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1. ʆʉʅʆɺʅɯ ʇʆʅʗʊʊʗ ɯ ɺʀɿʅɸʏɽʅʅʗ ʎʀʌʈʆɺʀʍ ʉʀʉʊɽʄ 

ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼʆʄ 

 

1.1 ɺʉʊʋʇ. ʄɽʊɸ ɯ ɿɸɺɼɸʅʅʗ ʂʋʈʉʋ 

 

[1], 3-4 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ ʻ ʛʦʣʦʚʥʠʤ ʟʘʩʦʙʦʤ ʧʨʠʚʝʜʝʥʥʷ ʚ ʨʫʭ 

ʙʽʣʴʰʦʩʪʽ ʨʦʙʦʯʠʭ ʤʘʰʠʥ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 

ʤʝʪʘʣʫʨʛʽʾ, ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʆʩʥʦʚʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʧʦʣʷʛʘʻ ʚ ʽʩʪʦʪʥʦʤʫ ʫʩʢʣʘʜʥʝʥʥʽ 

ʬʫʥʢʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʽ ʟʘʢʦʥʽʚ ʨʫʭʫ ʨʦʙʦʯʠʭ ʤʘʰʠʥ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʦʧʝʨʘʮʽʡ. ʎʝ 

ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽ ʪʝʭʥʽʯʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʯʘʩʪʠʥʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʱʦ ʫʧʨʘʚʣʷʻ, ʽ ʟʘʢʦʥʦʤʽʨʥʦ ʚʠʢʣʠʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʽʡ 

ʟʘʩʦʙʽʚ ʮʠʬʨʦʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʽ ʟʘʩʦʙʽʚ ʾʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɼʦ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʚ 

ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʮʠʬʨʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: 

ï ʚʠʩʦʢʘ ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʝʨʝʰʢʦʜ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʷʢʠʭ-ʥʝʙʫʜʴ 

ʩʧʦʪʚʦʨʝʥʴ; 

ï ʧʨʦʩʪʦʪʘ ʢʦʥʪʨʦʣʶ ʧʨʠ ʧʝʨʝʜʘʯʽ, ʟʘʧʠʩʽ ʽ ʟʙʝʨʽʛʘʥʥʽ ʜʘʥʠʭ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʨʦʟʰʠʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ 

ʙʝʟ ʚʥʝʩʝʥʥʷ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʜʦ ʚʠʭʽʜʥʦʾ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ;  

ï ʧʨʦʩʪʦʪʘ ʫʥʽʬʽʢʘʮʽʾ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʽʥ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ (ʎɽʇ) ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʪʝʭʥʽʢʠ ʦʙʫʤʦʚʣʝʥʦ ʨʷʜʦʤ ʧʨʠʯʠʥ, ʟʦʢʨʝʤʘ ʚʠʤʦʛʘʤʠ ʚʠʩʦʢʦʾ ʩʪʘʪʠʯʥʦʾ 

ʪʦʯʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. ɸʣʝ ʛʦʣʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʎɽʇ ʩʴʦʛʦʜʥʽ ʩʣʽʜ ʚʚʘʞʘʪʠ ʤʘʩʦʚʠʡ ʧʝʨʝʭʽʜ 

ʚʽʜ ʯʘʩʪʢʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʢʨʝʤʠʭ ʦʙ'ʻʢʪʽʚ ʜʦ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ ʽ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʙ̔ʣʴʰʫʚʘʥʠʡ ʦʙʩʷʛ ʽ ʙʝʟʧʝʨʝʨʚʥʦ ʧʽʜʚʠʱʫʚʘʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʟʘʚʜʘʥʴ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʜʦ ʷʢʠʭ ʧʝʨʰ ʟʘ ʚʩʝ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʮʠʬʨʦʚʽ ʢʝʨʫʶʯʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʽ ʎɽʇ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 1.1 ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʭʝʤʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʢʣʘʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʟʨʦʟʫʤʽʣʘ ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʎɽʇ, 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʣʝʢʩʫ ʚ ʮʽʣʦʤʫ. 
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Cʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʁ

ʉʠʩʪʝʤʘ 

ʚ̔ʜʦʙʨʘʞʝʥʥ̫ 

ʥ̔ʬʦʨʤʘʮ̔ʾ ʦʧʝʨʘʪʦʨʫ
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ʈʠʩʫʥʦʢ 1.1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦ ʾʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʢʣʘʜʥʦʛʦ ʦʙôʢ̒ʪʘ 

 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʝʨʫʶʯʠʭ 

ʮʠʬʨʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ (ʎʆʄ) ʮʠʬʨʦʚʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ, ʙʫʜʫʯʠ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʤʧʣʝʢʩʫ ʚ ʮʽʣʦʤʫ, ʧʨʠʟʥʘʯʝʥʽ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽ ʾ

ʩʠʩʪʝʤ ʩʧʦʣʫʯʝʥʥʷ ʎʆʄ ʟ ʦʙ'ʻʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟ ʽʥʰʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʢʦʤʧʣʝʢʩʫ ʘʙʦ ʩʠʣʦʚʠʤʠ ʚʠʢʦʥʘʚʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʚʠʚʽʜʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ), ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ. 

ʎɽʇ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʘʚʪʦʥʦʤʥʦ ʘʙʦ ʚ ʷʢʦʩʪʽ ʩʠʣʦʚʠʭ ʚʠʢʦʥʘʚʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʦʩʪʽʡʥʦʛʦ ʯʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʚ ʷʢʠʭ ʢʦʤʘʥʜʥʘ 

ʚʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʽ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʷʢ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʽ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʻ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʽ ʛʦʩʧʦʜʘʨʩʴʢʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʊʘʢʽ ʚʠʤʦʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʦʚʦʣʝʥʽ, ʟʦʢʨʝʤʘ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʩʦʙʽʚ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ. 

 

1.2 ʇʈʀʅʎʀʇʀ ʇʆɹʋɼʆɺʀ ʎʉʂɽʇ 

 

[3], 219 

 

ɿʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʢʝʨʫʚʘʥʥʷ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʎʉʂɽʇ), ʪʘʢ ʷʢ ʽ ʥʝʧʝʨʝʨʚʥʽ ʪʘ ʘʥʘʣʦʛʦʚʽ ʩʠʩʪʝʤʠ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: 

ï ʨʦʟʽʤʢʥʫʪʽ; 



 5 

ï ʟʘʤʢʥʫʪʽ; 

ï ʢʦʤʙʽʥʦʚʘʥʽ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʤʢʥʫʪʽ ʎʉʂɽʇ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʚʽʜʭʠʣʝʥʥʶ ʢʝʨʦʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʎʉʂɽʇ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʥʮʠʧʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦ ʚʽʜʭʠʣʝʥʥʶ ʢʝʨʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘ 

ʟʙʫʨʝʥʥʷʤ. 

ɿʛʽʜʥʦ ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽ ʎʉʂɽʇ ʜʽʣʷʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ: 

ï ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (ʨʝʛʫʣʷʪʦʨʠ ʰʚʠʜʢʦʩʪʽ); 

ï ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʦʞʝʥʥʷʤ; 

ï ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

 

1.3 ɺʀɿʅɸʏɽʅʅʗ ʊɸ ʆʉʅʆɺʅɯ ɽʃɽʄɽʅʊʀ ʎʉʂ 

 

[3], 219-228 

 

ʎʠʬʨʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ ʩʠʩʪʝʤʘ, ʚ ʟʘʤʢʥʫʪʦʤʫ 

ʢʦʥʪʫʨʽ ʷʢʦʾ ʻ ʭʦʯʘ ʙ ʦʜʠʥ ʮʠʬʨʦʚʠʡ ʝʣʝʤʝʥʪ, ʪʦʙʪʦ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ, ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ. 

ʉʫʪʥʽʩʪʴ ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʨʽʚʥʽʚ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʷʢʦʾ ʦʜʠʥʠʮʽ ʜʠʩʢʨʝʪʥʦʩʪʽ q , 

ʟʚʘʥʦʾ ʢʨʦʢʦʤ ʢʚʘʥʪʫʚʘʥʥʷ. 

ʋʷʚʽʤʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ ʍ ʫ ʚʠʛʣʷʜʽ: 

 

d+= *XX  (

1.1) 

 

ʜʝ *X  ï ʤʽʩʪʠʪʴ ʮʽʣʝ ʯʠʩʣʦ ʦʜʠʥʠʮʴ q , q<d . ɿʛʽʜʥʦ ʟ (1.1) ʢʦʞʥʽʡ ʚʝʣʠʯʠʥ ̔

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ X  ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʜʠʩʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ *X . 

ɼʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʧʦʤʠʣʢʘ ʦʢʨʫʛʣʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ *XX-=d , ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʤʠʣʢʦʶ ʢʚʘʥʪʫʚʘʥʥʷ. 

ʆʪʞʝ, ʷʢʱʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ X  ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚʩʽ ʟʥʘʯʝʥʥʷ ʧʝʚʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ [ ]da, , ʪʦ ʩʠʛʥʘʣ *X  ï ʣʠʰʝ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ʇʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ X  ʜʠʩʢʨʝʪʥʠʤ *X  ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʚʘʥʪʫʚʘʥʥʷʤ ʩʠʛʥʘʣʫ ʟʘ ʨʽʚʥʝʤ (ʘʤʧʣʽʪʫʜʥʝ ʢʚʘʥʪʫʚʘʥʥʷ), ʘ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, 

ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʮʶ ʦʧʝʨʘʮʽʶ, ʘʥʘʣʦʛʽʯʥʦ-ʮʠʬʨʦʚʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ (ɸʎʇ). 

ʉʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʎʇ ʧʦʢʘʟʘʥʘ ʥʘ (ʨʠʩ. 1.2). ʎ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

)qnqqnq(nqX* 22 +<-=  (

1.2) 
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ʜʝ ,..,,n 210 °°=  ɿ (ʨʠʩ. 1.2) ʩʣʜ̔ʫ̒, ʱʦ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʩʠʛʥʘʣʫ X, ʷʢʠʡ ʚ 

ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʻ ʚʽʩʽʤ ()32  ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥ ɹʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ *X . 

-2q

-3q

-4q

-5q

-6q

2

q

2

3q

q2

2

7q

2

9q

2

11q

2

13q

2

15q

q3 q4 q5 q6 q72

3q
-

2

5q
-

2

7q
-

2

9q
-

2

11q
-

2

13q
-

q

q2

q3

q4

q5

q6

q7

34
4

1
M

34
8

3
M

34
2

1
M

34
4

3
M

34
8

5
M

341M

34
8

1
M q

ɼ
ʠ
ʩʢ
ʨ
ʝʪ
ʥ
ʠ
ʡ
 ʩ
ʠ
ʛʥ
ʘʣ
 X

*

ɸʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ X

 
ʈʠʩʫʥʦʢ 1.2 ï ʉʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʭʽʜʥʠʭ-ʚʠʭʽʜʥʠʭ ʪʨʠʨʦʟʨʷʜʥʠʭ 

ɸʎʇ 

 

ʅʘ (ʨʠʩ.1.3) ʧʦʢʘʟʘʥʦ ʢʚʘʥʪʫʚʘʥʥʷ ʟʤʽʥʶʶʯʦʛʦʩʷ ʚ ʯʘʩʽ ʟʘ ʧʝʚʥʠʤ 

ʟʘʢʦʥʦʤ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ )t(X  ʧʦ ʨʽʚʥʶ. ɿ ʮʴʦʛʦ ʨʠʩʫʥʢʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦ 

ʩʚʦʾʡ ʩʫʪʽ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʷʚʣʷʻ ʩʦʙʦʶ ʦʧʝʨʘʮʽʶ ʦʢʨʫʛʣʝʥʥʷ ʜʦ 

ʥʘʡʙʣʠʞʯʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ )t(X* . 

)(tX

q

q2

q3

q4

)(* tX )(tX )(* tX

q-
0 t

 
ʈʠʩʫʥʦʢ 1.3 ï ʂʚʘʥʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʨʽʚʥʝʤ 
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ɸʎʇ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʮʠʬʨʦʚʠʡ ʢʦʜ. ʇʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʽ ʩʭʝʤʠ ɸʎʇ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʚʽʡʢʦʚʦʤʫ 

ʧʦʜʘʥʥʽ ʯʠʩʝʣ, ʯʘʩʪʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ. 

ʅʘ (ʨʠʩ. 1.2) ʟʦʙʨʘʞʝʥʦ, ʘ ʚ (ʪʘʙʣ. 1.1) ʥʘʚʝʜʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʘʥʘʣʦʛʦʚʠʤ ʩʠʛʥʘʣʦʤ X  ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ *X , 

ʚʠʨʘʞʝʥʦʤʫ ʚ ʮʠʬʨʦʚʦʤʫ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ. 

ʊʘʙʣʠʮʷ 1.1 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʙʝʟʧʝʨʝʨʚʥʠʤ ʩʠʛʥʘʣʦʤ, ʜʠʩʢʨʝʪʥʠʤ 

ʩʠʛʥʘʣʦʤ ʽ ʜʚʽʡʢʦʚʠʤ ʮʠʬʨʦʚʠʤ ʢʦʜʦʤ. 

 

ɸʥʘʣʦʛʦʚʠʡ 

ʩʠʛʥʘʣ 

ɼʚ̔ʡʢʦʚʠʡ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ 

ɼʚ̔ʡʢʦʚʠʡ ʢʦʜ ɼʠʩʢʨʝʪʥʠʡ 

ʩʠʛʥʘʣ*X  ʉɹ )qx( 4  )qx( 2  ʄɹ )xq(  

0,5qX <  0 0 0  

1,5qXq, <¢50  0 0 1 MÁqM. ==3481  

2,5qXq, <¢51  0 1 0 qM. 23441 =  

3,5qXq, <¢52  0 1 1 qM. 33483 =  

4,5qXq, <¢53  1 0 0 qM. 43421 =  

5,5qXq, <¢54  1 0 1 qM. 53485 =  

6,5qXq, <¢55  1 1 0 qM. 63443 =  

¤<¢Xq,56  1 1 1 q7ʄɹ34M.87 =-  

 

ʄʦʣʦʜʰʠʡ ʙʽʪ )ʄɹ(  ʪʨʠʨʦʟʨʷʜʥʦʛʦ ʯʠʩʣʘ ʜʦʨʽʚʥʶʻ ʢʨʦʢʫ ʢʚʘʥʪʫʚʘʥʥʷ q , 

ʢ̫ ʧʦʢʘʟʘʥʦ ʚ (ʪʘʙʣ. 1.1), ʄɹ ʪʨʠʨʦʟʨʷʜʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʯʠʩʣʘ ʤʘʻ ʚʘʛʫ 81/  

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ )ʄɿʏ( , ʜʨʫʛʠʡ ʙ̔ʪ ʤʘ ̒ʚʘʛʫ 41/  qʄɿʏ2=   ̔

ʩʪʘʨʰʠʡ ʙʪ̔ qʄɿʏ/)ʉɹ( 421 =- . ɿʚʽʜʩʠ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʪʦʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ X  ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ ʧʨʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷʭ, ʨʽʚʥʠʭ 

q,;...;q,;q,;q, 56525150 . ʇʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʥ̫ ʭ X  ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʧʦʤʠʣʢʦʶ. ʇʦʭʠʙʢʘ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʘʙʦ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸʎʇ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʢʚʘʥʪʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ (ʨʠʩ. 1.2), ʚʽʜʧʦʚʽʜʘʻ ʜʚʽʡʢʦʚʦʤʫ ʯʠʩʣʫ II I ʘʙʦ 

ʄɿʏ87 , ʘ ʥʝ ʄɿʏ. ʎʝ ʦʙʩʪʘʚʠʥʘ ʥʝ ʙʫʜʝ ʧʦʟʥʘʯʘʪʠʩʷ ʥʘ ʪʦʯʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʢʠ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʥʝ ʧʝʨʝʚʠʱʠʪʴ 
2

87
q

ʄɿʏ+ ; ʧʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʤʠʣʢʘ ʢʚʘʥʪʦʚʘʪʝʣʷ ʜʦʨʽʚʥʶʻ 2q° . ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɺ10 , ʪʦ ɺʄɿʏ10= , ʘ 

1,25ɺʄɿʏIq == 8 . ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʝ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʦ ʟ ʧʦʤʠʣʢʦʶ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ B,6250° . 

ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʠʧʫʩʢʘʶʪʴʩʷ ɸʎʇ, ʱʦ 
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ʤʘʶʪʴ 32 ʽ ʙʽʣʴʰʝ ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʽʚ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ ʜʦʨʽʚʥʶʻ 
n)(

2
1 , ʜʝ n  ï ʯʠʩʣʦ ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʚ̔. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʥʦ ʾʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ X   ̔ *X . 

ʅʘʧʨʠʢʣʘʜ ʘʥʘʣʦʛʦʚʦʤʫ ʩʠʛʥʘʣʫ X , ʱʦ ʧʨʠʡʤʘʻ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ 

q,Xq, 5251 <¢  (ʨʠʩ.1.2  ̔ ʪʘʙʣ. 1.1) ʚʽʜʧʦʚʽʜʘʻ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʠʛʥʘʣʫ *X , ʨʽʚʥʝ ʄɿʏ41 , ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 010  ̔ʥʘʚʧʘʢʠ, ʝʜʠʥʝ 

ʟʥʘʯʝʥʥ ̫ *X , ʨʽʚʥʦʤʫ ʥʘʧʨʠʢʣʘʜ ʄɿʏ21  (ʩ ʜʚʽʡʢʦʚʠʤ ʢʦʜʦʤ 100), ʚʽʜʧʦʚʽʜʘʻ 

ʙʝʟʣʽʯ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʘʡʤʘʶʪʴ ʽʥʪʝʨʚʘʣ q,Xq, 5453 <¢ . 

ʂʨʽʤ ʜʚʽʡʢʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʦʜʫ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʘʞʘʶʯʠ ʥʘ ʡʦʛʦ ʧʨʦʩʪʦʪʫ ʽ ʣʝʛʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʚ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʨʦʟʨʦʙʣʝʥʽ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʜ ɻʨʝʷ, ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ ʽ ʨʷʜ 

ʽʥʰʠʭ ʢʦʜʽʚ. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ɸʎʇ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʘʥʘʣʦʛʦʚʦʤʫ ʩʠʛʥʘʣʽ, ʚ ʮʠʬʨʦʚʠʡ, ʥʘʧʨʠʢʣʘʜ ʜʚʽʡʢʦʚʠʡ, ʢʦʜ. 

ɿʘʟʚʠʯʘʡ ʢʚʘʥʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʽʚʥʝʤ ʪʝʭʥʽʯʥʦ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʣʦʛʽʯʥʠʭ ʪʘ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʧʝʚʥʦʛʦ ʯʘʩʫ. ʇʨʦʤʽʞʦʢ ʯʘʩʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʫ X  (ʨʠʩ. 1.2) ʽʟ ʽʥʪʝʨʚʘʣʫ q)n(Xq)n( 2121 +<¢-  ʚ ʦʜʥʝ ʜʠʩʢʨʝʪʥʝ 

ʟʥʘʯʝʥʥʷ, ʨʽʚʥʝ *nqX° , ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʮʴʦʤʫ ʜʠʩʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʥʶ ʮʠʬʨʦʚʠʡ 

ʢʦʜ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʦʤ ʢʚʘʥʪʫʚʘʥʥʷ T, ʘʙʦ ʧʝʨʽʦʜʦʤ ʧʝʨʝʨʠʚʘʥʥʷ. ʇʨʦʮʝʩ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ï ʢʚʘʥʪʫʚʘʥʥʷʤ 

ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ, ʘ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʮʝʡ ʧʨʦʮʝʩ ï ʽʤʧʫʣʴʩʥʠʤʠ 

ʤʦʜʫʣʷʪʦʨʘʤʠ, ʘʙʦ ʽʤʧʫʣʴʩʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɺʘʞʣʠʚʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʚʘʥʪʫʚʘʥʥ ̫ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨ̔ʚʥʝʤ 

ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩ ̫ʢʚʘʥʪʫʚʘʥʥʷʤ ʮʴʦʛʦ ʞ ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ. 

)t(X )t(X*

)t(X )t(X*

t KTt=

TB

T

0 0 1ʊ 2ʊ 3ʊ 4ʊ

ʂʦʤʘʥʜʠ ʚ̔ʜ 

ʪʘʡʤʝʨʘ

 
ʈʠʩʫʥʦʢ 1.4 ï ɯʤʧʫʣʴʩʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

 

ʅʘ (ʨʠʩ. 1.4) ʧʦʢʘʟʘʥʠʡ ʘʤʧʣʪ̔ʫʜʥʦ- ʤ̔ʧʫʣʴʩʥʠʡ ʤʦʜʫʣʷʪʦʨ ʫ ʚʠʛʣʜ̫̔ 

ʢʣʶʯʘ, ʧʝʨʦ̔ʜ ʟʘʤʠʢʘʥʥ̫  ̫ʢʦʛʦ ʜʦʨʽʚʥʶʻ T. ɿʘʤʠʢʘʥʥ ̫  ̔ʨʦʟʤʠʢʘʥʥʷ ʢʣʶʯʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʠʤʠ ʢʦʤʘʥʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʪʘʡʤʝʨʘ 

ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ ntt= , ʜʝ ,....,,n 210= . ʅʘ ʚʭʽʜ ʢʣʶʯʘ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʩʠʛʥʘʣ )t(X , ʘ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʪʨʠʚʘʣʽʩʪʶ 

TTB<<, ʜʝ BT  ï ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʤ ʚʠʙʽʨʢʠ. ɸʤʧʣʪ̔ʫʜʘ ʚʠʭ̔ʜʥʠʭ ̔ʤʧʫʣʴʩʚ̔ 
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)t(X*  ʚ ʤʦʤʝʥʪ ʚʠʙ̔ʨʢʠ ʨʚ̔ʥʘ ʚʽʜʧʦʚʽʜʥʠʤ ʟʥʘʯʝʥʥ̫ ʤ ʚʭʜ̔ʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʫ )t(X . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʘʞʫʪʴ, ɦ ʦ ʘʤʧʣʪ̔ʫʜʘ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʚ̔ )t(X*  

ʧʨʦʤʦʜʫʣʴʦʚʘʥʘ ʚʭʜ̔ʥʠʤ ʩʠʛʥʘʣʦʤ )t(X . 

ʊʘʢ ʷʢ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʎʇ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʦʪʞʝ, ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ 

ʯʘʩʫ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ 

ʚʠʤʘʛʘʪʠʤʝ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʠʩʪʨʦʶ ɸʎʇ. 

ʌ̔ʢʩʘʪʦʨ

)t(X*
)t(Xʬ

0 1T 2T t=KT

T
T

0 t

 
ʈʠʩʫʥʦʢ 1.5 ï ʌ̔ʢʩʘʪʦʨ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʢʚʘʥʪʦʚʘʥʠʡ ʩʠʛʥʘʣ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʜʦ 

ʟʘʚʝʨʰʝʥʥʷ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʝʭʥʽʯʥʦ ʮ ̫ʦʧʝʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʬʽʢʩʘʪʦʨʦʤ 

(ʨʠʩ. 1.5), ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʚʽʜʥʦʚʥʠʢʦʤ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʘʙʦ 

ʟʘʧʘʤ'ʷʪʦʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. ʌʽʢʩʘʪʦʨ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ 

ʟʙʝʨʽʛʘʻ (ʟʘʧʘʤ'ʷʪʦʚʫʻ) ʢʚʘʥʪʦʚʘʥʠʡ ʟʘ ʯʘʩʦʤ ʩʠʛʥʘʣ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʢʚʘʥʪʫʚʘʥʥʷ 

(ʪʦʙʪʦ ʚʽʜ ʤʦʤʝʥʪʫ ʨʦʟʤʠʢʘʥʥʷ ʢʣʶʯʘ  ̔ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʢʦʤʘʥʜʠ ʥʘ 

ʚʠʙʽʨʢʫ). ɯʤʧʫʣʴʩʥʠʡ ʤʦʜʫʣʷʪʦʨ ʽ ʬʽʢʩʘʪʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙ'ʻʜʥʫʶʪʴ ʚ ʦʜʠʥ 

ʧʨʠʩʪʨʽʡ, ʷʢʝ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʨʠʩʪʨʦʻʤ ʚʠʙʽʨʢʠ-ʟʙʝʨʽʛʘʥʥʷ (ʇɺɿ). ʍʦʯʘ 

ʇɺɿ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʻʜʠʥʠʡ ʙʣʦʢ  ̔ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤʘʭ ʮʝʡ ʙʣʦʢ 

ʟʦʙʨʘʞʫʻʪʴʩʷ ʻʜʠʥʠʤ ʝʣʝʤʝʥʪʦʤ (ʨʠʩ.1.6). 

ʇɺɿ

)t(X )t(Xʬ

ɺʭ̔ʜ ɺʠʭ̔ʜ

 
ʈʠʩʫʥʦʢ 1.6 ï ʇʨʠʩʪʨʽʡ ʚʠʙ̔ʨʢʠ-ʟʙʝʨʝʞʝʥʥʷ. 

 

ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ, ʥʘ ʷʢʽʡ ʧʨʦʮʝʩʠ ʚʠʙ̔ʨʢʠ ʽ ʟʙʝʨʝʞʝʥʥʷ ʨʦʟʜ̔ʣʝʥ̔, 

ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 1.7). 

ʌ̔ʢʩʘʪʦʨ
)t(X*

)t(Xʬ

ɺʭ̔ʜ ɺʠʭ̔ʜ

e-Tʟʈ
)t(X

ʂʦʤʘʥʜʥʠʡ 

ʩʠʛʥʘʣ

 
ʈʠʩʫʥʦʢ 1.7 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʚʠʙ̔ ʨʢʠ ̔ ʟʙʝʨʝʞʝʥʥʷ. 
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ɹʣʦʢ ʪʠʤʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ 
pTʟe

-
, ʜʝ -p  ʢʦʤʧʣʝʢʩʥʘ ʟʤʽʥʥʘ; -ʟʊ  ʯʘʩ ʟʘʪʨʠʤʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʩʢʣʘʜʦʚʠʭ. ʇʝʨʘh ʩʢʣʘʜʦʚʘ -ʘʊ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʨʚʘʣʦʤ ʚʽʜ ʤʦʤʝʥʪʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʤʘʥʜʠ ʥʘ ʚʠʙ̔ʨʢʫ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʤʠʢʘʥʥ̫  ʢʣʶʯʘ, ʘ ʜʨʫʛʘ -ʫʊ  

ʥ̔ʪʝʨʚʘʣʦʤ ʚʽʜ ʤʦʤʝʥʪʫ ʨʦʟ̔ʤʢʥʝʥʥ̫ ʢʣʶʯʘ  ̔ʜʦ ʤʦʤʝʥʪʫ ʟʘʪʫʭʘʥʥ ̫ʢʦʣʠʚʘʥʴ, 

ʜʦ ʜʝʷʢʦʾ ʚʠʟʥʘʯʘʻʤʦʾ ʜʦʧʫʩʪʠʤʦʾ ʧʦʤʠʣʢʠ, ʪ.ʙ. ʫʘʟ ʊʊʊ += . ʏʘʩ ʫʊ  

ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʧʨʠ ʨʦʟʤʠʢʘʥʥʽ ʢʣʶʯʘ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʨʝʞʠʤʫ ʬʽʢʩʘʮʽʾ 

ʚʠʥʠʢʘʻ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʭʝʤʘʭ 

ʮʠʬʨʦʚʦ ʾʣʦʛʽʢʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʘʩ pBa TTT +@ , ʜʝ -pT  ʘʧʝʨʪʫʨʥʠʡ ʯʘʩ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʯʘʩʦʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʝʨʝʤʠʢʘʶʯʦʾ ʩʭʝʤʠ ʚʩʝʨʝʜʠʥʽ ʇɺɿ. 

ɯʤʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.3, ʥʘʟʠʚʘ̒ʪɹʩʷ ʢʚʘʥʪʦʚʘʪʝʣʝʤ ʟ 

ʢʽʥʮʝʚʦʶ ʜʦʚʞʠʥʦʶ ʤ̔ʧʫʣʴʩʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩ ʟʘʪʨʠʤʢʠ ʟʊ ʤʘʣʠʡ, ʪʦʤʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʢ̔ʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥ̫ ʮʠʤ ʯʘʩʦʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʯʘʩ ʥʩTp 10= , ʯʘʩ ʚʠʙ̔ʨʢʠ ʥʩʊB 300= , ʘ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥ̫  

ʥʩʊʫ 100= . ʆʪʞʝ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʟʊ  ʩʪʘʥʦʚʠʪʴ 410ʥʩ; ʷʩʥʦ, ʦɦ ʮʠʤ 

ʯʘʩʦʤ ʤʦʞʥʦ ʟʥʝʭʪʫʚʘʪʠ, ʪʘʢ ʢ̫ ʥʘʚʨʷʜ ʯʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʥ̔ʥ̫  ʟʜʘʪʥʘ hʚʠʜʰʝ 

ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ ʚʭʜ̔ʥʠʡ ʩʠʛʥʘʣ. ʊʦʤʫ ʚ ʧʨʘʢʪʠʯʥʠʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ TTʟ<<, 

ʇɺɿ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʫʥʢʮʦ̔ʥʘʣʴʥʦ ʁʩʭʝʤʦ ʁ(ʨʠʩ. 1.8). ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤ̔ʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ ʥʘʟʠʚʘ̒ʪɹʩʷ ̔ʜʝʘʣʴʥʠʤ ʢʚʘʥʪʦʚʘʪʝʣʝʤ, ʪʘʢ ʢ̫ 

ʧʝʨʝʜʙʘʯʘ̒ʪɹʩʷ, ʦɦ ʯʘʩ ʚʠʙ̔ʨʢʠ Bʊ  ʜʦʨ̔ʚʥʁ  ̒ ʥʫʣʶ  ̔ ʢʣʶʯ ʟʘʤʠʢʘ̒ʪɹʩʷ ̔ 

ʨʦʟʤʠʢʘ̒ʪɹʩʷ ʤʠʪʪʻʚʦ ʯʝʨʝʟ ʢʦʞʥʽ T  ʩʝʢʫʥʜ. 

 

ʌ̔ʢʩʘʪʦʨ
0 1T 2T t=KT

T

)t(X*

T

)t(Xʬ

)t(X

t

T

ʂʦʤʘʥʜʥʠʡ 

ʩʠʛʥʘʣ

ɯʜʝʘʣʴʥʠʡ 

ʢʚʘʥʪʦʚʘʪʝʣʴ
 

ʈʠʩʫʥʦʢ 1.8 ï ɯʜʝʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʚʠʙ̔ʨʢʠ  ̔ʟʙʝʨʝʞʝʥʥʷ 

 

ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ɸʎʇ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ̔ʜʝʘʣʴʥʦʛʦ ʇɺɿ ( ʜ̔ʝʘʣʴʥʠʡ 

ʤ̔ʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ  ̔ʬ̔ʢʩʘʪʦʨ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ), ʢʚʘʥʪʦʚʘʪʝʣʷ ʧʦ ʨʽʚʥʶ Q, 

ʷʢʠʡ ʚʠʢʦʥʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍ ʚ ʍ*,  ̔ ʰʠʬʨʘʪʦʨʘ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʍ* ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.9. 
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ʇɺɿ Q ʐʠʬʨʘʪʦʨ
ɸʥʘʣʦʛʦʚʠʡ 

ʚʭ̔ʜ

ɸʥʘʣʦʛʦʚʠʡ

 ʚʠʭ̔ʜ

ʂʚʘʥʪʦʚʘʪʝʣɹ 

ʨ̔ʚʥ̫

 
 

ʈʠʩʫʥʦʢ 1.9 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ɸʎʇ. 

 

ɿʘʫʚʘʞʠʤʦ, ʦɦ ʧʦʨʷʜʦʢ ʦʧʝʨʘʮʡ̔ ʢʚʘʥʪʫʚʘʥʥ̫  ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ 

ʯʘʩʦʤ ʽ ʨʚ̔ʥʝʤ ʤʦʞʥʘ ʟʤ̔ʥʠʪʠ ʥʘ ʟʚʦʨʦʪʥʽʡ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥ ̔ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ,̔ ʟʦʢʨʝʤʘ, ɸʎʇ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ 

 ̒ʚʠʙ̔ʨ ʧʝʨʦ̔ʜʫ ʢʚʘʥʪʫʚʘʥʥ̫  ʊ, ʦɦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʮʠʬʨʦʚʦ ʾ

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥ̫. 

ɺʚʝʜʝʤʦ ʯʘʩʪʦʪʫ ʢʚʘʥʪʫʚʘʥʥʷ kf  (ɻʮ) ʘʙʦ kw  (ʨʘʜ/ʩ), ʟʚ'ʷʟʘʥʫ ʟ ʧʝʨ̔ʦʜʦʤ 

ʢʚʘʥʪʫʚʘʥʥ̫  ʊ ʩʧʽʚʚʽʜʥʦʰʝʥʥʤ̫ TfTf kkk pp=w= 221 Tfk 1= . 

ʏʘʩʪʦʪʘ ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʚ̔, ʧʦʚôʷʟʘʥʠʭ ̫ʢ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʧʨʠʩʪʨʦʻʤ) ɸʎʇ, ʪʘʢ  ̔ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʫ (ʡʦʛʦ ʚʝʣʠʯʠʥʦ ʁ  ̔ʯʘʩʪʦʪʥʠʤ ʩʧʝʢʪʦʨʦʤ). ʊʝʦʨʝʪʠʯʥʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 

ʢʚʘʥʪʫʚʘʥʥ̫  ʥʝ ʽʩʥʫʻ. ʇʨʠ ¤=wk  ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜ̔ ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʧʝʨʝʪʚʦʨʶʻʪɹʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʠʡ. ʇʨʦʪʝ ʨʝʘʣʴʥʦ ʢʚʘʥʪʦʚʘʪʝʣʴ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʢ̔ʥʝʯʥʝ ʟʥʘʯʝʥʥ ̫ kw. ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʚʘʥʪʫʚʘʥʥ̫  maxkw  ʦʙʤʝʞʝʥʘ ʯʘʩʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥ̫  ɸʎʇ  ̔ʯʘʩʦʚʠʤʠʤʠ ʟʘʪʨʠʤʢʘʤʠ ʇɺɿ. 

ɼʣʷ ɸʎʇ ʟ ʨ̔ʚʥʦʤʨ̔ʥʦʁ ʢʦʤʧʝʥʩʘʮʽʻʶ kf   ̔ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ nT  ʟʚ'̫ʟʘʥ̔ 

ʤ̔ʞ ʩʦʙʦ ʁʨʽʚʥʷʥʥʷʤ  

 

n
n

k T)(f 12 -=  (

1.3) 

 

ʅʘʧʨʠʢʣʘʜ, ʚʚʘʞʘʶʯʠ ʤʢʩTT n 1106===   ̔ 10=n , ʦʪʨʠʤʫʻʤʦ 

ʤʘʢʩʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʢʚʘʥʪʫʚʘʥʥ̫  ɻɻʮɻʮfk 1109 =@ . ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮ ̔

ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʚʘʥʪʫʚʘʥʥ̫  ʘʙʦ ʤ̔ʥ̔ʤʘʣʴʥʠʡ ʧʝʨʦ̔ʜ ʢʚʘʥʪʫʚʘʥʥ̫  ʊ 

ʚʠʟʥʘʯʘʻʪɹʩʷ hʚʠʜʢʦʜʽʻʶ  ̔ʽʥʠhʭ ʝʣʝʤʝʥʪʚ̔ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʥ̔ʥ̫ . ɿʦʢʨʝʤʘ, ̫ ʢʱʦ 

ʚ ʩʠʩʪʝʤ ̔ ʮʠʬʨʦʚ ̔ ʜʘʥ̔ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤ̔ʢʨʦʧʨʦʮʝʩʦʨʘ, ʪʦ maxkw  ʙʫʜʝ ʦʙʤʝʞʝʥʘ ʰʚʠʜʢʽʩʪʶ ʦʙʨʦʙʢʠ ʮʠʭ ʜʘʥʠʭ. 

ʄʢ̔ʨʦʧʨʦʮʝʩʦʨ, ʢ̫ ʚʽʜʦʤʦ,  ̒ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʠʤ ʮʠʬʨʦʚʠʤ ʧʨʠʩʪʨʦʻʤ (ʟʘʟʚʠʯʘʡ 

4=n  ʘʙʦ 8=n ). 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʥ̔̔ʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʢʚʘʥʪʫʚʘʥʥ̫  kw . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʷʩʥʦ, ʦɦ ̫ʢʱʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʜ̔ 

ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʟʤʥ̔ʁ ʪ̒ɹʩʷ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʪʦ ʢʚʘʥʪʫʶʯʠ ʡʦʛʦ ʟ 

ʜʫʞʝ ʤʘʣʦ ʁʰʚʠʜʢʽʩʪʶ, ʪ.ʙ. ʟ ʚʝʣʠʢʠʤʠʤ ʧʝʨʦ̔ʜʦʤ ʢʚʘʥʪʫʚʘʥʥʷ ʊ, ʤʦʞʥʘ 

ʟʘʛʫʙʠʪʠ ʚʘʞʣʠʚʫ ʥ̔ʬʦʨʤʘʮʠʶ ʧʨʦ ʩʠʛʥʘʣ ʤʞ̔ ʤʦʤʝʥʪʘʤʠ ʚʠʙ̔ʨʢʠ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʝʤʦ ʁʂʦʪʝʣʴʥʠʢʦʚʘ, ʷʢʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʷʢʱʦ ʘʥʘʣʦʛʦʚʠʡ 

ʩʠʛʥʘʣ )t(X  ʥʝ ʤʽʩʪʠʪʴ ʫ ʩʚʦ̒ʤʫ ʩʧʝʢʪʨ ̔ʯʘʩʪʦʪ ʚʠ ʝɦ, ʥʽʞ Cw  (ʨʘʜʘ̔ʥ ʚ 

ʩʝʢʫʥʜʫ), ʪʦ ʚʽʥ ʧʦʚʥ̔ʩʪʶ ʦʧʠʩʫʻʪʴʩʷ ʩʚʦʤʾʠ ʟʥʘʯʝʥʥʤ̫ʠ, ʚʠʤʽʨʷʥʠʤʠ ʚ 
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ʜʠʩʢʨʝʪʥ ̔ʤʦʤʝʥʪʠ ʯʘʩʫ ʟ ʥ̔ʪʝʨʚʘʣʦʤ )/(T Cwp= 221  ʩʝʢʫʥʜ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ 

ʜʣʷ ʪʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘʫ ʥʝʦʙʭʜ̔ʥʦ ʤʘʪʠ ʯʘʩʪʦʪʫ 

ʢʚʘʥʪʫʚʘʥʥ̫  kw , ʷʢʘ ʙ̔ ʣʴʰʝ ʥʽʞ ʫ 2 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʚʭʜ̔ʥʦʛʦ ʩʠʛʥʘʣʫ 

Cw. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ɸʎʇ ʟ ʧʝʨ̔ʦʜʦʤ ʢʚʘʥʪʫʚʘʥʥ̫  ʤʢʩT 1=  ʙʫʜʝ 

ʚʠʙʨʘʥʘ ʯʘʩʪʦʪʘ ʢʚʘʥʪʫʚʘʥʥ̫  ʄɻʮk 1=w  (ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 10=n ), ʪʦ 

ʚʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʥʝ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʛʘʨʤʦʥʢ̔ ʟ ʯʘʩʪʦʪʦ ʁ Cw  ʙ̔ʣʴʦh ,ʁ ʥʽʞ 

0,5ʄɻʮ. 

ʋ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʢʨʤ̔ ɸʎʇ  ̒ʱʝ ̔ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

(ʎɸʇ). ʅʝʦʙʭʜ̔ʥʩ̔ʪʴ ʎɸʇ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʥʪʫʨ ̔ʎʉʂɽʇ 

ʘʥʘʣʦʛʦʚʠʭ ʝʣʝʤʝʥʪʚ̔, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥ̫ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʎɸʇ ʩʣʫʛʫʻ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʚ̔ ʚ 

ʙʝʟʧʝʨʝʨʚʥʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ (ʟʤʝʥʰʝʥʥ ̫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʝʣʝʤʝʥʪʚ̔ ʪʘ ʭʾ ʥʘʜʤʽʨʥʦʛʦ ʟʥʦʩʫ) ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʚ̔ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤʠ. 

ʇʦʨʽʚʥʷʥʦ ʟ ɸʎʇ, ʎɸʇ ʧʨʦʩʪʽʰʠʡ ʟʘ ʫʩʪʨʦʝʤ, ʜʝʰʝʚʰʠʡ ʽ ʤʘʻ ʙʽʣʴʰʫ 

ʰʚʠʜʢʦʜʽʶ ʧʨʠ ʪʽʡ ʞʝ ʪʦʯʥʦʩʪʽ. ʊʘʢ ʢ̫ ʧʨʠ ʘʥʘʣʦʛʦʚʦʤʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʽ 

ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʪʨʘʥʩʬʦʨʤʫʪ̒ɹʩʷ ʫ ʘʥʘʣʦʛʦʚʠʡ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʣʠʯʠʥʠ, ʪʦ ʎɸʇ 

ʢ̫ ʩʠʩʪʝʤʘ (ʨʠʩ. 1.10) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʢʣʘʜʝʥʠʤ ʟ ʜʝʢʦʜʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʫ ʷʢʦʤʫ ʮʠʬʨʦʚʝ ʩʣʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪɹʩʷ ʥʘ ʯʠʩʣʦ ʘʙʦ ʘʤʧʣʪ̔ʫʜʥʦ-

ʤʦʜʫʣʦɹʚʘʥʠʡ ̔ʤʧʫʣʴʩ,  ̔ʬ̔ʢʩʘʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʨʚ̔ʥʷ, ʢʦʪʨʠʡ ʧʝʨʝʪʚʦʨʶʻ ʚʭ̔ʜʥ̔ 

ʤ̔ʧʫʣʴʩʠ ʚ ʧʦʩʣʜ̔ʦʚʥʩ̔ʪʴ ʧʨʷʤʦʢʫʪʥʠʭ ̔ʤʧʫʣʴʩʚ̔ ʪʨʠʚʘʣʽʩʪʁ ʊ. ɯʤʧʫʣʴʩʥʠʡ 

ʝʣʝʤʝʥʪ ʫ ʩʭʝʤʽ ʚʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 1.10 ʥʝ ʧʦʪʨʽʙʝʥ. ʇʨʦʪʝ, ʪʘʢ ʢ̫ ʢʚʘʥʪʦʚʘʪʝʣʴ  ̔

ʬ̔ʢʩʘʪʦʨ ʚʠʢʦʥʫʻʪɹʩʷ ʫ ʚʠʛʣʷʜʽ ʜ̒ʠʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʙʣʦʢʫ, ʪʦ ʟʘʤʽʩʪʴ 

ʬ̔ʢʩʘʪʦʨʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇɺɿ. ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɺɿ 

ʧʦʷʩʥʶʻʪɹʩʷ ʱʝ ʡ ʪʠʤ, ɦʦ ʥʘ ʧʨʘʢʪʠʮ ̔ʮʝʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪɹʩʷ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʢʦʣʠʚʘʥʴ  ̔ ʧʫʣʴʩʘʮʡ̔, ʦʙʫʤʦʚʣʝʥʠʭ ʨʦʙʦʪʦ ʁ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧ̔ ʜʩʠʣʶʚʘʯʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʧʨʠʩʪʨʽʡ ʎɸʇ. ɼʝʢʦʜʝʨ ʷʚʣʷʻ ʩʦʙʦ ʁʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʠʥʘʤʢ̔ʠ ʧʽʜʩʠʣʶʶʯʫ ʣʘʥʢʫ ʩ ʢʦʝʬ̔ʮ̔ʝʥʪʦʤ ʧʦʩʠʣʝʥʥ̫ , ʚ ʜ̔ʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ. 

ɼʝʢʦʜʝʨ ʇɺɿ
ʎʠʬʨʦʚʠʡ 

ʚʭ̔ʜ
ɸʥʘʣʦʛʦʚʠʡ

 ʚʠʭ̔ʜ  
 

ʈʠʩʫʥʦʢ 1.10 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʎɸʇ. 

 

ʎʽʢʘʚʦ ʧʦʨʽʚʥʷʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ɸʎʇ (ʨʠʩ. 1.9) ʽ ʎɸʇ (ʨʠʩ. 1.10). 

ʊʘʢ ̫ʢ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ ʥʘ ʧʨʘʢʪʠʮ ̔ʚʝʣʠʢʘ (16=n   ̔ ʙ̔ ʣʴʰʝ), ʪʦ 

ʥʝʣ̔ʥ̔ʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʚʘʥʪʫʚʘʥʥ̫  ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʨʚ̔ʥʝʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʝʢʦʜʝʨ  ̔ʰʠʬʨʘʪʦʨ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ̔

ʧʽʜʩʠʣʶʚʘʣʴʥʠʤʠ ʣʘʥʢʘʤʠ ʟ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘʤʠ ʧʦʩʠʣʝʥʥ̫ , ʨʚ̔ʥʠʤʠ ʦʜʠʥʠʮ.̔ ʊʦʜ ̔

ʦʙʠʜʚʽ ʩʭʝʤʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʩʭʝʤʠ ʇɺɿ, ʦɦ ʜ̔ʡʩʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʥ̔ʥ̫ . 

 

1.4 ʂʃɸʉʀʌɯʂɸʎɯʗ ɼʀʉʂʈɽʊʅʀʍ ʉʋ 
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ʋ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʠ ʚ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʪʦʯʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʜʠʩʢʨʝʪʥʠʤʠ ʟʘ ʯʘʩʦʤ, ʜʠʩʢʨʝʪʥʠʤʠ ʧʦ ʨʽʚʥʶ, ʘ ʪʘʢʦʞ 

ʜʠʩʢʨʝʪʥʠʤʠ ʟʘ ʯʘʩʦʤ ʽ ʨʽʚʥʝʤ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʎʉʂɽʇ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʘʣʛʦʨʠʪʤʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.11. 

   ʢʝʨʫʚʘʥʥ̫ ʧʦ ʟʙʫʨʝʥʥʁ

ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥ̫

ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥ̫ 

ʧʦʣʦʞʝʥʥ̫

ʘʚʪʦʤʘʪʠʯʥʘ ʩʪʘʙ̔ʣ̔ʟʘʮ̫̔  

ʢʫʪʦʚʦʾ hʚʠʜʢʦʩʪ̔

 ʢʝʨʫʚʘʥʥ̫ ʧʦ ʚ̔ʜʭʠʣʝʥʥʁ  

ʢʝʨʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠʈʦʟ̔ʤʢʥʝʥ̔

ɿʘʤʢʥʫʪ̔

ʂʦʤʙ̔ʥʦʚʘʥ̔

ɸʣʛʦʨʠʪʤ 

ʬʫʥʢʮ̔ʦʥʫʚʘʥʥ̫ 

ʎʉʂɽʇ

 
ʈʠʩʫʥʦʢ 1.11 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʎʉʂɽʇ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʘʣʛʦʨʠʪʤʦʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

 

ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʫʤʦʚʥʘ. ɿʘ ʧʨʠʥʮʠʧʦʤ 

ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʨʝʣʝʡʥʽ, ʽʤʧʫʣʴʩʥʽ ʪʘ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ʆʩʪʘʥʥʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ ʧʨʷʤʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʮʠʬʨʦ-

ʘʥʘʣʦʛʦʚʽ ʩʠʩʪʝʤʠ (ʨʠʩ. 1.12). 

ʤ̔ʧʫʣɹʩʥ̔

ʎʉʂ ʪʠʨʠʩʪʦʨʥʠʤ 

ɽʇ

ʩʠʩʪʝʤʠ ʧʨ̫ʤʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥ̫

ʨʝʣʝʡʥ̔ 

ʮʠʬʨʦʚ̔

ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚ̔ 

ʩʠʩʪʝʤʠ  
ʈʠʩʫʥʦʢ 1.12 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʎʉʂɽʇ ʟʘ ʧʨʠʥʮʠʧʦʤ ʢʝʨʫʚʘʥʥʷ 
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ʂʚʘʥʪʫʚʘʥʥʶ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʨʽʚʥʶ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʠʪʴ 

ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʽ ʱʦ ʥʝʦʙʭʽʜʥʦʶ ʽ ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʮʠʬʨʦʚʦʛʦ 

ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʻ ʢʚʘʥʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʷʢ ʟʘ ʯʘʩʦʤ, ʪʘʢ ʽ ʧʦ ʨʽʚʥʶ. 

ʆʙ'ʻʢʪʦʤ ʢʝʨʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʻ ʥʘʡʯʘʩʪʽʰʝ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʽʨʥʝ ʢʦʣʦ ʷʢʦʛʦ 

ʞʠʚʠʪʴʩʷ ʚʽʜ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʊʇ). ʂʝʨʫʶʪʴʩʷ ʊʇ ʩʠʩʪʝʤʦʶ 

ʽʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʉɯʌʂ) ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤʦʜʫʣʷʪʦʨʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʎʉʂ ɽʇ ʟʘ ʪʠʧʘʤʠ ʤʦʜʫʣʷʪʦʨʽʚ (ʨʠʩ. 1.13). 

 

 ʟ ʘʤʧʣ̔ʪʫʜʥʦ- ʤ̔ʧʫʣɹʩʥʦʁ 

ʤʦʜʫʣ̫ʮ̔̒  ʁ(ɸɯʄ) 

ʟ ʯʘʩʪʦʪʥʦ- ʤ̔ʧʫʣɹʩʥʦʁ 

ʤʦʜʫʣ̫ʮ̔̒  ʁ(ʏɯʄ)

ʟ hʠʨʦʪʥʦ - ʤ̔ʧʫʣɹʩʥʦʁ 

ʤʦʜʫʣ̫ʮ̔̒  ʁ(ʐɯʄ)

ɿʘ ʪʠʧʦʤ ʤʦʜʫʣ̫ʪʦʨ̔ʚ 

 
ʈʠʩʫʥʦʢ 1.13 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʎʉʂɽʇ ʟʘ ʪʠʧʘʤʠ ʤʦʜʫʣʷʪʦʨʽʚ 

 

ʇʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.14 ʨʦʟʽʤʢʥʝʥʘ ʽʤʧʫʣʴʩʥʘ ʩʠʩʪʝʤʘ ʥʘʚʽʪʴ ʫ ʨʘʟʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʇɺɿ ʬʽʢʩʘʪʦʨʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʘ ʟʚʠʯʘʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʩʧʝʮʽʘʣʴʥʦʾ 

ʪʝʦʨʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʽ, ʟʦʢʨʝʤʘ, ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʚʠʥʠʢʘʻ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ ʫʪʚʦʨʶʻʪʴʩʷ ʫʩʝʨʝʜʠʥʽ 

ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

 

ʇɺɿ
ɸʥʘʣʦʛʦʚʠʡ 

ʚʠʭ̔ʜ

ɸʥʘʣʦʛʦʚʠʡ 

ʚʭ̔ʜ

ɹʝʟʧʝʨʝʨʚʥʘ 

ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ
 

ʈʠʩʫʥʦʢ 1.14 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʽʤʢʥʝʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ 

 

ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʙʫʜʫʶʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʧʽʜʣʝʛʣʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘʢ, ʱʦʙ ʦʩʥʦʚʥʠʡ (ʟʦʚʥʽʰʥʽʡ) ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ 

ʙʫʚ ʮʠʬʨʦʚʠʤ, ʘ ʚʩʽ ʧʽʜʣʝʛʣʽ ï ʘʥʘʣʦʛʦʚʠʤʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʩʭʝʤʠ ʮʠʬʨʦ-

ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.1.15. 

ɸʎʇ ɽʆʄ ʎɸʇ ʉɯʌʂ ʊɽʇ

ɸʥʘʣʦʛʦʚʝ

ɸʥʘʣʦʛʦʚʠʡ 

ʚʠʭ̔ʜ

ɸʥʘʣʦʛʦʚʠʡ 

ʚʭ̔ʜ +
-
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ɸʎʇ

ʎɸʇ ʉɯʌʂ ʊɽʇ
ɸʥʘʣʦʛʦʚʠʡ 

ʚʠʭ̔ʜ

ʎʠʬʨʦʚʠʡ 

ʚʭ̔ʜ

+

-
ɽʆʄ

 

ɸʎʇ

ʉɯʌʂ ʊɽʇ
ɸʥʘʣʦʛʦʚʠʡ 

ʚʠʭ̔ʜ

ʎʠʬʨʦʚʠʡ 

ʚʭ̔ʜ

+

-
ɽʆʄ

 
ʈʠʩʫʥʦʢ 1.15 ï ʇʨʠʢʣʘʜʠ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 

 

 

ʇʀʊɸʅʅʗ ɼʆ ʊɽʄʀ ˉ1: 

 

1.ʅʘ ʷʢʽ ʛʨʫʧʠ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ ʢʝʨʫʚʘʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʎʉʂɽʇ? 

2.ʇʝʨʝʣʽʯʠʪʠ ʩʠʩʪʝʤʠ ʎʉʂɽʇ ʟʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ. 

3.ʂʚʘʥʪʫʚʘʥʥʷʤ ʩʠʛʥʘʣʫ ʟʘ ʨʽʚʥʝʤ (ʘʤʧʣʽʪʫʜʥʠʤ ʢʚʘʥʪʫʚʘʥʥʷʤ) 

ʥʘʟʠʚʘʻʪʴʩʷ? 

4.ʑʦ ʪʘʢʝ ɸʎʇ? ʁʦʛʦ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ? 

5 ʇʨʦʮʝʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ, ʱʦ ʮʝ, ʡʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ?  

6.ʌʽʢʩʘʪʦʨ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʧʨʠʟʥʘʯʝʥʥʠʡ ʜʣʷ? 

7.ɯʜʝʘʣʴʥʠʡ ʢʚʘʥʪʦʚʘʪʝʣʴ ï ʮʝ? 

8.ʇʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʘ ʟ ʢʚʘʥʪʫʚʘʥʥʷʤ ʟʘ ʯʘʩʦʤ? 

9.ɯʤʧʫʣʴʩʥʽ ʤʦʜʫʣʷʪʦʨʠ (ʝʣʝʤʝʥʪʠ) ï ʮʝ? 

10.ʇʝʨʝʣʽʯʠʪʠ ʧʨʠʯʠʥʠ ʧʦʷʚʠ ʩʠʩʪʝʤʠ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ. 

11.ʇʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʘ ʟ ʢʚʘʥʪʫʚʘʥʥʷʤ ʽ ʟʘ ʯʘʩʦʤ ʽ ʟʘ ʨʽʚʥʝʤ? 

12.ʇʝʨʝʣʽʯʠʪʠ ʧʨʠʯʠʥʠ ʧʦʷʚʠ ʩʠʩʪʝʤʠ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ? 
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2. ʉʊʈʋʂʊʋʈʀ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ɿ ʎʀʌʈʆɺʀʄ 

ʂɽʈʋɺɸʅʅʗʄ 

 

ʉʊʈʋʂʊʋʈʀ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ɿ ʎʀʌʈʆɺʀʄ ʂɽʈʋɺɸʅʅʗʄ. 

ʇʈʀʂʃɸɼʀ ʎʉʂɽʇ 

 

[2], 39-41 

 

ʇʨʷʤʝ ʮʠʬʨʦʚʝ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (ʊɽʇ) 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦ-ɽʆʄ ʘʙʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ. ʄʽʢʨʦ-ɽʆʄ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʥʘ 

ʾʾ ʚʭʽʜ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʦʛʦ ʢʦʜʫ, ʨʦʟʨʘʭʦʚʫʻ ʧʦ ʟʘʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʽ ʢʫʪʠ ʢʝʨʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽ ʚʠʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʮʽ ʢʫʪʠ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ ʢʦʜʽʚ. ʎʠʬʨʦʚʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜʽ ʤʽʢʨʦ-ɽʆʄ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʉɯʌʂ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʧʦʪʽʤ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʠ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʆʢʨʽʤ ʨʽʰʝʥʥʷ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʤʽʢʨʦɽʆʄ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤ ʨʷʜ ʽʥʰʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ (ʪʘʢʠʭ ʷʢ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʽʥʰʽ). 

ʇʨʠʢʣʘʜʠ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʢʨʽʟʴ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

ʪʦʚʘʨʽʚ ʤʘʩʦʚʦʛʦ ʧʦʧʠʪʫ ʽ ʜʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʴʦʛʦʜʥʽ ʚ 

ʥʘʡʟʚʠʯʘʡʥʽʰʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʢʦʤʧ'ʶʪʝʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢ 

ʟʘʧʘʣʝʥʥʷʤ ʽ ʩʢʣʘʜʦʤ ʙʝʥʟʠʥʦʚʦʾ ʩʫʤʽʰʽ, ʪʘʢ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʧʘʩʘʞʠʨʩʴʢʦʤʫ 

ʩʘʣʦʥʽ. ʅʘʚʽʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʡʤʘʯʘ ʜʦʚʽʨʷʻʪʴʩʷ ʥʝ ʚʦʜʽʻʚʽ, ʘ ʫʧʨʘʚʣʷʻʪʴʩʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ, ʷʢʠʡ ʽʥʢʦʣʠ ʥʝ ʩʧʨʦʱʫʻ, ʘ ʥʘʚʧʘʢʠ ï ʫʩʢʣʘʜʥʶʻ ʞʠʪʪʷ. 

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʤʦʞʝ ʟʜʘʪʠʩʷ, ʱʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʭʽʤʽʯʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʯʠ ʨʫʭʦʤ ʥʘ ʚʝʣʠʢʽʡ ʟʘʣʽʟʥʠʯʥʽʡ ʩʪʘʥʮʽʾ ʤʘʻ ʤʘʣʦ ʟʘʛʘʣʴʥʦʛʦ ʟ 

ʨʦʙʦʪʘʤʠ ʜʣʷ ʬʘʨʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʘʙʦ ʟ ʙʦʨʪʦʚʠʤ ʢʦʤʧ'ʶʪʝʨʦʤ ʢʦʩʤʽʯʥʦʛʦ 

ʢʦʨʘʙʣʷ. ʇʨʦʪʝ ʫ ʚʩʽʭ ʮʠʭ ʩʠʩʪʝʤʘʭ ʻ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ ï ʟʙʽʨ 

ʜʘʥʠʭ, ʢʝʨʦʚʘʥʽ ʪʘʡʤʝʨʦʤ ʘʙʦ ʧʝʨʝʨʠʚʘʥʥʷʤʠ ʬʫʥʢʮʽʾ, ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ, ʦʙ'ʻʜʥʘʥʥʠʡ ʟ ʽʥʰʠʤʠ ʢʦʤʧ'ʶʪʝʨʘʤʠ ʽ ʚʟʘʻʤʦʜʽʷ ʟ ʣʶʜʠʥʦʶ-

ʦʧʝʨʘʪʦʨʦʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʬʽʟʠʯʥʠʤ/ʪʝʭʥʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 2.1): 

 ï ʢʝʨʫʶʯʦʛʦ ɽʆʄ; 

ï  ʢʘʥʘʣʽʚ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ; 

ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

(ɸʎʇ/ʎɸʇ); 

ï ʜʘʪʯʠʢʚ̔ ʽ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ; 

ï ʚʣʘʩʥʝ ʬʽʟʽʯʥʦʛʦ/ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʜʘʪʯ̔ʢʠ ʪʘ 

ʚʠʢʦʥʘʚʯ̔ 

ʤʝʭʘʥ̔ʟʤʠ

ʬ̔ʟʠʯʥʠʡ\

ʪʝʭʥ̔ʯʥʠʡ ʧʨʦʮʝʩ

ʘʥʘʣʦʛʦʚ̔ 

ʩʠʛʥʘʣʠ

ʮʠʬʨʦʚ̔ 

ʜʘʥ̔

ʤʝʨʝʞʝʚʠʡ 

ʥ̔ʪʝʨʬʝʡʩ

ʮʠʬʨʦʚ̔ ʩʠʛʥʘʣʠ

ɸʎʇ - ʎɸʇ

ʢʝʨʫʁʯʘ ɽʆʄ

ʤʝʨʝʞʘ ʧʝʨʝʜʘʯ̔ 

ʜʘʥʠʭ ʯʠ 

ʩʠʩʪʝʤʥʘ hʠʥʘ 

 
ʈʠʩʫʥʦʢ 2.1 ï ʆʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

 

ʌʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʪʦʙʪʦ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ (ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ ʘʙʦ 

ʢʦʦʨʜʠʥʘʪʠ) ʚ ʝʣʝʢʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʪʠ (ʦʧʽʨ, 

ʩʪʨʫʤ ʘʙʦ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ). ʇʨʠʢʣʘʜʘʤʠ ʜʘʪʯʠʢʽʚ ʻ ʪʠʨʠʩʪʦʨʠ (ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ), ʢʽʥʮʝʚʽ ʚʠʤʠʢʘʯʽ ʽ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʽʢʨʦʬʦʥʥʽ ʟʦʥʜʠ. 

ɹʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʥʘʚʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. ʆʩʪʘʥʥʽ ʧʝʨʝʪʚʦʨʷʪʴ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʫ ʬʽʟʠʯʥʽ ʜʽʾ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʨʫʭ ï ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʦʙʝʨʪʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʥʰʠʭ 

ʮʽʣʝʡ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ.  ʇʨʠʢʣʘʜʘʤʠ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʩʝʨʚʦʤʦʪʦʨʠ, ʛʽʜʨʦʢʣʘʧʘʥʠ ʽ ʧʥʝʚʤʘʪʠʯʥʽ ʧʦʟʠʮʽʶʶʯʽ 

ʧʨʠʩʪʨʦʾ. 

ʎʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ, ʪʦʤʫ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʽʚ 

ʝʣʝʢʪʨʠʯʥʽ ʘʥʘʣʦʛʦʚʽ ʚʝʣʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʎʇ. 

ɿʚʦʨʦʪʥʘ ʦʧʝʨʘʮʽʷ ï ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ (ʝʣʝʢʪʨʦʤʦʪʦʨʘʤʠ ʽ 

ʢʣʘʧʘʥʘʤʠ) ï ʜʝʱʦ ʧʨʦʩʪʽʰʝ, ʦʩʢʽʣʴʢʠ ʢʦʤʧ'ʶʪʝʨ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʨʦʙʣʷʪʠ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ. 

ɯʥʬʦʨʤʘʮʽʷ ʚʽʜ ʚʽʜʜʘʣʝʥʠʭ ʦʙ'ʻʢʪʽʚ ʯʝʨʝʟ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʧʦʩʪʫʧʘʻ ʜʦ 

ʢʝʨʫʶʯʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ, ʷʢʠʡ: 

ï ʽʥʪʝʨʧʨʝʪʫʻ ʚʩʽ ʜʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

ï ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʨʘʤ ʦʙʨʦʙʢʠ; 

ï ʧʦʩʠʣʘʻ ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ;  

ï ʦʙʤʽʥʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ ʽ ʨʝʘʛʫʻ ʥʘ ʡʦʛʦ 

ʢʦʤʘʥʜʠ. 

ɺʝʨʩʪʘʪʠ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʏʇʋ, Numerical Control ï 

NC), ʚʠʨʦʙʣʷʶʯʠ ʚʠʩʦʢʦʪʦʯʥʽ ʤʝʭʘʥʽʯʥʽ ʜʝʪʘʣʽ, ʚʠʢʦʥʫʶʪʴ ʩʪʨʦʛʦ ʧʝʚʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ. ʊʘʢʽ ʚʝʨʩʪʘʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ; ʾʭ 

ʨʦʙʦʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʤʦʞʥʘ ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦ ʽ 
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ʜʝʰʝʚʦ ʟʘʤʽʥʠʪʠ. ɻʥʫʯʢʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ ʽ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʢʦʥʫʚʘʥʠʭ 

ʥʠʤʠ ʦʧʝʨʘʮʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʢʦʤʧ'ʶʪʝʨʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ.  

ʗʢʱʦ ʦʜʠʥ ʚʝʨʩʪʘʪ ʥʝ ʤʦʞʝ ʦʙʨʦʙʠʪʠ ʜʝʪʘʣʴ, ʪʦ ʛʥʫʯʢʘ ʚʠʨʦʙʥʠʯʘ 

ʩʠʩʪʝʤʘ (Flexible Manufacturing System ï FMS) ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʢʦʥʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʦʧʝʨʘʮʽʡ ʽʥʰʠʤ ʚʝʨʩʪʘʪʦʤ ʜʽʣʷʥʢʠ ʘʙʦ ʧʽʜʨʦʟʜʽʣʫ ʟʘʚʦʜʫ. ʋ ʪʘʢʽʡ 

ʩʠʩʪʝʤʽ ʨʦʙʦʪʘ ʢʦʞʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʾʭ ʚʟʘʻʤʦʜʽʷ ï ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ 

ʫʧʨʘʚʣʷʶʪʴʩʷ ʢʦʤʧ'ʶʪʝʨʘʤʠ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽ ʚ ʛʘʣʫʟʷʭ, ʱʦ ʤʘʶʪʴ ʽʥʰʠʡ 

ʭʘʨʘʢʪʝʨ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ ʚ ʭʽʤʽʯʥʽʡ, ʤʝʪʘʣʫʨʛʽʡʥʽʡ, ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ 

ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ. ʈʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʟʘʟʚʠʯʘʡ ʚʟʘʻʤʦʧʦʟʚ'ʷʟʘʥʽ, ʽ ʤʽʞ 

ʥʠʤʠ ʧʦʩʪʽʡʥʦ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ. ʊʘʢʽ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ 

ʧʨʘʚʠʣʦ, ʥʦʩʷʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʯʠʥʥʠʢʦʤ ʻ 

ʥʘʜʽʡʥʽʩʪʴ. 

ʂʨʽʤ ʪʦʛʦ, ʟʚʠʯʘʡʥʝ ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʠʭ ʟʤʽʥʥʠʭ ʜʫʞʝ ʚʝʣʠʢʝ,  ʤʘʩʰʪʘʙ 

ʯʘʩʫ ʧʨʦʮʝʩʽʚ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʢʣʘʜʘʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ, ʘ ʪʝʨʠʪʦʨʽʷ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʽ ʨʦʟʤʽʨʠ. ʇʨʠ ʚʠʩʦʢʠʭ ʢʘʧʽʪʘʣʴʥʠʭ 

ʚʢʣʘʜʝʥʥʷʭ ʽ ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʥʦʤʽʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʷʢʽʩʪʴ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ. 

ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʧʝʨʚʠʥʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ï ɻɽʉ, ʊɽʎ ʽ ɸɽʉ, ʘ ʪʘʢʦʞ ʢʨʫʧʥʽ 

ʧʝʨʝʜʘʚʘʣʴʥʽ ʽ ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ. ʑʦʙ ʦʧʠʩʘʪʠ ʦʙ'ʻʜʥʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʫ 

ʩʠʩʪʝʤʫ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʾ ʢʨʘʾʥʠ, ʥʝʦʙʭʽʜʥʽ ʪʠʩʷʯʽ ʨʽʚʥʷʥʴ ʜʣʷ ʛʝʥʝʨʘʪʦʨʽʚ, 

ʪʫʨʙʽʥ, ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪʘʢʝ ʽʥʰʝ. 

ɽʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʥʝ ʤʦʞʥʘ ʟʘʧʘʩʪʠ ʚ ʷʢʠʭ-ʥʝʙʫʜʴ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, 

ʽ ʪʦʤʫ ʾʾ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʦʙʣʷʪʠ ʦʜʥʦʯʘʩʥʦ ʟ ʚʞʠʪʢʦʤ. ʋʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʘʮʽʻʶ ʽ 

ʧʝʨʝʜʘʯʝʶ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʙʫʪʠ ʰʚʠʜʢʠʤ ʽ ʪʦʯʥʠʤ, ʱʦʙ ʩʚʦʻʯʘʩʥʦ 

ʚʠʷʚʣʷʪʠ ʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʜʽʷʚʰʠ ʘʙʦ ʥʘʷʚʥʽ ʚʽʣʴʥʽ 

ʛʝʥʝʨʫʶʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʘʙʦ ʧʦʪʫʞʥʦʩʪʽ ʽʥʰʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. 

ɼʣʷ ʮʴʦʛʦ, ʦʢʨʽʤ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, ʜʠʩʧʝʪʯʝʨʩʴʢʽ ʩʣʫʞʙʠ ʧʦʚʠʥʥʽ 

ʩʪʝʞʠʪʠ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʽʥʢʦʣʠ ʥʘʚʽʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʯʘʣʦ ʽ ʟʘʢʽʥʯʝʥʥʷ ʧʦʧʫʣʷʨʥʦʾ ʪʝʣʝʧʝʨʝʜʘʯʽ. ʂʝʨʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʦʤ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʄʝʪʦʜʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʬʦʨʘʤʠ ʜʦʙʨʝ ʚʽʜʦʤʘ, 

ʧʨʦʪʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʻ ʜʘʣʝʢʦ ʥʝ ʪʨʠʚʽʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʨʦʪʝ ʥʝ ʤʦʞʥʘ ʟʘʙʫʚʘʪʠ ʽ ʧʨʦ ʽʥʰʝ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʦʟʥʘʯʘʻ ʥʝ ʣʠʰʝ 

ʬʘʥʪʘʩʪʠʯʥʽ ʩʫʧʝʨʩʫʯʘʩʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʟʨʘʟʦʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʬʘʙʨʠʢ ʽ 

ʨʦʙʦʪʽʚ. ʋ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʮʽ ʥʘʧʨʷʤʠ ʤʘʡʞʝ ʥʝ ʛʨʘʶʪʴ ʞʦʜʥʦʾ ʨʦʣʽ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʽ ʥʘʣʝʞʥʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ ï ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʥʝʦʙʭʽʜʥʘ ʩʘʤʝ ʚ ʥʝʜʦ- ʽ ʩʣʘʙʦʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʦʥʠʟʠʪʠ ʚʞʠʪʦʢ ʟʘʚʞʜʠ ʦʙʤʝʞʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʧʦʣʽʧʰʠʪʠ ʙʝʟʧʝʢʫ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʱʦ 

ʟʘʙʨʫʜʥʶʶʪʴ ʜʦʚʢʽʣʣʷ. 
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ʎʠʬʨʦʘʥʘʣʦʛʦʚʘ ʩʠʩʪʝʤʘ ʩʪʘʙʣ̔̔ʟʘʮʽʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪ̔ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪ̔, ʱʦ 

ʦʪʨʠʤʘʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2. 
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ʈʠʩʫʥʦʢ 2.2 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦ ʾʩʠʩʪʝʤʠ 

ʨʝʛʫʣʚʁʘʥʥ̫  ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪ̔ ʜʚʠʛʫʥʘ 

 

ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧ̔ ʜʣʝʛʣʦʛʦ ʨʝʛʫʣʚʁʘʥʥ̫  ̔ ʤʽʩʪʠʪʴ ʪʨʠ 

ʢʦʥʪʫʨʠ: ʢʦʥʪʫʨ ʩʪʨʫʤʫ ʠ ʜʚʘ ʢʦʥʪʫʨʘ ʰʚʠʜʢʦʩʪ̔. ɿʦʚʥʽʰʥ̔ʡ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪ̔ 

ʻ ʮʠʬʨʦʚʠʤ, ʘ ʧʽʜʣʝʛʣʠʡ ʡʦʤʫ ʩʝʨʝʜʥʡ̔ ʢʦʥʪʫʨ ʰʚʠʜʢʦʩʪ̔  ̔ʚʥʫʪʨʽʰʥʽʡ ʢʦʥʪʫʨ 

ʩʪʨʫʤʫ ï ʘʥʘʣʦʛʦʚʠʤʠ. ɺ ʘʥʘʣʦʛʦʚʠʭ ʨʝʛʫʣʷʪʦʨʘʭ ʰʚʠʜʢʦʩʪ̔ ʟ ʧ̔ʜʣʝʛʣʠʤ 

ʩʪʨʫʤʦʚʠʤ ʢʦʥʪʫʨʦʤ, ʢ̫ ʚʽʜʦʤʦ, ʜʣʷ ʪʦʛʦ ʦɦʙ ʦʪʨʠʤʘʪʠ ʘʩʪʘʪʠʟʤ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʧʦ ʢʝʨʫʶʯʦʤʫ ʚʧʣʠʚʫ, ʥʝʦʙʭʜ̔ʥʠʡ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪ̔. ʎʠʬʨʦʚʘ 

ʨʝʘʣʟ̔ʘʮ̫̔ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʪʝʭʥʯ̔ʥʦ ʩʢʣʘʜʥʽʰʘ ʯʝʨʝʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʯʘʩ, 

ʥʝʦʙʭʜ̔ʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥ̫  ʧʨʦʧʦʨʮʽʡʥʦ- ʥ̔ʪʝʛʨʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥ̫  ʫ 

ʮʠʬʨʦʚʡ̔ ʬʦʨʤ.̔ ʊʦʤʫ ʧʨʠ ʧʦʙʫʜʦʚʽ ʰʚʠʜʢʦʜʽʯʁʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥ̫  ʢʫʪʦʚʦʁ 

ʰʚʠʜʢʽʩʪʶ ʟ ʚʠʩʦʢʦ ʁʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥ̔ʩʪʶ (ʤʘʣʠʤ ʢʨʦʢʦʤ ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ 

ʨʽʚʥʝʤ q) ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʪʠʥʘ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʨʝʘʣʟ̔ʫ̒ʪɹʩʷ ʘʥʘʣʦʛʦʚʠʤ 

ʢʦʥʪʫʨʦʤ ʰʚʠʜʢʦʩʪ̔, ʘ ʥ̔ʪʝʛʨʘʣʴʥʘ ï ʟʦʚʰʥ̔ʤ ʮʠʬʨʦʚʠʤ ʢʦʥʪʫʨʦʤ ʰʚʠʜʢʦʩʪ̔. 

ɺʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʫ ʢʦʥʪʫʨ ̔ʰʚʠʜʢʦʩʪ̔  ̒ʨʝʚʝʨʩʠʚʥʠʡ ʣʽʯʠʣʴʥʠʢ 

ʤ̔ʧʫʣʴʩʚ̔ (ʈʃɯ), ʥʘ ʦʜʠʥ ʚʭʜ̔ (ʧʽʜʩʫʤʦʚʫʶʯʠʡ) ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ ʤ̔ʧʫʣʴʩʠ ʟ 

ʯʘʩʪʦʪʦ ʁ 3f , ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʁ  ʢʫʪʦʚʦ ʾʰʚʠʜʢʦʩʪ̔ 3w , ʘ ʥʘ 

ʜʨʫʛʠʡ ʚʭʜ̔ ï ʤ̔ʧʫʣʴʩʠ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚ'ʷʟʢʫ, ʯʘʩʪʦʪʘ ʧʨʦʭʦʜʞʝʥʥ̫  ̫ʢʦʛʦ f  

ʧʨʦʧʦʨʮʡ̔ʥʘ ʜʽʡʩʥʦʤʫ ʟʥʘʯʝʥʥʁ  h ʚʠʜʢʦʩʪ̔ w . ʎʽ ʽʤʧʫʣʴʩʠ ʬʦʨʤʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʩʪʨʦʻʤ ʚʚʝʜʝʥʥʷ ʟʘʚʜʘʥʥʷ (ʇɺɿ) ʪʘ ʽʤʧʫʣʴʩʥʠʤ ʜʘʪʯʠʢʦʤ (ɯɼ). 

ʅʘ ʚʠʭʦʜʽ ʈʃɯ ʦʪʨʠʤʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʤʽʞ ʯʠʩʣʦʤ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ 

ʇɺɿ ʪʘ ɯɼ. ʏʘʩʪʦʪʘ ʧʨʦʭʦʜʞʝʥʥ̫  ʮʠʭ ̔ʤʧʫʣʴʩʚ̔ 1-=D ʟff  ʚ̫ʣʷ̒ ʩʦʙʦ ʁʩʠʛʥʘʣ 

ʥʝʫʟʛʦʜʞʝʥʥʦʩʪʽ, ʷʢʠʡ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʮʽ ʤ̔ʧʫʣʴʩʚ̔ ʥʘʜʭʦʜʠʪɹ ʥʘ ʚʭʜ̔ ʎɸʇ  ̔

ʧʝʨʝʪʚʦʨʝʪɹʩ̫  ʫ ʥɹ ʦʤʫ ʥʘ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ. 
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ʈʝʚʝʨʩʠʚʥʠʡ ʣʽʯʠʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ ʽ ʎɸʇ ʫʪʚʦʨʶʶʪʴ ʮʠʬʨʦʚʠʡ 

ʽʥʪʝʛʨʘʪʦʨ. ɼʽʡʩʥʦ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʮʽ ȹf ʚʦʥʘ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʨʝʚʝʨʩʠʚʥʦʤʫ 

ʣʽʯʠʣʴʥʠʢʫ, ʟʤʽʥʶʶʯʠ ʙʝʟʧʝʨʝʨʚʥʦ ʡʦʛʦ ʚʤʽʩʪ (ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʻ ʧʨʠ 

ʚʘʥʪʘʞʝʥʥʽ, ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʩʢʠʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʣʽʥʽʡʥʦʾ ʟʤʽʥʠ ʘʥʘʣʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʎɸʇ. ʐʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʮʽʻʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʫʪʠʟʥʦʶ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʽʣʴʢʠ 

ʧʨʠ ʪʦʯʥʽʡ ʨʽʚʥʦʩʪʽ f ʪʘ fʟ, ʪʦʙʪʦ ʧʨʠ ȹf = 0, ʯʠʩʣʦ, ʟʘʧʠʩʘʥʝ ʚ ʣʽʯʠʣʴʥʠʢʫ, ʙʫʜʝ 

ʧʦʩʪʽʡʥʠʤ. ɿʘ ʮʽʻʾ ʫʤʦʚʠ ʙʫʜʝ ʧʦʩʪʽʡʥʦʶ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʮʠʬʨʦʚʦʛʦ 

ʽʥʪʝʛʨʘʪʦʨʘ, ʧʨʠʯʦʤʫ ʾʾ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ɤ.  ʅʘʩʧʨʘʚʜʽ, ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʥʘʚʽʪʴ ʧʨʠ ȹf = 0 ʩʪʘʥ ʨʝʚʝʨʩʠʚʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʟʤʽʥʶʻʪʴʩʷ. ɿ ʧʨʠʭʦʜʦʤ 

ʽʤʧʫʣʴʩʫ ʥʘ ʚʭʽʜ, ʱʦ ʧʽʜʩʫʤʦʚʫʻ, ʚ ʣʽʯʠʣʴʥʠʢ ʜʦʜʘʻʪʴʩʷ ʦʜʠʥʠʮʷ, ʘ ʟ ʧʨʠʭʦʜʦʤ 

ʽʤʧʫʣʴʩʫ ʥʘ ʚʽʜʥʽʤʘʶʯʠʡ ʚʭʽʜ ʮʷ ʦʜʠʥʠʮʷ ʚʽʜʥʽʤʘʻʪʴʩʷ. ʊʘʢʠʡ ʧʨʦʮʝʩ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ, ʟʘʧʠʩʘʥʦʛʦ ʚ ʣʽʯʠʣʴʥʠʢʫ. ʆʪʞʝ, 

ʩʪʘʣʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʮʠʬʨʦʚʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʻ ʨʝʞʠʤ ʘʚʪʦʢʦʣʠʚʘʥʴ, 

ʘʤʧʣʽʪʫʜʘ ʷʢʠʭ ʨʽʚʥʘ ʢʨʦʢʫ ʢʚʘʥʪʫʚʘʥʥʷ q ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦ ʨʽʚʥʶ, ʪʦʙʪʦ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʚʽʜʧʦʚʽʜʥʽʡ ʦʜʠʥʠʮʽ, ʟʘʧʠʩʘʥʽʡ ʚ ʣʽʯʠʣʴʥʠʢʫ. 

ʆʩʢʽʣʴʢʠ ʟʘʟʚʠʯʘʡ q, ʤʘʣʦ, ʪʦ ʘʤʧʣʽʪʫʜʘ ʘʚʪʦʢʦʣʠʚʘʥʴ ʥʝʟʥʘʯʥʘ ʽ ʾʾ ʚʧʣʠʚ 

ʚʠʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʦʥʫ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. 

ɸʎʇ ʟʜʽʡʩʥʶʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʠʡ 

ʢʦʜ. ʇʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʽ ʩʭʝʤʠ ɸʎʇ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʚʽʡʢʦʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʯʠʩʝʣ, ʯʘʩʪʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ. ʇʦʤʠʣʢʘ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʯʠʩʣʘ ʨʽʚʥʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʘʙʦ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸʎʇ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʷʜʽʚ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʠʧʫʩʢʘʶʪʴʩʷ ɸʎʇ, ʱʦ ʤʘʶʪʴ 16 ʽ ʙʽʣʴʰ 

ʜʚʽʡʢʦʚʠʭ ʨʦʟʨʷʜʽʚ. ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ ʨʽʚʥʘ 1/2n, ʜʝ n ï ʯʠʩʣʦ ʜʚʽʡʢʦʚʠʭ 

ʨʦʟʨʷʜʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ X ʪʘ X*.  ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ɸʎʇ 

ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʘʥʘʣʦʛʦʚʦʤʫ ʩʠʛʥʘʣʽ, ʚ 

ʮʠʬʨʦʚʽʡ, ʥʘʧʨʠʢʣʘʜ ʜʚʽʡʢʦʚʠʡ, ʢʦʜ. ɿʚʠʯʘʡʥʝ ʢʚʘʥʪʫʚʘʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʫ ʧʦ ʨʽʚʥʶ ʪʝʭʥʽʯʥʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʣʦʛʽʯʥʠʭ ʽ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʮʠʬʨʦʚʽ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʠʜʘʶʪʴʩʷ ɸʎʇ ʥʝ ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʣʠʰʝ 

ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʚ ʽʥʪʝʨʚʘʣʘʭ ʤʽʞ ʷʢʠʤʠ ʚʠʢʦʥʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʧʦ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ʚ ʜʚʽʡʢʦʚʠʡ ʢʦʜ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.3. 
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ʈʠʩʫʥʦʢ 2.3 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦ ʾʩʠʩʪʝʤʠ ʨʝʛʫʣʚʁʘʥʥ̫  

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪ̔ ɽʇ 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

)( pRn ʧʨʦʚʦʜʠʪɹʩʷ ʟʘ ʤʝʪʦʜʠʢʦ  ʁʩʠʥʪʝʟʫ ʘʥʘʣʦʛʦʚʠʭ ʨʝʛʫʣʷʪʦʨʚ̔. ɼʦʧʫʩʪʠʤʩ̔ʪʴ 

ʪʘʢʦʛʦ ʧʜ̔ʭʦʜʫ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ɦʦ ʟʘʟʚʠʯʘʡ 3f   ̔ f ʚʝʣʠʢ ̔ ,̔ ʦʪʞʝ, ʢʨʦʢ 

ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ ʨ̔ʚʥʝʤ ʚʠʭ̔ʜʥʦʾ ʚʝʣʠʯʠʥʠ q ʤʘʣʠʡ. ʊʘʢ ʢ̫ ʮʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ 

ʧʦ ʩʚʦʡʾ ʬʫʥʢʮʦ̔ʥʘʣʴʥʦʩʪ ̔ ʜ̔ʝʥʪʠʯʥʠʡ ʘʥʘʣʦʛʦʚʦʤʫ, ʪʦ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ 

ʩʠʩʪʝʤʠ ʧʦ ʩʠʤʝʪʨʠʯʥʦʤʫ ʢʨʠʪʝʨʽʁ  ʦʪʨʠʤʘʻʤʦ 

 

p

K
)p(R v

n =  (2.1) 

ʜʝ fccv KT/KK Ö= m8  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ; 

w/fK f =  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ ʰʚʠʜʢʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʜʠʩʢʨʝʪʥʠʡ ʧʨʠʨʽʩʪ d  ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʎɸʇ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ, 

ʟʘʧʠʩʘʥʦʛʦ ʚ ʣʽʯʠʣʴʥʠʢ, ʥʘ ʦʜʠʥʠʮʶ, ʪ.ʙ. ʷʢ ʚʽʜʥʦʰʝʥʥʷ maxU  ʥʘ ʚʠʭʦʜʽ ʎɸʇ, 

ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʣʽʯʠʣʴʥʠʢʘ, ʜʦ ʦʙô̒ ʤʫ ʣʽʯʠʣʴʥʠʢʘ N (ʜʦ 

ʯʠʩʣʘ ʽʤʧʫʣʴʩʽʚ ʥʘ ʚʭʦʜʽ ʽʥʪʝʛʨʘʪʦʨʘ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʡʦʛʦ ʧʦʚʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ): 

 

N/Ud max=  (2.2) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦ ʾ ʩʠʩʪʝʤʠ ʧʦ 

ʩʠʤʝʪʨʠʯʥʦʤʫ ʦʧʪʠʤʫʤʫ ʥʝʦʙʭʜ̔ʥʦ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʦʩʠʣʝʥʥ̫  ʮʠʬʨʦʚʦʛʦ 

ʥ̔ʪʝʛʨʘʪʦʨʘ ʚʠʙʨʘʪʠ ʨ̔ʚʥʠʤ 

 

fc

c
v

KT

K
dK

Ö
==

m8
 

(2.3) 

 

ʆʙô̒ʤ ʣʽʯʠʣʴʥʠʢʘ ʮʠʬʨʦʚʦʛʦ ʥ̔ʪʝʛʨʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪɹʩʷ ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ 

 

maxAN²  (2.4) 
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ʜʝ maxA  ï ʥʘʠʙʣ̔ʴʰ ʦʯʽʢʫʚʘʥʝ ʯʠʩʣʦ ʤ̔ʧʫʣʴʩʚ̔ ʥʘ ʚʭʦʜ ̔ ʥ̔ʪʝʛʨʘʪʦʨʘ ʟʘ ʯʘʩ 

ʨʝʛʫʣʚʁʘʥʥ̫ . ʋʤʦʚʘ maxAN²  ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ. 

 

[3], 235-237 

 

ʎʠʬʨʦʘʥʘʣʦʛʦʚʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥ̫  ʧʦʣʦʞʝʥʥʤ̫ 

ʎʠʬʨʦʘʥʘʣʦʛʦʚʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥ̫  ʧʦʣʦʞʝʥʥʤ̫ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʟ̔ʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

 

ʎɸʇɸʇ ʄʊʇ

ʂɼʇʇʂ

N

Nʎʠʬʨʦʚʠʡ

 ʚʭ̔ʜ S3,N3

ɸʥʘʣʦʛʦʚʠʡ

 ʚʠʭ̔ʜ 

S

 

ʈʠʩʫʥʦʢ 2.4 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦ ʾʩʠʩʪʝʤʠ 

ʨʝʛʫʣʚʁʘʥʥ̫  ʧʦʣʦʞʝʥʥ̫  ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʟ̔ʤʫ 

 

ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧ̔ ʜʣʝʛʣʦʛʦ ʨʝʛʫʣʚʁʘʥʥ̫  ̔ ʟʘʟʚʠʯʘʡ 

ʤʽʩʪʠʪʴ ʪʨʠ ʢʦʥʪʫʨʠ: ʘʥʘʣʦʛʦʚ ̔ʢʦʥʪʫʨʠ ʩʪʨʫʤʫ  ̔ʰʚʠʜʢʦʩʪ̔  ̔ʮʠʬʨʦʚʠʡ ʢʦʥʪʫʨ 

ʧʦʣʦʞʝʥʥ̫ . ʉʪʨʫʢʪʫʨʘ  ̔ʧʘʨʘʤʝʪʨʠ ʨʦʟʛʣʷʜʘʣʠʩ̫ ʨʘʥʽʝh. ɿʦʚʥʽʰʥ̔ʡ ʮʠʬʨʦʚʠʡ 

ʢʦʥʪʫʨ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ. ɿʘʜʘʥʝ ʣʥ̔̔ʡʥʝ ʟʥʘʯʝʥʥ ̫ 3S  ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʇɺɿ ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʘ 3N  ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʚ̔ʡʢʦʚʦʤʫ ʢʦʜ̔ ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʚ̔ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ (ɸʇ) ɽʆʄ. ʅʘ ʽʥʰʠʡ ʚʭʜ̔ ɸʇ ʧʦ ʣʘʥʮʶʛʫ 

ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ (ɿɿ) ʥʘʜʭʦʜʠʪʴ ʯʠʩʣʦ N  ʪʘʢʦʞ ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʜʚʦʾʯʥʦʤʫ 

ʢʦʜ̔. ʎʝ ʯʠʩʣʦ ʧʨʦʧʦʨʮʽʡʥʝ ʜ̔ ʡʩʥʦʤʫ ʧʦʣʦʞʝʥʥʁ  ʈʄ S. ʇʝʨʝʪʚʦʨʝʥʥ ̫

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ S ʫ ʯʠʩʣʦ N  ʟʜʽʡʩʥʶʻʪɹʩʷ ʢʦʜʦʚʠʤ ʜʘʪʯʠʢʦʤ 

ʧʦʣʦʞʝʥʥ̫  ʂɼʇ  ̔ʧʦʪ̔ʤ ʧʝʨʝʪʚʦʨʶʪ̒ɹʩʷ ʚ ʦʜʠʥ ʟ̔ ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʠʭ ʢʦʜʚ̔ 

(ʥʘʧʨʠʢʣʘʜ, ʚ ʢʦʜʽ ɻʨʝʷ) ʚ ʧʘʨʘʣʝʣʴʥʠʡ ʜʚʽʡʢʦʚʠʡ ʢʦʜ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʇʂ. 

ɸʨʠʬʤʝʪʠʯʥʠʡ ʧʨʠʩʪʨ̔ʡ ʙʝʟʧʝʨʝʨʚʥʦ ʦʙʯʠʩʣʶ  ̒ʚʝʣʠʯʠʥʫ  ̔ʟʥʘʢ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ 

NNN -=D 3 . ɿ ʚʠʭʦʜʫ ɸʇ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʎɸʇ, ʜʝ ʧʝʨʝʪʚʦʨʶʻʪɹʩʷ ʚ 

ʘʥʘʣʦʛʦʚʠʡ ̔ ʚʠʢʦʨʠʩʪʦʚʫʻʪʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʢʝʨʫʚʘʥʥ̫  ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

ʂʨʦʢ ʢʚʘʥʪʫʚʘʥʥ̫  ʩʠʩʪʝʤʠ ʧʦ ʨʚ̔ʥʶ q ʚʠʟʥʘʯʘʶʪɹ ʟ ʫʤʦʚʠ: 

 
Sq D¢ , (2.5) 

ʜʝ maxmax SSS ʩʪ D-D=D ; maxʩʪSD  ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ; maxSD  ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʝʨʝʜʘʯ ̔ʜʘʪʯʠʢʘ 

ʂɼʇ ʟ ʈʄ. ʈʦʟʨʘʭʦʚʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ Sq D¢ ʟʥʘʯʝʥʥ ̫q ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʙʣ̔ʴʰʝ 

ʜʠʩʢʨʝʪʥʦʩʪ ̔ʟʘʚʜʘʥʥ̫  ʧʦʣʦʞʝʥʥ̫  ʦʙ,ʢ̒ʪʘ d, ʪ.ʝ. dq¢ . 

ʏʠʩʣʦʚ ̔ ʤ̒ʥʦʩʪ̔ ʇɺɿ, ɸʇ ʠ ʂɼʇ ʚʠʟʥʘʯʘʶʪɹʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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qSN /maxD= , (2.6) 

 

ʜʝ maxSD  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʭʜ̔ ʈʄ. ʄʥ̔̔ʤʘʣʴʥʘ ʢ̔ʣɹ ʢʩ̔ʪɹ ʨʦʙʦʯʠʭ 

ʨʦʟʨʷʜʚ̔ ʮʠʭ ʧʨʠʩʪʨʦʚʾ ʚʠʟʥʘʯʘʻʪɹʩʷ ʟ ʨʚ̔ʥ̫ʥʥ̫: 

 
1)]1([log2 ++= Nn  (2.7) 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʨʦʙʦʪʠ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʻʪɹʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʁ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽɦ ʝʥʥ̫  maxV  ʈʄ ̔ ʢʨʦʢʦʤ ʢʚʘʥʪʫʚʘʥʥ̫  

qVf /maxmax = . 

 

[3], 237-239 

 

ʉʠʩʪʝʤʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥ̫  ʢʫʪʦʚʦʁ ʰʚʠʜʢʽʩʪ ʁ

ʉʠʩʪʝʤʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥ̫  ʢʫʪʦʚʦʁ ʰʚʠʜʢʽʩʪʶ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.5. 

 

ȷѮȺ

Ȱ
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ȪȷȦȼȵ
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ɝɆɗɘɎɓɆ
ѮȪ ȶȲ

ȪȾȦȼȵ
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UɊNWȭ

NI
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NŬ
Ŭ

ȸȵ fc

 
ʈʠʩʫʥʦʢ 2.5 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥ̫  

ʢʫʪʦʚʦʁ ʰʚʠʜʢʽʩʪʶ ɽʇ 

 

ʊʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʷʚʣʷ̒ ʩʦʙʦ ʁʜʠʩʢʨʝʪʥʠʡ ʧʨʠʩʪʨ̔ʡ, ʢʝʨʫʚʘʥʥʷ 

ʚʠʭ̔ʜʥʦ  ʁʥʘʧʨʫʛʦʶ )(tUʜ  ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪɹʩʷ hʣʷʭʦʤ ʧʦʜʘʥʥʷ ʤ̔ʧʫʣʴʩʚ̔ ʟ 

ʥʝʦʙʭʽʜʥʠʤ ʬʘʟʦʚʠʤ ʟʨʫʰʝʥʥʷʤ ʥʘ ʢʝʨʫʶʯʽ ʝʣʝʢʪʨʦʜʠ ʪʠʨʠʩʪʦʨʚ̔. ʊʦʤʫ ʚ 

ʷʢʦʩʪʽ ʉɯʌʂ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʷʢʦʛʦʩʴ ʨʦʜʫ ʜʝʰʠʬʨʫʶʯʠʡ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʥʠʡ ʧʨʠʩʪʨʽʡ, ʟʜʘʪʥʠʡ ʧʝʨʝʪʚʦʨʠʪʠ ʮʠʬʨʦʚʦʡ ʢʦʜ N  ʚ ̔ʤʧʫʣʴʩʠ, 

ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʪʠʨʠʩʪʦʨʠ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ɽʆʄ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ 

ʦʩʥʦʚ ̔ ʘʣʛʦʨʠʪʤʫ, ʧʦ ʷʢʦʤʫ ʧʨʘʮʶʶʪɹ ʘʥʘʣʦʛʦʚ ̔ ʜʚʫʭʢʦʥʪʫʨʥ ̔ ʨʝʛʫʣʷʪʦʨʠ 

ʰʚʠʜʢʦʩʪ̔. ɺ ʪʘʢʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʭʝʤʘʭ ʢʝʨʫʶʯʘ ʥʘʧʨʫʛʘ )(tU y =  
ʬʦʨʤʫʚʘʣʘʩʴ 

ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ ʩʪʨʫʤʫ, ʟʘʜʘʶʯʠʤ ʩʠʛʥʘʣʦʤ ʜʣʷ ʷʢʦʛʦ ʙʫʣʘ ʥʘʧʨʫʛʘ )(.. tU ʪʟ , ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʰʚʠʜʢʦʩʪ̔. ʎʝʡ ʘʣʛʦʨʠʪʤ  ̔ʨʝʘʣʟ̔ʫ̒ʪɹʩʷ ɽʆʄ ʥʘ 

ʦʩʥʦʚ ̔ ʥ̔ʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʮʠʬʨʦʚʡ̔ ʬʦʨʤ ̔ʧʦ ʢʘʥʘʣʘʭ ʟʚʦʨʦʪʥʴʦʛʦ 

ʟʚôʷʟʢʫ. ɿɿ ʟʘ ʩʪʨʫʤʦʤ ʚʠʢʦʥʫʻʪɹʩʷ hʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥ̫  ʩʪʨʫʤʫ ʚ ʩʠʣʦʚʦʤʫ 

ʣʘʥʮʶʟʽ )(tIʜ  ʟʘ ʜʦʧʦʤʦʛʦʁ ʝʣʝʤʝʥʪʚ̔ ï ʰʫʥʪʘ ʪʘ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ ɼʉ ʽ ɸʎʇ. 

ʃʘʥʮʶʛ ɿɿ ʟʘ ʰʚʠʜʢʽʩʪʁ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ (ɯɼ) ʪʘ ɸʎʇ, 

ʧʝʨʝʪʚʦʨʶʶʯʦʛʦ ʯʘʩʪʦʪʫ ʧʨʦʭʦʜʞʝʥʥ̫  ̔ʤʧʫʣʴʩʚ̔ ʫ ʮʠʬʨʦʚʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜ̔ wN . 
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ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʭʜ̔ ɽʆʄ ʥʘʜʭʦʜʷʪɹ ʩʠʛʥʘʣʠ iN , wN   ̔ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ 

ʟʘʚʜʘʥʥ̫  hʚʠʜʢʦʩʪ̔ wʟN . ʇʦ ʮʠʤ ʩʠʛʥʘʣʘʤ ɽʆʄ ʥʘ ʦʩʥʦʚ ̔ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥ̫  

ʨʦʟʨʘʭʦʚʫʻ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʤʘʰʠʥʦ ʁ ʥʘ ʉɯʌʂ ( aN ), ʷʢʘ 

ʚʠʨʦʙʣʷʻ ʢʝʨʫʶʯʽ ʤ̔ʧʫʣʴʩʠ a  ̔ʚʠʜʘ̒ ʭʾ ʥʘ ʪʠʨʠʩʪʦʨʠ. ʈʦʙʦʪʘ ɽʆʄ ̔ ʮʠʬʨʦʚʦʛʦ 

ʉɯʌʂ ʩʠʥʭʨʦʥʟ̔ʦʚʘʥʘ ʟ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ. 

 

ʇʀʊɸʅʅʗ ɼʆ ʊɽʄʀ ˉ2: 

 

1.ʇʨʠʟʥʘʯʝʥʥʷ ʧʨʷʤʝ ʮʠʬʨʦʚʝ ʢʝʨʫʚʘʥʥʷ ʚ ʊɽʇ? 

2.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ ɽʇ ʟ ʉʇʈ, ʪʘ ʧʦʷʩʥʠʪʠ ʾʾ ʧʨʠʥʮʠʧ ʜʽʾ. 

3.ʇʝʨʝʣʽʯʠʪʠ ʢʦʤʧʦʥʝʥʪʠ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʮʠʬʨʦʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. 

4.ʇʝʨʝʣʽʯʠʪʠ ʜʽʾ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʥʘʜ ʦʪʨʠʤʘʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ. 

5.ʇʨʠʚʝʩʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʦʶ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ, ʪʘ ʧʦʷʩʥʠʪʠ ʾʾ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ. 

6.ɿʘ ʷʢʠʤ ʧʨʠʥʮʠʧʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʰʚʠʜʢʦʜʽʶʯʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ? 

7.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

8.ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʘ ʉʆ. 

9.ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

10. ʇʨʠʚʝʩʪʠ ʩʭʝʤʫ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʩʪʨʫʤʫ 

11.ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

12.ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʾ ʯʘʩʪʦʪʠ ʨʦʙʦʪʠ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

13.ʇʨʠʚʝʩʪʠ ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ɽʇ 

14. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʦʢ ʢʚʘʥʪʫʚʘʥʥʷ ʧʦ ʨʽʚʥʶ ʚ ʩʠʩʪʝʤʽ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ? ʅʘʚʝʩʪʠ ʨʽʚʥʽʩʪʴ. 
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3. ʄɸʊɽʄɸʊʀʏʅʀʁ ɸʇɸʈɸʊ ɸʅɸʃɯɿʋ ɯ ʉʀʅʊɽɿʋ ʎʀʌʈʆɺʀʍ 

ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ɽʃɽʂʊʈʆʇʈʀɺʆɼʆʄ 

 

ʄɸʊɽʄɸʊʀʏʅʀʁ ɸʇɸʈɸʊ ɼʀʉʂʈɽʊʅʀʍ ʉʀʉʊɽʄ 

 

[4], 1-4 

 

ʄʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ n-ʛʦ ʧʦʨʷʜʢʫ; 

ï ʩʠʩʪʝʤʠ ʟ̔ n ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ; 

ï ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ n-ʧʦʨʷʜʢʫ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʃʘʧʣʘʩʘ. 

ʗʢʱʦ ʫ ʩʠʩʪʝʤ ̔ʽʩʥʫʻ ʭʦʯʘ ʙ ʦʜʠʥ ʝʣʝʤʝʥʪ, ʚ ʷʢʦʤʫ ʩʠʛʥʘʣ ʟʤʽʥʶʻʪʴʩʷ 

ʩʪʨʠʙʢʦʤ, ʪʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤʠ ʽ ʧʨʦʮʝʩʠ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ 

ʦʧʠʩʫʶʪʴʩʷ ʨʽʟʥʠʮʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ʇʦʜʽʙʥʦ ʙʝʟʧʝʨʝʨʚʥʽʡ ʩʠʩʪʝʤʽ, 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘʢ ʩʘʤʦ ʤʦʞʥʘ ʫʷʚʠʪʠ: 

ï ʫ ʚʠʛʣʜ̫̔ ʨ̔ʟʥʝʮʝʚʦʛʦ ʨʚ̔ʥ̫ʥʥ̫ n-ʛʦ ʧʦʨʷʜʢʫ; 

ï ʫ ʚʠʛʣʜ̫̔ ʩʠʩʪʝʤʠ ʟ n-ʨ̔ʟʥʝʮʝʚʠʭ ʨ̔ʚʥ̫ʥʴ ʧʝʨhʦʛʦ ʧʦʨʷʜʢʫ; 

ï ʫ ʚʠʛʣʷʜʽ Z-ʧʝʨʝʜʘʪʦʯʥʦ ʾʬʫʥʢʮʽʾ, ʷʢʱʦ ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩ ʚ ʜʠʩʢʨʝʪʥʡ̔ 

ʩʠʩʪʝʤ ̔ʥʘ Z-ʧʣʦʱʠʥʽ ʫ ʬʦʨʤʽ Z-ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ n-ʧʦʨʷʜʢʫ. 

ʈʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚʚʝʜʝʥʥʷʤ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ ʽ ʟʘʤʽʥʦʶ ʧʦʭʽʜʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʨʽʟʥʠʮʷʤʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʻ ʮʠʬʨʦʚʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ 

ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ɽʆʄ ʚʠʢʦʥʫʻ ʪʽʣʴʢʠ ʣʽʥʽʡʥʽ ʦʧʝʨʘʮʽʾ, ʘ ʢʦʥʩʪʘʥʪʠ, ʱʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʡʦʛʦ ʧʘʤ'ʷʪʽ, ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. ʆʩʢʽʣʴʢʠ ɽʆʄ ʻ ʮʠʬʨʦʚʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʦ ʽʥʬʦʨʤʘʮʽʷ ʚ ʥʝʾ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʡʥʷʪʘ ʪʽʣʴʢʠ ʚ ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʨʦʟʜʽʣʝʥʽ ʽʥʪʝʨʚʘʣʦʤ ʇT . ʊʦʜʽ 

ʩʠʛʥʘʣ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ɽʆʄ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʯʠʩʣʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ )e(0 , )e(Tʇ , ....)Te( ʇ2 , ʷʢʫ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ )e(kTʇ . ɼʫʞʝ 

ʯʘʩʪʦ ʧʘʨʘʤʝʪʨ ʇT  ʦʧʫʩʢʘʻʪʴʩʷ ʽ ʪʦʜʽ ʧʦʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʧʨʦʱʫʻʪʴʩʷ ï 
e(k). 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ɽʆʄ ʥʘ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʤʽʟʝʨʥʦ 

ʤʘʣʠʡ ʽ ʾʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʝ ʧʨʠʧʫʱʝʥʥʷ ʚʠʧʨʘʚʜʘʥʝ. 

ʗʢʱʦ ʯʘʩʦʤ ʦʙʨʦʙʢʦ  ʁ ʽʥʬʦʨʤʘʮʽʾ ʟʥʝʭʪʫʚʘʪʠ ʥʝ ʤʦʞʥʘ, ʪʦ ʩʣʽʜ ʚʚʝʩʪʠ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ɽʆʄ ʙʣʦʢ ʯʠʩʪʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʨʠ 0=t  ʥʘ 

ʚʭ̔ʜ ɽʆʄ ʧʦʜʘʪ̒ɹʩʷ ʩʠʛʥʘʣ )e(0 . ʊʘʢ ʷʢ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʤʠʪʪʻʚʦ, ʪʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ )m(0  ʚʠʨʘʟʠʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 
)e(b)m( 00 0Ö= , (3.1) 

ʜʝ 0b  ï ʢʦʥʩʪʘʥʪʘ. 
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ʇʨʠ ʇTt=  ʥʘ ʚʭʦʜʽ ɽʆʄ ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ )e(Tʇ . ʊʦʜ ̔ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ 

)m(Tʇ , ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʘʤô̫ ʪʦʚʘʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ )e(0   ̔ )m(0 ,  ̔

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʛʠ 1b   ̔ 1a , ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ 

ʚʠʨʘʟʦʤ 

 

)m(a)e(b)e(Tb)m(T ʇʇ 00 110 -+= . (3.2) 

 

ɸʥʘʣʦʛʽʯʥʦ, )2( ʇTm ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

 

)m(a)m(Ta)e(b)e(Tb)Te(b)Tm( ʇʇʇʇ 0022 21210 --++= .  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʽ ʜʦʜʘʚʘʥʥʷ, 

ʚʠʢʦʥʫʚʘʥʽ ɽʆʄ, ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʦʛʦ 

(ʧʘʨʘʤʝʪʨ ʇT  ʦʧʫʱʝʥʠʡ) ʤʘ ̒ʚʠʛʣʜ̫: 

 

n)m(ka...)m(kan)e(kb...)e(kbe(k)bm(k) nn ------++-+= 11 110

. 

 

 

ʈʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʥʦ: ʰʣʷʭʦʤ ʟʘʤʽʥʠ 

ʧʦʭʽʜʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʟʥʠʮʷʤʠ: 

 

ʇ

ʇʇ

T

)Tm(k)m(kT

dt

dm(t) 1--
=

 ï ʧʝʨhʘ ʟʚʦʨʦʪʥ ̫ʨʽʟʥʠʮʷ; 

 

 

ʇ

ʇʇ

T

)m(kT)Tm(k

dt

dm(t) -+
=

1

 ï ʧʝʨʰʘ ʧʨʷʤʘ ʨʽʟʥʠʮʷ. 

 

 

ɼʨʫʛʽ ʨʽʟʥʠʮʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʰʽ ʨʽʟʥʠʮʽ 

 

[ ][ ]
.

T

)Tm(k)Tm(k)Tm(k)m(kT

T

T

)Tȹm(k)ȹm(kT

dt

m(t)d

ʇ

ʇʇʇʇ

ʇ

ʇ

ʇʇ

ù
ú

ø
é
ê

è ------
=

=
--

=

2111

1
2

2

 

 

 

ʇʨʠ ʪʘʢʽʡ ʟʘʤʽʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ; ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ï ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽ ʪ.ʜ. 

ʆʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʘʻ ʟʘʜʦʚʽʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʣʠ ʧʝʨʽʦʜ 

ʢʚʘʥʪʫʚʘʥʥʷ ʇT  ʤʝʥʰʝ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ 0T . 

ʅʝʭʘʡ ʜʘʥʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 
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be(t)am(t)
dt

dm(t)
T =+0

. 

 

 

ɿʘʤʽʥʶʶʯʠ ʧʦʭʽʜʥʫ ʢʽʥʮʝʚʦʶ ʨʽʟʥʠʮʝʶ, ʦʜʝʨʞʠʤʦ 

 

be(t)am(t)
TT

m(t))Tm(t

ʇ

ʇ +-=
-+

0

1

. 

 

 

ɺʠʨʽʰʫʶʯʠ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ )Tm(t ʇ+ , ʤʘʻʤʦ 

 

00

1
T

T
be(t))m(KT)

T

ʊ
a()Tm(t ʇ

ʇ
ʇ

ʇ +Ö-=+

. 

 

 

ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ ʇKTt= , ʦʪʨʠʤʘʻʤʦ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ 

 

[ ]
00

11
T

T
)be(kT)m(kT)

T

T
a()T(km ʇ

ʇʇ
ʇ

ʇ +Ö-=+

. 
(3.3) 

 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 
1

0

a
T

ʊ
a ʇ =

, 
1

0

b
T

ʊ
b ʇ =

 ʽ ʟʘʧʠʰʝʤʦ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ 

(3.3) ʚ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ 

 

)e(kTb)m(kT)a()T(km ʇʇʇ 111]1[ +Ö-=+ . (3.4) 

 

ɿ (3.4) ʚʠʜʥʦ, ʱʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʦʤ 

ɽʡʣʝʨʘ (ʟʘʤʽʥʘ ʧʦʭʽʜʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʽʟʥʠʮʷʤʠ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ 

ï ʫ ʚʠʛʣʷʜʽ Z-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʧʦʤʥʦʞʠʤʦ ʣʽʚʫ ʽ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ ʚʠʨʘʟʫ (3.4) ʥʘ kz-  ʽ ʧʽʜʩʫʤʫʻʤʦ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ 

 

ä ää
¤

=

¤

=

--

=

- +-=
0 0

1
0

1 1
K K

kk
m

K

k e(k)zb)zm(kam(k)z

. 
(3.5) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʪʝʦʨʝʤʫ ʧʨʦ ʟʩʫʚ, ʟʘʧʠʰʝʤʦ Z-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʥʷ (3.5) 

 

e(z)am(z)zam(z) 0
1

1 += -

.  

 

ɺʠʟʥʘʯʠʚʰʠ ʚʽʜʥʦʰʝʥʥʷ Z-ʟʦʙʨʘʞʝʥʴ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʜʦ ʚʭʽʜʥʦʾ, 
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ʦʪʨʠʤʘʻʤʦ Z-ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ 

 

1
1

0

1 --
=

za

a

e(z)

m(z)

. 
(3.6) 

 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʝʰʽʪʯʘʪʫ ʬʫʥʢʮʽʶ, ʪʦʙʪʦ ʟʚʦʨʦʪʥʝ Z-

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʧʦʜʽʣʦʤ ʯʠʩʝʣʴʥʠʢʘ ʥʘ 

ʟʥʘʤʝʥʥʠʢ, ʧʨʦʽʣʶʩʪʨʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʜʫ ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ 

 

í
ì
ë
=

----=

,ʥʝʯʝʪʥʦʝʝʩʣʠ0

ʯʝʪʥʦʝ;ʝʩʣʠ1

11

k,

k,
e(k)

);m(k)e(ke(k)m(k)  

í
ì
ë
=

ʯʝʪʥʦʝ,ʥʝkʝʩʣʠ,

ʯʝʪʥʦʝ;kʝʩʣʠ,
)k(e

0

1
 

 

 

ʜʝ )(ke  ï ʟʘʜʘʶʯʠʡ ʚʧʣʠʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʧʨʦ ʟʩʫʚ, ʦʪʨʠʤʘʻʤʦ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ 

 

m(z)ze(z)ze(z)m(z) 11 -- --= ,  

ʘʙʦ 

 

e(z)
z

z
e(z)

z

z
m(z)

1

1

1

1
1

1

+

-
=

+

-
=

-

-

. 
(3.7) 

 

ɿʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʘʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ e(k), ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 

{ }
11

1
2

2

2 -
=

-
==

z

z

z
e(k)Ze(z)

. 
(3.8) 

 

ʐʣʷʭʦʤ ʜʽʣʝʥʥʷ ʯʠʩʝʣʴʥʠʢʘ ʥʘ ʟʥʘʤʝʥʥʠʢ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ 

ʦʨʠʛʽʥʘʣʦʤ E(z) ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ e(k). 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ e(z) ʟ ʚʠʨʘʟʫ (3.8) ʫ ʚʠʨʘʟ (3.7), ʦʪʨʠʤʘʻʤʦ 

 

1211

1
2

2

2

2

++
=

-
Ö

+

-
=

zz

z

z

z

z

z
m(z)

. 
 

 

ʐʣʷʭʦʤ ʜʽʣʝʥʥʷ ʯʠʩʝʣʴʥʠʢʘ ʥʘ ʟʥʘʤʝʥʥʠʢ ʧʨʝʜʩʪʘʚʠʤʦ m(z) ʫ ʚʠʛʣʷʜʽ 

ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ ʧʦ ʫʙʫʚʘʶʯʠʤ ʩʪʝʧʝʥʷʤ z. 
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...54321 4321 -+-+-= ---- zzzzm(z) .  

 

ʇʝʨʝʭʦʜʷʯʠ ʚ ʪʠʤʯʘʩʦʚʫ ʦʙʣʘʩʪʴ, ʟʘʧʠʰʝʤʦ ʨʝʰʽʪʯʘʪʫ ʬʫʥʢʮʽʶ ʯʝʨʝʟ 

ʽʥʪʝʨʚʘʣ ʇT  
 

...)T(t)T(t)T(t)T(t)m(kT ʇʇʇʇʇ --+---+--= 45342321 . (3.9) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ ʻ ʦʨʜʠʥʘʪʘʤʠ ʨʝʰʽʪʯʘʪʦʾ ʬʫʥʢʮʽʾ. 

 

ɼʀʉʂʈɽʊʅɽ ʇɽʈɽʊɺʆʈɽʅʅʗ ʃɸʇʃɸʉɸ 

 

[3], 244-246 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ ʯʘʩʫ f(t) ʫ ʬʫʥʢʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʟʤʥ̔ʥʦʛʦ F(p) ʚʠʢʦʥʫʻʪɹʩ,̫ ʢ̫ ʚʽʜʦʤʦ, ʟʘ ʜʦʧʦʤʦʛʦʁ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ: 

 

ñ
¤

-Ö=
0

,)()( dtetfpF pt  (3.10) 

 

ʜʝ jwp +=d  ï ʢʦʤʧʣʝʢʩʥʘ ʟʤʥ̔ʥʘ. 

ɼʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ )(tf x , ʦʪʨʠʤʘʥʠʡ hʣʷʭʦʤ ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ ʯʘʩʦʤ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ )(tf , ʟʜʽʡʩʥʶʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʁ ̔ʜʝʘʣʴʥʦʛʦ 

ʢʚʘʥʪʽʚʥʠʢʘ (ʢʣʶʯʘ), ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʜ̫̔: 

 

ä
¤

=

Ö=-=
0

* )()()()()(
k

T ttfKTtKTftf dd . (3.11) 

 

ɺʠʭ̔ʜ ̔ʜʝʘʣʴʥʦʛʦ ʢʚʘʥʪʽʚʥʠʢʘ ʷʚʣʷʻ ʩʦʙʦ ʁ ʧʦʩʣʜ̔ʦʚʥʩ̔ʪʴ ʤ̔ʧʫʣʴʩʚ̔, 

ʧʣʦʱʘ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥ̔ ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʽʜʧʦʚʽʜʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

KTt=  (ʨʠʩ. 3.1). ʊʘʢ ʢ̫ ʜʝʣʴʪʘ-ʬʫʥʢʮʽ̫  )(td  ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʻ ʥʫʣɹʦʚʫ 

ʪʨʠʚʘʣʽʩʪʴ, ʙʝʟʢ̔ʥʝʯʥʫ ʘʤʧʣʪ̔ʫʜʫ  ̔ʧʣʦʫɦ ʨ̔ʚʥʫ ʦʜʠʥʠʮ,̔ ʪʦ ʤ̔ʧʫʣʴʩʠ )(tTd  ʥʘ 
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ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ̔ ʩʪʨ̔ʣʢʘʤʠ ʦʜʠʥʠʯʥʘ ʜʦʚʞʠʥʘ ̫ʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱ̔ 

ʤ̔ʧʫʣʴʩʚ̔. 

 

ʘ) 
0 T 2T 3T

4

T

f(t)

t
 ʙ) 0 T 2T 3T 4T

ŭ(t)

t

 

 

ʚ) 

0 T 2T 3T

4

T

f
*
(t)

t

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʠʛʥʘʣʠ ʜ̔ʝʘʣʴʥʦʛʦ ʢʚʘʥʪʽʚʥʠʢʘ: 

ʘ) ʚʭʜ̔ʥʠʡ ʩʠʛʥʘʣ;   ʙ) ʥʝʩʫʯʘ;    ʚ) ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ. 

 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʜʦ (3.11) ʧʝʨʝʪʚʦʨʝʥʥʷ (3.10), ʦʪʨʠʤʫʻʤʦ: 

 

,)()]([)(
0

** ä
¤

=

-==
k

kTpekTftfLpF  (3.12) 

 

ʜʝ L  ï ʦʧʝʨʘʪʦʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ. 

ɺʠʨʘʟ (3.12) ʥʘʟʠʚʘ̒ʪɹʩʷ ʜʠʩʢʨʝʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʃʘʧʣʘʩʘ (ɼʇʃ). ɿ 

ʟʽʩʪʘʚʣʝʥʥ̫  ʚʠʨʘʟʽʚ (3.10)  ̔ (3.12) ʚʠʧʣʠʚʘʻ, ʦɦ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ ʚʠʭʦʜʠʪɹ ʟʽ ʟʚʠʯʘʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʤʥ̔ʦʁ ʚ ʦʩʪʘʥʥʴʦʤʫ ʥ̔ʪʝʛʨʘʣʘ 

ʥʝʩʢʽʥʯʝʥʥʦ ʁʩʫʤʦ.ʁ 

ʆʩʥʦʚʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ. 

1. ʆʩʢʽʣʴʢʠ ɼʇʃ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤ̔ʞ )( pF   ̔ )(tf  ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ 

KTt= , ʪʦ ʨʽʟʥʠʤ ʯʘʩʦʚʠʤ ʬʫʥʢʮʽ̫ʤ )(tf , ʩʧʽʚʧʘʜʘʶʯʠʤ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ KTt= , 

ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʦʜʥʝ  ̔ʪʝʞ )(* pF . ʆʪʞʝ, ʧʦ )(* pF  ʥʝ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ 

ʚ̔ ʜʥʦʚʠʪʠ ʬʫʥʢʮʽʁ  )(tf  ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥ̫  ʡʦʛʦ ʘʨʛʫʤʝʥʪʫ t . 

2. ʅʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ɦ ʦ )(* pF   ̒ʧʝʨ̔ʦʜʠʯʥʦʁ  ʬʫʥʢʮʽʻʶ ʚʟʜʦʚʞ ʫʷʚʥʦʾ ʦʩ̔ 

jw  ʢʦʤʧʣʝʢʩʥʦ ʾʧʣʦɦʠʥʠ p  ʟ ʧʝʨ̔ʦʜʦʤ 
T

wk
p2= , ʪʦʙʪʦ )()( ** pFwpF k =+u , ʜʝ 

,....2,1,0 °°=v  ʧʝʨ̔ʦʜʠʯʥʩ̔ʪʴ ɼʇʃ ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʪʦʛʦ, ʦɦ ʧʣʦʱʠʥʘ p, ʧʦʢʘʟʘʥʘ 
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ʥʘ ʨʠʩ. 3.2, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʟʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʨ̔ʦʜʠʯʥʠʭ ʩʤʫʛ. ʉʤʫʛʘ ʤ̔ʞ 

2/kww -=   ̔ 2/kww=  ʥʘʟʠʚʘʝʪʩɹʷ ʦʩʥʦʚʥʦ,ʁ ʘ ʚʩ ̔ʽʥʰʽ ï ʜʦʜʘʪʢʦʚʠʤʠ. ɼʦʜʘʪʢʦʚʽ 

ʩʤʫʛʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜ̔ʘʧʘʟʦʥ ̔ʚʽʜ 2/kw-  ʜʦ 2/3 kw- , ʚʽʜ 2/3 kw-  ʜʦ 2/5 kw-   ̔ʪ.ʜ. 

ʜʣʷ ʥʝʛʘʪʠʚʥʠʭ ʯʘʩʪʦʪ  ̔ʚʽʜ 2/kw  ʜʦ 2/3 kw   ̔ʪ.ʜ. ʜʣʷ ʧʦʟʠʪʠʚʥʠʭ ʯʘʩʪʦʪ. 

 

jw

3/2 wk

ŭ

 

 

wk  /2

wk  /2

3/2 wk

ɼʆɼ. 

ʇʆʃʆʉɸ

ɼʆɼ. 

ʇʆʃʆʉɸ

ʆʉʅ. 

ʇʆʃʆʉɸ

 
ʈʠʩʫʥʦʢ 3.2 ï ʇʝʨ̔ʦʜʠʯʥ ̔ʩʤʫʛʠ ʥʘ ʨ-ʧʣʦɦʠʥʽ 

 

3. ʌʫʥʢʮʽ̫  )(* pF   ̒ ʨ̔ʨʘʮ̔ʦʥʘʣʴʥʦ ʁʚʽʜʥʦʩʥʦ p, ʦʩʢʣ̔ʴʢʠ ʬʦʨʤʫʣʘ (3.12) 

ʤʽʩʪʠʪʴ ʤʥʦʞʥʠʢ pTe- . ʆʪʞʝ, )(* pF  ʙʫʜʝ ʤʽʩʪʠʪʠ ʢ̫ ʚ ʯʠʩʝʣʴʥʠʢʫ, ʪʘʢ  ̔ʚ 

ʟʥʘʤʝʥʥʠʢʫ ʯʣʝʥʠ ʟ ʤʥʦʞʥʠʢʦʤ pTe- , ʥʝ ʚʣʘʩʪʠʚʽ ʙ̔ ʣʴʰʦʩʪʽ ʬʫʥʢʮʡ̔ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ. 

 

Z-ʇɽʈɽʊɺʆʈɽʅʅʗ 

 

[3], 246-249 

 

ɿʚʷʟʦʢ ʤ̔ʞ ʢʦʤʧʣʝʢʩʥʠʤ ʟʤ̔ʥʥʠʤ z   ̔ p  ʚʠʙʠʨʘʪ̒ɹʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
pTeZ -=  (3.13) 

ɺʠʨʽʰʫʶʯʠ ʨ̔ʚʥ̫ʥʥ ̫(3.13) ʚʽʜʥʦʩʥʦ p , ʟʥʘʭʦʜʠʤʦ 

z
T

p ln
1
=  (3.14) 

ʇ̔ʜʩʪʘʚʠʚʰʠ (3.14) ʚ (3.12), ʦʪʨʠʤʘʻʤʦ 

ä
¤

=

-===
0

* )()(]ln
1

[
k

kzkTfzFz
T

pF  (3.15) 

ɺʠʨʘʟ (3.15) ʥʘʟʠʚʘ̒ʪɹʩʷ z -ʧʝʨʝʪʚʦʨʝʥʥʤ̫ ʬʫʥʢʮʽʾ )(tf . ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʘʤʠ 

(3.12)  ̔(3.15) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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z
T

pz
T

p
pFtfLzF

ln
1

*

ln
1

* )]([)]]([[)(
==

==  (3.16) 

 

ʈʚ̔ʥ̫ʥʥ ̫ (3.15) ʚʠʟʥʘʯʘʻ )(zF  ʪ̔ʣʴʢʠ ʜʣʷ ʪʠʭ ʟʥʘʯʝʥ ɹ z, ʧʨʠ ʷʢʠʭ 

ʙʝʟʢ̔ʥʝʯʥʠʡ ʨʷʜ ʟʙʽʛʘʻʪʴʩʷ. ɼʣʷ ʽʥʠhʭ ʟʥʘʯʝʥ ɹ z  )(zF  ʚʠʟʥʘʯʘʻʪɹʩʷ ʥʘ ʦʩʥʦʚ ̔

ʧʨʠʥʮʠʧʫ ʘʥʘʣʪ̔ʠʯʥʦʛʦ ʧʨʦʜʦʚʞʝʥʥ̫. 

ʆʩʥʦʚʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ z -ʧʝʨʝʪʚʦʨʝʥʥ̫ . 

1. ɼʣʷ ʽʩʥʫʚʘʥʥ̫  )(zF  ʥʝʦʙʭʜ̔ʥʦ, ʱʦʙ ʬʫʥʢʮʽ̫  )(tf  ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʧʨʠ 

ʚʩ̔ʭ KTt= / ,...2,1,0=K /; 

2. ɺʠʨʘʟ )(zF  ʟʙʽʛʘʻʪɹʩʷ ʘʙʩʦʣʶʪʥʦ ʧʨʠ |z |>ʉ, ʜʝ ʉ ï ʨʘʜ̔ʫʩ ʟʙʽʞʥʦʩʪ̔. 

3. ʌʫʥʢʮʽ̫  )(zF , ʢ̫ ʮʝ ʚʠʧʣʠʚʘʻ ʟ ʚʠʨʘʟʫ (3.15),  ̒ ʨʘʮ̔ʦʥʘʣʴʥʦ ʁ

ʚʽʜʥʦʩʥʦ ʢʦʤʧʣʝʢʩʥʦ ʾʟʤʥ̔ʥʦʾ z . 

4. ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʬʫʥʢʮʽʾ )(tf , ʱʦ ʤʘʻ ʧʝʨʝʪʚʦʨʝʥʥ ̫ʃʘʧʣʘʩʘ, ʽʩʥʫʻ 

ʪʘʢʦʞ z -ʧʝʨʝʪʚʦʨʝʥʥʷ. 

5. ʆʜʥ̔ʡ ̔ ʪ̔ʡ ʞʝ ʬʫʥʢʮʽʾ )(zF  ʚʽʜʧʦʚʽʜʘʻ ʥʝʟʣʽʯʝʥʥʘ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʡ̔ 

ʯʘʩʫ )(tf , ʩʧʚ̔ʧʘʜʘʶʯʠʭ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ KTt= ;  

6. )(zF  ʥʝ ʤʽʩʪʠʪɹ ʥ̔ʬʦʨʤʘʮʽʾ ʧʨʦ ʟʥʘʯʝʥʥ̫  ʤ̔ʞ ʤʦʤʝʥʪʘʤʠ 

ʢʚʘʥʪʫʚʘʥʥ̫ . ɼʣʷ ʚʠʚʯʝʥʥ̫  ʧʦʚʝʜʥ̔ʢʠ ʯʘʩʦʚʦʾ ʬʫʥʢʮʽʾ )(tf  ʤ̔ʞ ʤʦʤʝʥʪʘʤʠ 

ʢʚʘʥʪʫʚʘʥʥ̫  ʨʦʟʨʦʙʣʝʥʠʡ ʨʷʜ ʤʝʪʦʜʚ̔. 

7. ʇʝʨʝʪʚʦʨʝʥʥʷ pTeZ -=  ʚʽʜʦʙʨʘʞʘ ̒ʚʩʶ ʣʚ̔ʫ ʧʽʚʧʣʦʱʠʥʫ ʢʦʤʧʣʝʢʩʥʦ ʾ

ʧʣʦɦʠʥʠ p , ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʟʣʽʯʝʥʥʦ ʾ ʢʽʣʴʢʦʩʪʽ ʩʤʫʛ, ʚʩʝʨʝʜʠʥʽ ʢʦʣʘ 

ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʫ̔ʩʫ ʢʦʤʧʣʝʢʩʥʦ ʾʚʝʣʠʯʠʥʠ z  ʟ ʮʝʥʪʨʦʤ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ 

ʨʠʩ. 3.3. 
Fw   ʇʣʦɦ ʠʥʘ

3/2 wk

ŭ

wk  /2

- wk  /2

- 3/2 wk

 

 

JʄZ   ʇʣʦɦ ʠʥʘ Z

ReZ

+F

-F

+1-1

 
ʈʠʩʫʥʦʢ 3.3 ï ɺʽʜʦʙʨʘʞʝʥʥ ̫ʦʩʥʦʚʥʦ ʾ  ̔ʜʦʜʘʪʢʦʚʦʾ ʩʤʫʛ ʧʣʦhʠʥʠ ʨ (ʘ) ʥʘ 

ʧʣʦɦʠʥʽ )(dz  

 

8. ɺʣʘʩʪʠʚʽʩʪʴ ʣ̔ʥ̔ʡʥʦʩʪ ̔ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ɦ ʦ 
() )]([)]([])([ 2121 tfZtfZtftfz +=+  (3.17) 

9. ʄʥʦʞʝʥʥ ̫ʥʘ ʢʦʥʩʪʘʥʪʫ 
)()]([)]([ zaFtfaztafz ==  (3.18) 

10. ɿʩʫʚ ʫ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪ.̔ ʗʢʱʦ )(tf  ʤʘʻ z -ʧʝʨʝʪʚʦʨʝʥʥ ̫ )(zF , ʪʦ  

)()]([ zFznTtfz nÖ=-  (3.19) 
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ʋ (3.19) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʦɦ )(tf  ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʧʨʠ 0<t :  

],)()([)]([
1

0

ä
-

=

-Ö-=+
n

k

kn zKTfzFznTtfz  (3.20) 

ʜʝ n  ï ʮ̔ʣʝ ʧʦʟʠʪʠʚʥʝ ʯʠʩʣʦ. 

ɺʣʘʩʪʠʚʦʩʪʽ (3.19)  ̔ (3.20) ʤʘʁʪɹ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥ ̫ʧʨʠ ʟʥʘʭʦʜʞʝʥʥ ̔

ʟʚʷʟʢʽʚ ʤ̔ʞ ʨ̔ʟʥʠʮʝʚʠʤʠ ʨʚ̔ʥ̫ʥʥ̫ ʤʠ  ̔ z -ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʬʫʥʢʮʽ̫ ʤʠ. ɿʘʟʚʠʯʘʡ 

ʪʝʦʨʝʤʘ (3.19) ʥʘʟʠʚʘ̒ʪɹʩʷ ʟʩʫʚʦʤ ʚ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪ ̔ʥʘʟʘʜ, ʘ ʪʝʦʨʝʤʘ (3.20) ï 

ʟʩʫʚʦʤ ʚʧʝʨʝʜ. 

11. z -ʧʝʨʝʪʚʦʨʝʥʥ ̫ ʥʝ ʟʘʣʝʞʠʪɹ ʚʽʜ ʧʝʨ̔ʦʜʫ ʢʚʘʥʪʫʚʘʥʥ̫  ʊ. ɿʛʽʜʥʦ 

(3.15) 

ä
¤

=

-Ö==
0

)()]([
k

kzKf
T

tfz  (3.21) 

12. ʎ  ̫ ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʨʠʩʥʘ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥ ̔ ʟʚʦʨʦʪʥʦʛʦ z -

ʧʝʨʝʪʚʦʨʝʥʥ ̫ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥ̫  )(zF  ʥʘ ʝʣʝʤʝʥʪʘʨʥ ̔ʜʨʦʙʠ, ʷʢʱʦ 

ʥʘʷʚʥʽ ʪʘʙʣʠʮ ̔ z -ʧʝʨʝʪʚʦʨʝʥʴ ʩʢʣʘʜʝʥʽ ʜʣʷ 1=T . 

 

ʆɹʏʀʉʃɽʅʅʗ Z-ʇɽʈɽʊɺʆʈɽʅʅʗ 

 

[3], 249-250 

 

ʇʨʦʮʝʜʫʨʘ ʟʥʘʭʦʜʞʜʝʥʥʷ Z-ʧʝʨʝʪʚʦʨʝʥʴ )(zF  ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ )(tf  

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʪʨʠ ʝʪʘʧʠ: ʚʠʟʥʘʯʝʥʥʷ )(* tf  ʷʢ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʜʝʘʣʴʥʦʛʦ 

ʢʚʘʥʪʦʚʘʪʝʣʷ, ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʷʢʦʛʦ ʻ )(tf ; ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ )]([)( ** tfLpF =  

ʚʽʜʧʦʚʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3.12) ï ,)()]([)(
0

** ä
¤

=

-==
k

kTpekTftfLpF  ; ʚʠʟʥʘʯʝʥʥʷ )(zF  

ʰʣʷʭʦʤ ʟʘʤʽʥʠ )(* pF  ʬʫʥʢʮʽʾ pTe  ʥʘ Z. 

ɺʠʟʥʘʯʝʥʥ ̫Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʾ )(tf  ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘ ʬʦʨʤʫʣʦ  ʁ (3.15) ï ä
¤

=

-===
0

* )()(]ln
1

[
k

kzkTfzFz
T

pF . ʅʝʟʨʫʯʥʽʩʪʴ ʮʽʻʾ ʬʫʥʢʮʽʾ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʦɦ ʚʦʥʘ  ̒ʙʝʩʢʽʥʝʯʥʠʤ ʨʷʜʦʤ, ʘ ʥʝ ʜʝʷʢʦʶ ʝʢʚ̔ʚʘʣʝʥʪʥʦ ʁ

ʬʫʥʢʮʽʻʶ, ʚʠʨʘʞʝʥʦʶ ʚ ʢʦʤʧʘʢʪʥʡ̔ ʬʦʨʤ.̔ ʆʜʥʘʢ, ʷʢʱʦ ʨʷʜ ʩʭʦʜʠʪʩɹʷ, ʪʦ )(zF  

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʚ ʢʦʤʧʣʝʢʩʥ̔ʡ ʬʦʨʤ.̔ 

ʇʨʠʢʣʘʜ. ɺʠʟʥʘʯʠʪʠ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʠʥʠʯʥʦʾ ʩʪʫʧʥ̔ʯʘʪʦ ʾʬʫʥʢʮʽʾ )(tf  

ʧʨʠ .0>t  

ʈ̔ʰʝʥʥ.̫ ɺ̔ʜʧʦʚʽʜʥʦ ʜʦ ʚʠʢʣʘʜʝʥʦʾ ʤʝʪʦʜʠʢʠ ʟʥʘʭʦʜʠʤʦ: 

1. ʌʫʥʢʮʽʾ )(* tf  ʥʘ ʚʠʭʦʜ̔ ʜ̔ʝʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʘʪʝʣʷ: 

ä
¤

=

-==
0

* )()()(
k

T kTttltf dd  (3.22) 

2. ʌʫʥʢʮʽʁ  )(* pF  ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʜʦ ʦʙʦʭ ʯʘʩʪʠʥ 

ʚʠʨʘʞʝʥʥ̫ (3.22). 

ä
¤

=

-=
0

* )(
k

kTpepF  (3.23) 
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ʈʷʜ (3.23) ʩʭʦʜʠʪʩɹʷ ʜʣʷ 1|| <-Tpe . ɼʣʷ ʪʦʛʦ, ʦɦʙ ʚʠʨʘʟʠʪʠ ʮʝʡ ʙʝʟʢ̔ʥʝʯʥʠʡ 

ʨʷʜ ʚ ʢʦʤʧʘʢʪʥʡ̔ ʬʦʨʤ,̔ ʧʦʤʥʦʞʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʞʝʥʥ̫  (3.23) ʥʘ Tpe-   ̔

ʚ̔ ʜʥʽʤʝʤʦ ʨʝʟʫʣʴʪʘʪ ʟ (3.23). ʊʦʜ ̔ʦʪʨʠʤʘʻʤʦ: 

Tpe
pF

--
=

1

1
)(*  ʜʣʷ 1|| <-Tpe  (3.24) 

3. ɿʘʤ̔ʥʘ ʚ (3.24) Tpe  ʥʘ Z ʜʘ̒ 

11

1
)]([)(

1 -
=

-
==

- z

z

z
tfzzF   

ʎʝʡ ʚʠʨʘʟ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ 1|| 1 <-z  ʘʙʦ 1|| <z . 

ʇʨʠ ʘʥʘʣʟ̔̔ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʥ̔ʦʜ̔ ʟʥʘʭʦʜʷʪ ɹ )(zF  ʟʘ ʚʽʜʦʤʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʃʘʧʣʘʩʘ )(pF , ʘ ʥʝ ʧʦ )(tf . ʎ  ̫ʟʘʜʘʯʘ ʚʠʨʽʫhʪ̒ɹʩʷ ʥʘ ʦʩʥʦʚ ̔

ʚʠʢʦʨʠʩʪʘʥʥ̫  ʪʝʦʨʝʤʠ ʧʨʦ ʚʽʜʨʘʭʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷ ̒

ʚʠʟʥʘʯʠʪʠ )(zF  ʫ ʟʘʤʢʥʫʪʡ̔ ʬʦʨʤ̔, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ ʦʙʯʠʩʣʝʥʥ ̫ ʩʫʤʠ 

ʙʝʟʢ̔ʥʝʯʥʦʛʦ ʨʷʜʫ. 

ɺ ̔ʥʞʝʥʝʨʥʡ̔ ʧʨʘʢʪʠʮ ̔ ʜʫʞʝ ʯʘʩʪʦ ʜʣʷ ʟʥʘʭʦʜʞʜʝʥʥ̫  )(zF  ʧʦ )(tf  

ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʪʘʙʣʠʮ ̔Z-ʧʝʨʝʪʚʦʨʝʥɹ. ɺ ʪʘʙʣʠʮ ̔3.1 ʥʘʚʝʜʝʥʠʡ ʨʷʜ ʬʫʥʢʮʡ̔ ̔ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʾ ʧʝʨʝʪʚʦʨʝʥɹ ʃʘʧʣʘʩʘ )(pF  ʜʣʷ ʜʝʷʢʠʭ, ɦʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ, ʬʫʥʢʮʡ̔ ).(tf  
 

ʊʘʙʣʠʮ ̫ 3.1 ï ʇʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ )(pF  ʠ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʷʢʠʭ 

ʪʠʤʯʘʩʦʚʠʭ ʬʫʥʢʮʡ̔ ).(tf  

)(tf  )(pF  )(zF  ʆʙʣʘʩʪʴ 

ʩʭʦʜʠʤʦʩʪʠ 

t

t

z

e

e
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t
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2
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+
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ezz
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z
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zzT
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a
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a

-

-

--
Ö-

-
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-
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1||
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1||

>

>

>

>

>

z

ez

z

z

z
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ɿɺʆʈʆʊʅɭ Z-ʇɽʈɽʊɺʆʈɽʅʅʗ 

 

[3], 251-252 

 

ʇʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥ̫  ʧʦʩʣʜ̔ʦʚʥʦʩʪ ̔ )(kTf  ʚ ʤʦʤʝʥʪʠ ʢʚʘʥʪʫʚʘʥʥ̫  kTt=  

ʧʦ ʟʘʜʘʥʡ̔ ʬʫʥʢʮ̔ʾ )(zF  ʥʘʟʠʚʘ̒ʪɹʩʷ ʟʚʦʨʦʪʥʠʤ Z-ʧʝʨʝʪʚʦʨʝʥʥʷʤ. 

ɿʚʦʨʦʪʥʻ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʟʚʠʯʘʡ ʧʦʟʥʘʯʘʶʪ ɹʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

)]([)( 1 zFzkTf -=  (3.25) 

ʉʣ̔ʜ ʧ̔ʜʢʨʝʩʣʠʪʠ ʱʝ ʨʘʟ, ʦɦ ʟʚʦʨʦʪʥ̒ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʬʫʥʢʮʽʾ )(tf   ̒ʥʝʦʜʥʦʟʥʘʯʥʠʤ. ʂʦʨʝʢʪʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʚʦʨʦʪʥɹʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮ̔ʾ )(zF   ̒ )(kTf , ɦ ʦ ʜʦʨ̔ʚʥʁ  ̒ )(tf  ʪ̔ʣʴʢʠ ʫ ʤʦʤʝʥʪʠ ʢʚʘʥʪʫʚʘʥʥ̫  .kTt=  

ɿʚʦʨʦʪʥ̒ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʨɹʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ: 
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1. ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʬʦʨʤʫʣʠ ʦʙʝʨʥʝʥʥʷ. 

ɼʣʷ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʬʦʨʤʫʣʘ ʟʚʝʨʥʝʥʥ̫  ʤʘʻ ʚʠʛʣʜ̫: 

ñ
-= ,)(

2

1
)( 1dzzzF

j
kTf k

p
 (3.26) 

ʜʝ F  ï ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʥʘ Z-ʧʣʦɦʠʥʽ (ʟʘʟʚʠʯʘʡ ʮʝ ʦʢʨʫʞʥʽʩʪʴ), ʱʦ 

ʚʢʣʶʯʘ ̒ʚʩʽ ʦʩʦʙʣʠʚʽ ʪʦʯʢʠ 1)( -kzzF . ʆʙʯʠʩʣʶʁ ʪɹ )(kTf  ʥʘ ʦʩʥʦʚ ̔ʪʝʦʨʝʤʠ ʧʨʦ 

ʚ̔ ʜʨʘʭʫʚʘʥʥʷ. 

2. ʄʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʥ̫  )(zF  ʚ ʩʪʝʧʝʥʝʚʠʡ ʨʷʜ.  

ʌʦʨʤʫʣʫ (19) ä
¤

=

-===
0

* )()(]ln
1

[
k

kzkTfzFz
T

pF

 
ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʪʘʢʦʤʫ 

ʚʠʛʣʜ̫̔: 
kzkTfzTfzTfzfzF --- ++++= )(...)2()()0()( 210  (3.27) 

ɿ (31) ʚʠʧʣʠʚʘʻ, ɦ ʦ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ ʮʦɹʛʦ ʨʷʜʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥ̫ ʤ )(kTf  

ʫ ʤʦʤʝʥʪʠ ʢʚʘʥʪʫʚʘʥʥ̫  .kTt=  

ɼʣʷ ʚʠʟʥʘʯʝʥʥ̫  )(kTf  ʥʝʦʙʭʜ̔ʥʦ ʯʠʩʝʣɹ ʥʠʢ  ̔ʟʥʘʤʝʥʥʠʢ )(zF  ʟʘʧʠʩʘʪʠ ʧʦ 

ʟʨʦʩʪʘʶʯʠʤ ʩʪʫʧʝʥʷʤ )( 1-z   ̔ʨʦʟʜ̔ʣʠʪʠ ʯʠʩʝʣɹ ʥʠʢ ʥʘ ʟʥʘʤʝʥʥʠʢ. ʎʝʡ ʤʝʪʦʜ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪɹʩʷ ʚ ʧʨʘʢʪʠʮ.̔ 

3. ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʙʣʠʮ ɹZ-ʧʝʨʝʪʚʦʨʶʚʘʥʴ. 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʢʣʘʜʘʥʥʽ zzF /)(  ʥʘ ʩʫʤʫ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʜʨʦʙʽʚ  ̔ʥʘʩʪʫʧʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʙʣʠʮ ɹ Z-ʧʝʨʝʪʚʦʨʝʥʴ ʜʦ ʢʦʞʥʦʛʦ ʯʣʝʥʫ. 

ʊʘʢ ̫ʢ ʪʘʙʣʠʮ ̔ Z-ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʯʠʩʝʣɹ ʥʠʢʫ ʤʽʩʪʷʪʴ Z, ʪʦʤʫ ʟʨʫʯʥʽʰʝ 

ʨʦʟʢʣʘʜʘʪʠ ʥʘ ʧʨʦʩʪ ̔ʜʨʦʙʠ ʬʫʥʢʮʽʁ  zzF /)( . ʇ̔ʩʣ̫ ʨʦʟʢʣʘʜʘʥʥʷ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ 

zzF ¡/)(  ʤʥʦʞʘʪ ɹʥʘ Z ʜʣʷ ʦʪʨʠʤʘʥʥ̫  )(zF . 

 

ʇʀʊɸʅʅʗ ɼʆ ʊɽʄʀ ˉ3: 

 

1.ʋ ʷʢʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʠʩʪʝʤʠ? ʇʝʨʝʣʽʯʠʪʠ. 

2.ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ? ʇʝʨʝʣʽʯʠʪʠ. 

3.ʇʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʾ ʟʚʦʨʦʪʥʦʾ ʨʽʟʥʠʮʽ. 

4.ʇʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʾ ʧʨʷʤʦʾ ʨʽʟʥʠʮʽ. 

5.ʗʢʠʡ ʚʠʜ ʤʘʻ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʾ ʨʽʟʥʠʮʽ, ʧʨʠʚʝʩʪʠ ʡʦʛʦ. 

6.ʗʢʠʡ ʚʠʜ ʤʘʻ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʫ ʚʠʛʣʷʜʽ Z-

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ? 

7.ɿʘ ʷʢʠʤ ʧʨʠʥʮʠʧʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ 

ʯʘʩʫ )t(f  ʫ ʬʫʥʢʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʤʽʥʥʦʛʦ )t(F ? ʇʦʷʩʥʠʪʠ. 

8.ɺʠʭʽʜ ʽʜʝʘʣʴʥʦʛʦ ʢʚʘʥʪʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ? 

9. ʇʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ, ʪʘ 

ʧʦʷʩʥʠʪʠ ʡʦʛʦ. 

10.ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʣʝʢʩʥʠʤʠ ʟʤʽʥʥʠʤʠ z 

ʽ p? 

11.ʇʨʠʚʝʩʪʠ ʚʠʨʘʟ Z-ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʬʫʥʢʮʽʾ )t(f . 

12.ʇʝʨʝʣʽʯʠʪʠ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ. 
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13. ʇʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ, ʪʘ ʧʦʷʩʥʠʪʠ ʫʤʦʚʠ ʟʙʽʞʥʦʩʪʽ )z(F  ʜʣʷ Z-

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

14. ʇʦʷʩʥʠʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʣʽʥʽʡʥʦʩʪʽ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʘ ʥʘʚʝʩʪʠ ʡʦʛʦ 

ʚʠʨʘʟ. 

15. ʇʦʷʩʥʠʪʠ ʱʦ ʩʦʙʦʶ ʧʨʝʜʩʪʘʚʣʷʻ ʟʚʦʨʦʪʥʝ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʽ ʥʘʚʝʩʪʠ 

ʡʦʛʦ ʚʠʨʘʟ. 
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4. ʃɯʅɯʁʅɯ ʈɯɿʅʀʎɽɺɯ ʈɯɺʅʗʅʅʗ 

 

ʆʉʅʆɺʅɯ ɺɯɼʆʄʆʉʊɯ ʇʈʆ ʃɯʅɯʁʅɯ ʈɯɿʅʀʎɽɺɯ ʈɯɺʅʗʅʅʗ 

 

[3], 241-244 

 

ʇʨʠ ʤʘʣʦʤʫ ʢʨʦʮʽ ʢʚʘʥʪʫʚʘʥʥʷ q, ʎʉʂɽʇ ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ 

ʨʽʟʥʠʮʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. 

ʃ̔ ʥʽʡʥʠʤ ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬ̔ ʮʽʻʥʪʘʤʠ ʥʘʟʠʚʘ̒ʪɹʩʷ 

ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʫ: 

),()(...)()(

)()(...)()(

0

1

1

10

0

1

1

10

txbtxbtxbtxb

tyatyatyatya

mm

mm

nn

nn

D+D++D+D=

=D+D++D+D

-

-

-

-

 (4.1) 

ʜʝ y(t) ï ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʝʣʝʤʝʥʪʫ ʯʠ ʩʠʩʪʝʤʠ (ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽ̫);  

x(t) ï ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʩʠʩʪʝʤʠ (ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ); 

a1, b1 ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ; 

n  ̔m ï ʮʽʣʽ ʧʦʟʠʪʠʚʥʽ ʯʠʩʣʘ. 

 

ɺʠʨʘʟʠ 

),()()(

)()()(

txhtxtx

tyhtyty

-+=D

-+=D
  

ʜʝ h ï ʧʦʩʪʽʡʥʝ ʯʠʩʣʦ (ʢʨʦʢ), ʥʘʟʠʚʘʶʪʩɹʷ ʧʝʨhʠʤʠ ʢ̔ ʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ 

ʧʝʨhʦʛʦ ʧʦʨʷʜʢʫ ʬʫʥʢʮʡ̔ ʚʽʜʧʦʚʽʜʥʦ y(t)  ̔x(t) ʚ ʪʦʯʮ ̔t. 

ɺʠʨʘʟʠ 

),()(2)2()]([)(

);()(2)2(

)]]()([)()2([)]([)(

2

2

txhtxhtxtxtx

tyhtyhty

tyhtyhtyhtytyty

++-+=DD=D

++-+

=-+---+=DD=D

  

ʥʘʟʠʚʘʶʪʩɹʷ ʜʨʫʛʠʤʠ ʢ̔ ʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ. 

ʆʧʝʨʘʪʦʨ D ʜʣʷ ʜʠʩʢʨʝʪʥʠʭ ʬʫʥʢʮʡ̔ ̒ ʩʚʦʛʦ ʨʦʜʫ ʘʥʘʣʦʛʦʤ 

ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 
dt

dD=  ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʡ̔. ʄʦʞʥʘ 

ʧʦʢʘʟʘʪʠ, ɦ ʦ ʢ-ʪʘ ʧʦʭʽʜʥʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ f(t) ʩʢʣʘʜʘʻ 

k

x

nx

x

n

tf

dt

tfd )(
lim

)(
0

D
= ­

.
  

 

ʎ  ̫ʬʦʨʤʫʣʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʥʘʙʣʠʞʝʥʦʾ ʟʘʤʽʥʠ ʣʽʥʽʡʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʠʤ ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ. 

ʇʨʠʢʣʘʜ. ʆʪʨʠʤʘʪʠ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

 

)()(3
)(

3
)(

2
2

2

txty
dt

tdy

dt

tyd
=++   

ɺʚʘʞʘʶʯʠ ʜʣʷ ʧʨʦʩʪʦʪʠ h=1, ʤʘʻʤʦ 
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)()1(2)2(
)(

)()1(
)(

2

2

tytyty
dt

tyd

tyty
dt

tdy

++-+=

-+=

  

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʚ ʧʦʯʘʪʢʦʚʽ, ʦʜʝʨʞʠʤʦ: 

 
)()1()2(2 txtyty =+-+   

 

ʈ̔ ʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ (4.1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʜ̫̔: 

 

).()(...))1(()(

)()(...))1(()(

110

110

txbhtxbhntxbnhtxb

tyahtyahntyanhtya

mm

nn

++++-+++=

=++++-+++

-

-  (4.2) 

 

ʈʽʚʥʷʥʥʷ (4.1) ʙʣʠʞʯʠʡ ʘʥʘʣʦʛ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʧʨʦʪʝ 

ʨʽʚʥʷʥʥʷ (4.2) ʣʝʛʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʪʦʤʫ ʚʦʥʦ ʙʽʣʴʰ ʧʦʰʠʨʝʥʝ. 

ʗʢʱʦ 00 =a   ̔ 0̧na , ʪʦ ʯʠʩʣʦ h ʥʘʟʠʚʘ̒ʪɹʩʷ ʧʦʨʷʜʢʦʤ ʨʽʟʥʠʮʝʚʦʛʦ 

ʨʽʚʥʷʥʥʷ. ʗʢʱʦ 0=na , ʪʦ ʨʽʚʥʷʥʥʷ (4.2) ʤʦʞʝ ʙʫʪʠ ʣ̔ʥ̔ʡʥʦʁ ʟʘʤ̔ʥʦʁ 

ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ kttt +=¡  ʟʚʝʜʝʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʙ̔ ʣʴʰ ʥʠʟɹʢʦʛʦ ʧʦʨʷʜʢʫ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʨʽʟʥʷʻ ʣʽʥʽʡʥʽ ʨʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ. 

ʈʽʟʥʠʮʝʚʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʦʧʠʩʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟ ʮʠʬʨʦʚʦ  ʁ

ʦʙʯʠʩʣʶʚʘʣʴʥʦ  ʁʤʘʰʠʥʦʶ (ʎʆʄ). ʅʘ ʚʭʽʜ ʎʆʄ ʥʘʜʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʯʠʩʝʣ ʚ ʜʚʽʡʢʦʚʦʤʫ ʢʦʜʽ ʭ(0), ʭ(t), ʭ(2t), é, ʭ(kt) ʟ ʧʝʨ̔ʦʜʦʤ ʢʚʘʥʪʫʚʘʥʥ̫ ʟʘ ʯʘʩʦʤ 

ʊ, ʘ ʥʘ ʚʠʭʦʜ̔ ʎʆʄ, ̫ʢʱʦ ʚʦʥʘ ʨʘʙʦʪʘʝʪ ʙʝʟ ʟʘʧʽʟʥʝʥʥʷ, ʚʠʜʘʻ, ʟ ʪʠʤ ʞʝ 

ʧʝʨʽʦʜʦʤ ʊ, ʧʦʩʣʜ̔ʦʚʥʩ̔ʪʴ ʯʠʩʝʣ y(0), y(t), y(2t), é, y(kt). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʟʥʘʯʝʥʥʷ y(kt) ʚʠʜʘʻʪʴʩʷ ʤʘʰʠʥʦʶ ʚ ʪʦʡ ʞʝ ʤʦʤʝʥʪ, ʢʦʣʠ ʟ'ʷʚʣʷʻʪʴʩʷ ʭ(kt). 

ʈʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʎʆʄ, ʷʢʱʦ ʧʨʦʛʨʘʤʘ ʣʽʥʽʡʥʘ, ʧʨʠ t=1  ̔m=n ʟʘʧʠʰʝʪʩɹʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

).()1(...)1()(

)()1(...)1()(

110

110

mkxbmkxbkxbkxb

nkyankyakyakya

mm

nn

-++-++-+=

=-++-++-+

-

-  (4.3) 

ʈʽʚʥʷʥʥʷ (4.3) ʚʠʨʘʞʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʎʆʄ y(k) ʤʘʰʠʥʘ ʨʦʟʨʘʭʦʚʫʻ ʷʢ ʣʽʥʽʡʥʫ ʢʦʤʙʽʥʘʮʽʶ ʧʦʪʦʯʥʦʛʦ ʩʠʛʥʘʣʫ ʭ(k), n 

ʤʠʥʫʣʠʭ ʟʥʘʯʝʥʴ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʽ n ʤʠʥʫʣʠʭ ʩʠʛʥʘʣʚ̔ y(t). 

ɿ ʪʝʦʨʽʾ ʚʽʜʦʤʦ, ʱʦ n ʘʨʛʫʤʝʥʪʘʤ ʚʩʭ̔ ʯʣʝʥʚ̔ ʨ̔ʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʦ 

ʜʦʜʘʪʠ ʙʫʜʴ-ʷʢʝ ʮʽʣʝ ʯʠʩʣʦ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʣʠʰʝ ʜʦ ʟʤʽʥʠ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ 

ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ. ʇʨʠʡʥʷʚʰʠ n ʚ ʢʽʣʴʢʦʩʪʽ ʪʘʢʦʛʦ ʯʠʩʣʘ, ʧʝʨʝʡʜʝʤʦ ʚʽʜ 

ʨʽʚʥʷʥʥʷ (4.3) ʜʦ ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʜʫ: 

 
).(...)()()1(...)1()( 0110 kxbnkxbkyakyankyankya mnn +++=++++-+++ -  (4.4) 

 

ʗʢʱʦ ʪʝʧʝʨ ʧʦʨʽʚʥʷʪʠ ʨʽʚʥʷʥʥʷ (4.4) ʟ ʨʘʥʽʰʝ ʨʦʟʛʣʷʥʫʪʠʤ (4.2), ʪʦ 

ʥʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ɦ ʦ ʨʽʚʥʷʥʥʷ (4.4) ʤʦʞʥʦ ʦʪʨʠʤʘʪʠ ʟ (4.2), ʧʨʠʥʷʚʰʠ ʚ ʥɹʦʤʫ 

t=kt  ̔h=1. 
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[3], 252-253 

 

ʈ̔ʟʥʠʮʝʚʽ ʨ̔ʚʥ̫ʥʥ̫ , ɦʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪ,̔ ʤʦʞʥʘ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚ ʢʦʤʧʣʝʢʩʥʫ ʦʙʣʘʩʪʴ ʘʙʦ, ʢ̫ ʢʘʞʫʪʴ, ʚ ʦʙʣʘʩʪʴ Z-ʟʦʙʨʘʞʝʥ.ɹ 

ɼʣʷ ʮʦʛʦ ʥʝʦʙʭʜ̔ʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʪʝʦʨʝʤʘʤʠ Z-ʧʝʨʝʪʚʦʨʝʥʥ̫  

)()]([ zFznTtfz nÖ=-   ̔ ],)()([)]([
1

0

ä
-

=

-Ö-=+
n

k

kn zKTfzFznTtfz

 
ʧʨʦ ʟʩʫʚ ʚ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪ.̔ ɿʘʩʪʦʩʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (12) , ʦʪʨʠʤʫʻʤʦ 

 

)(]...[)(]...[ 2
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10 zxzbzbzbbzyzazazaa m

m
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n

------ ++++=++++  (4.5) 

 

ʈʚ̔ʥ̫ʥʥ ̫(4.5)  ̒ʘʣʛʝʙʨʘʯʾʥʠʤ. 

ʇʦ ʨʚ̔ʥ̫ʥʥʁ  (4.5) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤ̔ʧʫʣʴʩʥʫ (ʜʠʩʢʨʝʪʥʫ, Z-

ʧʝʨʝʜʘʪʦʯʥʫ) ʬʫʥʢʮʽʁ  ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ʢ̫ Z-ʧʝʨʝʪʚʦʨʝʥʥ ̫ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ 

)(zy  ʜʦ Z-ʧʝʨʝʪʚʦʨʝʥʥ ̫ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ )(zx  ʧʨʠ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ: 
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n
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m  (4.6) 

 

ɯʤʧʫʣʴʩʥʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽ̫  )(zK  ʤʦʞʝ ʙʫʪʠ ʬ̔ʟʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦʶ, 

ʷʢʱʦ ʥʝʩʢʽʥʯʝʥʥʠʡ ʨʷʜ ...,)1()0()( 10 ++= -zKzkzK  ʦʪʨʠʤʘʥʠʡ hʣʷʭʦʤ ʜ̔ʣʝʥʥ̫  

ʧʦʣ̔ʥʦʤʘ ʯʠʩʝʣɹ ʥʠʢʘ )( 1-zB  ʥʘ ʧʦʣʥ̔ʦʤ ʟʥʘʤʝʥʥʠʢʘ )( 1-zA , ʥʝ ʤʽʩʪʠʪɹ ʯʣʝʥʚ̔ ʟ 

ʧʦʟʠʪʠʚʥʠʤʠ ʩʪʝʧʝʥʷʤʠ Z. ʅʘʷʚʥʽʩʪʴ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʯʣʝʥʘ ʟ ʧʦʟʠʪʠʚʥʠʤ 

ʩʪʫʧʝʥʝʤ Z ʦʟʥʘʯʘ,̒ ʦɦ ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʚʠʧʝʨʝʜʞʘ̒ ʚʭ̔ʜʥʠʡ ̔, ʦʪʞʝ, 

ʧʦʨʫʫhʪ̒ɹʩʷ ʜʘ̔ʣʝʢʪʠʯʥʠʡ ʟʘʢʦʥ ʧʨʠʯʠʥʥʦʩʪʽ. ɿʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʫʤʦʚʠ ʬʟ̔ʠʯʥʦʾ ʨʝʘʣʽʟʦʚʘʥʦʩʪ̔: ʧʦ-ʧʝʨhʝ, ʷʢʱʦ 00¸b , ʪʦ 00¸a   ̔ʪ.ʜ.; ʧʦ-ʜʨʫʛʝ, 

ʩʪʫʧ̔ʥʴ m ʧʦʣ̔ʥʦʤʘ )( 1-zB  ʧʦʚʠʥʥʘ ʙʫʪʠ ʨ̔ʚʥʘ, ʢ̫ ʫ ʚʠʨʘʟʽ (4.6) ʘʙʦ ʤʝʥʰʝ 

ʩʪʫʧʝʥʁ n  ʧʦʣ̔ʥʦʤʘ )( 1-zA , ʪ.ʙ. .nm¢  

ɺʨʘʭʦʚʫʶʯʠ ʥʫʣɹʦʚ̔ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʦʪʨʠʤʫʻʤʦ ʤ̔ʧʫʣʴʩʥʫ 

ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʁ ʢ̫ ʚʽʜʥʦʰʝʥʥ ̫ʧʦʣ̔ʥʦʤ̔ʚ )(zB   ̔ )(zA  ʟ ʧʦʟʠʪʠʚʥʠʤʠ 

ʩʪʫʧʝʥʷʤʠ Z, ʘ ʩʘʤʝ: 
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ʗʢʱʦ ʫ ʚʠʨʘʟʽ (4.7) ʢʦʞʝʥ ʯʣʝʥ )(zB   ̔ )(zA  ʧʦʜ̔ʣʠʪʠ ʥʘ 
nz , ʪʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʢʦʣʠʰʥʷ ʩʪʨʫʢʪʫʨʘ ʤ̔ʧʫʣʴʩʥʦ ʾʧʝʨʝʜʘʪʦʯʥʦ ʾʬʫʥʢʮʽʾ ʫ 

ʚʠʛʣʷʜʽ (4.6). 
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ʈɯʐɽʅʅʗ ʈɯɿʅɽʎɽɺʀʍ ʈɯɺʅʗʅʔ ɿɸ ɼʆʇʆʄʆɻʆʖ  

Z-ʇɽʈɽʊɺʆʈɽʅʅʗ 

 

[3], 253-253 

 

ʋ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ 

ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ. ɸʣʛʦʨʠʪʤ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ: ʧʦ-ʧʝʨʰʝ, ʧʦ ʨʽʟʥʠʮʝʚʦʤʫ ʨʽʚʥʷʥʥ ʁ

ʟʥʘʭʦʜʠʪʴʩʷ ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ ʫ 

ʚʠʛʣʷʜʽ (4.6), ʧʦ-ʜʨʫʛʝ, ʟʥʘʭʦʜʠʪʴʩʷ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭ̔ʜʥʦʛʦ ʚʧʣʠʚʫ )(zx ; ʧʦ-

ʪʨʝʪ,̒ ʧʦ ʚʠʨʘʟʫ )()()( zxzKzy Ö=  ʧʨʠ ʚʞʝ ʚʠʟʥʘʯʝʥʠʭ )(zK   ̔ )(zx  ʚʠʟʥʘʯʘʻʪʴʩʷ Z-

ʟʦʙʨʘʞʝʥʥ ̫ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ )(zy   ̔ʧʦ ʥʴʦʤʫ ʙʫʜʴ-ʷʢʠʤ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʩʧʦʩʦʙʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʪʝʤʽ çɿʚʦʨʦʪʥʻ Z-ʧʝʨʝʪʚʦʨʝʥʥʷè, ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʜ̔ 

ʚʽʜ )(zy  ʜʦ )(KTy . 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥ ̫ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʧʦ 

ʥʠʤ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʥʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜ ʮʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ )(KTy . 

 

ʇʀʊɸʅʅʗ ɼʆ ʊɽʄʀ ˉ4: 

 

1.ʃʽʥʽʡʥʠʤ ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ ʟ ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʷʚʣʷʻ 

ʩʦʙʦʶ? 

2.ʅʘʚʝʩʪʠ ʚʠʨʘʟ ʜʣʷ ʧʝʨʠhʭ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. 

3. ʅʘʚʝʩʪʠ ʚʠʨʘʟ ʜʣʷ ʜʨʫʛʠʭ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. 

4. kïʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ )t(f  ï ʮʝ. ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ 

ʷʢʝ ʦʧʠʩʫʻ kïʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

5.ɼʣʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ )t(x)t(y
dt

)t(dy

dt

)t(yd
=++ 332

22

2

 

ʦʪʨʠʤʘʪʠ ʨʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ. 

6.ʅʘʚʝʩʪʠ ʫʤʦʚʠ ʜʣʷ ʽʩʥʫʚʘʥʥʷ h ʧʦʨʷʜʢʦʤ ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ. 

7.ʅʘʚʝʩʪʠ ʚʠʨʘʟʠ ʜʣʷ ʣʽʥʽʡʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ. 

8. ʅʘʚʝʩʪʠ ʚʠʨʘʟ ʜʣʷ ʨʽʟʥʠʮʝʚʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʦʙʣʘʩʪʽ Z-ʟʦʙʨʘʞʝʥʴ. 

9.ʇʨʠʚʝʩʪʠ ʚʠʨʘʟ ʜʣʷ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ )z(x  ʧʨʠ 

ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʪʘ ʧʦʷʩʥʠʪʠ ʡʦʛʦ. 

10.ʇʝʨʝʣʽʯʠʪʠ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʽʤʧʫʣʴʩʥʦ ʾʧʝʨʝʜʘʚʘʣʴʥʦ ʾʬʫʥʢʮʽʷ )z(k  

ʷʢ ʥʝʩʢʽʥʯʝʥʥʠʡ ʨʷʜ ...z)z(kz)(k)z(k ++= -100  

11.ʇʨʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦ ʾ ʬʫʥʢʮʽ ʾ ʧʨʠ 

ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ.  
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5. ʉʍɽʄʀ ɯʄʇʋʃʔʉʅʀʍ ʉʀʉʊɽʄ ʈɽɻʋʃʖɺɸʅʅʗ 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʅʆɰ ʉʍɽʄʀ ɯʄʇʋʃʔʉʅʀʍ ʉʀʉʊɽʄ 

ʈɽɻʋʃʖɺɸʅʅʗ 

 

[4], 5-11 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʽ ʤ̔ʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤ ʚʚʦʜʠʪʩɹʷ ʧʦʥʷʪʪ ̫ ʜ̔ʝʘʣʴʥʦʛʦ 

ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʘ (ɯɯɽ), ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʙʝʟʧʝʨʝʨʚʥʝ ʟʥʘʯʝʥʥ ̫ʚʭ̔ʜʥʦʛʦ 

ʩʠʛʥʘʣʫ e(t) ʚ ʨʝʰʪ̔ʯʘʪʫ ʬʫʥʢʮʽʁ 

[ ] |
ʇnTtʇ e(t)nTe

=
=   

ʇʦʪʽʤ ʨʝʰʽʪʯʘʪʘ ʬʫʥʢʮʽʷ [ ]ʇnTe  ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ 

(ʝʢʩʪʨʘʧʦʣʷʪʦʨʘ), ʷʢʠʡ ʟ ʦʢʨʝʤʠʭ ʜʠʩʢʨʝʪ ʬʦʨʤʫʻ ʨʝʘʣʴʥʽ ʽʤʧʫʣʴʩʠ ʟʘʜʘʥʦʾ 

ʬʦʨʤʠ ʽ ʪʨʠʚʘʣʦʩʪʽ. ɿôʻʜʥʘʥʥʷ ɯɯɽ ʟ ʝʢʩʪʨʘʧʦʣʷʪʦʨʦʤ ʫʪʚʦʨʶʻ ʨʝʘʣʴʥʠʡ 

ʽʤʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ. ɺʠʭʽʜ ʬʦʨʤʫʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʟôʻʜʥʘʥʠʡ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ ʘʙʦ 

ʮʠʬʨʦʚʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ. ʇʨʠ ʟôʻʜʥʘʥʥʽ ʬʦʨʤʫʚʘʯʘ ʟ ʙʝʟʧʝʨʝʨʚʥʦ ʁ

ʯʘʩʪʠʥʦʁ ʩʠʩʪʝʤʠ ʥʘ ʚʠʭʦʜ̔ ʦʩʪʘʥɹ ʦʛʦ ʬʦʨʤʫʪ̒ɹʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽ̫ . ɼʣʷ 

ʬʦʨʤʫʚʘʯʘ ʥʫʣɹʦʚʦʛʦ ʧʦʨʷʜʢʫ ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽ̫  ʚ ʥ̔ʪʝʨʚʘʣ ̔ʜʠʩʢʨʝʪʥʦʩʪ ̔

ʧʨʠʡʤʘ̒ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥ,̫ ʨʚ̔ʥʝ ʨʝʰʪ̔ʯʘʪʡ̔ ʬʫʥʢʮʽʾ ʥʘ ʧʦʯʘʪʢʫ ʥ̔ʪʝʨʚʘʣʘ 

ʜʠʩʢʨʝʪʥʦʩʪ.̔ ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʯ ʟôʜ̒ʥʫ ̒ɯɯɽ ʟ ʙʝʟʧʝʨʝʨʚʥʦ ʁʯʘʩʪʠʥʦʁ 

ʩʠʩʪʝʤʠ,  ̔ʧʨʦʮʝʩʠ ʫ ʥɹ ʦʤʫ ʦʧʠʩʫʁ ʪɹʩʷ ʥʘ ʦʩʥʦʚ ̔ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʃʘʧʣʘʩʘ (ʨʠʩ. 5.1,ʘ). 

ʗʢʱʦ ʚʠʭ̔ʜ ʬʦʨʤʫʚʘʯʘ ʟôʻʜʥʘʥʠʡ ʟ ʮʠʬʨʦʚʦ ʁ ʯʘʩʪʠʥʦʁ ʩʠʩʪʝʤʠ, ʪʦ 

ʥʝʦʙʭʜ̔ʥʦ ʚʚʝʩʪʠ ʱʝ ʦʜʠʥ ʤ̔ʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ (ʨʠʩ. 5.1,ʙ), ʷʢʠʡ ʫʟʛʦʜʠʚ ʙʠ 

ʚʠʭ̔ʜ ʬʦʨʤʫʚʘʯʘ (ʙʝʟʧʝʨʝʨʚʥʘ ʯʘʩʪʠʥʘ) ʟʽ ʚʭʦʜʦʤ ʜʠʩʢʨʝʪʥʦ ʾʯʘʩʪʠʥʠ. ɺ ʮʦɹʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʜʠʩʢʨʝʪʥʠʡ ʦʧʠʩʫʪ̒ɹʩʷ ʥʘ 

ʦʩʥʦʚ ̔Z-ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʚʘʯ ʤʦʞʝ ʘʙʦ ʟôʜ̒ʥʘʪʠ ʜʠʩʢʨʝʪʥʫ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ ʟ 

ʙʝʟʧʝʨʝʨʚʥʦ,ʁ ʘʙʦ ʙʫʪʠ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʁ ʜʠʩʢʨʝʪʥʦ ʾʩʠʩʪʝʤʠ. ɺ ʟʘʣʝʞʥʦʩʪ̔ 

ʚʽʜ ʬʫʥʢʮʡ̔ ʬʦʨʤʫʚʘʯʘ ʟʤ̔ʥʁ ʪ̒ɹʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥ ̫ʩʠʛʥʘʣʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜ̔,  ̔

ʚʠʢʦʨʠʩʪʦʚʫʶʪɹʩʷ ʜʚ ̔ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣ ̔(ʨʠʩ. 5.1): 

ï ʥʘ ʦʩʥʦʚ ̔ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ; 

ï ʥʘ ʦʩʥʦʚʳ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʘ) ѮѮȫ   
)(te  )(* te  )(te  

(s)Wɚ   

 

ʙ) ɯɯɽ  

][ ʇnTe  

ɯɯɽ   
)(te  )(* te  )(te  

(s)Wʬ   

 

ʈʠʩʫʥʦʢ 5.1 ï ʉʪʨʫʢʪʫʨʥ ̔ʩʭʝʤʠ ʤ̔ʧʫʣʴʩʥʠʭ ʝʣʝʤʝʥʪʚ̔: 

ʘ) ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽ̫  ʯʘʩʫ (ɯɯɽ ʧʝʨhʦʛʦ ʨʦʜʫ); 

ʙ) ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʨʽʰʽʪʯʘʪʘ ʬʫʥʢʮʽ̫  ʯʘʩʫ (ɯɯɽ ʜʨʫʛʦʛʦ ʨʦʜʫ). 

 

ʑʦʙ ʚʽʜʨʽʟʥʠʪʠ ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣ,̔ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨ̔ʟʥ̔ ʤʘʪʝʤʘʪʠʯʥ ̔

ʫʚ̫ʣʝʥʥ̫ , ʚʚʝʜʝʤʦ ʧʦʥʷʪʪ ̫ ɯɯɽ ʧʝʨhʦʛʦ  ̔ ʜʨʫʛʦʛʦ ʨʦʜʫ. ɺ ʜʠʩʢʨʝʪʥʦʤʫ 
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ʧʝʨʝʪʚʦʨʝʥʥʽ ʃʘʧʣʘʩʘ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩʷ ʝʢʩʪʨʘʧʦʣʷʪʦʨ ʧʝʨʦhʛʦ ʨʦʜʫ, ʚʠʭʦʜʦʤ 

ʷʢʦʛʦ  ̒ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽ̫  (ʨʠʩ.5.1,ʘ), ʘ ʧʨʠ Z-ʧʝʨʝʪʚʦʨʝʥʥ ̔ï ʝʢʩʪʨʘʧʦʣʷʪʦʨ 

ʜʨʫʛʦʛʦ ʨʦʜʫ, ʚʠʭʦʜʦʤ ʷʢʦʛʦ  ̒ʨʝʰ̔ʪʯʘʪʘ ʬʫʥʢʮʽ̫  (ʨʠʩ. 5.1,ʙ). 

ʇʨʠ ʩʪʚʦʨʝʥʥ ̔ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʥʘ ʦʩʥʦʚ ̔ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʃʘʧʣʘʩʘ (ɯɯɽ ʧʝʨhʦʛʦ ʨʦʜʫ) ʚʠʢʦʨʠʩʪʦʚʫʻʪɹʩʷ ʧʦʥʷʪʪ ̫ ŭ-ʬʫʥʢʮʽʾ  ̔ ɯɯɽ 

ʧʨʝʜʩʪʘʚʣʷʪ̒ɹʩʷ ʤʦʜʫʣʷʪʦʨʦʤ (ʙʣʦʢʦʤ ʤʥʦʞʝʥʥ̫ ), ʥʘ ʦʜʠʥ ʚʭʜ̔ ̫ʢʦʛʦ ʧʦʜʘʪ̒ɹʩʷ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ, ʘ ʥʘ ʜʨʫʛʠʡ ʚʭʜ̔ ï ʧʦʩʣʜ̔ʦʚʥʩ̔ʪʴ ŭ-ʬʫʥʢʮʽʾ (ʨʠʩ. 5.2). ʎʝ 

ʜʦʟʚʦʣʷ ̒ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜ̔ ʤʦʜʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʠʪʠ ʙʝʟʧʝʨʝʨʚʥʦ  ʁʬʫʥʢʮʽʻʶ, ʜʦ 

ʢ̫ʦʾ ʟʘʩʪʦʩʦʚʘʥʦ ʧʝʨʝʪʚʦʨʝʥʥ ̫ʃʘʧʣʘʩʘ. 

 

)nTe(t)ŭ(t ʇ-

)nTŭ(t ʇ-  

e(t) 

 
ʈʠʩʫʥʦʢ 5.2 ï ʇʨʝʜʩʪʘʚʣʝʥʥ ̫ ʜ̔ʝʘʣʴʥʦʛʦ ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʫ ʢ̫ ʤʦʜʫʣʷʪʦʨʘ 

 

ɺʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʴ ɯɯɽ ŭ-ʬʫʥʢʮʽʾ ʥʝ ʚʽʜʦʙʨʘʞʘ ̒ʨʝʘʣʴʥ ̔ʬ̔ʟʠʯʥ ̔ʧʨʦʮʝʩʠ, 

ʪʘʢ ʢ̫ ʥ̫̔ʢʠʡ ʝʣʝʤʝʥʪ ʥʝ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʙʝʟʢ̔ʥʝʯʥ ̔ʧʦ ʚʠʩʦʪʽ ʤ̔ʧʫʣʴʩʠ. ʆʜʥʘʢ 

ʧʨʠ ʪʘʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥ ̔ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽ̫  ʬʦʨʤʫʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ 

ʢʦʤʙʥ̔ʘʮ̔̒ ʶ ʪʠʧʦʚʠʭ ʣʘʥʦʢ, ʷʢʘ ʟô̒ ʜʥʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ̔ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʩʠʩʪʝʤ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʚ̔ ʚʽʜ ʬʦʨʤʫʚʘʯʘ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦ ʾ

ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʥʝ ʚʠʤʘʛʘʻ ʫʟʛʦʜʞʫʶʯʠʭ ʙʣʦʢʚ̔ ̔ ʧʦʩʣʜ̔ʦʚʥʝ ʟô̒ʜʥʘʥʥ ̫

ʬʦʨʤʫʚʘʯʘ  ̔ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʫʪ̒ɹʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʧʝʨʝʜʘʪʦʯʥʠʤʠ 

ʬʫʥʢʮʽ̫ ʤʠ 

s

e
(s)W

sT

ʬ

ʇ--
=

1
,  

ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦ ʾʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, ʦɦ ʩʧʨʦʫɦ ̒ʩʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ ʩʠʩʪʝʤʠ (ʨʠʩ. 5.3). 

 

ѮѮȫ  (s)Wɓ  

(s)Wɔɗ  

(s)Wɚ  

 

ʈʠʩʫʥʦʢ 5.3 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤ̔ʧʫʣʴʩʥʦ ʾʩʠʩʪʝʤʠ ʟ ɯɯɽ ʧʝʨhʦʛʦ ʨʦʜʫ 

 

ʆʩʦʙʣʠʚʦ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʥʘ ʨʠʩ. 5.3, ʢʦʣʠ ʤ̔ʧʫʣʴʩʥʘ 

ʩʠʩʪʝʤʘ ʢʦʨʠʛʫ̒ʪɹʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʢʦʨʠʛʫ ʯʁʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʘ ʪʨʠʚʘʣʽʩʪʴ 

ʤ̔ʧʫʣʴʩʫ ʜʦʨ̔ʚʥʁ  ̒ ʥ̔ʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʥʦʩʪ ̔ ʇT . 

ʗʢ ʚʽʜʦʤʦ, ʮʠʬʨʦʚ ̔ʩʠʩʪʝʤʠ ʢʦʤʧʝʥʩʫʶʪɹ ʪʨʠ ʩʢʣʘʜʦʚʽ ʧʦʤʠʣʦʢ: 

ï ʧʦʤʠʣʢʠ ʟʘʚʜʘʥʥ̫ ; 

ï ʧʦʤʠʣʢʠ ʧʝʨʝʪʚʦʨʝʥʥ̫  ʩʠʛʥʘʣʚ̔ ʟʚʦʨʦʪʥɹʦʛʦ ʟʚôʷʟʢʫ; 

ï ʧʦʤʠʣʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ ʚʠʢʦʥʫʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʦʤ. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ɦ ʦ ʚ ʩʪʨʫʢʪʫʨʥʡ̔ ʩʭʝʤ ̔ʥʘ ʨʠʩ. 5.3 ʢʦʤʧʝʥʩʫʪ̒ɹʩʷ ʪʣ̔ʴʢʠ 

ʩʢʣʘʜʦʚʘ ʧʦʤʠʣʢʠ ʟʘʚʜʘʥʥ̫ , ʚʦʥʘ ʯʘʩʪʦ ʥʘʚʦʜʠʪʩɹʷ ʚ ʪʝʭʥʯ̔ʥʡ̔, ʘ ʦʩʦʙʣʠʚʦ ʚ 

ʥʘʚʯʘʣʴʥ̔ʡ ʣ̔ʪʝʨʘʪʫʨ.̔ ʋʚʘʛʘ, ʷʢʘ ʚʽʜʚʝʜʝʥʘ ʮʡ̔ ʩʭʝʤʽ, ʘʙʩʦʣʶʪʥʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʰʠʨʝʥʥʶ ʾʾ ʬ̔ʟʠʯʥʠʭ ʘʥʘʣʦʛʚ̔. 

ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʮʽʻʾ ʩʭʝʤʠ  ̒ ʨʘʜ̔ʦʣʦʢʘʮʽʡʥʘ ʩʣʜ̔ʢʫʶʯʘ ʩʠʩʪʝʤʘ 

(ʩʠʩʪʝʤʘ ʩʣʽʜʢʫʚʘʥʥ̫  ʟʘ ʜʦʧʦʤʦʛʦʁ ʩʢʘʥʫʚʘʚʘʥʥ̫ ), ʱʦ ʟʜʽʡʩʥʶʻ ʧʦʨʽʚʥʷʥʥʷ 

ʚʝʣʠʯʠʥʠ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʟ ʧʦʩʣʘʥʠʤ ʩʠʛʥʘʣʦʤ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʊʘʢ ʢ̫ 

ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʟôʷʚʣʷʪ̒ɹʩʷ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ, ʪʦ ʪʨʘʝʢʪʦʨʽ̫  ʮ̔ʣ̔ ʤ̔ʞ ʜʚʦʤʘ 

ʚʽʜʣʽʢʘʤʠ ʥ̔ʪʝʨʧʦʣʶʻʪʴʩʷ ʧʦʩʣʜ̔ʦʚʥʠʤ ʘʥʘʣʦʛʦʚʠʤ ʢʦʨʠʛʫ ʯʁʠʤ ʧʨʠʩʪʨʦʻʤ, ɦʦ 

ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥ ̫ʮ̔ʣ̔ ʤ̔ʞ ʤʦʤʝʥʪʘʤʠ ʟʥʽʤʘʥʥʷ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʦʚʠʡ 

ʢʦʨʠʛʫ ʯʁʠʡ ʧʨʠʩʪʨʽʡ ʟô̒ʜʥʘʥʦ ʟ ʘʥʘʣʦʛʦʚʦ ʁ ʩʠʩʪʝʤʦ ʁ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʫʟʛʦʜʞʫʚʘʣʴʥʠʭ ʙʣʦʢʚ̔, ɦʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʥʡ̔ ʩʭʝʤ ̔ʨʠʩ. 5.3  ̔ʜʦʟʚʦʣʷʻ 

ʟʘʩʪʦʩʫʚʘʪʠ Z-ʧʝʨʝʪʚʦʨʝʥʥ̫  ʜʦ ʜʦʙʫʪʢʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʡ̔ ̔ʥʪʝʨʧʦʣʷʪʦʨʘ 

(ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʨʠʛʫ ʯʁʦʛʦ ʧʨʠʩʪʨʦʶ)  ̔ʦʙô̒ʢʪʫ ʨʝʛʫʣʚʁʘʥʥ̫ . 

ʌʦʨʤʫʚʘʯ ʤʦʞʝ ʟʘʧʘʤô̫ʪʘʪʠ ʤ̔ʧʫʣʴʩʠ ʥʘ ʚʝʩʴ ʥ̔ʪʝʨʚʘʣ ʇT , ʘ ʤʦʞʝ ʟʘʧʘʤô̫ʪʘʪʠ 

ʤ̔ʧʫʣɹʩʠ ʥʘ ʯʘʩʪʠʥ ̔ ʥ̔ʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʥʦʩʪ ̔ ʇT  ʥʘ ʯʘʩ t. ɸʣʝ ʷʢʱʦ ʤ̔ʧʫʣʴʩʠ 

ʜʦʩʪʘʪʥʦɹ ʚʫʟɹʢ̔, ʪʦ ʇT<<t . ʗʢʰʦ minT<<t  ( minT  ï ʥʘʡʤʝʥʰʘ ʟ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ 

ʧʝʨʝʜʘʪʦʯʥʦ ʾ ʬʫʥʢʮʽʾ (s)Wʥ  ʙʝʟʧʝʨʝʨʚʥʦ ʾ ʯʘʩʪʠʥʠ), ʪʦ ʨʝʘʢʮʽ̫  ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʚʁʘʥʥ̫  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʝ ʬʦʨʤʦ ʁ ʤ̔ʧʫʣʴʩʫ, ʘ ʡʦʛʦ ʧʣʦʱʠʥʦʁ, ʪ.ʙ. 

ʥ̔ʬʦʨʤʘʮʽ̫  ʚ ʪʘʢʦʤʫ ʩʠʛʥʘʣ ̔ʧʦʣʷʛʘʻ ʥʝ ʚ ʡʦʛʦ ʘʤʧʣ̔ʪʫʜ̔, ʘ ʚ ʡʦʛʦ ʧʣʦʱʠʥ.̔ 

ʇʝʨʝʭʜ̔ ʚʽʜ ŭ-ʬʫʥʢʮʽʾ ʜʦ ʾʾ ʧʣʦʠɦʥʠ ʙ̔ʣɹ  hʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʨʦʙʦʪʠ ʜ̔ʝʘʣʴʥʦʛʦ ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʥʘ ʚʭʜ̔ ̔ʜʝʘʣʴʥʦʛʦ 

ʤ̔ʧʫʣʴʩʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʜʘʪ̒ɹʩʷ ʥʝ ŭ-ʬʫʥʢʮʽ̫ , ̫ʢʘ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ɹʩʷ 

ʙʝʟʢ̔ʥʝʯʥʦ ʁʘʤʧʣʪ̔ʫʜʦ,ʁ ʘ ʧʣʦʱʠʥʘ ŭ-ʬʫʥʢʮʽʾ, ʷʢʘ, ʢ̫ ʚʽʜʦʤʦ, ʤʘʻ ʦʜʠʥʠʯʥʫ 

ʘʤʧʣʪ̔ʫʜʫ. ʎʝ ʧʦʣʦʞʝʥʥ ̫ ʨʦʙʠʪɹ ʙ̔ʣɹ  h ʢʦʨʝʢʪʥʦ ʁ ʤʦʜʝʣʴ ʤ̔ʧʫʣʴʩʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 5.2. 

ʇʨʠ ʩʪʚʦʨʝʥʥ ̔ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚ ̔ Z-ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪɹʩʷ ʧʦʥʷʪʪ̫  ʨʝʰʪ̔ʯʘʪʦ ʾ ʬʫʥʢʮʽ.ʾ ʅʘ ʨʠʩ.5.1.ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥ̫  ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʜʠʩʢʨʝʪʥʠʡ, ʘ ʥʘ ʨʠʩ. 5.4 

ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʠʩʢʨʝʪʥʦ ʾʩʠʩʪʝʤʠ ʟ ʤ̔ʧʫʣʴʩʥʠʤ ʝʣʝʤʝʥʪʦʤ ʜʨʫʛʦʛʦ ʨʦʜʫ 

( )Wʌ1 . ɺʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ ʜʠʩʢʨʝʪʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ  ̒ʨʝʰ̔ʪʯʘʪʘ ʬʫʥʢʮʽ̫  ̔ ʜʣʷ 

ʫʟʛʦʜʞʝʥʥ̫  ʜʠʩʢʨʝʪʥʦ ʾ ʯʘʩʪʠʥʠ ʟ ʙʝʟʧʝʨʝʨʚʥʦ ʁ ʧʦʪʨ̔ʙʝʥ ʜʨʫʛʠʡ 

ʟʘʧʘʤô̫ʪʦʚʫʯʁʠʡ ʝʣʝʤʝʥʪ ( )Wʌ2 . ʇʝʨʝʪʚʦʨʝʥʥʷ ʨʝh ʪ̔ʯʘʪʦ ʾ ʬʫʥʢʮ̔ʾ ʚ 

ʙʝʟʧʝʨʝʨʚʥʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦ ʨʟ̔ʥʠʤ ʟʘʢʦʥʘʤ, ʘʣʝ ʥʘʡʙ̔ʣɹ  h ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹ ʩʷ ʟʘʧʘʤô̫ʪʦʚʫʯʁʠʡ ʝʣʝʤʝʥʪ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

 

(s)Wʥ  

(s)Wʦʩ  

x(t)  Y(t)  
D(z) (s)Wʬ1  -  (s)Wʬ2  
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ɿ ʨʠʩ.5.4 ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʭʽʜ ʬʦʨʤʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ (s)Wʬ1  ʽ ʚʠʭʽʜ 

ʜʠʩʢʨʝʪʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ D(z) ʻ ʨʝʰʽʪʯʘʪʦʶ ʬʫʥʢʮʽʻʶ ʽ ʪʦʤʫ ʪʘʢʫ 

ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʢʦʣʠ ʢʦʨʝʢʮʽʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʜʠʩʢʨʝʪʥʠʤʠ ʢʦʨʠʛʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʗʢʱʦ ʚ ʬʦʨʤʫʶʯʠʭ ʝʣʝʤʝʥʪʘʭ ʚʭʜ̔ʥ̔ ʩʠʛʥʘʣʠ ʢʚʘʥʪʫʶʪʩʷ ʪʣ̔ʴʢʠ ʟʘ ʯʘʩʦʤ, 

ʪʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʤ̔ʧʫʣʴʩʥʦ.ʁ ʗʢʱʦ ʫ ʬʦʨʤʫʶʯʦʤʫ ʝʣʝʤʝʥʪ ̔

ʟʜʽʡʩʥʶʻʪɹʩʷ ʢʚʘʥʪʫʚʘʥʥ ̫ʟʘ ʨʽʚʥʝʤ ʽ ʯʘʩʦʤ, ʪʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ 

ʮʠʬʨʦʚʦ.ʁ 

ʂʚʘʥʪʫʚʘʥʥ ̫ʟʘ ʨ̔ʚʥʝʤ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʥʝʣʥ̔̔ʡʥʠʤʠ ʦʧʝʨʘʮʽ̫ ʤʠ. ɿ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʦɦ ʢʨʦʢ ʢʚʘʥʪʫʚʘʥʥ̫ , ʢ̫ ʧʨʘʚʠʣʦ, ʜʦʩʠʪʴ ʤʘʣʠʡ, ʪʦ, ʚ ʧʝʦhʤʫ 

ʥʘʙʣʠʞʝʥʥ,̔ ʢʚʘʥʪʫʚʘʥʥ ̫ ʧʦ ʨʚ̔ʥʶ ʥʝ ʚʨʘʭʦʚʫʻʪɹʩʷ. ʇʦʜʢʨʝʩʣʠʤʦ, ʦɦ ʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ ʨ̔ʚʥʝʤ  ̒ʚʠʤʫʝhʥʠʤ ʢʨʦʢʦʤ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ 

ʩʪʨʫʢʪʫʨʥ ̔ ʩʭʝʤʠ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ  ̔ ʤ̔ʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤ, ʟ ʜʠʩʢʨʝʪʥʦ ʁ

ʢʦʨʝʢʮʽʻ,ʁ ʙʫʜʫʪ ɹʟʙʽʛʘʪʠʩʷ,  ̔ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤ̔ʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤ ʙʫʜʫʪ ɹ

ʟʘʩʪʦʩʦʚʘʥʽ  ̔ʜʦ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʦɦ ʩʧʨʦʱʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ̔ʩʪʦʪʥʦ ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

ɼʣʷ ʩʧʨʷʞʝʥʥʷ ʤʽʢʨʦ ɽʆʄ (ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ D(z)) ʽ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʯʘʩʪʠʥʠ (ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ W(s)) ʫ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʚʚʦʜʷʪʴʩʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʚʝʣʠʯʠʥʠ ʚ 

ʜʠʩʢʨʝʪʥʫ (ɹ-ɼ) ʽ ʜʠʩʢʨʝʪʥʦʾ ʚʝʣʠʯʠʥʠ ʚ ʙʝʟʧʝʨʝʨʚʥʫ (ɼ-ɹ) ʨʠʩ. 5.5. 

 

 

ɹ-ɼ  ɼ-ɹ  

 

x(t)  Y(t)  ][te  ][1 te  ][1 te  

][tʮe  ][1 tʮe  

(s)Wʦʩ  

W(s)  D(z) 

 
ʈʠʩʫʥʦʢ 5.5 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ 

 

ʇʨʠ ʦʜʥʘʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤ̔ʧʫʣʴʩʥʠʭ ̔ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ, ʩʠʛʥʘʣʠ, ʱʦ 

ʜʽʶʪʴ ʚ ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʪʠʥʘʭ ʩʠʩʪʝʤʠ, ʧʝʨʝʜʘʶʪ ɹ ʥ̔ʬʦʨʤʘʮʽʁ , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʨ̔ʟʥ̔ ʧʨʠʥʮʠʧʠ. ɺ ʤ̔ʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʘʤʧʣʪ̔ʫʜʥʦ- ʤ̔ʧʫʣʴʩʥʦ ʁʤʦʜʫʣʷʮʽʻʶ 

ʥ̔ʬʦʨʤʘʮʽ̫  ʧʝʨʝʜʘʪ̒ɹʩʷ ʘʤʧʣʪ̔ʫʜʦ ʁ ʤ̔ʧʫʣʴʩʫ ʧʨʠ ʥʝʟʤʥ̔ʥ̔ʡ ʪʨʠʚʘʣʦʩʪ̔. ɺ 

ʤ̔ʧʫʣʴʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʰʠʨʦʪʥʦ- ʤ̔ʧʫʣʴʩʥʦ ʁʤʦʜʫʣʷʮʽʻʶ ʥ̔ʬʦʨʤʘʮʽ̫  ʤʽʩʪʠʪʴʩʷ 

ʚ ʪʨʠʚʘʣʦʩʪ̔ ʤ̔ʧʫʣʴʩʫ ʧʨʠ ʧʦʩʪʽʡʥ̔ʡ ʘʤʧʣʪ̔ʫʜ̔. ɺ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣ 

(t)Ůʮ1  ʚ ʜʠʩʢʨʝʪʥ ̔ ʤʦʤʝʥʪʠ ʯʘʩʫ ʧʝʨʝʜʘʪ̒ɹʩʷ ʢʦʜʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪɹʩʷ 

ʟʥʘʯʝʥʥʤ̫ ʨʝʰʪ̔ʯʘʪʦʛʦ ʩʠʛʥʘʣʫ. ʅʘ ʨʠʩ. 5.5 ʮ ̫ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠʚʝʣʘ ʜʦ ʨ̔ʟʥʠʭ 

ʧʦʟʥʘʯʝʥʴ ʩʠʛʥʘʣʚ̔ ʥʘ ʚʠʭʦʜʘʭ ʦʜʥʘʢʦʚʠʭ ʙʣʦʢʚ̔. 

ʊʘʢ ʢ̫ ̔ʤʧʫʣʴʩʥ ̔  ̔ʮʠʬʨʦʚ ̔ʩʠʛʥʘʣʠ ʜʣʷ ʧʝʨʝʜʘʯ ̔ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʨʝʨʚʥʫ 

ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʶʪɹ ʫʟʛʦʜʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʦ ʥ̔ʬʦʨʤʘʮʽʡʥʘ ʩʫʪʴ 

ʤ̔ʧʫʣʴʩʥʠʭ ̔ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʚ̔ ʦʜʥʘʢʦʚʘ. ʇʨʘʚʜʘ, ʤʢ̔ʨʦ ɽʆʄ ʢʨʤ̔ ʢʚʘʥʪʫʚʘʥʥ̫  

ʟʘ ʯʘʩʦʤ (ʢʨʦʢ ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ ʯʘʩʦʤ ʫ ʤ̔ʢʨʦ ɽʆʄ ʚʠʟʥʘʯʘʻʪɹʩʷ ʧʝʨʦ̔ʜʦʤ ʟʤ̔ʥʠ 

ʥ̔ʬʦʨʤʘʮʽʾ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʜʽʾ ʤʘʰʠʥʠ) ʟʜʽʡʩʥʶʻ ʱʝ ʡ ʢʚʘʥʪʫʚʘʥʥ ̫ʟʘ 
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ʨ̔ʚʥʝʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪɹʩʷ ʯʠʩʣʦʤ ʨʦʟʨʷʜʚ̔, ɦʦ ʟʘʜʘʶʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʯʠʩʝʣ. 

ʇʨʠʩʪʨʦ ʾ ʩʧʦʣʫʯʝʥʥ̫  ʙʝʟʧʝʨʝʨʚʥʦ ʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʟ ʜʠʩʢʨʝʪʥʦ ʁ

ʯʘʩʪʠʥʦʁ ʚ ʤ̔ʧʫʣʴʩʥʠʭ ̔ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʚʠʢʦʥʫʶʯʠ ʦʜʥʘʢʦʚ ̔ʬʫʥʢʮʽʾ, 

ʨʝʘʣʟ̔ʫʶʪ ɹ ʨ̔ʟʥ̔ ʬ̔ʟʠʯʥ ̔ʧʝʨʝʪʚʦʨʶʚʘʥʥ̫ . ɺ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʦʢ ʤ̔ʞ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʦʙô̒ʢʪʦʤ  ̔ ɽʆʄ ʟʜʽʡʩʥʶʻʪɹʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ɸʎʇ ̔ ʎɸʇ. (ɸʎʇ ï ʧʝʨʝʪʚʦʨʶʻ ʘʥʘʣʦʛʦʚʫ ʚʝʣʠʯʠʥʫ ʫ 

ʮʠʬʨʦʚʠʡ ʢʦʜ, ʘ ʎɸʇ ï ʮʠʬʨʦʚʠʡ ʢʦʜ ʚ ʘʥʘʣʦʛʦʚʫ ʚʝʣʠʯʠʥʫ). 

 
 

ȫȴȲ ȼȦȵ ȴɇôɩɐɘ 

Ȧȼȵ 

*x  
*u  

*y  

y  u  ȵT  

ȵT  

 
ʈʠʩʫʥʦʢ 5.6 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ 

 

ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦ ʾ ʩʠʩʪʝʤʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʦʟʥʘʯʝʥʥ̫ ʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.6. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʎʇ  ̔ʎɸʇ ʥʝʣʽʥʽʡʥʽ (ʨʠʩ. 5.7). 

 
 

y 

y*  

ȹ1 

1 

2 
3 

4 
5 

1 

2 

 

u 

u*  

ȹ2 

1 2 3 4 

 

 
ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 5.7 ï ʉʪʘʪʠʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʁʚʘʯʽʚ: 

ʘ) ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʎʇ; 

ʙ) ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʎɸʇ. 

 

ɸʣʝ ʷʢʰʦ ʨʦʟʨʷʜʥʩ̔ʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʩʪʘʪʥʦɹ ʚʝʣʠʢʘ (ʙʣ̔ɹ ʝh ʜʝʩʷʪʠ), ʪʦ 

ʥʝʣ̔ʥ̔ʡʥ̔ʩʪʶ ʭʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʦʮʥ̔ʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʝʨʝʜʘʯ ̔ɸʎʇ ʚʠʟʥʘʯʘʻʪɹʩʷ ʟʘ 

ʚʠʨʘʟʦʤ 
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1

1

ȹ
kɸʎʇ= ,  

 

ʜʝ 1ȹ ï ʧʨʠʨʽʩʪ ʘʥʘʣʦʛʦʚʦ ʾʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤ̔ʥ̔ ʚʠʭ̔ʜʥʦʛʦ ʟʥʘʯʝʥʥ̫  

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʜʠʩʢʨʝʪʥʫ ʦʜʠʥʠʮ.ʁ 

ʇʨʠ ʣʽʥʝʘʨʠʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎɸʇ (ʨʠʩ.5.7,ʙ) ʟʚôʷʟʦʢ ʚʭ̔ʜ-ʚʠʭ̔ʜ 

ʟʘʜʘʪ̒ɹʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʤ̫ 

 
**== uȹuku ʎɸʇ 2 ,  

 

ʚ ̫ʢʦʤʫ 2ȹ ï ʧʨʠʨʽʩʪ ʚʠʭ̔ʜʥʦʾ ʚʝʣʠʯʠʥʠ ʎɸʇ ʧʨʠ ʟʤʥ̔̔ ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʜʠʩʢʝʪʥʫ ʦʜʠʥʠʮ.ʁ 

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʝʨʝʜʘʯ ̔ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʨ̔ʚʥʁ  ̒

 

1

2

ȹ

ȹ
kk ʎɸʇɸʎʇ = .  

 

ʇʨʠ ʦʜʥʘʢʦʚʡ̔ ʨʦʟʨʷʜʥʦʩʪ ̔ʚʚʝʜʝʥʥʷ ɸʎʇ ̔ ʎɸʇ ʥʝ ʟʤʥ̔ʁ  ̒ʢʦʝʬ̔ʮ̔ ʥ̒ʪ 

ʧʦʩʠʣʝʥʥ̫  ʩʠʩʪʝʤʠ ʪʘʢ ʢ̫ 21 ȹȹ= . 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ʩ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥ ɹ

ʧʨʠ ʫʤʦʚ̔, ɦ ʦ 21 ȹȹ= , ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.5.8. 

ʤs
e
t-

 (s)Wʝʦ  (z)Wp  
u(z) x(z)  u(s) Y(s) 

ʇT  

(s)Wʦ  

W  
y(z) 

ʇT  

 
 

ʈʠʩʫʥʦʢ 5.8 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ 

 

ʅʘ ʩʭʝʤ ̔ʚʚʝʜʝʥ ̔ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥ̫ : 

(z)Wp  ï ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽ̫  ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʦʧʠʩʽ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥ̫  ʚ ʦʙʣʘʩʪ ̔ ʢʦʤʧʣʝʢʩʥʦ ʾ ʟʤ̔ʥʥʦʾ z; 

[ ]/ss)T((s)W ʇʝʦ --= exp1  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽ̫  ʝʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʴʦʚʦʛʦ 

ʧʦʨʷʜʢʫ ʧʨʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʇT ; )sŰ((s)W ʤŰ -=exp  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽ̫  

ʣʘʥʢʠ ʯʠʩʪʦʛʦ ʟʘʧʟ̔ʥ ʚʁʘʥʥ̫, ʚ ʢ̫ʦʤʫ ʤŰ ï ʯʘʩ ʦʙʯʠʩʣʝʥʥ̫  ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥ̫  

ɽʆʄ (ʤʘʰʠʥʥʠʡ ʯʘʩ); (s)Wo  ï ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽ̫  ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʦʙôʢ̒ʪʘ 

ʢʝʨʫʚʘʥʥ̫ . 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʠʩ.5.8 ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤ,̔ ʚ ʷʢʽʡ ɸʎʇ ʩʪʦʪʾɹ ʚ 

ʟʚʦʨʦʪʥʴʦʤʫ ʟʚʷʟʢʫ,  ̔ʥʘ ʝʣʝʤʝʥʪ ʧʦʨ̔ʚʥ̫ʥʥ̫  ʥʘʜʭʦʜʷʪɹ ʜʚʘ ʢʦʜʠ. ɺ ʩʪʨʫʢʪʫʨʥʡ̔ 

ʩʭʝʤ ̔ʨʠʩ.5.4 ɸʎʇ ʩʪʦʪʾɹ ʚ ʢʘʥʘʣ ̔ʧʦʤʠʣʢʠ,  ̔ʥʘ ʝʣʝʤʝʥʪ ʧʦʨ̔ʚʥ̫ʥʥ̫  ʥʘʜʭʦʜʷʪʴ 
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ʜʚʘ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʘ. ɺ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʚʁʘʥʥ̫ , ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʢʪʫʨ ̔

ʨʠʩ.5.4, ʢʦʤʧʝʥʩʫʶʪʩɹʷ ʪʣ̔ʴʢʠ ʧʦʤʠʣʢʠ ʤʘʪʝʤʘʪʠʯʠʭ ʧʝʨʝʪʚʦʨʶʚʘʥɹ, 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʦʤ. ɺ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʚʁʘʥʥ̫ , ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʢʪʫʨ ̔

ʨʠʩ.5.8, ʢʦʤʧʝʥʩʫʶʪʩɹʷ ʚʩ ̔ʩʢʣʘʜʦʚʽ ʧʦʤʠʣʦʢ: ʟʘʚʜʘʥʥ̫ , ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ  ̔

ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥɹ, ʚʠʢʦʥʫʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʦʤ. ʊʦʤʫ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚ ̔

ʩʠʩʪʝʤʠ ʨʝʘʣʟ̔ʫʶʪʩɹʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦ ʾʩʭʝʤʠ ʨʠʩ.5.8. 

 

ɯʄʇʋʃʔʉʅɸ ʇɽʈɽɼɸʊʆʏʅɸ ʌʋʅʂʎɯʗ ʈʆɿɯʄʂʅʋʊʆɰ ʉʀʉʊɽʄʀ, 

ɿɸʄʂʅʋʊʆɰ ʉʀʉʊɽʄʀ ɯ ʇʆʄʀʃʂʀ 

 

[3], 254-257 

 

ɿʘʟʚʠʯʘʡ ʎʉʂɽʇ ʙʫʜʫʶʪɹʩʷ ʥʘ ʦʩʥʦʚ ̔ ʚʠʢʦʨʠʩʪʘʥʥ̫  ʧʨʠʥʮʠʧʫ 

ʨʝʛʫʣʚʁʘʥʥ̫  ʟʘ ʚʽʜʭʠʣʝʥʥʷʤ ,̔ ʦʪʞʝ,  ̒ʩʠʩʪʝʤʘʤʠ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ 

ʟʚôʷʟʢʦʤ (ʨʠʩ. 5.9). ʋ ʟʚʷʟʢʫ ʟ ʮʠʤ ʧʨʝʜʩʪʘʚʣʷʪ̒ɹʩʷ ʜʦʮʽʣʴʥʠʤ ʚʠʟʥʘʯʠʪʠ 

ʤ̔ʧʫʣʴʩʥ ̔ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʨʦʟ̔ʤʢʥʫʪʦ ʾʩʠʩʪʝʤʠ )(zW , ʟʘʤʢʥʫʪʦ ʾʩʠʩʪʝʤʠ 

)(zF   ̔ʧʦʤʠʣʢʠ )(zE . 

W(P)
X(t)

X(p)

E(t)

E(p)

E*(t)

E*(p)

Y*(t)

Y*(p)
Y(t)

Y(p)

T

T

 
 

ʈʠʩʫʥʦʢ 5.9 ï ɿʘʤʢʥʫʪʘ ʣʥ̔̔ʡʥʘ ʜʠʩʢʨʝʪʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

 

ʄʦʞʥʘ ʯʽʪʢʦ ʜʦʚʝʩʪʠ, ʦɦ ʦʩʥʦʚʥ ̔ʟʚʷʟʢʠ ʤ̔ʞ )(zW , )(zF   ̔ )(zE  ʜʣʷ ʩʠʩʪʝʤ ʟ 

ʦʜʠʥʠʯʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ (ʨʠʩ. 5.9) ʟʘʣʠʰʘʶʪɹʩʷ ʪʘʢʠʤʠ ʞ, ʢ̫ ̔ ʫ ʚʠʧʘʜʢʫ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ, ʘ ʩʘʤʝ: 
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ʜʝ )()()( 111 --- += zBzAzC  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʥ̔ʦʤ ʨʦʟ̔ʤʢʥʫʪʦ ʾʩʠʩʪʝʤʠ; 
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ʉʣ̔ʜ ʟʘʟʥʘʯʠʪʠ, ʦɦ ʚʠʭ̔ʜʥʠʡ ʩʠʛʥʘʣ )(ty  ʚ ʩʭʝʤ,̔ ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 5.9,  ̒

ʙʝʟʧʝʨʝʚʥʦ ʁʬʫʥʢʮʽʻ,ʁ ʘ ʩʠʛʥʘʣ )(* py  ʪʘʢ ʩʘʤʦ, ʢ̫ ̔ ʩʠʛʥʘʣ )(zy , ʤʽʩʪʠʪɹ 

ʥ̔ʬʦʨʤʘʮʽʁ  ʪ̔ʣʴʢʠ ʫ ʜʠʩʢʨʝʪʥ ̔ʤʦʤʝʥʪʠ ʯʘʩʫ KTt= . ɼʣʷ ʪʦʛʦ, ʦɦʙ ʧʜ̔ʢʨʝʩʣʠʪʠ 

ʜʠʩʢʨʝʪʥʩ̔ʪʴ ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʘ ʚʠʭʦʜ̔ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʠʡ ʬ̔ʢʪʠʚʥʠʡ ʢʣʶʯ ʟ 

ʧʝʨ̔ʦʜʦʤ ʟʘʤʠʢʘʥʥ̫  .T  

ʇʨʠ ʚʠʚʯʝʥʥ ̔ʧʨʠʥʮʠʧʚ̔ ʧʦʙʫʜʦʚʠ ʎʉʂɽʇ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʩʧʦʣʫʯʝʥʥʷ 

ʦʙô̒ʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʣ̔ʥ̔ʡʥʦ ʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʟ ʮʠʬʨʦʚʦ ʁ

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʎɸʇ. 

ɺʠʟʥʘʯʠʤʦ ʩʧʦʯʘʪʢʫ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʬʽʢʩʘʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, 

ʱʦ ʟʜʽʡʩʥʶʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʪʨʠʚʘʣʽʩʪʶ .T  ɺʠʭ̔ʜʥʠʡ ̔ ʚʭ̔ʜʥʠʡ ʩʠʛʥʘʣʠ ʜ̔ʝʘʣʴʥʦʛʦ ʬʢ̔ʩʘʪʦʨʘ 

ʥʫʣɹʦʚʦʛʦ ʧʦʨʷʜʢʫ ʧʦʢʘʟʘʥ ̔ʥʘ ʨʠʩ. 5.10. ɯʤʧʫʣʴʩ )(txF  ʥʘ ʚʠʭʦʜ̔ (ʥʘʧʨʠʢʣʘʜ, 

ʦʜʠʥʠʯʥʦʾ ʚʠʩʦʪʠ) ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʷʢ ʨ̔ ʟʥʠʮʷ ʦʜʠʥʠʯʥʦʾ ʬʫʥʢʮʽʾ )(tx   ̔

ʦʜʠʥʠʯʥʦʾ ʬʫʥʢʮʽʾ )( Ttx - , ʟʩʫʥʫʪʦ ʾ ʥʘ ʦʜʠʥ ʧʝʨʦ̔ʜ ʢʚʘʥʪʫʚʘʥʥʷ ,T  ʪ.ʙ. 

).()()( Ttxtxtx --=F  
 

T 2T 3T0
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ʈʠʩʫʥʦʢ 5.10 ï ʆʜʠʥʠʯʥʠʡ ʤ̔ʧʫʣʴʩ ʥʘ ʚʭʦʜ ̔ʬ̔ʢʩʘʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ  ̔

ʨʝʘʢʮʽ̫  ʥʘ ʡʦʛʦ ʚʠʭʦʜ̔ 

 

ʇʝʨʝʪʚʦʨʝʥʥ ̫ʃʘʧʣʘʩʘ ʩʠʛʥʘʣʫ )(txF  ʜʦʨ̔ʚʥʁ  ̒

p

e
e

pp
tx

pT
pT

-
-

F

-
=-=

111
)(  (5.4) 

ʊʘʢ ̫ʢ ʧʝʨʝʪʚʦʨʝʥʥ ̫ ʃʘʧʣʘʩʘ d-ʬʫʥʢʮʽʾ ʥʘ ʚʭʦʜ ̔ ʬ̔ʢʩʘʪʦʨʘ ʜʦʨ̔ʚʥʁ  ̒

ʦʜʠʥʠʮ,̔ ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽ̫  ʬ̔ʢʩʘʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ, ʢ̫ 

ʚʽʜʥʦʰʝʥʥ ̫ ʧʝʨʝʪʚʦʨʝʥʠʭ ʧʦ ʃʘʧʣʘʩʫ ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʚʭ̔ʜʥʦʛʦ ʧʨʠ 

ʥʫʣɹʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʚʠʟʥʘʯʘʻʪɹʩʷ ʚʠʨʘʟʦʤ (5.4). 

ʊʦʜ ̔ʟʝʪ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ (ɿʇʌ) ʨʦʟ̔ʤʢʥʫʪʦ ʾʩʠʩʪʝʤʠ 

 

)].(
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e
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zy
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ʧʨʦ ʟʩʫʚ ʚ ʪʠʤʯʘʩʦʚʽʡ ʦʙʣʘʩʪ ̔(23) Z-ʧʝʨʝʪʚʦʨʝʥʥ ̫

ʯʠʩʝʣɹ ʥʠʢʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʬ̔ʢʩʘʪʦʨʘ ʤʦʞʥʘ ʚʠʥʝʩʪʠ ʟʘ ʜʫʞʢʠ. ʆʪʞʝ: 
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]
)(

[)1()( 1

p

pG
zzzW --=  (5.5) 

ʇʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ (5.2)  ̔ (5.3) ʟʘʧʠʩʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʠʥʠʯʥʦʛʦ 

ʟʚʦʨʦʪʥɹʦʛʦ ʟʚôʷʟʢʫ. ʗʢʱʦ ʚ ʣʘʥʮʶʟʽ ʟʚʦʨʦʪʥɹʦʛʦ ʟʚôʷʟʢʫ ʟʘʤʢʥʫʪʦ ʾʎʉʂɽʇ ̒ 

ʜʠʥʘʤʯ̔ʥʘ ʣʘʥʢʘ ʟ ʧʝʨʝʜʘʚʘʣʴʥʦ  ʁʬʫʥʢʮʽʻʶ )( pH , ʥʝ ʨʦʟʜ̔ʣʝʥʘ ʟ ʣʘʥʢʦʶ )( pG  

ʢʚʘʥʪʫʚʘʯʝʤ (ʨʠʩ. 5.11), ʪʦ ʚ ʮʦɹʤʫ ʚʠʧʘʜʢʫ: 

)(1

)(

)(

)(
)(

zWH

zw

zx

zy
z

+
==F  (5.6) 

W(P)
X(p) E(p) E*(p)

Y*(p)

Y(p)

T

T

Y1(p)
H(P)

 
 

ʈʠʩʫʥʦʢ 5.11 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦ ʾʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ʟ 

ʥʝʦʜʠʥʠʯʥʠʤ ɿɿ 

 

ɺʠʨʘʟ )(zWH  ʚ (5.6) ʦʟʥʘʯʘ,̒ ʦɦ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʩʧʦʯʘʪʢʫ ʨʝʟʫʣʴʪʫʶʯʫ 

ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʁ  )(/)( pHpG   ̔ʧʦʪ̔ʤ ʚʟʷʪʠ ʚʽʜ ʥʝʾ Z-ʧʝʨʝʪʚʦʨʝʥʥ,̫ ʪ.ʙ. 

)(zWH   ̒ )]()([ pHpGz . 

 

ʄɸʊɽʄɸʊʀʏʅʀʁ ʆʇʀʉ ɽʃɽʄɽʅʊɯɺ ʎʀʌʈʆɺʀʍ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ 

 

[8]; [5], 51-58 

 

ɺ ʧʨʦʛʨʘʤ ̔ Matlab ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʚ̔ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ̔ ʦʩʥʦʚʥ ̔ʙʣʦʢʠ: Zero-Order Hold, Unit Delay, 

Discrete-Time Integrator, Discrete Filter, Discrete Transfer Fcn, Discrete Zero-Pole, 

First-Orfer Hold. 

 

ɹʣʦʢ Zero-Order  Hold ʚʠʢʦʥʫʻ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ. 

ʇʘʨʘʤʝʪʨʳ: 

Sample time ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 

ɹʣʦʢ ʬʢ̔ʩʫ̒ ʟʥʘʯʝʥʥ ̫ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʦʯʘʪʢʫ ʥ̔ʪʝʨʚʘʣʘ ʢʚʘʥʪʫʚʘʥʥ̫  

 ̔ʧ̔ ʜʪʨʠʤʫʻ ʥʘ ʚʠʭʦʜ̔ ʮʝ ʟʥʘʯʝʥʥ ̫ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʽʥʪʝʨʚʘʣʘ ʢʚʘʥʪʫʚʘʥʥ̫. ʇʦʪʽʤ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʠʙʢʦʤ ʜʦ ʚʝʣʠʯʠʥʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʢʚʘʥʪʫʚʘʥʥʷ. 

ʅʘ ʨʠʩ. 5.12 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Zero-Order Hold ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ. 
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ʈʠʩʫʥʦʢ 5.12 ï ʇʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʣʦʢʫ Zero-Order Hold 

 

ɹʣʦʢ ʝʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ 

ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʜʠʩʢʨʝʪʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ 

ʢʚʘʥʪʫʚʘʥʥʷ. ʅʘ ʨʠʩ. 5.13 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʪʘʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Zero-

Order Hold. ʋ ʧʨʠʢʣʘʜʽ ʙʣʦʢ Discrete Transfer Fcn ʤʘʻ ʧʘʨʘʤʝʪʨ Sample time = 

0.4 , ʘ ʜʣʷ ʙʣʦʢʫ Discrete Filter ʮʝʡ ʞʝ ʧʘʨʘʤʝʪʨ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʥʠʤ 0.8. 

 
ʈʠʩʫʥʦʢ 5.13 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Zero-Order Hold ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 

ʨʦʙʦʪʠ ʜʠʩʢʨʝʪʥʠʭ ʙʣʦʢʽʚ 
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ɹʣʦʢ ʦʜʠʥʠʯʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʟʘʪʨʠʤʢʠ Unit Delay ʚʠʢʦʥʫʻ ʟʘʪʨʠʤʢʫ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʜʠʥ ʢʨʦʢ ʤʦʜʝʣʴʥʦʛʦ ʯʘʩʫ. 

ʇʘʨʘʤʝʪʨʠ: 

1. Initial condition ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

2. Sample time ï ʢʨʦʢ ʤʦʜʝʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʤʦʞʝ ʙʫʪʠ ʷʢ ʩʢʘʣʷʨʥʠʤ, ʪʘʢ  ̔ʚʝʢʪʦʨʥʠʤ. ʇʨʠ 

ʚʝʢʪʦʨʥʦʤʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʟʘʪʨʠʤʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʚʝʢʪʦʨʘ. ɹʣʦʢ ʧʽʜʪʨʠʤʫʻ ʨʦʙʦʪʫ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʽ ʜʽʡʩʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʅʘ ʨʠʩ. 5.14 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ ʜʣʷ ʟʘʪʨʠʤʢʠ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʜʠʥ ʯʘʩʦʚʠʡ ʢʨʦʢ, ʨʽʚʥʠʡ 0.1ʩ. 

 
ʈʠʩʫʥʦʢ 5.14 ï ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Unit Delay 

 

ɹʣʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ Discrete-Time Integrator ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʘʨʘʤʝʪʨʠ: 

1. Integration method ï ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

o Forward Euler ï ʧʨʷʤʠʡ ʤʝʪʦʜ ɽʡʣʝʨʘ. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʨʦʢʩʠʤʘʮʽʶ T/(z-1) ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 1/s. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

y(k) = y(kï1) + T*u(kï1), 

y ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʘʪʦʨʘ, 

u ï ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʘʪʦʨʘ, 

T ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, 

k ï ʥʦʤʝʨ ʢʨʦʢʫ ʤʦʜʝʣʶʚʘʥʥʷ. 

o Backward Euler ï ʟʚʦʨʦʪʥʠʡ ʤʝʪʦʜ ɽʡʣʝʨʘ. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʨʦʢʩʠʤʘʮʽʶ T*z/(zï1) ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 1/s. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

y(k) = y(kï1) + T*u(k). 

o Trapeziodal ï ʤʝʪʦʜ ʪʨʘʧʝʮʡ̔. 

ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʧʨʦʢʩʠʤʘʮʽʶ T/2*(z+1)/(zï1) ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 
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1/s. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

x(k) = y(kï1) + T/2 * u(kï1). 

2. Sample time ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 

 

ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʪʽ ʞ, ʱʦ ʽ ʫ ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʦʛʦ 

ʽʥʪʝʛʨʘʪʦʨʘ Integrator (ʙʽʙʣʽʦʪʝʢʘ Continuous). ɸ ʩʘʤʝ: 

-  External reset ï ɿʦʚʥʽʰʥʻ ʩʢʠʜʘʥʥʷ. ʊʠʧ ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʢʠʜʘʥʥʷ ʽʥʪʝʛʨʘʪʦʨʘ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ. ɺʠʙʠʨʘʻʪʴʩʷ ʟʽ 

ʩʧʠʩʢʫ: 

1. none ï ʥʝʤʘʻ (ʩʢʠʜʘʥʥʷ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ), 

2. rising ï ʥʘʨʦʩʪʘʶʯʠʡ ʩʠʛʥʘʣ (ʧʝʨʝʜʥʽʡ ʬʨʦʥʪ ʩʠʛʥʘʣʫ), 

3. falling ï ʩʧʘʜʘʶʯʠʡ ʩʠʛʥʘʣ (ʟʘʜʥʽʡ ʬʨʦʥʪ ʩʠʛʥʘʣʫ),  

4. either ï ʥʘʨʦʩʪʘʶʯʠʡ ʘʙʦ ʩʧʘʜʘʶʯʠʡ ʩʠʛʥʘʣ, 

5. level ï ʥʝ ʥʫʣʴʦʚʠʡ ʩʠʛʥʘʣ (ʩʢʠʜʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢʱʦ ʩʠʛʥʘʣ ʥʘ 

ʢʝʨʫʶʯʦʤʫ ʚʭʦʜʽ ʩʪʘʻ ʥʝ ʨʽʚʥʠʤ ʥʫʣʶ); 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʙʨʘʥʠʡ ʷʢʠʡ-ʥʝʙʫʜʴ (ʘʣʝ ʥʝ none) ʪʠʧ ʢʝʨʫʶʯʦʛʦ 

ʩʠʛʥʘʣʫ, ʪʦ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʙʣʦʢʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʢʝʨʫʶʯʠʡ ʚʭʽʜ. ʇʦʨʫʯ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʚʭʦʜʦʤ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

-  Initial  condition source ï ʜʞʝʨʝʣʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɺʠʙʠʨʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ: 

1. internal ï ʚʥʫʪʨʽʰʥʽʡ. 

2. external ï ʟʦʚʥʽʰʥʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʙʣʦʢʫ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʚʭʽʜ, ʧʦʟʥʘʯʝʥʠʡ x0, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʩʠʛʥʘʣ 

ʟʘʜʘʶʯʠʡ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʥʪʝʛʨʘʪʦʨʘ. 

-  Initial condition ï ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʥʪʝʛʨʘʪʦʨʘ. ʇʘʨʘʤʝʪʨ ʜʦʩʪʫʧʥʠʡ, ʷʢʱʦ ʦʙʨʘʥʝ 

ʚʥʫʪʨʽʰʥʻ ʜʞʝʨʝʣʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

-  Limit output (ʧʨʘʧʦʨʝʮʴ) ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

-  Upper saturation limit ï ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʄʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʷʢ ʯʠʩʣʦʤ, ʪʘʢ  ̔ʩʠʤʚʦʣʴʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ inf, ʪʦʙʪʦ 

+ . 

-  Lower saturation limit ï ʥʠʞʥ̔ʡ ʨʽʚʝʥʴ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʄʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʷʢ ʯʠʩʣʦʤ, ʪʘʢ  ̔ʩʠʤʚʦʣʴʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ inf, ʪʦʙʪʦ 

- . 

-  Show saturation port ï ʢʝʨʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʦʨʪʫ, ʱʦ ʚʠʚʦʜʠʪʴ ʩʠʛʥʘʣ, 

ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʭʽʜ ʽʥʪʝʛʨʘʪʦʨʘ ʥʘ ʦʙʤʝʞʝʥʥʷ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʜʘʥʦʛʦ ʧʦʨʪʫ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: 

1. ʅʫʣ,ɹ ̫ ʢʱʦ ʽʥʪʝʛʨʘʪʦʨ ʥʝ ʧʝʨʝʙʫʚʘʻ ʥʘ ʦʙʤʝʞʝʥʥʽ.  

2. +1, ʷʢʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʘʪʦʨʘ ʜʦʩʷʛ ʚʝʨʭʥʴʦʾ ʦʙʤʝʞʫʶʯʦʾ 

ʛʨʘʥʠʮʽ. 

3. -1, ʷʢʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʽʥʪʝʛʨʘʪʦʨʘ ʜʦʩʷʛ ʥʠʞʥʴʦʾ ʦʙʤʝʞʫʶʯʦʾ 

ʛʨʘʥʠʮʽ. 

-  Show state port (ʧʨʘʧʦʨʝʮʴ) ï ʚʽʜʦʙʨʘʟʠʪʠ / ʧʨʠʭʦʚʘʪʠ ʧʦʨʪ ʩʪʘʥʫ ʙʣʦʢʫ. 

ɼʘʥʠʡ ʧʦʨʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʽʥʪʝʛʨʘʪʦʨʘ ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʚ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʮʴʦʛʦ ʞ 
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ʽʥʪʝʛʨʘʪʦʨʘ. ʅʘ ʧʨʠʢʣʘʜ, ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽʡ 

ʧʦʨʪ ʘʙʦ ʧʨʠ ʩʢʠʜʘʥʥʽ ʽʥʪʝʛʨʘʪʦʨʘ ʯʝʨʝʟ ʧʦʨʪ ʩʢʠʜʘʥʥʷ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʟ ʮʴʦʛʦ ʧʦʨʪʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʝʨʦʚʘʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ. 

-  Absolute tolerance ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ. 

 

ʅʘ ʨʠʩ. 5.15 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʚʩʽ ʪʨʠ ʩʧʦʩʦʙʠ 

ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʙʣʦʢʫ Discrete-Time Integrator. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 

ʟʦʙʨʘʞʝʥʥʷ ʙʣʦʢʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʽʥʪʝʛʨʫʚʘʥʥʷ.  

 
ʈʠʩʫʥʦʢ 5.15 ï ɺʠʢʦʥʘʥʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʙʣʦʢʘʤʠ Discrete-Time Integrator, 

ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʨʽʟʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

 

ɹʣʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʬʽʣʴʪʨʘ Discrete Filter ʟʘʜʘʻ ʜʠʩʢʨʝʪʥʫ ʧʝʨʝʜʘʚʘʣʴʥʫ 

ʬʫʥʢʮʽʶ ʚʽʜ ʟʚʦʨʦʪʥʴʦʛʦ ʘʨʛʫʤʝʥʪʫ (1/z): 

, 

m+1 ʽ n+1 ï ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ. 

num ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ, 

den ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ. 

ʇʘʨʘʤʝʪʨʠ: 

1. Numerator ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ, 

2. Denominator ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ, 

3. Sample time ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 
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ʅʘ ʨʠʩ. 5.16 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Discrete Filter. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʙʣʦʢʫ ʤʦʜʝʣʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ: . 

ʂʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʙʨʘʥʠʡ ʨʽʚʥʠʤ 0.5 ʩ. 

 
ʈʠʩʫʥʦʢ 5.16 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Discrete Filter 

 

ɹʣʦʢ Discrete Transfer Fcn ʟʘʜʘʻ ʜʠʩʢʨʝʪʥʫ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʥʦʰʝʥʥʷ ʧʦʣʽʥʦʤʽʚ: 

, 

ʜʝ  

m+1 ʠ n+1 ï ʢʽʣʴʢʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ. 

num ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ, 

den ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ. 

ʇʘʨʘʤʝʪʨʳ: 

1. Numerator ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ, 

2. Denominator ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ, 

3. Sample time ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 

ʇʦʨʷʜʦʢ ʯʠʩʝʣʴʥʠʢʘ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʨʷʜʦʢ ʟʥʘʤʝʥʥʠʢʘ. 

ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʢʘʣʷʨʥʠʤ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʟʘʜʘʥʽ ʚʝʢʪʦʨʦʤ, ʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʣʦʢʫ ʙʫʜʝ 

ʩʢʘʣʷʨʥʠʤ (ʪʘʢʦʞ ʷʢ ʽ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ). ʅʘ ʨʠʩ. 5.17 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Discrete Transfer Fcn. ʋ ʧʨʠʢʣʘʜʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʝʘʢʮʽʷ ʥʘ 

ʦʜʠʥʠʯʥʠʡ ʩʪʫʧʽʥʯʘʪʠʡ ʚʧʣʠʚ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʢʦʣʠʚʘʣʴʥʦʾ ʣʘʥʢʠ: . 
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ʂʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʙʨʘʥʠʡ ʨʽʚʥʠʤ 0.5 ʩ. 

 
ʈʠʩʫʥʦʢ 5.17 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Discrete Transfer Fcn 

 

ɹʣʦʢ ʜʠʩʢʨʝʪʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ Discrete Zero-Pole ʚʠʟʥʘʯʘʻ 

ʜʠʩʢʨʝʪʥʫ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʽʟ ʟʘʜʘʥʠʤʠ ʧʦʣʶʩʘʤʠ  ̔ʥʫʣʷʤʠ: 

, 

ʜʝ  

Z ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʥʫʣʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, 

P ï ʚʝʢʪʦʨ ʧʦʣʶʩʽʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ, 

K ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʘʙʦ ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʱʦ ʥʫʣʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʟʘʜʘʥʽ ʤʘʪʨʠʮʝʶ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʘ K 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ ʥʫʣʽʚ. 

ʇʘʨʘʤʝʪʨʠ: 

1. Zeros ï ʚʝʢʪʦʨ ʘʙʦ ʤʘʪʨʠʮʷ ʥʫʣʽʚ. 

2. Poles ï ʚʝʢʪʦʨ ʧʦʣʶʩʚ̔. 

3. Gain ï ʩʢʘʣʷʨʥʠʡ ʘʙʦ ʚʝʢʪʦʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. 

4. Sample time ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 

ʂʽʣʴʢʽʩʪʴ ʥʫʣʽʚ ʥʝ ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʯʠʩʣʦ ʧʦʣʶʩʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ. 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʫʣʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʟʘʜʘʥʽ ʤʘʪʨʠʮʝʶ, ʪʦ 

ʙʣʦʢ Discrete Zero-Pole ʤʦʜʝʣʶʻ ʚʝʢʪʦʨʥʫ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ. 

ʅʫʣʽ ʘʙʦ ʧʦʣʶʩʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʢʦʤʧʣʝʢʩʥʠʤʠ ʯʠʩʣʘʤʠ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʫʣʽ ʘʙʦ ʧʦʣʶʩʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʘʥʽ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʤʠ ʧʘʨʘʤʠ 

ʧʦʣʶʩʽʚ ʘʙʦ ʥʫʣʽʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʣʦʢʫ Discrete Zero-Pole ʚʚʘʞʘʶʪʴʩʷ 
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ʥʫʣʴʦʚʠʤʠ. 

ʅʘ ʨʠʩ. 5.18 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ Discrete Zero-Pole. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʙʣʦʢʫ ʤʦʜʝʣʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ  

. 

ʂʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʙʨʘʥʠʡ ʨʽʚʥʠʤ 0.5 ʩ. 

 
ʈʠʩʫʥʦʢ 5.18 ï ɺʠʢʦʨʠʩʪʘʥʥ ̫ʙʣʦʢʫ Discrete Zero-Pole 

 

ɹʣʦʢ ʝʢʩʪʨʘʧʦʣʷʪʦʨʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ First -Order Hold ʟʘʜʘʻ ʣʽʥʽʡʥʫ 

ʟʤʽʥʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʪʘʢʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʫʪʠʟʥʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ʇʘʨʘʤʝʪʨʠ: 

Sample time ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ. 

ʇʨʠʢʣʘʜ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʮʠʤ ʙʣʦʢʦʤ ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 5.19. 
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ʈʠʩʫʥʦʢ 5.19 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʫ First-Order Hold 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ɸʎʇ ʚ ʧʘʢʝʪʽ Simulink. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʬʨʦʚʠʭ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʻ ʪʝ, ʱʦ ʟ ʤʝʪʦʶ ʟʜʝʰʝʚʣʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʦʜʠʥ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʜʦ ʷʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʟ ʜʘʪʯʠʢʽʚ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ, 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ). ʈʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʫ ɸʎʇ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʚʭʦʜʫ ɸʎʇ ʯʝʨʝʟ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ MUX ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʢʘʥʘʣ (ʨʠʩ. 5.20). ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʧʨʠ ʨʦʟʽʤʢʥʫʪʠʭ ʢʣʶʯʘʭ ʂ2  ̔ʂ3 ʯʝʨʝʟ ʟʘʤʢʥʫʪʠʡ ʢʣʶʯ ʂ1 ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʦʙʨʘʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʢʘʥʘʣʫ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʩʧʦʯʘʪʢʫ ʨʦʟʨʷʜʞʝʥʦʾ 

ʻʤʥʦʩʪʽ ʉʠ. ʏʘʩ ʟʘʨʷʜʫ ʻʤʥʦʩʪʽ ʉʠ ʯʝʨʝʟ ʢʣʶʯ ʂ1 ʥʘʟʠʚʘʶʪʴ ʯʘʩʦʤ ʚʠʙʽʨʢʠ. 

ʗʢʱʦ ʯʘʩ ʚʠʙʽʨʢʠ ʟʘʥʘʜʪʦ ʤʘʣʝʥʴʢʠʡ, ʻʤʥʽʩʪʴ ʉʠ ʥʝ ʟʘʨʷʜʠʪʴʩʷ ʜʦ ʨʽʚʥʷ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ. ʇʨʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʤʫ ʯʘʩʫ ʚʠʙʽʨʢʠ ʻʤʥʽʩʪʴ ʉʠ ʩʧʽʣʴʥʦ ʟ ʚʭʽʜʥʠʤ 

ʦʧʦʨʦʤ ʫʪʚʦʨʶʻ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʷʢʠʡ ʟʤʝʥʰʠʪʴ ʨʽʚʝʥʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʘʥʘʣʦʛʦʚʦʾ ʥʘʧʨʫʛʠ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʨʦʟʤʠʢʘʻʪʴʩʷ ʢʣʶʯ ʂ1  ̔ʨʦʟʤʠʢʘʻʪʴʩʷ ʢʣʶʯ ʂ2. ʅʘʧʨʫʛʘ, 

ʥʘʢʦʧʠʯʝʥʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʟʘʨʷʜʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʧʦʨʽʚʥʶʶʯʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʠʡ ʧʝʨʝʚʦʜʠʪʴ 

ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ. ʏʘʩ ʟʘʤʢʥʫʪʦʛʦ ʩʪʘʥʫ ʢʣʁʯʘ ʂ2 ʥʘʟʠʚʘʶʪʴ 

ʯʘʩʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʝʡ ʯʘʩ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʱʦʙ ʧʦʨʽʚʥʶʶʯʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʚʩʪʠʛ ʙʝʟ ʚʪʨʘʪ ʧʝʨʝʚʝʩʪʠ ʘʥʘʣʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ 

ʮʠʬʨʦʚʠʡ ʢʦʜ. ʆʜʥʘʢ ʧʨʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʤʫ ʯʘʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ 

ʩʘʤʦʨʦʟʨʷʜ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʢʦʜʫ. 
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MUX 

ʉʭʝʤʘ 

ʢʝʨʫʚʘʥʥ̫

 
ʇʦʨ̔ʚʥʁ ʯʁʠʡ 

ʧʝʨʝʪʚʦʨʁʚʘʯ  

ʂʦʜ 

AI0 

AI1 

AI2 

AI3 

AI4 

AI5 

AI6 

AI7 

ɺʭ̔ʜʥʘ 

ʥʘʧʨʫʛʘ  

ʉʠ 

ʂ1 
ʂ3 

Rʨ 

K2 

 

ʈʠʩʫʥʦʢ 5.20 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɸʎʇ 

 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʧʨʠ ʨʦʟʽʤʢʥʫʪʠʭ ʢʣʶʯʘʭ ʂ1  ̔ ʂ2 ʟʘʤʠʢʘʻʪʴʩʷ 

ʨʦʟʨʷʜʥʠʡ ʢʣʶʯ ʂɿ, ʛʦʪʫʶʯʠ ɸʎʇ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʝʡ ʯʘʩ 

ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʦʚʥʦʛʦ ʨʦʟʨʷʜʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʤʘʣʠʤ ʜʣʷ ʧʨʠʡʥʷʪʥʦʾ ʰʚʠʜʢʦʜʽʾ ɸʎʇ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ. 

ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ɸʎʇ ʽ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʫʪʚʦʨʶʶʪʴ ʦʢʨʝʤʽ 

ʙʣʦʢʠ, ʽ ʾʭ ʩʧʽʣʴʥʘ ʨʦʙʦʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʥʘʩʪʨʦʡʢʠ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʠʭ ʙʣʦʢʘʭ. ɺ ʦʩʥʦʚʥʦʤʫ, ʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʨʝʞʠʤʠ: 

ï ʧʨʦʛʨʘʤʥʝ ʦʧʠʪʫʚʘʥʥʷ ï ɸʎʇ ʧʦʚʥʽʩʪʶ ʢʝʨʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ; 

ï ʦʧʠʪʫʚʘʥʥʷ ʧʦ ʧʝʨʝʨʠʚʘʥʥʶ ï ɸʎʇ ʢʝʨʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʘʧʘʨʘʪʥʠʤ 

ʩʝʨʚʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (Peripheral Transaction Server). 

ʇʨʠ ʚʠʙʦʨʽ ʨʝʞʠʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

ï ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ; 

ï ʢʚʘʣʽʬʽʢʘʮʽʶ ʧʨʦʛʨʘʤʽʩʪʘ. 

ʐʚʠʜʢʦʜʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ, ʚʠʪʨʘʯʝʥʠʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʚ ʨʝʛʫʣʷʪʦʨʘʭ ʪʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ. 

ʇʨʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʥʘ ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʧʨʷʤʠʤ 

ʟʘʧʠʩʦʤ ʢʝʨʫʶʯʦʛʦ ʩʣʦʚʘ ʚ ʧʦʨʪʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʦʜʫ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

ʧ̔ ʜʢʣʶʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʢʘʥʘʣ ʜʦ ʚʭʦʜʫ ɸʎʇ, ʯʘʩ ʢʦʤʫʪʘʮʽʾ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 

5 ʤʢʩ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʮʴʦʛʦ ʯʘʩʫ ɸʎʇ ʛʦʪʦʚʠʡ ʜʦ ʨʦʙʦʪʠ. ɿʘʧʫʩʢ ɸʎʇ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʦʚʦʛʦ ʢʦʜʫ, ʟʘ ʷʢʠʤ ɸʎʇ ʟʜʽʡʩʥʶʻ ʚʠʙʽʨʢʫ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʇʽʜ ʯʘʩ ʚʠʙʽʨʢʠ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʝʪʘʣʦʥʥʦʾ ʻʤʥʦʩʪʽ, ʘ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ. ɼʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 8ʭʉ196ʄʅ ʯʘʩ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʫ ʢʦʤʫʪʘʮʽʾ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʯʘʩʫ 

ʚʠʙʽʨʢʠ ʽ ʯʘʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʪʘʥʦʚʠʪʴ 30 ʤʢʩ. 

ʋ ʨʝʞʠʤʽ çʆʧʠʪʫʚʘʥʥʷ ʧʦ ʧʝʨʝʨʠʚʘʥʥʶè ʦʮʠʬʨʦʚʘʥʽ ʜʘʥʽ ʘʩʠʥʭʨʦʥʥʦ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʟ ʧʦʧʝʨʝʜʥʴʦ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ ʚʠʙʽʨʢʠ ʽ 

ʟʘʧʽʟʥʝʥʥʷʤ 30 ʤʢʩ ʚʠʩʪʘʚʣʷʻ ʙʽʪ ʛʦʪʦʚʥʦʩʪʽ. ɼʘʥʽ ʟ ɸʎʇ ʚ ʤʽʢʨʦʧʨʦʮʝʩʦʨ 
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ʥʘʜʭʦʜʷʪʴ ʘʩʠʥʭʨʦʥʥʦ ʟ ʟʘʧʽʟʥʝʥʥʷʤ ʱʦ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ, ʘʣʝ ʥʝ ʥʘ 

ʙʘʛʘʪʦ, ʯʘʩ 30 ʤʢʩ. ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ 

ʧʦʪʨʽʙʥʘ ʩʢʣʘʜʥʘ ʧʨʦʛʨʘʤʘ. 

ʊʘʢʠʡ ʨʝʞʠʤ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, ʟʘʧʽʟʥʶʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʝ, ʧʨʦʪʝ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʷ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʘ ʽ ʚʠʤʘʛʘʻ ʚʽʜ ʧʨʦʛʨʘʤʽʩʪʘ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ʈʝʞʠʤ çʇʨʦʛʨʘʤʥʝ ʦʧʠʪʫʚʘʥʥʷè ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ: 

ʦʮʠʬʨʦʚʘʥʽ ʜʘʥʽ ʟ ɸʎʇ ʚ ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʥʘʜʭʦʜʷʪʴ ʩʠʥʭʨʦʥʥʦ ʟ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʠʤ ʪʘʢʪʦʤ ʇT . ʊʘʢ ʷʢ ʇT >>30 ʤʢʩ, ʪʦ ʰʚʠʜʢʦʜʽʷ ʩʠʩʪʝʤʠ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʟʤʝʥʰʠʪʴʩʷ, ʽ ʩʠʥʭʨʦʥʥʘ ʨʦʙʦʪʘ ʚʩʽʭ ʨʝʛʽʩʪʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʧʨʦʩʪʦʶ 

ʧʨʦʛʨʘʤʦʶ. 

 

 
ʈʠʩʫʥʦʢ 5.21 ï ʉʠʛʥʘʣʠ ʥʘ ʚʭʦʜ ̔  ̔ʚʠʭʦʜ̔ ɸʎʇ 

 

ɻʨʘʬʽʢʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʨʦʙʦʪʫ ɸʎʇ ʚ ʨʝʞʠʤʽ çʇʨʦʛʨʘʤʥʦʛʦ 

ʦʧʠʪʫʚʘʥʥʷè ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.21. ɸʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʩʪʨʫʤʫ (ʢʨʠʚʘ 1) ʽ 

ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ (ʢʨʠʚʘ 2) ʢʚʘʥʪʫʶʪʴʩʷ ʟʘ ʯʘʩʦʤ ʽ ʟʘ 

ʨʽʚʥʝʤ (ʢʨʠʚʽ 3 ʽ 4). 

ʇʨʠʯʦʤʫ, ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʢʣʶʯʽʚ ʂʃɿ  ̔ ʂʃʏ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢ, ʱʦ 

ʮʠʬʨʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʩʪʨʫʤʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ɸʎʇʇ TT + , ʘ ʮʠʬʨʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ï ʯʝʨʝʟ ɸʎʇʇ TT2 + . ɿ ʨʠʩ. 5.21 ʚʠʜʥʦ, ʱʦ ʯʘʩʪʦʪʘ ʦʧʠʪʫʚʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʨʝʛʽʩʪʨʽʚ ɸʎʇ ʚ ʜʚʘ ʨʘʟʠ ʚʠʱʝ ʟʤʽʥʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʠʭ ʨʝʛʽʩʪʨʘʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʚ ɸʎʇ ʥʘ ʨʠʩ. 5.22 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ɸʎʇ, ʩʢʣʘʜʝʥʘ ʟ ʙʣʦʢʽʚ MatLab. ɸʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ ʩʪʨʫʤʫ 

ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ 1 (Switch1), ʘ ʘʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʯʝʨʝʟ 

ʢʦʤʫʪʘʪʦʨ 2 (Switch2) ʧʦʜʘʶʪʴʩʷ ʥʘ ʙʣʦʢʠ ʟʘʪʨʠʤʢʠ (Unit Delay), ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻ ʟʘʪʨʠʤʢʫ ʥʘ ʯʘʩ 4/mT . ʊʘʢ ʷʢ ʜʚʘ ʙʣʦʢʠ ʟʘʪʨʠʤʢʠ ʚʢʣʶʯʝʥʽ 
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ʧʦʩʣʽʜʦʚʥʦ, ʪʦ ʟʘʪʨʠʤʢʘ ʥʘ ʚʠʭʦʜʘʭ ʢʘʥʘʣʽʚ ʩʪʨʫʤʫ ʪʘ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʙʫʜʝ 

ʧʦʜʚʦʻʥʘ. ʇʦʩʣʽʜʦʚʥʦ ʟ ʙʣʦʢʘʤʠ ʟʘʪʨʠʤʢʠ ʧʦ ʢʦʞʥʦʤʫ ʢʘʥʘʣʫ ʚʢʣʶʯʝʥʠʡ ʙʣʦʢ 

ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ (Transport Delay), ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ɸʎʇ. ɹʣʦʢ ʦʢʨʫʛʣʝʥʥʷ (Rounding Function) ʽʤʽʪʫʻ ʢʚʘʥʪʫʚʘʥʥʷ ʧʦ ʨʽʚʥʶ. 

ɻʝʥʝʨʘʪʦʨ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ (Pulse Generator) ʛʝʥʝʨʫ ̒ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʽ ʩʢʚʘʞʥʦʩʪʶ 50% ̔  ʧʝʨʽʦʜʦʤ ʇT2 . 

 

ʂʘʥʘʣ ʩʪʨʫʤʫ

ʂʘʥʘʣ ʢʫʪʦʚʦʾ hʚʠʜʢʦʩʪ̔

 
ʈʠʩʫʥʦʢ 5.22 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ, ʩʢʣʘʜʝʥʘ ʚ ʧʘʢʝʪʽ Simulink ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʚ̔ Rounding 

 

 
ʈʠʩʫʥʦʢ 5.23 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʚ̔ Encode 
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ʅʘ ʨʠʩ. 5.23 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʣʦʢʽʚ Encode. ʅʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʫ Encode ʜʦʟʚʦʣʷʶʪʴ ʚʚʝʩʪʠ ʚ ʨʦʟʨʘʭʫʥʦʢ 

ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠ ɸʎʇ (ʚʭʽʜʥʘ ʥʘʧʨʫʛʘ  ̔ ʯʠʩʣʦ ʙʽʪ ʥʘ ʾʾ 

ʧʦʜʘʥʥʷ). ʎʝ, ʧʦ-ʧʝʨʰʝ, ʟʤʽʥʶʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ 

ʥʘʙʣʠʞʘʻ ʤʦʜʝʣʴ ʜʦ ʬʽʟʠʯʥʦʛʦ ʘʥʘʣʦʛʫ, ʘ, ʧʦ-ʜʨʫʛʝ, ʚʠʤʘʛʘʻ ʫʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ ʮʠʬʨʦʚʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʟ ʘʥʘʣʦʛʦʚʦʶ 

ʯʘʩʪʠʥʦʶ. 

ʅʘ ʨʠʩ. 5.24 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʱʝ ʦʜʠʥ ʚʘʨʽʘʥʪ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʽʚ Fcn. 

 
 

ʈʠʩʫʥʦʢ 5.24 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɸʎʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʚ̔ Fcn 

 

ɺʭʽʜʥʽ ʢʘʥʘʣʠ ʩʪʨʫʤʫ ʽ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʽʚ 

Switch, Memory  ̔Rounding Function ʧʨʘʮʶʶʪʴ ʽʜʝʥʪʠʯʥʦ ʽ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʚʠʭʽʜʥʠʤʠ ʙʣʦʢʘʤʠ ɸʎʇ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 5.22  ̔5.23. ɹʣʦʢ 

Fcn ʟʜʽʡʩʥʶʻ ʚʠʙʽʨʢʫ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʥʘ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʥʦʩʪʽ. 

ʂʦʥʩʪʘʥʪʘ (ʚʭʜ̔ u[2]), ʜʦʜʘʥʘ ʜʦ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ, ʟʤʽʥʶʻ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʭʽʜʥʠʭ ʨʝʛʽʩʪʨʘʭ ɸʎʇ. ʗʢʱʦ ʚʭʽʜ u[2] ʟʚ'ʷʟʘʪʠ ʟ ʜʝʷʢʦʶ 

ʬʫʥʢʮʽʻʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʦʤʝʥʪ ʚʠʙʽʨʢʠ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʨʠʩ. 5.24 ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʠʡ ʟʚ'ʷʟʦʢ ɸʎʇ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ ʽ ʚʽʜ 

ʨʝʞʠʤʫ çʇʨʦʛʨʘʤʥʝ ʦʧʠʪʫʚʘʥʥʷè ʧʝʨʝʡʪʠ ʜʦ ʨʝʞʠʤʫ çʅʘʩʪʨʦʡʢʘ ɸʎʇ ʧʦ 

ʧʝʨʝʨʠʚʘʥʥʶè. 

ɺʠʢʣʶʯʝʥʥʷ ʙʣʦʢʽʚ Rounding  ̔Encoder ʚʠʢʣʶʯʘʻ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʽ 

ʩʠʩʪʝʤʘ ʩʪʘʻ ʣʽʥʽʡʥʦʶ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ ʚ ʧʘʢʝʪʽ 

Control System Toolbox, ʱʦ ʜʦʟʚʦʣʷʻ, ʧʦ-ʧʝʨʰʝ, ʟʘʩʪʦʩʫʚʘʪʠ ʚʩʽ ʢʦʤʘʥʜʠ ʧʘʢʝʪʘ 

Control System Toolbox ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʩʠʩʪʝʤ, ʘ, ʧʦ-ʜʨʫʛʝ, ʧʦʨʽʚʥʷʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤ ʚ ʜʚʦʭ ʧʘʢʝʪʘʭ Simulink  ̔Control System Toolbox 

ʽ ʦʮʽʥʠʪʠ ʝʬʝʢʪ ʢʚʘʥʪʫʚʘʥʥʷ ʧʦ ʨʽʚʥʶ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 8xC196MH (ʨʠʩ. 5.25) ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʪʨʠʬʘʟʥʠʤʠ ʘʩʠʥʭʨʦʥʥʠʤʠ 

ʜʚʠʛʫʥʘʤʠ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʶ ʪʨʠʬʘʟʥʦʶ ʩʠʩʪʝʤʦʶ 

ʽʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʤ ʤʦʜʫʣʷʪʦʨʦʤ. ʇʨʠʯʦʤʫ, 
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ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʪʠ ʯʘʩʪʦʪʫ  ̔ʩʢʚʘʞʥʽʩʪʴ ʧʦʷʚʠ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʟ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 0,125 ʤʢʩ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ʐɯʄ). ʂʨʽʤ 

ʪʦʛʦ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 8xC196MH ʤʽʩʪʠʪʴ ʰʚʠʜʢʦʜʽʶʯʠʡ 32-x ʙʽʪʥʠʡ 

ʘʨʠʬʤʝʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʤʥʦʞʝʥʥʷ ʜʚʦʭ 16-ʪʠ ʙʽʪʦʚʠʭ ʩʣʽʚ ʟʘ 

1,75 ʤʢʩ ʽ ʜʽʣʝʥʥʷ 32-x ʙʽʪʦʚʦʛʦ ʦʧʝʨʘʥʜʘ ʥʘ 16-ʪʠ ʙʽʪʦʚʝ ʩʣʦʚʦ ʟʘ 3 ʤʢʩ. ʊʘʢʦʞ 

ʚ ʧʨʦʮʝʩʦʨʽ 8xC196MH ʻ 8-ʤʠ ʢʘʥʘʣʴʥʠʡ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʯʘʩʫ ʚʠʙʽʨʢʠ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

 

ɿʦʚʥ̔h ʥ̒ 

ʧʝʨʝʨʠʚʘʥʥ̫

ʆʙʨʦʙʥʠʢ 

ʧʝʨʝʨʠʚʘʥɹ

ʉʪʦʨʦʞʦʚʠʡ 

ʪʘʡʤʝʨ 

(Watchdog)

ʂʦʥʪʨʦʣʝʨ 

ʢʝʨʫʚʘʥʥ̫ 

ʧʝʨʠʬʝʨ̔ʡʥʠʤʠ 

ʧʨʠʣʘʜʘʤʠ

32-ʭ ʙ̔ʪʥʠʡ 

ʮʝʥʪʨʘʣɹʥʠʡ 

ʧʨʦʮʝʩʦʨ

ɸʧʘʨʘʪʥʠʡ 

ʢʦʥʪʨʦʣʝʨ 

ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩ̔ʚ 

ʧʘʤô̫ʪ̔

ʉʠʛʥʘʣ 

ʢʝʨʫʚʘʥʥ̫

ɹ̔ʪʠ 0-7

ɹ̔ʪʠ 8-15

8-10 ʙ̔ʪ 

ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʠʡ 

ʧʝʨʝʪʚʦʨʁ ʚʘʯ 

(ɸʎʇ)

ʇʦʩʣ̔ʜʦʚʥʠʡ 

ʚʚ̔ʜ/ʚʠʚ̔ʜ
ʊʘʡʤʝʨʠ ʇʨʦʮʝʩʦʨ 

ʦʙʨʦʙʢʠ 

ʧʦʜ̔ʡ

3-ʭ ʬʘʟʥʠʡ 

ʛʝʥʝʨʘʪʦʨ 

ʤ̔ʧʫʣɹʩ̔ʚ

ʌʦʨʤʫʚʘʯ 

ʐɯʄ

ʄʫʣɹʪʠʧʣʝʢʩʦʨ

ɸʥʘʣʦʛʦʚ̔ 

ʩʠʛʥʘʣʠ

ʇʦʩʣ̔ʜʦʚʥʠʡ 

ʚʚ̔ʜ/ʚʠʚ̔ʜ
2 çʟʘɦ ʝʣʢʠè ̔ 4 

ʢʦʤʧʘʨʘʪʦʨʘ

ɻʝʥʝʨʘʪʦʨ ̔ʤʧʫʣɹʩ̔ʚ

 
ʈʠʩʫʥʦʢ 5.25 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʢ̔ʨʦʢʦʥʪʨʦʣʝʨʘ 

 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʠ, ʧʽʩʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʠʙʦʨʫ ʩʭʝʤʠ ɸʎʇ, ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʪʦʪʠ (ʧʝʨʽʦʜʫ) ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʠʷʚʣʷʶʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (0õ¤). ʇʨʠ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʽʦʜʫ ʢʚʘʥʪʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʇT  ʧʦʟʙʘʚʣʝʥʝ ʩʝʥʩʫ, ʪʘʢ ʷʢ ʇT  ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ 

(ʯʘʩʪʦʪʘ ʚʠʙʽʨʢʠ ʜʦ ʙʝʟʢʽʥʝʯʥʦʩʪʽ). ʊʦʤʫ ʩʣʽʜ ʦʙʤʝʞʠʪʠ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ 

ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ.  

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʥʠʯʥʦʾ 

ʯʘʩʪʦʪʠ ʛʨɤ , ʷʢʫ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ 

ʃɸʏʍ, ʟʥʘʭʦʜʷʯʠ ʢʨʘʡʥʶ ʪʦʯʢʫ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʯʘʩʪʦʪ. ɼʣʷ ʩʠʩʪʝʤ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʛʨɤ  ʧʦʚôʷʟʘʥʘ ʟ ʤʘʣʠʤʠ ʥʝ ʢʦʤʧʝʥʩʫʻʤʠʤʠ 

ʧʦʩʪʽʡʥʠʤʠ ʯʘʩʫ mT , ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʩʽʭ ʙʣʦʢʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ. ɹʽʣʴʰʫ ʯʘʩʪʠʥʫ mT  

ʩʢʣʘʜʘʻ ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ 

ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʪʘ ʩʭʝʤʦʶ ʟôʻʜʥʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ. ɼʣʷ ʥʘʡʙʽʣʴʰ 
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ʨʦʟʧʦʚʩʶʜʞʝʥʦʾ 6-ʽʤʧʫʣʴʩʥʦʾ ʩʭʝʤʠ mT  ʽ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ 0f  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ 

 

c,
fk

Tɛ 00330
506

11
=

Ö
=º ,  3000033010 == ,/f  ɻʮ. 

 

ʜʝ k  ï ʯʠʩʣʦ ʽʤʧʫʣʴʩʽʚ ʟʘ ʧʝʨʽʦʜ; f  ï ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ ʚ ɻʮ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʚʠʭʦʜʠʪʠ ʽʟ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ 

(
ʩ
ʨ

190030028,6f2 0ɻʈ ºÖ==pw ), ʥʝ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʧʝʨʝʰʢʦʜʠ, ʩʧʦʪʚʦʨʶʶʯʠ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ, ʽ ʚʚʘʞʘʪʠ ʨʦʙʦʪʫ ɸʎʇ ʽʜʝʘʣʴʥʦʶ 

(ɸʎʇ ʥʝ ʚʥʦʩʠʪʴ ʬʘʟʦʚʠʭ ʟʘʧʽʟʥʝʥʴ), ʪʦ ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ Sf  

ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 600 ɻʮ (0S f2f ² ). ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ 

ʚʥʝʩʪʠ ʩʫʪʪʻʚʽ ʧʦʤʠʣʢʠ ʚ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʷʢʠʭ ʥʘ ʚʭʦʜʽ ɸʎʇ ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʬʽʣʴʪʨ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʠʩʪʝʤʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʨʠʩ. 5.26 (ɸʎʇ 

ʢʦʤʫʪʫʻ ʜʚʘ ʢʘʥʘʣʠ), ʪʦ ʯʘʩʪʦʪʘ ʢʦʤʫʪʘʮʽʾ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʦʚʠʥʥʘ 

ʩʢʣʘʜʘʪʠ 1200 ɻʮ ( ʩT/Tɛ
6

1 108004 -Öº= ). ɿ ʪʘʢʦʶ ʞ ʯʘʩʪʦʪʦʶ ʧʦʚʠʥʝʥ 

ʧʨʘʮʶʚʘʪʠ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ, ʘ ʟʤʽʥʘ ʜʘʥʠʭ ʧʦ ʢʦʞʥʦʤʫ ʢʘʥʘʣʫ ʧʦʚʠʥʥʘ 

ʩʢʣʘʜʘʪʠ 600ɻʮ ( ʩ,/Tɛ 001602º ). 

 
MX  

z

z 1-
 

X(t)  

X(s) 

2  

1 
(z)Wpʪ  -  

Demux 

X(z) 

1ʂʃ  

(z)Wpʩ  (s)W01  
2ʂʃ  

(s)W02  -  

ɸʎʇ  

Y  

3ʂʃ  4ʂʃ  

2/mT  4/mT  

q(z)  

I(z)  Mux 

1 

2  

1  

2  

 
ʈʠʩʫʥʦʢ 5.26 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦʢʦʥʪʫʨʥʦ ʾʩʠʩʪʝʤʠ ʨʝʛʫʣʚʁʘʥʥ̫: 

(s)W01 , (s)W02  ï ʧʝʨʝʜʘʪʦʯʥ ̔ʬʫʥʢʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦ ʾʯʘʩʪʠʥʠ; 

(z)Wpc , (z)Wʨʪ  - ʧʝʨʝʜʘʪʦʯʥ ̔ʬʫʥʢʮʽʾ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʚ̔ hʚʠʜʢʦʩʪʽ ʽ 

ʩʪʨʫʤʫ; 

MUX, DEMUX ï ʙʣʦʢʠ ʢʦʤʫʪʘʮʽʾ. 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘ ʚʠʙʽʨ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʢʨʽʤ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ (ʪʠʧ ɸʎʇ, ʯʘʩ ʚʠʙʽʨʢʠ, 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʰʢʦʜ, ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʩʠʩʪʝʤʠ), ʪʦ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦ ʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʫ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʚ (10-

20) ʨʘʟ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʘʥʠʯʥʦʶ ʯʘʩʪʦʪʦʶ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. 
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ʇʀʊɸʅʅʗ ɼʆ ʊɽʄʀ ˉ5: 

 

1.ɯʜʝʘʣʴʥʠʡ ʽʤʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ (ɯɯɽ) ï ʮʝ? 

2.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʜʣʷ ʽʤʧʫʣʴʩʥʠʡ ʝʣʝʤʝʥʪ ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ ʯʘʩʫ. 

3.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʘ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ɯɯɽ ʧʝʨhʦʛʦ ʨʦʜʫ, 

ʷʢʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʣʠ ʽʤʧʫʣʴʩʥʘ ʩʠʩʪʝʤʘ ʢʦʨʠʛʫʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʢʦʨʠʛʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 

ʜʦʨʽʚʥʶʻ ʽʥʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʥʦʩʪʽ. ʊʘ ʧʦʷʩʥʠʪʠ ʾʾ ʧʨʠʥʮʠʧ ʜʽʾ 

4.ʇʝʨʝʣʽʯʠʪʠ ʩʢʣʘʜʦʚʽ ʧʦʤʠʣʦʢ, ʷʢʽ ʢʦʤʧʝʥʩʫʶʪʴ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ. 

5.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʷʢʘ ʦʧʠʩʫʻ ʤʽʩʪʠʪʴ ʽʜʝʘʣʴʥʠʡ ʽʤʧʫʣʴʩʥʠʡ 

ʝʣʝʤʝʥʪ ʜʨʫʛʦʛʦ ʨʦʜʫ ʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʨʝʰʽʪʯʘʩʪʦ ʾʬʫʥʢʮʽ ʾ

ʯʘʩʫ. 

6. ʅʘʚʝʩʪʠ ʩʭʝʤʫ ʚ ʷʢʽʡ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʧʦʤʠʣʢʘ ʟʘʚʜʘʥʥʷ ʪʘ ʧʦʷʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʾʾ ʨʦʙʦʪʠ. 

7.ʈʘʜʽʦʣʦʢʘʮʽʡʥʘ ʩʪʝʞʘʯʘ ʩʠʩʪʝʤʘ (ʩʠʩʪʝʤʘ ʩʪʝʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʚʘʥʥʷ)? 

8.ɯʥʪʝʨʧʦʣʷʪʦʨ ï ʮʝ? 

9.ʇʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ɯɯɽ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʷʢʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʣʠ ʢʦʨʠʛʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʜʠʩʢʨʝʪʥʠʤʠ ʢʦʨʠʛʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

10.ʇʨʠʚʝʩʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʽʤʧʫʣʴʩʥʦʾ ʩʠʩʪʝʤʠ. ʊʘ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʾ ʥʝʦʙʭʽʜʥʽʩʪʴ 

11. ʇʨʠʚʝʩʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ. ʊʘ ʧʦʷʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʾʾ ʜʽʾ. 

12. ʅʘʚʝʩʪʠ ʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ɸʎʇ. ʊʘ ʧʦʷʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ɸʎʇ. 

13. ʅʘʚʝʩʪʠ ʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʎɸʇ. ʊʘ ʧʦʷʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʜʽʾ ʎɸʇ. 

ʅʘʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

14. ʇʨʠʚʝʩʪʠ ʩʭʝʤʫ ʷʢʘ ʢʦʤʧʝʥʩʫʻ: ʧʦʤʠʣʢʠ ʟʘʚʜʘʥʥʷ; ʧʦʤʠʣʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ; ʧʦʤʠʣʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʝʛʫʣʷʪʦʨʦʤ 

15. ʆʧʠʩʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʙʣʦʢʽʚ: Discrete Transfer Fcn, 

Discrete Transfer Fcn, Discrete Zero-Pole, Discrete Filter, Unit Delay, First-

Order Hold, Discrete-Time Integrator. 
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6. ʎʀʌʈʆɺɯ ʈɽɻʋʃʗʊʆʈʀ 

 

ʇʈʀʅʎʀʇʀ ʉʀʅʊɽɿʋ ʎʀʌʈʆɺʀʍ ʈɽɻʋʃʗʊʆʈɯɺ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ 

 

[6], 31-39 

 

ʉʠʥʪʝʟ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʘʥʘʣʦʛʫ 

ʎʝ ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʫ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢ 

ʨʦʟʨʘʭʫʥʢʫ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʙ'ʻʢʪ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʽ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʤʦʜʝʣʣʶ ʦʙ'ʻʢʪʘ (ʨʠʩ. 6.1) ʤʝʪʦʜʘʤʠ, ʚʽʜʦʤʠʤʠ ʟ ʪʝʦʨʽʾ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ. ʆʪʨʠʤʘʥʠʡ ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʝʛʫʣʷʪʦʨ ʧʦʪʽʤ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʮʠʬʨʦʚʠʤ. ʄʦʞʣʠʚ ̔ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

)p(QP

)p(Pe
i

pt-

)p(QP

)p(P

f

i

f

f

u(t) y(t)

f(t)

 
 

ʈʠʩʫʥʦʢ 6.1 ï ɹʝʟʧʝʨʝʨʚʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ 

 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʜʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʷʤʦʢʫʪʥʠʢʽʚ: 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʝ ʚʠʙʨʘʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʥʦʩʪʽ, ʪʠʤ 

ʙʽʣʴʰʝ ʪʦʯʥʽʩʪʴ ʪʘʢʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʆʜʥʘʢ ʮʝ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʦʨʦʞʯʘʥʥʷ 

ʩʠʩʪʝʤʠ. 

ʇʨʠʢʣʘʜ 6.1. ʈʦʟʛʣʷʥʝʤʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʚʠʜʫ 
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ɼʣʷ ʷʢʦʛʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʝʛʫʣʷʪʦʨ 
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p

pT
k)p(W pp
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ʟ )Tk/(k ʞp 01=  ʟʘʙʝʟʧʝʯʫʻ ʘʧʝʨʽʦʜʠʯʥʠʡ ʧʨʦʮʝʩ ʽʟ ʙʘʞʘʥʦʶ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ 

ʊʞ. ʎʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ, ʦʪʨʠʤʘʥʠʡ ʟʘʟʥʘʯʝʥʠʤ ʚʠʱʝ ʩʧʦʩʦʙʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʤʘʻ ʚʠʛʣʷʜ: 
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k)z(W pp  6.2 ʘ 

 

ʇʨʦʮʝʩʠ ʚ ʟʘʤʢʥʫʪʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʊ0=0,1 ʩ, ʢ0=1, ʊʞ=0,01 ʩ ʦʜʠʥʠʯʥʦʤʫ 

ʩʪʫʧʽʥʯʘʪʦʤʫ ʢʝʨʫʶʯʦʤʫ ʚʧʣʠʚʫ ʽ ʨʽʟʥʠʭ ʧʝʨʽʦʜʘʭ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 6.2, ʘ. 

ɼʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʥʦʩʪʽ ʧʨʦʮʝʩ ʚ ʩʠʩʪʝʤʽ 

ʚʩʝ ʙʽʣʴʰʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʘʞʘʥʦʛʦ, ʘ ʧʨʠ ʊ=0,02 ʩ ʩʪʘʻ ʥʝʩʪʽʡʢʠʤ. 

ʇʝʨʽʦʜ ʜʠʩʢʨʝʪʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ (ʘʙʦ ʷʢʽʩʪʴ ʧʽʜʚʠʱʝʥʦ) ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʩʧʦʩʦʙʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʫ 

ʪʨʘʧʝʮʽʡ: 
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ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʱʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʘʣʝ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʦʜʦʚʞʝʥʥʷ ʧʨʠʢʣʘʜʫ 6.1. ʎʠʬʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ ʜʣʷ ʧʨʠʢʣʘʜʫ 6.1 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʪʨʘʧʝʮʽʡ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 
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ʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.2,ʙ. ɺʠʜʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʧʨʠ 

ʊ=0,02 ʩ ɦʝ ʟʙʝʨʽʛʘʶʪʴ ʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʙʣʠʟʴʢʽ ʜʦ ʛʨʘʥʠʮʽ ʩʪʽʡʢʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʮʠʤ ʩʧʦʩʦʙʦʤ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʥʦʩʪʽ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʤʽʪʥʦ ʟʤʽʥʶʻʪʴʩʷ. 
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T=0,001 c

0  
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0,01

1,2

T=0,01 c
1,0

0,8

0,6

0,4

0,2

0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 t, c

h(t)

T=0,02 c

T=0,001 c

T=0,005 c

0
 

ʙ) 

ʈʠʩʫʥʦʢ 6.2 ï ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʽ ʟ ʨʝʛʫʣʷʪʦʨʘʤʠ (6.2ʘ)  ̔(6.2ʙ) 

ʧʨʠ ʨʟ̔ʥʠʭ ʧʝʨʦ̔ʜʘʭ ʜʠʩʢʨʝʪʥʦʩʪ ̔



 68 

 

ʍʦʯʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ ʨʽʰʝʥʴ, ʧʨʠʡʥʷʪ ̔ʥʘ ʝʪʘʧʽ 

ʩʠʥʪʝʟʫ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ. ɼʦ ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ (ʘ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽ 

ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʨʝʛʫʣʷʪʦʨʘ) ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ʘ) ʟʘʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʶʯʦʾ ʤʽʢʨʦ-ɽʆʄ, ʧʦʚ'ʷʟʘʥʝ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʠʪʴ ʤʘʣʠʭ ʧʝʨʽʦʜʽʚ ʜʠʩʢʨʝʪʥʦʩʪʽ, ʧʨʠ ʷʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʷʤ ʙʝʟʧʝʨʝʨʚʥʦʾ; 

ʙ) ʥʝʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʦʤʫ ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʘ 

ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʽ ʜʦʩʢʦʥʘʣʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʣʽʧʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ) ʟʘʢʦʥʠ ʫʧʨʘʚʣʽʥʥʷ; 

ʚ) ʤʦʞʣʠʚʽʩʪʴ ʽʩʪʦʪʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʘʞ ʜʦ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ; 

ʛ) ʩʢʣʘʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʟʘʧ̔ʟʥʶʚʘʥʥʷ, ʧʨʠʪʘʤʘʥʥʦʛʦ ʮʠʬʨʦʚʠʤ 

ʩʠʩʪʝʤʘʤ ʢʝʨʫʚʘʥʥʷ; 

ʜ)  ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʬʽʟʠʯʥʦ ʥʝʨʝʘʣʽʟʦʚʘʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ (ʄʇʉʂ) ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʽ ʧʝʨʝʚʘʛ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʜʘʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʧʨʦʩʪʦʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ʁʜʦʙʨʝ ʚʽʜʦʤʠʭ ʟ ʪʝʦʨʽʾ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʽʚ, 

ʟʥʘʭʦʜʠʪʴ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ʉʠʥʪʝʟ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʨʠ ʩʠʥʪʝʟʽ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʮʠʤ ʤʝʪʦʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜʠʢʘ, ʘʥʘʣʦʛʽʯʥʘ ʤʝʪʦʜʠʮʽ ʩʠʥʪʝʟʫ ʙʝʟʧʝʨʝʨʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʘʣʝ 

ʘʨʛʫʤʝʥʪʦʤ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʧʩʝʚʜʦʯʘʩʪʦʪʘ l. ʇʝʨʝʭʽʜ ʜʦ 

ʧʩʝʚʜʦʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʟʘʤʽʥ: 
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w
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ʆʪʨʠʤʘʚʰʠ ʪʘʢʠʤ ʯʠʥʦʤ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʫ ʧʩʝʚʜʦʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ )j(W l, ʧʝʨʝʭʦʜʷʪʴ ʜʘʣʽ ʜʦ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʧʩʝʚʜʦʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ )j(L l   ̔ )j( lj . 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ, ʚʨʘʭʦʚʫʶʯʠ ʜʠʩʢʨʝʪʥʽʩʪʴ ʦʙ'ʻʢʪʫ ʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚ 

ʮʽʣʦʤʫ, ʻ, ʪʠʤ ʥʝ ʤʝʥʰ, ʥʘʙʣʠʞʝʥʦʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʙʨʘʥʠʡ ʜʦʩʠʪʴ ʤʘʣʠʤ, ʟ ʪʠʤ, 

ʱʦʙ ʽʩʪʦʪʥʘ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ ʣʝʞʘʣʘ ʣʽʚʽʰʝ ʯʘʩʪʦʪʠ ʢʚʘʥʪʫʚʘʥʥʷ 1/ʊ. ʄʝʪʦʜʠʢʘ 

ʚʠʤʘʛʘʻ ʪʘʢʦʞ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʬʽʟʠʯʥʫ ʨʝʘʣʽʟʦʚʘʥʽʩʪʴ, ʘ 

ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ï ʥʘ ʩʪʽʡʢʽʩʪʴ, ʷʢʽʩʪʴ, "ʛʨʫʙʽʩʪʴ" ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ 

ʢʦʣʠʚʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʘʩʪʦʪʥʠʭ ʤʝʪʦʜʽʚ ʽʩʪʦʪʥʽ ʫʩʢʣʘʜʥʝʥʥʷ 
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ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʠʙʽʨ ʙʘʞʘʥʠʭ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʦ ʧʝʨʝʚʘʛ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʫʚʘʥʥʷ ʯʠʩʪʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ (ʧʨʦʪʝ, ʪʨʝʙʘ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʙʘʛʘʪʦ ʯʘʩʪʦʪʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦ-ʬʘʟʦʚʠʭ ʩʠʩʪʝʤ), ʾʾ ʥʘʦʯʥʽʩʪʴ ʽ ʰʠʨʦʢʫ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʽ ʥʘʣʘʜʯʠʢʽʚ. 

 

ʉʠʥʪʝʟ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʧʨʷʤʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʈʽʰʝʥʥʷ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (ʟʘ ʫʤʦʚʠ 

ʦʜʠʥʠʯʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ): 
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ʜʝ )z(Wo  ï ʜʠʩʢʨʝʪʥʘ ʧʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽ̫  ʦʙ'ʻʢʪʘ ʨʝʛʫʣʶʚʘʥʥʷ; 

)z(ʌʞ , )z(Gʞ  ï ʙʘʞʘʥʽ ʜʠʩʢʨʝʪʥʽ ʧʝʨʝʜʘʪʦʯʥʽ ʬʫʥʢʮʽʾ (ɼʇʌ) 

ʨʘʟ̔ʤʢʥʝʥʦʛʦ ʽ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʨʘʭʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʚʞʝ ʥʘ 

ʝʪʘʧʽ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʘʢʦʥʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʫ 

ʷʢʽʩʪʴ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʧʝʨʽʦʜʘʭ ʜʠʩʢʨʝʪʥʦʩʪʽ. 

ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʧʨʠʢʣʘʜʫ 6.1, ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʘʥʽʰʝ. ɼʇʌ ʦʙ'ʻʢʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ʜʝ )T/Texp(d 0-= . ɿʘʜʘʚʰʠʩʴ ʙʘʞʘʥʦ ʁɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʚʠʜʫ 
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ʜʝ )T/Texp(a ʞ-=0 , ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ɼʇʌ ʨʝʛʫʣʷʪʦʨʘ 
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0 . ʇʨʦʮʝʩʠ ʟ ʪʘʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 6.3, 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊ ʚ ʪʠʭ ʞʝ ʤʝʞʘʭ, ʱʦ 

ʡ ʥʘ ʨʠʩ 6.2,  ̔ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʽʡʢʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ ʟʤʽʥʥʘ ʩʠʩʪʝʤʠ ʚ 

ʤʦʤʝʥʪʠ ʢʚʘʥʪʫʚʘʥʥʷ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʙʘʞʘʥʦʤʫ ʧʨʦʮʝʩʫ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʊ. 

ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʝʪʦʜʠʢʠ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ 

çʢʦʤʧʝʥʩʘʮʽʡʥʠʭè ʨʝʛʫʣʷʪʦʨʽʚ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ɼʇʌ (6.4)), ʷʢʽ ʤʽʩʪʷʪʴ ʥʫʣʽ ʽ 

ʧʦʣʶʩʠ ʦʙ'ʻʢʪʘ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʧʨʠʧʫʩʪʠʤʦ. 
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ʈʠʩʫʥʦʢ 6.3 ï ʇʝʨʝʭʜ̔ʥ̔ ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤ ̔ʟ ʨʝʛʫʣʷʪʦʨʦʤ (6.4) ʧʨʠ ʨʟ̔ʥʠʭ 

ʧʝʨ̔ʦʜʘʭ ʜʠʩʢʨʝʪʥʦʩʪ ̔

 

ʊʘʢ, ʢʦʤʧʝʥʩʘʮʽʷ ʥʝʩʪʽʡʢʠʭ ʥʫʣʽʚ ʽ ʧʦʣʶʩʽʚ ʦʙ'ʻʢʪʘ ʧʦʨʫʰʫʻ ʦʜʥʫ ʟ ʫʤʦʚ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ï ʾʾ ʛʨʫʙʽʩʪʴ. ʂʦʤʧʝʥʩʘʮʽʷ ʜʝʷʢʠʭ ʩʪʽʡʢʠʭ 

ʥʫʣʽʚ ʦʙ'ʻʢʪʘ ʚʠʢʣʠʢʘʻ ʧʨʠʭʦʚʘʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʥʝʙʘʞʘʥʽ, ʦʩʢʽʣʴʢʠ ʚʠʢʣʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʫ ʚʠʪʨʘʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ 

ʟʙʽʣʴʰʫʶʪʴ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʣʦʚʡ̔ ʯʘʩʪʠʥ ̔ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 6.4 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʽ 

ʩʪʨʫʤʫ ʷʢʦʨʷ ʜʚʠʛʫʥʘ ʚ ʮʠʬʨʦʚʽʡ ʩʠʩʪʝʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʜʦʙʨʝ ʚʠʨʘʞʝʥʠʤʠ ʧʨʠʭʦʚʘʥʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ ʰʚʠʜʢʦʩʪʽ, ʷʢʽ ʥʽʷʢ ʥʝ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʾʾ ʜʠʩʢʨʝʪʥʠʭ ʚʠʤʽʨʷʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʠʟʤw . ʇʨʠ ʮʴʦʤʫ ʧʨʦʤʽʞʥʽ ʢʦʦʨʜʠʥʘʪʠ ï ʩʪʨʫʤ ʷʢʦʨʷ  ̔ʪʘ ʥʘʧʨʫʛʘ u ï 

ʤʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʥʡ̔ ʩʫʙʛʘʨʤʦʥʽʮ.̔ 

ʂʦʤʧʝʥʩʘʮʽʷ ʩʪʽʡʢʠʭ ʧʦʣʶʩʽʚ ʦʙ'ʻʢʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʟʘʤʢʥʫʪʦʾ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʯʝʨʝʟ 

ʧʦʷʚʫ ʜʦʜʘʪʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʨʷʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʠ ʟʤʽʥʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʤʦʞʣʠʚʦ ʪʘʢʦʞ 

ʦʪʨʠʤʘʥʥʷ ʬʽʟʠʯʥʦ ʥʝʨʝʘʣʽʟʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʨʽʟʥʠʮʝʚʦʤʫ ʨʽʚʥʷʥʥʽ ʤʦʞʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʩʢʣʘʜʦʚʽ, 

ʚʽʜʧʦʚʽʜʥʽ "ʤʘʡʙʫʪʥʽʤ" ʟʥʘʯʝʥʥʷʤ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ. 

 



 71 

2 4 6 8 10 12 14 n

0

-0,2
0

0,2

0,4

0,6

0,8

1

w,wʥʦʤ, 

i,u, o.e.

u

i

w

wʥʦʤ

 
ʈʠʩʫʥʦʢ 6.4 ï ʇʨʠʭʦʚʘʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʢʦʥʪʫʨ ̔ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠ 

ʦʜʠʥʠʯʥʦʤʫ ʩʪʫʧʽʥʯʘʪʦʤʫ ʚʭ̔ʜʥʦʤʫ ʚʧʣʠʚʽ 

 

ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʧʽʜʭʽʜ ʥʝ ʚʨʘʭʦʚʫʻ ʪʘʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ ʯʠʩʪʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ, ʘ ʟʥʘʯʠʪʴ, ʥʝ 

ʟʘʚʞʜʠ ʛʘʨʘʥʪʫʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʨʝʘʣʽʟʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʘʣʛʦʨʠʪʤʽʚ. 

ʊʦʤʫ ʪʫʪ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʝ 

ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʥʝʦʜʥʦʨʘʟʦʚʦ, ʪʘʢ ʷʢ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ ʟ ʙʽʣʴʰ ʧʦʚʥʠʤ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʜʘʪʠ ʥʝʛʘʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʽ ʧʦʪʨʝʙʫʚʘʪʠ ʧʦʚʪʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʩʠʥʪʝʟʫ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʽ ʥʝ ʟʘʚʞʜʠ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʪʦʤʫ ʱʦ ʧʦ ʩʫʪʽ ʻ 

ʚʘʨʽʘʥʪʦʤ ʤʝʪʦʜʫ ʧʨʦʙ. 

ɿʨʦʟʫʤʽʣʦ, ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʤʘʶʪʴ ʯʠʩʣʝʥʥʽ ʚʘʨʽʘʥʪʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʜʦʣʘʥʥʷ ʾʭ ʦʢʨʝʤʠʭ ʥʝʜʦʣʽʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʾʭ 

ʫʩʢʣʘʜʥʝʥʥʷ, ʘʣʝ ʧʨʠʡʥʷʪʥʦʾ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʧʽʜʭʦʜʽʚ ʪʘʢ ʽ ʥʝ 

ʦʪʨʠʤʘʥʦ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʢʪʠʚʥʦ ʧʦʯʘʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʫ ʨʝʛʫʣʷʪʦʨʽʚ ʷʢ ʙʝʟʧʝʨʝʨʚʥʠʭ, ʪʘʢ ʽ ʮʠʬʨʦʚʠʭ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʧʘʨʘʪʽ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʞʝ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʩʠʥʪʝʟʫ çʟʘʧʨʦʛʨʘʤʫʚʘʪʠè ʦʪʨʠʤʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʠʭ ʽ 

ʬʽʟʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʄʦʞʣʠʚʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʱʝ ʜʦ 

ʢʽʥʮʷ ʥʝ ʚʠʚʯʝʥʽ, ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʦʙʤʝʞʫʶʪʴʩʷ ʨʦʟʛʣʷʜʦʤ ʪʽʣʴʢʠ ʜʝʷʢʠʭ, 

ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ, çʤʽʥʽʤʘʣʴʥʠʭè ʨʽʰʝʥʴ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʆʜʥʘʢ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻ ʥʝ ʦʜʠʥ ʚʘʨʽʘʥʪ ʩʢʣʘʜʘʥʥʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʘ ʢʦʞʥʝ ʟ ʥʠʭ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʤʘʻ ʙʝʟʣʽʯ ʨʽʰʝʥʴ. ʂʨʽʤ ʤʽʥʽʤʘʣʴʥʠʭ, ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʪʝʨʝʩ 
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ʽ ʟʘʛʘʣʴʥʽ, ʘʙʦ ʥʝʤʽʥʽʤʘʣʴʥ,̔ ʨʽʰʝʥʥʷ ʪʘʢʠʭ ʨʽʚʥʷʥʴ. ɿʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ 

ʥʝʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʩʠʩʪʝʤʠ ʟ ʘʜʘʧʪʠʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʘʣʦʯʫʪʣʠʚʽ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʽ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ, ʥʽʞ ʟʘʜʘʯʘ ʩʠʥʪʝʟʫ, ʻ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ. ʉʫʯʘʩʥʽ 

ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʘʣʝ ʟ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʙʫʣʦ ʙ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʻʜʠʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʷʢ ʜʣʷ ʘʥʘʣʽʟʫ, ʪʘʢ ʽ ʜʣʷ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ. 

 

ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʎʀʌʈʆɺʀʍ ʈɽɻʋʃʗʊʆʈɯɺ 

 

[4], 11-16 

 

ʉʢʣʘʜʥ̔ʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥ̫  ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥ̫  

ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʦʙôʢ̒ʪʘʤʠ, ʥʘʚʽʪʴ ʫ ʣ̔ʥʝʘʨʠʟʦʚʘʥʦʤʫ ʚʠʛʣʜ̫̔ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʢʚʘʥʪʫʚʘʥʥ̫  ʟʘ ʨ̔ ʚʥʝʤ), ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʥʘʯʥʡ̔ ʤʽʨʽ ʪʠʤ, ɦʦ ʦʙôʢ̒ʪ ʢʝʨʫʚʘʥʥ̫  

ʦʧʠʩʫʪ̒ɹʩʷ ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʠʤʠ ʨʚ̔ʥ̫ʥʥ̫ ʤʠ ʘʙʦ ʧʝʨʝʜʘʪʦʯʥʠʤʠ ʬʫʥʢʮʽ̫ ʤʠ ʚ 

ʦʙʣʘʩʪ ̔ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʨʛʫʤʝʥʪʫ s, ʘ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ɽʆʄ ï ʨ̔ ʟʥʝʮʝʚʠʤʠ 

ʨ̔ʚʥ̫ʥʥ̫ ʤʠ ʘʙʦ ʧʝʨʝʜʘʪʦʯʥʠʤʠ ʬʫʥʢʮʽ̫ ʤʠ ʚʽʜ ʘʨʛʫʤʝʥʪʫ z ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥ̫  ʃʘʧʣʘʩʘ. ɺ ʟʘʣʝʞʥʦʩʪ̔ ʚʽʜ ʪʦʛʦ, ʚ ʦʙʣʘʩʪ ̔ ʢ̫ʦʛʦ ʘʨʛʫʤʝʥʪʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʩʷ ʩʠʩʪʝʤʘ, ʨʦʟʨʦʙʣʝʥ̔  ʤʝʪʦʜʠ ʘʥʘʣʟ̔ʫ  ̔ ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥ̫  [13, 14], ʷʢʽ ʫʤʦʚʥʦ ʤʦʞʥʦ ʨʦʟʜ̔ʣʠʪʠ ʥʘ ʜʚ ̔ʛʨʫʧʠ. 

ʇʝʨ ʘh ʛʨʫʧʘ ʤʝʪʦʜʚ̔ ʧʝʨʝʜʙʘʯʘʻ ʦʧʠʩ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʚ ʦʙʣʘʩʪ ̔ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʨʛʫʤʝʥʪʫ z, ʪʦʤʫ ʚʠʤʘʛʘʻ ʜʠʩʢʨʝʪʥʦ ʾʘʧʨʦʢʩʠʤʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʠʭ ʦʙôʢ̒ʪ̔ʚ. 

ɺ ʤʝʪʦʜʘʭ ʜʨʫʛʦʾ ʛʨʫʧʠ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥ̫  ʧʦʚʥ̔ʩʪʶ ʨʦʟʛʣʷʜʘʻʪɹʩʷ ʚ 

ʦʙʣʘʩʪ ̔ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʨʛʫʤʝʥʪʫ s (ʧʣʦʱʠʥʘ P). ɺ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥ̔ʡ ʪʝʦʨʽʾ 

ʣ̔ʥ̔ʡʥʠʭ ʩʠʩʪʝʤ ʚʽʜʦʤʽ ʨ̔ ʟʥʽ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʢʦʨʠʛʫ ʯʁʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ: ʯʘʩʪʦʪʥ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʨʥʝʚʠʡ ʛʦʜʦʛʨʘʬ, ʥ̔ʪʝʛʨʘʣʴʥ ̔

ʦʮ̔ʥʢʠ ʷʢʦʩʪʽ, ʩʧʽʚʚʽʜʥʦʰʝʥʥ̫  ʚ ʩʠʩʪʝʤʘʭ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʝʛʫʣʚʁʘʥʥ̫  ̔ ʪ.ʜ. 

ʗʢʰʦ ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʟ̔ ʮʠʬʨʦʚʦ ʾʩʠʩʪʝʤʠ ʥʘ ʧʣʦʱʠʥʽ P, ʪʦ ʜʦʩʚʽʜ ʨʦʟʨʘʭʫʥʢʫ 

ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʚ ʟʥʘʯʥʡ̔ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ̔ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ. ɺ ʮʦɹʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʨʦʟʨʘʭʦʚʫʻʪɹʩʷ ̫ʢ 

ʙʝʟʧʝʨʝʨʚʥʘ, ʚʠʟʥʘʯʘʶʪɹʩʷ ʧʘʨʘʤʝʪʨʳ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʘ ʧʦʪ̔ʤ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚʠʟʥʘʯʘʻʪɹʩʷ ʜʠʩʢʨʝʪʥʘ ʧʝʨʝʜʘʪʦʯʥʘ 

ʬʫʥʢʮʽ̫  ʨʝʛʫʣʷʪʦʨʘ, ʪ.ʙ. ʚʠʟʥʘʯʘʻʪɹʩʷ ʧʨʦʛʨʘʤʘ ʨʦʙʦʪʠ ɽʆʄ. ʎʝ ʜʦʟʚʦʣʷ ̒

ʧʦʤʠʣʢʠ, ʟʫʤʦʚʣʝʥʽ ʨʝʘʣʟ̔ʘʮ̔̒ ʶ ʙʝʟʧʝʨʝʨʚʥʠʭ ʘʣʛʦʨʠʪʤʚ̔ ʟʘʩʦʙʘʤʠ ʮʠʬʨʦʚʦ ʾ

ʪʝʭʥʢ̔ʠ, ʨʦʟʜ̔ʣʠʪʠ ʥʘ ʜʚʘ ʪʠʧʠ  ̔ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʭʾ ʢʦʤʧʝʥʩʘʮʽʾ. 

ɼʦ ʧʦʤʠʣʦʢ ʧʝʨhʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʩɹʷ ʧʦʤʠʣʢʠ ʚʽʜ ʟʘʤ̔ʥʠ ʙʝʟʧʝʨʝʨʚʥʦ ʾ

ʢʨʠʚʦʾ ʩʪʫʧʝʥʯʘʪʦ ʁ (ʧʦʤʠʣʢʠ ʜʠʩʢʨʝʪʥʦ ʾʘʧʨʦʢʩʠʤʘʮʽʾ). ɼʨʫʛʠʡ ʪʠʧ ʧʦʤʠʣʦʢ 

ʚʨʘʭʦʚʫʻ ʧʝʨʝʪʚʦʨʝʥʥ̫  ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʙʝʟʧʝʨʝʨʚʥʠʡ  ̔ʝʬʝʢʪ çʯʠʩʪʦʛʦè 

ʟʘʧ̔ʟʥ ʚʁʘʥʥ̫  ʥʘ ʚʝʣʠʯʠʥʫ ʤŰ (ʯʘʩ ʦʙʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ). 

ʇʨʦʘʥʘʣʟ̔ʫ̒ʤʦ ʧʦʤʠʣʢʠ ʜʠʩʢʨʝʪʥʦ ʾʘʧʨʦʢʩʠʤʘʮʽ,ʾ ʘ ʜʣʷ ʮʦɹʛʦ ʨʦʟʛʣʷʥʝʤʦ 

ʨ̔ʚʥ̫ʥʥ ̫ ʜ̔ʝʘʣʟ̔ʦʚʘʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ 
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ʜʝ ɓ ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʝʨʝʜʘʯ;̔ ɼʀ ʊ,ʊ  ï ʧʦʩʪʽʡʥʽ ʥ̔ʪʝʛʨʫʚʘʥʥʷ ʪʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʤʘʣʠʭ ʪʘʢʪʚ̔ ʢʚʘʥʪʫʚʘʥʥ̫  KT  ʙʝʟʧʝʨʝʨʚʥʝ ʨ̔ʚʥ̫ʥʥ ̫ (6.5) ʤʦʞʥʘ 

ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʨ̔ʟʥʦʩʪʥʝ. ʇʨʠ ʮʦɹʤʫ ʧʦʭʽʜʥʘ ʟʘʤ̔ʥʁ ʪ̒ɹʩʷ ʨʽʟʥʠʮʝʶ, ʘ ʥ̔ʪʝʛʨʘʣ ï 

ʩʫʤʦ.ʁ ɹʝʟʧʝʨʝʨʚʥʝ ʥ̔ʪʝʛʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʤ̔ʥʝʥʦ ʥ̔ʪʝʛʨʫʚʘʥʥʷʤ ʧʦ ʤʝʪʦʜʫ 

ʧʨʷʤʦʢʫʪʥʠʢ̔ʚ ʘʙʦ ʪʨʘʧʝʮʡ̔. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥ ̔ʤʝʪʦʜʘ ʧʨʷʤʦʢʫʪʥʠʢ̔ʚ ʦʪʨʠʤʫʻʤʦ 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (6.6)  ̒ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ u(k) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝ 

ʨʝʢʫʨʝʥʪʥʦʛʦ  ̔ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʋ ʚʠʨʘʟʽ (6.6) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʁ ʥʝ ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʜ̔ʥʦ ʧʘʤô̫ʪʘʪʠ ʚʩ̔ k  ʧʦʧʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥɹ ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ e(k). ʈʝʘʣʠʟʘʮʽʷ ʮʦɹʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʤʘʛʘʪʠʤʝ ʟʘʜ̔ ʷʪʠ 

k  ʢʦʤʽʨʦʢ ʜʣʷ ʟʙʝʨʽʛʘʥʥ̫  ʚʭʜ̔ʥʠʭ ʚʝʣʠʯʠʥ e(k) ,̔ ʢʨʤ̔ ʪʦʛʦ, ʟʥʘʯʝʥʥ̫  u(k) 

ʢʦʞʥʠʡ ʨʘʟ ʦʙʯʠʩʣʶʁ ʪɹʩʷ ʟʘʥʦʚʦ, ʦɦ ʟʙʽʣʴʰʫʻ ʘʧʘʨʘʪʥ ̔ʪʘ ʯʘʩʦʚʽ ʟʘʪʨʘʪʠ. 

ɼʣʷ ʨʝʘʣʟ̔ʘʮ̔ʾ ʥʘ ɽʆʄ ʙ̔ʣɹ  hʟʨʫʯʥʠʡ ʨʝʢʫʨʝʥʪʥʠʡ ʘʣʛʦʨʠʪʤ, ʚ ʷʢʦʤʫ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥ̫  ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥ̫  u(k) ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩʷ ʡʦʛʦ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥ ̫

)u(k 1-   ̔ʧʦʧʨʘʚʦʯʥʠʡ ʯʣʝʥ. ɼʣʷ ʦʪʨʠʤʘʥʥ̫  ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʩʪʘʪʥʦɹ 

ʚʽʜʥʷʪʠ ʟ ʨʚ̔ʥ̫ʥʥ̫  (6.6) ʨʚ̔ʥ̫ʥʥ̫  (6.7), ʟʘʧʠʩʘʥʝ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥ̔ʪʝʨʚʘʣʘ 

ʜʠʩʢʨʝʪʥʦʩʪ:̔ 
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ɺ ʨʝʟʫʣʴʪʘʪ ̔ʦʪʨʠʤʘʻʤʦ: 
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ɺ ʨʝʢʫʨʝʥʪʥʦʤʫ ʘʣʛʦʨʠʪʤ ̔ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥ̫  u(k) 

ʥʝʦʙʭʜ̔ʥʦ ʟʥʘʪʠ ʡʦʛʦ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥ ̫ )u(k 1-   ̔ʜʝʷʢʫ ʜʦʙʘʚʢʫ, ʦʙʫʤʦʚʣʝʥʫ 

ʧʨʘʚʦ ʁ ʯʘʩʪʠʥʦʁ ʚʠʨʘʟʫ (6.8). ʎʝʡ ʚʠʨʘʟ ʧʦʢʘʟʫ,̒ ʱʦ ʜʣʷ ʨʝʘʣʟ̔ʘʮ̔ʾ 

ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ɽʆʄ ʧʦʪʨʽʙʥʘ ʩʪʝʢʦʚʘ ʧʘʤôʷʪʴ ʥʘ ʪʨʠ ʢʦʤʽʨʢʠ ʜʣʷ 

ʚʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ e(k)  ̔ʩʪʝʢʦʚʘ ʧʘʤôʷʪʴ ʥʘ ʜʚʽ ʢʦʤʽʨʢʠ ʜʣʷ ʚʠʭ̔ʜʥʦʛʦ ʩʠʛʥʘʣʫ 

u(k). ɺʤʽʩʪ ʦʩʝʨʝʜʢʽʚ ʤʥʦʞʠʪʴʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ 210 q,q,q , ʷʢʽ ʜʣʷ ʤʘʣʠʭ ʪʘʢʪʽʚ 

ʢʚʘʥʪʫʚʘʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ɼʀ T,Tɓ,  ʘʥʘʣʦʛʦʚʦʛʦ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (6.9). ɺʤʽʩʪ ʦʩʝʨʝʜʢʽʚ ʦʥʦʚʣʶʻʪʴʩʷ ʯʝʨʝʟ 

ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʥʦʩʪʽ ʇT . ʊʦʤʫ Kʇ TT = . 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʠʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ (ʎʆʄ) ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʚʠʨʘʟʦʤ (6.8), ʪʦʙʪʦ ʜʦ ʟʘʧʘʤ'ʷʪʦʚʘʥʦʛʦ 

ʚʠʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ )1( -ku  ʧʦʧʝʨʝʜʥʴʦʛʦ ʥ̔ʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʥʦʩʪ ̔ʜʦʜʘʪʠ, ʟ ʚʘʛʘʤʠ 

210 ,, qqq , ʩʠʛʥʘʣʠ ʧʦʤʠʣʢʠ (ʚʭʦʜʠ ʨʝʛʫʣʷʪʦʨʘ) ʚ ʧʦʪʦʯʥʠʡ ʪʘ ʜʚʘ ʧʦʧʝʨʝʜʥ ̔

ʤʦʤʝʥʪʠ ʯʘʩʫ.  

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥ̔ʪʝʛʨʘʣʘ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʡ̔. ʊʦʜ ̔

ʜʠʩʢʨʝʪʥʝ ʨʚ̔ʥ̫ʥʥ ̫ ʜ̔ʝʘʣʟ̔ʦʚʘʥʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ (6.5) ʟʘʧʠʰʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ  
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ʅʘʚʽʚʰʠ ʮʝ ʨ̔ʚʥ̫ʥʥ ̫ʜʦ ʨʝʢʫʨʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʦʙʪʦ ʟ ʨʚ̔ʥ̫ʥʥ̫  ʜʣʷ 

ʚʠʟʥʘʯʝʥʥ̫  u(k) ʚʽʜʥʽʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ )u(k 1- , ʚʽʜʥʽʤʘʻʤʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʢ̔ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥ̫: 

)e(kq)e(kqe(k)q)u(ku(k) 211 210 -+-++-=    (6.11) 
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ʇʦʨʽʚʥʷʥʥʷ ʚʠʨʘʟʽʚ (6.8)  ̔ (6.9) ʟ ʚʠʨʘʟʘʤʠ (6.11)  ̔ (6.12) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 

ʟʤ̔ʥ̔ ʤʝʪʦʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʘʣʛʦʨʠʪʤ ʚʠʚʝʜʝʥʥʷ ʨ̔ʚʥ̫ʥʥ̫  ʥʝ ʟʤ̔ʥʁ ʪ̒ɹʩʷ, ʘ 

ʟʤ̔ʥʁ ʶʪɹʩʷ ʣʠʱʝ ʯʠʩʝʣɹʥ̔ ʟʥʘʯʝʥʥ̫  ʢʦʝʬ̔ʮ̔ ʥ̒ʪ̔ʚ 210 q,q,q . ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 

ʤʘʣʠʭ KT  ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʡʪʠ ʚʽʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʚʥʷʥʥʷ (6.5) ʜʦ ʨʽʟʥʦʛʦ 

(6.7), ʚ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ 210 q,q,q  ʚʠʟʥʘʯʘʶʪɹʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʨʝʨʚʥʦ ʾ

ʩʠʩʪʝʤʠ ɓ, ʀT   ̔ ɼT   ̔ʟʘʣʝʞʘʪɹ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʚʝʣʠʯʠʥʠ KT . 

ɺʠʩʣʦʚʠʤʦ ʨ̔ʚʥ̫ʥʥ ̫(6.8) ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʚ̔, ʘ ʧʦʪʽʤ ʚʠʟʥʘʯʠʤʦ Z-ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʁ  ʨʝʛʫʣʷʪʦʨʘ: 
2

2
1

10
1 --- ++=- e(z)zqe(z)zqe(z)qu(z)zu(z) ; 

1

2
2

1
10

1 -

--

-

++
==

z

zqzqq

e(z)

u(z)
H(z) . (6.13) 

ʂʦʝʬ̔ʮ̔ ʥ̒ʪʠ 210 q,q,q  ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʇʨʠ ʧʨʷʤʦʢʫʪʥʽʡ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʦʥʠ ʚʠʟʥʘʯʘʶʪɹʩʷ ʚʠʨʘʟʦʤ (6.9), ʘ ʧʨʠ ʪʨʘʧʝʮʽʜ̔ʘʣʴʥʡ̔ ï ʚʠʨʘʟʦʤ 

(6.12). ʊʠʧ ʨʝʛʫʣʷʪʦʨʘ ʟʘʣʝʞʠʪɹ ʚʽʜ ʧʝʨʝʜʘʪʦʯʥʦ ʾʬʫʥʢʮʽʾ ʦʙʲʝʢʪʘ ʨʝʛʫʣʚʁʘʥʥ̫ . 

ʗʢʱʦ ʦʙô̒ʢʪ ʘʧʝʨʦ̔ʜʠʯʥʘ ʣʘʥʢʘ, ʪʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʇɯ-ʨʝʛʫʣʷʪʦʨ ʽ ʪʦʤʫ 

ʚ ʚʠʨʘʞʝʥʥ ̔(6.13) 02 =q . 

ɺʝʣʠʯʠʥʘ KT  ʚʭʦʜʠʪʴ ʫ ʚʠʨʘʟʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ 321 q,q,q ,  ̔ʧʨʠ 

ʟʤʝʥʰʝʥʥ ̔ KT  ʟʤʝʥʫhʁ ʪɹʩʷ ʧʦʤʠʣʢʠ ʧʝʨʦhʛʦ ʪʠʧʫ. ʊʝʦʨʝʪʠʯʥʦ ʁʛʨʘʥʠʮʝʶ, 

ʱʦ ʦʙʤʝʞʫ ̒ʟʤʝʥʰʝʥʥ ̫ KT ,  ̒ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʩʤʫʛʦʶ 

ʧʨʦʧʫʩʢʘʥʥ̫  ʩʠʩʪʝʤʠ,  ̔ʰʫʤʠ ʦʢʨʫʛʣʝʥʥ̫ , ʷʢʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥ ̔ KT   ̔

ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʥʫʣʽ ʽ ʧʦʣʶʩʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ ʧʨʠ 0­KT . ʊʘʢ ʷʢ ʰʫʤʠ ʦʢʨʫʛʣʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 
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ʜʦʚʞʠʥʠ ʨʦʟʨʷʜʥʦ ʾ ʩ̔ʪʢʠ ɽʆʄ (ʪʠʧʫ ɽʆʄ), ʪʦ ʭʾ ʚʧʣʠʚ ʥʘ ʚʠʙ̔ʨ KT  ʥʝ 

ʨʦʟʛʣʷʜʘʻʪɹʩʷ. 

ɺʠʟʥʘʯʠʤʦ ʚʧʣʠʚ ʟʤʽʥʠ KT  ʥʘ ʧʘʨʘʤʝʪʨʠ ʜʠʩʢʨʝʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠ 

ʮʦɹʤʫ ʧ̔ʜʢʨʝʩʣʠʤʦ, ʦɦ ʇK TT =   ̔ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʦʜʽʶ ʤ̔ʢʨʦ ɽʆʄ (ʯʘʩʪʦʪʫ 

ʚʠʜʘʯ̔ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ). 

ɸʧʨʦʢʩʠʤʘʮʽʷ ʧʨʷʤʦʢʫʪʥʘ, ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʚʟʷʪʽ ʟ ʧʨʠʢʣʘʜʫ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʤʦ, ʱʦ 

ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʽʥʪʝʛʨʘʮʽʾ ʗʀ TT =  (ʜʝ ʗT  ï ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʘ ʩʪʘʣʘ ʯʘʩʫ ʷʢʽʨʥʦʛʦ 

ʢʦʣʘ ʜʚʠʛʫʥʘ). 

0083,0=ʗT ;  198,00 === ʇKɓq ;  öö
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʥʫʣʽʚ ʜʠʩʢʨʝʪʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʟʤʽʥʽ KT : ʧʨʠ ʟʤʝʥʰʝʥʥʽ KT  ʥʫʣ̔ ʥʘʙʣʠʞʘʶʪʩɹʷ ʜʦ ʦʜʠʥʠʮ.̔ 

ɺʠʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʪʠʭ ʞʝ ʚʠʭ̔ʜʥʠʭ ʜʘʥʠʭ, ʘʣʝ ʧʨʠ 

ʪʨʘʧʝʮʽʜʾʘʣʴʥʡ̔ ʘʧʨʦʢʩʠʤʘʮʽʾ. 
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ˉ ʧ.ʧ. Kʊ  0q  1q  D(z) 
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ʇʦʤʠʣʢʠ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʧʦʚ'ʷʟʘʥʽ ʟ ʝʬʝʢʪʦʤ çʯʠʩʪʦʛʦè ʟʘʧʽʟʥʶʚʘʥʥʷ ʽ ʟ 

ʚʚʝʜʝʥʥʷʤ ʟʘʧʘʤ̫ ʪʦʚʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʦʞʫʪɹ ʙʫʪʠ ʚʠʟʥʘʯʝʥ̔ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʠʚʯʝʥʥ̫  ʯʘʩʪʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʇ

Tjɤ
Űjɤ

ʇ
Tjɤ

e
e)TW(jɤ

ʇ
ʤ

-
- -

Ö=
1

.     (6.14) 

ʇʨʝʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (6.14) ʚ ʧʦʢʘʟʦʚʡ̔ ʬʦʨʤ ̔

.
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50 )ɤŰT,j(ʇ

ʇ
ʤʇe
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)TW(jɤ
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Öö
÷

õ
æ
ç

å
=     (6.15) 

ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʧʦʢʘʟʫʻ, ʦɦ ʚʚʝʜʝʥ ̔ ʙʣʦʢʠ ʮʠʬʨʦʚʦ ʾ ʩʠʩʪʝʤʠ ʚʥʦʩʷʪ ɹ

ʜʦʜʘʪʢʦʚʝ ʬʘʟʦʚʝ ʟʘʧʟ̔ʥ ʚʁʘʥʥ.̫ 

[ ] )ɤŰT,()TW(jɤ ʤʇʇ +-= 50j .     (6.16) 

ɺʝʣʠʯʠʥʘ ʟʘʧʟ̔ʥ ʚʁʘʥʥ ̫ʚʠʟʥʘʯʘʻʪɹʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʇT , ʤŰ  ̔ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʨʫʛʦʚʦʾ ʯʘʩʪʦʪʠ ɤ. ʑʦʙ ʤʦʞʥʘ ʙʫʣʦ ʟʥʝʭʪʫʚʘʪʠ ʧʦʤʠʣʢʘʤʠ ʜʨʫʛʦʛʦ ʪʠʧʫ, 

ʟʘʧʽʟʥʶʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (6.16) ʥʘ ʯʘʩʪʦʪ ̔ʟʨʽʟʫ ʩʠʩʪʝʤʠ cɤ , ʥʝ 

ʧʦʚʠʥʥʦ ʚʥʦʩʠʪʠ ʬʘʟʦʚʠʡ ʟʜʚʠʛ, ʱʦ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʦʜʠʥ ʛʨʘʜʫʩ, ʪ.ʙ. 

0175,05,0 ¢+ ʩʤʇ )ɤŰT( .    (6.17) 

ʗʢʱʦ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʤʠʣʦʢ ʜʨʫʛʦʛʦ ʪʠʧʫ ʚ 

ʧʨʷʤʠʡ ʢʘʥʘʣ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʫ ʢʦʨʠʛʫʶʯʫ ʣʘʥʢʫ 

ɓz

Ŭz
(z)WK

+

+
= .     (6.18) 

ʇʨʠʯʦʤʫ, ʢʦʝʬʽʮʽʻʥʪʠ Ŭ ʽ ɓ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦ ʤʦʜʫʣʶ ʤʝʥʰʝ ʦʜʠʥʠʮʽ, ʽ, 

ʢʨʽʤ ʪʦʛʦ, ʢʦʝʬʽʮʽʻʥʪ Ŭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʨʘʚʽʰʝ ʢʦʝʬʽʮʽʻʥʪʘ ɓ. 

ʊʦʯʥʝ ʟʥʘʯʝʥʥ ̫ Ŭ  ̔ ɓ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʗʢʱʦ 

ʨʦʟʨʘʭʫʥʢʠ ʚʝʜʫʪʴʩʷ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʣʦʛʘʨʠʬʤʽʯʥʽ ʯʘʩʪʦʪʥ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʞʘʥʦʾ ʪʘ ʽʩʥʫʶʯʦ ʾ ʩʠʩʪʝʤʠ, ʷʢʱʦ 

ʨʦʟʨʘʭʫʥʢʠ ʚʝʜʫʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʽ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʾ ʪʘ ʽʩʥʫʶʯʦ ʾʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ, ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʦ ʾ

ʣʘʥʢʠ. ʏʘʩ ʦʙʯʠʩʣʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʩʪʘʥʦʚʠʪʴ cŰʤ 003,0= . ʊʦʜ,̔ 

ʨʝʟʝʨʚʫʶʯʠ %25  ʯʘʩʫ ʥʘ ʟʚ'ʷʟʦʢ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʨʠʩʪʨʦʻʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʥʦʩʪ ̔ ʩTʇ 00375,0= . ʏʘʩʪʦʪʘ ʟʨ̔ʟʫ 

ʩʝʨʝʜʥʭ̔ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʩʠʩʪʝʤ ʩʢʣʘʜʘʻ 120 -= ʩɤʩ . ʇ̔ʜʩʪʘʚʠʤʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʫ 

ʚʠʨʘʟʽ (6.16)  ̔ʚʠʟʥʘʯʠʤʦ 

3 0,004 0,2457 -0,1503 
1-

-1

z-1

0,1503z-0,2457
 

4 0,005 0,2576 -0,1384 
1-

-1

z-1

0,1384z-0,2576
 

5 0,006 0,2696 -0,1264 
1-

-1

z-1

0,1264z-0,2696
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096,020003,000375,05,0 =Ö+Ö )( . 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʁ ʪɹ, ʦɦ ʫʤʦʚʠ (6.17) ʥʝ ʚʠʢʦʥʫʶʪɹʩʷ. ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ 

ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʦʜʽʶ ʤʽʢʨʦ-ɽʆʄ ʘʙʦ, ʱʦ ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ, ʚʚʝʩʪʠ 

ʜʦʜʘʪʢʦʚʠʡ ʢʦʨʠʛʫʶʯʠʡ ʧʨʠʩʪʨʽʡ. 

 

 

ʉʀʅʊɽɿ ʇɸʈɸʄɽʊʈʀʏʅʆ ʆʇʊʀʄɯɿʆɺɸʅʀʍ ɯ ʂʆʄʇɽʅʉɸʎɯʁʅʀʍ 

ʈɽɻʋʃʗʊʆʈɯɺ ʉʊʈʋʄʋ, ʐɺʀɼʂʆʉʊɯ ʀ ʇʆʃʆɾɽʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ 

 

[7], 266-282 

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ 

ʄʝʪʘ ʩʠʥʪʝʟʫ ï ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʪʘ ʧʘʨʘʤʝʪʨʠ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ  ʙʘʞʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ɼʦ 

ʙʘʞʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʘʥʘʣʦʚʦʛʦ ʢʦʥʪʫʨʫ, ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʷ: 

ʪʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʩʫ, ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. 

ʗʢʱʦ ʧʨʠ ʩʠʥʪʝʟʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ 

(ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʽ 

ʪ.ʧ.), ʪʦ ʪʘʢʠʡ ʩʠʥʪʝʟ ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʜʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʘ ʧʨʦʮʝʜʫʨʘ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ï ʦʧʪʠʤʽʟʘʮʽʻʶ ʢʦʥʪʫʨʫ ʟʘ ʜʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ.  

ʎʠʬʨʦʚʠʡ ʢʦʥʪʫʨ ʚ ʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʣʘʥʦʢ 

ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʫ (ʎʈ) ï ʟʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʧʨʠʚʝʜʝʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʣʘʥʢʠ 

ï ʥʝʟʤʽʥʥʦʾ ʯʘʩʪʠʥʠ. ʊʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʦʙ'ʻʢʪʦʤ ʩʠʥʪʝʟʫ ʻ ʎʈ. ʄʝʪʦʜ ʩʠʥʪʝʟʫ 

ʧʦʩʣʽʜʦʚʥʦʾ ʢʦʨʝʢʮʽʾ ʧʦ ʙʘʞʘʥʽʡ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʬʫʥʢʮʽʾ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʉʂɽʇ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽ ʜʣʷ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʜʣʷ ʷʢʠʭ ʟʘʤʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ɼʇʌ. 

ʋʤʦʚʠ ʚʠʷʚʣʝʥʥʷ ɼʇʌ ʎʈ: 

 

)z(W

)z(W
)z(W

ʧ

ʞʝʣ
ʎʈ

0=  (6.19) 

ʊʫʪ 

)z(W-1

)z(W
)z(W

ʞʝʣ

ʞʝʣ
ʞʝʣ =0  ï (6.20) 

 

ʙʘʞʘʥʘ ɼʇʌ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ; 

 

)z(D

)z(B
)z(W

ʞʝʣ
ʞʝʣ =  ï (6.21) 

 

ʙʘʞʘʥʘ ɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ, ʜʝ )z(Dʞʝʣ  ï ʙʘʞʘʥʠʡ ʜʠʩʢʨʝʪʥʠʡ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʽʥʦʤ (ɼʍʇ) ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ. 

ʇʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ ʎʈ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʅʝʭʘʡ ʟʘʜʘʥʽ 

ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʚʠʛʣʷʜʽ ʙʘʞʘʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ 

ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ )t(hʞʝʣ . ʎʷ ʬʫʥʢʮʽʷ ʧʨʠ ʟʘʜʘʥʦʤʫ ʧʝʨʽʦʜʽ ʢʚʘʥʪʫʚʘʥʥʷ ʊ 

ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʝʰʽʪʯʘʩʪʫ ï n][hʞʝʣ . ɹʘʞʘʥʘ ɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ { }n][hZ
z

1-z
)z(W ʅɿn = : 

 

{ }n][hZ
z

1-z

)z(X

)z(X
)z(W ʞʝʣ

ʟ
ʞʝʣ == . (6.22) 

 

ʇʦ ʬʦʨʤʫʣʽ (6.20) ʚʠʟʥʘʯʘʻʪʴʩʷ )z(Wʞʝʣ0 , ʘ ʧʦ ʬʦʨʤʫʣʽ (6.19) ʟʛʽʜʥʦ ʟ 

{ }n][hZ
z

1-z
kkk)z(W .ʫ.ʦɸʎʇʦʎɸʇʧ ==  ï ɼʇʌ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

 

{ }

{ } { } ʦɸʎʇʎɸʇ.ʫ.ʦʞʝʣ

ʞʝʣ

ʧ

ʞʝʣ
ʎʈ

kkkn][hZ)n][hZ
z

1-z
(

n][hZ

)z(W

)z(W
)z(W

-

==

1

0
. 

(6.23) 

 

ɺ ʜʘʥʦʤʫ ʩʠʥʪʝʟʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʦʙʨʘʥʫ 

ʙʘʞʘʥʫ ʜʠʥʘʤʽʢʫ ʧʨʠ ʟʘʜʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ? ɸʜʞʝ ʟʘʙʘʞʘʪʠ ʤʦʞʥʘ ʙʫʜʴ-

ʷʢʫ ʜʠʥʘʤʽʢʫ, ʥʘʧʨʠʢʣʘʜ, ʷʢʦʤʦʛʘ ʰʚʠʜʢʫ. ʏʠ ʤʦʞʣʠʚʦ ʾʾ ʨʝʘʣʽʟʫʚʘʪʠ ʫ 

ʟʘʤʢʥʫʪʦʤʫ ʮʠʬʨʦʚʦʤʫ ʢʦʥʪʫʨʽ ʪʝʦʨʝʪʠʯʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ? ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ 

ʧʠʪʘʥʥʷ ʜʘʶʪʴ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʙʘʞʘʥʦʾ ʜʠʥʘʤʽʢʠ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ 

ʨʝʛʫʣʶʚʘʥʥʷ. 

ʅʝʭʘʡ ɼʇʌ ʧʨʠʚʝʜʝʥʦʾ ʣʘʥʢʠ (ʇʃ) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

)z(Q)z(

)z(P
)z(W

nvn
1-

= , (6.24) 

 

ʜʝ )z(Q),z(P  ï ʧʦʣʽʥʦʤʠ ʧʦʨʷʜʢʫ ʚʽʜʧʦʚʽʜʥʦ Qp l̔l ; vn ï ʧʦʨʷʜʦʢ 

ʘʩʪʘʪʠʟʤʘ ʇʃ. 

ɼʣʷ ʧʨʠʥʷʪʠʭ ɼʇʌ ʇʃ (6.24) ʽ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ 

)z(D

)z(B

)z(W

)z(W

)z(X

)z(X
)z(W

ʟ

=
+

==
0

0

1
 ʩʢʣʘʜʝʤʦ ʫʤʦʚʠ ʨʝʘʣʽʟʦʚʫʚʘʥʦʩʪʽ. 

1. ʋʤʦʚʘ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ: ʙʘʞʘʥʘ ɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ (6.21) 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʘʚʠʣʴʥʠʤ ʜʨʦʙʦʤ, ʚ ʷʢʦʤʫ ʧʦʨʷʜʦʢ ʯʠʩʝʣʴʥʠʢʘ m ʤʝʥʴʰʝ 

ʧʦʨʷʜʢʘ ʟʥʘʤʝʥʥʠʢʘ l; ʷʢʱʦ ʚ Wn(z) ʻ ʟʘʧʽʟʥʝʥʥʷ ( tpe ), ʪʦ ʚʦʥʦ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʪʘʢʦʞ ʚ Wʞʝʣ(z). 

2. ʋʤʦʚʘ çʛʨʫʙʦʩʪʽè ʩʠʩʪʝʤʠ: ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʎʈ ʤʦʞʫʪʴ 
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ʚʠʢʣʠʢʘʪʠ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʩʫ ʚ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʽ. 

ʇʨʠʙʣʠʟʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʩʦʪʢʦʚʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʘ ʧʨʦʮʝʩʫ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʽʜʩʦʪʢʦʚʫ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʇʃ ʙʫʣʘ ʩʪʽʡʢʦʶ ʽ ʤʽʥʽʤʘʣʴʥʦ 

ʬʘʟʦʚʦʶ, ʪʦʙʪʦ ʧʦʣʽʥʦʤʠ P(z) ʪʘ Q(z) ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʨʘʚʠʭ (ʧʦʟʠʪʠʚʥʠʭ) 

ʥʫʣʽʚ. 

3. ʋʤʦʚʘ ʦʪʨʠʤʘʥʥʷ ʙʘʞʘʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʙʫʜʴ-ʷʢʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

T)n(t e+= , ʜʝ 1<
D
=e

T

t
, ʚʩʝʨʝʜʠʥʽ ʧʝʨʽʦʜʘ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊ: Wʞʝʣ(z) ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʫ ʩʢʣʘʜʽ B(z) ʫʩʽ ʥʫʣʽ ʧʦʣʽʥʦʤʘ P(z), ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ɺ(z) ʫ ʬʦʨʤʽ ʜʦʙʫʪʢʫ ʧʦʣʽʥʦʤʽʚ P(z)  ̔M(z), ʪʦʙʪʦ 

 

)z(D

)z(M)z(P

)z(D

)z(B
)z(W

ʞʝʣʞʝʣ
ʞʝʣ == , (6.25) 

 

ʜʝ M(z) ï ʧʦʣʽʥʦʤ ʧʦʨʷʜʢʫ lM = m ï lʈ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʟʥʘʯʝʥʥʶ. 

4. ʋʤʦʚʘ ʦʪʨʠʤʘʥʥʷ ʚ ʢʦʥʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ ʘʩʪʘʪʠʟʤʫ ʧʦʨʷʜʢʘ v: 

 

)z(D

)z(N)z(
)z(W

ʞʝʣ

v

ʞʝʣ

1
1

-
=- , (6.26) 

 

ʜʝ N(Z) ï ʧʦʣʽʥʦʤ ʧʦʨʷʜʢʫ lN=l -v, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʟʥʘʯʝʥʥʶ. 

ʗʢʱʦ ʚʠʢʦʥʘʪʠ ʫʤʦʚʠ ʫ ʚʽʜʥʦʰʝʥʥʽ ʧʦʣʽʥʦʤʽʚ ɼʇʌ ʽ ʦʙ'ʻʜʥʘʪʠ ʚʠʨʘʟʠ 

(6.25) ʪʘ (6.26), ʪʦʜʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʚʠʨʘʟ ʨʝʘʣʽʟʦʚʫʚʘʥʦʩʪʽ 

 

)z(D)z(N)z()z(M)z(P ʞʝʣ
v =-+ 1 , (6.27) 

 

ʚ ʷʢʦʤʫ lp+ lM< l, v + lN= l . 

ʇʦ ʜʘʥʦʤʫ ʨʽʚʥʷʥʥʶ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʤʝʪʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʘʚʦʾ ʽ ʣʽʚʦʾ ʯʘʩʪʠʥ ʧʦʣʽʥʦʤʠ M(z) ʠ N(z). ʆʪʞʝ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ɼʇʌ: 
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= ; (6.28) 
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)z(W
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nvv
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ʞʝʣ
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==

1

0 . (6.29) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ ʨʝʘʣʽʟʦʚʫʚʘʥʦʩʪʽ (6.27) ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ 

ʢʦʨʝʢʪʥʠʡ ʩʠʥʪʝʟ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʙʘʞʘʥʫ ʜʠʥʘʤʽʢʫ ʧʨʠ 
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ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʫʤʦʚ. ɺ ʜʘʥʦʤʫ ʩʠʥʪʝʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʽʜʦʤʘ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʠʢʘ ʩʪʘʥʜʘʨʪʥʠʭ ʨʽʚʥʷʥʴ. ʇʦ ʙʘʞʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʩʪʘʥʜʘʨʪʥʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ )p(Dʞʝʣ , ʷʢʝ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʜʠʩʢʨʝʪʥʫ ʬʦʨʤʫ 

)z(Dʞʝʣ , ʱʦ ʤʘʻ ʪʦʡ ʞʝ ʧʦʨʷʜʦʢ l= v + lN. ɿʥʘʡʜʝʥʽ ʟ ʨʽʚʥʷʥʥʷ ʨʝʘʣʽʟʦʚʫʚʘʥʦʩʪʽ 

ʧʦʣʽʥʦʤʠ M(z) ʽ N(z) ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦʨʤʫʣʽ (6.29) ʪʠʧ ʽ ʧʘʨʘʤʝʪʨʠ 

ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ɼʇʌ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʘ, ʢʦʣʠ 

 

l
m

)ml()ml(l

lʞʝʣ zb...zbzbz)z(B
z

)z(B
)z(W -+----- +++=== 1

10 . (6.30) 

 

ɺʠʭʽʜʥʘ ʢʦʦʨʜʠʥʘʪʘ ʜʘʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʟʛʽʜʥʦ ʚʠʨʘʟʫ 

]ln[xb...)]ml(n[xb)]ml(n[xb

]ln[xd...]n[xd]n[xd

ʟmʟʟ -+++--+--

=-++-+

1

1

10

110
.  

 

]ln[xb...)]ml(n[xb)]ml(n[xb]n[x ʟmʟʟ -+++--+--= 110 . (6.31) 

 

ʗʢʱʦ ʥʘ ʚʭʽʜ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʧʦʜʘʪʠ ʦʜʠʥʠʯʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

]n[]n[xʟ 1= , ʪʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ (6.31) ʟʘʚʝʨʰʠʪʴʩʷ ʟʘ 

ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʪʘʢʪʽʚ ʧ = l, ʧʽʩʣʷ ʷʢʠʭ 110 ==+++== constb...bb]n[x]n[x mʟ . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʞʘʥʦʶ ɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʫ ʬʦʨʤʽ (6.30) ʻ 

ʫʤʦʚʦʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʢʦʥʪʫʨʘ ʧʦ ʰʚʠʜʢʦʜʽʾ, ʪʦʙʪʦ ʫʤʦʚʦʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 

 

lTt minn.n = , (6.32) 

 

ʜʝ l ï ʧʦʨʷʜʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ. 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʪʠʨʠʩʪʦʨʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 

ɿʘʚʜʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʥʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʶʚʘʥʥʷ  ̒ʩʠʥʪʝʟ ʮʠʬʨʦʚʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ (ʎʈʉ) ʧʦ ʦʙʨʘʥʽʡ ʫʤʦʚʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʎʈʉ, ʟʘʙʝʟʧʝʯʫʶʯʦʛʦ ʦʧʪʠʤʘʣʴʥʽ ʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʫʨʘ 

ʩʪʨʫʤʫ. ɿʘ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʟʚʠʯʘʡʥʦ ʧʨʠʡʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʽ 

ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʩʠʥʪʝʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʘʢʽ 

ʜʦʧʫʱʝʥʥʷ: ʨʝʞʠʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

(ʊʇ); ʜʠʥʘʤʽʢʘ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ çʚ ʤʘʣʦʤʫè, ʪʦʙʪʦ ʧʨʠ ʤʘʣʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʢʫʪʘ ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ aD ; ʜʠʩʢʨʝʪʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʊʇ ʟ 

ʫʩʝʨʝʜʥʝʥʥʷʤ ɽʈʉ ʥʘ ʽʥʪʝʨʚʘʣʽ ʧʨʦʚʽʜʥʦʩʪʽ ʊʧ. 

ʊʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 
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ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʥʝʣʽʥʽʡʥʫ ʽʤʧʫʣʴʩʥʫ ʩʠʩʪʝʤʫ ʽʟ ʟʤʽʥʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʽ (ʨʠʩ. 6.5). 

 

 
 

ʈʠʩʫʥʦʢ 6.5 ï ɼʽʘʛʨʘʤʘ ʬʦʨʤʫʚʘʥʥʷ ɽʈʉ ʊʇ ʷʢ ʜʠʩʢʨʝʪʥʦʾ ʣʘʥʢʠ 

 

c

n

f

))(T(
T

p

a-a+
=

2

12 , (6.33) 

 

ʜʝ ʊʧ ï ʽʥʪʝʨʚʘʣ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ, ʩ; 1a, 2a  ï ʢʫʪʠ 

ʚʽʜʢʨʠʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʜʘʥʦʤʫ ʽ ʥʘʩʪʫʧʥʦʤʫ ʽʥʪʝʨʚʘʣʘʭ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʨʘʜ; f  ï ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ, ɻʮ. ʇʨʠ ʮʴʦʤʫ 

 

c
n

mf
T

1
= , (6.34) 

 

ʜʝ m ï ʧʫʣʴʩʥʽʩʪʴ ʊʇ, ʱʦ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʬʘʟ ʚ ʥʫʣʴʦʚʠʭ ʩʭʝʤʘʭ ʽ 

ʧʦʜʚʦʻʥʦʤʫ ʯʠʩʣʫ ʬʘʟ ʚ ʤʦʩʪʦʚʠʭ ʩʭʝʤʘʭ. 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ a ʚʝʣʠʯʠʥʘ ʊ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʟʥʠʞʝʥʥʽ a ï 

ʟʤʝʥʰʫʻʪʴʩʷ. ʆʜʥʘʢ ʧʨʠ ʟʘʤʽʥʽ ʨʝʘʣʴʥʦʾ ʚʠʧʨʷʤʣʝʥʦʾ ɽʈʉ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ed(t) 

ʥʘ ʫʩʝʨʝʜʥʝʥʽ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʊʧ ʚʝʣʠʯʠʥʠ edcp ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʊʇ ʣʽʥʽʡʥʦʶ 

ʽʤʧʫʣʴʩʥʦʶ ʣʘʥʢʦʶ ʟʽ ʟʤʽʥʥʦʶ ʝ0 ʟ ʥʝʟʤʽʥʥʠʤ ʧʝʨʽʦʜʦʤ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊ = ʊʧ. 

ʉʬʦʨʤʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʽʤʧʫʣʴʩ ʝʧ[ʧʊʧ]  ʚʥʦʩʠʪʴ ʚ ʜʠʥʘʤʽʮʽ ʜʝʷʢʫ ʥʝʪʦʯʥʽʩʪʴ 

dcpeD , ʷʢʘ ʪʠʤ ʤʝʥʰʘ, ʥʽʞ ʤʝʥʰʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʫʪʘ ʚʽʜʢʨʠʚʘʥʥʷ a. ʋ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ 0=Ddcpe . 



 82 

 

(1-e-pTʧ)/ʨ
ȹI=ȹeʧ(nTʧ)/Rʷ

kŬŰ
ȹŬ

 
 

ʈʠʩʫʥʦʢ ï 6.6 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʊʇ ʷʢ ʜʠʩʢʨʝʪʥʦʾ ʣʘʥʢʠ ʚ ʨʝʞʠʤʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʫʤʫ 

 

ʇʨʠʡʤʘʶʯʠ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ edcp = ʝʠ[ʧʊʧ]  ʟ ʥʝʟʤʽʥʥʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʜʠʩʢʨʝʪʥʦʩʪʽ ʊʧ ʟʘ ʚʠʭʽʜʥʫ ɽʈʉ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʊʇ ʽʤʧʫʣʴʩʥʦʶ ʣʽʥʽʡʥʦʶ 

ʣʘʥʢʦʶ ʟ ʝʢʩʪʨʘʧʦʣʷʪʦʨʦʤ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ. 6.6). ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ʪʘʢʦʾ ʣʘʥʢʠ ʜʣʷ ʤʘʣʠʭ ʚʽʜʭʠʣʝʥʴ ʽ ʟ ʚʠʭʽʜʥʦʶ ʟʤʽʥʥʦʶ 
ʷ

nn

R

]nT[e
I
D
=D , ʜʝ R  ̫ï 

ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʷʢʽʨʥʦʛʦ ʢʦʣʘ, ʆʤ, ʤʘʻ ʚʠʛʣʷʜ 
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a . (6.35) 

 

ʊʫʪ a-=a sin
R

U
k

ʷ

d
T

0  ï ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʊʇ ʧʦ ʩʪʨʫʤʫ, ɸ/ʨʘʜ; 

Ud0 ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠ a = 0, ɺ. 

ʂʨʽʤ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊʇ ʚ ʢʦʥʪʫʨʽ ʩʪʨʫʤʫ ʤʘʻ ʤʽʩʮʝ ʜʠʩʢʨʝʪʥʽʩʪʴ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ʎʉʂ) ï ʊʨ. ʈʦʙʦʪʘ ʎʉʂ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʟ ʞʠʚʣʷʯʦʶ ʊʇ 

ʤʝʨʝʞʝʶ, ʱʦ ʦʟʥʘʯʘʻ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʚʦʭ ʧʝʨʽʦʜʽʚ ʢʚʘʥʪʫʚʘʥʥʷ ʊʨ  ̔ʊʧ ʱʦʜʦ 

ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ. ʗʢɦʦ ʧʦʪʨʽʙʥʝ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʽ ʨʦʟʨʘʭʫʥʢʫ 

ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʊʨ ʤʝʥʰʝ ʊʧ, ʪʦ ʟʘ ʨʝʟʫʣʴʪʫʶʯʫ ʜʠʩʢʨʝʪʥʽʩʪʴ 

ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʙʝʨʫʪʴ ʧʝʨʽʦʜ ʜʠʩʢʨʝʪʥʦʩʪʽ ʊʇ. ɿʘʟʚʠʯʘʡ 

ʚʠʤʽʨʶʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʻ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ id ʥʘ ʽʥʪʝʨʚʘʣʽ ʊʧ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʢʨʦɽʆʄ ʚ ʤʦʤʝʥʪ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ (ʜʠʚ. ʨʠʩ. 6.5). 

ʗʢʱʦ ʯʘʩ 
c

pp
f

tTt
p

a
=<= a

2
, ʪʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʤʽʥʠ ʟʘʜʘʶʯʦʛʦ ʢʫʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʊʧ (ʟʤʽʥʘ a ʚʽʜ 1ʟa  ʜʦ 

2ʟa  ʥʘ ʨʠʩ. 6.5). ʗʢʱʦ ʞ 
c

p
f

t
p

a
²

2
, ʪʦ ʚʠʥʠʢʘʻ ʟʘʧʽʟʥʶʚʘʥʥʷ ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ ʟ 

ʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤ a ʥʘ ʚʝʣʠʯʠʥʫ ʊʧ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʪʘʢʦʛʦ ʟʘʧʽʟʥʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʫ ʢʦʤʧʝʥʩʫʶʯʫ ʢʦʨʝʢʮʽʶ. 
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ȹŬʟ.Ű WPT(z) (z-1)/(zp) kŬŰ 1/(T ʨ̫+1)

kɸʎʇ kʦ.Ű

ȹŬʟ.Ű[n]

ȹŬo.Ű[n]

ȹŬo.Ű
ȹuo.Ű

ȹI ȹi

 
ʈʠʩʫʥʦʢ 6.7 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʘ ʩʪʨʫʤʫ 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ɽʈʉ 

ʜʚʠʛʫʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6.7. ɿʘ ʚʭʽʜʥʫ ʟʤʽʥʥʫ ʢʦʥʪʫʨʘ ʩʪʨʫʤʫ ʧʨʠʡʥʷʪʦ 

ʧʨʠʨʽʩʪ ʢʫʪʘ ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ ʊ.ɿaD , ʷʢʠʡ ʟʘʜʘʻ ʥʝʦʙʭʽʜʥʫ ʟʤʽʥʫ ʩʪʨʫʤʫ, ʘ ʟʘ 

ʚʠʭʽʜʥʫ ʟʤʽʥʥʫ ï ʧʨʠʨʽʩʪ ʩʝʨʝʜʥʴʦʛʦ ʟʘ ʧʝʨʽʦʜ ʊʧ ʩʪʨʫʤʫ iD ʘʙʦ ʚʽʜʧʦʚʽʜʥʘ ʡʦʤʫ 

ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʩʪʨʫʤʫ, ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʢʫʪ 

ʚʽʜʢʨʠʚʘʥʥʷ ʊʇ, 

 

ikikk '
T.OT.OɸʎʇT.O D=D=aD ,  

 

ʜʝ T.Ok  ï ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ, ɺ/ɸ; ikikk '
T.OT.OɸʎʇT.O D=D=aD  ï 

ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ɸʎʇ, ɺ-1 ( 1
0
-D= ukɸʎʇ ). 

ʄʝʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʫʨʘ ï ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʽ ʧʘʨʘʤʝʪʨʠ ʮʠʬʨʦʚʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ɼʇʌ )z(WPT . ʉʢʦʨʠʩʪʘʻʤʦʩʷ 

ʨʦʟʛʣʷʥʫʪʦʶ ʚ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʪʝʤʽ ʤʝʪʦʜʠʢʦʶ ʩʠʥʪʝʟʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʬʦʨʤʫʣʘʤʠ (6.19) ʽ (6.20). ɿʛʽʜʥʦ ʟʽ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ 

ʥʘʚʝʜʝʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʣʘʥʢʠ (ʇɹʃ) 

 

)pT(pz

z
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ʷ
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11

+

-
= a , (6.36) 

 

ʜʝ ʊ̫ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʪʘʣʘ ʯʘʩʫ ʷʢʽʨʥʦʛʦ ʣʘʥʮʶʛʘ ʊʇ-ɼ, ʩ. 
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-
= aa . (6.37) 

 

ʊʫʪ ]n[h  ï ʨʝʰʽʪʯʘʪʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʙʝʟʧʝʨʝʨʚʥʦ ʾʣʘʥʢʠ; 

 

ʷT

T
n

e]n[h
-

-=1 , 
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ʜʝ ʊ ï ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʥʦʩʪʽ ʟʘ ʯʘʩʦʤ, ʩ, ʨʽʚʥʠʡ ʊʧ. 

ɿ ʪʘʙʣʠʮʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʨʝʰʽʪʯʘʪʠʭ ʬʫʥʢʮʽʡ 

 

{ }
)z)(dz(

z)d(
]n[hZ

ʷ

ʷ

1

1
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-
= . (6.38) 

 

ʜʝ . 

ʊʦʜʽ 

 

. (6.39) 

 

ɿʘ ʙʘʞʘʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʢʦʥʪʫʨʘ ʩʪʨʫʤʫ ʧʨʠʡʤʘʻʤʦ ʝʢʩʧʦʥʝʥʪʥʠʡ 

ʟʘʢʦʥ ʟ ʧʘʨʘʤʝʪʨʦʤ ʊʊ ʜʣʷ ʤʦʜʫʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ: 

 

, 
(6.40) 

 

ʜʝ , . 

ɺʠʨʘʟʫ (6.40) ʚʽʜʧʦʚʽʜʘʻ ʨʝʰʽʪʯʘʪʘ ʬʫʥʢʮʽʷ 

 

, 
 

 

ɿʚʽʜʢʠ 

 

.  

 

ʊʘʢ ʷʢ ʙʘʞʘʥʘ ɼʇʌ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ 

 

. (6.41) 

 

ʜʝ , ʪʦ ɼʇʌ ʨʦʟʽʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʟʛʽʜʥʦ (6.20) 

 


