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ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ- ɻ ʪʦ ʩʦʙʠʨʘʪʝʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʨʷʜʘ ʦʙ-

ʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘ-

ʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ; ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʨʘʜʠʦʪʝʭʥʠʢʘ, ʨʘʜʠʦʬʠʟʠʢʘ ʠ 

ʵʣʝʢʪʨʦʥʠʢʘ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʅʘʫʢʫ, ʟʘʥʠʤʘʶ-

ʱʫʶʩʷ ʠʟʫʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʥʘʟʳʚʘʶʪ ʨʘʜʠʦʬʠʟʠʢʦʡ. 

ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʦʚʨʝʤʝʥʥʘʷ ʨʘʜʠʦʪʝʭʥʠʢʘ ï ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ ʪʝʭ-

ʥʠʢʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʛʝʥʝʨʘʮʠʝʡ, ʫʩʠʣʝʥʠʝʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʦʙʨʘʙʦʪʢʦʡ, ʭʨʘ-

ʥʝʥʠʝʤ, ʠʟʣʫʯʝʥʠʝʤ ʠ ʧʨʠʝʤʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʜʠʦʯʘʩʪʦʪ-

ʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ. ʂʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʨʘʜʠʦʪʝʭʥʠʢʘ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʳ ʠ ʯʘʩʪʦ ʵʪʠ ʪʝʨʤʠʥʳ ʟʘʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ:  

 

ʉʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʤ ʥʦʩʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʠ. ʌʠʟʠʯʝʩʢʠ 

ʩʠʛʥʘʣ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʉʠʛʥʘʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʷʞʝʥʠʝ U, ʪʦʢ I, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ E, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H ʠ ʜʨʫʛʠʝ ʚʝʣʠʯʠʥʳ. ʉʠʛʥʘʣ, ʜʦ-

ʩʪʘʚʣʷʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʝʟʥʳʤ. ʃʶʙʦʡ ʜʨʫʛʦʡ ʩʠʛʥʘʣ ʩʯʠ-

ʪʘʝʪʩʷ ʧʦʤʝʭʦʡ. ʇʦʤʝʭʘ ʠʩʢʘʞʘʝʪ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ - ʫʩʪʨʘʥʠʪʴ ʧʦʤʝʭʫ 

ʠʣʠ ʩʚʝʩʪʠ ʝʝ ʢ ʤʠʥʠʤʫʤʫ. ɺʘʞʥʝʡʰʝʡ ʬʫʥʢʮʠʝʡ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ 

ʩʦʦʙʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʠʛʥʘʣ ʧʦ 

ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ. ɺ ʩʦʚʨʝ-

ʩʠʛʥʘʣ ʢʘʥʘʣ ʨʘʜʠʦʩʠʩʪʝʤʘ 
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ʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ) ʦʪ 10 ʜʦ 1013 ɻʮ. ʕʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʪʘʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʜʠʦʚʦʣʥʘʤʠ. 

ʆʙɦʝʧʨʠʥʷʪʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʘʧʘʟʦʥʦʚ ʨʘʜʠʦʚʦʣʥ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʨʘʜʠʦʯʘʩʪʦʪ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʘʧʘʟʦʥʦʚ ʨʘʜʠʦʚʦʣʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʠʤ ʨʘʜʠʦʯʘʩʪʦʪ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʚʦʣʥ 

ɼʠʘʧʘʟʦʥ 

ʚʦʣʥ 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʋʩʪʘʨʝʚʰʠʝ ʪʝʨ-

ʤʠʥʳ 

ɼʝʢʘʤʝʛʘʤʝʪʨʦʚʳʝ 

ʄʝʛʘʤʝʪʨʦʚʳʝ 

ɻʝʢʪʦʢʠʣʦʤʝʪʨʦ-

ʚʳʝ 

ʄʠʨʠʘʤʝʪʨʦʚʳʝ 

ʂʠʣʦʤʝʪʨʦʚʳʝ 

ɻʝʢʪʦʤʝʪʨʦʚʳʝ 

ɼʝʢʘʤʝʪʨʦʚʳʝ 

ʄʝʪʨʦʚʳʝ 

ɼʝʮʠʤʝʪʨʦʚʳʝ 

ʉʘʥʪʠʤʝʪʨʦʚʳʝ 

ʄʠʣʣʠʤʝʪʨʦʚʳʝ 

ɼʝʮʠʤʠʣʣʠʤʝʪʨʦ-

ʚʳʝ 

105é104 ʢʤ 

104é103 ʢʤ 

103é102 ʢʤ 

102é10 ʢʤ 

10é1 ʢʤ 

1000é100 ʤ 

100é10ʤ 

10é1 ʤ 

100é10 ʩʤ 

10é1 ʩʤ 

10é1 ʤʤ 

1é0,1 ʤʤ 

3é30 ɻʮ 

30é300 ɻʮ 

300é3000 ɻʮ 

3é30 ʢɻʮ 

30é300 ʢɻʮ 

300é3000 ʢɻʮ 

3é30 ʄɻʮ 

30é300 ʄɻʮ 

300é3000 ʄɻʮ 

3é30 ɻɻʮ 

30é300 ɻɻʮ 

300é3000 ɻɻʮ 

 

 

 

ʉʚʝʨʭʜʣʠʥʥʳʝ 

ɼʣʠʥʥʳʝ 

ʉʨʝʜʥʠʝ 

ʂʦʨʦʪʢʠʝ 

 

ʋʣʴʪʨʘʢʦʨʦʪʢʠʝ 

 

 

 

 

ʇʝʨʚʳʤʠ ʙʳʣʠ ʦʩʚʦʝʥʳ ʜʠʘʧʘʟʦʥʳ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ (ʜʣʠʥʥʳʝ 

ʠ ʩʨʝʜʥʠʝ ʚʦʣʥʳ) ɺ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʨʘʙʦʪʘʣʠ ʠ ʜʦ ʩʠʭ ʧʦʨ ʨʘʙʦʪʘʶʪ ʨʘʜʠʦ-

ʚʝʱʘʪʝʣʴʥʳʝ ʩʪʘʥʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʜʠʦʚʝʱʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢʞʝ 

ʜʠʘʧʘʟʦʥʳ ʢʦʨʦʪʢʠʭ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʯʘʩʪʦʪ. ʊʝʣʝʚʠʜʝʥʠʝ ʥʘʯʠʥʘʣʦ ʩʚʦʶ 
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ʨʘʙʦʪʫ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʣʴʪʨʘʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ. 

ʆʩʥʦʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴʶ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ,- ɻ ʪʦ ʦʩʚʦʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʜʠʘ-

ʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʦʷʚʠʣʦʩʴ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʦʧʪʦʵʣʝʢʪʨʦ-

ʥʠʢʘ.  

ʇʨʦʩʪʨʘʥʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, 

ʷʚʣʷʝʪʩʷ ʢʘʥʘʣʦʤ. ʂʘʥʘʣ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʤʝʭ ʠ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʚʳʜʝʣʝʥʠʷ ʝʛʦ ʚ ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ ʨʘʜʠʦʵʣʝʢʪʨʦ-

ʥʠʢʠ. ʂʘʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ. ʇʨʠʤʝʨ ʝʩʪʝʩʪʚʝʥ-

ʥʦʛʦ ʢʘʥʘʣʘ ï ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ï ʢʘʙʝʣʴʥʘʷ ʣʠʥʠʷ. 

ʊʨʝʪʠʡ ʙʣʦʢ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʥʘʟʚʘʥ ʨʘʜʠʦʩʠʩʪʝʤʘ. ʇʦʜ ʨʘʜʠʦʩʠʩʪʝ-

ʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪ ʠʣʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣ. 

ɹʣʘʛʦʜʘʨʷ ʫʩʧʝʭʘʤ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʵʣʝ-

ʤʝʥʪʥʘʷ ʙʘʟʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʨʘʜʠʦʩʠʩʪʝʤʘ. ʈʘʜʠʦʩʠʩʪʝʤʳ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʝ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʝ ʧʨʠʙʦʨʳ (ʨʘʜʠʦʣʘʤʧʳ), ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʩʠʩʪʝʤ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʈʘʜʠʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ (ʪʨʘʥʟʠʩʪʦʨʳ, ʜʠʦʜʳ ʠ.ʪ. ʜ.) ʢʘʢ ʜʠʩʢʨʝʪʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʦʪʥʦʩʷʪ ʢ ʩʠʩʪʝʤʘʤ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʋʩʧʝʭʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ-

ʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʀʉ). ʈʘʜʠʦʩʠʩʪʝʤʳ, ʫ ʢʦʪʦʨʳʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʦʪʥʦʩʷʪ ʢ 

ʩʠʩʪʝʤʘʤ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʉʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʴʶ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ɹʀʉ). ʈʘ-

ʜʠʦʩʠʩʪʝʤʳ ʥʘ ɹʀʉ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɹʦʣʴʰʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʟʘ-

ʢʦʥʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ.ʪ.ʜ.), ʢʦʪʦʨʳʝ ʥʘʟʳʚʘ-

ʶʪʩʷ ʩʚʝʨʭʙʦʣʴʰʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʉɹʀʉ). ʈʘʜʠʦʩʠʩʪʝʤʳ ʥʘ ʉɹʀʉ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʆʙʱʠʡ ʚʠʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʘ ʠ ʨʘʜʠʦʩʠʩʪʝʤʳ ʣʶʙʦʛʦ ʫʨʦʚʥʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ  

ʛʜʝ Sʚʭ(t) ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘ-

ʜʠʦʩʠʩʪʝʤʫ;   F[é] ï ʠʤʝʝʪ ʦʧʝʨʘʪʦʨʥʳʡ ʩʤʳʩʣ, 

ʦʙʦʟʥʘʯʘʝʪ ʢʘʢʫʶ-ʣʠʙʦ ʦʧʝʨʘʮʠʶ ʥʘʜ ʩʠʛʥʘʣʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʜʠʦʩʠʩʪʝʤʫ;  Sʚʳʭ(t) ï ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʠʣʠ ʦʪʢʣʠʢ, ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ: Sʚʳʭ(t)= F[Sʚʭ(t)]   

ɽʩʣʠ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʪʦ ʨʘ-

ʜʠʦʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ (ʛʝʥʝʨʘʪʦʨʦʤ) ʩʠʛʥʘʣʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʦʩʠʩʪʝʤʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʚʝ ʟʘʜʘʯʠ: 1) 

ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ; 2) ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʜʠʦʩʠʩʪʝʤʳ ʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ, ʪ.ʝ. 

ʦʧʝʨʘʮʠʷ F[é] ʟʘʜʘʥʘ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʘʥʘʣʠʟʘ: 1) ʟʘʜʘʥ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ Sʚʭ(t), ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ Sʚʳʭ(t); 2) ʠʟʚʝʩʪʝʥ ʦʪʢʣʠʢ Sʚʳʭ(t), ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʚʦʟʜʝʡʩʪʚʠʝ Sʚʭ(t). ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʘʤʦʡ ʨʘʜʠʦʩʠʩʪʝʤʳ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʘʥʘʣʠʟʘ ʚʘʞʝʥ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʠʢ, ʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʠʛʥʘʣ ʦʪ ʦʙʲʝʢʪʘ ʬʠʟʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʘʭ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʘʥʘʣʠʟʘ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʨʘʜʠʦʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʠ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʫʶ ʦʧʝʨʘʮʠʶ F[é], ʢʦʛʜʘ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ Sʚʭ(t) ʨʘʜʠʦʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʟʘʜʘʥʥʳʡ ʦʪʢʣʠʢ Sʚʳʭ(t). ɿʘʜʘʯʘ 

ʩʠʥʪʝʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʟ ʨʘʜʠʦʩʠʩʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʠʩʪʝʤ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ, 

ʪ.ʝ. ʨʘʜʠʦʮʝʧʠ. ɺ ʦʩʥʦʚʘʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʬʠ-

ʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʫ ʨʘʜʠʦʮʝʧʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʣʫʞʘʪ ʙʘʟʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʨʘʜʠʦʩʠʩʪʝʤ.   
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ɻʃɸɺɸ 1. ʃʀʅɽʁʅʓɽ ʎɽʇʀ 

1.1 ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʈʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ (ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ) ʮʝʧʴʶ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʩʦʝʜʠʥʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ. 

ʇʘʩʩʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ï ʨʝʟʠʩʪʦʨʳ, ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ (ʠʥʜʫʢ-

ʪʠʚʥʦʩʪʠ), ʢʦʥʜʝʥʩʘʪʦʨʳ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ï ʧʝʨʝʜʘʶʪ, ʧʦʪʨʝʙ-

ʣʷʶʪ ʠʣʠ ʥʘʢʘʧʣʠʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ.  

ɸʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʝʡ, ʩʧʦ-

ʩʦʙʥʳ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʜʥʦʡ ʬʦʨʤʳ (ʯʘʩʪʦʪʳ) ʚ ʢʦʣʝʙʘʥʠʷ ʜʨʫʛʦʡ ʬʦʨʤʳ (ʯʘ-

ʩʪʦʪʳ). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʙʠʧʦʣʷʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʪʨʘʥʟʠ-

ʩʪʦʨʳ, ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʤʠʢʨʦʩʭʝʤʳ ʠ ʧʨʦʯʝʝ. 

ʇʦ ʧʨʠʟʥʘʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʪʦʢʦʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʜʝʣʷʪʩʷ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

¶ ʣʠʥʝʡʥʳʝ ʮʝʧʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʣʠʥʝʡʥʳʝ ʮʝʧʠ);  

¶ ʣʠʥʝʡʥʳʝ ʮʝʧʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʮʝʧʠ;  

¶ ʥʝʣʠʥʝʡʥʳʝ ʮʝʧʠ.  

ʃʠʥʝʡʥʳʝ ʮʝʧʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʪʦʢʦʚ ʠ ʧʨʠʣʦ-

ʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʪʘʢʠʝ ʮʝʧʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʂ ʣʠʥʝʡʥʳʤ ʮʝʧʷʤ ʧʨʠʤʝʥʠʤ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ (ʥʘʣʦʞʝʥʠʷ), 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʦʪʢʣʠʢ (ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ) ʣʠʥʝʡ-

ʥʦʡ ʮʝʧʠ ʥʘ ʩʣʦʞʥʦʝ (ʩʫʤʤʘʨʥʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʭʦʜʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʦʪʢʣʠʢʦʚ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ (ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ) 
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ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʵʪʦʪ ʧʨʠʥʮʠʧ 

ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʨʦʩʪʳʤ ʨʘʚʝʥʩʪʚʦʤ: 

T[u1(t)+ u2(t)+é] = T[u1(t)]+ T[u2(t)]+é,                       (1.1) 

ʛʜʝ T ï ʦʧʝʨʘʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʠʜ ʚʦʟʜʝʡʩʪʚʠʷ ʣʠʥʝʡʥʦʡ ʮʝʧʠ ʥʘ ʚʭʦʜ-

ʥʦʡ ʩʠʛʥʘʣ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʯʝʤ ʣʠʥʝʡʥʳʝ (ʠ ʜʨʫʛʠʝ) ʨʘʜʠʦʪʝʭʥʠ-

ʯʝʩʢʠʝ ʮʝʧʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ? ʕʪʦ ʜʝʣʝʥʠʝ ʜʦ-

ʚʦʣʴʥʦ ʫʩʣʦʚʥʦ, ʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʠʛʥʘʣʘʤʠ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʫʩʠʣʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʀʪʘʢ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʮʝʧʠ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ, ʬʦʨʤʠ-

ʨʦʚʘʪʴ, ʜʝʣʠʪʴ ʠ ʬʠʣʴʪʨʦʚʘʪʴ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʠ ʫʩʠʣʠʚʘʪʴ ʚʭʦʜʥʳʝ 

ʩʠʛʥʘʣʳ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʣʠʥʝʡʥʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʮʝʧʠ ʩʧʝ-

ʮʠʘʣʠʩʪʳ ʥʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

1.2 ɻʝʥʝʨʘʪʦʨʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ɺʩʷʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʜʝʨʞʠʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ 

ï ʛʝʥʝʨʘʪʦʨ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʠʜʘ ʵʥʝʨʛʠʠ (ʪʝʧ-

ʣʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʪ.ʧ.) ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʬʦʨʤʳ. 

 ɻʝʥʝʨʘʪʦʨ, ʧʠʪʘʶʱʠʡ ʮʝʧʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʧʨʠʥ-

ʮʠʧʘ ʜʝʡʩʪʚʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʝʪ ʜʚʘ ʚʥʝʰʥʠʭ ʟʘʞʠʤʘ ʘ-ʘ (ʨʠʩ.1.1), ʢ ʢʦʪʦ-

ʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ r. 

ʇʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʪ.ʝ. ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ (ʨʠʩ1.1ʘ) ʥʘ ʟʘʞʠ-

ʤʘʭ ʠʩʪʦʯʥʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʝ ʠʩ-

ʪʦʯʥʠʢʘ: Uxx=E. ʇʨʠ ʥʘʛʨʫʟʢʝ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ r (ʨʠʩ.1.2ʙ) 

ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʙʦʣʴʰʝ ʪʦʢ I. ʇʨʠ ʢʦ-

ʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ (r=0) ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪ.ʝ.  Uʢʟ=0. 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʠʩʪʦʯʥʠʢʘ ʦʪ ʪʦʢʘ, ʠʤ ʦʪʜʘʚʘʝ-

ʤʦʛʦ, U(I) ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 



12 

 

ʘ)                                      ʙ) 

ʈʠʩ.1.1. ɼʚʘ ʚʠʜʘ ʚʥʝʰʥʠʭ ʟʘʞʠʤʦʚ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ, ʧʠʪʘʶʱʝʛʦ ʮʝʧʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

 ʇʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʪ.ʝ. ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ (ʨʠʩ 1.1ʘ) ʥʘ ʟʘʞʠ-

ʤʘʭ ʠʩʪʦʯʥʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʝ ʠʩ-

ʪʦʯʥʠʢʘ: Uxx=E. ʇʨʠ ʥʘʛʨʫʟʢʝ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ r (ʨʠʩ.1.1ʙ) 

ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʙʦʣʴʰʝ ʪʦʢ I. ʇʨʠ ʢʦ-

ʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ (r=0) ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪ.ʝ.  Uʢʟ=0. 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʠʩʪʦʯʥʠʢʘ ʦʪ ʪʦʢʘ, ʠʤ ʦʪʜʘʚʘʝ-

ʤʦʛʦ, U(I) ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʚʥʝʰʥʶʶ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʫ ʠʣʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ U(I) (ʨʠʩ1.2ʘ), ʠʣʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ I(U) (ʨʠʩ.1.2ʙ) 

 

ʘ)                                                         ʙ) 

ʈʠʩ.1.2. ɼʚʘ ʪʠʧʘ ʚʥʝʰʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ 
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ʀʟʫʯʝʥʠʝ ʠ ʨʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ 

ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʨʝʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝʢʦʪʦʨʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ. 

ɺʦʟʤʦʞʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 

 

ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʠʟʦʙʨʘʞʘʶʱʝʡ ʚʥʝʰʥʶʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʩʪʦʯ-

ʥʠʢʘ ʤʦʞʥʦ, ʠʩʭʦʜʷ ʠʟ ʨʠʩ.1.2ʘ, ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

U=Uxx-RiI,                                                   (1.2) 

ɿʜʝʩʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ Ri=Uxx/Iʢʟ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʝʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʠʟʚʝʜʷ ʜʚʘ ʦʧʳʪʘ: ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦ-

ʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʩ-

ʯʝʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʛʝʥʝʨʘʪʦʨʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.2) ʧʦʣʫʯʠʤ: 

    iixx IRIrIRUEU +=+==                                      (1.3) 

      ɺʳʨʘʞʝʥʠʝ (1.3), ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʠ ʩ ʨʝʘʣʴʥʳʤ ʛʝʥʝ-

ʨʘʪʦʨʦʤ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʜʣʷ 

ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ  ʥʘ ʨʠʩ. 1.3. ʏʘʩʪʴ ʩʭʝʤʳ, ʧʦʢʘʟʘʥʥʘʷ ʣʝʚʝʝ ʪʦʯʝʢ ʘ-ʘ ʠ 

ʦʪʤʝʯʝʥʥʘʷ ʰʪʨʠʭʦʚʦʡ ʨʘʤʢʦʡ, ʦʯʝʚʠʜʥʦ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʚʠʚʘʣʝʥʪ-

ʥʫʶ ʩʭʝʤʫ ʛʝʥʝʨʘʪʦʨʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʡ ʩʭʝʤʦʡ ʛʝʥʝʨʘʪʦʨʘ.  

 

ʈʠʩ.1.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘ ̫ʵʢʚʠʚʘʣʝʥʪʥʘ ̫ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 
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ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ E  

.

1
r

R

E

Rr

Er
IrU

ii +

=
+

==                                          (1.4) 

ʆʥʦ ʪʝʤ ʙʣʠʞʝ ʢ ʚʝʣʠʯʠʥʝ ɽ, ʯʝʤ ʤʝʥʴʰʝ ʦʪʥʦʰʝʥʠʝ ,/ rRi  ʪ.ʝ., ʝʩʣʠ 

ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰ-

ʥʝʡ ʮʝʧʠ, ʦʥ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʛʝʥʝʨʘʪʦʨʫ ʵ.ʜ.ʩ, ʪ.ʝ. ʢ ʠʜʝ-

ʘʣʴʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʙ. ʇʘʨʘʣʣʝʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ 

 

ʀʩʭʦʜʷ ʠʟ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ.1.2ʙ, ʫʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʠʥʦʤ ʚʠʜʝ, ʘ ʠʤʝʥʥʦ: 

I=Iʢʟ ïGiU,                                                 (1.5) 

ʛʜʝ Gi=Iʢʟ/Uʭʭ=1/Ri. 

ʂʦʵʬʬʠʮʠʝʥʪ Gi, ʨʘʚʥʳʡ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ ʚʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥ ʚʥʫʪʨʝʥʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʛʝ-

ʥʝʨʘʪʦʨʘ.  

ʀʟ (1.5) ʧʦʣʫʯʠʤ: 

Iʢʟ=Iʛ=UGi+I.                                                (1.6) 

ʋʨʘʚʥʝʥʠʝ (1.6), ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʮʝʧʠ, ʧʠʪʘʝʤʦʡ ʨʝʘʣʴʥʳʤ ʛʝʥʝʨʘʪʦ-

ʨʦʤ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʚʳʨʘʞʘʝʪ ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʜʣʷ ʩʭʝʤʳ, ʧʦʢʘʟʘʥʥʦʡ 

ʥʘ ʨʠʩ. 1.4. ɿʜʝʩʴ  ʪʦʢ Iʛ=Iʢʟ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʥʝʢʦʪʦʨʳʤ ʚʦʦʙʨʘʞʘʝʤʳʤ ʠʩʪʦʯ-

ʥʠʢʘ ʪʦʢʘ, ʨʘʟʚʝʪʚʣʷʝʪʩʷ: ʪʦʢ Ii=UGi ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ Gi, ʧʦʜʢʣʶʯʝʥʥʫʶ ʧʘʨʘʣʣʝʣʴʥʦ ʛʝʥʝʨʘʪʦʨʫ ʪʦʢʘ, ʪʦʢ I- ʯʝʨʝʟ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʥʘʛʨʫʟʢʠ g=1/r. 
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ʈʠʩ.1.4. ʇʘʨʘʣʣʝʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 

 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʴ ʩʭʝʤʳ (ʨʠʩ1.4), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʣʝʚʝʝ 

ʪʦʯʝʢ ʘ-ʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦ-

ʨʫʶ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʭʝʤʦʡ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʩʭʝʤʦʡ. 

ʀʟ (1.6) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ 

,
i

ʛ

Gg

I
U

+
=                                               (1.7) 

ʘ ʪʦʢ ʥʘʛʨʫʟʢʠ                                                             

.
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==                                      (1.8) 

ɽʩʣʠ ,gGi <<ʪ.ʝ. ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʯʝʥʴ ʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ r, ʪʦ ʧʨʠʙʣʠʞʝʥʥʦ ʠʟ ʩʭʝʤʳ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ 

ʚʝʪʚʴ iG; ʪʦʛʜʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʙʫʜʝʪ ʙʣʠʟʦʢ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ 

ʢ ʠʜʝʘʣʴʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʪʦʢʘ. 

ʆʙʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʚ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʨʘʩʯʝʪʥʳʤʠ 

(ʬʠʢʪʠʚʥʳʤʠ) ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚʦ ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʥʝʨʘʪʦʨʫ ʵʣʝʤʝʥʪʘʭ 

ʩʭʝʤʳ ʮʝʧʠ. ʂʘʢʦʡ ʠʟ ʵʪʠʭ ʩʭʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʙʝʟʨʘʟʣʠʯʥʦ. 

ʀʟ ʦʪʤʝʯʝʥʥʦʛʦ ʨʘʥʝʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʝʥʝʨʘʪʦʨʘ ʩ ʤʘʣʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʭʝʤʦʡ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʵ.ʜ.ʩ., ʘ 

ʝʩʣʠ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʣʠʢʦ ï ʩʭʝʤʦʡ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ. ʂ ʵʪʦʤʫ 
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ʥʘʜʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ, ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠ-

ʥʝʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʫʜʦʙʥʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʩʭʝʤʝ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʵ.ʜ.ʩ.; ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʫ ʩ ʛʝʥʝʨʘʪʦ-

ʨʦʤ ʪʦʢʘ. 

 

ʚ. ʄʝʪʦʜ ʟʘʤʝʥʳ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʛʝʥʝʨʘʪʦʨʦʚ 

ʕ.ɼ.ʉ. ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʦʚ ʕ.ɼ.ʉ. ɽ1, ɽ2é, ɽn ʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ R1, R2,é Rn, ʨʘʙʦʪʘʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʥʘʛʨʫʟʢʠ  R (ʨʠʩ.1.5ʘ), ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ɽɻ ʢ, ʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rɻ ʢ (ʨʠʩ.1.5ʙ).  

 

ʘ)                                                     ʙ) 

ʈʠʩ. 1.5. ɿʘʤʝʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʛʝʥʝʨʘʪʦʨʦʚ 

ʕ.ɼ.ʉ. ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 
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ʊʦʢ ʚ ʢʘʞʜʦʡ ʚʝʪʚʠ 

,
k

k

R

UE
I

-
=  ʛʜʝ .ʘʙU U IR= =                          (1.11) 

 

ʛ. ʄʝʪʦʜ ʟʘʤʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʦʢʘ ʦʜʥʠʤ ʵʢ-

ʚʠʚʘʣʝʥʪʥʳʤ 

 

ɽʩʣʠ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʦʚ ʪʦʢʘ  ʩ ʪʦʢʘʤʠ I1, I2é In ʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ G1, G2,é Gn ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩ.1.6ʘ), 

 

ʘ )                                                                  ʙ) 

ʈʠʩ. 1.6. ɿʘʤʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʦʢʘ ʦʜʥʠʤ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

 

 ʪʦ ʠʭ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ 

(ʨʠʩ.1.6ʙ), ʪʦʢ ʢʦʪʦʨʦʛʦ Iʵʢ ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʪʦʢʦʚ, ʘ ʚʥʫʪʨʝʥʥʷʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ  Gʵʢ ʨʘʚʥʘ ʩʫʤʤʝ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʛʝʥʝ-

ʨʘʪʦʨʦʚ: 

;

1

ä
=

=
n

k

kʵʢ II                                                  (1.12) 

.

1

ä
=

=
n

k

kʵʢ GG                                                 (1.13) 

1.3 ʉʠʛʥʘʣʳ 

ʉʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝ-

ʤʝʥʝʤ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ S(t). ʈʝʘʣʴʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʢʘʢ ʦʙʲʝʢʪ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʘ ʟʥʘʯʠʪ, ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ.  ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠ-

ʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʦ ʨʷʜʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠ-

ʟʥʘʢʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʛʥʘʣʦʚ 

1) ʇʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʘʜʠʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-

ʥʳʝ (ʨʝʛʫʣʷʨʥʳʝ) ʠ ʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ.  

ɼʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ S(t)  ʚ ʣʶʙʦʡ  ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʪʦʯʥʦ 

ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ S. ʇʨʠʤʝʨʦʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʣʠ 

ʧʘʯʢʘ ʠʤʧʫʣʴʩʦʚ, ʬʦʨʤʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ-

ʚʝʩʪʥʦ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʧʦʜ-

ʢʣʘʩʩʘ: ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ɼʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʠʛ-

ʥʘʣʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ t ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

S(t) = S(t+nT),                                            (1.14) 

ʛʜʝ nïʮʝʣʦʝ ʯʠʩʣʦ, T- ʧʝʨʠʦʜ. ɽʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ T, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ (1.1), ʪʦ ʩʠʛʥʘʣ 

ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʫʪʠ ʜʝʣʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʥʝ 

ʥʝʩʝʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ 

ʧʦ ʢʘʥʘʣʫ ʨʘʜʠʦʩʚʷʟʠ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʨʫ-

ʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ (ʩʦʦʙʱʝʥʠʷ) ʧʦ ʩʫʱʝʩʪʚʫ ʥʝ ʩʦ-

ʜʝʨʞʘʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ, ʠ ʥʝʪ ʩʤʳʩʣʘ ʠʭ ʧʝʨʝʜʘʚʘʪʴ  

ɼʣʷ ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ ɝ(t) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʟʥʘʯʝʥʠʝ ɝ ï ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʪ.ʝ. ʵʪʦ ʩʠʛʥʘʣʳ, ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʣʶʙʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʥʝʠʟʚʝʩʪʥʳ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʚʥʦʡ 

ʝʜʠʥʠʮʝ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʝʘʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ ʩʠʛʥʘʣʳ ʠʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 
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ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʘʦʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ʂʘʢ ʥʠ ʧʘʨʘʜʦʢ-

ʩʘʣʴʥʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʦ ʩʠʛʥʘʣʦʤ, ʥʝʩʫʱʠʤ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʩʣʫʯʘʡʥʳʡ ʩʠʛʥʘʣ. ʀʥʬʦʨʤʘʮʠʷ ʟʘʣʦʞʝʥʘ ʚʦ ʤʥʦʞʝʩʪʚʝ ʘʤ-

ʧʣʠʪʫʜʥʳʭ, ʯʘʩʪʦʪʥʳʭ (ʬʘʟʦʚʳʭ) ʠʣʠ ʢʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ. ʉʣʫʯʘʡʥʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʯʠ, ʤʫʟʳʢʠ, ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪ.ʧ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʣʶʙʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʚ ʢʦʪʦʨʦʤ ʟʘʣʦʞʝʥʘ ʧʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʡ.  

2) ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʫʢʪʫʨʳ ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝ ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʘʥʘʣʦʛʦʚʳʝ, ʜʠʩʢʨʝʪʥʳʝ, ʮʠʬʨʦ-

ʚʳʝ. 

ɽʩʣʠ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʨʦʞʜʘʶʱʠʡ ʩʠʛʥʘʣ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ S(t) (ʨʠʩ.1.7ʘ), ʪʦ ʪʘʢʦʡ ʩʠʛʥʘʣ ʥʘʟʳʚʘʝʪʩʷ 

ʘʥʘʣʦʛʦʚʳʤ (ʥʝʧʨʝʨʳʚʥʳʤ). 

ɺ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʩʠʩʪʝʤʳ, ʜʝʡ-

ʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʦʩʪʝʡ-

ʰʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ï ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʪʦʯʝʢ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ (1.7ʙ). 

ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣ. ɺ ʥʝʤ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʯʠʩʣʘʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʨʝʘʣʠ-

ʟʦʚʘʥʥʳʤʠ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʠʤ (ʝʜʠʥʠʮʘ) ʠ 

ʥʠʟʢʠʤ (ʥʫʣʴ) ʫʨʦʚʥʷʤʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 1.7ʚ). 
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ʈʠʩ.1.7. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʠʛʥʘʣʦʚ 

 

3) ʉʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʥʦ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ï ʦʜʥʦʛʦ S(t) = S(t,ɚ), ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ S(t) = S(t, ɚ1, ɚ2,é). 

ʄʦʜʫʣʷʮʠʷ ï ɻ ʪʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʜʣʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʘʤʦʛʦ ʩʠʛ-

ʥʘʣʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣ ʩʯʠʪʘʝʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ, ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ï ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʤ. ɼʣʷ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʘʨʘʤʝʪʨ ɚ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʳʚʘʪʴʩʷ ʧʨʦʩʪʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ. 

ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʡ, ʠʣʠ ʩʠ-

ʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ S(t)=ɸcos(ɤt+ʌ). ʄʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʤʦʜʝʣʴ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʫʶ 

ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ S(t) = ɸʇ(t,); 
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, ʛʜʝ ŭ  ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ. 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1.8.  

 

ʈʠʩ.1.8. ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ 

 

1.4 ʃʠʥʝʡʥʳʝ ʮʝʧʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ 

ʪʠʧʘ, ʯʝʤ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʥʮʠ-

ʧʘʭ ʨʘʩʯʝʪʘ ʮʝʧʝʡ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʨʘʩʩʤʦʪ-

ʨʠʤ ʣʠʥʝʡʥʳʡ ʜʚʫʭʧʦʣʶʩʥʠʢ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ n-ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʢʨʘʪʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʢʦʣʝʙʘʥʠʡ, 

ʪ.ʝ. ä
=

=
n

p
p tutu

1

)()( . ʀʩʩʣʝʜʫʝʤʘʷ ʮʝʧʴ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʠ ʢ ʥʝʡ ʧʨʠʤʝʥʠʤ 

ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʪʦʢ, ʪʝʢʫʱʠʡ ʚ ʜʚʫʭʧʦ-

ʣʶʩʥʠʢʝ, ʨʘʚʝʥ ʩʫʤʤʝ ʪʦʢʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʪ.ʝ. ä
=

=
n

p
p titi

1

)()( . ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʪʦʢʘ ʚ ʮʝʧʠ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʦʪ-

ʢʣʠʢʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɽʩʣʠ ʬʫʥʢʮʠʷ S(t)= S(t+nT), ʪʦ ʝʝ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʌʫʨʴʝ 

),sincos(
2

)(

1

0 ä
¤

=

W+W+=

n

nn tnbtna
a

tS                          (1.15) 

ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ 
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a ,                                    (1.16) 

,sin)(
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n tdtntS
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b                                   (1.17) 
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ʛʜʝ           ɋ=2ˊ/T. 

ʈʘʟʣʦʞʝʥʠʝ (1.10) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

ä
¤

=

-W+=

1

0 ).cos(
2

)(

n

nn tnA
a

tS j                            (1.18) 

ɿʜʝʩʴ  

;22
nnn baA +=                                              (1.19) 

.
n

n
n

a

b
arctg=j                                             (1.20) 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʢʣʘʜʳʚʘ-

ʝʪʩʷ ʬʫʥʢʮʠʷ S(t), ʥʘʟʳʚʘʝʪʩʷ ʩʧʝʢʪʨʦʤ. ʉʧʝʢʪʨ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʢʘʢ ʚʳʪʝʢʘʝʪ ʠʟ ʨʘʟʣʦʞʝʥʠʷ (1.18) ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʤʥʦʞʝʩʪʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʫʝʪ ʜʠʩʢʨʝʪʥʳʡ ʨʷʜ ʟʥʘʯʝʥʠʡ nɋ (n=1,2,3é), ʢʨʘʪʥʳʭ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 

ɋ. ɸʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ ʛʘʨʤʦʥʠʢ) 

ʨʘʚʥʳ ɸn, ʘ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ űn. ʊʘʢʦʡ ʩʧʝʢʪʨ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ ʠʣʠ 

ʣʠʥʝʡʯʘʪʳʤ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʨʘʟʣʦʞʝʥʠʠ (1.18) ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʘʨʤʦʥʠʢʫ ʩ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ ʠ ʘʤʧʣʠʪʫʜʦʡ 

ɸ0=ʘ0/2. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ, 

ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʩʧʝʢʪʨʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʨʘʬʠʢʘʤʠ ï ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ. ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʜʠʘʛʨʘʤʤ: ʘʤ-

ʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.9 (ʘʤʧʣʠʪʫʜʥʘʷ - ʘ, 

ʬʘʟʦʚʘʷ -ʙ). 

 

ʘ)                                                             ʙ) 

ʈʠʩ.1.9. ɸʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ 

 

ʈʷʜʳ ʌʫʨʴʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʠʜʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ  
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ ʨʘʟʣʦʞʝʥʠʝ (1.15), ʧʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘ-
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tS             (1.21) 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʠʷʤʠ: 

nnn Ajba =-  ʠ           nnn Ajba -=+ . 

ʊʦʛʜʘ ʚʤʝʩʪʦ 1.21 ʙʫʜʝʤ ʠʤʝʪʴ 
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ʇʦʣʘʛʘʷ 00 Aa =  ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ  
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ʧʨʠʚʝʜʝʤ ʨʘʟʣʦʞʝʥʠʝ S(t) ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʠʜʫ: 

.
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)( ä

+¤

¤-

W= tjn
neAtS                                    (1.22) 

ʈʘʚʝʥʩʪʚʦ 1.22 ʝʩʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʨʷʜ ʌʫʨʴʝ ʬʫʥʢʮʠʠ S(t). 

ɺ ʨʘʟʣʦʞʝʥʠʠ 1.22 ʩʫʤʤʠʨʦʚʘʥʠʝ ʯʣʝʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʧʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʧʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ n. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʨʷʜ 

ʌʫʨʴʝ ʩʦʜʝʨʞʠʪ ʛʘʨʤʦʥʠʢʠ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʉʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʯʘʩʪʦʪʳ ʥʠʢʘʢʦʛʦ ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʥʝ ʠʤʝʶʪ. ʆʥʠ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʬʦʨʤʘʣʴ-

ʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩ ʤʥʠʤʳʤ ʘʨʛʫʤʝʥʪʦʤ. 

ʆʯʝʚʠʜʥʦ, ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʧʦ ʘʥʘ-

ʣʦʛʠʠ ʩ ʢʦʣʝʙʘʥʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ, ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪʩʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ 

ʯʘʩʪʦʪʦʡ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʌʫʨʴʝ nA  ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (1.16) ʠ 

(1.17) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 
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    (1.23) 

ʅʘʡʜʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʣʠʥʠʷʤʠ ʩʧʝʢʪʨʘ: 

(n+1)ɋ ïnɋ = (n+1)2 /́T -n 2 /́T=2 /́T. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ T ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʩʧʝʢʪʨ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʧʣʦʪʥʳʤ. ʆʪ ʚʝʣʠʯʠʥʳ T ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪ ʯʘʩʪʦʪʳ (ʝʩʣʠ ɤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʫʶ ʧʝʨʝʤʝʥ-

ʥʫʶ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ñ ñ ñ
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-

+

-
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- -==
2

2

2
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,sin)(cos)()()(

T

T
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tj tdttSjttSdtetSjF www w       (1.24)  

ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʠʪ T ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (1.23) ʠ (1.24) ʚʳʪʝʢʘʝʪ, ʯʪʦ  

),(
2

wjF
T

An=     ʝʩʣʠ W=nw .                   (1.24ʘ) 

ʈʷʜʳ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʬʫʥʢʮʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʷʜʦʚ ʌʫʨʴʝ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʬʫʥʢʮʠʶ S(t). ʇʫʩʪʴ S(t) ï ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ʪ.ʝ. 

S(-t)= S(t) (ʨʠʩ.1.10ʘ). 

ʇʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 
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ʘ)                                                                    ʙ) 

ʈʠʩ. 1.10. ʇʨʠʤʝʨʳ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʬʫʥʢʮʠʡ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʟʣʦʞʝʥʠʠ (1.25) ʦʩʪʘʥʫʪʩʷ ʪʦʣʴʢʦ ʯʣʝʥʳ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ 
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ä
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tS                              (1.26) 

ɽʩʣʠ S(t) ï ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʪ.ʝ. S(-t)= -S(t) (ʨʠʩ.1.10ʙ), ʪʦ 0=na  ʠ  
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n tdtntS
T

tdtntS
T

b .                     (1.27) 

ʈʷʜ ʌʫʨʴʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʪʦʣʴʢʦ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

ä
¤

=

W=

1

.sin)(

n

n tnbtS                                       (1.28)  

ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ɺ ʪʝʦʨʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ (ʠʤʧʫʣʴʩ-

ʥʳʭ) ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʧʨʠʝʤ, ʬʦʨʤʘʣʴʥʦ ʟʘʤʝʥʷʷ ʪʘʢʠʝ 

ʩʠʛʥʘʣʳ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʩʣʝʜʦʚʘʥʠʷ ( 

ʊŸÐ). 

ʇʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ S(t) ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʠʩʳ-

ʚʘʝʪ ʦʜʠʥʦʯʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʄʳʩʣʝʥʥʦ ʜʦ-

ʧʦʣʥʠʚ ʝʛʦ ʪʘʢʠʤʠ ʞʝ ʠʤʧʫʣʴʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʩʣʝʜʫʶʱʠʤʠ ʩ ʥʝʢʦʪʦʨʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʊ, ʧʦʣʫʯʠʤ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ Sn(t)= S(t+nT). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʥʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 0, ʊ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ 

ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ. ɺ 

ʧʨʝʜʝʣʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʠʦʜʘ ʠ ʊŸÐ, ʚʩʝ ʠʤʧʫʣʴʩʳ ʫʡʜʫʪ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ 

ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ S(t) ʚʥʦʚʴ ʩʪʘʥʝʪ ʦʜʠ-

ʥʦʯʥʳʤ ʠʤʧʫʣʴʩʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʷ (1.9.), (1.10) ʧʦ-ʧʨʝʞʥʝʤʫ 

ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʡ ʩʤʳʩʣ, ʦʜʥʘʢʦ ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ɋ=2ˊ/ʊ ʪʝʧʝʨʴ ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, ʠ ʝʝ ʧʨʠʜʝʪʩʷ ʟʘʤʝʥʠʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ dɤ. 

ɼʘʣʝʝ, ʧʨʦʠʟʚʝʜʝʥʠʝ nɋ ʧʨʠ ʊŸÐ, ʦʯʝʚʠʜʥʦ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʟʥʘ-

ʯʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ n. ʇʦʵʪʦʤʫ nɋ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʪʝʢʫʱʫʶ ʯʘʩʪʦʪʫ ɤ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʦʪ -Ð ʜʦ +Ð. ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, 
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ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʊ ʣʠʥʝʡʯʘʪʳʡ ʩʧʝʢʪʨ ʙʫ-

ʜʝʪ ʚʩʝ ʙʦʣʝʝ ʧʣʦʪʥʳʤ. ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʊŸÐ., ʨʘʚʥʳʝ ʨʘʩʩʪʦʷ-

ʥʠʷ ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʫʤʝʥʴʰʘʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʩʧʝʢʪʨ ʩʪʘ-

ʥʝʪ ʩʧʣʦʰʥʳʤ, ʘ ʘʤʧʣʠʪʫʜʘ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʘ-

ʞʫʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤʠ. 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ nA  ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ 

ʙʦʣʴʰʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 
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ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ S(t) ʚʤʝʩʪʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʠʩ-

ʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ nA ejnɋt ʚ (1.9) ʥʝʦʙʭʦʜʠʤʦ ʩʢʣʘʜʳʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ 

ʚʝʣʠʯʠʥʳ d nA (ɤ)ejɤt ʩ ʯʘʩʪʦʪʦʡ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʝʧʨʝʨʳʚʥʦ. ɼʨʫʛʠʤʠ ʩʣʦ-

ʚʘʤʠ, ʨʷʜ (1.9) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʣ  
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= ww
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wdejFtS tj)(
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1
)( .                               (1.30) 

ɺʳʨʘʞʝʥʠʷ (1.29) ʠ (1.30) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. 

ʀʪʘʢ, ʠʟ ʨʘʚʝʥʩʪʚ (1.29) ʠ (1.30) ʚʠʜʥʦ, ʯʪʦ ʣʶʙʫʶ ʥʝʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʬʫʥʢʮʠʶ S(t) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʛʘʨʤʦʥʠ-

ʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʦʪ -Ð ʜʦ +Ð. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʛʘʨʤʦʥʠʢ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʩʧʝʢʪʨ ʟʘʜʘʥʥʦʡ 

ʬʫʥʢʮʠʠ S(t). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʘʞʜʘʷ ʛʘʨʤʦʥʠʢʘ ʠʤʝʝʪ ʙʝʩʢʦ-
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ʥʝʯʥʦ ʤʘʣʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 
w

pw
d

Ad
jF =)( , ʥʘʟʳʚʘʝʤʘʷ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ S(t). ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʝ. 

ɽʩʣʠ S(t)  ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʝʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʨʘʥʝʝ ʚʚʝʜʝʥʥʦʡ ʚ ʪʝʦʨʠʠ ʨʷ-

ʜʦʚ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʝʩʪʴ ʬʫʥʢʮʠʷ ʢʦʤʧʣʝʢʩʥʘʷ. ʀʟ ʚʳʨʘʞʝʥʠʷ 

(1.29) ʚʠʜʥʦ, ʯʪʦ 

,)()()()( )(wjwwww j
ʤʚ eFjFFjF -=-=                             (1.31) 

ʛʜʝ 

;cos)()( tdttSFʚ ww ñ
+¤

¤-

=                                    (1.32) 

.sin)()( tdttSFʤ ww ñ
+¤

¤-

=                                   (1.33) 

ʄʦʜʫʣʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʚʝʥ 

)()()( 22 www ʤʚ FFF += .                               (1.34) 

ʠ ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ ʧʝʨʝʤʝʥʥʦʡ ɤ, ʪ.ʝ. F(-ɤ)= F(+ɤ). 

ɸʨʛʫʤʝʥʪ  

.
)(

)(
)(

w

w
wj

ʚ

ʤ

F

F
arctg=                             (1.35) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴʶ ʤʦʜʫʣʷ F(ɤ) ʠ ʘʨʛʫʤʝʥʪʘ ű(ɤ) ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʆʪʤʝʪʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʜʠʥʦʯʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʠ ʘʤʧʣʠʪʫʜʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʩʨʘʚʥʠʤ ʚʳʨʘʞʝʥʠʝ (1.24ʘ) 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʩʣʝ-
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ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʩ ʧʝʨʠʦʜʦʤ ʊ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʜʠʥʦʯ-

ʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (1.29), ʝʩʣʠ ʠʤʧʫʣʴʩ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʧʨʦʤʝʞʫʪʢʝ ïʊ/2 ʜʦ +ʊ/2: 

)( tjnFAn W
W
=
p

.                                          (1.36) 

ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʜʘʣʝʝ ʩʚʦʡʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʧʦʟʚʦʣʷʶʪ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʧʦ ʟʘʜʘʥʥʦʡ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ S(t) ʥʘʭʦʜʠʪʴ ʝʝ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ F(jɤ)  ʠʣʠ ʧʦ ʟʘʜʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

F(jɤ) ʥʘʭʦʜʠʪʴ ʦʨʠʛʠʥʘʣ, ʪ.ʝ. ʬʫʥʢʮʠʶ S(t). 

1. ʉʚʦʡʩʪʚʦ ʣʠʥʝʡʥʦʩʪʠ 

ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʌʫʨʴʝ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʣʠʥʝʡʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʚ ʩʠʣʫ ʢʦʪʦʨʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʠʨʦʚʘʥʠʶ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. ɽʩʣʠ  

)()( 11 wjFtS ·  ʠ )()( 22 wjFtS · , ʪʦ 

)()()()( 2121 ww jFjFtStS +=+ .                          (1.37) 

(ɿʥʘʢ · ʦʟʥʘʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ). 

2. ʀʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʬʫʥʢʮʠʠ 

ɽʩʣʠ 

)()( wjFtS · , ʪʦ )()( wjaFtaS · .                         (1.38) 

3. ʊʝʦʨʝʤʘ ʧʦʜʦʙʠʷ 

ɽʩʣʠ   

)()( wjFtS · , ʪʦ ö
÷

õ
æ
ç

å
·

k
jF

k
ktS

w1
)( .                       (1.39) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʳʟʳʚʘʝʪ ʩʞʘʪʠʝ 

ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʩʧʝʢʪʨʘ, ʪ.ʝ. ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʢʦʨʦʯʝ ʧʝʨʝʜʘʚʘʝʤʳʡ ʠʤʧʫʣʴʩ. 

4. ʊʝʦʨʝʤʘ ʟʘʧʘʟʜʳʚʘʥʠʷ 

ɽʩʣʠ 
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)()( wjFtS · , ʪʦ 0
0 )()(

tj
ejFttS
ww °

·° .                        (1.40) 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʝʤʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʬʫʥʢʮʠʠ ʥʘ ʚʨʝʤʷ t0 ʚʳʟʳʚʘʝʪ 

ʩʤʝʱʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ ʬʫʥʢʮʠʠ ʥʘ ʫʛʦʣ ɤt0, ʥʦ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. 

ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʟʘʧʘʟʜʳʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʧʝʢ-

ʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ.  

5. ʊʝʦʨʝʤʘ ʩʤʝʱʝʥʠʷ.   

ɽʩʣʠ 

)()( wjFtS · , ʪʦ ).()( 0
0 www

jjFetS
tj _·

°                       (1.41) 

ʋʤʥʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʝjɤ
0
t  ʧʨʠʚʦʜʠʪ ʢ 

ʩʜʚʠʛʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʧʦ ʦʩʠ ʯʘʩʪʦʪ ʥʘ ʚʝʣʠʯʠʥʫ ɤ0 ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʯʘʩʪʦʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʡʩʪʚʘ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʘ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʥʘʡʪʠ 

ʩʧʝʢʪʨʳ ʦʪʨʝʟʢʦʚ ʩʠʥʫʩʦʠʜ ʠ ʢʦʩʠʥʫʩʦʠʜ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʧʝʢʪʨʘʤ ʦʛʠʙʘʶʱʠʭ 

ʵʪʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ S(t)cosɤ0t ʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ )()( wjFtS · . ʇʨʝʦʙʨʘʟʫʝʤ ʟʘʜʘʥʥʫʶ ʬʫʥʢʮʠʶ, ʟʘʧʠʩʘʚ 

cosɤ0t ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ: 

.)(
2

1
)(

2

1
cos)( 00

0
tjtj

etSetSttS
www -

+=                       (1.42) 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʚʠʜ 

).(
2

1
)(

2

1
cos)( 000 wwwww jjFjjFttS ++-·                 (1.43) 

6. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ɽʩʣʠ  

)()( wjFtS · , ʪʦ )( ww jFj
dt

dS
·                        (1.44) 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʥʦʞʝʥʠʶ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ jɤ. 

7. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ɽʩʣʠ 
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)()( wjFtS · , ʪʦ ).(
1

)( w
w

jF
j

dttS

t

·ñ
¤-

                    (1.45) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʣʝʥʠʶ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ jɤ. 

8. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ɼʣʷ ʩʠʛʥʘʣʘ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʩʧʝʢʪʨʦʤ: 

.)(
2

1
)(

2

2 ww
p

djFdttSñ ñ
¤+

¤-

¤+

¤-

·                               (1.46) 

ɽʩʣʠ ʫʯʝʩʪʴ ʯʝʪʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ, ʪʦ ʧʨʘʚʳʡ ʠʥʪʝʛʨʘʣ ʟʘʧʠ-

ʰʝʪʩʷ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤ, ʯʘʩʪʦʪʘʤ 

.)(
1

)(

2

0

2 ww
p

djFdttSñ ñ
¤+

¤-

¤+

·                               (1.47)  

ʕʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʩʧʝʢʪʨʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʘʤʧʣʠ-

ʪʫʜʥʳʤ ʩʧʝʢʪʨʦʤ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʘ.  

ʉʧʝʢʪʨʳ ʥʝʢʦʪʦʨʳʭ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʡʜʝʤ ʩʧʝʢʪʨ ʦʜʠʥʦʯʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤ-

ʧʫʣʴʩʘ, ʛʨʘʬʠʢ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1.11. 

 

ʈʠʩ.1.11. ɺʨʝʤʝʥʥʦʡ ʚʠʜ ʦʜʠʥʦʯʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

 

 ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ S(t): 
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                                          (1.48) 

ʌʫʥʢʮʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʡʜʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

(1.29). 
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== ñ             (1.49)  

ʇʨʦʚʝʜʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʣʠʪʝʣʷ: 

2

2
sin2)sincos1()1(

d
w

wd wd
wdwd

j
j ejje

-
- =+-=-  

 ʋʤʥʦʞʠʤ ʥʘ ŭ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʚʳʨʘʞʝʥʠʷ (1.49). ʇʦʩʣʝ ʵʪʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʫʜʦʙʥʫʶ ʜʣʷ 

ʘʥʘʣʠʟʘ ʬʦʨʤʫ: 

2
0

2

2
sin

)(

d
w

d
w

d
w

dw
j

eUjF
-

=
.                           (1.50)  

ʆʪʩʶʜʘ ʥʝʪʨʫʜʥʦ ʥʘʡʪʠ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ: 

2

2
sin

)( 0 d
w

d
w

dw UF =                                    (1.51) 

ʉʨʘʚʥʠʚʘʷ (1.29) ʠ (1.50), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʘʟʦʚʳʡ ʩʧʝʢʪʨ: 

,
2

)( p
d
wwj m--=                                    (1.52) 

ʛʜʝ é
ê

è
ù
ú

ø
=

2

wd
m - ʮʝʣʘʷ ʯʘʩʪʴ ʦʪ ʚʳʨʘʞʝʥʠʷ ʚ ʦʙʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. 

ɻʨʘʬʠʢʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1.4 (ʘ,ʙ). 

ɸʤʧʣʠʪʫʜʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʝ. ʅʘ 

ʯʘʩʪʦʪʘʭ  

d

p
w

2
kk =    ...2,1=k                                    (1.53) 

ʘʤʧʣʠʪʫʜʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ.      
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                       ʘ)                                                                                        ʙ) 

ʈʠʩ.1.4. ɻʨʘʬʠʢʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʠʤʧʫʣʴʩʘ 
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ɻʃɸɺɸ 2. ʃʀʅɽʁʅʓɽ ʎɽʇʀ ʇʈʀ ɻɸʈʄʆʅʀʏɽʉʂʆʄ ɺʆɿɼɽʁ-

ʉʊɺʀʀ 

2.1. ʆʩʥʦʚʳ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ  ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ 

ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ. ʇʦʩʪʨʦʝʥʠʝ ʠ ʨʘʩʯʝʪʳ ʥʘ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ 

ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʯʠʩʪʦ ʛʨʘʬʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʅʦ ʦʥʠ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ 

ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤʠ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ, ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʥʝ ʩʦ-

ʧʨʦʚʦʞʜʘʷ ʠʭ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ 

ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʤʝ-

ʪʦʜ ʠʣʠ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ. ʉʠʤʚʦʣʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʬʦʨ-

ʤʘʣʴʥʳʤ ʧʝʨʝʚʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʥʘ ʷʟʳʢ ʘʣ-

ʛʝʙʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. 

ɺʝʢʪʦʨ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʣʦʩʢʦʩʪʴ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʙʫ-

ʜʝʤ ʩʯʠʪʘʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʷʢʘʷ ʪʦʯʢʘ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʢʦʥʮʘ ʥʘʰʝʛʦ ʚʝʢʪʦʨʘ U (ʨʠʩ.2.1) ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʫʩʣʦʚʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ (ʩʠʤʚʦʣʠʟʠʨʦʚʘʥʘ) ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ uk . 

 

ʈʠʩ. 2.1. ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʪʨʝʭ ʬʦʨʤʘʭ. 

ʇʝʨʚʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ: 

,jbauk +=  ʛʜʝ .1-=j                                         (2.1) 
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ɺʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢ-

ʮʠʶ ʚʝʢʪʦʨʘ ʥʘ ʦʩʴ ʚʝʱʝʩʪʚʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʪ.ʝ. [] acosRe Uauk == . ʂʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʠ j ʤʥʠʤʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʨʘʚʝʥ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʘ ʦʩʴ 

ʤʥʠʤʳʭ ʚʝʣʠʯʠʥ, ʪ.ʝ. [] .sinIm aUbuk ==  

ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ ʚʪʦʨʘʷ ʬʦʨʤʘ - ʪʨʠʛʦʥʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

).sin(cos aa jUuk +=                                   (2.2) 

ʅʘʢʦʥʝʮ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʬʦʨʤʫʣʫ ʕʡʣʝʨʘ 

,sincos aaa jej =+                                  (2.3) 

ʧʦʣʫʯʠʤ ʪʨʝʪʴʶ ʧʦʢʘʟʘʪʝʣʴʥʫʶ ʬʦʨʤʫ ʟʘʧʠʩʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ: 

.ajk Ueu =                                         (2.4) 

ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ  

,22 baU +=  

ʘ ʘʨʛʫʤʝʥʪ Ŭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʠʤ ʠʭ ʪʨʝʭ ʚʳʨʘʞʝʥʠʡ: 

,sin
U

b
=a ,cos

U

a
=a .

a

b
tg =a                          (2.5) 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ uk ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝ-

ʤʝʥʠ:  

.ywqa +== t                                          (2.6) 

ʇʦʵʪʦʤʫ ʯʠʩʣʦ, ʩʠʤʚʦʣʠʟʠʨʫʶʱʝʝ ʚʨʘʱʘʶʱʠʡʩʷ ʚʝʢʪʦʨ, ʚʳʨʘʟʠʪʩʷ 

ʪʘʢ: 

ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ 

,)( tjjtj
k eUeUeu wyyw == +

                           (2.7)  

ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ 

).sin()cos( ywyw +++= tjUtUuk                           (2.8) 

ɺʝʣʠʯʠʥʘ uk ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʢʨʘʪʥʦʩʪʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʝʝ ʪʝʢʫʱʠʤ ʠʣʠ ʤʛʥʦʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 
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ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ  

yjUeU =                                             (2.9) 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ; ʝʝ ʥʘʟʳʚʘʶʪ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʦʡ. ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ 

ʚʝʢʪʦʨʦʤ ʜʣʠʥʦʡ U, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ ɣ 

ʢ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ ʨʘʚʝʥ 

ʘʤʧʣʠʪʫʜʝ: .UU =  

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ɣ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʪʦʛʜʘ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ UU= , ʪ.ʝ. ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ.  

ʉ ʫʯʝʪʦʤ (2.9) ʚʳʨʘʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ 

.tj
k eUu w=                                           (2.10) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪ ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʡʪʠ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ 

ʤʛʥʦʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʥʘʜʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʨʘʱʘʶʱʠʡʩʷ ʚʝʢʪʦʨ ʥʘ ʚʝʱʝ-

ʩʪʚʝʥʥʫʶ ʦʩʴ; ʪʦʛʜʘ 

[ ] [ ]tj
k eUtuu wRe)(Re ==                                (2.11)    

ʠʣʠ ʠʥʘʯʝ 

).cos(cos ywa +== tUUu                           (2.12) 

ʀʪʘʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ (ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝ-

ʥʠʷ) ʧʝʨʝʡʪʠ ʢ ʚʳʨʘʞʝʥʠʶ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʜʦ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠ-

ʪʫʜʫ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ, ʫʤʥʦʞʠʪʴ ʥʘ ʦʧʝʨʘʪʦʨ ʚʨʘʱʝʥʠʷ 

ʝjɤt ʠ ʥʘʡʪʠ ʨʝʘʣʴʥʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ.  

2.2 ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

1. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʩʣʦʞʝʥʠʝ (ʠʣʠ ʚʳʯʠʪʘʥʠʝ) ʜʚʫʭ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ: 

)cos( 111 yw+= tUu  ʠ ).cos( 222 yw+= tUu                    (2.13) 

ʄʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 



37 

[ ] [ ] [ ],ReReRe 212121 kkkk uuuuuuu +=+=+=               (2.14) 

ʛʜʝ ( ) tj
kk eUUuu w

2121 +=+ - ʩʫʤʤʘ ʤʛʥʦʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʭ ʢʦʣʝʙʘʥʠʷ u1 ʠ u2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʧʦʣʫʯʘʝʤ ʥʦʚʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ, 

ʤʛʥʦʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

( ) .21
tjtj

k eUUeUu ww +==                            (2.15) 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʠʤʝʝʪ ʪʫ ʞʝ ʯʘʩʪʦʪʫ ɤ, 

ʯʪʦ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʨʘʚʥʘ ʩʫʤʤʝ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤ-

ʧʣʠʪʫʜ U1  ʠ U2: 

.21 UUU +=                                    (2.16) 

2. ʋʤʥʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʯʠʩʣʦ ɸ ʜʘʝʪ 

,)( yww +== tjtj
k AUeeUAAu  

ʪ.ʝ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ ʢʦʣʝʙʘʥʠʶ, ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠ-

ʯʝʥʘ ʚ ɸ ʨʘʟ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʦʪʘ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʣʝʙʘʥʠʷ ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʘʤʧʣʠʪʫʜʘ ʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ɸ ʨʘʟ.  

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ .
2

sin2 jje
j

==
p

p

 ʇʦʵʪʦʤʫ, ʫʤʥʦʞʠʚ ʤʛʥʦ-

ʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ,1-=j ʧʦʣʫʯʠʤ 

.
)

2
(

tj
j

tj
k eUeeUjju w

p
y

w
+

==                          (2.17) 

ɺʝʢʪʦʨ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʦʩʪʘʚʘʷʩʴ ʥʝʠʟʤʝʥʥʳʤ ʧʦ ʤʦʜʫʣʶ, 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ˊ/2 ʚ ʩʪʦʨʦʥʫ ʦʧʝʨʝʞʝʥʠʷ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ). ʈʝ-

ʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ ʠʤʝʝʪ ʬʘʟʫ 

ʥʘ ʫʛʦʣ ˊ/2 ʙʦʣʴʰʫʶ, ʥʝʞʝʣʠ ʠʩʭʦʜʥʦʝ. 

ʋʤʥʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘ (-j) ʦʟʥʘʯʘʝʪ ʧʦʚʦʨʦʪ ʚʝʢʪʦʨʘ ʧʦ ʩʪʨʝʣʢʝ ʯʘ-

ʩʦʚ ʥʘ ʫʛʦʣ ˊ/2.  
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3. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ  

[].Re)cos( kutUu =+= yw                            (2.18) 

ʊʘʢ ʢʘʢ  

[] .ReRe ù
ú

ø
é
ê

è
==

dt

du
u

dt

d

dt

du k
k                          (2.19) 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ uk ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ 

,tjk eUj
dt

du ww=                                 (2.20) 

ʪ.ʝ. ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʩʣʝʜʫʝʪ ʫʤʥʦʞʠʪʴ ʤʛʥʦʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʥʘ ʚʝʣʠʯʠʥʫ jɤ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ Ujw  ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʛʘʨʤʦʥʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʠ ʩʠʤʚʦʣʠʟʠʨʫʝʪʩʷ ʚʝʢʪʦʨʦʤ, ʚ ɤ ʨʘʟ ʙʦʣʴʰʠʤ ʠʩʭʦʜʥʦʛʦ ʠ ʧʦ-

ʚʝʨʥʫʪʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ ʥʘ ʫʛʦʣ ˊ/2 ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ.  

ɸʥʘʣʦʛʠʯʥʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʛʘʨʤʦʥʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʠ: 

[ ] [ ]ñ ññ == .ReRe)( dteUdteUdttu tjtj ww                         (2.21) 

ʅʘʭʦʜʠʤ ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (ʧʦʣʘʛʘʝʤ ʧʦʩʪʦʷʥ-

ʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʉ=0) 

ñ = .
1 tjtj eU
j

dteU ww

w
                                 (2.22) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʠʩʭʦʜʥʳʡ ʤʛʥʦʚʝʥʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʥʘʜʦ ʨʘʟʜʝʣʠʪʴ ʥʘ jɤ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ 
ww

U
jU

j
-=

1
 ʠʟʦʙʨʘʞʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʚ ɤ ʨʘʟ 

ʤʝʥʴʰʝ ʠʩʭʦʜʥʦʛʦ ʠ ʧʦʚʝʨʥʫʪʳʤ ʥʘ ʫʛʦʣ ˊ/2 ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ʀʪʘʢ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʶ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʭ ʫʩʣʦʚʥʳʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘʤʝʥʠʪʴ ʦʧʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʤʥʦʞʝʥʠʝʤ ʠ ʜʝʣʝʥʠʝʤ ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ jɤ. 
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2.3 ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ. ɺʭʦʜʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʝʤʢʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʮʝʧʠ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʮʝʧʝʡ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʝʧʝʡ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʧʦʟ-

ʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. 

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʭʦʞʜʝʥʠʠ ʦʪʢʣʠʢʦʚ ʮʝʧʠ ʥʘ ʟʘʜʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʦʟʜʝʡʩʪʚʠʝ ʚ ʩʣʫʯʘʝ 

ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʙʳʯʥʦ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʧʨʷʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦ-

ʪʦʨʦʛʦU, ʯʘʩʪʦʪʘ ɤ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ɣu ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʳ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ  ʠʟʚʝʩʪʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ uj
UeU
y

= . ɺ ʥʝʢʦʪʦ-

ʨʳʭ ʩʣʫʯʘʷʭ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʪʦʢʘ, ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʪʦ-

ʨʦʛʦ ,ij
IeI
y

=  ʛʜʝ I-ʘʤʧʣʠʪʫʜʘ, ɣi ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʪʦʢʘ. 

ʀʩʢʦʤʳʤʠ ʦʪʢʣʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʪʦʢʠ ʚ ʚʝʪʚʷʭ ʮʝʧʠ, ʣʠʙʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʝʝ ʵʣʝʤʝʥʪʘʭ. ʇʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʠ-

ʥʝʡʥʫʶ ʮʝʧʴ ʚʩʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʠʤʝʶʪ ʬʦʨʤʫ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦ-

ʣʝʙʘʥʠʡ, ʪ.ʝ. ʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ. 

ʅʘ ʨʠʩ. 2.2 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ. 

 

ʈʠʩ.2.2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 
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ɻʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ɻ ʧʠʪʘʝʪ ʧʘʩʩʠʚʥʳʡ ʜʚʫʭʧʦʣʶʩ-

ʥʠʢ ʇ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʪʦ ʠʣʠ ʠʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʠʥ-

ʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʝʤʢʦʩʪʝʡ.   ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ʆʪʥʦʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ ʚʭʦʜʝ ʜʚʫʭ-

ʧʦʣʩʁʥʠʢʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʩʦʢʨʘʱʝʥʥʦ 

ï ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ) ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ Zʚʭ: 

,
I

U
Zʚʭ=   ʠʣʠ                                        (2.23) 

ʚʭZ

U
I =  .                                               (2.24)  

 ʌʦʨʤʫʣʘ (2.24) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤ-

ʧʣʠʪʫʜ. ɽʩʣʠ ʠʟʚʝʩʪʥʦ Zʚʭ, ʪʦ, ʟʥʘʷ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʝ-

ʪʨʫʜʥʦ ʥʘʡʪʠ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʦʪʢʣʠʢʘ.    

ɹʫʜʫʯʠ ʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ  Zʚʭ ʷʚ-

ʣʷʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ r, L,C 

ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʜʚʫʭʧʦʣʶʩʥʠʢ, ʘ ʪʘʢʞʝ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ɤ, ʪ.ʝ. 

,)(
)( jyyw j

ʚʭ
iuj

ʚʭ eze
I

U

I

U
jZ ===

-                    (2.25) 

ʛʜʝ zʚʭ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʘ ʫʛʦʣ ű=ɣu- ɣi 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʘʢ ʠ ʚʩʷʢʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

Zʚʭ=rʚʭ +jxʚʭ.                                (2.26) 

ɿʜʝʩʴ  

rʚʭ= zʚʭcosű 

-ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ, ʥʘʟʳʚʘʝʤʘʷ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ; 

xʚʭ= zʚʭsinű                                    (2.27) 
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-ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʤʥʠʤʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ Zʚʭ, ʥʘʟʳʚʘʝʤʳʡ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

.22
ʚʭʚʭʚʭ ʭrz +=                                 (2.28) 

2.4 ʕʣʝʤʝʥʪʘʨʥʳʝ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʮʝʧʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʪʘʢʠʝ ʠʜʝʘ-

ʣʠʟʠʨʦʚʘʥʥʳʝ ʮʝʧʠ, ʩʭʝʤʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ, ʢʨʦʤʝ ʠʩʪʦʯʥʠʢʘ ʛʘʨʤʦʥʠʯʝ-

ʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʦʜʠʥ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʩʦʧʨʦʪʠʚʣʝʥʠʝ r, ʝʤʢʦʩʪʴ C, ʠʣʠ  

ʠʥʜʫʢʪʠʚʥʦʩʪʴ L. 

 

ʘ. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

 

ʇʫʩʪʴ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ r (ʨʠʩ.2.3) ʜʝʡʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʠʝ, ʠʟʤʝʥʷʶʱʝ-

ʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ u=Ucos(ɤt+ɣu).  

 

ʈʠʩ. 2.3. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ  

uj
UeU
y

= , ij
IeI
y

= . 

ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ïʚʝʱʝʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʪ.ʝ. 

.)(
)(

reze
I

U

I

U
jZ j

ʚʭ
iuj

ʚʭ ====
- jyyw  

ʈʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ xʚʭ=0. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦ-

ʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2.27) ű=ɣu-ɣi=0, ʪ.ʝ. ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʘʟʝ. 
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ɺ ʩʦʧʨʦʪʠʚʣʝʥʠʠ r ʨʘʩʭʦʜʫʝʪʩʷ ʵʥʝʨʛʠʷ. ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧ-

ʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʮʝʧʴ, ʪ.ʝ. ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ p=i2r. ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ 

ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ i=Icos(ɤt+ɣ),ʧʦʣʫʯʠʤ 

[ ]

[ ].)(2cos1
2

)(2cos1
2

)(cos
2

22

yw

ywyw

++

=++=+=

t
UI

t
rI

trIp

                (2.29) 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩ ʯʘʩʪʦʪʦʡ 2ɤ. 

ʅʘʡʜʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʠʥʪʝʛʨʘʣ  

.
11

0

2

0

ññ =>=<

TT

rdti
T

pdt
T

p  

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʚʤʝʩʪʦ p ʝʛʦ ʟʥʘʯʝʥʠʝ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.29), ʧʦʣʫʯʠʤ 

[ ] .
2

(2cos1
2

1 2

0

2 rI
dtt

rI

T
p

T

=++>=< ñ yw                       (2.30)  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘʟʳʚʘʶʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʴʶ. 

222

2 UIrIP
p ʤʘʢʩ ==>=< .                              (2.31) 

ʇʨʠ ʨʘʩʯʝʪʝ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʝʤ ʜʝʡʩʪʚʫʶ-

ʱʝʛʦ (ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʛʦ) ʟʥʘʯʝʥʠʷ ʪʦʢʘ. 

ɼʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ Iʜ ʥʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʘ-

ʢʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪ ʚ ʜʘʥʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʪʫ ʞʝ 

ʤʦʱʥʦʩʪʴ, ʢʘʢʘʷ ʚ ʥʝʤ ʨʘʩʭʦʜʫʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʅʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʪʦʢʘ I 

ʠ ʝʛʦ ʜʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ Iʜ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ Iʜ, 

ʧʦʣʫʯʠʤ 

,
2

2
2 rI
rIʜ =  ʦʪʢʫʜʘ 
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.
2

I
Iʜ=                                                 (2.32) 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʵʥʝʨʛʠʷ, ʨʘʩʭʦʜʫʝʤʘʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ r ʟʘ ʧʝʨʠʦʜ, 

,

0

22
ñ=
T

ʜ rdtirTI  ʦʪʢʫʜʘ 

.
1

0

2
ñ=

T

ʜ dti
T

I                                            (2.33) 

ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʥʘʟʳʚʘʶʪ ʩʨʝʜʥʝʢʚʘʜ-

ʨʘʪʠʯʥʳʤ. 

ʅʘʨʷʜʫ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ ʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʝʤ ʜʝʡʩʪʚʫ-

ʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝʤ 

.
2

U
Uʜ=                                             (2.34) 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ r ʫʯʘʩʪʢʘ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʥʘʟʳʚʘʶʪ ʘʢʪʠʚʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ.    

ɸʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʮʝʧʠ ʥʘʟʳʚʘʝʪʩʷ   ʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʫʝʤʦʡ 

ʚ ʥʝʡ ʩʨʝʜʥʝʡ (ʘʢʪʠʚʥʦʡ) ʤʦʱʥʦʩʪʠ ʢ ʢʚʘʜʨʘʪʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʮʝʧʠ: 

.
2

22
ʜI

p

I

p
r

><
=
><

=                                        (2.35) 

ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʢʦʪʦʨʦʝ  ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʟʳ-

ʚʘʝʪʩʷ ʦʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʈʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʘʭ ʘʢʪʠʚʥʦʛʦ ʠ ʦʤʠ-

ʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʘʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʙ. ɽʤʢʦʩʪʴ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

 ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʴ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ (ʨʠʩ.2.4) ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ u=Ucos(ɤt+ɣu) ʠ ʝʤʢʦʩʪʠ ʉ. 
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ʈʠʩ 2.4. ɽʤʢʦʩʪʴ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ  

uj
UeU
y

= , ij
IeI
y

= . 

ʊʘʢ ʢʘʢ ʤʛʥʦʚʝʥʥʳʡ ʪʦʢ ʯʝʨʝʟ ʝʤʢʦʩʪʴ ,
dt

du
Ci =  ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

(2.20) ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʴʶ 

,UCjI w=   ʠʣʠ 

.
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uj

ij
CUeIe                                  (2.36) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʪʦʢʘ ɣi=ɣu+ˊ/2. 

ɺʝʢʪʦʨ ʪʦʢʘ ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ, ʦʙ-

ʨʘʪʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʪʨʝʣʢʠ ʯʘʩʦʚ, ʥʘ ʫʛʦʣ ˊ/2, ʪ.ʝ. ʪʦʢ ʦʧʝʨʝʞʘʝʪ 

ʧʦ ʬʘʟʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʫʛʦʣ ˊ/2.  ɺʭʦʜʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʤ-

ʢʦʩʪʥʦʡ ʮʝʧʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.25) 

2

p
j

ʚʭ e
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=                                         (2.37) 

ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʥʠʤʦʡ ʚʝʣʠʯʠʥʦʡ, ʪ.ʝ. ʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ ʠ Zʚʭ=jxʚʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ (2.36) ʩʣʝ-

ʜʫʝʪ, ʯʪʦ  

Cʚʭ jx
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.                          (2.38) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʝʤʢʦʩʪʥʦʡ ʮʝʧʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʨʘʚʥʦ xC. 
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ʀʟ ʚʩʝʛʦ ʩʢʘʟʘʥʥʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʷʩʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʚ ʝʤʢʦʩʪʥʦʡ ʮʝʧʠ 

ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ ʠʩʪʦʯʥʠʢʘ. ʅʘ ʨʠʩ.2.5 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ  ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ xC(ɤ) ʠ ʝʤʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

bC(ɤ)=1/xC(ɤ).  

 

ʈʠʩ.2.5. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ xC(ɤ) ʠ 

ʝʤʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ bC(ɤ)=1/xC(ɤ) 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘ-

ʜʘʝʪ, ʧʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ ʤʘʣʳʤ ʠ ʨʝʞʠʤ ʠʩʪʦʯʥʠʢʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ. ʅʘʦʙʦʨʦʪ, ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

(ɤ=0) ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʢʦ, ʪ.ʝ. ʮʝʧʴ ʨʘʟʦʤʢʥʫʪʘ. 

ɽʤʢʦʩʪʴ ʉ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤ ʵʣʝʤʝʥʪʦʤ ʮʝʧʠ. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʤ ʚ ʝʤʢʦʩʪʠ ʉ , ʟʘʧʘʩʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʢʦʪʦʨʦʡ  

).2cos1(
4

cos
22

2
2

22

t
CU

t
CUCu

wC ww +===                    (2.39) 

ɺʝʣʠʯʠʥʘ wC ʠʟʤʝʥʷʝʪʩʷ ʩ ʜʚʦʡʥʦʡ ʯʘʩʪʦʪʦʡ 2ɤ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʦʩʪʠ-

ʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

2

2CU
Wʉʤʘʢʩ= .                                            (2.40) 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʪ.ʝ. 



46 

.2sin
2

sincos t
UI

ttUIuipC www -=-==                        (2.41) 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

,0
1

0

=>=< ñ
T

Cdtp
T

p  

ʪ.ʝ., ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʘʢʪʠʚʥʦʡ (ʨʘʩʭʦʜʫʝʤʦʡ) ʤʦʱʥʦʩʪʠ ʚ ʠʟʣʫʯʘʝ-

ʤʦʡ ʮʝʧʠ ʥʝʪ. 

ɺ ʝʤʢʦʩʪʥʦʡ ʮʝʧʠ ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʘʝʤʦʡ ʚ ʧʦʣʝ ʵʥʝʨʛʠʠ 

.)(
dt

dw
tp C

C =  

ɺʝʣʠʯʠʥʘ 

jj sinsin
2

ʜʜq IU
UI

p ==                             (2.42) 

ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ. ɺ ʝʤʢʦʩʪʥʦʡ ʮʝʧʠ 
2

p
j -=  ʠ 

.
2

Cq P
UI

P -=-=  

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ qP ʨʘʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ. 

ʚ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʴ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ (ʨʠʩ.2.6) ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ u=Ucos(ɤt+ɣu) ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L. 

 

ʈʠʩ.2.6. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 
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ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ  

uj
UeU
y

= , ij
IeI
y

= . 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
dt

di
Lu=  ʠ ʨʘ-

ʚʝʥʩʪʚʦ (2.20), ʧʦʣʫʯʠʤ 

,ILjU w=   ʠʣʠ 

.
)

2
(

p
y

y w
+

=
ij

uj
LIeUe                                (2.43) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʪʦʢʘ ɣi=ɣu-ˊ/2, ʪ.ʝ. ʪʦʢ ʦʪʩʪʘʝʪ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʛʦʣ ˊ/2.  

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʤʥʠʤʦʡ 

ʚʝʣʠʯʠʥʦʡ 

.2)(
ʚʭ

j
iuj

ʚʭ jxe
I

U
e

I

U
Z ===

-
p

yy                            (2.44) 

ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʥʠʤʦʡ ʚʝʣʠʯʠʥʦʡ, ʪ.ʝ. ʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ ʠ Zʚʭ=jxʚʭ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ (2.43) , 

,Lʚʭ xLx ==w                                            (2.45) 

ʪ.ʝ. ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʡ ʮʝʧʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʝʤʢʦʩʪ-

ʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʨʘʚʥʦ ʠʥʜʫʢ-

ʪʠʚʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ .Lx  ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʷ-

ʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɤ=0) ʠʩ-

ʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʥʘʢʦʨʦʪʢʦ )0( =Lx , ʘ ʜʣʷ ɤ=Ð - 

ʨʘʟʦʤʢʥʫʪʳʤ )( ¤=Lx . ʅʘ ʨʠʩ.2.7 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥ-

ʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ xL(ɤ) ʠ ʠʥʜʫʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

bL(ɤ)=1/xL(ɤ).  
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ʈʠʩ.2.7. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʠʥʜʫʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤ ʵʣʝʤʝʥʪʦʤ ʮʝʧʠ. ɺ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʤʳ ʩʯʠʪʘʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L, ʟʘʧʘʩʘʝʪʩʷ 

ʵʥʝʨʛʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 

).2cos1(
4

sin
22

2
2

22

t
LI

t
LILi

wL ww -===                          (2.46) 

ɿʘʧʘʩʘʝʤʘʷ ʵʥʝʨʛʠʷ wL ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩ ʯʘʩʪʦʪʦʡ 2ɤt. ʆʥʘ ʤʘʢ-

ʩʠʤʘʣʴʥʘ ʠ ʨʘʚʥʘ  

.
2

2LI
WLʤʤʘʢ=                                           (2.47) 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʟʘʢʦʥʫ  

.2sin
2

sincos t
UI

ttUIuipL www ===                        (2.48) 

ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʠʟʫʯʘʝʤʦʡ ʮʝʧʠ ʦʪʩʫʪʩʪʚʫʶʪ: 

.0
1

0

=>=< ñ
T

pdt
T

p  

ʊʘʢ ʢʘʢ ʚ ʠʥʜʫʢʪʠʚʥʦʡ ʮʝʧʠ ű=+ˊ/2, ʪʦ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʜʫʢ-

ʪʠʚʥʦʡ ʮʝʧʠ ʨʘʚʥʘ 

.sin
2

ʜʜq IU
UI

p == j                                    (2.49) 
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2.5. ɿʘʢʦʥʳ ʂʠʨʭʛʦʬʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʩʫʤʤʘ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ 

ʫʟʣʘ ʨʘʚʥʘ ʥʫʣʶ. 

ʇʨʝʜʩʪʘʚʣʷʷ ʪʦʢʠ niii ,...2,1  ʢʘʢ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʘʩʪʠ ʪʝʢʫʱʠʭ ʢʦʤʧʣʝʢ-

ʩʦʚ 

,11
tj

k eIi w= ,22
tj

k eIi w=  éé ,tj
nnk eIi w=  

ʧʦʣʫʯʠʤ 

[ ] .0Re

1

ä
=

=
n

p

tj
peI w  

ʊʘʢ ʢʘʢ ʩʫʤʤʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʬʫʥʢʮʠʡ ʨʘʚʥʘ ʚʝ-

ʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʩʫʤʤʳ ʬʫʥʢʮʠʡ, ʪʦ 

.0Re

1

=
ù
ù

ú

ø

é
é

ê

è

ä
=

n

p

tj
peI w  

ʕʪʦ ʨʘʚʝʥʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ 

,0

1

ä
=

=
n

p

pI                                              (2.50) 

ʛʜʝ n-ʯʠʩʣʦ ʪʦʢʦʚ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʝ.  

ʌʦʨʤʫʣʘ (2.51) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʚ ʩʠʤ-

ʚʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ: ʩʫʤʤʘ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʪʦʢʦʚ ʫʟʣʘ ʨʘʚʥʘ ʥʫʣʶ. 

ɺʝʢʪʦʨʳ ʪʦʢʦʚ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʝ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʦʙʨʘʟʫʶʪ 

ʥʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ ʟʘʤʢʥʫʪʫʶ ʬʠʛʫʨʫ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʛʣʘʩʠʪ, ʯʪʦ ʩʫʤʤʘ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ  ʢʦʥʪʫʨʘ ʨʘʚʥʘ ʩʫʤʤʝ ʵ.ʜ.ʩ., ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʚ ʢʦʥʪʫʨʝ.  

ɺʳʨʘʞʘʷ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ,,....2,1 muuu  ʠ Neee ,..., 21  ʯʝ-

ʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʫʱʠʝ ʢʦʤʧʣʝʢʩʳ 

tj
k eUu w

11= , 
tj

k eUu w
22= , é, tj

mkm eUu w= ; 

tj
k eEe w

11= , ,22
tj

k eEe w= é, ,tj
NkN eEe w=  
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ʇʦʣʫʯʠʤ 

.ReRe

11 ù
ù
ú

ø

é
é
ê

è
=
ù
ù
ú

ø

é
é
ê

è
ää
==

N

i

tj
i

m

i

tj
i eEeU ww  

ʊʘʢ ʢʘʢ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʩʦʙʣʶʜʘʝʪʩʷ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʪʦ 

ʢʦʣʝʙʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʪʝʢʫʱʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ä
=

m

i

tj
ieU

1

wʠ ä
=

N

i

tj
ieE

1

w , 

ʨʘʚʥʳ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʘʟʝ: 

,

11

ää
==

=
N

i

i

m

i

i EU                                        (2.51) 

ʛʜʝ m-ʯʠʩʣʦ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʪʫʨʝ; N-ʯʠʩʣʦ ʵ.ʜ.ʩ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʆʤʘ ,iii ZIU =  ʛʜʝ iI  - ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʣʝʤʝʥʪ, ʠʤʝʶʱʠʡ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  iZ : ʧʦ-

ʵʪʦʤʫ (2.51) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ä ä
= =

=
m

i

N

i

iii EZI

1 1

  .                                   (2.52) 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʵ.ʜ.ʩ. ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠ. ɺʝʢʪʦʨʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʟʥʦʩʪʴ  [ ]ä ä- ii EU  ʦʙʨʘʟʫʶʪ ʥʘ ʚʝʢʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʝ ʟʘʤʢʥʫʪʫʶ ʬʠʛʫʨʫ. 

2.6. ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʞʠʤ ʮʝʧʝʡ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦ-

ʣʝʙʘʥʠʷʭ, ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʮʝʧʠ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ. ʊʦʣʴʢʦ ʚʤʝʩʪʦ ʚʝʱʝʩʪʚʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʤʳ ʦʧʝʨʠʨʫʝʤ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ: ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ 

ʥʘʧʨʷʞʝʥʠʡ (ʵʜʩ) ʠ ʪʦʢʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʮʝʧʠ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠ ʥʘ ɻ ʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
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ɻʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡ-

ʩʪʚʠʷ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʤʝʥʠʪʴ ʦʜʥʦʡ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ, ʧʦʜʦʙ-

ʥʳʭ ʩʭʝʤʘʤ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ. 

ʅʘ ʨʠʩ.2.8ʘ ʠʟʦʙʨʘʞʝʥʘ (ʣʝʚʝʝ ʪʦʯʝʢ m-n) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ.  

 

ʈʠʩ. 2.8. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 

 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʵʜʩ, ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠ-

ʪʫʜʘ ʢʦʪʦʨʦʡ ,E  ʩʦʝʜʠʥʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ .iii jXRZ +=   

ʕʜʩ E  ʨʘʚʥʘ ʥʘʧʨʷʞʝʥʠʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ  xxUE= . ɺʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 

ʢʟ

ʭʭ
i

I

U
Z = , 

ʛʜʝ ʢʟI  - ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘʞʠʤʦʚ m-n. 

ʊʦʢ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Zʥ 

ʥi ZZ

E
I

+
= ;                                         (2.53) 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʛʨʫʟʢʝ 

.

1
ʥ

iiʥ

ʥ

Z

Z

E

ZZ

ZE
U

+

=
+

=                                  (2.53ʘ) 



52 

ʅʘ ʨʠʩ 2.8ʙ ʧʦʢʘʟʘʥʘ ʧʘʨʘʣʣʝʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ( ʩ ʛʝʥʝʨʘʪʦ-

ʨʦʤ ʪʦʢʘ). ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ ʢʟʛ II =  , ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʪʦʨʦʤʫ 

ʚʢʣʶʯʝʥʘ ʚʥʫʪʨʝʥʥʷʷ ʧʨʦʚʦʜʠʤʦʩʪʴ .
1

ii
i

i jBG
Z

Y +==  

ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʪʦ-

ʨʦʡ ʥʥʥʥ jbgZY +== /1 , ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

ʥi

ʛ

YY

I
U

+
=  ;                                             (2.54) 

ʪʦʢ ʥʘʛʨʫʟʢʠ 

.

1
ʥ

i

ʛ

ʥi

ʥʛ

Y

Y

I

YY

YI
I

+

=
+

=                                     (2.54ʘ) 

ʃʶʙʘʷ ʠʟ ʵʪʠʭ ʩʭʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʪʦʢʘ ʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ. 

ʊʘʢ ʢʘʢ  ʢʟʛ II = , ʪʦ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʩʫʱʝ-

ʩʪʚʫʝʪ ʦʯʝʚʠʜʥʘʷ ʩʚʷʟʴ:   

iZ

E
I = ;            

i

ʛ

Y

I
E= ;          

i
i

Z
Y

1
= . 

ʕʪʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʠʩʪʦʯʥʠʢʘ ʢ ʜʨʫʛʦʡ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ 

ɺ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ iii jXRZ +=  ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʥʥ jxrZ +=  (ʨʠʩ.2.8ʘ) 

ʵʥʝʨʛʠʷ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʠʯʥʦ ʨʘʩʭʦʜʫʝʪʩʷ  ʚ ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ rʥ. ʉʯʠ-

ʪʘʷ ʵʪʫ ʵʥʝʨʛʠʶ ʧʦʣʝʟʥʦʡ, ʫʩʪʘʥʦʚʠʤ, ʢʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦ-

ʨʷʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Zʥ, ʯʪʦʙʳ ʚ ʝʛʦ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  rʥ 

ʚʳʜʝʣʷʣʘʩʴ ʥʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ. 

ʀʩʭʦʜʷ ʠʟ ʩʭʝʤʳ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʵʜʩ ʥʘ ʦʩʥʦʚʘʥʠʠ (2.53) ʧʦʣʫʯʠʤ, ʯʪʦ 

ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʚ ʮʝʧʠ 
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22 )()( ʥiʥi xXrR

E
I

+++

=  . 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʩʭʦʜʫʝʤʘʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ rʥ ʥʘʛʨʫʟʢʠ, 

.
)()(2

1

2

1
22

2
2

ʥiʥi

ʥ
ʥ

xXrR

rE
rIP

+++
==  

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ P ʷʚʣʷʝʪʩʷ 

ʨʘʚʝʥʩʪʚʦ 

.iʥ Xx -=                                                                    (2.55) 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.9. 

ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ rʥ, ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ  

.
)(2

1
2

2

ʥi

ʥ
ʤʘʢʩ

rR

rE
P

+
=  

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʤʘʢʩP  ʧʦ rʥ ʠ ʧʨʠʨʘʚʥʠʚʘʷ ʧʨʦʠʟʚʦʜʥʫʶ ʥʫʣʶ, ʥʘʭʦ-

ʜʠʤ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

ʥʘʠʙʦʣʴʰʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ 

iʥ Rr = .                                             (2.56) 

 

ʈʠʩ. 2.9. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘʛʝʥʝʨʘʪʦʨʘ 

 

ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ 

.
8

2

i
mm

R

E
P =  

ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʚ ʥʘʛʨʫʟʢʝ ʧʨʠ ʧʠʪʘʥʠʠ ʝʝ 

ʛʝʥʝʨʘʪʦʨʦʤ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʦʜʥʦʡ ʬʦʨʤʫ-

ʣʦʡ  
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,iiʥʥ jXRjxr -=+ ʠʣʠ  ,*= iʥ ZZ                                 (2.57) 

ʛʜʝ *iZ  - ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʩʦʧʨʷʞʝʥʥʦʝ .iZ  

ɽʩʣʠ ʫʩʣʦʚʠʝ (2.57) ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʠ ʛʝʥʝʨʘʪʦʨ 

ʩʦʛʣʘʩʦʚʘʥʳ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷ (2.55) ʚ ʩʭʝʤʫ ʠʥʦʛʜʘ ʚʚʦʜʷʪ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʢʦʚ, ʯʪʦʙʳ ʩʫʤʤʘ ʨʝʘʢʪʠʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʮʝʧʴ, ʨʘʚʥʷʣʘʩʴ ʥʫʣʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɤ=0), ʛʜʝ ʚʩʝʛʜʘ 0=-= ʥi xx , ʠ ʧʦ-

ʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʩʪʘʝʪʩʷ ʫʩʣʦʚʠʝ   iʥ Rr = . 

ʊʘʢ ʢʘʢ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ I0 ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

rʥ, ʨʘʚʥʘ ,2
0 ʥrIP=  ʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ  ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ,

4

1 2
0

i
mm

R

E
P = ʛʜʝ 

E0- ʵʜʩ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʂʦʛʜʘ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ P, ʚ 

ʮʝʧʴ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʤʦʱʥʦʩʪʴ 

P0=P+Pi, 

ʛʜʝ Pi ï ʤʦʱʥʦʩʪʴ, ʨʘʩʭʦʜʫʝʤʘʷ ʚʥʫʪʨʠ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʙʝʩʧʦʣʝʟʥʦ ʧʦʪʝʨʷʥʥʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʢʧʜ) ʨʘʚʝʥ 

.
0 iPP

P

P

P

+
==h                                       (2.58) 

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʢʧʜ ʙʳʣ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʝʣʠʢ. 

ʄʥʦʛʠʝ ʨʝʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʥʝ ʠʤʝʶʪ ʚʥʫʪʨʝʥʥʠʭ ʧʦʪʝʨʴ ʚ ʨʝʞʠʤʝ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (I=0). ʇʦʵʪʦʤʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʷ-

ʝʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ʤʦʱʥʦʩʪʠ ʠ ʝʛʦ ʢʧʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʭʝʤʘ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 
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ʵʜʩ. ʇʨʠʥʠʤʘʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ʵʪʫ ʩʭʝʤʫ ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ,
2

1 2
ʥrIP= ʘ 

,
2

1 2
ii RIP =  ʧʦʣʫʯʠʤ, ʯʪʦ ʢʧʜ 

.
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1
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+

=
+

=h                                        (2.59) 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  (2.59), ʧʨʠ ʟʘʜʘʥʥʦʤ Ri ʤʘʢ-

ʩʠʤʫʤ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʥʘʠʣʫʯʰʠʡ ʢʧʜ ʥʝʩʦʚʤʝʩʪʠʤʳ. 

ɺ ʨʝʞʠʤʝ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʢʦʛʜʘ iʥ Rr =  ʠ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʘ, ʢʧʜ ʨʘʚʝʥ 50%, ʪ.ʝ. ʚʥʫʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʨʘʩʭʦʜʫʝʪʩʷ ʪʘʢʘʷ ʞʝ ʤʦʱ-

ʥʦʩʪʴ, ʢʘʢ ʚ ʥʘʛʨʫʟʢʝ, ʘ ʦʪʜʘʚʘʝʤʘʷ ʛʝʥʝʨʘʪʦʨʦʤ ʤʦʱʥʦʩʪʴ ʚʜʚʦʝ ʧʨʝʚʦʩʭʦʜʠʪ 

ʧʦʣʝʟʥʫʶ. ʇʨʠ iʥ Rr >   ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ ʥr , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʧʜ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʩʪʨʝʤʷʩʴ ʢ ʝʜʠʥʠʮʝ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʦʦʙʨʘʞʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʨʝʰʘʶ-

ʱʠʤʠ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʨʝʞʠʤ ʮʝʧʠ iʥ Rr > . ʊʘʢ ʧʦʩʪʫʧʘʶʪ, ʥʘʧʨʠʤʝʨ, ʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʚ ʩʣʫʯʘʷʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʧʝʨʝʜʘʯʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʴ-

ʰʠʭ ʤʦʱʥʦʩʪʝʡ. 

ʄʦʛʫʪ ʙʳʪʴ ʠ ʠʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʧʜ ʥʝ ʠʛ-

ʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, ʘ ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ 

ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʡ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ. ʊʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʨʝʞʠʤ ʩʦʛʣʘʩʦʚʘ-

ʥʠʷ, ʪ.ʝ. iʥ Rr =  ʉ ʵʪʠʤ ʚʩʪʨʝʯʘʝʤʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʷʭ ʧʨʠ  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʘʣʦʤʦʱʥʳʭ ʩʠʛʥʘʣʦʚ; ʪʦʛʜʘ ʩʣʝʜʫʝʪ ʜʦʙʠʚʘʪʴʩʷ ʨʝʞʠʤʘ 

ʩʦʛʣʘʩʦʚʘʥʠʷ. 
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ɻʃɸɺɸ 3. ɸʅɸʃʀɿ ʃʀʅɽʁʅʓʍ ʉʀʉʊɽʄ ʇʈʀ ɻɸʈʄʆʅʀʏɽʉʂʆʄ 

ɺʆɿɼɽʁʉʊɺʀʀ 

3.1 ʈʘʩʯʝʪ ʮʝʧʝʡ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ 

ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ʮʝʧʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʢʦʚ (ʠʣʠ ʥʘʧʨʷʞʝ-

ʥʠʡ) ʚʩʝʭ ʝʝ ʚʝʪʚʝʡ.  

ʏʠʩʣʦ ʚʝʪʚʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʩʣʝʜʫʝʤʫʶ ʮʝʧʴ, ʦʙʦʟʥʘʯʠʤ p, ʘ ʢʦʣʠ-

ʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʭʝʤʝ q. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʚʝʜʝʤ ʥʝʢʦ-

ʪʦʨʳʝ ʧʦʥʷʪʠʷ.  

ʆʜʥʠʤ ʠʟ ʫʟʣʦʚ ʩʭʝʤʳ ʥʘʟʦʚʝʤ ʦʧʦʨʥʳʤ. ʆʧʦʨʥʳʡ ʫʟʝʣ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʙʨʘʥ ʧʨʦʠʟʚʦʣʴʥʦ. ʆʩʪʘʣʴʥʳʝ ʫʟʣʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʏʠʩʣʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʫʟʣʦʚ m=q-1. 

ɽʩʣʠ ʮʝʧʴ ʠʤʝʝʪ ʙʦʣʴʰʝ ʦʜʥʦʛʦ ʫʟʣʘ, ʪʦ ʵʣʝʤʝʥʪ ʠʣʠ ʛʨʫʧʧʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ,  

ʥʘʟʳʚʘʶʪ ʚʝʪʚʴʶ ʮʝʧʠ. 

ʂʦʥʪʫʨʦʤ ʥʘʟʳʚʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʟʘʤʢʥʫʪʳʡ 

ʧʫʪʴ ʪʦʢʘ. 

ɻʨʘʬr ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ: ʥʘ ʛʨʘʬʝ ʣʶʙʦʡ ʵʣʝʤʝʥʪ-ʜʚʫʭʧʦʣʶʩʥʠʢ 

ʦʪʦʙʨʘʞʘʶʪ ʦʪʨʝʟʢʦʤ ʣʠʥʠʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʨʝʙʨʦʤ. ɿʘʞʠʤʳ ʵʣʝʤʝʥʪʘ 

ʦʙʦʟʥʘʯʘʶʪ ʪʦʯʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ. ɻʨʘʬ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʰʠʥ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʨʝʙʨʘʤʠ. 

ɻʣʘʚʥʳʤ ʜʝʨʝʚʦʤ (ʜʝʨʝʚʦ ʛʨʘʬʘ) ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʴ ʝʛʦ, ʚʢʣʶʯʘʶʱʘʷ ʚʩʝ 

ʫʟʣʳ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʥʠ ʦʜʥʦʛʦ ʢʦʥʪʫʨʘ. ɻʣʘʚʥʘʷ ʚʝʪʚʴ ʛʨʘʬʘ ï ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʜʦʙʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢ ʜʝʨʝʚʫ ʦʙʨʘʟʫʝʪ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ.  

ʂʦʥʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʦʜʥʦʡ ʛʣʘʚʥʦʡ ʚʝʪʚʠ, ʥʘʟʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ n ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʛʣʘʚ-

ʥʳʭ ʚʝʪʚʝʡ nʛʣ. 

ʂʘʞʜʦʤʫ ʜʝʨʝʚʫ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʩʠʩʪʝʤʘ ʛʣʘʚʥʳʭ ʚʝʪʚʝʡ, ʘ 

ʟʥʘʯʠʪ, ʠ ʩʚʦʝ ʩʦʯʝʪʘʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ. 
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ʊʝʧʝʨʴ ʚʝʨʥʝʤʩʷ ʢ ʘʥʘʣʠʟʫ ʮʝʧʝʡ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ p ʥʝʠʟʚʝʩʪʥʳʭ ʪʦ-

ʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʠʩʪʝʤʦʡ ʠʟ p ʣʠʥʝʡʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɼʣʷ ʠʭ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʠʤʝʥʠʤ ʟʘʢʦʥʳ ʂʠʨʭʛʦʬʘ. 

ʋʨʘʚʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝ ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʠ-

ʩʘʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ  q ʫʟʣʦʚ. ʉʦʩʪʘʚʠʚ ʠʭ ʜʣʷ ʚʩʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʟʣʦʚ, ʤʳ 

ʫʙʝʜʠʤʩʷ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʝ ʦʧʦʨʥʦʛʦ ʫʟʣʘ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʪʦʢʠ, ʫʞʝ ʫʯʘʩʪʚʫʶ-

ʱʠʝ ʚ ʜʨʫʛʠʭ ʫʨʘʚʥʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ, ʥʘʧʠʩʘʥʥʦʝ ʜʣʷ ʦʧʦʨʥʦʛʦ 

ʫʟʣʘ, ʥʝ ʙʫʜʝʪ ʥʝʟʘʚʠʩʠʤʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʟʘʚʠʩʠʤʳʝ ʫʟʣʳ ï ʵʪʦ ʪʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʩʪʘʚʣʝʥʳ ʥʝʟʘʚʠʩʠʤʳʝ ʫʨʘʚʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ. 

ʋʨʘʚʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝ ʚʪʦʨʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʜʣʷ 

ʣʶʙʦʛʦ ʠʟ ʢʦʥʪʫʨʦʚ ʩʭʝʤʳ.  ɼʣʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʢʦʥʪʫʨ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʢʦʥʪʫʨʦʚ 

ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʥʦʚʦʡ ʚʝʪʚʴʶ. ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʥʪʫʨʳ, ʦʙ-

ʨʘʟʫʝʤʳʝ ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʘʚʥʳʭ  ʚʝʪʚʝʡ ʢ ʜʝʨʝʚʫ.  

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʥʪʫʨʳ ï ɻ ʪʦ ʪʝ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʥʝʟʘʚʠʩʠʤʳʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ. 

ʀʪʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ ʢ m ʥʝʟʘʚʠʩʠʤʳʤ ʢʦʥʪʫʨʘʤ ʜʘʝʪ ʚʩʝʛʦ 

m+n=p ʫʨʘʚʥʝʥʠʡ ʜʣʷ p ʥʝʠʟʚʝʩʪʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʫʟʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʫʟʝʣ, ʚ ʢʦʪʦʨʦʤ ʩʭʦ-

ʜʠʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʚʝʪʚʝʡ. 

ʇʨʠ ʚʳʙʦʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʤʦʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʣʶʙʦʛʦ ʜʝʨʝʚʘ. 

ɼʦʧʦʣʥʷʷ ʝʛʦ ʛʣʘʚʥʳʤʠ ʚʝʪʚʷʤʠ, ʥʘʭʦʜʠʤ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʥʪʫʨʳ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʜʝʨʝʚʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʟʘʢʦʥʘʤ 

ʂʠʨʭʛʦʬʘ, ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʪʦʢʦʚ ʚʝʪʚʝʡ. 

ʊʘʢ , ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ k ʚʝʪʚʠ .kij

kk eII
y

=   
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ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɤ=0) ʪʦʢʠ ʚʳʨʘʞʘʶʪʩʷ ʚʝʱʝʩʪʚʝʥ-

ʥʳʤʠ ʯʠʩʣʘʤʠ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʢ ʧʦʣʫʯʠʣʩʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ, ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʚʟʷʪʦ ʦʙʨʘʪʥʳʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʚʳʙʨʘʥʥʦʤʫ ʪʦʢʫ. 

ɺ ʩʣʫʯʘʝ ʞʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʟʥʘʢʠ ʚʝʱʝʩʪʚʝʥʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʠ kI  

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʣʠʰʴ ʦ ʪʦʤ, ʚ ʢʘʢʦʤ ʢʚʘʜʨʘʥʪʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʝ-

ʞʠʪ ʠʟʦʙʨʘʞʘʶʱʘʷ ʜʘʥʥʦʝ ʯʠʩʣʦ ʪʦʯʢʘ, ʪ.ʝ. ʛʦʚʦʨʷʪ ʦ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʜʘʥ-

ʥʦʛʦ ʪʦʢʘ. 

3.2. ʄʝʪʦʜ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ 

ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʚʝʪʚʝʡ p ʨʘʩʯʝʪ ʮʝʧʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʛʨʦʤʦʟʜ-

ʢʠʤ. ɽʛʦ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ, ʧʨʠʤʝʥʠʚ ʦʜʠʥ ʠʟ ʜʚʫʭ ʤʝʪʦʜʦʚ - 

ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʠʣʠ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, - ʷʚʣʷʶʱʠʭʩʷ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ  ʚʳʰʝ ʤʝʪʦʜʘ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʦʩʥʦʚʘʥ ʥʘ ʚʚʝʜʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ ʧʦʥʷʪʠʡ. ʂʘʞ-

ʜʦʤʫ ʠʟ n ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʦʥʪʫʨʥʳʡ 

ʪʦʢ, ʢʦʪʦʨʳʡ ʤʳʩʣʠʪʩʷ ʦʙʪʝʢʘʶʱʠʤ ʢʦʥʪʫʨ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʢʦʥʪʫʨʥʳʡ ʪʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʯʠʪʘʪʴ ʨʘʚ-

ʥʳʤ ʪʦʢʫ ʛʣʘʚʥʦʡ ʚʝʪʚʠ ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʢʦʚ ʦʩʪʘʣʴʥʳʭ ʚʝʪ-

ʚʝʡ ʢʦʥʪʫʨʘ, ʪʦ ʦʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ ʂʠʨʭʛʦʬʘ ʤʦʛʫʪ ʙʳʪʴ 

ʚʩʝʛʜʘ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʢʦʥʪʫʨʥʳʝ ʪʦʢʠ. ʆʙʨʘʪʠʤʩʷ ʢ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʨʠʩ. 3.1ʘ, ʠ ʚʳʙʝʨʝʤ ʜʣʷ ʨʘʩʯʝʪʘ ʛʨʘʬ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. ɿ,1,ʙ. 

ʇʨʠʤʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʚʦ ʚʩʝʭ ʢʦʥʪʫʨʘʭ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ. 

ʂʦʥʪʫʨʥʳʡ ʪʦʢ 111 II = . ɸʥʘʣʦʛʠʯʥʦ 223 II = ; .335 II =   

ʇʨʠʤʝʥʠʚ ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʢ ʫʟʣʘʤ ɸ ʠ ɺ, ʥʘʡʜʝʤ   

,2211312 IIIII -=-=  

.3322534 IIIII -=-=  
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ʈʠʩ. 3.1. ʂʦʥʪʫʨʥʳʝ ʪʦʢʠ ʚ ʮʝʧʠ 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʷʪʠ ʪʦʢʦʚ ʚʝʪʚʝʡ 

ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʪʨʝʭ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʝʟ 

ʪʨʫʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʪʦʢʠ ʚʝʪʚʝʡ. 

ɺʪʦʨʳʤ ʥʦʚʳʤ ʧʦʥʷʪʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʟʘʚʠ-

ʩʠʤʦʛʦ ʢʦʥʪʫʨʘ, ʨʘʚʥʦʝ ʩʫʤʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʥʪʫʨ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʩʭʝʤʳ, ʠʟʦʙʨʘ-

ʞʝʥʥʦʡ ʥʘ ʨʠʩ. 3.1ʘ,  

2111 ZZZ += ;   43222 ZZZZ ++= ;  .5433 ZZZ +=  

ɺʩʝʛʦ ʚ ʩʭʝʤʝ ʠʤʝʝʪʩʷ n ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ʅʘʢʦʥʝʮ, ʦʙʱʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥ-

ʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʩʤʝʞʥʳʭ ʢʦʥʪʫʨʦʚ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʧʠ ʠʤʝʝʤ ʜʚʘ ʦʙʱʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

22112 ZZZ ==  ʠ .43223 ZZZ ==  

ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʜʣʷ ʢʦʥʪʫʨʘ 11 ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ ʪʘʢ: 

,)( 122211111 EZIIZI =-+  

ʠʣʠ, ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʚʚʝʜʝʥʥʳʝ ʧʦʥʷʪʠʷ ʦ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʦʙʱʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ, 

.112221111 EZIZI =-                                        (3.1) 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʢʦʥʪʫʨʘ 22 ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

,0)()( 221143322322 =---+ IIZIIZI  
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ʠʣʠ 

.0233312112222 =-- ZIZIZI                              (3.2) 

ʅʘʢʦʥʝʮ, ʘʥʘʣʦʛʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʜʣʷ ʢʦʥʪʫʨʘ 33: 

,)( 243322533 EZIIZI -=--  

ʠʣʠ 

.223223333 EZIZI -=-                                    (3.3) 

ʀʪʘʢ, ʩʦʩʪʘʚʣʝʥʳ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʷ (3.1), (3.2) ʠ (3.3), ʥʘʟʳ-

ʚʘʝʤʳʝ ʢʦʥʪʫʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʠʩʢʦʤʳʝ ʢʦʥʪʫʨʥʳʝ 

ʪʦʢʠ: 11I , ,22I  .33I  

ʅʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʱʝʝ ʧʨʘʚʠʣʦ ʩʦʩʪʘʚ-

ʣʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʦʙʭʦʜʝ ʚʩʝʭ ʢʦʥʪʫʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʚ-

ʧʘʜʘʶʱʠʤʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʫʨʥʦʛʦ ʪʦʢʘ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ ʩʫʤʤʠʨʫʶʪʩʷ: ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʝ ʢʦʥʪʫʨ-

ʥʳʤ ʪʦʢʦʤ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ï ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʠ ʧʘ-

ʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʤʝʞʥʳʤʠ ʢʦʥʪʫʨʥʳʤʠ ʪʦʢʘʤʠ ʥʘ ʦʙʱʠʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷʭ; ʦʥʠ ʙʝʨʫʪʩʷ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ, ʝʩʣʠ ʢʦʥʪʫʨʥʳʝ ʪʦʢʠ ʚ ʵʪʠʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘʚʩʪʨʝʯʫ ʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʝʩʣʠ ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʘʷ ʩʫʤʤʘ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʢʦʥʪʫʨʝ ʵʜʩ, ʧʨʠʯʝʤ ʵʜʩ, ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ, ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ.    

3.3. ʄʝʪʦʜ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʝʦʙʨʘʟʫʝʤ ʚʭʦ-

ʜʷʱʠʝ ʚ ʮʝʧʴ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ.3.1. ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦ-

ʨʦʚ ʚ ʧʘʨʘʣʣʝʣʴʥʳʝ, ʧʦʣʘʛʘʷ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Z1=1/Y1 ʠ Z5=1/Y5 ʷʚʣʷʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʛʝʥʝʨʘʪʦʨʦʚ. ɺʩʝ ʚʭʦʜʷʱʠʝ ʚ ʩʭʝʤʫ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫ-

ʯʠʤ ʩʭʝʤʫ (ʨʠʩ.3.2), ʚ ʢʦʪʦʨʦʡ ʪʦʢ ʧʝʨʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 111 YEIʛ=  ʠ ʪʦʢ ʚʪʦʨʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ .522 YEIʛ=   
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ʈʠʩ. 3.2. ʇʨʠʤʝʨ ʮʝʧʠ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

 

ʆʟʥʘʢʦʤʠʤʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʥʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʪʦʜʝ. 

ʋʟʣʦʚʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʫʟʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ. ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 3.5, ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʦʛʦ ʚʳʙʨʘʥ ʫʟʝʣ 0; ʚ ʥʝʡ ʠʤʝʝʪʩʷ  ʜʚʘ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʷ: 10U  ʠ .20U  

ɼʣʷ ʚʝʪʚʝʡ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʦʧʦʨʥʦʤʫ ʫʟʣʫ, ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʚʝʡ ʩʦʚ-

ʧʘʜʘʶʪ ʩ ʫʟʣʦʚʳʤʠ: 

1021 UUU == ;  .2054 UUU ==  

ʅʘʧʨʷʞʝʥʠʷ ʚʝʪʚʝʡ, ʚʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʫʟʣʘʤʠ (ʚʝʪʚʴ 

Y3) ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʢʦʥʪʫʨʘ 1 ï 2 ï 0 ʫʨʘʚʥʝʥʠʝ 

ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

0243 =-+ UUU  ʠʣʠ  .2010423 UUUUU -=-=  

ɿʥʘʷ 1ʛI  ʠ 2ʛI  ʠ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʡʪʠ 

ʚʩʝ ʪʦʢʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

,11011111 YUIYUII ʛʛ -=-=  

,210222 YUYUI ==  

,)( 32010333 YUUYUI -==  

,420444 YUYUI ==  

.25202555 ʛʛ IYUIYUI -=-=  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʷʪʴ 

ʪʦʢʦʚ ʚʦ ʚʩʝʭ ʚʝʪʚʷʭ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʥʘʭʦʞʜʝʥʠʝʤ ʚʩʝʛʦ ʣʠʰʴ ʜʚʫʭ ʫʟ-

ʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ:  10U  ʠ 20U . ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʩʝʭ ʚʝʪʚʷʭ ʠ ʪʦʢʠ 

ʚ ʥʠʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʙʝʟ ʪʨʫʜʘ. 

ɺʪʦʨʳʤ ʧʦʥʷʪʠʝʤ, ʚʚʦʜʠʤʳʤ ʚ ʤʝʪʦʜʝ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʫʟʣʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʨʘʚʥʘʷ ʩʫʤʤʝ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʵʣʝʤʝʥ-

ʪʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʫʟʣʘʤʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ 

ʠʤʝʶʪʩʷ ʜʚʝ ʫʟʣʦʚʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ: 

32111 YYYY ++=  ʠ .54322 YYYY ++=  

ʅʘʢʦʥʝʮ, ʦʙʱʠʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʥʘʟʳʚʘʶʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʤʝʥ-

ʪʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʫʟʣʘʤʠ. ɺ ʩʭʝʤʝ ʥʘ ʨʠʩ.3.5 ʠʤʝʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʘ ʦʙʱʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

.32112 YYY ==  

ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʜʣʷ ʫʟʣʘ 1 ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʪʘʢ: 

0)( 320102101 =--- YUUYUIʛ  

ʠʣʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ  ʚʚʝʜʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʫʟʣʦʚʳʭ ʠ ʦʙʱʠʭ ʧʨʦʚʦʜʠ-

ʤʦʩʪʝʡ, ʧʦʣʫʯʠʤ: 

.112201110 ʛIYUYU =-                                     (3.4) 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʘ 2 ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0)( 320104205202 =-+-- YUUYUYUIʛ  

ʠʣʠ  

.221102220 ʛIYUYU =-                                   (3.5) 

ʀʟ ʩʠʩʪʝʤʳ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ 

(3.4) ʠ (3.5), ʥʘʭʦʜʷʪʩʷ ʠʩʢʦʤʳʝ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ 10U  ʠ 20U . 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʱʝʝ ʧʨʘʚʠʣʦ ʩʦʩʪʘʚʣʝʥʠʷ ʫʟʣʦʚʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʝ, ʩʦʚʧʘ-

ʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 
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ʢʘʞʜʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʫʟʣʘ ʩʫʤʤʠʨʫʶʪʩʷ: ʘ) ʧʨʦʠʟʚʝʜʝʥʠʝ ʫʟʣʦʚʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʘ ʫʟʣʦʚʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ï ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʠ ʙ) ʧʨʦʠʟʚʝʜʝ-

ʥʠʝ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʤʝʞʥʳʭ ʫʟʣʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ; ʦʥʠ ʙʝʨʫʪʩʷ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ, ʝʩʣʠ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʘʥʥʦʛʦ ʠ ʩʤʝʞ-

ʥʳʭ ʫʟʣʦʚ ʥʘʧʨʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʦʨʥʦʤʫ ʫʟʣʫ, ʠ ʩ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʝʩʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʦʨʥʦʤʫ ʫʟʣʫ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ 

ʩʫʤʤʘ ʪʦʢʦʚ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʜʘʥʥʦʤʫ ʥʝʟʘʚʠʩʠʤʦʤʫ ʫʟʣʫ; ʝʩʣʠ 

ʫʟʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʢ ʦʧʦʨʥʦʤʫ ʫʟʣʫ, ʪʦʢ ʠʩʪʦʯʥʠʢʘ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʡ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʫʟʣʫ ʙʝʨʝʪʩʷ ʩʦ ʟʥʘʢʦʤ ʧʣʶʩ; ʝʩʣʠ ʞʝ ʫʟʣʦʚʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʦʪ ʦʧʦʨʥʦʛʦ ʫʟʣʘ, ʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʪʦʢ ʠʩʪʦʯ-

ʥʠʢʘ, ʦʪʭʦʜʷʱʠʡ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʫʟʣʘ. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʚʩʝ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʧʨʘʚʣʷʪʴ ʢ ʦʧʦʨʥʦʤʫ ʫʟʣʫ; ʪʦʛʜʘ ʚʩʝ ʩʣʘ-

ʛʘʝʤʳʝ ʚ ʧ. çʙè ʜʦʣʞʥʳ ʙʨʘʪʴʩʷ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ ʠ ʪʦʢ ʠʩʪʦʯʥʠʢʘ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʡ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʫʟʣʫ, - ʩʦ ʟʥʘʢʦʤ ʧʣʶʩ.  

ʀʟ ʚʩʝʛʦ ʩʢʘʟʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʦʙʦʠʭ ʤʝʪʦ-

ʜʦʚ (ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʠ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ) ʠʜʝʥʪʠʯʥʘ. ʄʝʩʪʦ ʢʦʥʪʫʨʥʳʭ 

ʪʦʢʦʚ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʟʘʥʠʤʘʶʪ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʨʫʛʦʛʦ; ʚʤʝʩʪʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʡ ʚ ʦʜʥʦʤ ʤʝʪʦʜʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʜʨʫʛʦʤ. ʅʘʢʦʥʝʮ, ʩʫʤʤʘ ʵʜʩ, ʚʢʣʶ-

ʯʝʥʥʳʭ ʚ ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʥʪʫʨ, ʟʘʤʝʥʷʝʪʩʷ ʩʫʤʤʦʡ ʪʦʢʦʚ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʜ-

ʢʣʶʯʝʥʥʳʭ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʫʟʣʫ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʨʝʰʘʪʴ. 

ɽʩʣʠ ʮʝʧʴ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʧʨʠ ʥʝʙʦʣʴ-

ʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ, ʪ.ʝ. ʝʩʣʠ n>m ʠʣʠ, ʠʥʘʯʝ,  p>2(q-1),ʦʯʝʚʠʜʥʦ, ʨʘʟʫʤ-

ʥʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʧʦ ʤʝʪʦʜʫ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɽʩʣʠ ʞʝ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʥʪʫʨʦʚ, ʪ.ʝ. n<m ʠʣʠ, ʠʥʘʯʝ,  p<2(q-1), ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ 

ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ. 
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3.4. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʯʘʩʪʦʪʥʳʝ ʬʫʥʢʮʠʠ ʮʝʧʝʡ 

ɺ ʪʝʦʨʠʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝ-

ʥʠʶ ʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ.  

ʂʘʢʦʚʘ ʙʳ ʥʝ ʙʳʣʘ ʩʭʝʤʘ ʮʝʧʠ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʘ ʚ ʚʠʜʝ ʧʘʩ-

ʩʠʚʥʦʛʦ ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ (ʨʠʩ.3.3), ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥʳ ʚʦ ʚʥʝʰʥʠʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʝʛʦ ʫʯʘʩʪʢʠ ʮʝʧʝʡ: ʠʩʪʦʯʥʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʝ ʧʘʩʩʠʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ, ʦʪʢʣʠʢʠ ʚ ʢʦʪʦʨʳʭ ʧʦʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʠʶ. 

 

ʈʠʩ. 3.3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚ ʚʠʜʝ ʧʘʩʩʠʚʥʦʛʦ ʤʥʦ-

ʛʦʧʦʣʶʩʥʠʢʘ 

 

ɿʘʞʠʤʳ ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥʳ ʠʩʪʦʯʥʠʢʠ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʚʭʦʜʥʳʤʠ.  

ʇʘʨʳ ʟʘʞʠʤʦʚ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚʥʝʰʥʠʝ ʧʘʩ-

ʩʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʘʟʳʚʘʶʪʩʷ ʚʳʭʦʜʥʳʤʠ.  

ʇʫʩʪʴ ʮʝʧʴ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ (ʥʘʧʨʷʞʝʥʠʷ 

ʠʣʠ ʪʦʢʘ), ʚʳʨʘʞʘʝʤʳʤ ʪʝʢʫʱʠʤ ʢʦʤʧʣʝʢʩʦʤ tj
mk eXtx w=)( ; ʠʩʪʦʯʥʠʢ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʢʣʶʯʝʥ, ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʟʘʞʠʤʘʤʠ i ï i. ʊʝʢʫʱʠʡ ʢʦʤʧʣʝʢʩ ʦʪ-

ʢʣʠʢʘ ʥʝʢʦʪʦʨʦʡ (k-ʡ) ʚʝʪʚʠ tj
mk eYty w=)( . 

ʂʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʝʧʠ (ʂʏʍ) ʥʘʟʳʚʘʝʪʩʷ ʦʪ-

ʥʦʰʝʥʠʝ ʪʝʢʫʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʢʣʠʢʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʊʘʢ ʢʘʢ ʮʝʧʴ ʥʝʠʟʙʝʞʥʦ  ʩʦʜʝʨʞʠʪ ʨʝʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ, ʪʦ ʂʏʍ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ. ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʝʝ )( wjT  : 

.
)(

)(
)(

m

m

k

k

X

Y

tx

ty
jT ==w                                       (3.6) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʏʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤ-

ʧʣʠʪʫʜ ʦʪʢʣʠʢʘ yj
mm eYY
y

=  ʠ ʚʦʟʜʝʡʩʪʚʠʷ  xj
mm eXX
y

= . ɺ ʧʦʩʣʝʜʥʠʭ ʚʳʨʘ-

ʞʝʥʠʷʭ ,mY  mX - ʘʤʧʣʠʪʫʜʳ ʦʪʢʣʠʢʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ; ,yy  xy  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʭ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ. ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʝʡ mY  ʠ mX . 

ɿʘʧʠʩʘʚ )( wjT  ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ, ʧʦʣʫʯʠʤ  

.)()(
)(wjww Tj

eTjT =                                   (3.7) 

ɿʜʝʩʴ mm XYT /)( =w  - ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ);  

xyT yywj -=)(  - ʬʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʌʏʍ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʏʍ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʘ) ɸʏʍ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ ʘʤʧʣʠʪʫʜ ʦʪʢʣʠʢʘ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ; 

ʙ) ʌʏʍ. ʚʳʨʘʞʘʶʱʫʶ ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʦʪʢʣʠʢʦʤ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʢ 

ʬʫʥʢʮʠʶ ʯʘʩʪʦʪʳ.  

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʬʘʟʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʘʤʠ ʠʣʠ ʪʘʙʣʠʮʘʤʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʤʠ, 

ʥʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʥʦʡ ʬʫʥʢʮʠʝʡ.  

ʏʘʩʪʦʪʥʳʝ ʬʫʥʢʮʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ 

ʢʦʥʢʨʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʥʠʤʘʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʦʪʢʣʠʢʦʤ. ɺ ʯʘʩʪʥʦ-

ʩʪʠ, ʬʫʥʢʮʠʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʭʦʜʥʳʝ ʠ ʧʝʨʝʜʘʪʦʯʥʳʝ.  

ʘ. ɺʭʦʜʥʳʝ ʬʫʥʢʮʠʠ  

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʠʢ ʥʘ ʚʭʦʜʝ ʮʝʧʠ,  ʪ.ʝ. ʪʦʢ iI   ʧʨʠ ʟʘ-

ʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ iU  (ʠʣʠ iU  ʧʨʠ ʟʘʜʘʥʥʦʤ iI ). ʉʭʝʤʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ 

ʨʠʩ. 3.3 ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʭʧʦʣʶʩʥʠʢʫ (ʨʠʩ.3.4) 
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ʈʠʩ. 3.4. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʮʝʧʠ ʚ ʚʠʜʝ ʜʚʫʭʧʦʣʶʩʥʠʢʘ 

 

ʂʦʛʜʘ ʦʪʢʣʠʢ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʦʜʥʦʡ ʧʘʨʝ ʟʘʞʠʤʦʚ 

i-i, ʪʦ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʬʫʥʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ 

ʚʭʦʜʥʦʡ.  

ɺʭʦʜʥʘʷ ʯʘʩʪʦʪʥʘʷ ʬʫʥʢʮʠʷ 
i

i

I

U
jT =)( w  ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ i-

i: 

).()( ww jZ
I

U
jZ ʚʭ

i

i
ii ==                                   (3.8) 

ɼʨʫʛʘʷ ʚʭʦʜʥʘʷ ʬʫʥʢʮʠʷ  
i

i

U

I
jT =)( w  ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʥʷʪʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʮʝʧʠ: 

).(
)(

1
)( w

w
w jY

jZU

I
jY ʚʭ

ʚʭi

i
ii ===                            (3.9) 

ʙ. ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ  

ʂʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʠʢ ʥʘ ʦʜʥʦʤ ʠʟ ʚʳʭʦʜʦʚ (k-k) ʥʘ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʠʩʪʦʯʥʠʢʘ, ʚʢʣʶʯʝʥʥʦʛʦ ʥʘ ʚʭʦʜʝ ʮʝʧʠ (i-i), ʩʭʝʤʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ 

ʥʘ ʨʠʩ.3.3, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (ʨʠʩ.3.5). ʉʦ-

ʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ (ʬʫʥʢʮʠʷ) ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ.  
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ʈʠʩ.3.5. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʭʝʤʳ (ʨʠʩ. 3.3) ʚ ʚʠʜʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 

 

ɺʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ: 

1)ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʜʣʝʞʠʪ ʪʦʢ kI  ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ iU . ʏʘʩʪʦʪ-

ʥʘʷ ʬʫʥʢʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʦʩʠʪ ʥʘʠʤʝ-

ʥʦʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

2) ʠʩʢʦʤʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ kU  ʧʨʠ ʟʘʜʘʥʥʦʤ ʪʦʢʝ iI . ʊʦʛʜʘ ʯʘ-

ʩʪʦʪʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯ-

ʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; 

3)ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʪʦʢ kI  ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʪʦʢʝ iI . ʊʝʧʝʨʴ ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟʨʘʟʤʝʨʥʘ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦ 

ʪʦʢʫ; 

4)ɿʘʜʘʯʘ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ kU  ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʚʭʦʜʝ iU . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʙʝʟʨʘʟʤʝʨʥʘ  ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 

ɿʥʘʯʝʥʠʝ 
i

k

U

U
jK =)( w ,ʥʘʡʜʝʥʥʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 

ʚ. ɼʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. ʂʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʢʘʢʦʝ ʣʠʙʦ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʧʨʠʤʝʥʷʶʪ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʱʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ 3.6. 

ʈʘʩʩʯʠʪʘʝʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 

1

2
)(

U

U
jK =w ;  bZIU 12= ,  ).(11 ba ZZIU += ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ  
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jK
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=w                                 (3.10) 

 

ʈʠʩ.3.6. ʆʙʱʘʷ ʩʭʝʤʘ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

 

ɽʩʣʠ ʚ ʩʭʝʤʝ ʥʝʪ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. 1RZa = , 2RZb= , ʪʦ     ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ  ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ 

 
12

1

RR

R
K

+
= .                                     (3.11) 

ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʘʨʘʟʠʪʥʳʝ ʝʤʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʭʦʜʥʘʷ ʝʤʢʦʩʪʴ 

ʦʩʮʠʣʣʦʛʨʘʬʘ) ʧʨʝʚʨʘʱʘʶʪ ʪʘʢʦʡ ʜʝʣʠʪʝʣʴ ʚ ʯʘʩʪʦʪʥʦʟʘʚʠʩʠʤʫʶ ʮʝʧʴ 

(ʨʠʩ.3.7). 

 

ʈʠʩ.3.7. ʏʘʩʪʦʪʥʦʟʘʚʠʩʠʤʘʷ ʮʝʧʴ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.3.7, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʪʘʢʦʡ 

ʮʝʧʠ ʙʫʜʝʪ ʢʦʤʧʣʝʢʩʥʳʤ 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʠʩʢʘʞʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʶ R1 ʚʢʣʶʯʘʶʪ ʝʤʢʦʩʪʴ C1  (ʨʠʩ.3.8). 
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ʈʠʩ.3.8. ɼʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ 

 

ɼʣʷ ʪʘʢʦʡ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʥʘʡʜʝʪʩʷ ʢʘʢ  
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ʇʫʪʝʤ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ 
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.                          (3.14) 

ɽʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ   R1C1=R2C2 ,  ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ ʨʘʚʝʥ 

        
21
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RR

R
K

+
=                                            (3.15) 

ʛ. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʝʡ ʩ ʦʜʥʠʤ ʵʥʝʨʛʦʝʤʢʠʤ ʵʣʝʤʝʥʪʦʤ 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʮʝʧʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʝʤʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʝʤʢʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʩʥʠʤʘ-

ʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ (ʨʠʩ.3.9). 
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ʈʠʩ.3.9. ʀʥʪʝʛʨʠʨʫʶʱʘʷ RC ʮʝʧʠ 

 

 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 
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ww ===                      (3.16) 

ɿʜʝʩʴ 2y , 1y  - ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʡ u2, u1ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

12 /)( UUK =w ;   12 yyj -=k . 

ʇʦʜʩʪʘʚʠʚ ʚ (3.16) 1RZa = , 
Cj

Zb w
1= , ʥʘʡʜʝʤ 
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ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

;

)(1

1
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K

w
w
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=                                 (3.18) 

ʌʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

).()( CRarctg wwj -=                                  (3.19) 

ʅʘ ʨʠʩ. 3.10ʘ ʠʟʦʙʨʘʞʝʥ ʛʨʘʬʠʢ ɸʏʍ, ʘ ʥʘ ʨʠʩ.3.10ʙ ï ʢʨʠʚʘʷ ʌʏʍ. 

 

ʘ)                                                       ʙ) 

ʈʠʩ. 3.10 ɸʤʧʣʠʪʫʜʥʦ- ʠ ʬʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʛʨʠʨʫʶ-

ʱʝʡ RC ʮʝʧʠ 
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ʂʘʢ ʚʠʜʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ ʧʨʦʧʫʩʢʘʝʪ ʯʘʩʪʦʪʳ, 

ʤʝʥʴʰʝ ɤʛʨ=1/RC, ʠ ʧʦʜʘʚʣʷʝʪ ʙʦʣʝʝ ʯʘʩʪʦʪʳ. ʊʘʢʘʷ ʮʝʧʴ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝ-

ʛʨʠʨʫʶʱʝʡ. ʇʦʤʝʥʷʚ ʤʝʩʪʘʤʠ R ʠ C, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠ-

ʨʫʶʱʫʶ ʮʝʧʴ (ʨʠʩ.3.11),  

 

ʈʠʩ. 3.11. ɼʠʬʬʝʨʝʥʮʠʨʫʶʱʘʷ RC ʮʝʧʴ 

 

ʜʣʷ ʢʦʪʦʨʦʡ ɸʏʍ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 
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CR

arctg
w

wj =  

ɻʨʘʬʠʢʠ ɸʏʍ ʠ ʌʏʍ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.12. 

 

ʘ)                                                                       ʙ) 

ʈʠʩ. 3.12. ɻʨʘʬʠʢʠ ɸʏʍ ʠ ʌʏʍ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʡ RC ʮʝʧʠ 
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ɻʃɸɺɸ 4. ʂʆʃɽɹɸʊɽʃʔʅʓɽ ʎɽʇʀ ʇʈʀ ɻɸʈʄʆʅʀʏɽʉʂʆʄ ɺʆɿ-

ɼɽʁʉʊɺʀʀ 

4.1 ɺʚʝʜʝʥʠʝ  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ ʩʫʱʝʩʪʚʦ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ 

ʥʘ ʥʝʢʦʪʦʨʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʜʚʫʭʧʦʣʶʩʥʠʢ ʠʣʠ ʯʝʪʳʨʝʭʧʦʣʶʩ-

ʥʠʢ) ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʢʦʣʝʙʘʥʠʡ ʨʘʟʥʳʭ ʯʘʩʪʦʪ: 1, 2, 

3,én (ʨʠʩ.4.1).  

 

ʈʠʩ. 4.1. ɺʦʟʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʮʝʧʴ 

 

ʂʘʞʜʳʡ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʝʪ ʣʠʙʦ ʢʦʣʝʙʘʥʠʷ ʦʜʥʦʡ ʯʘʩʪʦʪʳ (ɤ1,  

ɤ2,é ɤn), ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ, ʣʝʞʘ-

ʱʠʭ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʵʪʦʡ ʯʘʩʪʦʪʳ. ʅʘ ʨʠʩ 4.2ʘ ʠʟʦʙʨʘʞʝʥʘ ʰʢʘʣʘ ʯʘʩʪʦʪ, ʥʘ 

ʢʦʪʦʨʦʡ ʦʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ (ʧʦʣʦʩʳ) ʯʘʩʪʦʪ ȹɤ1, ȹɤ2,é ȹɤn, ʦʪʚʝʜʝʥʥʳʝ 

ʜʣʷ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʮʝʥʪʨʝ ʢʘʞʜʦʡ ʠʟ ʧʦʣʦʩ ʥʘʭʦʜʷʪʩʷ ʯʘʩʪʦʪʳ  ɤ1,  

ɤ2,é ɤn. ɸʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʙʫʜʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʩʯʠ-

ʪʘʪʴ ʦʜʠʥʘʢʦʚʳʤʠ.     
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ʈʠʩ. 4.2. ʇʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʧʠ 

 

Cʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʜʘ, ʠʟʦʙʨʘʞʝʥʥʫʶ 

ʥʘ ʨʠʩ.4.2ʙ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʘ ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ï ʚʝʣʠʯʠʥʘ ʦʪʢʣʠʢʘ. ɼʣʷ ʯʘʩʪʦʪ, ʣʝʞʘʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ  ȹɤʢ, ʦʪʢʣʠʢ 

ʠʤʝʝʪ ʥʝʠʟʤʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʘ ʚʥʝ ʵʪʦʡ ʧʦʣʦʩʳ ʦʥ ʨʘʚʝʥ ʥʫʣʶ. ʋʩʪʨʦʡʩʪʚʦ 

ʧʨʦʧʫʩʢʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʦʪʳ, ʣʝʞʘʱʠʝ ʚʥʫʪʨʠ ʧʦʣʦʩʳ ȹɤʢ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ ȹɤʢ ʩʦʚʧʘʜʘʝʪ ʩ ȹɤ1, ʩʠʩʪʝʤʘ çʠʟʙʠʨʘʝʪè ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʜʝʡ-

ʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʢʦʣʝʙʘʥʠʡ ʣʠʰʴ ʢʦʣʝʙʘʥʠʷ ʧʝʨʚʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʦʟʜʝʡ-

ʩʪʚʠʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʦʪʢʣʠʢʦʚ. 

ɼʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ çʧʝʨʝʜʚʠʛʘʪʴè ʧʦʣʦʩʫ ȹɤʢ 

ʚʜʦʣʴ ʰʢʘʣʳ ʯʘʩʪʦʪ. ʀʟʤʝʥʠʚ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʧʦʣʦʩʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢ, ʯʪʦ 

ʦʥʘ ʦʢʘʞʝʪʩʷ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʯʘʩʪʦʪʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʦʙʣʘʩʪʴ ȹɤ3, ʧʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ, ʧʨʦʧʫʩʢʘʶʱʫʶ ʢʦʣʝʙʘʥʠʷ ʪʦʣʴʢʦ ʪʨʝʪʴʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʈʝʘʣʠʟʦʚʘʪʴ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʳ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ.4.2ʙ, ʬʠʟʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʆʜʥʘʢʦ ʫʜʘʝʪʩʷ ʚ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʜʦʙʥʦʤʫ 

ʚʠʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʵʪʦʡ ʮʝʣʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʦʣʝ-

ʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠʤʝʥʝʥʠʝ ʠʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʯʘʩʪʦʪʥʦ-ʠʟʙʠʨʘ-

ʪʝʣʴʥʳʝ ʮʝʧʠ, ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʪʦʨʳʭ ʚʝʩʴʤʘ ʫʟʢʠ (ȹɤʢ<<ɤ); ʵʪʠ ʧʦ-

ʣʦʩʳ ʧʨʦʩʪʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ  ʤʦʛʫʪ çʧʝʨʝʤʝʱʘʪʴʩʷè ʚʜʦʣʴ 

ʰʢʘʣʳ ʯʘʩʪʦʪ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʮʝʧʝʡ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ. 
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4.2 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 

ʘ. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʴ, ʩʦ-

ʩʪʘʚʣʝʥʥʘʷ ʠʟ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʟʘʞʠʤʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʛʝʥʝʨʘʪʦʨ ʠʣʠ 

ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ. 

ʅʘ ʨʠʩ. 4.3 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʢʦʥʪʫʨʘ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʠʥʜʫʢʪʠʚʥʦʩʪʴ L, ʝʤʢʦʩʪʴ C ʠ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r, 

ʚʢʣʶʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʚʭʦʜʥʳʤ ʟʘʞʠʤʘʤ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ɻ. 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʛʝʥʝʨʘʪʦʨʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʮʝʧʠ. ʕʪʦ ʨʘʚʥʦʩʠʣʴʥʦ 

ʪʦʤʫ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʨʘʚʥʦ ʥʫʣʶ (Ri=0) ʠ ʥʘʧʨʷ-

ʞʝʥʠʝ U=E. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʦʢʘ ʚ ʮʝʧʠ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʂʠʨʭʛʦʬʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ: 

.
1

EI
C

jILjIr =-+
w

w                                      (4.1) 

ʀʟ (4.1) ʩʣʝʜʫʝʪ, ʯʪʦ 

.

)
1

( ʚʭZ

E

C
Ljr

E
I =

-+

=

w
w

                                (4.2) 

ɿʜʝʩʴ ʚʭʚʭʚʭ jxrZ +=  - ʚʭʦʜʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ; rrʚʭ= - ʘʢ-

ʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 
C

Lx
w

w
1

-= - ʨʝʘʢʪʠʚʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʈʝʞʠʤ ʮʝʧʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʘ ʥʫʣʶ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʨʝʟʦʥʘʥʩʦʤ. ʇʨʠ ʨʝʟʦʥʘʥʩʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʢʪʠʚʥʦ: Zʚʭ.ʨ =r. ɺ 

ʢʦʥʪʫʨʝ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ L ʠ C ʨʝʟʦʥʘʥʩ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʯʘʩʪʦʪʝ ɤ0, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ: ,0
1

0
0 =-=

C
Lxʚʭ
w

w  

ʦʪʢʫʜʘ 
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 .
1

0
LC

=w                                            (4.3) 

 

ʈʠʩ 4.3. ʉʭʝʤʘ RLC ʢʦʥʪʫʨʘ  

 

ʏʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ, ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ.   

ʂʦʛʜʘ ɤ = ɤ0, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʦʥʪʫʨ ʥʘʩʪʨʦʝʥ ʥʘ ʯʘʩʪʦʪʫ ʠʩʪʦʯʥʠʢʘ. 

ɽʩʣʠ ɤ Í ɤ0, ʪʦ ʢʦʥʪʫʨ ʨʘʩʩʪʨʦʝʥ 

ɺ ʥʘʩʪʨʦʝʥʥʦʤ ʢʦʥʪʫʨʝ ʠʥʜʫʢʪʠʚʥʦʝ ʠ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʘʢ-

ʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: 

,
1

0
0

p

ʢ

I

U

C
L ==
w

w                                             (4.4) 

ʛʜʝ ,ʢU  pI - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʥʘ ʢʘʞʜʦʤ 

ʠʟ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠ ʨʝʟʦʥʘʥʩʝ. 

ʇʦʜʩʪʘʚʠʚ ʚ (4.6) ʚʤʝʩʪʦ ɤ0. ʠʟ (4.5), ʧʦʣʫʯʠʤ 

                              .
1

0
0 r

w
w ===

C

L

C
L                                        (4.5) 

ɺʝʣʠʯʠʥʘ ɟ ʥʘʟʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. ɺ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʜʠʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʮʝʧʷʭ,  ɟ ʠʤʝʝʪ ʦʙʳʯʥʦ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʆʤ (ɟ å 100 ï 500 ʆʤ). 
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ʀʟ (4.2) ʚʠʜʥʦ, ʯʪʦ ʪʦʢ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʝʛʦ ʚ ʨʝʟʦʥʘʥʩ ʜʦʩʪʠʛʘʝʪ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ 

r

E
Iʨ=                                                   (4.6) 

ʙ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ 

ɼʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʢʦʥʪʫʨʝ ʥʘʯʥʝʤ ʩ ʨʝʞʠʤʘ 

ʨʝʟʦʥʘʥʩʘ, ʢʦʛʜʘ ɤ = ɤ0; ULp =UCp =Uk. 

ʊʘʢ ʢʘʢ ʪʦʢ ʚ ʮʝʧʠ ʦʧʝʨʝʞʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ ʥʘ ʫʛʦʣ ˊ/2, ʪʦ, 

ʧʦʣʘʛʘʷ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʪʦʢʘ ʨʘʚʥʦʡ ʥʫʣʶ, ʧʦʣʫʯʠʤ ʜʣʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ: 

tIi pp 0cosw=                                        (4.7a) 

tUtUu kCpCp 00 sinsin ww ==                             (4.7ʙ) 

ʄʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʮʝʧʠ,  

2

2
p

L

Li
w = ,                                             (4.8) 

ʘ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

2

2
p

C

Cu
w =                                                                                                                           (4.9)  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʘʝʤʦʡ ʚ ʤʘʛʥʠʪʥʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦ-

ʣʷʭ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ 

,
2

2

.
p

ʤʘʢʩLp

LI
W =                                           (4.10ʘ) 

.
2

2

.
Cp

ʤʘʢʩCp

CU
W =                                        (4.10ʙ)  

ʇʦʜʝʣʠʚ ʵʪʠ  ʚʳʨʘʞʝʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʠ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ  

,2

C

L

I

U

p

Cp
==r  

ʧʦʣʫʯʠʤ 

,.. WWW ʤʘʢʩCpʤʘʢʩLp ==  
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ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʧʘʩʘʝʤʳʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ ʢʦʣʠʯʝʩʪʚʘ 

ʵʥʝʨʛʠʠ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɽʩʣʠ ʧʨʦʩʫʤʤʠʨʫʝʤ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ (ʬʦʨʤʫʣʳ 4.8, 4.9), ʪʦ ʩ ʫʯʝʪʦʤ (4.10ʘ,ʙ) ʥʘʡʜʝʤ 

,sin
2

cos
2

0
2

2

0
2

2

t
CU

t
LI

ww
Cpp

CpLp ww +=+  

ʅʦ ʪʘʢ ʢʘʢ ,
22

22

W
CULI Cpp

==  ʪʦ, ,Www CpLp =+  ʪ.ʝ. ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ, 

ʨʘʚʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ W. 

ʇʨʠ ʨʝʟʦʥʘʥʩʝ ʤʘʢʩCpʤʘʢʩLp WW .. = , ʧʦʵʪʦʤʫ ʨʝʘʢʪʠʚʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨ ʥʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ. ʕʥʝʨʛʠʷ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʘʩʝʥʥʘʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʝʝ ʢ ʛʝʥʝʨʘʪʦʨʫ, ʚ ʧʦ-

ʩʣʝʜʫʶʱʝʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʧʦʣʷʤʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʝʟ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʪʦʨʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʝ ʮʝʧʠ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ.  

ʊʘʢ ʢʘʢ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʘʢʪʠʚʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 

2

2

p

ʚʭ
I

P
rr == , ʟʘʜʘʯʘ ʛʝʥʝʨʘʪʦʨʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʩʪʘʚʣʷʝʪ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʨʘʩʭʦʜʫʝʤʫʶ ʚ r. ɽʩʣʠ ʙʳ 

ʮʝʧʴ ʥʝ ʠʤʝʣʘ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (r = 0), ʪʦ ʚ ʥʝʡ ʥʝ ʙʳʣʦ ʥʠʢʘʢʠʭ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʠ ʛʝʥʝʨʘʪʦʨ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʦʢʘʟʘʣʩʷ ʙʳ ʥʝʥʫʞʥʳʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʢʦʣʝʙʘʥʠʷ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʠʣʠ ʙʳ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ W, ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʦ ʟʘʧʘʩʝʥʥʦʡ ʚ ʮʝʧʠ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʝʛʦ ʜʦʙʨʦʪ-

ʥʦʩʪʠ. ɼʦʙʨʦʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʚ 2ˊ ʨʘʟ ʫʚʝʣʠʯʝʥʥʦʝ ʦʪʥʦ-

ʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʘʝʤʦʡ ʵʥʝʨʛʠʠ ʢ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ 
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ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʡ ʮʝʧʠ 

rTW

W
Q p2=                                               (4.11) 

ʛʜʝ WrT=PT ï ʵʥʝʨʛʠʷ, ʨʘʩʭʦʜʫʝʤʘʷ ʟʘ ʧʝʨʠʦʜ T. 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʥʪʫʨʘ ʧʦʜʩʪʘʚʠʤ ʚ 

(4.11) ʬʦʨʤʫʣʫ (4.10ʘ) ʠ 
2

2rI
P

p
=  ʠ, ʫʯʠʪʳʚʘʷ (4.5), ʧʦʣʫʯʠʤ 

.
1

0

0

Crrr

L
Q

w

rw
===                                     (4.12) 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ, ʠʩʧʦʣʴʟʫʝ-

ʤr ʭ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, Qå100 ï 300. 

ʀʥʦʛʜʘ ʚʤʝʩʪʦ ʜʦʙʨʦʪʥʦʩʪʠ ʧʦʣʴʟʫʶʪʩʷ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʥʘʟʳʚʘ-

ʝʤʦʡ ʟʘʪʫʭʘʥʠʝʤ: 

.
1

Q
d=                                                   ( 4.12ʘ) 

ʚ. ɺʭʦʜʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʢʦʥʪʫʨʘ 

ʀʟʫʯʝʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʥʘʯʥʝʤ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʥʘʛʨʫʞʝʥʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʈʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

.
1 0

0
0 ù

ú

ø
é
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è
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w

w

w
w

w
w L

C
Lxʚʭ  

ʊʘʢ ʢʘʢ rw =L0  ʠ ,
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0w=
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è
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w

w

w

w
rʚʭx                                          (4.13) 

ʅʘ ʨʠʩ.4.4 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ xʚʭ(ɤ); ʦʥ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʦʨʜʠʥʘʪ ʢʨʠʚʳʭ xL=ɤL ʠ  ïxC=-1/ɤC. 
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ʈʠʩ. 4.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

),1( xjrjxrZ ʚʭʚʭ +=+=                                  (4.14) 

ʛʜʝ 
r

xʚʭ=x  ʥʘʟʳʚʘʶʪ ʦʙʦʙʱʝʥʥʦʡ ʨʘʩʩʪʨʦʡʢʦʡ. 

ʇʦʜʩʪʘʚʠʚ ʩʶʜʘ ʟʥʘʯʝʥʠʝ ʭʚʭ ʠʟ (4.13) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ɟ/r=Q, ʧʦʣʫʯʠʤ 

.0

0
ù
ú

ø
é
ê

è
-=
w

w

w

w
x Q                                          (4.15) 

ʇʨʠ ʨʘʩʯʝʪʝ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ ʠʥʪʝʨʝʩʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ ʠʭ ʧʦʚʝʜʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘ-

ʩʪʦʪʳ ɤ0, ʢʦʛʜʘ ɤ=ɤ0+ȹɤ, ʛʜʝ ȹɤ ï ʘʙʩʦʣʶʪʥʘʷ ʨʘʩʩʪʨʦʡʢʘ ï ʚʝʣʠʯʠʥʘ 

ʚʝʩʴʤʘ ʤʘʣʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ɤ0. ʈʘʩʩʪʨʦʡʢʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

(ʢʦʛʜʘ ɤ > ɤ0), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ (ʢʦʛʜʘ ɤ < ɤ0). 

ɼʣʷ ʯʘʩʪʦʪ, ʙʣʠʟʢʠʭ ʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʢʦʥʪʫʨʘ, ʚʤʝʩʪʦ (4.13) ʧʦ-

ʣʫʯʠʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

0
2
0

00 2
))((

w

w
r

w

wwww
r

D
º

-+
ºʚʭx .                                (4.16) 

ʅʘ ʯʘʩʪʦʪʘʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ɤ0, ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʥʦʡ 

ʢʨʠʚʦʡ. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (4.16), ʥʘʡʜʝʤ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʨʘʩʩʪʨʦʝʢ 
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0
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w

w
x

D
º Q                                                (4.17) 

ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

.21
0
öö
÷

õ
ææ
ç

å D
+º

w

w
Qjrzʚʭ                                      (4.18) 

ʀʟ (4.14) ʠ (4.18) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʜʫʣʴ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

21 x+=rzʚʭ                                           (4.19) 

ʠ ʬʘʟʦʚʳʡ ʫʛʦʣ  

xj arctg= .                                        (4.20) 

ɺ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʨʘʩʩʪʨʦʝʢ 
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21 öö
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å D
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w

w
Qrzʚʭ                                    (4.21) 

   .22
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w

w

w
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ææ
ç

å D
= QQarctg                              (4.22) 

ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʯʘ-

ʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʢʘʟʘʥʥʳʝ (ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ 

Q) ʥʘ ʨʠʩ. 4.3. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʥʘʥʝʩʝʥʳ ʢʨʠʚʳʝ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʧʨʠʙʣʠ-

ʞʝʥʥʳʤ ʬʦʨʤʫʣʘʤ (4.21) ʠ (4.22).  

ʇʨʠ ʨʝʟʦʥʘʥʩʝ Zʚʭ ʨʘʚʥʦ ʘʢʪʠʚʥʦʤʫ (ʥʝʙʦʣʴʰʦʤʫ) ʩʦʧʨʦʪʠʚʣʝʥʠʶ r 

(ʨʠʩ.4.5ʘ). ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʨʝʟʦʥʘʥʩʘ ʚ ʪʫ ʪ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʧʦʣʥʦʝ ʚʭʦʜ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ.  

ʌʘʟʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.4.5ʙ. ɺ ʦʙʣʘʩʪʠ ʤʘ-

ʣʳʭ ʨʘʩʩʪʨʦʝʢ ʦʥʘ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʡ ʣʠʥʠʠ. ʅʘʢʣʦʥ ʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠ-

ʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʢʦʥʪʫʨʘ: ʯʝʤ ʚʳʰʝ ʜʦʙʨʦʪʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʫʶ ʢʨʫʪʠʟʥʫ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʇʨʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʨʦʡʢʘʭ ʬʘʟʦʚʳʡ ʫʛʦʣ ʩʪʨʝʤʠʪʩʷ 

ʠʣʠ ʢ +ˊ/2 (ʝʩʣʠ ȹɤ>0), ʠʣʠ -ˊ/2 (ʝʩʣʠ ȹɤ<0). ʆʪ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʪʨʫʜʥʦ ʧʝʨʝʡʪʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʘ ʚ ʮʝʧʠ. 

ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ 
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                                     (4.23) 
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ʈʠʩ. 4.5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ (ʘ); 

ʛʨʘʬʠʢ ʬʘʟʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙ) 

 

ʇʦʜʝʣʠʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʨʠ ʨʝʟʦʥʘʥʩʝ Ip=E/r, ʧʦʣʫ-

ʯʠʤ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʪʦʢʘ 
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           (4.24) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʟʘʢʦʥ ʠʟʤʝʥʝ-

ʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ. ɼʣʷ ʤʘʣʳʭ ʨʘʩ-
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n                                (4.25) 

ʅʘ ʨʠʩ.4.6ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʜʣʷ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʨʘʩʩʪʨʦʝʢ ʠ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʜʦʙʨʦʪʥʦʩʪʠ (Q1>Q2). 
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ʈʠʩ. 4.6. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘ-

ʩʪʦʪʳ 

 

ɽʩʣʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʪʴ ʦʙʦʙʱʝʥʥʫʶ ʨʘʩʩʪʨʦʡʢʫ ɝ, ʧʦʣʫʯʠʤ 

ʦʙʦʙʱʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ ʢʦʥʪʫ-

ʨʦʚ ʩ ʣʶʙʦʡ ʚʝʣʠʯʠʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ Q (ʨʠʩ.4.6ʙ). 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʳʭ ʨʝʟʦʥʘʥʩʘ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʢʦʥʪʫʨ ʠʟʙʠ-

ʨʘʪʝʣʝʥ: ʯʝʤ ʦʩʪʨʝʝ ʨʝʟʦʥʘʥʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʝʤ ʠʟʙʠʨʘʪʝʣʝʥ ʢʦʥʪʫʨ, 

ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ, ʪʝʤ ʚʳʰʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ. 

ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦ ʩʚʦʝʤʫ ʚʠʜʫ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʜʝʘʣʴʥʦʡ (ʧʨʷʤʦʫʛʦʣʴʥʦʡ). ʇʦʵʪʦʤʫ ʯʘʩʪʦʪʳ, çʧʨʦ-

ʧʫʩʢʘʝʤʳʝè ʢʦʥʪʫʨʦʤ, ʧʨʠʭʦʜʠʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʫʩʣʦʚʥʦ. ʇʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʢʦʥʪʫʨʘ ȹɤʢ ʥʘʟʳʚʘʶʪ ʪʘʢʦʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ, ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʛʦ ʘʤ-

ʧʣʠʪʫʜʘ ʪʦʢʘ ʧʘʜʘʝʪ ʜʦ ʫʨʦʚʥʷ, ʨʘʚʥʦʛʦ 1/ã2 ʦʪ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʪ.ʝ. ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ n=1/ã2=0,707 (ʨʠʩ.4.7). 

 

ʈʠʩ. 4.7. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 



83 

ʇʨʠʥʷʚ ʚ ʬʦʨʤʫʣʝ (4.23) n=0,707, ʧʦʣʫʯʠʤ ʜʚʘ ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ 

ʨʘʩʩʪʨʦʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʘʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ: .1°=x   

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʘʩʪʦʪʳ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʯʥʦʡ ʯʘ-

ʩʪʦʪʳ ɤʥ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ ɤʚ (ʨʠʩ.4.7). ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʯ-

ʥʳʭ ʯʘʩʪʦʪ ʦʙʨʘʪʠʤʩʷ ʢ ʬʦʨʤʫʣʝ (4.15); ɤʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɝ=+1, ʘ ɤʥ ï ʦʙʦʙ-

ʱʝʥʥʘʷ ʨʘʩʩʪʨʦʡʢʘ  ɝ=-1. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ (4.15), ʧʦʣʫʯʠʤ 
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ʈʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʦʪʙʨʘʩʳʚʘʝʤ ʢʘʢ ʥʝ 

ʠʤʝʶʱʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ) ʠʤʝʶʪ ʚʠʜ 

 

 

 

 

 

ʆʪʩʶʜʘ 
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ww
                                  (4.26)   

ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʚʥʘ ʟʘʪʫʭʘʥʠʶ ʢʦʥʪʫʨʘ. 

ʛ. ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ɼʚʘ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʚ 

ʩʭʝʤʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ 4.8. ɺʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʵ.ʜ.ʩ. ʠʩʪʦʯʥʠʢʘ EU =1 ; ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʥʠ-

ʤʘʝʪʩʷ ʠʣʠ ʩ ʝʤʢʦʩʪʠ (ʨʠʩ.4.8ʘ) ʠʣʠ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʠʩ.4.8ʙ). 
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ʈʠʩ. 4.8. ɼʚʘ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ ʚ ʩʭʝʤʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ ʨʝʟʦʥʘʥʩʘ (ɤ=ɤ0), ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʷ uLp ʠ 

uʉp ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʬʘʟʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ.4.11ʘ 

.)(
.1 r

x
j

Z

jx

U

U
jK

Cp

ʨʚʭ

CpCp
Cp -=-==w  

ʊʘʢ ʢʘʢ xCp = ɟ, 

.)( 0 jQ
r

jjKCp -=-=
r

w                                       (4.27) 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʧʨʠ ʩʥʷʪʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʥʜʫʢ-

ʪʠʚʥʦʩʪʠ (ʨʠʩ.4.11ʙ) ʧʦʣʫʯʠʤ  

    .)( 0 jQ
r

jjKLp ==
r

w                                        (4.28) 

ʀʪʘʢ, ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʤʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʚ ʦʙʝʠʭ ʩʭʝʤʘʭ 

ʦʜʠʥʘʢʦʚʳ: 

.)()( 00 QKK LpCp == ww                                     (4.29) 

ʅʘʩʪʨʦʝʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʫʩʠʣʠʚʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʝʥ ʜʦʙʨʦʪʥʦʩʪʠ 

ʢʦʥʪʫʨʘ Q. ʇʦʵʪʦʤʫ ʨʝʟʦʥʘʥʩ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ 

ʥʘʟʳʚʘʶʪ ʨʝʟʦʥʘʥʩʦʤ ʥʘʧʨʷʞʝʥʠʡ.  

ɺ ʩʣʫʯʘʝ ʨʘʩʩʪʨʦʝʥʥʦʛʦ ʢʦʥʪʫʨʘ ʜʣʷ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.4.8ʘ, 

ʠʤʝʝʤ 
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ʋʤʥʦʞʠʚ ʠ ʨʘʟʜʝʣʠʚ ʚʳʨʘʞʝʥʠʝ ʥʘ ɤ0, ʧʦʣʫʯʠʤ  
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʜʘʶʪ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʩʭʝʤʳ, ʠʟʦʙ-

ʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.4.11ʙ, 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʙʫʜʫʪ 
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.
1

)(
2

0

x

w

w

w
+

=

Q

KL                                    (4.34) 

ɺ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʨʘʩʩʪʨʦʝʢ, ʢʦʛʜʘ ɤ0/ɤ å 1, ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠ-

ʪʘʪʴ 
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1

)()(
2x

ww
+

=º
Q

KK LC                            (4.35) 

ʪ.ʝ. ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʠʥʜʫʢ-

ʪʠʚʥʦʩʪʠ UL/U1 ʠ ʥʘ ʝʤʢʦʩʪʠ UC/U1 ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, ʢʘʢ ʧʨʝʜʝʣʴʥʘʷ ʨʝ-

ʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʥʝʝ ʣʠʰʴ ʧʦʩʪʦʷʥʥʳʤ ʤʥʦʞʠʪʝʣʝʤ Q. 

ʀʟ ʬʦʨʤʫʣ (4.31), (4.32) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʬʘʟʦʚʳʡ ʫʛʦʣ ʢʦʵʬʬʠʮʠʝʥʪʘ KC 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʘʟʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ űK(ɤ) ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ű(ɤ) ʪʦʣʴʢʦ ʩʜʚʠʛʦʤ ʥʘ ˊ/2 

ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ. 

ʜ. ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʇʨʝʜʝʣʴʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʝʛʦ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʦʣʫʯʝʥʳ ʚʳʰʝ ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʫʨ ʧʠʪʘʝʪʩʷ ʨʝʘʣʴʥʳʤ ʛʝʥʝʨʘʪʦ-

ʨʦʤ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʪʫʨʘ, ʟʘʤʝʥʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʡ ʩʭʝʤʦʡ (ʨʠʩ.4.9). 

ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ.4.9, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʠʤʝʶʱʠʡ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r =ɻ r+Ri, ʧʠʪʘ-

ʝʤʳʡ ʚ ʪʦʯʢʘʭ ʘ-ʘ ʥʝʠʟʤʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ U=E; ʢ ʵʪʦʤʫ ʢʦʥʪʫʨʫ ʧʨʠʤʝ-

ʥʠʤʳ ʚʩʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʨʦʪʥʦʩʪʴ ʵʢ-

ʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʥʪʫʨʘ 
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                                      (4.36) 

Q  ɻʤʝʥʴʰʝ ʩʦʙʩʪʚʝʥʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ Q, ʪ.ʝ. ʯʘʩʪʦʪʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʫʭʫʜʰʘʝʪʩʷ: ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ȹɤʢ=ɻɤ0/Q  ɻʧʨʝʚʳʰʘʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʥʪʫʨʘ ȹɤʢ=ɤ0/Q. 
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ʈʠʩ. 4.9. ɿʘʤʝʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ 

 

ʋʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʢʦʥʪʫʨʘ 
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ʊʦʣʴʢʦ ʧʨʠ RiŸ0 ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʡ ʨʝ-

ʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ. 

ʀʪʘʢ, ʯʝʤ ʙʦʣʴʰʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ri, ʪʝʤ ʤʝʥʴʰʝ ʵʢʚʠʚʘ-

ʣʝʥʪʥʘʷ ʜʦʙʨʦʪʥʦʩʪʴ ʮʝʧʠ ʠ ʰʠʨʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝ-

ʨʘʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ (Ri<<r).  

4.3 ʇʘʨʘʣʣʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 

ʘ. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʘʨʘʣʣʝʣʴʥʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʴ, ʩʦʩʪʘʚʣʝʥ-

ʥʘʷ ʠʟ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʭʦʜʥʳʤ ʟʘʞʠʤʘʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʜʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ ʮʝʧʠ. 

ɿʘʤʝʥʷʷ ʢʘʪʫʰʢʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ L ʠ rL, ʘ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠ-

ʥʝʥʥʳʤʠ C ʠ rC, ʧʦʣʫʯʠʤ ʩʭʝʤʫ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, 

ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 4.10.  

ʇʫʩʪʴ ʥʘ ʚʭʦʜʥʳʭ ʟʘʞʠʤʘʭ ʢʦʥʪʫʨʘ ʜʝʡʩʪʚʫʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʩ ʘʤʧʣʠʪʫʜʦʡ U. 
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ʈʠʩ.4.10. ʉʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʪʦʢʦʚ ʧʦʣʫʯʠʤ 

CL III += .                                    (4.38) 
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=                                   (4.39) 
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=                                 (4.40) 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʥʪʫʨ ʩʦʩʪʘʚʣʝʥ ʠʭ ʜʝʪʘʣʝʡ ʩ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦ-

ʩʪʴʶ, ʪ.ʝ. rL<<ɤL, rC<<1/ɤC.  

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʟʘʧʠʰʝʪʩʷ ʢʘʢ 
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=   .                            (4.41) 

ʏʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʨʘʚʥʘ ʥʫʣʶ, ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ɤʨ ʥʝʦʙʭʦʜʠʤʦ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ 

ʚʳʨʘʞʝʥʠʷ (4.41) ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʝ ʯʠʩʣʦ, ʚʳʜʝʣʠʪʴ 

ʤʥʠʤʫʶ ʯʘʩʪʴ ʠ ʧʨʠ ɤ=ɤʨ ʧʨʠʨʘʚʥʷʪʴ ʢ ʥʫʣʶ.   ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ  
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʯʘʩʪʦʪʘ ʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʧʨʝʜʝʣʠʪʩʷ 
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=                                         (4.42) 

ʛʜʝ .
1

0
LC

=w  

ɼʣʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʦʛʦ ʢʦʥʪʫʨʘ (r<<Lr  ʠ  r<<Cr ) ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

0ww =ʨ .                                           (4.43) 

ʊʦʛʜʘ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʨʘʚʥʦ 
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.                               (4.44) 

ɺ ʨʝʞʠʤʝ ʨʝʟʦʥʘʥʩʘ ʪʦʢʠ ,
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U
I L ==  ,0
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U
CUI L == ʪʦʯʥʦ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʬʘʟʝ. ʊʦʢ .
ʨʝʟR

U
I =  ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʪʦ-

ʢʦʚ 
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I
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ʨʝʟ

=                                          (4.45) 

 ʪ.ʝ. ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩ ʪʦʢʦʚ. 

ʙ. ɺʭʦʜʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ 

 ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (4.41) ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʩʦʢʦʜʦʙʨʦʪ-

ʥʦʛʦ ʢʦʥʪʫʨʘ (rL<<ɤL, rC<<1/ɤC) 
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ʇʨʠ ʯʘʩʪʦʪʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʯʘʩʪʦʪʦʡ ɤ=ɤ0, ʢʦʛʜʘ ɝ=0, 

ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʘʢʪʠʚʥʳʤ ʠ ʨʘʚʥʳʤ 

.
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w
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r
====                             (4.47)  

ʊʘʢ ʢʘʢ ʜʦʙʨʦʪʥʦʩʪʴ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ Q å 200-400, ʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɟ å 100-500ʆʤ, ʚʭʦʜʥʦʝ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʪʳ-

ʩʷʯ ʆʤ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʚʳʨʘʞʝʥʠʶ (4.46), ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʦʡ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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R
r                                              (4.49) 

ʠ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʇʦʣʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ 
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ʅʘ ʨʠʩ. 4.11 ʧʦʢʘʟʘʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ: 1- Zʚʭ/Rʨʝʟ, 2-  rʚʭ/Rʨʝʟ, 3- xʚʭ/Rʨʝʟ.  
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ʈʠʩ.4.11. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʘʨʘʣ-

ʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

 

ʚ. ʈʝʟʦʥʘʥʩʥʳʝ ʢʨʠʚʳʝ ʧʦ ʪʦʢʫ ʠ ʥʘʧʨʷʞʝʥʠʶ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ 

 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʪʫʨ ʧʠʪʘʝʪʩʷ ʨʝʘʣʴʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʠʤʝʶ-

ʱʠʤ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ 

ʩʚʦʡʩʪʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ  Ri ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʭʝʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʠʩ.4.12 .  
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ʈʠʩ.4.12/ ʉʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩ ʫʯʝʪʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ 

 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚ ʢʦʥʪʫʨʝ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 
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U
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++

+
=

+
+

=  

ʄʦʜʫʣʴ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ 

,
)1(

1
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2
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x
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+
=

U
I            ʛʜʝ 
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ʨʝʟ

R

R
=b .                     (4.52) 

ʋʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʧʦ ʪʦʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

.
)1(

1)1(

22

2

xb

xb

++

++
=

ʨʝʟI

I
                                   (4.53) 

ɽʩʣʠ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʣʠʢʦ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

Ri>>Rʨʝʟ, ʘ ɓ<<1, ʫʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ 

ʧʨʷʤʦʡ 1=
ʨʝʟI

I
. ɽʩʣʠ ʞʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʦʯʝʥʴ ʤʘʣʦ, 

ʪ.ʝ. Ri<<Rʨʝʟ, ʘ ɓ>>1, ʪʦ ʫʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ .1 2x+=
ʨʝʟI

I
 

ʈʝʟʦʥʘʥʩʥʳʝ ʢʨʠʚʳʝ ʧʦ ʪʦʢʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ɓ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.4.13ʘ.  

ʋʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ  

.
)1(

1

22

2

xb

b

++

+
=

U

U
                                         (4.54) 

ɽʩʣʠ  ɓ<<1, ʨʝʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

;
1

1

2

2

x+
=

U

U
 

ʝʩʣʠ ʞʝ ɓ >>1, ʨʝʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʧʨʷʤʫʶ ʣʠʥʠʶ (ʨʠʩ.4.13ʙ). 
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ɼʦʙʨʦʪʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ 

.1
i

ʨʝʟ
ʵʢʚ

R

R

Q
Q

+

=                                      (4.53) 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʚ 

ʨʝʟʦʥʘʥʩ ʤʦʞʥʦ ʩʫʜʠʪʴ ʣʠʙʦ ʧʦ ʤʘʢʩʠʤʫʤʫ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʪʫʨʝ, ʣʠʙʦ ʧʦ 

ʤʠʥʠʤʫʤʫ ʪʦʢʘ ʚ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ. 

 

 

ʘ)                                                              ʙ) 

ʈʠʩ.4.13 ʈʝʟʦʥʘʥʩʥʳʝ ʢʨʠʚʳʝ ʧʦ ʪʦʢʫ ʠ ʥʘʧʨʷʞʝʥʠʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ɓ 

 

4.4 ʉʣʦʞʥʳʝ ʩʭʝʤʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʪʫʨʦʚ 

ʇʘʨʘʣʣʝʣʴʥʳʤʠ ʢʦʥʪʫʨʘʤʠ, ʩʦʙʨʘʥʥʳʤʠ ʧʦ ʩʣʦʞʥʦʡ ʩʭʝʤʝ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʢʦʥʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʠʤʝʥʥʳʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʝʠʭ ʚʝʪʚʷʭ.  

ʉʭʝʤʘ ʩʣʦʞʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʥʘ ʨʠʩ. 4.14 
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ʈʠʩ.4.14. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʩʣʦʞʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ 

 

ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʛʦ ʢʦʥʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

.
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w

w

w

w
w        (4.54) 

ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʱʝʡ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥ-

ʥʦʡ ʥʘ ʨʠʩ. 4.14 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʯʠʩʣʠ-

ʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʚʳʨʘʞʝʥʠʷ (4.54) ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʦʝ 

ʯʠʩʣʦ (R1+R2)-jɤ(X1+X2), ʚʳʜʝʣʠʪʴ ʤʥʠʤʫʶ ʯʘʩʪʴ ʠ ʧʨʠʨʘʚʥʷʪʴ ʝʝ ʢ ʥʫʣʶ. 

ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘ-

ʩʪʦʪʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 

0)()( 2
1

2
12

2
2

2
21 =+++ XRXXRX .                               (4.55) 

ɽʩʣʠ, ʢʘʢ ʦʙʳʯʥʦ ʠ ʙʳʚʘʝʪ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. R1<<X1 ʠ  R2<<X2, 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʠ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

.0)( 2121 =+XXXX                                          (4.56) 

ʃʶʙʦʡ ʠʟ ʵʪʠʭ ʩʦʤʥʦʞʠʪʝʣʝʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʝʥ ʥʫʣʶ: 

X1=0 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʧʝʨʚʦʤ ʧʣʝʯʝ, 

X2=0 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʝʟʦʥʘʥʩ ʚʦ ʚʪʦʨʦʤ ʧʣʝʯʝ, 

X1+ X2=0 ï ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʟʦʥʘʥʩ. 

ʇʦʩʣʝʜʥʷʷ ʬʦʨʤʫʣʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʧʘ-

ʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʇʨʠ ʵʪʦʡ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʞ-

ʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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==                    (4.57) 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʩʭʝʤʝ (ʨʠʩ.), ʥʘʟʳʚʘʝʤʦʡ ʢʦʥʪʫʨʦʤ I ʚʠʜʘ ɺ 

ʦʜʥʫ ʠʟ ʚʝʪʚʝʡ (X1) ʚʭʦʜʠʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʘ ʚ ʜʨʫʛʫʶ (ʍ2) ï ʝʤʢʦʩʪʴ. ɺʦʦʙʱʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʷ X1 ʠ X2 ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʪʝ ʠʣʠ ʠʥʳʝ ʩʦʯʝʪʘʥʠʷ ʠʥ-

ʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʝʤʢʦʩʪʝʡ. ʆʥʠ, ʦʜʥʘʢʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʫʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ  X1+X2=0.   

 

                ʘ)                                      ʙ)                                           ʚ) 

ʈʠʩ.4.15. ʈʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

 

ʅʘ ʨʠʩ.4.15ʘ ʧʨʠʚʝʜʝʥ ʚʘʨʠʘʥʪ ʩʭʝʤʳ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʘ ʚʝʪʚʴ ʩʦʜʝʨʞʠʪ 

ʪʦʣʴʢʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L1 ʘ ʜʨʫʛʘʷ ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ L1 ʠ ʝʤʢʦʩʪʴ ʉ. ʊʘʢʫʶ 

ʩʭʝʤʫ ʥʘʟʳʚʘʶʪ ʢʦʥʪʫʨʦʤ II  ʚʠʜʘ. ɼʣʷ ʪʘʢʦʡ ʩʭʝʤʳ ʯʘʩʪʦʪʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

,
)(

1

21
0

CLL +
=w                                          (4.59)  

ʘ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

.
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RR

L
Rʨʝʟ

+
=
w

                                           (4.60) 

ɺ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʢʦʥʪʫʨʝ III  ʪʠʧʘ (ʨʠʩ.4.15ʙ) ʚ ʦʜʥʦʡ ʚʝʪʚʠ ʚʢʣʶʯʝʥʘ 

ʝʤʢʦʩʪʴ ʉ1, ʘ ʚ ʜʨʫʛʦʡ ï ʝʤʢʦʩʪʴ ʉ2 ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ  L. ɼʣʷ ʵʪʦʡ ʩʭʝʤʳ ʯʘ-

ʩʪʦʪʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ 

 ,
1

0
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=w       ʛʜʝ .
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CC

CC
C

+
=                             (4.61) 

ʈʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

  .
)(

1

21
22

0 RRʉ
Rʨʝʟ

+
=
w

                                    (4.62) 
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ʉʭʝʤʫ ʢʦʥʪʫʨʘ II  ʚʠʜʘ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʤ ʚʠʜʝ 

(ʨʠʩ.4.15ʚ). ʈʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʛʦ ʢʦʥʪʫʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ  

,
21

22
02

RR

L
pRʨʝʟ

+
=

w
                                       (4.63) 

 ʛʜʝ 
L

L

LL

L
p 1

21

1 =
+

= .                                            

ʂʦʵʬʬʠʮʠʝʥʪ ʨ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʢʣʶʯʝʥʠʷ. ʆʥ ʤʦʞʝʪ ʠʟ-

ʤʝʥʷʪʴʩʷ ʚ ʚ ʧʨʝʜʝʣʘʭ  0 Ò ʨ Ò1. ʊʘʢʦʝ ʚʢʣʶʯʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʢʦʥʪʫʨʦʤ ʩ 

ʥʝʧʦʣʥʳʤ ʚʢʣʶʯʝʥʠʝʤ, ʫʜʦʙʥʦ ʪʝʤ, ʯʪʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʨ ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʝ ʠʟʤʝʥʷ-

ʝʪʩʷ, ʠ ʚʭʦʜʥʦʝ ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʪʘʝʪʩʷ ʘʢʪʠʚʥʳʤ. 
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ɻʃɸɺɸ 5. ʊɽʆʈʀʗ ʃʀʅɽʁʅʓʍ ʏɽʊʓʈɽʍʇʆʃʖʉʅʀʂʆɺ 

5.1 ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʱʝʡ ʪʝʦʨʠʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʩʧʨʘʚʝʜʣʠʚʳʝ ʜʣʷ ʣʶʙʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʭʝʤʳ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (ʨʠʩ.5.1) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ u1, i , u2, i2. 

 

ʈʠʩ.5.1. ʆʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 

 

ɿʘʜʘʯʘ ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʚʝ ʠʟ ʯʝʪʳʨʝʭ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʨʝʞʠʤ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʠʟʚʝʩʪʥʳ. ʀʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʟʘʜʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʮʝʧʴ.  ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʦʪʢʣʠʢʠ ʥʘ ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʪ.ʝ. ʜʚʝ ʦʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʧʦʣʘʛʘʪʴ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳ-

ʚʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʦʨʠʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ. ɺʦʟʤʦʞʥʳ 

ʰʝʩʪʴ ʚʘʨʠʘʥʪʦʚ ʟʘʧʠʩʠ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.1(ʩʦʯʝʪʘʥʠʷ ʠʟ n ʧʦ m  Cm
n=n!/m!(n-m) ) 

ʊʘʙʣʠʮʘ 5.1 

ʐʝʩʪʴ ʚʘʨʠʘʥʪʦʚ ʟʘʧʠʩʠ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

 

ɺʘʨʠʘʥʪʳ 1 2 3 4 5 6 

ɺʦʟʜʝʡʩʪʚʠʷ 1u , 2u  2u , 2i  1i , 2i  1i , 2u  1u , 2i  1u , 1i  

ʆʪʢʣʠʢʠ 1i , 2i  1u , 1i  1u , 2u  1u , 2i  1i , 2u  2u ,  2i  

5.2 ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

ʘ) ʩʠʩʪʝʤʘ Y-ʢʦʵʬʬʠʮʠʝʥʪʦʚ 



98 

ʇʫʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʠʩʢʦʤʳʤʠ (ʦʪʢʣʠʢʘʤʠ) 

ʙʫʜʫʪ ʪʦʢʠ. ʇʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʪʦʢʠ 21,ii  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ-

ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ,, 21 uu  ʪ.ʝ.  
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=
                                        (5.1) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʥʳʤʠ ʜʠʬʬʝʨʝʥ-
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ɺʭʦʜʷʱʠʝ ʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʘʩʪʥʳʝ ʧʨʦʠʟ-

ʚʦʜʥʳʝ ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʘʟʳʚʘʶʪʩʷ Y-ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ (5.2) ʠ (5.2ʘ) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ 

;2121111 duyduydi +=                                      (5.3) 

;2221212 duyduydi +=                                   (5.3ʘ) 

ʇʦʣʫʯʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ ʣʶʙʦʡ 

ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ ʠ ʣʶʙʦʤ ʚʠʜʝ ʮʝʧʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʤʦʪ-

ʨʝʥʠʝ ʩʣʫʯʘʷ ʣʠʥʝʡʥʦʡ ʮʝʧʠ ʚ ʨʝʞʠʤʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʩʦʦʪʥʦʰʝʥʠʷ (5.3) ʠ (5.3ʘ) ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʪ.ʝ. 

;2121111 UyUyI +=                                      (5.4) 

.2221212 UyUyI +=                                    (5.4ʘ) 

ʂʦʤʧʣʝʢʩʥʳʝ Y-ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʜʚʫʭ ʦʧʳʪʦʚ: 1)ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʳʭʦʜʘ ʠ ʧʨʠ ʧʠʪʘʥʠʠ ʯʝʪʳʨʝʭ-

ʧʦʣʶʩʥʠʢʘ ʩʣʝʚʘ (ʨʠʩ.5.2ʘ); 2) ʧʨʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʤ ʚʭʦʜʝ ʠ ʧʨʠ ʧʠʪʘʥʠʠ 
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ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʩʧʨʘʚʘ (ʨʠʩ.5.2ʙ). ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (5.4), (5.4ʘ) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ 

(ʤʘʪʨʠʯʥʦʡ) ʬʦʨʤʝ: 

2

1

2

1

U

U
Y

I

I
³= ,                                        (5.5) 

ʛʜʝ 2221

1211

yy

yy
Y =

- ʤʘʪʨʠʮʘ ʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʠʣʠ  Y-ʤʘʪʨʠʮʘ. 

ɼʣʷ ʧʘʩʩʠʚʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʪ.ʝ. ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʚʥʫʪʨʠ ʢʦ-

ʪʦʨʦʛʦ ʥʝʪ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ  

y12=y21                                            (5.6) 

ɺ ʩʠʤʤʝʪʨʠʯʥʦʤ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʝ 

y11=y22,                                          (5.7) 

ʪ.ʝ. ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʘʩʩʠʚʥʦʤ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʝ ʚʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʋʨʘʚʥʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ  ʪʦʢʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚʭʦʜʘ 

ʠ ʚʳʭʦʜʘ ʟʘʧʠʩʳʚʘʶʪʩʷ  ʚ ʚʠʜʝ  

;2121111 IzIzU +=                                  (5.8) 

.2221212 IzIzU +=                               (5.8ʘ) 

Z-ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʦʧʳʪʦʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ.  

ʂʦʛʜʘ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʟʚʝʥʘ ʤʝʞʜʫ 

ʠʩʪʦʯʥʠʢʦʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ, ʟʘʜʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʯʘʩʪʦ ʷʚʣʷ-

ʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʫʟʢʠ ,, 22 IU  ʘ ʠʩʢʦʤʳʤʠ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʨʝʞʠʤ ʥʘ ʚʭʦʜʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (11, IU ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʫʨʘʚ-

ʥʝʥʠʡ ʪʠʧʘ ɸ: 

;2122111 IAUAU +=                                   (5.9) 
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.2222211 IAUAI +=                                  (5.9ʘ) 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ, ʢʦʛʜʘ ʚʳʭʦʜ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʧʦʜʢʣʶ-

ʯʝʥ ʢ ʥʘʛʨʫʟʢʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʪʦʢʦʚ ʚʳʙʨʘʪʴ ʪʘʢʠʤʠ, ʢʘʢʠʝ ʧʨʠʥʷʪʳ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ. 5.2. 

 

ʈʠʩ. 5.2. ɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ 

 

ɿʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ A-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʜʚʫʭ ʦʧʳʪʦʚ: 

ʦʧʳʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚʳʭʦʜʘ (I2 =0) ʠ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʳʭʦʜʘ 

(U2=0).  

ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʚ ɸ-ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 
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                   (5.10) 

ʂʦʛʜʘ ʟʘʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʥʘ ʚʭʦʜʝ 1I  

ʠ ʥʘʧʨʷʞʝʥʠʷ 2U  (ʚʘʨʠʘʥʪ 4, ʪʘʙʣ 5.1), , ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ 1U , ʠ 2I ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʡʜʝʥʳ, ʝʩʣʠ ʚʳʨʘʟʠʪʴ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ h-ʢʦʵʬʬʠʮʠʝʥʪʘʭ: 

;2121111 UhIhU +=                                     (5.11) 

.2221212 UhIhI +=                                   (5.11ʘ) 

ɿʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ h-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʜʚʫʭ ʦʧʳʪʦʚ: 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʳʭʦʜʘ (U2=0) ʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʝʨʚʠʯʥʦʡ ʮʝʧʠ (I1=0). 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʘʜʘʶʪʩʷ ʚʝʣʠʯʠʥʳ 1U  ʠ 2I  (ʚʘʨʠʘʥʪ 5, ʪʘʙʣ 5.1), 

ʦʩʪʘʣʴʥʳʝ ʜʚʝ ʚʝʣʠʯʠʥʳ ʠʟ ʫʨʘʚʥʝʥʠʡ 

;2121111 IfUfI +=                                         (5.12) 

2221212 IfUfU +=                                       (5.12ʘ) 
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ɺʭʦʜʷʱʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ f-ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʜʚʫʭ 

ʦʧʳʪʦʚ: ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚʪʦʨʠʯʥʦʛʦ ʪʦʢʘ (I2=0) ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʚʭʦʜʝ (U1=0). 

ʇʦʩʣʝʜʥʠʡ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʟʘʧʠʩʠ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʯʝʪʳʨʝʭ-

ʧʦʣʶʩʥʠʢʘ (ʚʘʨʠʘʥʪ 6, ʪʘʙʣ 5.1): 

;1121112 IbUbU +=                                        (5.13) 

.1221212 IbUbI +=                                       (5.13ʘ) 

ɿʥʘʯʝʥʠʷ b-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʳʪʘʤʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʚʭʦʜʥʦʡ ʮʝʧʠ (I1=0) ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚʭʦʜʘ (U1=0). 

ʇʦʩʣʝʜʥʠʝ ʪʨʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ ʧʦʜʦʙʥʦ (5.10). 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʫʨʘʚʥʝʥʠʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʟʘʚʠʩʠʪ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʘʝʪʩʷ. 

ʋʨʘʚʥʝʥʠʷ ʪʠʧʘ h, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʭʝʤ ʩ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ, ʪʘʢ ʢʘʢ ʨʝʞʠʤ ʪʨʘʥʟʠʩʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʭʦʜʥʳʤ ʪʦʢʦʤ  I1 

ʠ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ U2. 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʨʠʮ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ5.2.   

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 5.2. 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʨʠʮ 

 

 Z Y A H F B 
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ʇʨʠʤʝʯʘʥʠʝ. 

21122211det zzzzz -= ,     21122211det yyyyy -= ,      21122211det hhhhh -=      

21122211det AAAAA -= ,     21122211det fffff -= ,   21122211det bbbbb -=  . 
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5.3 ʄʘʪʨʠʮʳ ʩʣʦʞʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

ʉʣʦʞʥʳʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʚʫʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ. ɽʩʣʠ 

ʠʟʚʝʩʪʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʞʜʦʛʦ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, ʤʦ-

ʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ (ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ) ʯʝ-

ʪʳʨʝʭʧʦʣʶʩʥʠʢʘ. ʕʪʦʪ ʨʘʩʯʝʪ ʧʨʦʱʝ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ, ʦʧʝʨʠʨʫʷ ʩ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ.  

ʘ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʢʘʩ-

ʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʛʜʘ ʚʳʭʦʜʥʳʝ ʟʘʞʠʤʳ ʧʝʨʚʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʩ ʚʭʦʜʥʳʤʠ ʟʘʞʠʤʘʤʠ ʚʪʦʨʦʛʦ (ʨʠʩ. 5.3). 

ʇʨʠ ʢʘʩʢʘʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚʳʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʚʦʛʦ ʯʝʪʳʨʝʭʧʦ-

ʣʶʩʥʠʢʘ ʨʘʚʥʦ ʚʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʚʪʦʨʦʛʦ, ʘ ʚʳʭʦʜʥʦʡ ʪʦʢ ʧʝʨʚʦʛʦ ʯʝ-

ʪʳʨʝʭʧʦʣʶʩʥʠʢʘ ʨʘʚʝʥ ʚʭʦʜʥʦʤʫ ʪʦʢʫ ʚʪʦʨʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʪ. ʝ.   

      ,
''

1
'
2 UU =           

''
1

'
2 II =                               (5.14) 

 

                             ʘ)                                                                          ʙ) 

ʈʠʩ.5.3. ʂʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

 

ɺʳʨʘʟʠʤ ʫʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʯʝʨʝʟ ɸ-ʢʦʵʬʬʠʮʠ-
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ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʢʘʩʢʘʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (5.4), ʟʘʧʠʰʝʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʮʘ ʩʣʦʞʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (ʨʠʩ.5.3ʘ) ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʪʨʠʮ ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ: 

'''
AAA ³=                                         (5.15) 

ʙ) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ.  

ʇʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʝ ʚʢʣʶʯʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʘʢ ʚʭʦʜʥʳʝ, ʪʘʢ ʠ ʚʳʭʦʜʥʳʝ ʠʭ ʟʘʞʠʤʳ ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

(ʨʠʩ.5.4ʘ). 

 

       ʘ)                                                                                                         ʙ) 

ʈʠʩ.5.4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

 

ɺʳʨʘʟʠʤ ʫʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʯʝʨʝʟ Z-

ʢʦʵʬʬʠʮʠʝʥʪʳ. ʊʦʛʜʘ ʧʦʣʫʯʠʤ      
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ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ  ʠ ʪʦʢʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʙʫʜʫʪ: 

,
''
1

'
11 UUU +=                    ,

''
2

'
22 UUU +=  

,
'
11 II =            .

'
22 II =  

ʇʦʵʪʦʤʫ, ʩʢʣʘʜʳʚʘʷ (5.16) ʠ (5.17), ʧʦʣʫʯʠʤ  
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       .
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I
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=                       (5.18) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ, ,
'''

ZZZ +=  ʪ.ʝ. 

Z-ʤʘʪʨʠʮʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (5.4ʙ) ʨʘʚʥʘ ʩʫʤʤʝ Z-

ʤʘʪʨʠʮ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʮʝʧʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʫʜʦʙʥʦ ʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ  Z-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʚ) ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʘʢ ʚʭʦʜʥʳʝ, ʪʘʢ ʠ ʚʳʭʦʜʥʳʝ ʟʘ-

ʞʠʤʳ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʩʦʝʜʠʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩ.5.5ʘ) 

 

ʘ)                                                                                                      ʙ) 

ʈʠʩ. 5.5. ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ  

 

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ Y=ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ: 
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ʊʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ 
''

1
'
11 UUU == ,       

''
2

'
22 UUU == , 

,
''
1

'
11 III +=  ,

''
2

'
22 III += ʪʦ, ʩʢʣʘʜʳʚʘʷ (5.19) ʠ (5.20), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʩʣʦʞ-

ʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (ʨʠʩ. 5.5ʙ): 
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=                          (5.21) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ .
'''

YYY +=  

ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ Y-ʤʘʪʨʠʮʘ ʩʣʦʞʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩ-

ʥʠʢʘ ʨʘʚʥʘ ʩʫʤʤʝ Y-ʤʘʪʨʠʮ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ. 

ʛ) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʭʦʜʥʳʝ ʟʘʞʠʤʳ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʩʦʝʜʠ-

ʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘ ʚʳʭʦʜʥʳʝ ï ʧʘʨʘʣʣʝʣʴʥʦ (ʨʠʩ.5.6ʘ) 

 

 

                                   ʘ)                                                         ʙ) 

ʈʠʩ.5.6. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

 

ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʠʩʪʝʤʦʡ h-ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝ-

ʥʠʷ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʚ ʚʠʜʝ: 
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=                                      (5.23) 

ɺ ʩʭʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
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,
''
1

'
11 UUU +=   ,

''
2

'
22 III +=  ,

'
11 II =      

''
2

'
22 UUU == . 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ (ʨʠʩ.5.6ʙ) ʧʦʣʫʯʠʤ 
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=  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ     .
'''

hhh +=   

ʜ) ʇʘʨʘʣʣʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ (5.7ʘ) ʚʭʦʜʥʳʝ ʟʘʞʠʤʳ ʠʩʭʦʜʥʳʭ ʯʝʪʳʨʝʭ-

ʧʦʣʶʩʥʠʢʦʚ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʚʳʭʦʜʥʳʝ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

(ʨʠʩ.5.7ʘ). 

 

                          ʘ)                                                          ʙ) 

ʈʠʩ.5.7. ʇʘʨʘʣʣʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

 

ɽʩʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ f-ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʨʘʚ-

ʥʝʥʠʷ ʧʨʠʤʫʪ ʚʠʜ 
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ʀʟ ʩʭʝʤʳ ʥʘ ʨʠʩ.5.6 ʩʣʝʜʫʝʪ  ,
''
1

'
11 III +=  ,

''
2

'
22 UUU +=  

''
1

'
11 UUU == , 

''
2

'
22 III == . 

ʇʦʵʪʦʤʫ, ʩʫʤʤʠʨʫʷ (5.24) ʠ (5.25), ʜʣʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʯʝʪʳʨʝʭʧʦ-

ʣʶʩʥʠʢʘ (ʨʠʩ.5.7ʙ) ʥʘʡʜʝʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ  .
'''

fff +=  
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ɻʃɸɺɸ 6. ʇɽʈɽʍʆɼʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʃʀʅɽʁʅʓʍ ʎɽʇʗʍ 

6.1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʣʠʥʝʡʥʳʭ ʮʝ-

ʧʝʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. ʊʝʤ ʩʘʤʳʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʮʝʧʠ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʩʪʦʣʴ 

ʜʘʚʥʦ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʮʝʧʝʡ 

ʫʩʧʝʚʘʣʠ ʧʨʠʦʙʨʝʩʪʠ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ ʧʠʪʘʥʠʠ ʮʝʧʝʡ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʦʷʥʥʳʭ ʵ.ʜ.ʩ. ʠʣʠ ʪʦʢʦʚ 

ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʮʝʧʝʡ ʩʪʘʥʦʚʠʣʠʩʴ ʚʝʣʠʯʠʥʘʤʠ ʪʘʢʞʝ ʧʦʩʪʦ-

ʷʥʥʳʤʠ, ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʨʝʤʝʥʠ. ʂʦʛʜʘ ʞʝ ʮʝʧʠ ʧʠʪʘʶʪ ʠʩʪʦʯʥʠʢʘʤʠ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʭ ʵ.ʜ.ʩ. ʠʣʠ ʪʦʢʦʚ, ʨʝʘʢʮʠʠ ʮʝʧʝʡ ʚ ʚʠʜʝ ʪʦʢʦʚ ʠʣʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʫʯʘʩʪʢʘʭ ʧʨʠʥʠʤʘʶʪ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʘʢʞʝ ʬʦʨʤʫ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ, ʢʘʢ 

ʙʳ ʦʙʣʘʜʘʶʪ ʠʥʝʨʮʠʝʡ. ʋʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʚ ʪʘʢʠʭ ʮʝʧʷʭ ʥʘʩʪʫʧʘʝʪ ʧʦ-

ʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʘ ʧʦʩʪʝʧʝʥʥʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʵʪʦ ʚʨʝʤʷ ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʢʦ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʞʝʪ ʠʟ-

ʤʝʨʷʪʴʩʷ ʤʠʣʣʠʩʝʢʫʥʜʘʤʠ ʠ ʜʘʞʝ ʤʠʢʨʦʩʝʢʫʥʜʘʤʠ. 

ʇʨʠ ʚʢʣʶʯʝʥʠʷʭ ʠ ʚʳʢʣʶʯʝʥʠʷʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʠʟʤʝʥʝ-

ʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʭʝʤ ʮʝʧʝʡ, ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʵ.ʜ.ʩ. ʠ ʟʘʜʘʶ-

ʱʠʭ ʪʦʢʦʚ ʥʘʩʪʫʧʘʝʪ ʥʝʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝ-

ʞʠʤ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʩʦʩʪʦʷʥʠʷ ʢ ʜʨʫʛʦʤʫ. ʇʦʵʪʦʤʫ ʝʛʦ 

ʠ ʥʘʟʳʚʘʶʪ ʧʝʨʝʭʦʜʥʳʤ ʨʝʞʠʤʦʤ. ɺ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʪʦʢʠ ʚ ʮʝʧʠ ʥʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʥʠ ʧʦʩʪʦʷʥʥʳʤʠ, ʥʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

ɺʩʷʢʦʤʫ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ ʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦ-

ʜʝʨʞʘʱʝʡ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʝʤʢʦʩʪʝʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʠ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʪʨʝ-

ʙʫʝʪ ʚʨʝʤʝʥʠ ʧʦʪʦʤʫ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʜʨʫʛʦʤʫ 

ʩʢʘʯʢʦʤ ʧʨʦʠʟʦʡʪʠ ʥʝ ʤʦʞʝʪ. 
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ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦ-

ʦʙʨʘʞʝʥʠʡ ʷʩʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʦʣʷ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʷʭ ʠ ʝʤʢʦʩʪʷʭ ʩʠʩʪʝʤʳ ʥʝ 

ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʤʛʥʦʚʝʥʥʦ. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʢʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʦʩʪʴ, ʦʪʜʘʚʘʝʤʫʶ ʠʣʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʭʝʤʳ, ʪ.ʝ. dw/dt=p. ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ, ʪʦ ʚʝʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʥʦʡ ʦʙʨʘʱʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʱʥʦʩʪʴ ʨ ʧʨʠʥʠʤʘʝʪ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʇʦ-

ʩʣʝʜʥʠʡ ʚʳʚʦʜ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʧʠ ʩ ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʝ ʟʘʧʘʩ ʵʥʝʨʛʠʠ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʦʚʦʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʜʦʣʞʥʳ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʣʘʚʥʦ ʙʝʟ ʩʢʘʯʢʦʚ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚ ʚʝʪʚʷʭ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʥʝʚʦʟʤʦʞʥʦ ʤʛʥʦʚʝʥʥʦʝ (ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ) ʠʟʤʝ-

ʥʝʥʠʝ ʪʦʢʦʚ. ɽʩʣʠ ʤʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʠ, ʪʦ ʨʘʚʝʥʩʪʚʦ ʪʦʢʦʚ ʧʝʨʝʜ ʢʦʤʤʫʪʘʮʠʝʡ ʧʨʠ t=0- ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʢʦʤ-

ʤʫʪʘʮʠʠ ʧʨʠ  t=0+ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

).0()0( +-=LL ii                                              (6.1) 

ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʝʤʢʦʩʪʠ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ 

ʝʤʢʦʩʪʠ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʤʛʥʦʚʝʥʥʦ (ʩʢʘʯʢʦʦʙʨʘʟʥʦ). ʈʘʚʝʥʩʪʚʦ ʥʘʧʨʷ-

ʞʝʥʠʡ ʥʘ ʝʤʢʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʦʤʤʫʪʘʮʠʝʡ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʢʦʤʤʫ-

ʪʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʧʦʜʦʙʥʦ ʨʘʚʝʥʩʪʚʫ (1.1): 

 ).0()0( +-= CC uu                                        (6.2) 

ʕʪʠ ʫʩʣʦʚʠʷ ʜʣʷ ʪʦʢʦʚ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʷʭ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʝʤʢʦʩʪʷʭ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʢʦʤʤʫʪʘʮʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʪʦʢ ʥʘ ʝʤʢʦʩʪʠ ʠʤʝʶʪ 

ʧʨʘʚʦ ʠʟʤʝʥʷʪʴʩʷ ʩʢʘʯʢʦʤ, ʪʘʢ ʢʘʢ ʦʪ ʵʪʠʭ ʚʝʣʠʯʠʥʝ ʟʘʚʠʩʠʪ ʵʥʝʨʛʠʷ ʚ ʮʝʧʠ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʫʩʪʨʦʡʩʪʚ 

ʩʚʷʟʠ, ʘʚʪʦʤʘʪʠʢʠ, ʠʤʧʫʣʴʩʥʦʡ ʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤʠ 
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ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫ-

ʯʘʷʭ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʅʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʚʦʟʥʠʢʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʶʪ ʚ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ, ʫʤʝʥʴʰʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʦʧʘʩʥʳʭ ʜʣʷ ʘʧʧʘʨʘʪʫʨʳ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʠ ʩʚʝʨʭʪʦʢʦʚ. ʇʦʵʪʦʤʫ ʠʟʫ-

ʯʝʥʠʝ ʠ ʨʘʩʯʝʪ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʮʝʧʷʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. ʈʘʩʩʯʠʪʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ 

ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʦʟʥʘʯʘʝʪ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ 

ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ, ʧʨʦʰʝʜʰʝʛʦ ʦʪ ʤʦʤʝʥʪʘ ʢʦʤʤʫʪʘʮʠʠ ʜʦ ʤʦ-

ʤʝʥʪʘ ʥʘʙʣʶʜʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʄʦʤʝʥʪ ʢʦʤʤʫʪʘʮʠʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʟʘ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʟʘʜʘʯ. ɽʩʣʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʦʤʤʫʪʘʮʠʝʡ ʥʝ ʦʙʣʘʜʘʣʘ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʪʦʢʠ 

ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʷʭ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʙʳʣʠ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʨʘʩ-

ʯʝʪ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʩ ʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

,0)0()0( == +- LL ii  ʠ .0)0()0( == +- CC uu  

ɽʩʣʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʝʨʝʜ ʢʦʤʤʫʪʘʮʠʝʡ ʦʙʣʘʜʘʣʘ ʟʘʧʘʩʦʤ ʵʥʝʨ-

ʛʠʠ, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʘʜʘʯʫ ʩ ʥʝʥʫʣʝʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  

,0)0()0( ¸= +- LL ii     .0)0()0( ¸= +- CC uu  

ɼʣʷ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʦ ʟʘʢʦʥʘʤ ʂʠʨʭʛʦʬʘ. 

ʇʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʦʩʪʘʶʪʩʷ ʪʝʤʠ ʞʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʨʠ ʨʘʩʯʝʪʘʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʨʝʞʠʤʝ. 

ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʮʝʧʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6.1. 
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ʊʘʙʣʠʮʘ 6.1. 

ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʮʝʧʠ 

 

ʕʣʝʤʝʥʪ ʮʝʧʠ ʅʘʧʨʷʞʝʥʠʝ ʊʦʢ 

 

 

iRUR=  

 

R

U
i R=  

 

 

ñ= idt
C

UC

1
 

 

dt

dU
Ci C=  

 

 

dt

di
LUL =  

 

ñ= dtU
L

i LL

1
 

ʊʘʢ ʢʘʢ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʘʭ ʮʝʧʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ (ʠʣʠ ʠʥʪʝʛʨʘʣʴ-

ʥʳʤʠ) ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʦʢʘʟʳʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠʣʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ R, L ʠ C (ʨʠʩ. 6.1) ʫʨʘʚʥʝʥʠʝ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʠʤʝʝʪ ʚʠʜ  

.uuuu LCR =++  

 

ʈʠʩ.6.1. ʎʝʧɹ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

R, L ʠ C 
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ʇʨʠ ʟʘʤʝʥʝ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ʦʜʥʦʡ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʭ.  

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠʩʢʦʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʳʙʠʨʘʝʪʩʷ ʪʦʢ i , 

ʧʨʝʜʳʜʫʱʝʝ ʨʘʚʝʥʩʪʚʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ: 

.
1

u
dt

di

Cdt

di
LRi =++  

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʥʫʞʥʦ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚ-

ʥʝʥʠʷ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ, ʪ.ʝ. 

.
2

2

dt

du

C

i

dt

di
R

dt

id
L =++  

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠʩʢʦʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʳʙʠʨʘʝʪʩʷ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʝʤʢʦʩʪʠ, ʪʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ 
dt

du
Ci C=  ʪʦʞʝ ʧʦʣʫʯʘʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

uu
dt

du
CR

dt

ud
LC C

CC =++
2

2

. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʚ ʩʣʦʞʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ 

ʠʣʠ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʦʜ-

ʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʢʦʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʪʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʦ ʠʣʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʘ ʧʝʨʝʤʝʥʥʘʷ ʜʦʣʞʥʘ ʧʦʜʯʠʥʷʪʴʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʢʦʤ-

ʤʫʪʘʮʠʠ (6.1, 6.2). 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, 

ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʳ, ʫʨʘʚʥʝʥʠʷ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʣʶʙʳʤ ʠʟ ʤʝ-

ʪʦʜʦʚ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʚʝʜʫʪ ʢ ʣʠʥʝʡʥʳʤ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɽʩʣʠ ʠʩʩʣʝʜʫ-

ʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʦʩʣʝ ʢʦʤʤʫʪʘʮʠʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨ-

ʛʠʠ, ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʢʘʞʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 
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ʫʨʘʚʥʝʥʠʝʤ ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ʂ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʩʣʘʛʘ-

ʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʵ.ʜ.ʩ. ʠ ʟʘʜʘʶʱʠʝ ʪʦʢʠ ʛʝʥʝʨʘʪʦʨʦʚ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩʳ ʚ ʣʠʥʝʡʥʦʡ ʮʝʧʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ n-ʛʦ ʧʦʨʷʜʢʘ 

).(... 01

1

1 tFya
dt

yd
a

dt

yd
a

n

n

nn

n

n =+++
-

-

-                         (6.3) 

ɿʜʝʩʴ  y(t) ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ;  F(t) ï ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; naaa ,...., 10 - ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

6.2. ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɺ ʤʘʪʝʤʘʪʠʢʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʫʨʘʚʥʝ-

ʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ,  ʩʦʛʣʘʩʥʦ ʢʦʪʦ-

ʨʦʤʫ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (6.3) ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʬʫʥʢ-

ʮʠʡ: 

),()()( 21 tytyty +=   ʛʜʝ )(1 ty - ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 

)(2 ty - ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

.0... 01

1

1 =+++
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- ya
dt
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a
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n                          (6.4) 

ʌʫʥʢʮʠʷ )(1 ty , ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩ 

ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʚʥʝʰ-

ʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, )(1 ty  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʥʫʞʜʝʥʥʳʡ 

ʨʝʞʠʤ, ʟʘʜʘʚʘʝʤʳʡ ʚ ʮʝʧʠ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6.4), ʪ.ʝ. 

)(2 ty , ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʯʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʮʝʧʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʳʥʫʞʜʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʠ ʷʚʣʝʥʠʷ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʠʣʠ ʩʚʦʙʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʙʦʜʥʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷ-

ʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʊʘʢ ʢʘʢ ʥʘʯʘʣʴʥʳʡ ʟʘʧʘʩ ʵʥʝʨʛʠʠ ʚ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚʩʝʛʜʘ 

ʦʛʨʘʥʠʯʝʥ, ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʪʝʨʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʟʘʪʫʭʘʶʪ, ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ (ʧʨʠ t ŸÐ) ʚ ʮʝʧʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ 

ʚʳʥʫʞʜʝʥʥʳʡ ʨʝʞʠʤ. 

ʇʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʙʦʪʫ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʜʦ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʯʠʩʣʫ 

ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʝʧʠ. ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʩʢʘʟʘʥʥʦʛʦ ʨʘʩ-

ʩʤʦʪʨʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʝ-

ʩʢʦʣʴʢʦ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ. ʇʫʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʜʝʨʞʠʪ ʜʚʝ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ, ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʢʘ-

ʞʝʪʩʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɽʩʣʠ ʞʝ ʵʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, 

ʪʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʠ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʪʘʥʝʪ ʚʪʦʨʳʤ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥ-

ʜʝʥʩʘʪʦʨʦʚ: ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩʯʠʪʘʶʪʩʷ ʥʝ-

ʟʘʚʠʩʠʤʳʤʠ, ʘ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʟʘʤʝʥʷʶʪʩʷ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʢʦʥʜʝʥ-

ʩʘʪʦʨʦʤ. 

6.3. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʷʭ, ʩʦʜʝʨʞʘʱʠʭ R, L ʠ C 

ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʥʪʫʨʝ 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʩʦʜʝʨʞʘʱʠʭ 

R, L ʠ C, ʪ.ʝ. ʚ ʮʝʧʷʭ, ʟʘʧʘʩʘʶʱʠʭ ʵʥʝʨʛʠʶ ʠ ʚ ʤʘʛʥʠʪʥʳʭ ʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʮʝʧʷʭ. ɺ ʪʘʢʠʭ ʮʝʧʷʭ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʷʚʣʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. 
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           ʘ)                                                                                           ʙ) 

ʈʠʩ.6.2. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʩʦʜʝʨʞʘʱʠʭ R, 

L ʠ C 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʠ (ʨʠʩ.6.2ʘ) ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
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2

2

dt
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ɽʩʣʠ ʬʫʥʢʮʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ )(tu  ʧʨʠ ʣʶʙʳʭ 0²t  ʨʘʚʥʘ ʥʫʣʶ 

(ʨʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ) (ʨʠʩ.6.2ʙ), ʪʦ ʫʨʘʚʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʜ-

ʥʦʨʦʜʥʳʤ: 

,02 2
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ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʝʛʦ ʠʤʝʝʪ ʚʠʜ 

tPtP
ʩʚ eAeAiti 21

21)( +== . 

ɿʜʝʩʴ p1 ʠ p2 ï ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨ
2+2Ŭʨ+ɤ0

2=0, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʚʝʥʩʪʚʦʤ 

.2
0

2
2,1 waa -°-=p                                       (6.5) 

ʆʙʦʟʥʘʯʠʚ 
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R 1

4 2
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0

2 -=-= wab                                                              (6.6) 

ʧʦʣʫʯʠʤ  

)( 21
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ʩʚ eAeAei bba -- += .                              (6.7) 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʘʥʪ ɸ1 ʠɸ2 ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʚ ʤʦʤʝʥʪ, ʧʨʝʜʰʝʩʪʚʫʶ-

ʱʠʡ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ, ʧʦʣʥʦʩʪʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʝʤʢʦʩʪʠ, ʪ.ʝ. ʧʨʠ 

t=(0-) ʥʘʧʨʷʞʝʥʠʝ0UuC = , ʘ ʪʦʢ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 0)0( =-i                                                                                                            

(6.7ʙ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

0)0()0(

)0()0( 0

=-=+

=-=+

ʩʚʩʚ

CC

ii

Uuu
                                     (6.8) 

ʇʨʠʤʝʥʷʷ ʫʩʣʦʚʠʝ ʜʣʷ ʪʦʢʘ (6.8) ʢ ʚʳʨʘʞʝʥʠʶ (6.7), ʥʘʭʦʜʠʤ, ʯʪʦ 

12 AA -= , ʦʪʢʫʜʘ 

)(1
ttt

ʩʚ eeeAi bba -- -=                                       (6.9) 

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ (6.8) ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʥʫʣʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ t=(0+) ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʠʤʝʝʤ 

0)0()0( =+++ LC uu , 

ʠʣʠ ʩ ʫʯʝʪʦʤ (6.8) 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ 

.
1)0(

0U
Ldt

diʩʚ -=
+

                                        (6.10) 

ɺʳʯʠʩʣʷʷ ʧʨʦʠʟʚʦʜʥʫʶ ʪʦʢʘ ʧʦ ʚʨʝʤʝʥʠ ʠ ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (6.10), 

ʙʫʜʝʤ ʠʤʝʪʴ 

.
2)(
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-
=  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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00 21 ttttptp
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--=--= .                (6.11) 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

).(
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0 tptpʩʚ
L epep
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Lu --==
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                            (6.12) 
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ʅʘʢʦʥʝʮ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ ʧʨʠ tÓ0 ʝʩʪʴ ʬʫʥʢʮʠʷ  

).(
2
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2
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21

2121
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tptp

tptptptp
ʩʚLC

epep
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     (6.13) 

ʇʨʠ t=(0+) ʠʟ (6.12) ʧʦʣʫʯʘʝʤ 

.)(
2

)(
2

)0( 0
0

12
0 U

U
pp

U
uC =-+---=--=+ baba

bb
 

ʀʟ ʬʦʨʤʫʣʳ (6.6) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚʝʱʝ-

ʩʪʚʝʥʥʳʤ (ʧʨʠ Ŭ Óɤ0), ʪʘʢ ʠ ʤʥʠʤʳʤ (ʧʨʠ Ŭ <ɤ0). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚ 

ʢʦʥʪʫʨʝ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʜʚʘ ʚʠʜʘ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʘ) ɸʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʇʫʩʪʴ ɓ ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʠʯʝʤ  Ŭ >ɤ0, ʠʣʠ ʚ ʜʨʫʛʦʡ ʬʦʨʤʝ 

,22 r=ð
C

L
R                                            (6.14) 

ʛʜʝ ɟ ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ p1 <0, p2<0, 

ƅp1ƅ<ƅp2ƅ. ɸʥʘʣʠʟ ʬʦʨʤʫʣʳ (6.13) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ 

ʧʨʠ ʫʩʣʦʚʠʠ (6.14) ʥʝʧʨʝʨʳʚʥʦ ʫʙʳʚʘʝʪ ʚʦ ʚʨʝʤʝʥʠ, ʩʪʨʝʤʷʩʴ ʚ ʧʨʝʜʝʣʝ ʢ 

ʥʫʣʶ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 6.3. ɸʥʘʣʦʛʠʯʥʘʷ ʢʨʠʚʘʷ ʜʣʷ ʪʦʢʘ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʬʦʨʤʫʣʝ  (6.11), ʧʦʩʪʨʦʝʥʘ ʥʘ ʨʠʩ.6.4.  

 

ʈʠʩ.6.3. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

 

ʈʠʩ.6.4. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ 
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ɺ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ. ʆʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʦʥʪʫʨʘʭ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ. 

ʇʨʝʜʧʦʣʦʞʠʤ ʜʘʣʝʝ, ʯʪʦ Ŭ = ɤ0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʦʙʨʘʱʘ-

ʝʪʩʷ ʚ ʥʫʣʴ ʠ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʦʜʠʥʘʢʦ-

ʚʳʤʠ: p1 =p2 =-Ŭ. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ɓ ʠ ʨ ʚ ʚʳʨʘʞʝʥʠʷ (6.12) ʠ (6.13) ʠ 

ʨʘʩʢʨʳʚʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʠʜʘ 0/0 ʧʦ ʧʨʘʚʠʣʫ ʃʦʧʠʪʘʣʷ, ʙʫʜʝʤ ʠʤʝʪʴ: 
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ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʤʢʦʩʪʠ ʠ ʪʦʢʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦʣʫ-

ʯʝʥʥʳʤʠ ʨʘʚʝʥʩʪʚʘʤʠ, ʧʦ ʚʠʜʫ ʘʥʘʣʦʛʠʯʥʳ ʢʨʠʚʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ.6.3 

ʠ 6.4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʫʩʣʦʚʠʝ  Ŭ = ɤ0 ̫ ʚʣʷʝʪʩʷ 

ʧʨʝʜʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʦʥʪʫʨʝ. 

ʙ) ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʇʫʩʪʴ Ŭ <ɤ0, ʪ.ʝ. 

.22 r=à
C

L
R                                      (6.15) 

ʊʝʧʝʨʴ ,2
0

2
cjwwab =-=  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ: 

cjp wa+-=1      ʠ ,2 cjp wa--=  

ʧʨʠʯʝʤ  
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c -=-=                                (6.16) 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ  

,sincos tjte cc
tj c www

°=
°  

ʪʦ ʧʨʠ ʤʥʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ɓ ʨʘʚʝʥʩʪʚʦ (6.13) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 



120 

),sin()sin(

)cossin()(
2

0
0

0

22

0
12

0

jw
w

w
jw

w

aw

wwwa
ww

aa

awwa

+=+
+

=

=+=--=

--

---

teUteU

tte
U

epepe
L

U
u

c
t

c
c

t

c

c

ccc
t

c

tjtjt

c
C

cc

        (6.17) 

ʛʜʝ 
a

w
j ctg = . 

ɺʝʣʠʯʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ 
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ʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

).sin(0
0 jw
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w a -== - teU
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                          (6.19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʦʥʪʫʨʘ ʧʨʠ ʫʩʣʦʚʠʠ 

(6.15) ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʦʜʥʘʢʦ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ɿʘʪʫʭʘʥʠʝ ʢʦʣʝʙʘ-

ʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʠʪʝʣʝʤ e-Ŭt, ʧʦʵʪʦʤʫ Ŭ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʪʫʭʘʥʠʷ. ʏʘʩʪʦʪʘ ɤʩ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʣʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʥʪʫʨʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʦ-

ʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ɤ0. 

ʉʜʚʠʛ ʧʦ ʬʘʟʝ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʤ-

ʢʦʩʪʠ  ʢʦʥʪʫʨʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʫʛʣʦʤ ű, ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʯʘ-

ʩʪʦʪʦʡ ɤʩ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ Ŭ. 

ɽʩʣʠ ʧʦʪʝʨʠ ʚ ʢʦʥʪʫʨʝ ʥʝʚʝʣʠʢʠ (R<<ɟ), ʪʦ ɤʩ>>Ŭ, űåˊ/2 ʠ ɤʩåɤ0. 

ɺʳʨʘʞʝʥʠʷ (6.17) ï (6.19) ʧʨʠ ʵʪʦʤ ʚʠʜ: 
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               (6.20) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʧʝʨʝʞʘʝʪ, ʘ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʝʤʢʦʩʪʠ ʦʪʩʪʘʝʪ ʦʪ ʪʦʢʘ ʥʘ ʫʛʦʣ ˊ/2. 
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ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ uC ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʥʪʫʨʝ 

ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.6.5. 

 

ʈʠʩ.6.5. ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ uC ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʢʦʥʪʫʨʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ 

 

ʉʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʥʪʫʨʝ ʤʦʞʥʦ ʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʥʘʧʨʷʞʝʥʠʷ uC, uL ʠʣʠ ʪʦʢʘ ʩʚi ʚ ʤʦʤʝʥʪʳ t ʠ 

t+T, ʛʜʝ T ï ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ.6.5). ʀʟ ʚʳʨʘʞʝʥʠʡ (6.17) ï (6.19) ʚʠʜʥʦ, 

ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʧʣʠʪʫʜ 
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ʅʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ 

Tad=  - ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ. 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʢʦʥʪʫʨʘ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ 

.
r
ppd

R

C

L

R
==                                              (6.21) 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʤʝʩʪʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʝʤʫ ʚʝʣʠʯʠʥʘ 

,
1

Q

R
d ===

rp

d
 ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʟʘʪʫʭʘʥʠʝʤ. ɿʜʝʩʴ Q - ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥ-

ʪʫʨʘ. 

ɽʩʣʠ ʢʦʥʪʫʨ ʥʝ ʠʤʝʝʪ ʧʦʪʝʨʴ, ʟʘʧʘʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʝʤ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʚʳʨʘʞʝʥʠʷ 

(6.20) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ R=0  
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                                        (6.22) 

ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʠʜʝʘʣʴʥʦʤ 

ʢʦʥʪʫʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

,cos
2

0
2

2
0 t

CU
wC w=  .sin

2
sin

22
0

2
2
0

0
2

2

2
0

2

t
CULULi

w ʩʚ
L ww

r
===  

6.4. ɺʨʝʤʝʥʥʦʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʝʝʪ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʚʠʜ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʝʥ, 

ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʪʦʢ ʥʘ ʚʭʦʜʝ ʮʝʧʠ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʣʦʞʥʳʤ ʦʙʨʘ-

ʟʦʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ (ʤʝʪʦʜ ʥʘʣʦʞʝʥʠʷ) 

ʄʝʪʦʜ ʥʘʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʟʘʜʘʥʥʦʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʥʘ ʧʦʜʦʙʥʳʝ ʜʨʫʛ ʜʨʫʛʫ ʩʣʘʛʘʝʤʳʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʳ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʣʝʛʢʦ ʥʘʡʪʠ ʨʝʘʢʮʠʶ ʮʝʧʠ. 

ʆʧʨʝʜʝʣʠʚ ʨʝʘʢʮʠʶ ʮʝʧʠ ʥʘ ʢʘʞʜʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʫʤʤʠʨʫʷ ʵʪʠ ʨʝʘʢʮʠʠ, ʥʘʭʦʜʷʪ ʨʝʘʢʮʠʶ ʮʝʧʠ ʥʘ ʩʣʦʞʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ.  

ʆʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʦʥʠ 

ʙʳʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʩʪʳʤʠ, ʠ ʨʘʩʯʝʪ ʨʝʘʢʮʠʡ, ʠʤʠ ʚʳʟʳʚʘʝʤʳʭ, ʙʳʣ ʙʳ 

ʥʝ ʩʣʦʞʝʥ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ  ʠ ʚʳʟʳʚʘʝʤʳʝ ʠʤʠ ʨʝ-

ʘʢʮʠʠ ʚʳʨʘʞʘʶʪ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʬʫʥʢʮʠʡ: 1) ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ (ʝʜʠʥʠʯ-

ʥʦʛʦ ʩʢʘʯʢʘ) ʠ 2) ʠʤʧʫʣʴʩʥʦʡ ʬʫʥʢʮʠʠ (ʜʝʣʴʪʘ ʬʫʥʢʮʠʠ). 

ɽʜʠʥʠʯʥʘʷ ʬʫʥʢʮʠʷ. ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɽʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ: 
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   .                                   (6.23) 

ɺʠʜ ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.6.6ʘ. 
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ʘ)                                      ʙ) 

ʈʠʩ.6.6. ɺʠʜ ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ 

 

ʉ ʧʦʤʦʱʴʶ ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʣʶʙʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ 

u=f(t) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 1(t)f(t). ʕʪʦ ʧʨʦʠʟʚʝ-

ʜʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ ʧʨʠ t<0 ʠ ʨʘʚʥʦ f(t) ʧʨʠ tÓ0. ɽʩʣʠ ʮʝʧʴ ʚ ʤʦʤʝʥʪ t=0 ʚʢʣʶ-

ʯʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U0, ʪʦ u=U01(t). ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ U0 ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ 

t=0 ʠ ʜʘʣʴʰʝ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʝʪ, ʦʩʪʘʚʘʷʩʴ ʧʦʩʪʦʷʥʥʳʤ. 

ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʘʝʪʩʷ ʚ ʮʝʧʴ ʥʝ ʚ ʤʦʤʝʥʪ  t=0, ʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ 

ʥʘ  t1, ʝʛʦ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ ʩ ʟʘʧʘʟʜʳʚʘʶʱʠʤ 

ʘʨʛʫʤʝʥʪʦʤ: 
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 .                                  (6.24) 

ɻʨʘʬʠʢ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʧʦʷʩʥʷʶʱʠʡ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʘ t1, ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩ. 6.6ʙ. ʇʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U0, ʧʦʜʘʚʘʝʤʦʝ ʚ ʮʝʧʴ, ʟʘʧʠʰʝʪʩʷ ʪʘʢ: 

u=U01(t-t1). 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʥʘʣʦʞʝʥʠʷ, ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʨʘʟ-

ʣʠʯʥʦʛʦ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʠʤʧʫʣʴʩ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʨʠʩ.(6.7ʘ), ʠʩʧʦʣʴʟʫʷ 

ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ u=kt, (k=2E/ŭ), ʝʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ.6.7ʙ). 

 ʀʩʧʦʣʴʟʫʷ ʨʠʩ.6.7ʙ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ: 

)(1)()2/(1)2/(2)(1)( dddd --+---= ttkttktkttu            (6.25) 
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ɽʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ 

ʮʝʧʠ ʚ ʤʦʤʝʥʪ t=0 ʠʣʠ t=t1 ʠʩʪʦʯʥʠʢʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʦʜʠʥ ʚʦʣʴʪ. ʈʝʘʢʮʠʷ 

ʮʝʧʠ ʥʘ ʝʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

 

ʘ)                                                  ʙ) 

ʈʠʩ. 6.7. ʀʤʧʫʣʴʩ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 

 

ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʧʘʟʜʳʚʘʝʪ ʥʘ ʚʨʝʤʷ Ű, ʪʦ ʥʘ ʪʘʢʦʝ ʞʝ ʚʨʝʤʷ, ʦʯʝ-

ʚʠʜʥʦ, ʟʘʧʘʟʜʳʚʘʝʪ ʠ ʨʝʘʢʮʠʷ ʮʝʧʠ. ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʘ ʨʘʟ, 

ʪʦ ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʚʦʟʨʘʩʪʘʝʪ ʦʪʚʝʪʥʘʷ ʨʝʘʢʮʠʷ ʮʝʧʠ. ʈʘʟʤʝʨʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʠ  ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʝʡ ʚʳʭʦʜʥʦʡ ʠ ʚʭʦʜʥʦʡ 

ʚʝʣʠʯʠʥ. ɽʩʣʠ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʜʘʥʦ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʦʡ ʬʫʥʢʮʠʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʘ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʞʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʢʦʤ ʣʠʙʦ 

ʵʣʝʤʝʥʪʝ ʮʝʧʠ, ʪʦ ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠ-

ʯʠʥʦʡ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ k(t). ɽʩʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʢ ʚ ʮʝʧʠ, ʪʦ ʧʝʨʝʭʦʜʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʢʘʢ g(t). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʚ ʮʝʧʠ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ʥʘ ʝʜʠʥʠʯʥʫʶ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʩʭʝʤʳ ʮʝʧʠ. 

ɺʳʚʦʜ ʠʥʪʝʛʨʘʣʘ ɼʶʘʤʝʣʷ 




















































































































































































































































































































































































