʽʾ: ʧʨʠ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙ'ʻʢʪʘ ʩʠʥʪʝʟʫʚʘʪʠ ʪʘʢʠʡ 

ʨʝʛʫʣʷʪʦʨ, ʧʨʠ ʷʢʦʤʫ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʙʘʞʘʥʽ ʜʠʥʘʤʽʯʥʽ  ̔ʩʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʪʫʨʫ. 

 

ʈʠʩ. 5.1 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 5.1, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʟʘ ʟʘʜʘʶʯʦʶ 

ʜʽʻʶ 

p
p oʟ ʚʠʭ

ʟ p

ʟ p o

W Wʍ (ʨ)W (ʨ)
W (ʨ)

ʍ (ʨ) 1 W (p) 1 WW
= = =

+ +
. 

ʗʢʱʦ WʨWʦ >> 1, ʪʦ 1)ʨ(W ʟ
ʟ ­ , ʟʚʽʜʩʠ 

( )
1

( )

ʚʠʭ

ʟ

ʍ p

X ʨ
=  

ʈʝʘʣʴʥʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʪʯʠʢʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ Wʜ, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ 

ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ 

( )
( )

1 ( ) 1

p oʟ ʧʢ
ʟ

ʨ p o ʜ

W WW ʨ
W ʨ

W p W W W
= =
+ +

. 

ʗʢʱʦ WʨWʦWʜ >> 1, ʪʦ 
1

( )ʟ

ʟ

ʜ

W ʨ
W

­ . 

ɿʘ ʪʽʻʶ ʞ ʫʤʦʚʦʶ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘ ʟʙʫʨʶʚʘʣʴʥʦʶ ʜʽʻʶ 

( )
0

( )

ʚʠʭ

ʟʙʫʨ

ʍ p

X ʨ
=   ­ ( ) 0ʟ

ʟʙʫʨW ʨ= . 
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ɯʜʝʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʝʨʝʜʘʯʽ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʚʩʪʫʧʘʻ ʫ ʧʨʦʪʠʨʽʯʯʷ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʝʭʥʽʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʽ ʧʠʪʘʥʥʷʤʠ ʩʪʽʡʢʦʩʪʽ (ʚʽʜʦʤʝ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʩʪʘʪʠʢʦʶ ʪʘ ʜʠʥʘʤʽʢʦʶ 

ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ). ʈʝʘʣʴʥʦ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ 

ʢʦʤʧʝʥʩʫʶʪʴ ʽʥʝʨʮʽʡʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ  ̔ʥʘʩʢʽʣʴʢʠ ʮʝ ʨʦʟʫʤʥʦ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ɸɽʇ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʜʚʘ ʚʠʜʠ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʡ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 
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= ; 

ʇʦʟʥʘʯʠʤʦ b0 = a0; b1 = a1. ʆʪʨʠʤʘʻʤʦ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ 
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=w ; 

1)j(W ʟ
ʟ ­w  ʧʨʠ 2ʘ0ʘ2 = ʘ1

2. 

ʙ) 
3

3
2
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10ʟ
ʟ

papapaa

pbb
)ʨ(W

+++

+
= ; 

1)j(W ʟ
ʟ ­w  ʧʨʠ 2ʘ0ʘ2 = ʘ1

2  2ʘ1ʘ3 = ʘ2
2. 

ʋ ʚʠʧʘʜʢʫ ʘ) ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʪʠʤʽʟʫʶʪʴ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʫ 

ʚʠʧʘʜʢʫ ʙ) - ʥʘ ʩʠʤʝʪʨʠʯʥʠʡ ʦʧʪʠʤʫʤ. 

 

5.1.2.ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʦʙ'ʻʢʪ ʷʢʦʛʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʽ 

ʤʘʣʫ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ 

 

ɼʘʥʦ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʦʙ'ʻʢʪʘ 

 

)1pT)(1pT(

k
)p(W

o

o
o

++
=

m

, 

ʜʝ ʊ0 ï ʚʝʣʠʢʘ ̔ʥʝʨʮʽʡʥʽʩʪʴ; 
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ʊm ï ʤʘʣʘ ̔ʥʝʨʮʽʡʥʽʩʪʴ (ʥʝʢʦʤʧʝʥʩʦʚʘʥʘ ʩʪʘʣʘ, ʷʢʘ ʚʠʟʥʘʯʘ ̒

ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʽʩʪʴ); 

k0 ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʦʙ'ʻʢʪʘ. 

ɿʥʘʡʜʝʤʦ ʧʦʪʨʽʙʥʫ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʨʝʛʫʣʷʪʦʨʘ )p(Wp . 

ʗʢʱʦ ʚʟʷʪʠ ʇ-ʨʝʛʫʣʷʪʦʨ, ʪʦ ʢʦʥʪʫʨ ʙʫʜʝ ʩʪʘʪʠʯʥʠʤ, ʪʦʙʪʦ ʚ ʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʙʫʜʝ ʧʦʤʠʣʢʘ ʟʘ ʟʘʜʘʶʯʦʶ ʜʽʻʶ. ɼʣʷ ʥʘʜʘʥʥʷ ʩʠʩʪʝʤʽ ʘʩʪʘʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʝʣʠʢʦ ʾ ʥ̔ʝʨʮʽʡʥʦʩʪ ̔ʦʙ'ʻʢʪʘ ʧʽʜʽʡʜʝ ʇɯ-

ʨʝʛʫʣʷʪʦʨ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ 

ʽʟ
p p

ʽʟ

ʊ ʨ+1
W (p) = k

ʊ ʨ
, 

ʜʝ ʊɯɿ = ʊ0. 

ɿʥʘʡʜʝʤʦ kʨ 

p ɯɿ o pp o
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k (T ʨ 1) k kk
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= = =

+ + +
. 

 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ 
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oopo
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=  

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 

Wʇʂ(ʨ) = W 
P(p); ʧʨʠ Wɿɿ(p) = 1; 

k0kp = b0 = a0; T0 = a1; T0Tm = a2. 

ɿ ʫʤʦʚʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ 2a0a2 = a1
2, ʟʥʘʭʦʜʠʤʦ 

2kpk0T0Tm = T0
2; 

m

=
Tk2

T
k

o

o
p . 

ʊʦʜʽ ʚ ʢʽʥʮʝʚʦʤʫ ʚʠʛʣʷʜʽ )ʨ(W ʟ
ʟ  ʧʝʨʝʧʠʰʝʪʴʩʷ 
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ɿ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʧʪʠʤʽʟʦʚʘʥʽʡ 

ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʤʘʣʦʁ ʩʪʘʣʦʶ ʯʘʩʫ ʊm. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 5.2, ʥʘ ʷʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʚ 

ʦʧʪʠʤʽʟʦʚʘʥʽʡ ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ, ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ: 

ů = 4,3% - ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ; t1 = 4,7ÖTm; t2 = 6,3ÖTm; t3 = 8,4ÖTm. 

ʎʝʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʥʝ ʻ ʛʨʘʥʠʯʥʠʤ ʥʽ ʧʦ ʰʚʠʜʢʦʜʽʾ, ʥʽ ʧʦ 

ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʶ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʦ ʮʽʡ ʧʨʦʮʝʜʫʨʽ ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʥʘ ʤʦʜʫʣʴʥʠʡ 

ʦʧʪʠʤʫʤ (ʄʆ).  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʢʦʥʪʫʨʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ 

2

ʟ
ʟ

ʨʨ1

1
)ʨ(W

a+b+
= ; 

ʜʝ 
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a-b°b-
=

2
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r

2

2,1 ; 

b2 ï 4a ² 0 ï ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʘʧʝʨʽʦʜʠʯʥʠʡ; 

b2 ï 4a < 0 ï ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʢʦʣʠʚʘʣʴʥʠʡ. 

)1
4

(44
2

2 -
a

b
a=a-b ; 

2
2

4
x=

a

b
, 

ʜʝ ɝ - ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ. 

a

b
=x

2
; 

ʧʨʠ ɝ ² 1 - ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʘʧʝʨʽʦʜʠʯʥʠʡ; 

ʧʨʠ ɝ < 1 - ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʢʦʣʠʚʘʣʴʥʠʡ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ b = 2ʊm; a = 2ʊm
2; 
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707,0
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T22
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m
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ʅʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʄʆ ʻ ʢʦʤʧʨʦʤʽʩʥʠʤ. ʐʚʠʜʢʦʜʽ ʁ ʢʦʥʪʫʨʫ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ, ʘʣʝ ʨʘʟʦʤ ʟ ʪʠʤ ʨʦʩʪʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, ʘʥʘʣʦʛʽʯʥʦ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 

ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʘʣʝ ʟʤʝʥʰʠʪʴʩʷ  ̔ʰʚʠʜʢʦʜʽ ̫(ʜʠʚ. ʨʠʩ. 5.3). 

                   

ʈʠʩ. 5.2                                                     ʈʠʩ. 5.3 

 

ʅʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ ʜʘʶʪʴ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʰʚʠʜʢʦʜʽʾ 

 ̔ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʶ  ̔ʪʝʭʥʽʯʥʦ ʣʝʛʢʦ ʨʝʘʣʽʟʫʶʪʴʩʷ. 

ʃɸʏʍ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ, ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʄʆ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

5.4. 
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ʊɯɿ = ʊ0. 

ɿʙʽʣʴʰʝʥʥʷ kʨ ʧʨʠʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ, ʘʣʝ ʡ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʣʠʚʘʣʴʥʦʩʪʽ. 
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ʨʠʩ. 5.4. 
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ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʯʣʝʥʦʤ 
2 22T pm , ʦʪʨʠʤʘʻʤʦ ʩʧʨʦʱʝʥʫ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ 

ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ 

m+
º

T21

1
)ʨ(W

)ʤʦ(ʟ
ʟ . 

ʇʽʩʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʫʨʫ ʥʘ ʄʆ, ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ 

ʩʧʨʦʱʝʥʦʤʫ ʚʠʜʽ ʷʢ ʘʧʝʨʽʦʜʠʯʥʫ ʣʘʥʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (ʜʠʚ. ʨʠʩ. 5.5), ʘ ʥʝ 

ʢʦʣʠʚʘʣʴʥʫ ʣʘʥʢʫ. 

 

ʈʠʩ. 5.5 

 

ʇʦʨʷʜʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʄʆ ʧʦ ʃɸʏʍ (ʜʠʚ. ʨʠʩ. 5.6): 

ɼʘʥʦ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ 
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ʜʝ )p(Wp  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ; 

)p(Wo  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʦʙ'ʻʢʪʘ. 

ɿ ʥʝʾ ʟʥʘʭʦʜʠʤʦ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʨʝʛʫʣʷʪʦʨʘ 

)p(W)1pT(pT2
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o
p

+
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mm

. 

 

 

ʈʠʩ. 5.6 

 

ʇʨʠ ʊɯɿ < ʊ0 ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʣʦʱʘ ʅʏ ʯʘʩʪʠʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟ'ʷʚʣʷʻʪʴʩʷ 

ʜʽʣʷʥʢʘ ʟ ʥʘʭʠʣʦʤ 40ʜʙ/ʜʝʢ ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʃɸʏʍ (ʜʠʚ. ʨʠʩ. 5.7). ʎʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʢʦʥʪʫʨʫ, ʘʣʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʩʪʽʡʢʽʩʪʴ ʫ 

ʥʴʦʤʫ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʙʫʜʝ ʜʦʚʦʜʠʪʠʩʷ ʥʘ ʜʽʣʷʥʢʫ 40ʜʙ/ʜʝʢ. 

ʇʨʠ ʊɯɿ > ʊ0 ʧʣʦʱʘ ʅʏ ʯʘʩʪʠʥʠ ʃɸʏʍ ʟʤʝʥʰʫʻʪʴʩʷ (ʜʠʚ. ʨʠʩ. 5.8), ʱʦ 

ʧʦʚʠʥʥʦ ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʦʜʽʶ. 

 

 

ʈʠʩ. 5.7                                                    ʈʠʩ. 5.8 
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ɼʽʘʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʧʨʠ ʨʽʟʥʠʭ ʥʘʩʪʨʦʶʚʘʥʥʷʭ ʢʦʥʪʫʨʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

5.9. 

 

 

ʈʠʩ. 5.9  

 

ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʩʪʫʧʥʠʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʡ ʢʦʥʪʫʨ ʚʞʝ 

ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ. 

 

5.1.3.ɿʘʩʪʦʩʫʚʘʥʥʷ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʢʦʥʪʫʨʫ, ʦʙ'ʻʢʪ ʷʢʦʛʦ ʤʽʩʪʠʪʴ 

ʚʝʣʠʢʫ  ̔ʤʘʣʫ ʥ̔ʝʨʮʡ̔ʥʦʩʪ ̔

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʚʠʧʨʘʚʜʘʥʦ, ʪʦʤʫ ʱʦ ʥʝ ʧʦʪʨʽʙʥʦ ʩʪʝʞʠʪʠ ʟʘ 

ʻʤʥʽʩʪʶ ʚ ʇɯ-ʨʝʛʫʣʷʪʦʨʽ ʽ ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽ ʚʫʟʣʠ, ʷʢʽ ʰʫʥʪʫʶʪʴ ʻʤʥʽʩʪʴ ʧʽʜ ʯʘʩ 

ʟʫʧʠʥʢʠ ʧʨʠʚʦʜʘ. 

 

ʈʠʩ. 5.10 
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ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 5.10, ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ 

ʦʙ'ʻʢʪʘ, ʨʦʟʽʤʢʥʫʪʦʛʦ  ̔ʟʘʤʢʥʫʪʦʛʦ ʟ ʦʜʠʥʠʯʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʢʦʥʪʫʨʫ 
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mm ++++
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= ; 

2ʘ0ʘ2 = ʘ1
2; 

2(1+kpk0)ʊ0ʊm = (ʊ0 + ʊm)
2; 

kpk0 >>1 ­  1+kpk0 º kpk0; 

T0 >> Tm ­ T0 + Tm º T0; 

2kpk0T0Tm = T0
2; 

m

=
Tk2

T
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o

o
p  ï ʢʦʝʬʽʮʽʻʥʪ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʷʢ ʫ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ 
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22pT2pT21

1

mm ++
º     ʧʨʠ ʊʦ >>ʊm. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʧʨʘʢʪʠʯʥʦ ʪʘʢʦ  ʁʞʝ, ʷʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ, ʪʦ ʽ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʙʫʜʝ ʪʦʡ ʞʝ ʩʘʤʠʡ. 

ɿʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʻ ʩʪʘʪʠʯʥʠʤ. ʇʦʤʠʣʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ ʨʦʩʪʫ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯʽ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʽ ʤʦʞʝ ʙʫʪʠ ʩʢʦʤʧʝʥʩʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ. 
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ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ m> T20ʊo  ʟʘʩʪʦʩʦʚʫʶʪʴ ʇ-ʨʝʛʫʣʷʪʦʨ. 

 

5.1.4.ʆʧʪʠʤʽʟʘʮʽʷ ʥʘ ʄʆ ʢʦʥʪʫʨʫ, ʦʙ'ʻʢʪ ʷʢʦʛʦ ʤʩ̔ʪʠʪʴ ʽʥʪʝʛʨʫʚʘʣʴʥʫ 

ʣʘʥʢʫ  ̔ʣʘʥʢʫ ʟ ʤʘʣʦ ʁʩʪʘʣʦʁ  ʯʘʩʫ 
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 ï ʇ-ʨʝʛʫʣʷʪʦʨ. 

ɿ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʢʦʥʪʫʨ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʩʪʘʪʠʯʥʠʤ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʷʢʱʦ ʽʥʪʝʛʨʫʚʘʣʴʥʘ ʣʘʥʢʘ ʦʙ'ʻʢʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʜʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ 

ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ, ʢʦʥʪʫʨ ʙʫʜʝ ʘʩʪʘʪʠʯʥʠʤ. 

ʅʘ ʨʠʩ. 5.11,ʘ,ʙ ʧʨʝʜʩʪʘʚʣʝʥ ̔ʢʦʥʪʫʨʠ ʘʩʪʘʪʠʯʥʦʾ ʪʘ ʩʪʘʪʠʯʥʦ ʾʩʠʩʪʝʤʽ ʧʦ 

ʟʙʫʨʝʥʥʶ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʦʙʦʭ ʚʘʨʽʘʥʪʘʭ ʩʠʩʪʝʤʘ ʻ ʘʩʪʘʪʠʯʥʦ ʁʟʘ ʟʘʚʜʘʥʥʷʤ, ʪʦʤʫ ʱʦ ʦʜʥʘ ʟ ʣʘʥʦʢ 

ʤʘʻ ʽʥʪʝʛʨʘʣʴʥʫ ʯʘʩʪʠʥʫ. ʇʨʠ ʷʢʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʦʯʠʥʘʪʠ ʟ 

ʣʘʥʢʠ, ʱʦ ʤʘʻ ʽʥʪʝʛʨʘʣʴʥʫ ʯʘʩʪʠʥʫ, ʥʘ ʚʭʦʜʽ ʷʢʦ ʾʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʫʣʴ. 

ʇʦ ʟʙʫʨʝʥʥʶ ʘʩʪʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʻ ʪʽʣʴʢʠ ʚʘʨʽʘʥʪ ʘ), ʪʦʤʫ ʱʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʦʙ'ʻʢʪʘ ʨʦʟʪʘʰʦʚʘʥʘ ʜʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ 

ʟʙʫʨʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. ɺʘʨʽʘʥʪ ʙ) ʻ ʩʪʘʪʠʯʥʠʤ ʧʦ ʟʙʫʨʝʥʥʶ, ʪʦʤʫ ʱʦ ʥʫʣʴʦʚʠʡ 

ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʽʥʪʝʛʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʦʞʣʠʚʠʡ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʙʫʨʶʚʘʣʴʥʦʛʦ 

ʚʧʣʠʚʫ, ʧʦʤʠʣʢʠ. 

 

ʘ) 
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ʙ) 

ʈʠʩ. 5.11 

 

5.1.5.ʆʧʪʠʤʽʟʘʮʽʷ ʥʘ ʉʆ ʢʦʥʪʫʨʫ, ʦʙ'ʻʢʪ ʷʢʦʛʦ ʤʽʩʪʠʪʴ ʽʥʪʝʛʨʫʚʘʣʴʥʫ 

ʣʘʥʢʫ  ̔ʣʘʥʢʫ ʟ ʤʘʣʦ ʁʩʪʘʣʦʶ ʯʘʩʫ  

 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʨʷʜʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʩʠʤʝʪʨʠʯʥʠʡ 

ʦʧʪʠʤʫʤ (ʉʆ). 

ɿʘʩʪʦʩʫʻʤʦ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʟ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ 
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ɿ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ ʘʩʪʘʪʠʯʥʠʤ ʟʘ ʟʘʚʜʘʥʥʷʤ ʽ ʟʙʫʨʝʥʥʷʤ ʙʫʜʫʪʴ ʧʝʨʝʜʘʪʥʽ 

ʬʫʥʢʮʽʾ ʨʦʟʽʤʢʥʫʪʦʛʦ  ̔ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʽʚ: 
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ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 5.12, ʃɸʏʍ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʩʠʤʝʪʨʠʯʥʘ ʱʦʜʦ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ. ʊʦʤʫ ʮʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʩʠʤʝʪʨʠʯʥʠʡ ʦʧʪʠʤʫʤ. 
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ʈʠʩ. 5.12                                                     ʈʠʩ. 5.13 

 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʊm. ʎʡ̔ 

ʧʝʨʝʜʘʪʥʽʡ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.13. 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ: t1 = 3,1Tm; t3 = 16,5Tm; d = 43,4%. 

ʇʽʜʚʠʱʝʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʣʠʢʘʥʝ ʥʘʷʚʥʽʩʪʶ ʬʦʨʩʫʚʘʣʴʥʦʛʦ ʯʣʝʥʘ ʫ 

ʯʠʩʝʣʴʥʠʢʫ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ. ʊʘʢʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʦ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʚʢʣʶʯʘʶʪʴ ʬʽʣʴʪʨ (ʜʠʚ. 

ʨʠʩ. 5.14). 

 

ʈʠʩ. 5.14 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 151 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ ʌ: 
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ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʽʟʥʠʭ ʥʘʩʪʨʦʶʚʘʥʥʷʭ ʢʦʥʪʫʨʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.15. 

 

 

ʈʠʩ. 5.15 

 

ʊʘʙʣʠʮʷ 5.1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʩʪʨʦʶʚʘʥʥʷʭ ʢʦʥʪʫʨʫ 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʉʆ ʄʆ ʉʆ+ʌ 

s , % 43,4 4,3 8,1 

t1 3,1ʊm 4,3ʊm 7,6ʊm 

t3 16,6ʊm 8,4ʊm 13,3ʊm 

 

ʇʦʨʽʚʥʶʶʯʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʉʆ ʽ ʄʆ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʄʆ ʤʘʻ ʤʘʣʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ  ̔ʚʝʣʠʢʫ ʰʚʠʜʢʦʜʽ,ʁ ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʩʠʩʪʝʤʘ ʻ ʩʪʘʪʠʯʥʦʶ. ʐʚʠʜʢʦʜʽʷ  ̔ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ 
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ʩʠʤʝʪʨʠʯʥʠʡ ʦʧʪʠʤʫʤ (ʉʆ) ʟʥʘʯʥʦ ʛʽʨʰʝ, ʥʽʞ ʧʨʠ ʥʘʩʪʨʦʶʚʘʥʥʽ ʥʘ ʄʆ, ʘʣʝ 

ʩʠʩʪʝʤʘ ʩʪʘʻ ʘʩʪʘʪʠʯʥʦ.ʁ 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ, ʥʘʣʘʰʪʦʚʘʥʽʡ ʥʘ ʉʆ, ʟ ʬʽʣʴʪʨʦʤ ʥʘ ʚʭʦʜʽ 

ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʟʘʤʽʥʫ ʩʪʨʠʙʢʘ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʢʦʥʪʫʨʫ ʝʢʩʧʦʥʝʥʪʦʶ. 

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʬʽʣʴʪʨʘ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.16.  

 

ʈʠʩ. 5.16 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʦʙ'ʻʢʪʘ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʪʝʛʨʫʚʘʣʴʥʫ ʣʘʥʢʫ  ̔

ʣʘʥʢʫ ʟ ʤʘʣʦ ʁʩʪʘʣʦʶ ʯʘʩʫ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʘʩʪʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʟʘ ʟʘʚʜʘʥʥʷʤ ʽ 

ʟʙʫʨʝʥʥʷʤ. 

 

5.1.6.ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʢʦʥʪʫʨʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ɽʇ 

 

ɺ ɸɽʇ ʫ ʧʨʦʮʝʩʽ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ  ̔ʦʙʤʝʞʫʚʘʪʠ ʨʷʜ 

ʢʦʦʨʜʠʥʘʪ ɽʇ ʥʘ ʧʨʠʧʫʩʪʠʤʦʤʫ ʨʽʚʥʽ (ʩʪʨʫʤ, ʥʘʧʨʫʛʫ  ̔ʪ.ʜ.), ʪʦʤʫ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ 

ɸɽʇ ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ. 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʢʦʥʪʫʨʥʠʭ ʩʠʩʪʝʤ ɸɽʇ: 

1) ɹʘʛʘʪʦʢʦʥʪʫʨʥʽ ɸɽʇ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʦʜʥʠʤ ʘʙʦ 

ʜʝʢʽʣʴʢʦʤʘ ʨʝʛʫʣʷʪʦʨʘʤʠ 

ʘ) ʟ ʦʜʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʨʠʩ. 5.17): 
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ʈʠʩ. 5.17 

ʙ) ʟ n-ʢʽʣʴʢʽʩʪʶ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʝʜʦʣʽʢ ʩʠʩʪʝʤʠ ʟ ʦʜʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ - ʨʝʛʫʣʷʪʦʨ ʤʘʻ ʢʦʤʧʨʦʤʽʩʥʝ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʙʫʣʠ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʚ ʢʦʥʪʫʨʘʭ 

ʰʚʠʜʢʦʩʪʽ  ̔ʩʪʨʫʤʫ. 

ɼʦʩʪʦʾʥʩʪʚʦ - ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ.  

ʗʢʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ ʨʝʛʫʣʷʪʦʨʽʚ, ʤʦʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʨʠʡʥʷʪʥʫ 

ʷʢʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʩʽʭ ʢʦʥʪʫʨʘʭ, ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʚʫʟʦʣ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭʥʶ ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ. 

2) ɹʘʛʘʪʦʢʦʥʪʫʨʥʽ ʩʠʩʪʝʤʠ ʟ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʨʠʩ. 5.18). ɼʘʥʽ ʩʠʩʪʝʤʠ ʻ ʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʫ ʟʚôʷʟʢʫ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʧʽʜʭʦʜʦʤ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʧʨʦʩʪʦʪʦʶ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ.  

 

ʈʠʩ. 5.18 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʚʦʜʠʪʴʩʷ ʩʚʽʡ ʨʝʛʫʣʷʪʦʨ, ʪʦʤʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʥʪʫʨʫ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʥʪʫʨʫ ʻ ʟʘʜʘʶʯʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʽ ʪ. ʜ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʥʪʫʨ ʩʪʨʫʤʫ ʻ ʧʽʜʣʝʛʣʠʤ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ, ʦʪʞʝ, ʮʝ ʩʠʩʪʝʤʘ ʟ 

ʧʽʜʣʝʛʣʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ. 
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ɼʦʩʪʦʾʥʩʪʚʘ: 

- ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; 

- ʧʨʦʩʪʦʪʘ ʦʙʤʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʆʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ, ̫ ʢʠʡ 

ʻ ʟʘʜʘʶʯʠʤ ʜʣʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠʚʦʜʘ ʦʙʤʝʞʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘʚʜʘʥʥʷ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ;  

- ʩʧʨʦʱʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ, ʥʘʣʘʛʦʜʞʝʥʥʷ  ̔ʨʝʘʣʽʟʘʮʽʷ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʠʩʪʝʤʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ, ʷʢʠʡ ʥʘʜʘʣʽ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʣʘʥʢʠ ʟ ʜʦʩʠʪʴ ʧʨʦʩʪʦʶ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʦʙ'ʻʢʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ. 

ʅʝʜʦʣʽʢʠ: 

- ʰʚʠʜʢʦʜʽʷ ʩʠʩʪʝʤʠ ʟʥʠʞʫʻʪʴʩʷ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ; 

- ʩʢʣʘʜʥʦ ʦʪʨʠʤʘʪʠ ʥʝʩʪʘʥʜʘʨʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʢʦʥʪʫʨʘʭ ʨʝʛʫʣʶʚʘʥʥʷ. 

 

ʊɽʄɸ 5.2. ʆɼʅʆɿʆʅʅɸ ɼɺʆʂʆʅʊʋʈʅɸ ʉʀʉʊɽʄɸ 

ʇɯɼʇʆʈʗɼʂʆɺɸʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ ʂʆʆʈɼʀʅɸʊ ɿ ʂʆʅʊʋʈɸʄʀ 

ʈɽɻʋʃʖɺɸʅʅʗ ʉʊʈʋʄʋ ɯ ʐɺʀɼʂʆʉʊɯ 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʜʥʦʟʦʥʥʦʛʦ ɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʽ ʟʚʦʨʦʪʥʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ ʧʦ ʩʪʨʫʤʫ ʽ ʰʚʠʜʢʦʩʪʽ ʟ ʧʽʜʣʝʛʣʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.19. 

 

ʈʠʩ. 5.19 
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ʅʘ ʨʠʩʫʥʢʫ 5.19 ʧʦʟʥʘʯʝʥʽ: ʈʐ, ʈʉ ï ʨʝʛʫʣʷʪʦʨʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʨʫʤʫ; ɼʐ, 

ɼʉ ï ʜʘʪʯʠʢʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʨʫʤʫ; ʊʇ ï ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ; Uɿʐ, 

Uɿɿʐ, Uɿɿʉ ï ʩʠʛʥʘʣʠ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʧʦ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʩʪʨʫʤʫ. 

ʇʨʠ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʈʐ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʭʦʜʠʪʴ 

ʥʘ ʦʙʤʝʞʝʥʥʷ Uʈʐ max, ʟʘʜʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ, ʱʦ ʚʽʜʧʨʘʮʴʦʚʫʻʪʴʩʷ 

ʟʘʤʢʥʫʪʠʤ ʢʦʥʪʫʨʦʤ ʩʪʨʫʤʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 5.20, ʜʠʥʘʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ: I ï IC = Iɼʀʅ. 

 

 

 

ʈʠʩ. 5.20 

 

ʋ ʪʦʯʮʽ 2 ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʚʠʡʜʝ ʟ ʦʙʤʝʞʝʥʥʷ  ̔ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠ ʩʚʽʡ 

ʩʠʛʥʘʣ ʜʦ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʧʨʠ ʷʢʦʤʫ ʩʪʨʫʤ ʜʚʠʛʫʥʘ ʩʪʘʥʝ ʜʦʨʽʚʥʶʚʘʪʠ ʩʪʨʫʤʫ 

ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʪʘʣʠʡ ʨʝʞʠʤ ʫ ʪʦʯʮʽ 3 ʥʘʩʪʫʧʠʪʴ ʧʨʠ ʨʽʚʥʦʩʪʽ I = IC. 

 

5.2.1.ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.21. 

ɼʦʧʫʱʝʥʥʷ: 

- ʜʘʪʯʠʢ ʩʪʨʫʤʫ ʚʚʘʞʘʻʤʦ ʙʝʟʽʥʝʨʮʽʡʥʠʤ ʜʩ ʜʩW (ʨ) k= ; 

- ʚʩʽ ʤʘʣʽ ʥ̔ʝʨʮʽʡʥʦʩʪ̔, ʷʢʽ ʤʘʻ ʢʦʥʪʫʨ, ʚʢʣʶʯʝʥʽ ʥʘ ʚʭʦʜʽ ʊʇ 

( ) ( )ʪʧ ʨʪ ʜʩT ʊ ʊ ʊm m m= + + ; 

- ɽɼ ʟʘʛʘʣʴʤʦʚʘʥʠʡ ɤ = 0, ʪʦʙʪʦ ɽ = 0, ʘ ʟʥʘʯʠʪʴ ʚʽʜʩʫʪʥʽʡ ʧʨʠʨʦʜʥʠʡ ɿɿ ʧʦ 

ɽʈʉ. 
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ʂʦʥʪʫʨ ʩʪʨʫʤʫ ʤʽʩʪʠʪʴ ʣʘʥʢʠ ʟ ʚʝʣʠʢʦ  ʁ ʽ ʤʘʣʦ ʁ ʥ̔ʝʨʮʡ̔ʥʩ̔ʪʶ (ʤʘʣʫ 

ʽʥʝʨʮʽʡʥʽʩʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝ ʩʣʽʜ, ʚʦʥʘ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʢʦʥʪʫʨʫ). 

 

ʈʠʩ. 5.21 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʨʦʙʣʝʥʠʭ ʜʦʧʫʱʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.22. 

  

 

ʈʠʩ. 5.22 

 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʄʆ: 

ʨ ʪʧ
ʂʉ ʈʉ ʜʩ

ɽ ɽ

k 1 1
W (ʨ) W (ʨ) k

ʊ ʨ 1R (ʊ ʨ 1) 2ʊ ʨ(ʊ ʨ 1)m m m

= =
+ + +

; 

( 1) 1 1
( )

2 2

+ + +
= = =

Ö

ɽ ɽ ɽ ɽ ɽ ɽ ɽ
ʨʩ ʨʩ

ʪʧ ʜʩ ɽ ʪʧ ʜʩ ɽ ɽ

R ʊ ʨ ʊ R ʊ ʊ ʨ ʊ ʨ
W ʨ k

ʊ ʨ k k ʊ ʊ k k ʊ ʨ ʊ ʨm m

. 

ʆʜʝʨʞʘʣʠ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ. ɯʟ ʮʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʠʩʪʝʤʘ ʘʩʪʘʪʠʯʥʘ  ̔ʧʦ 

ʟʘʚʜʘʥʥ,ʁ ʽ ʧʦ ʟʙʫʨʝʥʥʁ (ʜʣʷ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ). 

ʟ ʧʢ
ʢʩ ʨ

ʢʩ

W (ʨ)
W (ʨ)

1 W (ʨ)
=
+

, 

ʜʝ  
ʨ

ʢʩ
ʧʢ

ʜʩ

W (ʨ)
W (ʨ)

k
=  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʧʨʷʤʦʛʦ ʢʘʥʘʣʫ; 
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ʨ

ʢʩ

1
W (ʨ)

2ʊ ʨ(ʊ ʨ 1)m m

=
+

 ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ. 

ʊʦʜʽ, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ 

ʨ
ʟ ʜʩʢʩ
ʢʩ ʨ 2 2

ʜʩ ʢʩ ʜʩ

1
1

2ʊ ʨ(ʊ ʨ 1) kW (ʨ)1 1
W (ʨ)

1k 1 W (ʨ) k 1 2ʊ ʨ 2ʊ ʨ
1

2ʊ ʨ(ʊ ʨ 1)

m m

m m

m m

+
= = =

+ + +
+

+

; 

ʟ ʜʩ ʜʩ

ʢʩ

ʩ

1 1
k k

W (ʨ)
1 2ʊ ʨ 1 ʊ ʨm

@ =
+ +

, 

ʜʝ 2ʊm = ʊʉ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʪʘʣʘ ʯʘʩʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʄʆ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ. 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ:  
ʟ

ʢʩ
p 0 ʜʩ
t

1lim W (ʨ)
k­

­¤

= .  

 

ʇʨʦ ʟʘʧʘʩ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʦ ʥʘʧʨʫʟʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦʾ ɽʈʉ ʜʚʠʛʫʥʘ  ̔ʤʦʞʣʠʚʠʭ ʟʥʠʞʝʥʥʷʭ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʤʝʨʝʞʽ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʚʥʠʡ ʟʘʧʘʩ ʥʘ ʩʪʘʪʠʢʫ ̔  ʜʠʥʘʤʽʢʫ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠ 1
2

ɽʊ

ʊm
>  ʡ 1

2

ɽʊ

ʊm
<  ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.23,ʘ,ʙ, 

ʚʽʜʧʦʚʽʜʥʦ. 

     

ʘ)                                                                       ʙ) 

ʈʠʩ. 5.23 

 

ɿʘʧʘʩ ʊʇ ʧʦ ʥʘʧʨʫʟʽ ʝʢʦʥʦʤʽʯʥʦ ʥʝ ʜʦʮʽʣʴʥʠʡ, ʪʦʤʫ ʧʨʘʢʪʠʯʥʦ ʚʽʥ ʥʝ 

ʨʝʘʣʽʟʫʻʪʴʩʷ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʚʠʜʢʽʩʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʝ 

ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʫ ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʩʪʨʦʶʚʘʥʥʷ ʥʘ ʄʆ. ɸʙʦ ʥʝ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʧʘʩ ʥʘ ʩʪʘʪʠʢʫ. 
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ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ɽʈʉ ʥʘ ʧʨʦʮʝʩʠ ʚ 

ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʝʘʣʴʥʦ 

ʩ̔ʥʫʶʯʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ɽʈʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 5.24. 

  

ʈʠʩ. 5.24 

 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʣʘʥʢʠ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ɽʈʉ 

ʷ ɽ ʤ
ʷ(ɽ) 2

ɽ ɽ ʤ ʤ ɽ

ʷ ɽ ʤ

1

R (ʊ ʨ 1) ʊ ʨ1
W (ʨ)

R1 R 1 ʊ ʨ ʊ ʊ ʨ
1

R (ʊ ʨ 1)ʊ ʨ

+
= =

+ +
+

+

. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʣʘʥʢʠ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ʤʘʻ ʜʠʬʝʨʝʥʮʽʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʢʦʤʧʝʥʩʫʪʁʴʩʷ ʽʥʪʝʛʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʛʫʣʷʪʦʨʘ. 

ɺʠʟʥʘʯʠʤʦ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʜʣʷ ʜʘʥʦʛʦ 

ʚʠʧʘʜʢʫ ʟ ʨʝʛʫʣʷʪʦʨʦʤ, ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʫ ʨʝʞʠʤʽ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʨ ɽ ʪʧ ʤ
ʢʩ(ɽ) ʨʩ ʜʩ2

ɽ ɽ ʤ ʤ ɽ

ɽ ʤ

2

ʤ ʤ ɽ

ʊ ʨ 1 k ʊ ʨ
W (ʨ) k k

ʊ ʨ ʊ ʨ 1R (1 ʊ ʨ ʊ ʊ ʨ )

(ʊ ʨ 1)ʊ ʨ1
,

2ʊ (ʊ ʨ 1)(1 ʊ ʨ ʊ ʊ ʨ )

m

m m

+
= =

+ + +

+
=

+ + +

 

ʜʝ 
ʜʪʪʧ

ʵʵ
ʨʪ

kkʊ2

Rʊ
k

m

= . 

ʤ ɽ ʤ
ʵ2

ʜʪ ʤ ʤ ɽʟ ʜʪ

ʢʪ(ɽ) 2
ʤ ɽ ʤ ʤ ɽ ʤ ɽ

2

ʤ ʤ ɽ

ʊ ʊ ʨ 1 ʊ
(ʊ ʨ 1)

2ʊ k (ʊ ʨ 1)(1 ʊ ʨ ʊ ʊ ʨ ) k
W (ʨ) .

ʊ ʊ ʨ 1 2ʊ (ʊ ʨ 1)(1 ʊ ʨ ʊ ʊ ʨ ) ʊ (ʊ ʨ 1)
1

2ʊ (ʊ ʨ 1)(1 ʊ ʨ ʊ ʊ ʨ )

+
+

+ + +
= =

+ + + + + +
+

+ + +

m m

m m

m m
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ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤ:̔ 

ʤ

ʜʪ

ʤ

ʜʪʤʟ
)ɽ(ʢʪ

0p

ʊ

ʊ2
1

k1

ʊʊ2

kʊ
)ʨ(Wlim

mm­
+

=
+

= . 

ʫ

ʤ

ʜʪ
ʟʪ I

ʊ

ʊ2
1

k1
U =

+

Ö
m

; 

ʤ

ʟ
y

ʊ

ʊ2
1

I
I

m
+

= , 

ʜʝ Iɿ ï ʟʘʜʘʥʘ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ɽʇ. 

ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʧʨʠ ʟʘʛʘʣʴʤʦʚʘʥʦʤʫ  ̔

ʨʦʟʛʘʣʴʤʦʚʘʥʦʤʫ ʜʚʠʛʫʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.25. 

 

ʈʠʩ. 5.25 

 

ʂʦʥʪʫʨ ʩʪʨʫʤʫ, ʷʢʠʡ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ ʙʫʚ ʘʩʪʘʪʠʯʥʠʤ ʧʨʠ ʟʘʛʘʣʴʤʦʚʘʥʦʤʫ 

ʨʦʪʦʨʽ, ʩʪʘʻ ʩʪʘʪʠʯʥʠʤ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ɽʈʉ (ɽ ̧ 0). ʇʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʤ 

ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰʝ ʩʪʘʣʘ ʯʘʩʫ ʊʄ. ɯʥʰʠʡ ʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʧʦ 

ɽʈʉ - ʮʝ ʟʙʽʣʴʰʝʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. ʉʪʦʩʦʚʥʦ ʥʦʚʦʛʦ ʩʪʘʣʦʛʦ ʨʽʚʥʷ ʩʪʨʫʤʫ 

ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʧʦ ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʪʠʤ ʞʝ. 

ʗʢʱʦ ɽʇ ʤʘʻ ʙʽʣʴʰʫ ʊʄ, ʪʦ ʟʘ ʯʘʩ ʚʠʭʦʜʫ ʩʪʨʫʤʫ ʥʘ ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ɽʈʉ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʽʥʷʻʪʴʩʷ ʽ ʾʾ ʚʧʣʠʚ ʥʘ ʩʪʨʫʤ ʤʽʥʽʤʘʣʴʥʠʡ. 

ɺ ɽʇ ʟ ʚʠʩʦʢʦʤʦʤʝʥʪʥʠʤʠ ɽɼ, ʜʝ ʊʄ ʤʘʣʘ, ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʧʦ ɽʈʉ ʽʩʪʦʪʥʠʡ, ʱʦ ʽʥʦʜʽ ʜʦʚʦʜʠʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʦʶ ʧʝʨʝʜʘʪʥʦʾ 

ʬʫʥʢʮʽʾ ʨʝʛʫʣʷʪʦʨʘ. 

ʗʢʱʦ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʧʝʨʝʜʘʪʥʦʶ ʬʫʥʢʮʽʻʶ 

 

ʤ
ʷ(ɽ)

ɽ 1 2

ʊ ʨ1
W (ʨ)

R (1 ʊ ʨ)(1 ʊ ʨ)
=

+ +
, 

ʜʝ ʊ1 + ʊ2 = ʊʄ;  ʊ1Öʊ2 = ʊʄʊɽ, 
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ʪʦ, ʦʧʪʠʤʽʟʫʶʯʠ ʢʦʥʪʫʨ ʩʪʨʫʤʫ ʥʘ ʄʆ, ʙʫʜʝʤʦ ʤʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ 

ʨʝʛʫʣʷʪʦʨ 

ʽʟ ʫ

ʨʩ(ɽ) ʨʩ 2

ʽʟ

(ʊ ʨ+1)(ʊ ʨ+1)
W (ʨ)=k

ʊ ʨ
, 

ʜʝ ʊɯɿ = ʊ1; ʊʫ = ʊ2; ʊ1 > ʊ2; 

ʎʝ ʨʝʛʫʣʷʪʦʨ ʪʠʧʫ (ʇɯ)2, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʩʢʣʘʜʥʘ  ̔ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʜʢʦ. 

 

5.2.1.1.ʂʝʨʫʚʘʥʥʷ ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʽ 

ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ 

 

 ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʤʦʤʝʥʪʦʤ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʜʞʝʨʝʣʘ ʤʦʤʝʥʪʫ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʢʦʥʪʫʨʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ ʷʢʦʨʷ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.26.   

 

ʈʠʩ. 5.26 

 

ʂʦʥʪʫʨ ʩʪʨʫʤʫ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʷʢʦʨʷ. ʊʘʢʠʤ, ʯʠʥʦʤ ʧʨʠ 

ʩʪʘʣʽʡ ʥʦʤʽʥʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʧʦʪʦʢʫ ʟʙʫʜʞʝʥʥʷ ʟʜ̔ʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʤʦʤʝʥʪʦʤ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ: 

IcʌM ʅ=  

ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ ʥʘʙʫʚʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʤôʷʢʦʛʦ 

ʭʘʨʘʢʪʝʨʫ (ʩʪʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʤʠ), ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 5.27. 

 

 ˽   ˸ ML  
ʚʭu  

pR  

ɾE-  

ɾE  

 

Mu  

CM  

I  

 )(pWPC  
Cu3  

ʉu33  

SR̀  

2R  

1R  

DA  

nE  

 

ɤ 
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ʈʠʩ. 5.27 

 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ, ʘ ʦʪʞʝ ʽ ʤʦʤʝʥʪʦʤ ɼʇʉ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.28. ʈʝʛʫʣʶʚʘʥʥʷ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ ʪʘ ʤʦʤʝʥʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ʩʪʨʫʤʫ uɿʉ. 

 

 

ʈʠʩ. 5.28 

 

  ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ ɼCk  ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ 

ʩʪʨʫʤʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʷʢʦʨʷ 

ʜʚʦʢʦʥʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ɼʇʉ ʟ ʅɿ. 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʄʆ 

ʚʽʜʧʦʚʽʜʘʻ ʇɯ-ʨʝʛʫʣʷʪʦʨʫ  

PC
PC PC

PC

T p+1
W (p) = k

T p
, 

 

ʜʝ ʗPC TT = ; ʗ ʗ

PC

ʧʨ ɼC

T R
k

2T k k

ä

m

= ; ɼC

ʅ

10
k

 I
=
l

. 
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ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʇʉ ʧʨʠ ʞʠʚʣʝʥʥʽ ʚʽʜ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 5.27, ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ  

  

ʅ 3C

C

1
M = ʩʌ u

k
. 

ɿʙʫʨʝʥʥʷʤ ʩʠʩʪʝʤʠ ʚʠʩʪʫʧʘʻ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ. 

  

5.2.2.ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ 

 

ʆʙ'ʻʢʪ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʤʽʩʪʠʪʴ ʘʧʝʨʽʦʜʠʯʥʫ ʣʘʥʢʫ ʟ ʤʘʣʦ ʁ

ʩʪʘʣʦʶ ʯʘʩʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʩʪʨʫʤʫ  ̔ʽʥʪʝʛʨʫʚʘʣʴʥʫ 

ʣʘʥʢʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʠʥʽ ʧʨʠʚʦʜʫ. 

ʄʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʽʟʘʮʽʾ: 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʄʆ (ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʦʜʥʦʢʨʘʪʥʦʽʥʪʝʛʨʫʚʘʣʴʥʠʡ); 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʉʆ (ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʜʚʦʢʨʘʪʥʦʥ̔ʪʝʛʨʫʚʘʣʴʥʠʡ). 

ʂʨʘʪʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʣʘʥʦʢ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ. 

 

5.2.2.1.ʆʜʥʦʢʨʘʪʥʦʥ̔ʪʝʛʨʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ɸɽʇ (ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʄʆ) 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.29. 

ɺʚʘʞʘʻʤʦ DIʉ = 0. 

ʨ ʜʩ ɽ
ʢʰ ʨʰ ʜʰ

ʩ ʝ ʥ ʤ ʪ ʪ

1 k R 1
W (ʨ) W (ʨ) k

ʊ ʨ 1ʉ ʌ ʊ ʨ 2ʊ ʨ(ʊ ʨ 1)
= =

+ +
. 

ɿʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ ʇ-ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ: 

ʝ ʥ ʤ ʜʩ

ʨʰ ʨʰ

ʪ ɽ ʜʰ

ʉʌ ʊ k
W (ʨ) k

2ʊ R k
= = . 

ɯʟ ʮʠʤ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʩʠʩʪʝʤʘ ʘʩʪʘʪʠʯʥʘ ʟʘ ʟʘʚʜʘʥʥʷʤ ʽ ʩʪʘʪʠʯʥʘ ʧʦ 

ʟʙʫʨʝʥʥʶ. ʋ ʮʽʣʦʤʫ ʩʠʩʪʝʤʘ ʩʪʘʪʠʯʥʘ. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ 
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ʟ(ʤʦ) ʪ ʪ ʜʩʧʢ
ʢʰ ʨ

ʢʰ

ʪ ʪ

ʜʰ ʜʰ ʜʰ

2 2

ʪ ʪ ʪ ʰ

1

2ʊ ʨ(ʊ ʨ 1)kW (ʨ)
W (ʨ)

11 W (ʨ)
1

2ʊ ʨ(ʊ ʨ 1)

1 k 1 k 1 k
,

1 2ʊ ʨ 2ʊ ʨ 1 2ʊ ʨ ʊ ʨ 1

+
= = =
+

+
+

= º =
+ + + +

 

ʜʝ ʊʐ = 2ʊʉ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʪʘʣʘ ʯʘʩʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʄʆ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ. 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ:ʟ

ʢʰ ʜʰ
p 0

W (ʨ) 1klim
­

= ;   ʟʰ ʜʰU 1 k =W. 

 

ʈʠʩ. 5.29 

 

ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.29. 

ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʩ ̔ʣʘʥʢʠ ʩʠʩʪʝʤʠ 

ʻ ʣʽʥʽʡʥʠʤʠ (ʥʝ ʚʠʭʦʜʷʪʴ ʥʘ ʦʙʤʝʞʝʥʥʷ). ɿ ʜʘʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʻ 

ʘʩʪʘʪʠʯʥʠʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ ʟʘʚʜʘʥʥʷʤ. 

ʇʨʠ ʧʦʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʤʠʣʢʘ ʧʦ ʰʚʠʜʢʦʩʪʽ, 

ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʻ ʩʪʘʪʠʯʥʦʶ ʟʘ ʟʘʚʜʘʥʥʷʤ. ʇʦʨʷʜʦʢ ʘʩʪʘʪʠʟʤʫ ʜʦʨʽʚʥʶʻ ʥʦʤʝʨʫ 

ʧʦʭʽʜʥʦʾ ʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ, ʧʨʠ ʷʢʦʤʫ ʢʦʥʪʫʨ ʩʪʘʻ ʩʪʘʪʠʯʥʠʤ, ʪʦʙʪʦ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʧʦʤʠʣʢʘ ʧʦ ʰʚʠʜʢʦʩʪʽ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʦ ʟʙʫʨʝʥʥ ʁ

ɽ

ʟ(ʤʦ) ʝ ʥ ʤ ɽ ʉ ʉ
ʢ(ʟʙ) 2 2

c ʝ ʥ ʤ ʉ ʉ

ʉ ʉ

R

ʉ ʌ ʊ ʨ R 2ʊ (ʊ ʨ 1)(ʨ)
W (ʨ)

1I (ʉ ʌ ʊ )(1 2ʊ ʨ 2ʊ ʨ )
1

2ʊ ʨ(ʊ ʨ 1)

+DW
= =- =-
D + +

+
+

 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ: ʟ(ʤʦ) ɽ ʉ
ʢʰ(ʟʙ)

p 0 ʝ ʥ ʤ

R 2ʊ
W (ʨ)

ʉ ʌ ʊ
lim
­

=- ;   ʟ(ʤʦ)ɽ ʉ
c

ʝ ʥ ʤ

R 2ʊ
I
ʉ ʌ ʊ

-D =DW. 

ʇʦ ʟʙʫʨʝʥʥʶ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʻ ʩʪʘʪʠʯʥʠʤ. ɺʝʣʠʯʠʥʘ ʧʦʤʠʣʢʠ 

ʧʨʦʧʦʨʮʽʡʥʘ Iʉ. 
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ʟ(ʤʦ) ʨʰc ɽ ʉ ʉ
ʫ

ʝ ʥ ʤ ʤ

I R 2ʊ 2ʊ
(ʨ)

ʉ ʌ ʊ ʊ

D
DW = =-DW ; 

ʗʢʱʦ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ  ʚʠʭʦʜʠʪʴ ʉ

ʤ

2ʊ
1

ʊ
>, ʪʦ ʞʦʨʩʪʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʻ ʥʘʚʽʪʴ ʤʝʥʰʦʶ, ʥʽʞ ʚ ʨʦʟʽʤʢʥʝʥʽʡ ʩʠʩʪʝʤʽ. 

 

5.2.2.2.ɼʚʦʢʨʘʪʥʦʥ̔ʪʝʛʨʫʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ɸɽʇ (ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʉʆ) 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.29. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʨʦʟʽʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʉʆ: 

ʨ(ʩʦ) ʜʩ ʩɽ
ʢʰ ʨʰ ʜʰ

ʩ ʝ ʥ ʤ ʩ ʩ ʩ

1 k 4ʊ ʨ 1R 1
W (ʨ) W (ʨ) k

ʊ ʨ 1ʉ ʌ ʊ ʨ 2ʊ ʨ(ʊ ʨ 1) 4ʊ ʨ

+
= =

+ +
. 

 ɿʚʽʜʩʠ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ: 

(ʩʦ) (ʤʦ)ɯɿ ʩ
ʨʰ ʨʰ ʨʰ

ɯɿ ʩ

ʊ ʨ 1 4ʊ ʨ 1
W (ʨ) k k

ʊ ʨ 4ʊ ʨ

+ +
= = . 

ʆʜʝʨʞʘʣʠ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʫ ʷʢʦʛʦ kʨʰ
(ʩʦ) = kʨʰ

(ʤʦ); ʊɯɿ = 4ʊʉ. 

ʝ ʥ ʤ ʜʩ ʩ
ʨʰ

ʪ ɽ ʜʰ ʩ

ʉʌ ʊ k4ʊ ʨ 1
W (ʨ)

2ʊ R k 4ʊ ʨ

+
= Ö . 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʉʆ 

ʩ

ʟ(ʩʦ) ʩ ʩ ʩ ʜʰ ʩ
ʢʰ 2 2 3 3

ʩ ʜʰ ʩ ʩ ʩ

ʩ ʩ ʩ

4ʊ ʨ 11 1

2ʊ ʨ(ʊ ʨ 1) 4ʊ ʨ k 4ʊ ʨ 11
W (ʨ) .

4ʊ ʨ 11 k 1 4ʊ ʨ 8ʊ ʨ 8ʊ ʨ
1

2ʊ ʨ(ʊ ʨ 1) 4ʊ ʨ

+
Ö Ö

+ +
= = Ö

+ + + +
+ Ö

+

 

ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 

5.30,ʘ. ʊʘʢʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʙʫʜʝ ʪʽʣʴʢʠ ʧʦʢʠ ʚʩʝ ʣʘʥʢʠ ʢʦʥʪʫʨʫ ʣʽʥʽʡʥʽ 

(ʧʦʢʠ ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʥʝ ʚʠʡʰʦʚ ʥʘ ʦʙʤʝʞʝʥʥʷ) ʽ ʮʝ ʤʦʞʣʠʚʦ ʧʨʠ ʧʦʜʘʯʽ 

ʣʠʰʝ ʤʘʣʠʭ ʩʠʛʥʘʣʽʚ ʟʘʚʜʘʥʥʷ. 

                      

ʘ)                                                                        ʙ) 

ʈʠʩ. 5.30 
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ɼʘʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʫ ʩʠʩʪʝʤʘʭ ɽʇ ʥʝʙʘʞʘʥʠʡ, ʪʦʤʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʚʢʣʶʯʘʶʪʴ ʬʽʣʴʪʨ. 

ʟ(ʩʦ ʬ) ʜʰ ʜʰ ʜʰ

ʢʰ 2 2 3 3 (ʩʦ)

ʩ ʩ ʩ ʩ ʰ

1 k 1 k 1 k
W (ʨ)

1 4ʊ ʨ 8ʊ ʨ 8ʊ ʨ 1 4ʊ ʨ ʊ ʨ 1

+ = @ =
+ + + + +

, 

ʜʝ ʊʐ
(ʉʆ) = 4ʊʉ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʪʘʣʘ ʯʘʩʠ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʉʆ ʢʦʥʪʫʨʫ 

ʰʚʠʜʢʦʩʪʽ; ʊʐ
(ʄʆ) = 2ʊʉ. 

ɻʨʘʬʽʢ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʟ ʬʽʣʴʪʨʦʤ ʥʘ ʚʭʦʜʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.30,ʙ. 

ʂʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ, ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʥʘ ʉʆ ʟ ʬʽʣʴʪʨʦʤ ʥʘ ʚʭʦʜʽ ʤʘʻ ʰʚʠʜʢʦʜʽ ʁ

ʚʜʚʽʯʽ ʤʝʥʰʫ, ʯʠʤ ʢʦʥʪʫʨ, ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʥʘ ʄʆ.  

ɼʘʥʠʡ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʻ ʘʩʪʘʪʠʯʥʠʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

2-ʡ ʧʦʭʽʜʥʽʡ ʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʤʠʣʢʘ). ʅʘʩʣʽʜʢʦʤ ʻ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʰʚʠʜʢʦʜʽʾ. 

ʐʚʠʜʢʽʩʥʘ ʧʦʤʠʣʢʘ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʟʘ ʟʘʚʜʘʥʥʷʤ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʫ  ̔

ʥʘʧʨʠʢʽʥʮʽ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʧʦ ʟʙʫʨʝʥʥ ʁ

ɽ

ʟ(ʩʦ) ʝ ʥ ʤ
ʢʰ(ʟʙ)

ʉ

ʉ ʉ ʉ

R

ʉ ʌ ʊ ʨ
W (ʨ)=- =

4ʊ ʨ+11
1+ ×

2ʊ ʨ(ʊ ʨ+1) 4ʊ ʨ

 

ɽ
ʩ ʩ ʩ

ʝ ʥ ʤ

ʩ ʩ ʩ ʩ

R
2ʊ ʨ(ʊ ʨ 1)4ʊ ʨ

ʉ ʌ ʊ ʨ
.

2ʊ ʨ(ʊ ʨ 1)4ʊ ʨ 4ʊ ʨ 1

Ö +

=-
+ + +

 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ: ( )

( )
0

( ) 0lim
­

=ʟ cʦ

ʢʰ ʟʙ
p

W ʨ  ; ʟ(cʦ)

ʟʰ ʜʰU 1 k =W . 

 

5.2.1.3.ʆʩʮʠʣʦʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʽ, ʨʝʚʝʨʩʽ 

 

ʇʨʠʙʣʠʟʥʠʡ ʚʠʜ ʦʩʮʠʣʦʛʨʘʤ ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʫʩʢʫ, ʨʝʚʝʨʩʽ, ʛʘʣʴʤʫʚʘʥʥʽ 

ʜʚʦʢʦʥʪʫʨʥʦʾ ʉʇʈ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʉʆ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 5.31. 
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ʈʠʩ. 5.31 

 

5.3.ʌʆʈʄʋɺɸʅʅʗ ʇɽʈɽʍɯɼʅʀʍ ʇʈʆʎɽʉɯɺ ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

 

5.3.1.ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ 

 

ɹʝʟ ʟʘʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʡ ʩʪʨʫʤ ʜʚʠʛʫʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʪʝʤʧ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  ̔ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʘ (ʧʫʩʢ, ʛʘʣʴʤʫʚʘʥʥʷ). 

ʇʫʩʢ:  Iʜʠʥ = Imʘʭ ï Iʉ  

max

max

2 ; 0 2

2 ,

ʥ c ʜʠʥ ʥ

ʥ c ʥ ʜʠʥ ʥ

I I I I I

I I I I I I

= = ­ =ë û
ì ü

= = ­ =í ý
 

ɻʘʣʴʤʫʚʘʥʥʷ:  Iʜʠʥ = ï (Imax + IC) 

2 0

3

ʜʠʥ ʥ ʩ

ʜʠʥ ʥ ʩ ʥ

I I ɯ

I I ɯ ɯ

=- ­ =ë û
ì ü

=- ­ =í ý
 

ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʪʝʤʧʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʨʷʜʫ ʤʝʭʘʥʽʟʤʽʚ, ʥʘ 

ʚʭʦʜʽ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ (ʜʠʚ. ʨʠʩ. 5.37) ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʜʘʪʯʠʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

(ɿɯ), ʷʢʠʡ ʟʘʜʘʻ ʚʝʣʠʯʠʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʤʫ ʯʘʩʪʦ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ 

ʟʘʜʘʪʯʠʢʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʨʫʤʫ. 
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ʈʠʩ. 5.37 

 

 

ʈʠʩ. 5.38 

 

ʅʘ ʨʠʩ. 5.37 ʧʨʠʡʥʷʪʝ ʧʦʟʥʘʯʝʥʥʷ - ʅʆ - ʥʫʣʴ-ʦʨʛʘʥ. ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʘʜʘʪʯʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʚʥʝʤ ʦʙʤʝʞʝʥʥʷ ʅʆ  ̔ʩʪʘʣʦʶ ʯʘʩʫ ʽʥʪʝʛʨʘʪʦʨʘ. 

ɼʽʘʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʽʟ ɿɯ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.38. 

ɿʘʜʘʪʯʠʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʻ ʚʝʣʠʯʠʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʤʫ 

ʧʦʚʥʠʡ ʩʪʨʫʤ ʜʚʠʛʫʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ  ̔ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʘ. 

ɺʝʣʠʯʠʥʘ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʨʫʤʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʤʝʞʘʭ: Iɼʀʅ = (0,5·0,7)Iʅ. 

ʊʦʜʽ ʚ ʨʝʞʠʤʽ ʧʫʩʢʫ:  I = Iɼʀʅ + IC   
0,5 0;

1,5 .

ʥ ʩ

ʥ ʩ ʥ

I ɯ

I ɯ ɯ

Ö ­ =ë
ì
Ö ­ =í

; 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʩʪʨʫʤ ʜʚʠʛʫʥʘ ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ ʥʝ ʚʠʭʦʜʠʪʴ ʥʘ ʨʽʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 

ʗʢʱʦ ʪʝʤʧ ɿɯ ʚʝʣʠʢʠʡ (Iɼʀʅ>Iʅ), ʪʦ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠʚʦʜʘ 

ʮʝʡ ʪʝʤʧ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠʩʷ ʥʝ ʙʫʜʝ. ʈʐ ʚʠʡʜʝ ʥʘ ʦʙʤʝʞʝʥʥʷ, ʟʘʜʘʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ. 
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ɻʘʣʴʤʫʚʘʥʥʷ:  I = -Iɼʀʅ + Iʉ   
0,5 0;

0,5 .

ʥ ʩ

ʥ ʩ ʥ

I ɯ

I ɯ ɯ

- Ö ­ =ë
ì
Ö ­ =í  

 

5.3.2.ʆʩʮʠʣʦʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʫʩʢʫ, ʛʘʣʴʤʫʚʘʥʥʽ, ʨʝʚʝʨʩʽ ʽʟ 

ʟʘʜʘʪʯʠʢʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ 

 

ʆʩʮʠʣʦʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʦʜʥʦʢʨʘʪʥʦ-ʽʥʪʝʛʨʫʶʯʽʡ ʩʠʩʪʝʤʽ ɸɽʇ ʧʨʠ ʨʦʙʦʪʽ 

ʚʽʜ ʟʘʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.39. 

ʇʨʠ ʮʴʦʤʫ Iɼʀʅ = 0,5ÖIʅ;  IC = Iʅ; 

ʟʩ(ʤʦ) ʥ ɽ

ʤ ʝ ʥ

I R2

ʊ ʉ ʌ

p
DW = Ö . 

 

 

ʈʠʩ. 5.39 

 

ʅʘ ʝʪʘʧʽ ʛʘʣʴʤʫʚʘʥʥʷ ʟʽ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʘʣʫ ʩʪʨʫʤ ʜʚʠʛʫʥʘ 

ʤʦʞʝ ʥʝ ʟʤʽʥʠʪʠ ʩʚʦʛʦ ʟʥʘʢʫ   ̔ʟʘʣʠʰʠʪʠʩʷ ʪʦʛʦ ʞ ʥʘʧʨʷʤʢʫ (ʜʠʚ. ʨʠʩ. 5.39). ʇʨʠ 

ʮʴʦʤʫ ʜʚʠʛʫʥ ʥʝ ʧʝʨʝʭʦʜʠʪʴ ʚ ʛʘʣʴʤʽʚʥʠʡ ʨʝʞʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʨʫʭʦʚʦʤʫ ʨʝʞʠʤʽ, 

ʪʠʤ ʩʘʤʠʤ ʫʪʨʠʤʫʶʯʠ ʟʘʡʚʦ ʚʝʣʠʢʠʡ ʪʝʤʧ ʛʘʣʴʤʫʚʘʥʥʷ, ʚʠʢʣʠʢʘʥʠʡ ʥʘʜʣʠʰʢʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ. 

 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 169 

5.3.3.ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʟ ʇ- ʪʘ ʇɯ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʰʚʠʜʢʦʩʪʽ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

ɿ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʩʠʩʪʝʤʘ ʻ ʘʩʪʘʪʠʯʥʦ ʁ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʟʘʚʜʘʥʥʷʤ (ʜʠʚ. ʨʠʩ. 5.40,ʘ). ʋ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ 

ʟʘʚʜʘʥʥʷʤ ʽʩʥʫʻ ʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʪʽʣʴʢʠ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 5.40 

ɿ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʩʠʩʪʝʤʘ ʻ ʘʩʪʘʪʠʯʥʦ ʁ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʟʘʚʜʘʥʥʷʤ (ʜʠʚ. ʨʠʩ. 5.40,ʙ). ʈʦʟʫʟʛʦʜʞʝʥʥ ̫ʤʽʞ ʩʠʛʥʘʣʦʤ ʟʘʚʜʘʥʥʷ ʽ ʩʠʛʥʘʣʦʤ 

ʜʘʪʯʠʢʘ ʰʚʠʜʢʦʩʪʽ ʤʘʻ ʤʽʩʮʝ ʥʘ ʧʦʯʘʪʢʫ  ̔ʥʘʧʨʠʢʽʥʮʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ 

ʩʠʛʥʘʣʽʚ ʟʘʚʜʘʥʥʷ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʣʽʥʽʡʥʦ. ʋ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʨʦʟʛʦʥʫ 

ʨʦʟʫʟʛʦʜʞʝʥʥʷ ʥʝʤʘʻ. 

ʊɽʄɸ 5.4. ɼɺʆɿʆʅʅɽ ʂɽʈʋɺɸʅʅʗ ʐɺʀɼʂɯʉʊʖ ɼɺʀɻʋʅɸ 

ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ ɿ ʅɽɿɸʃɽɾʅʀʄ ɿɹʋɼɾɽʅʅʗʄ 

ɼʚʦʟʦʥʥʝ ʢʝʨʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ɼʇʉ. ʋ ʜʚʦʟʦʥʥʦʤʫ ɽʇ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 

ʥʘ ʷʢʦʨʽ (ɯ ʟʦʥʘ), ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʣʷ (ʧʦʪʦʢʫ ʟʙʫʜʞʝʥʥʷ) ʜʚʠʛʫʥʘ (ɯɯ ʟʦʥʘ). 
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ʊʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʚʦʟʦʥʥʠʡ ɽʇ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʧʽʜʩʠʩʪʝʤ: ʦʜʥʘ ʟʤʽʥʶʻ 

ʥʘʧʨʫʛʫ ʥʘ ʷʢʦʨʽ, ʽʥʰʘ ʟʤʽʥʶʻ ʟʙʫʜʞʝʥʥʷ ʜʚʠʛʫʥʘ. ʂʝʨʫʚʘʥʥʷ ʮʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ 

ʤʦʞʝ ʙʫʪʠ ʟʘʣʝʞʥʠʤ ʽ ʥʝʟʘʣʝʞʥʠʤ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ɸɽʇ ʟʘʣʝʞʥʽ, ʪʦʙʪʦ 

ʦʩʣʘʙʣʝʥʥʷ ʧʦʣʷ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʘʧʨʫʛʦ  ʁʘʙʦ ɽʈʉ ̫ ʢʦʨ ̫ʥʦʤʽʥʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ.  

ʇʽʜ ʢʝʨʫʚʘʥʥʷʤ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ʚʘʨʪʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ 

ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʥʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʘ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ - 

ʙʽʣhɹʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (I ʟʦʥʘ). ɺ II ʟʦʥʽ ʩʪʨʫʤ ʜʚʠʛʫʥʘ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʤʝʥʰʝ 

ʥʦʤʽʥʘʣʴʥʦʛʦ I<Iʅ, ʘ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ I¢Iʄɸʂʉ. 

 ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʜʚʦʟʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʰʚʠʜʢʽʩʪʶ ɼʇʉ ʟ ʅɿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.41. 
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 ɺ ʜʘʥʽʡ ʩʠʩʪʝʤ ̔ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʚ ʦʙʦʭ ʟʦʥʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʦʜʥʽʻʾ 

ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʶʯʦʾ ʜʽʾ uʟ. ʋ ʧʝʨʰʽʡ ʟʦʥʽ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʥʘʧʨʫʛʠ ʥʘ ʷʢʽʨʥʽʡ ʦʙʤʦʪʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʇ1. ʋ ʜʨʫʛʽʡ 

ʟʦʥʽ ʢʝʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʤʽʥʦʶ ʧʦʪʦʢʫ ʟʙʫʜʞʝʥʥʷ ʜʚʠʛʫʥʘ (ʡʦʛʦ 

ʦʩʣʘʙʣʝʥʥʷʤ) ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʟʙʫʜʞʝʥʥʷ LM ʢʝʨʦʚʘʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʇ2. 

 ɿʘʚʜʘʥʥʷ ʟ ʝʣʝʢʪʨʦ-ʨʫʰʽʡʥʦʾ ʩʠʣʠ (ɽʈʉ) Eu3 ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʮʶ, ʧʨʠ ʷʢʽʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ ʟʦʥʠ ʚ ʽʥʰʫ ʪʘ ʥʘʚʧʘʢʠ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ, ʧʨʠ 

ʷʢʽʡ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʝʨʝʭʽʜ  

ʅ

E
=

cʌ
w , 

ʜʝ E - ɽʈʉ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ Eu3 . 

 ʗʢ ʧʨʘʚʠʣʦ, ʚ ʷʢʦʩʪʽ ʛʨʘʥʠʮʽ ʧʝʨʝʭʦʜʫ ʟ ʦʜʥʽʻʾ ʟʦʥʠ ʚ ʽʥʰʫ ʚʠʙʠʨʘʶʪʴ ʅE , 

ʪʦʙʪʦ ʅw . 

  ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʜʚʘ ʢʘʥʘʣʠ ʨʝʛʫʣʶʚʘʥʥʷ: ʰʚʠʜʢʦʩʪʽ ʽ ɽʈʉ. 

ʂʦʞʥʠʡ ʟ ʢʘʥʘʣʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʚʦʢʦʥʪʫʨʥʫ ʩʠʩʪʝʤʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ. 

 ʂʘʥʘʣ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʦʥʪʫʨʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ ʷʢʦʨʷ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʻ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ 

ʩʪʨʫʤʦʤ ʷʢʦʨʷ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʷʢʦʨʷ ʻ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʢʝʨʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʇ1. ɼʘʪʯʠʢ ʩʪʨʫʤʫ ʷʢʦʨʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ, ʷʢ ʽ 

ʜʣʷ ʟʚʠʯʘʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ɼʇʉ ʟ ʅɿ. 

ʂʘʥʘʣ ʨʝʛʫʣʶʚʘʥʥʷ ɽʈʉ ʚʢʣʶʯʘʻ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʫ 

ʟʙʫʜʞʝʥʥʷ ʪʘ ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ɽʈʉ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ ɽʈʉ ʻ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ 

ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ ʈɿʉ ʻ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʇ2. ɼʘʪʯʠʢ ʩʪʨʫʤʫ 

ʟʙʫʜʞʝʥʥʷ ɼʉɿ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ɼʉʗ. ɼʘʪʯʠʢ ɽʈʉ ɼɽ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʘʟʽ 

ʤʦʩʪʘ 1R , 2R , 3R , ʗR . ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʨʝʚʝʨʩʽ 
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ʥʘʧʨʫʛʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ɽʈ Eu33  ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʘ ʯʝʨʝʟ 

ʣʘʥʢʫ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʶ ʤʦʜʫʣʷ. 

ʇʨʠ ʧʦʜʘʯʽ ʟʘʚʜʘʥʥʷ ʟ ʰʚʠʜʢʦʩʪʽ 3u , ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʽʡ ʟʦʥʽ, ʩʠʩʪʝʤʘ 

ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʟʚʠʯʘʡʥʘ ʜʚʦʢʦʥʪʫʨʥʘ ʩʠʩʪʝʤʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʦʩʢʽʣʴʢʠ EE uu 333 > , ʪʦ ʨʝʛʫʣʷʪʦʨ ɽʈʉ ʧʨʘʮʶʻ ʚ ʟʦʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʽʥʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟʘʚʜʘʥʥʷ ʟ ʰʚʠʜʢʦʩʪʽ 3u  ʜʦ ʨʽʚʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʜʨʫʛʽʡ ʟʦʥʽ, ʩʧʦʯʘʪʢʫ 

ʜʦ ʛʨʘʥʠʮʽ ʟʦʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʛʽʥ ʜʚʠʛʫʥʘ (ʧʦʢʠ EE uu 333 > ) ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʥʷʪʪʷ 

ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʷʢʦʨʷ. ʇʦ ʤʽʨʽ ʨʦʩʪʫ ɽ Eu33  ʧʝʨʝʚʠʱʠʪʴ 3Eu  ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ 

ʈɽ ʨʦʟʧʦʯʥʝ ʟʤʝʥʰʫʚʘʪʠʩʴ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʧʦʪʽʢ ʟʙʫʜʞʝʥʥʷ ʽ ɽʈʉ, 

ʟʨʦʩʪʘʪʠʤʝ ʰʚʠʜʢʽʩʪʴ. ʈʽʩʪ ʰʚʠʜʢʦʩʪʽ ʚʠʢʣʠʢʘʪʠʤʝ ʨʽʩʪ ɽʈʉ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʛʽʥ ʜʚʠʛʫʥʘ ʚ ʜʨʫʛʽʡ ʟʦʥʽ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʩʣʘʙʣʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʩʪʘʣʽʡ ʚʝʣʠʯʠʥʽ ɽʈʉ (ʨʠʩ.5.42).  

 

 

ʈʠʩ. 5.42 

 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦʟʦʥʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʚʠʜʢʽʩʪʶ ɼʇʉ ʟ ʅɿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.43. 
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ʈʠʩ. 5.43 

 

ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ɽʈʉ  

3Emax
E

ʅ ʅ ʅ

u 10
k = =

E ʩʌ w
. 

ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʽ ʰʚʠʜʢʦʩʪʽ  

3max
w

ʅ ʅ

u 10
k = =

w kw
, 

ʜʝ k - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʫ ʜʨʫʛʽʡ ʟʦʥʽ (ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʠ k =1,5 ). 

ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʽ ʩʪʨʫʤʫ ʷʢʦʨʷ 

3ʉʗmax
ʉʗ

ʅ ʅ

u 10
k = =

l I l I
. 

ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ ʟʙʫʜʞʝʥʥʷ 

3ʉ3max
ʉ3

3ʅ 3ʅ

u 10
k = =

I I
, 

ʜʝ 
3

3
R

u
I ʅ
ʅ = - ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʟʙʫʜʞʝʥʥʷ; 3R - ʦʧʽʨ ʟʙʫʜʞʝʥʥʷ. 
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ʉʪʘʣʘ ʯʘʩʫ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ. 

3
3

3 S2

L
T =

R + R
, 

ʜʝ 3L - ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʌk  ʤʽʞ ʩʌ ̔  ʩʪʨʫʤʦʤ ʟʙʫʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ 

ʣʽʥʝʘʨʠʟʘʮʽʾ ʢʨʠʚʦʾ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʜʚʠʛʫʥʘ (ʨʠʩ. 5.44). 

 

ʈʠʩ. 5.44 

  

ʌ

3ʅ

ʩʌ
k =

I
. 

ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʽʚ ʩʪʨʫʤʫ ʷʢʦʨʷ ʽ ʰʚʠʜʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʚ 

ʦʜʥʦʟʦʥʥʦʤʫ ɽʇ. ʅʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʢʘʥʘʣʽʚ ʯʝʨʝʟ ʧʦʪʽʢ ʟʙʫʜʞʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʶʪʴ, 

ʱʦ ʧʦʪʽʢ ʟʙʫʜʞʝʥʥʷ ʽ ʰʚʠʜʢʽʩʪʴ ʻ ʥʦʤʽʥʘʣʴʥʠʤʠ ʅʩʌʩʌ= , ʅww= . 

 ʅʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʷʢʦʨʷ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ ʜʘʻ ʇɯ- 

ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ ʷʢʦʨʷ 

PCʗ
PCʗ PCʗ

PCʗ

T p+1
W (p) = k

T p
, 

 

ʜʝ PCʗ ʗT = T ; ʗ ʗå
PCʗ

m1 ʧʨ1 ʉʗ

T R
k =

2T k k
. 

ʇʨʠ ʥʘʩʪʨʦʶʚʘʥʥʽ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ ʦʪʨʠʤʫʶʪʴ ʇ- 

ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ 

Cʗ

Pʐ Pʐ

m1 w ʅ

k J
W (p) = k =

4T k cʌ

ä . 
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ʇʨʠ ʥʘʩʪʨʦʶʚʘʥʥʽ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʥʘ ʩʠʤʝʪʨʠʯʥʠʡ ʦʧʪʠʤʫʤ - ʇɯ- 

ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ 

ʈʐ
Pʐ Pʐ

ʈʐ

T ʨ+1
W (p) = k

T ʨ
, 

ʜʝ Pʐ m1T = 8T ; Cʗ
Pʐ

m1 w ʅ

k J
k =

4T k cʌ

S . 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʟʜʽʡʩʥʶʻ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʜʚʠʛʫʥʘ, 

ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʟʙʫʜʞʝʥʥʷ, ʷʢʠʡ ʥʘʩʪʨʦʶʻʪʴʩʷ ʥʘ 

ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʧʨʠ ʮʴʦʤʫ 

ʈC3
PC3 PC3

ʈC3

T ʨ+1
W (p) = k

T ʨ
, 

ʜʝ PC3 3T = T ; 3 3 S2
PC3

m2 ʧʨ2 ʉ3

T (R + R )
k =

2T k k
. 

ɼʣʷ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʫ ɽʈʉ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ɯ-ʨʝʛʫʣʷʪʦʨ 

PE

ʈE

1
W (p) =

T ʨ
, 

ʜʝ PE m2 ʌ ɽ ʅ

C3

1
T = 4T k k w

k
. 

ʇʨʠ ʚʝʣʠʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʜʨʫʛʽʡ ʟʦʥʽ, ʪʦʙʪʦ ʟʘ ʨʘʭʫʥʦʢ 

ʦʩʣʘʙʣʝʥʥʷ ʧʦʣʷ ʜʚʠʛʫʥʘ, ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʣʽʥʝʘʨʠʟʘʮʽʶ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʟ 

ʤʝʪʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʢʦʥʪʫʨʽ ʰʚʠʜʢʦʩʪʽ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʨʽʚʥʽ ʧʨʠ 

ʨʽʟʥʠʭ ʧʦʪʦʢʘʭ ʜʚʠʛʫʥʘ. 

 ʈʝʛʫʣʷʪʦʨ ɽʈʉ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʛʽʜʥʦ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʠʥʮʠʧʦʚʦʾ ʨʠʩ. 5.45. 

 

ʈʠʩ. 5.45 
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ʇʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʫʤʦʚʠ PETCR =11 . ɼʘʣʽ ʟʘʜʘʶʪʴʩʷ 1C , 

ʥʘʧʨʠʢʣʘʜ 1ʤʢʬ, ʽ ʟʥʘʭʦʜʷʪʴ ʚʝʣʠʯʠʥʫ 1R . 

ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʜʘʪʯʠʢʘ ɽʈʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.46. 

 

ʈʠʩ. 5.46 

 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʭʝʤʘ ʧʨʘʮʶʚʘʣʘ ʷʢ ʜʘʪʯʠʢ ɽʈʉ ʥʝʦʙʭʽʜʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚʠ  

1 ʗ

2 3

R R
=

R R
 

ʪʦʜʽ  E uu = k E,           

ʜʝ      3
n

3 ʗ

R
k =

R + R
. 

ʇʦʪʝʥʮʽʦʤʝʪʨ Rp ʪʘ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʦʩʥʦʚʽ DA , 4R , 5R  ʟ ʦʙʤʝʞʝʥʥʷʤ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʙʽʣʽʪʨʦʥʘʤʠ 1VD , 2VD  ʩʣʫʞʘʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟ ɽʈʉ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʫʤʦʚʫ 321 RRRR ʗ+>>+ , 1RRP >> , 2RRP >>  

3 5X
E

3 ʗʋ P 4

R RR
k = × ×

R + R R R
. 

ɿʘʜʘʶʯʠʩʴ ʚʝʣʠʯʠʥʘʤʠ 4R , 5R , ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ XR  (ʦʧʽʨ ʤʽʞ ʢʽʥʮʝʚʦʶ ʽ 

ʩʝʨʝʜʥʴʦʶ ʩʠʛʥʘʣʘʤʠ ʧʦʪʝʥʮʽʦʤʝʪʨʘ). 

 ʇʨʠʩʪʨʽʡ u ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʩʽʙ ʚʠʜʽʣʝʥʥʷ ʤʦʜʫʣʷ ʨʽʟʥʦʧʦʣʷʨʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʪʘʢ ʟʚʘʥʠʡ ʚʠʧʨʷʤʣʷʯ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

  

 

 

 

 

 

 

  

 

 

 

 
 

 

 

 



 ˹ ͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ζs ͍͙͍͙͚ͭͦͣ͊ͭͦ͊ͤ͘ ͔͔͙͍ͭͪͦͨͪͦ͒͟͡η 

 177 

 ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʚʠʧʘʜʢʫ ʇɯ- ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ  

3

w

1
w = u

k
, 

ʫ ʚʠʧʘʜʢʫ ʇ- ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ  

 

3 m1 ʅ

w å

u 4T cʌ
w = - I

k J
, 

ʘʙʦ (ʪʽʣʴʢʠ ʜʣʷ ʜʨʫʛʦʾ ʟʦʥʠ) 

3

1 ʅ E

3E

u

4T cʌ k
k (1 M)

J u

m

w

ä

w=

+
, 

(ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʾ ʟʦʥʠ) 

13
4Tu

M
k J

m

w ä

w= -
. 

ʆʙʤʝʞʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟʦʚʥʽʰʥʽʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʚʜʘʥʥ ̫ʥʘ 

ʚʭʦʜʽ (ʟʘʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦʩʪʽ  ̔ɽʈʉ).  

ʈʦʙʦʪʘ ʩʭʝʤʠ: 

ʇʦʢʠ ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪ̔ ʚʽʜʧʦʚʽʜʘʻ ʰʚʠʜʢʦʩʪʽ, ʤʝʥʰʠʡ 

ʥʦʤʽʥʘʣʴʥʦʾ (uɿ< uɿʅ), ʩʠʛʥʘʣ ʟ ɼɽ ʧʦ ʤʦʜʫʣ ʁ|uɿɿɽ| < uɿɽ, ʪʦʤʫ ʈɽ ʧʝʨʝʙʫʚʘʻ ʥʘ 

ʦʙʤʝʞʝʥʥʽ, ʟʘʜʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ ʜʚʠʛʫʥʘ, ʨʽʚʥʠʡ ʥʦʤʽʥʘʣʴʥʦʤʫ. ɽʇ 

ʧʨʘʮʶʻ ʷʢ ʦʜʥʦʟʦʥʥʠʡ ʽ ʰʚʠʜʢʽʩʪʴ ʨʝʛʫʣʶʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʨʫʛʠ ʥʘ ʷʢʦʨʽ. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʰʚʠʜʢʽʩʪ ɹʜʚʠʛʫʥʘ ʧʝʨʝʚʠʱʠʪʴ ʥʦʤ̔ʥʘʣʴʥʫ, ʩʠʛʥʘʣ ɼɽ ʩʪʘʻ 

ʙʽʣʴʰʠʤ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ɽʈʉ |uɿɿɽ|>uɿɽ, ʨʝʛʫʣʷʪʦʨ ɽʈʉ ʚʠʭʦʜʠʪʴ ʟ ʦʙʤʝʞʝʥʥʷ  ̔

ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʦʪʦʢʫ ʌ<ʌʅ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʩʧʦʯʘʪʢʫ ʚʠʢʣʠʢʘʥʝ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʧʨʫʛʠ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʦʩʣʘʙʣʝʥʥʷ ʧʦʣʷ ɽɼ. 

ʆʩʣʘʙʣʝʥʥʷ ʧʦʣʷ ʧʨʠʧʠʥʠʪʴʩʷ, ʢʦʣʠ ʩʠʛʥʘʣ uɿɿɽ = uɿɽ, ʦʩʪʘʥʥʽʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʩʪʘʥʦʚʣʶʻ ʚʝʣʠʯʠʥʫ ɽʈʉ ʜʚʠʛʫʥʘ. 
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5.5.ʇʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʥʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʧʽʜʣʝʛʣʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

  

ʇʝʨʝʚʘʛʠ:  

1 ʇʨʦʩʪʦʪʘ ʩʠʥʪʝʟʫ ʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʉɸʋ ʟ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ.  

2 ʄʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʨʽʟʥʠʭ ʉɸʋ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ.  

3 ʄʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʙʣʠʟʴʢʠʭ ʜʦ ʛʨʘʥʠʯʥʦʾ ʰʚʠʜʢʦʜʽʾ ʟ 

ʤʘʣʠʤ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ, ʷʢ ʧʨʠ  ʙʽʣʴʰʠʭ, ʪʘʢ ʽ ʧʨʠ ʤʘʣʠʭ ʟʙʫʨʝʥʥʷʭ. 

4 ʇʨʦʩʪʦʪʘ ʦʙʤʝʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ 

ʨʽʚʝʥʴ ʦʙʤʝʞʝʥʥʷ ʽ ʨʦʙʠʪʠ ʦʩʪʘʥʥʽʡ ʟʘʣʝʞʥʠʤ ʚʽʜ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

5 ʄʘʣʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ, ʪʦʤʫ ʱʦ 

ʚʽʜʨʘʟʫ ʞ ʚʩʪʫʧʘʻ ʚ ʜʽʶ ʈʉ, ʱʦ ʚʦʣʦʜʽʻ ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ.  

6 ʇʨʦʩʪʦʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʫ ʤʽʞ ʧʘʨʘʣʝʣʴʥʦ 

ʧʨʘʮʶʶʯʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ.  

7 ʇʨʦʩʪʦʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʚʜʷʢʠ ʥʝʟʘʣʝʞʥʦʩʪʽ ʥʘʩʪʨʦʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʪʫʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʧʨʠ 

ʥʝʨʫʭʦʤʦʤʫ ʷʢʦʨʽ.  

8 ɺʠʩʦʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʚʜʷʢʠ 

ʘʛʨʝʛʘʪʥʦʤʫ ʧʨʠʥʮʠʧʫ ʚʠʢʦʥʘʥʥʷ ʙʣʦʢʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʷʪʠ ʙʣʦʢʠ, 

ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ, ʩʧʨʘʚʥʠʤʠ ʟʘʧʘʩʥʠʤʠ.  

9 ʄʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʾ ʫʥʽʬʽʢʘʮʽʾ ʉʋɽʇ ʽʟ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʇʨʦʩʪʦʪʘ ʟʚ'ʷʟʢʫ ʟ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ  ̔

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ.  

10 ɿʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ.  
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11 ʇʨʦʩʪʦʪʘ ʩʧʦʩʦʙʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʥʘʩʪʨʦʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʠʭ 

ʧʦʛʨʽʰʥʦʩʪʷʭ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɽʇ ʦʜʝʨʞʘʪʠ ʮʽʣʢʦʤ 

ʧʨʘʮʝʟʜʘʪʥʽ ʩʠʩʪʝʤʠ.  

ʅʝʜʦʣʽʢʠ:  

1 ʅʝʩʪʽʡʢʘ ʨʦʙʦʪʘ ɽʇ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʧʨʠ ʤʘʣʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʤʦʤʝʥʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

2 ʅʝʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʥʠʞʯʝ ʜʝʷʢʦʾ ʤʝʞʽ ʩʪʘʪʠʯʥʦʛʦ (ʚ 

ʦʜʥʦʢʨʘʪʥʦʽʥʪʝʛʨʫʶʯʠʡ ʩʠʩʪʝʤʽ) ʽ ʜʠʥʘʤʽʯʥʦʛʦ (ʫ ʜʚʦʢʨʘʪʥʦʽʥʪʝʛʨʫʶʯʽʡ ʩʠʩʪʝʤʽ) 

ʧʘʜʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʥʘʢʠʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʤʫ ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʪʫʨʫ ʥʘ 

ʄʆ, ʪʘʢ ʽ ʉʆ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ  ʦʙ'ʻʢʪʘ  

ʨʝʛʫʣʶʚʘʥʥʷ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʫʪʨʫʜʥʶ̒  ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʧʽʜʣʝʛʣʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʪʠʭ ɽʇ ʽʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʷʢʽ 

ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʾʾ ʧʽʜʪʨʠʤʢʠ, ʷʢ ʫ ʩʪʘʪʠʯʥʠʭ, ʪʘʢ ʽ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ.  

3 ɺʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʘʣʠʭ ʩʪʘʣʠʭ ʯʘʩʫ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʝʢʨʘʥʽʟʘʮʽʾ ʢʽʣ 

ʢʝʨʫʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʜʩʠʣʶʚʘʯʽʚ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʽʜʩʠʣʝʥʥʷ.  

4 ʉʠʣʴʥʠʡ ʚʧʣʠʚ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʥʘ ʾʾ ʧʦʚʝʜʽʥʢʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔

ʧʘʨʘʣʝʣʴʥʦʾ ʢʦʨʝʢʮʽʾ ʟ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʦʭʦʧʣʶʚʘʥʦ ʾ ʣʘʥʢʠ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʣʘʥʢʠ ʧʦʟʥʘʯʘʻʪʴʩʷ ʤʘʣʦ. ʇʨʠ ʧʦʩʣʽʜʦʚʥʽʡ ʢʦʨʝʢʮʽʾ 

ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ʜʫʞʝ ʩʠʣʴʥʦ. ʆʩʢʽʣʴʢʠ ʫ ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʜʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽ ̔ʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ  ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝ ʫ ʚʩʽʤ ʜʽʘʧʘʟʦʥʽ, ʘ ʣʠʰʝ ʧ ʪʦʯʢʠ 

ʣʽʥʝʘʨʠʟʘʮʽʾ. 

5 ɺʽʜʢʠʜʘʥʥʷ ʯʣʝʥʽʚ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʚ ʧʝʨʝʜʘʪʥʠʭ ʬʫʥʢʮʽʷʭ  ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʪʫʨʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʚʘʥʝ ʧʨʠ ʩʧʨʦʱʝʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʩʪʨʦʶʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ, ʧʨʠʧʫʩʪʠʤʝ ʣʠʰʝ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ çʤʘʣè̔ ʩʪʘʣʽ ʯʘʩʫ ʜʚʦʭ 

ʩʫʤʽʞʥʠʭ ʢʦʥʪʫʨʽʚ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʧʦʨʷʜʦʢ. 

ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ çʤʘʣʠʭè ʩʪʘʣʠʭ ʯʘʩʫ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʷʤʦʤʫ ʢʘʥʘʣʽ 

ʧʝʨʝʜʘʯʽ ʚʧʣʠʚʽʚ ʽ ʢʘʥʘʣʽ ʟʚʦʨʦʪʥʦʾ ɸʉʈ, ʥʝ ʮʽʣʢʦʤ ʧʨʘʚʦʤʽʨʥʠʤ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʛʨʽʰʥʦʩʪʝʡ. ʋʪʦʯʥʝʥʽ ʬʦʨʤʫʣʠ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʽ ʨʦʙʣʷʪʴ ʾʭ 

ʤʝʥʰ ʥʘʦʯʥʠʤʠ.  
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6 ɿʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ.  

7 ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʠ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʥʘʩʣʽʜʦʢ 

ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤ.  

ɿʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝ ʻ ʽʩʪʦʪʥʠʤʠ. ʋ ʮʝʡ ʯʘʩ ʩʠʩʪʝʤʠ 

ʧʽʜʣʝʛʣʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʡ 

ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʫʩʝ ʰʠʨʰʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ɽʇ.  

 

5.6.ʊɽʍʅɯʏʅɸ ʈɽɸʃɯɿɸʎɯʗ ʉʀʉʊɽʄ ɿ ʇɯɼʇʆʈʗɼʂʆɺɸʅʀʄ 

ʈɽɻʋʃʖɺɸʅʅʗʄ ʇɸʈɸʄɽʊʈɯɺ 

ɼʦʜʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʫʨʩʦʚʦʤʫ ʽ ʜʠʧʣʦʤʥʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤ ʟ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʫʥʽʬʽʢʦʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. 

ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʷʪʦʨʽʚ ʻ ʥʘʩʪʫʧʥʽ ʧʨʠʩʪʨʦʾ: 

- ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ (ʆʇ); 

- ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ; 

- ʜʘʪʯʠʢʠ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʟ ʛʘʣʴʚʘʥʽʯʥʦʶ ʨʦʟʚôʷʟʢʦʶ; 

- ʧʦʪʝʥʮʽʘʣʴʥʽ ʨʦʟʜʽʣʴʥʠʢʠ; 

- ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʌʇ), ʥʝʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ (ʅɽ); 

- ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ɽʇ ʢʦʤʧʘʢʪʥʽ ʽ ʚʠʢʦʥʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʦʜʥʽʡ ʧʣʘʪʽ ʽʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. 

 

5.2.1.ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ 

 

ʉʭʝʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 5.47. 
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ʈʠʩ. 5.47 

 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ 

ʽʟ
ʨʩ ʨʩ

ʽʟ

ʊ ʨ+1
W (ʨ)=k

ʊ ʨ
, 

ʜʝ  ɽ ɽ
ʨʩ

m ʪʧ ʜʩ

ʊ R
k =

2ʊ k k
; 

ʊɯɿ = ʊɽ;  ʊɽ = RʆÖʉʆ; 

ʦ
ʨʩ

ʜʩ

R
k

R
= . 

kʨʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʽʰʘʣʴʥʠʭ ʢʽʣ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ: 

1) ʨʦʟʨʘʭʦʚʫʻʤʦ ʊɽ, kʨʩ, kʜʩ, kʫ; 

2) ʥʝʭʘʡ ʉʆʊ = (0,01·4) ʤʢʌ; 

3) ʟʥʘʡʜʝʤʦ ɽ
ʦ

ʦ

ʊ
R

ʉ
= ; 

4) ʚʠʟʥʘʯʠʤʦ 
ʦʩ

ʜʩ

ʨʩ

R
R

k
= ; 

5) ʦʙʯʠʩʣʠʤʦ Rɿʉ. 

ʑʦʙ ʫ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʩʠʛʥʘʣ ʈʉ ʥʝ ʟʤʽʥʶʚʘʚʩʷ, ʧʦʪʨʽʙʥʦ, ʱʦʙ ʚʭʽʜʥʠʡ 

ʩʪʨʫʤ ʥʝ ʥʘʜʭʦʜʠʚ ʫ ʢʘʥʘʣ ɿɿ. 

 

ʤʘʭ
ʜʩʟʩ ʟʩ ʟʩ

ʟʩ ʜʩ ʜʩʤʘʭ

ʟʩ ʜʩ ʜʩ ʜʩ

UU U U
R R R

R R U U
= ­ = = ; 

ʘ) Uʟʩ (mʘʭ) = Uʜʩ (mʘʭ) ­ Rɿʉ = Rɼʉ; 
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6) ʟʘʜʘʻʤʦʩʷ R1; 

7) ʦʜʝʨʞʠʤʦ R2 = R1Ökʋ. 

ʈʽʚʥʷʥʥʷ ʩʪʘʪʠʢʠ: ʘ) Uɿʉ (max) = Uɼʉ (max);   Rɿʉ = Rɼʉ;  ʟʢʩ

ʜʩ

1
W

k
= ; 

ʙ) Uɿʉ (max)  ̧Uɼʉ (max);   Rɿʉ  ̧Rɼʉ;  
ʜʩ

ʟʢʩ

ʜʩ ʟʩ

R1
W

k R
= Ö . 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʟʘ ʟʘʚʜʘʥʥʷʤ 

ʟ ʜʩ ʜʩ

ʢʩ(ʟ)

ʟʩ ʩ

1

R k
W (ʨ)

R ʊ ʨ 1
=

+
. 

 

5.2.2.ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ 

 

ʂʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5.48. 

 

  

ʈʠʩ. 5.48 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ 

ʽʟ
ʨʰ ʨʰ

ʽʟ

ʊ ʨ 1
W (ʨ) k

ʊ ʨ

+
= ; 

ʜʝ  

ʝ ʥ ʥ ʤ ʜʰ

ʨʰ

ʰ ɽ ʜʰ

ʉʌ I ʊ k
k =

2ʊ R k
, 

ʜʝ kɼ = kʈʐ ʧʨʠ Rɿʐ = Rɼʐ; 

ʜʰ

ʜʰ ʜʰ

ʟʰ

R
k k

R
= Ö  ʧʨʠ Rɿʐ  ̧Rɼʐ. 

ʊɯɿ = 4ʊʐ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ 

ʝ ʥ ʤ ʜʰ

ʨʩ ʟʰ ʜʰ

ʪ ʝ ʜʰ

ʉʌ ʊ k
k = (R = R )

2ʊ R k
­ ; 

ʜʰ

ʝ ʥ ʤ ʜʰ

ʟʰ
ʨʰ ʟʰ ʜʰ

ʰ ɽ ʜʰ

R
ʉ ʌ ʊ k

R
k (R R )

2ʊ R k
= ­ ¸ ; 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʽʰʘʣʴʥʠʭ ʢʽʣ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ: 

1) ʟʥʘʭʦʜʠʤʦ kʨ ,h ʊɯɿ; 

2) ʟʘʜʘʻʤʦʩʷ ʉʆ; 

3) ʟʥʘʭʦʜʠʤʦ Rʆ; 

4) ʚʠʟʥʘʯʘʻʤʦ Rɼʐ; 

5) ʦʙʯʠʩʣʶʻʤʦ Rɿʐ; 

6) ʦʜʝʨʞʠʤʦ ʉʬ; 

7) ʨʦʟʨʘʭʦʚʫʻʤʦ R3, R4; 

8) ʚʠʙʠʨʘʻʤʦ VD1, VD2. 

ʧʨʠ Uɿʐ (mʘʭ)  ̧Uɼʐ (mʘʭ)  ʟʰ(max)

ʟʰ ʜʰ

ʜʰ(max)

U
R R

U
= . 

 

ʈʠʩ. 5.49 

 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʥʘ ʩʠʤʝʪʨʠʯʥʠʡ 

ʦʧʪʠʤʫʤ ʟ ʬʽʣʴʪʨʦʤ ʥʘ ʚʭʦʜʽ 

ʟ(ʩʦ ʬ) ʜʰ

ʢʰ

ʰ

1 k
W (ʨ)

ʊ ʨ 1

+ @
+

, 

ʜʝ ʩʦ ʬ

ʰ ʩʊ 4ʊ+ = ; 

(ʤʦ)

ʰ ʩʊ 2ʊ= . 

ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ: ʟ

ʢʰ
p 0 ʜʰ

1
W (ʨ)

k
lim
­

= . 
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ʈʆɿɼɯʃ 6. ʂɽʈʋɺɸʅʅʗ ʇʆʃʆɾɽʅʅʗʄ ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

 

ʊɽʄɸ 6.1. ʂɽʈʋɺɸʅʅʗ ʇʆʃʆɾɽʅʅʗʄ ɼɺʀɻʋʅɸ ʇʆʉʊɯʁʅʆɻʆ 

ʉʊʈʋʄʋ ɿɻɯɼʅʆ ʇʈʀʅʎʀʇʋ ʇɯɼʇʆʈʗɼʂʆɺɸʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ 

ʂʆʆʈɼʀʅɸʊ 

 

ʉʣʽʜʢʫʶʯʽ ʩʠʩʪʝʤʠ - ʮʝ ʩʠʩʪʝʤʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ 

ʚʠʢʦʥʫʶʯʦʛʦ ʦʨʛʘʥʫ ʨʦʙʦʯʦʾ ʤʘʰʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʟʘʜʘʶʯʦʶ ʜʽʻʶ, ʷʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʦʚʽʣʴʥʠʤ ʟʘʢʦʥʦʤ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʛʦʣʦʚʥʠʤ ʻ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ  

ʧʦ ʧʦʣʦʞʝʥʥʶ. 

ʉʣʽʜʢʫʶʯʽ ʩʠʩʪʝʤʠ ʙʫʚʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʽ, ʧʥʝʚʤʘʪʠʯʥʽ  ̔ ʝʣʝʢʪʨʠʯʥʽ. ʋ 

ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʨʦʙʦʪʘʭ, 

ʤʘʥʽʧʫʣʷʪʦʨʘʭ, ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ, ʢʦʩʤʽʯʥʽʡ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʣʜ̔ʢʫʶʯʦʾ ʩʠʩʪʝʤʠ ʻ ʪʦʯʥʽʩʪʴ, ʟ ʷʢʦʾ ʚʦʥʘ 

ʚʽʜʧʨʘʮʴʦʚʫ ̒ʟʘʜʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ. ɺ ʩʚʦʶ ʯʝʨʛʫ 

ʪʦʯʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʠ  ̔ʨʝʞʠʤʽʚ ʾʾ ʨʦʙʦʪʠ 

(ʨʝʞʠʤ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʚʽʜʧʨʘʮʚʁʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, ʽ ʪ.ʜ.). ʅʘʡʧʨʦʩʪʽʰʠʡ ʟ 

ʨʝʞʠʤʽʚ - ʨʝʞʠʤ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʎʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ. 

 

6.1.1.ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʣʽʜʢʫʶʯʦʾ ʩʠʩʪʝʤʠ 

 

ɿʘʚʜʘʥʥʷʤ ʩʣʽʜʢʫʶʯʦʛʦ ɸɽʇ ʻ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟ ʦʜʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʽʥʰʝ. ʆʩʥʦʚʥʦʶ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʰʚʠʜʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʟʘʜʘʶʯʠʭ ʩʠʛʥʘʣʽʚ. ʆʩʢʽʣʴʢʠ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʪʨʽʙʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʨʫʤ ʽ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ, 

ʪʦ ʚʩʽ ʩʫʯʘʩʥʽ ʩʣʽʜʢʫʶʯʽ ʩʠʩʪʝʤʠ ɸɽʇ ̒  ʪʨʠʢʦʥʪʫʨʥʠʤʠ ʟ ʧʽʜʣʝʛʣʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʣʽʜʢʫʶʯʦʛʦ ɸɽʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6.1. 
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ʈʠʩ. 6.1 

 

ʅʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʨʠʩ. 6.1 ʧʦʟʥʘʯʝʥʽ: Wʈʇ, Wʈʐ, Wʈʉ ï ʨʝʛʫʣʷʪʦʨʠ 

ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʽ ʩʪʨʫʤʫ; ɼʇ, ɼʐ, ɼʉ ï ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ 

ʩʪʨʫʤʫ; Uɿʇ ï ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ ʧʦʣʦʞʝʥʥʷ. 

ʄʦʞʣʠʚʽ ʪʨʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʣʽʜʢʫʶʯʦʛʦ ʧʦʟʠʮʽʡʥʦʛʦ ɸɽʇ: 

1) ʨʝʞʠʤ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʞʦʜʝʥ ʟ ʨʝʛʫʣʷʪʦʨʽʚ ʥʝ ʚʠʭʦʜʠʪʴ 

ʥʘ ʦʙʤʝʞʝʥʥʷ, ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʣʽʥʽʡʥʘ; 

2) ʨʝʞʠʤ ʩʝʨʝʜʥʽʭ ʧʝʨʝʤʽʱʝʥʴ, ʚ ʷʢʦʤʫ ʨʝʛʫʣʷʪʦʨʠ ʧʦʣʦʞʝʥʥʷ  ̔

ʰʚʠʜʢʦʩʪʽ ʚʠʭʦʜʷʪʴ ʥʘ ʦʙʤʝʞʝʥʥʷ, ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʣʽʥʽʡʥʦʾ, ʘʣʝ 

ʰʚʠʜʢʽʩʪʴ ʫ ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʥʝ ʚʠʭʦʜʠʪʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʘʣʠʡ ʨʽʚʝʥʴ. 

ʊʘʭʦʛʨʘʤʘ ʨʝʞʠʤʫ ʩʝʨʝʜʥʽʭ ʧʝʨʝʤʽʱʝʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6.2; 

3) ʨʝʞʠʤ ʚʝʣʠʢʠʭ ʧʝʨʝʤʽʱʝʥʴ - ʨʝʛʫʣʷʪʦʨʠ ʧʦʣʦʞʝʥʥʷ ̔ ʰʚʠʜʢʦʩʪʽ 

ʚʠʭʦʜʷʪʴ ʥʘ ʦʙʤʝʞʝʥʥʷ, ʧʨʠʚʦʜ ʨʦʟʛʘʥʷʻʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʷʢʠʡʩʴ 

ʯʘʩ ʥʘ ʥʽʡ ʧʨʘʮʶʻ. ʊʘʭʦʛʨʘʤʘ ʨʝʞʠʤʫ ʚʝʣʠʢʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 6.3, 

ʤʘʻ ʚʠʛʣʷʜ ʪʨʘʧʝʮʽʾ. 

 

            

ʈʠʩ. 6.2                                                      ʈʠʩ. 6.3 

 

6.1.2.ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʫʨʫ ʧʦʣʦʞʝʥʥʷ ʜʣʷ ʨʝʞʠʤʫ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʴ 
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ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʥʪʫʨʠ ʩʪʨʫʤʫ  ̔ ʰʚʠʜʢʦʩʪʽ ʚʞʝ ʦʧʪʠʤʽʟʦʚʘʥʽ  ̔

ʟʘʣʠʰʘʻʪʴʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʽʣʴʢʠ ʢʦʥʪʫʨ ʧʦʣʦʞʝʥʥʷ. ʊʦʜʽ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʧʨʠʡʤʝ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 6.4. 

 

ʈʠʩ. 6.4 

 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ (ɿʂʐ), ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ 

ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ ʤʘʻ ʚʠʛʣʷʜ 

ʜʰ ʜʰ

ʩ ʰ

1 1
ʂ ʂʟ(ʤʦ)

W (ʨ)ʢʰ
4ʊ ʨ 1 ʊ ʨ 1
@ =

+ +
, 

ʜʝ ʊʐ = 4ʊʉ ï ʤʘʣʘ ʩʪʘʣʘ ʯʘʩʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ (ʊʐ
ʄʆ 

= 2ʊʉ, ʊʐ
ʉʆ = 4ʊʉ). 

ʅʘʣʘʰʪʫʻʤʦ ʢʦʥʪʫʨ ʧʦʣʦʞʝʥʥʷ  ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ. ʇʨʠ ʪʘʢʦʤʫ 

ʥʘʩʪʨʦʶʚʘʥʥʽ ʃɸʏʍ ʤʘʻ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 6.5. 

ʊʦʜʽ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʧʦʣʦʞʝʥʥʷ, ʥʘʩʪʨʦʻʥʦʛʦ ʥʘ 

ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʧʨʠʡʤʝ ʚʠʜ 

  

ʜʧ

ʢʧ ʨʧ

ʜʰ ʰ ʰ ʰ

ʂ 1ʨ
W (ʨ) W (ʨ)

ʂ (ʊ ʨ 1)i p 2T p(ʊ ʨ 1)
@ Ö =

Ö + Ö Ö Ö +
, 

ʜʝ ʂɼʇ, ʂɼʐ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ  ̔ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʻ 

ʜʰ

ʨʧ ʨʧ

ʰ ʜʧ

ʂi
W (ʨ) ʂ

2ʊ ʂ
@ Ö =, 

ʜʝ i - ʧʝʨʝʜʘʪʦʯʥʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ. 

ʜʰ

ʨʧ

ʰ ʜʧ

ʂi
ʂ

2ʊ ʂ
= Ö . 

ʆʜʝʨʞʘʣʠ ʇ-ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʥʷ  ̔ʘʩʪʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʟʘ ʟʘʚʜʘʥʥʷʤ. 
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ʜʧ ʜʧ ʜʧ

ʨʧ 2 2

ʰ ʰ ʰ ʧ

1/ʂ 1/ʂ 1/ʂʟ(ʤʦ)
W (ʨ) W (ʨ)ʢʧ

2ʊ p 2ʊ ʨ 1 2ʊ ʨ 1 ʊ 1
@ Ö º =

+ + + +
, 

ʜʝ ʊʇ = 2ʊʐ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʪʘʣʘ ʯʘʩʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʤʦʜʫʣʴʥʠʡ ʦʧʪʠʤʫʤ 

ʢʦʥʪʫʨʫ ʧʦʣʦʞʝʥʥʷ. 

ʊʇ = 2ʊʐ = ... = 8ʊm 

ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʻ ʘʩʪʘʪʠʯʥʦ ʁ1-ʛʦ ʧʦʨʷʜʢʫ ʟʘ ʟʘʚʜʘʥʥʷʤ. ʗʢʱʦ ʢʦʥʪʫʨ 

ʰʚʠʜʢʦʩʪʽ ʙʫʚ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʥʘ ʉʆ ̔  ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʙʫʚ ʇɯ, ʪʦ ʜʘʥʠʡ ʢʦʥʪʫʨ 

ʧʦʣʦʞʝʥʥʷ ʙʫʜʝ ʘʩʪʘʪʠʯʥʠʤ ʥʘʚʽʪʴ ʽʟ ʇ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ. 

ɿʥʘʢ ʧʦʤʠʣʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʪʘʪʠʯʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʤʦʤʝʥʪʫ (ʜʠʚ. 

ʨʠʩ. 6.6). 

                        

ʈʠʩ. 6.5                                                    ʈʠʩ. 6.6 

 

ʆʮʽʥʠʤʦ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʜʠʚ. ʨʠʩ. 6.7). 

 

 

ʈʠʩ. 6.7 

 

ʩ ʟd =q-q; ʜʧ ʜʧ ʜʧ ʜʧʂ U U /ʂÖ = ­q=q ; 

ʜʝ ʜʧ

ʜʧ

U

ʂ
q=  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟʥʘʭʦʜʠʤʦ ʟʘʜʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 
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ʟʧ
ʟ

ʜʧ

U

ʂ
=q . 

ɺʚʘʞʘʻʤʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʥʷ ʟʘ ʟʘʚʜʘʥʥʷʤ ʽ ʢʘʥʘʣʦʤ ɿɿ 

ʦʜʥʘʢʦʚʽ, ʪʦʙʪʦ Rɿʇ = Rɼʇ. 

ɺʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʧʦʤʠʣʢʠ 

ʜʧʩʜʧʟʧ ʂUU d=- ;  

 

ʜʝ c ʜʪ

ʩ ʜʧ ʨʧ ʨʰ c ʩ

ʜʪ ʜʧ ʨʧ ʨʰ

I ʂ1
ʂ ʂ ʂ I I

ʂ ʂ ʂ ʂ

Ö
d Ö Ö = = Ýd =

Ö Ö
 ï ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʜʘʶʯʦʛʦ 

ʩʠʛʥʘʣʫ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ  ̔ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪʽ ʥʘʩʪʨʦʻʥʠʡ ʥʘ ʉʆ (ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʇɯ), ʪʦ 

.0ʩ=d  

 

6.1.3.ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʥʷ 

 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʛʫʣʷʪʦʨ 

ʧʦʣʦʞʝʥʥʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝʣʽʥʽʡʥʠʤ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʩʪʫʧʽʥʯʘʪʦʛʦ ʟʘʚʜʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ (ʜʠʚ. ʨʠʩ. 6.8). ʅʘ ʨʠʩʫʥʢʫ 

ʧʦʢʘʟʘʥʽ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʧʦʣʦʞʝʥʥʷ ʪʘ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʧʦʭʠʙʢʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ŭ. 

 

ʈʠʩ. 6.8 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʛʽʥ, ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʜʦʜʘʪʥʠʤ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʚʞʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ, ʤʦʤʝʥʪ ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ, ʘʣʝ 

ʚʽʜôʻʤʥʠʤ. ʊʘʢʦʤʫ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʢʫʪʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ (ʜʠʚ. ʨʠʩ. 6.8).  

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʦʞʝʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʻ ʬʫʥʢʮʽʻʶ ʩʠʛʥʘʣʫ 

ʟʘʚʜʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʘ ʧʦʭʠʙʢʠ: Uʈʇ
*= ʂʈʇ

* (q*
ɿ ï q

*) = f(q*
ɿ, ŭ). ʊʘʢʫ ʩʪʘʪʠʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʻ ʧʘʨʘʙʦʣʽʯʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʨʠʩ. 6.9). ʇʨʠ d*­¤  ʂʈʇ
*­0; ʧʨʠ 

d*­0  ʂʈʇ
*­¤. 

                 

ʈʠʩ. 6.9                                                 ʈʠʩ. 6.10 

 

ɻʨʘʬʽʢʠ ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʽ ʟʘʜʘʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥ ̫ʧʦʟʠʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ ʟ ʧʘʨʘʙʦʣʽʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʣʦʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6.10. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʣʦʞʝʥʥʷ (ʇʈʇ) ʤʘʻ ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 6.11. ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʙʤʝʞʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʱʦ ʤʘʻ ʢʦʥʪʫʨ 

ʧʦʣʦʞʝʥʥʷ ʚ ʨʝʞʠʤʽ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʴ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʨʠʩ. 6.12). 

 

 

ʈʠʩ. 6.11 
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ʈʠʩ. 6.12                                                               ʈʠʩ. 6.13 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 6.13, ʧʦʢʘʟʘʥʘ ʨʝʘʣʽʟʘʮʽ ̫ ʘʥʘʣʦʛʦʚʦʛʦ ʇʈʇ ʥʘ ʙʘʟʽ 

ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʈʇʇ ʽ ʤʘʪʨʠʮʽ ʧʦʪʝʥʮʽʘʣʴʥʦ ʟʤʽʱʝʥʠʭ ʜʽʦʜʽʚ, ʱʦ 

ʚʢʣʶʯʘʪʁʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜ ̔ ʧʝʚʥʦʛʦ ʨʽʚʥʷ, ʽ ʧʽʜʢʣʶʯʘʻ 

ʧʘʨʘʣʝʣʴʥʦ ʦʩʥʦʚʥʦʤʫ ʨʝʟʠʩʪʦʨʫ R0 ʨʝʟʠʩʪʦʨʠ R01, R02. 

ʂ0 = R0/Rɼʇ;  ʂ1 = 
ʜʧ

01

01

R

RR

RR

+

Ö

;  
ʜʧ

210
2

R

R//R//R
K = . 
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ʈʆɿɼɯʃ 7. ɸɼɸʇʊʀɺʅɯ ʉʀʉʊɽʄʀ ɸɽʇ 

ɼʦʜʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ 

 

ʆʙ'ʻʢʪ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʤʦʞʝ ʟʤʽʥʁʚʘʪʠ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ. ʎʝ 

ʚʠʢʣʠʢʘʥʦ ʥʝʣʽʥʽʡʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʠʭ ʦʙ'ʻʢʪʽʚ, ʜʽʻʶ ʟʙʫʨʝʥʴ (ʟʤʽʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʧʨʫʛʠ ʤʝʨʝʞʽ, ʯʘʩʫ, ʤʦʤʝʥʪʫ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʘ ʪʘʢʦʞ ʩʪʘʨʽʥʥʷʤ. 

ʊʦʤʫ ʙʫʜʴ-ʷʢʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʣʠʰʝ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʦʯʮʽ. ʋ ʚʩʽʭ 

ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʥʘʩʪʨʦʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʗʢʱʦ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʥʝʚʝʣʠʢʽ (20-30)%, ʪʦ ʮʝ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʷʢʦʩʪʽ  ̔ʽʟ 

ʮʠʤ ʜʦʚʦʜʠʪʴʩʷ ʤʠʨʠʪʠʩʷ. ʗʢʱʦ ʟʤʽʥʠ ʽʩʪʦʪʥʽ (ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʚ 

ʩʠʩʪʝʤʘʭ ɸɺʂ, ʊʇ-ɼʇʉ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʨʝʞʠʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ ʚ ʨʝʞʠʤ 

ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ), ʜʦʚʦʜʠʪʠʩʷ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʽʚ, ʘʙʦ 

ʩʪʨʫʢʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ. ʉʠʩʪʝʤʠ, ʫ 

ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘʢʘ ʬʫʥʢʮʽʷ, ʥʘʟʠʚʘʶʪʴʩʷ ʘʜʘʧʪʠʚʥʠʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ɸɽʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.1, ʜʝ 

ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ʈ ï ʨʝʛʫʣʷʪʦʨ; ʆʋ ï ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ; ɹɸʋ - ʙʣʦʢ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ; ɹʆɯ - ʙʣʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ; ɹʇʇʈ - ʙʣʦʢ ʧʝʨʝʙʫʜʦʚʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ. ɹɸʋ = ɹʆɯ + ɹʇʇʈ 

 

 

ʈʠʩ. 7.1 

 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʨʦʟʚ'ʷʟʫʚʘʥʽ ʘʜʘʧʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɸɽʇ 

1) ʇʨʠ ʜʦʚʽʣʴʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʥʝʦʙʭʽʜʥʦ ʪʘʢ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʨʝʛʫʣʷʪʦʨʘ, ʱʦʙ ʟʙʝʨʽʛʘʣʦʩʷ ʦʧʪʠʤʘʣʴʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
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ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʩʠʩʪʝʤʘ ʙʫʣʘ ʦʧʪʠʤʽʟʦʚʘʥʘ, ʽ ʮʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʟʙʝʨʝʛʣʦʩʷ). ʎʝ 

ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʙʝʟʧʦhʫʢʦʚʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ. 

2) ʇʨʠ ʧʦʯʘʪʢʦʚʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʦʙ'ʻʢʪʘ  ̔ʚʧʣʠʚ ʥʘ 

ʩʠʩʪʝʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʙʠʪʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ʎʝ ʟʘʚʜʘʥʥʷ 

ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʧʦʰʫʢʦʚʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ ɸɽʇ. 

 

7.1.ɹɽɿʇʆʐʋʂʆɺɯ ɸɼɸʇʊʀɺʅɯ ɸɽʇ 

 

ɹʝʟʧʦhʫʢʦʚ̔ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʚʠʨʽʰʫʶʪʴ ʧʝʨʰʝ ʟʘʚʜʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʘʩʪʨʦʶʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

 

7.1.1.ʉʠʩʪʝʤʠ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʟʚʦʨʦʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ 

 

ʉʠʩʪʝʤʘ ɸɽʇ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʟʚʦʨʦʪʥʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʜʣ̫ ʪʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʟʤʽʥʁʁʪʴʩʷ (ʜʠʚ. ʨʠʩ. 7.2). ʅʘ ʨʠʩ. 7.2 ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ɺɿɿ - 

ʚʥʫʪʨʽʰʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ; ɻɿɿ - ʛʦʣʦʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. 

 

 

ʈʠʩ. 7.2 

 

ʆʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʙʽʣʴʰ ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ 

ʢʦʥʪʫʨʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʦʥʪʫʨʫ ʛʦʣʦʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʩʠʩʪʝʤʠ - ʩʠʩʪʝʤʘ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʪʫʨʦʤ ʥʘʧʨʫʛʠ ʚ 

ʪʠʨʠʩʪʦʨʥʦʤʫ ɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʣʥ̔ʝʘʨʠʟʫʪ̒ɹʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

 

7.1.2.ʉʠʩʪʝʤʠ ʟ ʝʪʘʣʦʥʥʠʤʠ ʤʦʜʝʣʷʤʠ 
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ɽʪʘʣʦʥʥʽ ʤʦʜʝʣʽ ʚ ʷʚʥʦʤʫ ʘʙʦ ʚ ʥʝʷʚʥʦʤʫ ʚʠʜ ̔ʧʨʠʩʫʪʥʽ ʫ ʚʩʽʭ ʘʜʘʧʪʠʚʥʠʭ 

ʩʠʩʪʝʤʘʭ. ɺ ʢ̫ʦʩʪʽ ʝʪʘʣʦʥʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʦʜʝʣʽ ʦʢʨʝʤʦʾ 

ʣʘʥʢʠ, ʨʦʟʽʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ʉʠʩʪʝʤʠ, ʫ ʷʢʠʭ ʤʦʜʝʣʽ 

ʧʨʠʩʫʪʥʽ ʚ ʷʚʥʦʤʫ ʚʠʜʽ, ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʟ ʝʪʘʣʦʥʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɰʭʥʽ 

ʩʪʨʫʢʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 7.3,ʘ,ʙ, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: Wʄ ï ʤʦʜʝʣʴ 

ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ; Wʂ ï ʢʦʨʠʛʫʚʘʣʴʥʘ ʣʘʥʢʘ. 

 

        

ʘ)                                                                    ʙ) 

ʈʠʩ. 7.3 

 

ɺʘʨʽʘʥʪ ʙ - ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ̔ ʟ ʩʠʛʥʘʣʴʥʠʤ ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷʤ. ʋ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ʦʙ'ʻʢʪʘ ʻ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ, ʬʘʢʪʠʯʥʽ  ̔ ʙʘʞʘʥʽ ʩʠʛʥʘʣʠ ʙʫʜʫʪʴ 

ʟʙʽʛʘʪʠʩʷ ʽ ʪʦʤʫ ʩʠʛʥʘʣ ʟ ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʇʨʠ ʟʤʽʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʦʙ'ʻʢʪʽ ʬʘʢʪʠʯʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʙʘʞʘʥʦʛʦ, ʱʦ ʙʫʜʝ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ, ʷʢʠʡ, 

ʘʣʛʝʙʨʘʾʯʥʦ ʧʽʜʩʫʤʦʚʫʶʯʠʩʴ ʽʟ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʷʪʦʨʘ, ʩʬʦʨʤʫʻ ʪʘʢʠʡ ʚʧʣʠʚ ʥʘ 

ʦʙ'ʻʢʪ, ʧʨʠ ʷʢʦʤʫ ʬʘʢʪʠʯʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʙʘʞʘʥʦʛʦ. 

ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʟʘʤʢʥʫʪʦʾ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. 

 

( )

( )
( )

( )
ʟ ɸɽʇ ɹɸʋ

Y p
W ʨ

X p
+ =  

ʜʝ Y = [(ʍ-Y)Wp + (Yʄ -Y)Wʂ] W0; 

Yʄ = XWʄ; 

Y= ʍWPW0 - YWpW0 + XWʄWʂW0 ï YWʂW0; 

Y(1+WpW0 +WʂW0) = ʍ(WpW0 +WʄWʂW0); 
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Wʂ = ʂʂ ­ ¤. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʪʘʢʦʾ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙ'ʻʢʪʘ ʧʨʘʛʥʝ ʜʦ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʤʦʜʝʣʽ, ʪʦʤʫ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʦ ʢʝʨʫʶʯʦʤʫ 

ʚʧʣʠʚʽ ʍ ʙʫʜʫʪʴ ʦʧʪʠʤʘʣʴʥʠʤʠ ̔  ʩʪʘʙʽʣʽʟʦʚʘʥʠʤʠ, ʪʦʙʪʦ ʥʝ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ 

ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ. ʊʘʢʝ ʩʠʛʥʘʣʴʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʩʠʩʪʝʤʘʭ 

ɸɺʂ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ ʚ ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ ʧʨʠ ʟʤʽʥʽ 

ʰʚʠʜʢʦʩʪʽ. 

ɼʦʩʪʦʾʥʩʪʚʦ - ʧʨʦʩʪʘ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ (ʧʘʩʠʚʥʠʡ ʬʽʣʴʪʨ ʽʟ ʦʧʝʨʘʮʽʡʥʠʤ 

ʧʽʜʩʠʣʶʚʘʯʝʤ). 

ʅʝʜʦʣʽʢʠ: 

- ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʚ ʦʙ'ʻʢʪʽ (20-40)%; 

- ʪʘʢʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʥʘʩʪʨʦʶʚʘʥʥʷ ʪʽʣʴʢʠ ʧʦ 

ʟʘʜʘʶʯʦʤʫ ʩʠʛʥʘʣʫ; ʧʦ ʟʙʫʨʶʚʘʣʴʥʦʤʫ ʚʧʣʠʚʫ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ. 

 

7.1.3.ʉʠʩʪʝʤʠ ʽʟ ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷʤ 

 

ɸʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʽʟ ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷʤ ʟʘ ʟʥʘʯʝʥʥʷʤ ʘʤʧʣʽʪʫʜʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.4, ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: 

Wʄ ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʤʦʜʝʣʽ ʨʦʟʽʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ; ʌ ï ʚʫʟɹʢʦʧʦʣʦʩʥ ̔ʬʽʣʴʪʨʠ, 

ʱʦ ʚʠʜʽʣʷʶʪʴ ʩʠʛʥʘʣ ʪʝʩʪʦʚʦʾ ʯʘʩʪʦʪʠ (ʜʠʚ. ʨʠʩ. 7.5); ɺʄ ï ʚʠʜʽʣʶʚʘʯ ʤʦʜʫʣʷ; ʂ ï 

ʢʦʨʠʛʫʚʘʣʴʥʘ ʣʘʥʢʘ (ʽʥʪʝʛʨʘʪʦʨ). 

 

ʈʠʩ. 7.4 
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ʈʠʩ. 7.5 

 

ɺʭʽʜʥʠʡ ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

X = Uy + U0 sin w0t, 

ʜʝ Uy ï ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ; 

U0 sin w0t ï ʛʦʪʦʚʠʡ ʩʠʛʥʘʣ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ U0 (U0 ʙʝʨʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʢʠ 

ʚʽʜʩʦʪʢʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ U0 = (10-4ï10-5) Uy; 

w0 = wʉ ï ʪʝʩʪʦʚʘ ʯʘʩʪʦʪʘ (ʯʘʩʪʦʪʘ ʟʨʽʟʫ). 

ʗʢʱʦ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʦʯʮʽ, ʪʦ ʩʠʛʥʘʣʠ ʟ ʤʦʜʝʣʽ  ̔ʬʘʢʪʠʯʥʠʡ 

ʩʠʛʥʘʣ ʨʽʚʥʽ. ʊʦʤʫ ʥʘ ʚʭʽʜ  ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ ʥʘʜʭʦʜʠʪʴ ʥʫʣʴ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚ ʦʙ'ʻʢʪʽ 

ʟʤʝʥʰʠʚʩʷ, ʪʦ ʬʘʢʪʠʯʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ Y ʩʪʘʚ ʤʝʥʰʝ Yʄʆɼɽʃɯ, ʥʘ ʚʭʦʜʽ 

ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʚʠʢʣʠʢʘʪʠ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʫʣʷʪʦʨʘ 

ʙʫʜʝ ʡʪʠ ʜʦʪʠ, ʧʦʢʠ ʬʘʢʪʠʯʥʠʡ ʩʠʛʥʘʣ ʥʝ ʙʫʜʝ ʜʦʨʽʚʥʶʻ ʩʠʛʥʘʣʫ ʟ ʤʦʜʝʣʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ ʚʭʦʜʽ ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ ʙʫʜʝ ʟʥʦʚʫ ʥʫʣʴ, ʘ ʥʘ ʚʠʭʦʜʽ ʙʫʜʝ ʩʠʛʥʘʣ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʚʦʤʫ ʟʥʘʯʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʫʣʷʪʦʨʘ. ʂʦʨʠʛʫʚʘʣʴʥʘ ʣʘʥʢʘ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʪʠʧʫ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʘʤ'ʷʪʽ. 

ɺʠʜʽʣʶʚʘʯ ʤʦʜʫʣʷ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʧʨʷʤʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ 

ʙʝʟ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʠʜʽʣʶʚʘʯʘ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

7.6. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʦʜʫʣʷ ʜʦʨʽʚʥʶʻ: Y = ʍ + 2Y. 
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ʈʠʩ. 7.6 

ɼʽʘʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʚʠʜʽʣʶʚʘʯʘ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.7.7. 

 

 

ʈʠʩ. 7.7 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 7.7, ʦʭʦʧʣʝʥʥʷ ʚʽʜôʻʤʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʢʦʣʘ, ʱʦ 

ʚʢʣʶʯʘʻ ʜʽʦʜ VD2, ʟʨʦʙʠʣʦ ʮʝʡ ʚʫʟʦʣ ʣʽʥʽʡʥʠʤ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʟʠʪʠʚʥʦʾ 

ʧʦʣʷʨʥʦʩʪʽ. ʇʨʠ ʥʝʛʘʪʠʚʥʦʤʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʚʠʭʦʜʽ ʆʇ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʥʘʧʨʫʛʘ, ʧʨʠ ʷʢʽʡ 

ʜ̔ ʦʜ VD2 ʟʘʢʨʠʪʠʡ, ʘ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʜʽʦʜʘ VD2, ʚʠʭʽʜ 

ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ɸ1 ʦʙʤʝʞʝʥʠʡ ʥʘʧʨʫʛʦʶ ʥʘ ʜʽʦʜʽ VD1. ɭʤʥʽʩʪʴ ʫ ɿɿ ɸ2 

ʜʦʟʚʦʣʷʻ ʟʛʣʘʜʠʪʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. 

 

7.1.4.ʉʠʩʪʝʤʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʨʝʛʫʣʷʪʦʨʽʚ, ʱʦ ʧʝʨʝʤʠʢʘʪ̒ʴʩʷ 

 

 ʋ ʩʠʩʪʝʤʽ ɸɽʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʠʧʦʚʽ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʥʘ ʉʆ, ʄʆ), ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʪʠʯʥʽ  ̔ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ. 

ɺʠʜ ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ (ʰʚʠʜʢʦʜʽ,ʁ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ  ̔ʪ.ʜ.). ʗʢʱʦ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʚ ʦʙ'ʻʢʪʽ 
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ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʜ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝ ʟʤʽʥʠʚʩʷ, ʪʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʙʫʜʫʪʴ ʽʥʚʘʨʽʘʥʪʥʽ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ. 

 

ʈʠʩ. 7.8 

 

ʗʢʱʦ ʚ ʦʙ'ʻʢʪʽ ʟʤʽʥʠʚʩʷ ʪʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʪʦ ʃɸʏʍ ʨʦʟʽʤʢʥʫʪʦʛʦ 

ʢʦʥʪʫʨʫ ʘʙʦ ʧʽʜʥʽʤʘʻʪʴʩʷ, ʘʙʦ ʦʧʫʩʢʘʻʪʴʩʷ, ʥʝ ʟʤʽʥʶʶʯʠ ʩʚʦʻʾ ʬʦʨʤʠ (ʜʠʚ. ʨʠʩ. 

7.8). ʆʮʽʥʠʪʠ ʟʤʽʥʫ ʃɸʏʍ ʤʦʞʥʘ, ʢʦʥʪʨʦʣʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʷʢʽʡʩʴ 

ʯʘʩʪʦʪʽ w0 (ʪʝʩʪʦʚʽʡ ʯʘʩʪʦʪʽ). ɿʚʠʯʘʡʥʦ ʷʢ ʪʝʩʪʦʚʘ ʯʘʩʪʦʪʘ ʙʝʨʫʪʴ wʟʨʽʟʫ ʜʣʷ 

ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʪʠʤʫʤ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʠ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ 

ʨʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʧʘʨʝʤʝʪʨʽʚ ʷʢʽʨʥʦʛʦ ʢʦʣʘ ɼʇʉ ʧʨʠ ʞʠʚʣʝʥʥʽ ʚʽʜ ʢʝʨʦʚʘʥʦʛʦ 

ʚʠʧʨʷʤʣʷʯʘ ʚ ʨʝʞʠʤʘʭ ʥʝʧʝʨʝʨʚʥʦʛʦ (ʈʅʉ) ʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʩʪʨʫʤʽʚ (ʈʇʉ). 

 

 

ʈʠʩ.7.9 
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ʈʠʩ. 7.10 

 

ʗʢɦʦ ʧʘʨʘʤʝʪʨʠ ʦʙ'ʻʢʪʘ ʤʽʥʷʶʪʴʩʷ ʽʩʪʦʪʥʦ, ʪʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʨʝʛʫʣʷʪʦʨʽʚ, ʘ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʩʽʻʾ ʩʪʨʫʢʪʫʨʠ ʨʝʛʫʣʶʚʘʥʥʷ. ɯʩʪʦʪʥʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʫ ʩʠʩʪʝʤʽ ɸɽʇ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʟʤʽʥʽ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʠʨʠʩʪʦʨʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ.7.9, ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʨʝʞʠʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʨʝʞʠʤʠ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʩʪʨʫʤʫ).  

ɿ ʦʩʮʠʣʦʛʨʘʤ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʧʨʠʨʦʩʪʘʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʨʝʞʠʤʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ (ʈʅʊ) ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ DI ʙʽʣʴʰʝ, ʘʣʝ ʚʠʭʽʜ ʥʘ ʥʦʚʝ 

ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʡʜʝ ʧʦ ʝʢʩʧʦʥʝʥʪʽ ʟ ʧʦʩʪʽʡʥʦ ʁʯʘʩʫ ʊʝ. ʋ ʨʝʞʠʤʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʩʪʨʫʤʫ (ʈʇʊ) ʧʨʠʨʽʩʪ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ 
//

2
/
1

III
DDD

-=D , ʙʫʜʝ ʤʝʥʰʝ ʟʘ ʨʽʚʥʝʤ, ʘʣʝ 

ʩʪʨʫʤ ʚʠʭʦʜʠʪʴ ʥʘ ʮʝʡ ʨʽʚʝʥʴ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ (ʜʠʚ. ʨʠʩʫʥʦʢ 7.10). 

ɿʚʽʜʩʠ R/
ʊʇ (ʈʇʊ)  >> R/

ʊʇ (ʈʅʊ) Ý ʊʝ ­0. 

ʗʢʱʦ ʩʠʩʪʝʤʘ ɸɽʇ ʙʫʣʘ ʦʜʥʦʢʦʥʪʫʨʥʦ,ʁ ʪʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʣʘʥʢʘʭ 

ʊʇ-ʗ ʙʫʜʝ ʚʠʢʣʠʢʘʪʠ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʩʠʩʪʝʤʽ  ̔ʧʨʠʚʦʜʠʪʠ ʜʦ ʙʽʣʴʰ 

ʜʝʤʧʬʦʚʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʩʠʩʪʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʦʾ. ʗʢʱʦ 

ʧʨʠʚʦʜ ʙʘʛʘʪʦʢʦʥʪʫʨʥʠʡ, ʪʦ ʮʝ ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ  ʚ ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ  ̔

ʚʪʨʘʪʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʷʢ ʫ ʈʅʊ, ʪʘʢ ʽ 

ʚ ʈʇʊ, ʥʝʦʙʭʽʜʥʦ ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʤʽʥʦʶ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʤʽʥʶʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ: 

1) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚ ʨʝʞʠʤ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ ʧʦʚʠʥʝʥ 

ʟʤʽʥʠʪʠ ʩʪʨʫʢʪʫʨʫ (ʟʘʤʽʩʪʴ ʇɯ ʚʽʥ ʧʦʚʠʥʝʥ ʩʪʘʪʠ ɯ-ʪʠʧʫ); 
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2) ʧʦ ʤʽʨ̔ ʟʤʽʥʠ Rʝ ʧʦʚʠʥʥʘ ʟʤʽʥʶʚʘʪʠʩʷ  ̔ʩʪʘʣʘ ʊɯ ʨʝʛʫʣʷʪʦʨʘ. 

 

7.1.4.1.ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ 

 

ʉʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.11, ʜʝ ʧʨʠʡʥʷʪʽ 

ʧʦʟʥʘʯʝʥʥʷ: ɼʅʉ - ʜʘʪʯʠʢ ʥʫʣʴʦʚʦʛʦ ʩʪʨʫʤʫ; ɹʇʈ - ʙʣʦʢ ʧʝʨʝʢʣʶʯʝʥʥʷ ʨʝʛʫʣʷʪʦʨʘ; 

ɸ1, ɸ2  - ʦʧʝʨʘʮʽʡʥʽ ʧʽʜʩʠʣʶʚʘʯʽ; ʂ1, ʂ2 ï ʝʣʝʢʪʨʦʥʥʽ ʢʣʶʯʽ. 

 

 

ʈʠʩ. 7.11 

 

ɹʋʈ ʫʧʨʘʚʣʷʻ ʩʪʘʥʦʤ ʢʣʶʯʽʚ ʂ1 ʽ ʂ2, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʤʽʥʶʻ ʩʪʨʫʢʪʫʨʫ 

ʨʝʛʫʣʷʪʦʨʘ (ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʇ ʘʙʦ ʇɯ-ʨʝʛʫʣʷʪʦʨ). 

ʈʅʊ: ʽʟ ʽʟ
ʨʩ 1 ʟ 1

ʽʟ ʬ ʽʟ

ʊ p+1 ʊ p+11
W (p) k k k

ʊ ʨ ʊ p+1 ʊ p
= Ö Ö Ö @ ; 

ʈʇʊ: 1 ʟ(ʝ)ʽʟ
ʨʪ 1 ʟ(ʝ)

ʽʟ ʬ ʽʟ ʽʟ

k kʊ p+11 1
W (p) k k

ʊ p ʊ p+1 ʊ p ʊ p
= Ö Ö Ö @ =. 

ʆʜʝʨʞʘʣʠ ʨʝʛʫʣʷʪʦʨ ɯ-ʪʠʧʫ, ʩʪʘʣʘ ʯʘʩʫ ʷʢʦʛʦ ʊɯɿ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʩʪʨʫʤʫ, ʱʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʩʪʨʦʶʚʘʥʥʷ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʚ ʨʝʞʠʤʽ 

ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ. 

ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʻ ʚʢʣʶʯʝʥʥʷ 

ʥʝʣʽʥʽʡʥʦʾ ʣʘʥʢʠ (ʝʣʝʤʝʥʪʫ) (ʅɽ) ʚ ʢʦʥʪʫʨ ʩʪʨʫʤʫ, ʧʦʩʣʽʜʦʚʥʦ ʟ ʨʝʛʫʣʷʪʦʨʦʤ 

ʩʪʨʫʤʫ ʈʉ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʽʥʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʝʨʝʜʘʯʽ ʢʦʣʘ ʊʇ-ʗ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʫ ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ 
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ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʱʦ  ̔ʚʠʟʥʘʯʘʻ ʥʝʟʤʽʥʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚ ʈʅʊ, ʽ ʚ 

ʈʇʊ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʩʝʨʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ɹʊʋ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.7.12. ʃɸʏʍ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʚ ʨʝʞʠʤʽ ʈʇʉ ʽʟ ʘʜʘʧʪʠʚʥʠʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʩʪʨʫʤʫ  ̔ʙʝʟ ʅɽ  ̔ʌʇɽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.13. 

 

 

ʈʠʩ. 7.12 

 

ʈʠʩ. 7.13 

ʋ ʨʝʞʠʤʽ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ ʫ ʅɽ ʢʦʝʬʽʮʽʻʥʪ kʅɽ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʪʨʫʤʽʚ. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʜʽʾ ʧʨʠʨʦʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʧʦ ɽʈʉ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʚ 

ɼʇʉ, ʘʣʝ ʥʝ ʙʫʚ ʚʨʘʭʦʚʘʥʠʡ ʧʨʠ ʩʠʥʪʝʟʽ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʟʦʥʠ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʥʘ ʙʘʟʽ ɹʊʋ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʧʦ ɽʈʉ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʌʇɽ. ʋ 

ʨʝʞʠʤʽ ʽʜʝʘʣʴʥʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʥʘ ʚʠʭʦʜʽ ʈʊ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʫʣʴʦʚʠʡ ʩʠʛʥʘʣ ʽ ʚʩʽ 

ʥʘʧʨʫʛʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʬʦʨʤʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʩʠʛʥʘʣʫ Uʌʇɽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʧʣʠʚ ʟʦʥʠ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ. 
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ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʘʜʘʧʪʘʮʽʾ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʜʦ ʨʝʞʠʤʫ ʧʝʨʝʨʠʚʯʘʩʪʠʭ 

ʩʪʨʫʤʽʚ ʻ ʦʭʦʧʣʝʥʥʷ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʋ ʨʝʞʠʤʽ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʩʪʨʫʤʽʚ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʝʣʽʥʽʡʥʘ ʨʝʛʫʣʶʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʟʘʚʜʷʢʠ ʦʭʦʧʣʝʥʥʶ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʥʘʧʨʫʟʽ ʮʷ ʣʘʥʢʘ 

ʣ̔ʥʝʘʨʠʟʫʻʪʴʩʷ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʣʘʩʠʯʥʽ ʩʠʩʪʝʤʠ ʦʜʥʦʟʦʥʥʦʛʦ ɽʇ ʟ ʧʽʜʣʝʛʣʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʩʪʘʶʪʴ ʪʨʴʦʭʢʦʥʪʫʨʥʠʤʠ. 

 

7.2.ʆʉʆɹʃʀɺʆʉʊɯ ʇʆʐʋʂʆɺʀʍ ɸɼɸʇʊʀɺʅʀʍ ɸɽʇ 

 

ʇʦʰʫʢʦʚʽ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʟʘ ʧʨʠʡʥʷʪʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ (ʧʦʢʘʟʥʠʢʘʤʠ) ̫ ʢʦʩʪʽ (ʇʗ). ɺ ʥʠʭ ʦʨʛʘʥʽʟʫʻʪʴʩʷ ʨʝʞʠʤ ʧʦʰʫʢʦʚʠʭ ʟʤʽʥ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʬʽʢʩʫʶʪʴʩʷ ʪʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʶʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ. ʊʦʤʫ ʜʣʷ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ 

(ʨʠʩ. 7.14). 

 

 

ʘ)                                                            ʙ) 

ʈʠʩ. 7.14 

 

ɹʣʦʢ-ʩʭʝʤʘ ʧʦʰʫʢʦʚʦʾ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ (ʇɸʉ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7.15, 

ʜʝ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ: ɹɸʋ - ʙʣʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ; ɹʆʇʗ - ʙʣʦʢ ʦʮʽʥʢʠ 

ʧʨʠʡʥʷʪʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ (ʚʢʣʶʯʘʻ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʘʧʘʨʘʪʫʨʫ  ̔

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʩʦʩʪʘʚ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ); 

ɹʆ - ʙʣʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʽʚ (ʚʢʣʶʯʘʻ ʧʨʠʩʪʨʦ,ʾ ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʨʦʙʥʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʠʩʪʨʦ ʾ ʦʮʽʥʢʠ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ, ʧʨʠʩʪʨʦ,ʾ ʱʦ 
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ʚʠʨʦʙʣʷʶʪʴ ʩʠʛʥʘʣʠ ʜʣʷ ʧʦʪʨʽʙʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ); ɹʈ - ʙʣʦʢ ʨʝʛʫʣʷʪʦʨʽʚ 

(ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʨʝʛʫʣʷʪʦʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʜʘʧʪʘʮʽʾ). 

ʇʦʰʫʢʦʚʘ ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ - ʩʘʤʦʥʘʩʪʨʦʶʚʘʣʴʥʘ ʘʙʦ ʩʠʩʪʝʤʘ, ʱʦ 

ʩʘʤʦʥʘʚʯʘʻʪʴʩʷ. 

 

ʈʠʩ. 7.15 
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ɼʦʜʘʪʦʢ ɸ 

ʈɽɻʋʃʔʆɺɸʅʀʁ ɸʉʀʅʍʈʆʅʅʀʁ ɽʃɽʂʊʈʆʇʈʀɺʆɼ 
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ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʻ ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. 

ʅʝʜʦʣʽʢʠ: 

- ʚʝʣʠʢʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ 

- ʚ ʟʘʤʢʥʝʥʠʭ ʟʘ ʰʚʠʜʢʽʩʪʶ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ, ʷʢʱʦ ʥʝʤʘʻ ʦʙʤʝʞʝʥʥʷ 
ʯʘʩʪʦʪʠ, ʪʦ ʚ ʤʦʤʝʥʪ ʧʫʩʢʫ ʬʦʨʤʫʻʪʴʩʷ ʚʝʣʠʢʘ ʯʘʩʪʦʪʘ, ʧʨʠ ʷʢʽʡ ʙʫʜʝ ʤʘʣʠʡ 

ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ, ʱʦ ʟʘʪʷʛʫʻ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʂʝʨʫʚʘʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʟʤʽʥʽ ʘʤʧʣʽʪʫʜʠ  ̔ʯʘʩʪʦʪʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟʘ 

ʟʘʢʦʥʦʤ U/f=const ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ 

 

 

M 

ɤ 

Mʢ 

U
const

f
=  

f1>f2 

 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠ ʮʴʦʤʫ ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʣʘʚʥʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ 
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ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʚʠʛʫʥʘ ʥʘ ʤʘʣʠʭ ʯʘʩʪʦʪʘʭ 

ʚʚʦʜʠʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʥʘʧʨʫʛʘ U0. ʇʨʠʩʪʨ̔ ʡ ʘʙʦ ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ U ʽ f ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ (ʌʇ). 

ɺ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʪʫʨʙʦʤʝʭʘʥʽʟʤʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

U/f2=const. ʎʝʡ ʟʘʢʦʥ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʽʩʪʴ ʧʫʩʢʫ ʪʫʨʙʦʤʝʭʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ 

ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʯʘʩʪʦʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ɽʇ 
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ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʘʻ ʚʠʛʣʷʜ 
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 ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ (ʜʠʚ. ʧ. 3.2.3) 

max
f

ʟfmax

f 50 ɻʮ
T 0.01c; ʢ 5

U 10 ɺ
mº = = =  

ʥ ʥ
0ʥ

0ʥ ʥ ʥ

ʝ

ʥ ʢʥ

ʄ 2 f
; ;

ʨ

1
ʊ

2 f S

p
b= w =
w -w

=
p

 

 

ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ɸɼ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʦʶ ʣʘʥʢʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʌʘʢʪʠʯʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ ʜʚʠʛʫʥʘ ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ 

1-ʛʦ ʧʦʨʷʜʢʫ ʟ ̔ʩʪʘʣʦʶ ʊʝ. 

ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ f. ɺʦʥʘ 

ʥʝ ʤʘʻ ʢʘʥʘʣʫ ʚʧʣʠʚʫ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ɓ. 

ɹʽʣʴʰ ʪʦʯʥʦ ʜʠʥʘʤʽʢʘ ɸɼ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭʬʘʟʥʦʾ ʤʦʜʝʣʽ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʰʠʥʠ. ʇʨʠ ʮʴʦʤʫ, ʪʨʠʬʘʟʥʽ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ ʟʘʤʽʥʷʶʪʴʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʜʚʦʭʬʘʟʥʠʤʠ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ. 

 

 

R1, L1 

R2, L2 
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d q 
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i1a 

 
ɼʚʦʬʘʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ɸɼ ʟʘʧʠʩʫʶʪʴ ʫ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ: 

- ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʩʪʘʪʦʨʘ a-b; 
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- ʨʦʪʦʨʘ d-q; 

- ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʨʦʪʦʨʘ ɣ2. 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦʬʘʟʥʦʾ ʤʦʜʝʣʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʘ-ʚ, ʧʦʚôʷʟʘʥʽʡ ʟʽ ʩʪʘʪʦʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ: 
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ʅʘ ʩʭʝʤʽ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  

1 1,a bu u  - ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʥʘʧʨʫʛʠ ʩʪʘʪʦʨʘ ʥʘ ʦʩʽ ʘ ʽ ʚ; 

1 1,a bi i - ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʩʪʨʫʤʫ ʩʪʘʪʦʨʘ ʥʘ ʦʩʽ ʘ ʽ ʚ; 

2 2,a by y - ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʨʦʪʦʨʘ ʥʘ ʦʩʽ ʘ ʽ ʚ; 

1R  - ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ; 

 
`
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2

R

L
a

ä
= - ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʦʧʦʨʫ ʨʦʪʦʨʥʦʛʦ ʢʦʣʘ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʩʪʘʪʦʨʘ, 

ʜʦ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʨʦʪʦʨʥʦʾ ʦʙʤʦʪʢʠ; 

12L - ʚʟʘʻʤʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ;  

np - ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ; 

SÀ - ʩʫʤʘʨʥʠʡ ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʫʩʪʘʥʦʚʢʠ; 
2

1 2 12
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s
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= ; 1L - ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ; 

` ` `

2 2 qR R RS= + , ʜʝ `2R - ʦʧʽʨ ʨʦʪʦʨʘ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʩʪʘʪʦʨʘ, `

qR - ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ, 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʩʪʘʪʦʨʘ. 
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= , ʜʝ 12x - ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʢʦʣʘ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ; 

f - ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ; 
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1

2

x x
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+
= , ʜʝ 1x - ʥ̔ʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; 

      
`

2 12
2
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x x
L

fp

+
= , ʜʝ `2x - ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʇʏ-ɸɼ ʥʘ ʦʩʥʦʚʽ ʜʚʦʬʘʟʥʦʾ ʤʦʜʝʣʽ 
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ɼʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʇʏ-ɸɼ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʨʦʱʝʥʦʾ ʽ 

ʜʚʦʭʬʘʟʥʦʾ ʤʦʜʝʣʽ ʟʥʘʯʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ, ʪʦʤʫ ʟʥʘʯʝʥʥʷ ɓ ʽ ʊʝ ʪʨʝʙʘ ʩʢʦʨʠʛʫʚʘʪʠ 

ʪ.ʯ., ʱʦʙ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʤʦʜʝʣʝʡ 

ʟʥʘʭʦʜʠʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 
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ɺʠʢʦʨʠʩʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʇʏ-ɸɼ ʻ ʣʽʥʽʡʥʦʶ, ʪʦʤʫ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʘʪʥʴʦ 

ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʧʨʠ ʦʜʥʽʡ ʚʝʣʠʯʠʥʽ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʈʐ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʦ ʡʦʛʦ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ  ̔ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʘʚʜʘʥʽ 

ʰʚʠʜʢʦʩʪʽ ʽ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʧʝʨʝʚʽʨʢʘ ʦʪʨʠʤʘʥʦʛʦ ʇɯɼ ʨʝʛʫʣʷʪʦʨʘ ʟ ʦʙʤʝʞʝʥʥʷʤʠ 

ʧʨʠ ʨʦʙʦʪʽ ʚ ʩʠʩʪʝʤʽ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭʬʘʟʥʦʾ ʤʦʜʝʣʽ ɸɼ. 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʫ ʰʚʠʜʢʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʬʘʟʥʦʾ ʤʦʜʝʣʽ ʽ 

ʦʙʤʝʞʝʥʥʷʤ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ 
 

Uʟw 

Kw 

Wʇɯɼ(p) 
Uʟf ʇʏ 

U1a 

U1b 

ʄʦʜʝʣʴ ɸɼ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ 

a-b 

w 

 
 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʻ ʥʝʣʽʥʽʡʥʦʶ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ, ʚ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʩʢʦʨʠʛʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘʚʜʘʥ ɹʰʚʠʜʢʦʩʪʽ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʟʘʜʦʚʦʣʴʥʷʣʘ 

ʚʠʤʦʛʘʤ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʚʚʦʜʷʪʴ ʢʦʥʪʫʨ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ ʩʪʘʪʦʨʘ. ʊʦʜʽ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ. 

 

 

Uʟɤ 
ɤ 

Wʨ (hʨ) 

ʂɤ 

ʄʦʜʝʣʴ ɸɼ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ 

ʘ-ʚ 

ʇʏ 

Wʨʩ(ʨ) ʌʇ 

ʂ̔ 
2 2

1 1ʘ ʚʽ ʽ+  

U1a 

i1a 

U1b 

i1b 

Uʟf 

Uʟi UʟUm 
Uʟw 

Uʟi 

 
 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʜʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʥʦ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʟʘ ʩʪʨʫʤʦʤ ʩʪʘʪʦʨʘ.  ʇʨʠʯʦʤʫ,  ʨʝʛʫʣʷʪʦʨ ʩʪʨʫʤʫ  (ʈʉ) ʨʝʘʣʽʟʫʻ 

ʇɯ-ʟʘʢʦʥ. 

ʌʘʢʪʠʯʥʦ ʞʠʚʣʝʥʥʷ ʩʪʘʪʦʨʘ ʜʚʠʛʫʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʢʝʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʛʫʥʘ ʥʘ ʨʦʙʦʯʽʡ ʜʽʣʷʥʮʽ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ, ʘʣʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ʌʇ) ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʚʜʘʥʥʷ ʩʪʨʫʤʫ 

ʩʪʘʪʦʨʘ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʘʚʜʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʟʘʚʜʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʽʩʥʫʻ ʧʝʚʥʘ ʚʝʣʠʯʠʥʘ Uʟ,̔ ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʚʠʛʫʥʘ ʧʨʠ ʤʘʣʠʭ ʯʘʩʪʦʪʘʭ. 

ʉʠʥʪʝʟ ʈʐ ʧʨʦʚʦʜʠʪʴʩʷ  ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʩʪʘʪʦʨʘ. ɸ ʧʦʪʽʤ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʇɯ ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʙʘʞʘʥʫ 

ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ. 

 

 

ʉʀʉʊɽʄɸ ʊʈʅ-ɸɼ 

 

 ʉʠʩʪʝʤʘ çʊʠʨʠʩʪʦʨʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥè (ʊʈʅ-ɸɼ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʦʧʦʤʽʞʥʘ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʣʘʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʫʩʢʫ ï 

ʛʘʣʴʤʫʚʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʚʦʜʫ, ʪʘʢ ʽ ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʨʠʚʦʜʫ 

ʧʝʨʝʚʘʞʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʰʚʠʜʢʽʩʪʶ.  

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʊʈʅ-ɸɼ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʝʞʠʤʽ 

ʧʨʠʩʪʨʦʶ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ, ʚʢʣʶʯʘʻ ʪʨʠ ʛʨʫʧʠ ʪʠʨʠʩʪʦʨʽʚ (ʘʙʦ ʧʷʪʴ ʛʨʫʧ ʪʠʨʠʩʪʦʨʽʚ 

ʜʣʷ ʨʝʚʝʨʩʠʚʥʦʛʦ ʊʈʅ) ʪʘ ʩʠʩʪʝʤʫ ʽʤʧʫʣʴʩʥʦ ï ʬʘʟʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʘʥʘʣʦʛʽʯʥʫ 

ʢʝʨʦʚʘʥʦʤʫ ʚʠʧʨʷʤʣʷʯʫ.  

 

VS1 
VS2 

VS3 
VS4 

VS5 
VS6 

M 

6 

Uʟɤ 

+E 

UA UB UC 

ʊʈʅ 

 
 

 

t Ŭ 

UA 

Ŭ 

 
 

ʊʈʅ ʥʝ ʟʤʽʥʶʻ ʯʘʩʪʦʪʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʝʨʝʞʽ, ʘ ʣʠʰʝ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʝ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʝ ʢʫʪʫ ʚʽʜʧʠʨʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ Ŭ. 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʞʠʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ 

ʜʚʠʛʫʥʘ, ʧʨʠ ʮʴʦʤʫ ʢʨʠʪʠʯʥʝ ʢʦʚʟʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ. ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 1Dw ʧʨʠ ʩʪʘʣʽʡ ʚʝʣʠʯʠʥʽ CM  ʚʠʭʦʜʷʯʠ 

ʟ ʧʨʠʨʦʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ ʫ ʢʦʣʽ ʨʦʪʦʨʘ. 
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M 

ɤ 

Mʧ 

sk 

Mʩ 

Mʢ 

Dɤ 

1ʥU U=  ï ʧʨʠʨʦʜʥʘ 

2 1 ʥU U U< <  

 
 

ʂʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʩʪʘʥʜʘʨʪʥʠʭ ɸɼ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʊʈʅ ʥʝʝʬʝʢʪʠʚʥʝ ʯʝʨʝʟ ʤʘʣʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʝʣʠʯʠʥʦʶ ʢʨʠʪʠʯʥʦʛʦ ʢʦʚʟʘʥʥʷ. ʊʘʢʝ ʢʝʨʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʜʚʠʛʫʥʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʢʦʚʟʘʥʥʷʤ ʘʙʦ ʜʚʠʛʫʥʽʚ ʟ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʜʚʠʛʫʥʽʚ ʊʈʅ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ̫ʢʦʩʪʽ 

ʧʨʠʩʪʨʦ  ʁ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ (Soft starter). ʇʨʠʩʪʨʽʡ ʧʣʘʚʥʦʛʦ ʧʫʩʢʫ ʧʦʚʠʥʝʥ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ ʚ ʬʫʥʢʮʽʾ ʯʘʩʫ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ. 

 

ʈʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦ ʩʠʩʪʝʤ ̔ʊʈʅ-ɸɼ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʧʦ 

ʚhʠʜʢʦʩʪʽ 

 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʊʈʅ-ɸɼ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʧʦ ʰʚʠʜʢʦʩʪʽ ʤʦʞʣʠʚʝ 

ʷʢ ʜʣʷ ɸɼ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ, ʪʘʢ ʽ ʬʘʟʥʠʤ ʨʦʪʦʨʦʤ. 

  

 

M 

ʊʈʅ 

~ 

Rʜ 

K1 K1 

ʈʐ 

Uʟɤ 

Uɤ 

_ 

BR 
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M 

ɤ 

MC1 

Dɤ1 

 
ɤc1 

ɤc2 

ɤ̀c2 

ɤ̀c1 

MC2 

Dɤ2 

 

ʥʝʨʝʛ. 

 

Rʜ=0 

ʧʨʠʨʦʜʥʘ 

RʜÍ0 

 
Mʂ 

 
ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ Rʜ ʚ ʢʦʣʦ ʨʦʪʦʨʘ ʩʫʪʪʻʚʦ 

ʨʦʟʰʠʨʶʻ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ, ʱʦʙ ʜʦʩʷʛʥʫʪʠ 

ʥʦʤ̔ʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʤʢʥʫʪʠ Rʜ. ɸʣʝ ʪʦʜʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ, ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʟʦʥʠ, ʚ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ. 

ɼʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʣʠʰʝ ʦʜʥʫ ʨʦʙʦʯʫ ʪʦʯʢʫ 

0w=w, ʪʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʤʦʞʣʠʚʝ. 

ɺʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ 

ʩʪʘʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʤʢʥʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʉʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 
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ɼʣʷ ʩʠʩʪʝʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʨʝʞʠʤʽ ʤʘʣʠʭ ʚʽʜʭʠʣʝʥʴ ʦʩʪʘʥʥʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ 
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ʜʝ 
MK  ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʝʘʨʠʟʘʮʽʾ. 

 ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ 
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 ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʢʥʝʥʦʾ ʟʘ ʰʚʠʜʢʽʩʪʶ ʩʠʩʪʝʤʠ ʊʈʅ-ɸɼ ʤʘʶʪʴ 
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ʇʽʜʚʠʱʠʪʠ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ ʨʦʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 

 

 
 

 

 ʅʘ ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ: Au , Bu , Cu - ʪʨʠʬʘʟʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʩʪʘʪʦʨʥʦʾ 

ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ; Tm- ʤʘʣʘ ʩʪʘʣʘ ʯʘʩʫ. 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʘʤʢʥʝʥʦʾ ʟʘ ʰʚʠʜʢʽʩʪʶ ʩʠʩʪʝʤʠ ʊʈʅ-ɸɼ ʤʘʻ ʚʠʛʣʷʜ 
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