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ɺɺɽɼɽʅʀɽ 

 

1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʜʠʩʮʠʧʣʠʥʝ 

 

ʕʣʝʢʪʨʦʪʝʭʥʠʢʦʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʦʙʰʠʨʥʘʷ ʦʙ-

ʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ʐʠʨʦʢʦʝ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʥʘ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʬʦʨʤʘʤʠ ʵʥʝʨʛʠʠ. ʕʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʜʨʫʛʠʭ ʬʦʨʤ ʵʥʝʨ-

ʛʠʠ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʣʶʙʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʨʫʛʠʝ ʬʦʨ-

ʤʳ ʵʥʝʨʛʠʠ. ʆʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʢʦʥʦʤʥʦ. ʊʦʣʴʢʦ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʢʘʟʘ-

ʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʝʡʰʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʪʝʭʥʠʢʝ ʩʚʷʟʠ, ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ. ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʙʝʟ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ (ʊʆʕ) ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʫʨʩ, ʚ 

ʢʦʪʦʨʦʤ ʚ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʠʷ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ʂʫʨʩ ʊʆʕ ʟʘʥʠʤʘʝʪ ʦʩʥʦʚʥʦʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʦʙʱʝʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ-ʵʣʝʢʪʨʠʢʦʚ, ʷʚʣʷʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

ʇʨʠ ʠʟʣʦʞʝʥʠʠ ʢʫʨʩʘ ʊʆʕ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʥʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʢʫʨʩʘ ʬʠʟʠ-

ʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʭ ʝʝ ʨʘʟʜʝʣʦʚ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʤʘʛʥʝʪʠʟʤ, ʘ ʪʘʢʞʝ 

ʢʫʨʩʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʭ ʝʝ ʨʘʟʜʝʣʦʚ, ʢʘʢ ʪʝʦʨʠʷ ʤʘʪ-

ʨʠʮ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ (ʦʩʦʙʝʥʥʦ ʯʠʩ-

ʣʝʥʥʳʝ), ʪʝʦʨʠʷ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ-ʃʘʧʣʘʩʘ, ʪʝʦʨʠʷ ʧʦʣʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʊʆʕ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʕʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʢʘʢ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʭʦʪʷ ʧʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʷʚ-

ʣʝʥʠʷʭ ʜʦʰʣʠ ʜʦ ʥʘʩ ʠʟ ʛʣʫʙʦʢʦʡ ʜʨʝʚʥʦʩʪʠ. ʉʣʦʚʦ çʵʣʝʢʪʨʠʯʝʩʪʚʦè ʧʨʦ-

ʠʟʦʰʣʦ ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʥʘʟʚʘʥʠʷ ʷʥʪʘʨʷ ï ʵʣʝʢʪʨʦʥ. ɽʱʝ ʚ ʜʨʝʚʥʦʩʪʠ ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ ʩʚʦʡʩʪʚʦ ʥʘʪʝʨʪʦʛʦ ʷʥʪʘʨʷ ʧʨʠʪʷʛʠʚʘʪʴ ʣʝʛʢʠʝ ʧʨʝʜʤʝʪʳ. ʉʣʦʚʦ 

çʤʘʛʥʠʪè ʧʨʦʠʟʦʰʣʦ ʦʪ ʠʤʝʥʠ ʧʘʩʪʫʭʘ ʄʘʛʥʠʩʘ, ʢʦʪʦʨʦʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚ 

ʜʨʝʚʥʝʨʠʤʩʢʦʡ ʬʠʣʦʩʦʬʠʠ ʇʣʠʥʠʷ. ʄʘʛʥʠʩ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʞʝʣʝʟʥʳʡ 

ʥʘʢʦʥʝʯʥʠʢ ʝʛʦ ʧʦʩʦʭʘ ʧʨʠʣʠʧʘʝʪ ʢ ʥʝʚʝʜʦʤʳʤ ʢʘʤʥʷʤ.  

ʆʜʥʘʢʦ ʥʘʩʪʦʷʱʝʝ ʨʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʧʨʦʠʟʦʰʣʦ ʪʦʣʴʢʦ ʚ ʍIʍ 

ʚʝʢʝ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ (ʵʪʘʧʥʳʝ) ʚʝʭʠ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. 

1747 ï 1753 ʛʛ. ʌʨʘʥʢʣʠʥ ʩʦʟʜʘʝʪ ʪʝʦʨʠʶ ʞʠʜʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ɺʚʦʜʷʪʩʷ ʚ ʥʘʫʢʫ ʧʦʥʷʪʠʷ ʙʘʪʘʨʝʷ, ʢʦʥʜʝʥʩʘʪʦʨ, ʧʨʦʚʦʜʥʠʢ, ʟʘʨʷʜ, ʨʘʟʨʷʜ, 

ʦʙʤʦʪʢʘ. ʀʟʦʙʨʝʪʝʥ ʤʦʣʥʠʝʦʪʚʦʜ. 



 5 

1785 ʛ. ʂʫʣʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ.  

1800 ʛ. ɺʦʣʴʪ ʩʦʟʜʘʝʪ ʧʝʨʚʫʶ ʙʘʪʘʨʝʶ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ï ʚʦʣʴʪʦʚ 

ʩʪʦʣʙ. 

1820 ʛ. ʕʨʩʪʝʜ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪ-

ʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ɸʤʧʝʨ ʚʚʦʜʠʪ ʧʦʥʷʪʠʷ ʩʠʣʳ ʪʦʢʘ ʠ ʬʦʨʤʫʣʠʨʫʝʪ ʩʚʦʠ 

ʟʘʢʦʥʳ. 

1831 ʛ. ʌʘʨʘʜʝʡ ʦʪʢʨʳʚʘʝʪ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ï ʦʜ-

ʥʦ ʠʟ ʚʝʣʠʯʘʡʰʠʭ ʦʪʢʨʳʪʠʡ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. 

1873 ʛ. ʄʘʢʩʚʝʣʣ ʩʦʟʜʘʝʪ ʪʝʦʨʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʢʫ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦ ʥʘʩʪʦ-

ʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

1889 ʛ. ɻʝʨʮ ʦʪʢʨʳʚʘʝʪ ʷʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʚʦʣʥ.  

1891 ʛ. ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʩʦʟʜʘʝʪ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʦʢʘ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ. 

1912 ʛ. ʐʪʝʡʥʤʝʪʮ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʮʝʧʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

1800 ï 1880 ʛʛ. ï ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʦʨʠʠ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

1880 ï 1915 ʛʛ. ï ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʦʨʠʠ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦ-

ʢʘ ʠ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʂʫʨʩ ʊʆʕ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 

ʧʝʨʠʦʜ 1900 ï 1915 ʛʛ.  

ʀʩʪʦʨʠʯʝʩʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʩʣʦʞʠʣʠʩʴ ʜʚʝ ʥʘʫʯʥʳʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʰʢʦʣʳ: ʦʜʥʘ ʚ ʄʦʩʢʚʝ ʥʘ ʙʘʟʝ ʄʕʀ, ʝʝ ʦʩʥʦʚʦʧʦʣʦʞ-

ʥʠʢʦʤ ʙʳʣ ʂ.ɸ. ʂʨʫʛ, ʘ ʚʪʦʨʘʷ ï ʚ ʃʝʥʠʥʛʨʘʜʝ ʥʘ ʙʘʟʝ ʃʕʊʀ ʠ ʃʇʀ, ʝʝ ʦʩ-

ʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʙʳʣ ɺ.ʌ. ʄʠʪʢʝʚʠʯ. ʊʚʦʨʯʝʩʢʦʝ ʩʦʧʝʨʥʠʯʝʩʪʚʦ ʜʚʫʭ 

ʥʘʫʯʥʳʭ ʰʢʦʣ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʧʝʰʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʢʫʨʩ ʊʆʕ ʩʪʫʜʝʥʪʘʤʠ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʠ ʊ01.01.01 çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè ʠʟʫʯʘʝʪʩʷ ʥʘ ʚʪʦʨʦʤ ʢʫʨʩʝ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ 3-ʛʦ ʠ 4-ʛʦ ʫʯʝʙʥʳʭ ʩʝʤʝʩʪʨʦʚ ʚ ʦʙʲʝʤʝ 252 ʯʘʩʦʚ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷ-

ʪʠʡ. ʉʪʨʫʢʪʫʨʘ ʟʘʥʷʪʠʡ ʠ ʬʦʨʤʘ ʦʪʯʝʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ɺʳʧʠʩʢʘ ʠʟ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

 
ʋʯʝʙʥʳʝ ʩʝʤʝʩʪʨʳ  (ʥʦʤʝʨ) 3 4 ʫʯ. ʛʦʜ 
ʃʝʢʮʠʠ  (ʯʘʩʦʚ) 3 ³ 18 = 54 3 ³ 18 = 54 108 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ  (ʯʘʩʦʚ) 2 ³ 18 = 36 2 ³ 18 = 36 72 
ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ  (ʯʘʩʦʚ) 2 ³ 18 = 36 2 ³ 18 = 36 72 

ɺʩʝʛʦ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ (ʯʘʩʦʚ) 6 ³ 18 = 108 8 ³ 18 = 144 252 
ʈʘʩʯʸʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʨʘʙʦʪʳ  (ʢʦʣ.) 2 2 4 
ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ  (ʢʦʣ.) 3 3 6 
ɿʘʯʝʪʳ (ʢʦʣ.) 1 1 2 
ʕʢʟʘʤʝʥʳ (ʢʦʣ.) 1 1 2 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʊʆʕ ʥʘ ʢʘʬʝʜʨʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʨʝʡʪʠʥʛʦʚʳʡ ʤʝʪʦʜ 

ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʩʝʤʝʩʪʨʘ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʫʜʝʥʪʫ ʥʘ ʢʘʞʜʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ ʟʘ ʚʳ-

ʧʦʣʥʝʥʥʦʝ ʟʘʜʘʥʠʝ ʥʘʯʠʩʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʫʤʤʘ ʙʘʣʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʯʠʩʣʷʝʤʳʭ ʙʘʣʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʠʩʭʦʜʷ ʠʟ ʢʘʯʝʩʪʚʘ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. ɺ ʢʦʥʮʝ ʫʯʝʙʥʦʛʦ ʩʝʤʝʩʪʨʘ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʨʝʡʪʠʥʛ ʩʪʫʜʝʥʪʘ ʢʘʢ ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʰʝʥʠʝ ʥʘʙʨʘʥ-

ʥʳʭ ʙʘʣʣʦʚ ʢ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʯʠʩʣʫ: %100%
max

Ö=
B

B
R .  

ɺ ʢʫʨʩʝ ʊʆʕ ʚ ʢʘʞʜʦʤ ʩʝʤʝʩʪʨʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʙʘʣʣʦʚ ʨʘʚʥʦ 100: 

10030103202 )()()(max =+Ö+Ö= ʃɹʂʈʈɻʈB . 

ʉʪʫʜʝʥʪʳ, ʠʤʝʶʱʠʝ ʨʝʡʪʠʥʛ ʧʦ ʢʫʨʩʫ 90% ʠ ʙʦʣʝʝ, ʚʦ ʚʨʝʤʷ ʵʢʟʘʤʝʥʘ 

ʧʦʣʫʯʘʶʪ ʦʮʝʥʢʫ ñʦʪʣʠʯʥʦò ʙʝʟ ʦʧʨʦʩʘ. 

 

2. ʄʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

 

1. ɼʝʤʠʨʯʷʥ ʂ.ʉ., ʅʝʡʤʘʥ ʃ.ʈ., ʂʦʨʦʚʢʠʥ ʅ.ɺ., ʏʝʯʫʨʠʥ ɺ. ʃ. ʊʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʊ.1.  ïʉʇʙ.: ʇʠʪʝʨ, 2003.-463ʩ. 

2. ɼʝʤʠʨʯʷʥ ʂ.ʉ., ʅʝʡʤʘʥ ʃ.ʈ., ʂʦʨʦʚʢʠʥ ʅ.ɺ., ʏʝʯʫʨʠʥ ɺ. ʃ. ʊʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʊ.2.  ïʉʇʙ.: ʇʠʪʝʨ, 2003.-576ʩ. 

3. ɼʝʤʠʨʯʷʥ ʂ.ʉ., ʅʝʡʤʘʥ ʃ.ʈ., ʂʦʨʦʚʢʠʥ ʅ.ɺ., ʏʝʯʫʨʠʥ ɺ. ʃ. ʊʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʊ.3.  ïʉʇʙ.: ʇʠʪʝʨ, 2003.-377ʩ. 

4. ʅʝʡʤʘʥ ʃ.ʈ., ɼʝʤʠʨʯʷʥ ʂ.ʉ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠ-

ʢʠ. ʊ.1. ʃ.:ʕʥʝʨʛʦʠʟʜʘʪ, 1981.-536ʩ. 

5. ʅʝʡʤʘʥ ʃ.ʈ., ɼʝʤʠʨʯʷʥ ʂ.ʉ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠ-

ʢʠ. ʊ.2.-ʃ.:ʕʥʝʨʛʦʠʟʜʘʪ, 1981.-416ʩ. 

6. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ  ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʊ1. ʇʦʜ  ʨʝʜ. ʇ.ɸ. ʀʦʥʢʠ-

ʥʘ. ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ,1976.-544ʩ. 

7. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʊ2. ʇʦʜ ʨʝʜ. ʇ.ɸ. ʀʦʥʢʠʥʘ. 

ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ,1976.-383ʩ. 

8. ɹʝʩʩʦʥʦʚ ʃ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʮʝʧʠ. ʏ.1.-ʄ.:ɺʳʩʰʘʷ ʰʢʦʣʘ,1994.-560ʩ. 

9. ɹʝʩʩʦʥʦʚ ʃ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʕʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ. ʏ.2. ï ʄ.:ɺʳʩʰʘʷ ʰʢʦʣʘ,1995.-263ʩ. 

10. ɿʝʚʝʢʝ ɻ.ɺ.,ʀʦʥʢʠʥ ʇ.ɸ.,ʅʝʪʫʰʠʣ ɸ.ɺ.,ʉʪʨʘʭʦʚ ʉ.ɺ. ʆʩʥʦʚʳ ʪʝʦ-

ʨʠʠ ʮʝʧʝʡ. ï ʄ. ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ,1989. ï 528ʩ. 

11. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʠ ʫʧʨʘʞʥʝʥʠʡ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʤ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʢʠ. ʇʦʜ ʨʝʜ. ʧʨʦʬ.ʇ.ɸ.ʀʦʥʢʠʥʘ.-ʄ.:ʕʥʝʨʛʠʷ,1982.-768ʩ. 

12.ɹʝʩʩʦʥʦʚ ʃ.ɸ., ɼʝʤʠʜʦʚʘ ʀ.ɻ.  ʠ ʜʨ. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʤ ʦʩʥʦʚʘʤ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. -ʄ. : ɺʳʩʰʘʷ ʰʢʦʣʘ,1980.-570ʩ. 

13. ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ (ʧʨʘʢʪʠʢʫʤ) ʧʦ ʢʫʨʩʫ "ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦ-

ʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ" ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʏʘʩʪʴ 1. ʃʠʥʝʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ. ʈʦʪʘʧʨʠʥʪ ɹɻʇɸ.1999. 
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14. ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ (ʧʨʘʢʪʠʢʫʤ) ʧʦ ʢʫʨʩʫ "ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦ-

ʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ" ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʏʘʩʪʴ 2. ʅʝʣʠʥʝʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʪʝʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ. ʈʦʪʘʧʨʠʥʪ ɹɻʇɸ .2005. 

15. ʄʘʟʫʨʝʥʢʦ ɸ. ɸ. "ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ", ʯ. 1,  

ʯ. 2. ʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʝʡ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʬʦʨʤʘʪ. 2011. 

16. ʄʘʟʫʨʝʥʢʦ ɸ. ɸ. "ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʢʫʨʩʫ "ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ" ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʝʡ, ʯ. 1, ʯ. 2. ʂʦʤʧʴʶʪʝʨʥʳʡ ʬʦʨʤʘʪ. 2011. 

17. ʄʘʟʫʨʝʥʢʦ ɸ. ɸ. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʢʫʨʩʫ "ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ" ʩ ʨʝʰʝʥʠʷʤʠ ʚ MathCAD ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʩʧʝʮʠʘʣʥɹʦʩʪʝʡ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʬʦʨʤʘʪ. 2011. 

18. ʉʦʜʝʨʞʘʥʠʝ ʠ ʚʘʨʠʘʥʪʳ ʟʘʜʘʥʠʡ ʨʘʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ: 

ʈɻʈ1 - ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʣʦʞʥʦʡ ʨʝʟʠʩʪʠʚʥʦʡ ʮʝʧʠ;  

ʈɻʈ2 - ʨʘʩʯʝʪ ʩʣʦʞʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ:  

ʈɻʈ3 - ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

ʈɻʈ4 - ʨʘʩʯʝʪ ʥʝʣʠʥʝʡʥʦʡ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

19. ʉʦʜʝʨʞʘʥʠʝ ʠ ʚʘʨʠʘʥʪʳ ʟʘʜʘʥʠʡ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ:  

ʂʈ1 - ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʨʝʟʠʩʪʠʚʥʳʭ ʮʝʧʝʡ; 

ʂʈ3 - ʨʘʩʯʝʪ ʧʨʦʩʪʳʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ; 

ʂʈ3 - ʨʘʩʯʝʪ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ;  

ʂʈ4 - ʨʘʩʯʝʪ ʮʝʧʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ; 

ʂʈ5 - ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ʂʈ6 - ʨʘʩʯʝʪ ʥʝʣʠʥʝʡʥʳʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

ʏɸʉʊʔ 1. ʃʀʅɽʁʅʓɽ ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʎɽʇʀ 

ʊ1.  ʌʀɿʀʏɽʉʂʀɽ ɿɸʂʆʅʓ ɺ ʕʃɽʂʊʈʆʊɽʍʅʀʂɽ 

1. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʚʠʜ ʤʘʪʝʨʠʠ. ʂʘʢ 

ʚʠʜ ʤʘʪʝʨʠʠ ʦʥʦ ʦʙʣʘʜʘʝʪ ʤʘʩʩʦʡ, ʵʥʝʨʛʠʝʡ, ʢʦʣʠʯʝʩʪʚʦʤ ʜʚʠʞʝʥʠʷ, ʤʦʞʝʪ 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʚʝʱʝʩʪʚʦ ʠ ʥʘʦʙʦʨʦʪ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ - ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ 

ʤʘʛʥʠʪʥʫʶ - ʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʚʝʢʪʦʨ-

ʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ:  

ʘ) ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ̀ [ɺ/ʤ],  

ʙ) ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ̀ [ɸ/ʤ]. 

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʘ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʩʪʦʨʦʥʳ - ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï 
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ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʥʘʟʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ: 

 

î
î
î
î
î
î

í

îî
î
î
î
î

ì

ë

r=

=

µ

µ
mm=

µ

µ
ee+d=

Ddiv

Bdiv

t

H
Erot

t

E
Hrot

0

0

0

 

ʛʜʝ ., 00 EDHB ee=mm=  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠ ʧʨʠʯʠʥʦʡ ʠ ʩʣʝʜʩʪʚʠʝʤ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʜʠʥʩʪʚʝ ʵʪʠʭ ʩʪʦʨʦʥ.  

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʘʢ ʥʦʩʠʪʝʣʴ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʪʦʡ ʩʨʝʜʦʡ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ (ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ) ʢ ʧʨʠʝʤʥʠʢʘʤ ʵʥʝʨʛʠʠ (ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤ, ʞʠʣʳʤ ʜʦʤʘʤ ʠ ʪ.ʜ.), ʧʨʠ ʵʪʦʤ ʚ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʨʘʚʥʦʡ ʤʝʨʝ ʦʙʝ ʝʛʦ ʩʪʦʨʦʥʳ. 

 

2. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 1-ʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ 

 

ʀʟ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʨʝʭ ʨʦʜʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ:  

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʝʨʝʥʦʩʘ ʠ ʩʤʝʱʝʥʠʷ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠ-

ʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʟʘʨʷʜʦʚ qʩʚ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʘʭ, ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ: 

dt

dq
i cʚ
ʧʨ -=  

nds

diʧʨ
ʧʨ=d  

 

ʊʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʚʷʟʘʥ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʫʨʘʚʥʝʥʠʝʤ: 

 

ñd=
s

dsi ʧʨʧʨ  

ʊʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʚ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ:  

- ʪʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ [A]; 

 

ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ [A/ʤ2]. 
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d̀ʧʨ= g̀ɽ, 

 

ʛʜʝ g - ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʨʝʜʳ [Cʤ/ʤ]. 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʧʝʨʝʥʦʩʘ ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ qʟʯ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʘʪʝʤʘʪʠ-

ʯʝʩʢʠ ʪʦʢ ʧʝʨʝʥʦʩʘ ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩ ʪʦʢʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʫʨʘʚʥʝʥʠʷʤʠ: 

 

dt

dq
i ʟʯ
ʧʝʨ-= ;      

nds

diʧʝʨ
ʧʝʨ=d ;        ñd=

s

dsi ʧʝʨʧʝʨ . 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʩʤʝʱʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʷʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʟʘʨʷʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʷʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʘ  ʠ ʷʚ-

ʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

 

ʧ
dt

Pd

dt

Ed

dt

PEd

dt

Dd
ʩʤ0ʩʤ0

0
ʩʤ

)(
d+d=+e=

+e
==d , 

 

ñ Öd=
s

dsi ʩʤʩʤ . 

 

ʊʦʢ ʩʤʝʱʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʧʫʩʪʦʪʝ ( )0ʩʤd . ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦ-

ʪʦʨʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʚʥʫʪʨʴ ʢʦʪʦʨʦʡ ʚʪʝʢʘʶʪ ʪʦʢ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ iʧʨ ʠ ʪʦʢ ʧʝʨʝʥʦʩʘ iʧʝʨ (ʨʠʩ. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʦʙʲʝʤʘ q = qʩʚ + qʟʯ  ʙʫʜʝʪ ʫʩʠʣʠʚʘʪʴʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S. ʇʦ ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ: 

 

ñ ä +==Ö
s

qqqdsD ʟʯʩʚ  

ʈʠʩ. 1 

iʧʝʨ 

S 

D 

iʧʨ 
q 
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ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t: 

 

ñ ññ =Öd=Ö=ö
ö

÷

õ

æ
æ

ç

å
Ö

s ss

idsds
dt

Dd
dsD

dt

d
ʩʤʩʤ ; 

 

ʧʝʨʧʨ
ʟʯʩʚ ii

dt

dq

dt

dq

dt

dq
--=+= , 

 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ iʩʤ= ī iʧʨ ï iʧʝʨ  ʠʣʠ   iʧʨ+iʧʝʨ+iʩʤ= 0. 

ʉʫʤʤʘ ʪʦʢʦʚ ʚʩʝʭ ʨʦʜʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʩʢʚʦʟʴ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʨʘʚʥʘ ʥʫʣʶ. ɽʩʣʠ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S ʨʘʟʙʠʪʴ ʥʘ ʦʪʜʝʣʴ-

ʥʳʝ ʫʯʘʩʪʢʠ S1, S2, ..., Sn, ʪʦ 

S = S1+S2+...+Sn 

 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ     i = i1+i2+....+in=0 . 

ʈʘʩʩʤʦʪʨʠʤ ʫʟʝʣ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʪ. ʝ. ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʩʭʦʜʷʪʩʷ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʨʦʚʦʜʦʚ (ʚʝʪʚʝʡ) ʵʪʦʡ ʮʝʧʠ (ʨʠʩ. 2). ʆʢʨʫʞʠʤ ʫʟʝʣ ʟʘʤʢʥʫ-

ʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S. ʊʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ (i1, i2, i3), ʥʘʟʳ-

ʚʘʶʪʩʷ ʪʦʢʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʏʝʨʝʟ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ 

ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ ʩʤʝʱʝʥʠʷ ñ Öd=
s

dsi .ʩʤʩʤ   

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2 

 

ʅʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ 50 ɻʮ ʪʦʢ ʩʤʝʱʝʥʠʷ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʝʥʴʰʝ 

ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ (iʩʤ<< iʧʨ ) ʠ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʦʢʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʟʣʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʨʘʚʥʘ ʥʫʣʶ: 

äi = i1 ï i2 ï i3 = 0. 

 

ʋʢʘʟʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 1-ʛʦ ʟʘʢʦ-

ʥʘ ʂʠʨʭʛʦʬʘ. 

dʩʤ 

i1 

i2 

i3 
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3.  ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. 2-ʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ 

 

ʇʫʩʪʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ɽ̀ ʟʘʨʷʜ q ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʪʦʯʢʠ ñaò ʚ 

ʪʦʯʢʫ ñbò ʧʦ ʥʝʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 3). ʈʘʙʦʪʘ ʩʠʣ ʧʦ 

ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ q ʠʟ ʪʦʯʢʠ ñaò ʚ ʪʦʯʢʫ ñbò: 

ñÖ=

b

a

dlEqA ,  

ʛʜʝ ɽ̀ - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [B/ʤ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ 

ʦʪʥʦʰʝʥʠʶ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ (ʘ) ʚ ʜʨʫʛʫʶ 

(b) ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʟʘʨʷʜʘ:     ñÖ==

b

a

ab dlE
q

A
U .     

 

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ 

ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ ʨʘʚʥʘ 

ʥʫʣʶ ʪ.ʝ. 
 

ñ =Ö=
l

dlEqA .0  

 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʳʪʝʢʘʶʪ ʜʚʘ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʷ. 

1-ʝ ʩʣʝʜʩʪʚʠʝ: ʩʫʤʤʘ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘ-

ʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʨʘʚʥʘ ʥʫʣʶ: 

 

ñ ñ ñ ñ =+++=Ö++Ö+Ö=Ö
l

b

a

c

b

a

k

kabcab UUUdlEdlEdlEdlE 0......  

c b 

q 

dl 

E 

k a 

x 

y 

z 

ʈʠʩ. 3 
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2-ʦʝ ʩʣʝʜʩʪʚʠʝ: ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

 

0=+=Ö+Ö=Öñ ñ ñ baab

l

b

a

a

b

UUdlEdlEdlE , 

 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ   Uab = -Uba. 

ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʦʪ ʚʳʙʦʨʘ ʧʫʪʠ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʝʢʦʪʦʨʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ V(x, y, z), ʥʘʟʳʚʘʝʤʦʡ ʧʦʪʝʥʮʠʘʣʦʤ, ʨʘʟʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʯʢʘʭ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʥʘʧʨʷʞʝʥʠʶ 

ʤʝʞʜʫ ʥʠʤʠ: 

ñÖ==-

b

a

abba dlEUVV . 

 

ɽʩʣʠ ʧʦʣʦʞʝʥʠʝ ʠ ʧʦʪʝʥʮʠʘʣ ʪʦʯʢʠ ñaò ʟʘʜʘʥʳ, ʘ ʪʦʯʢʘ òbò ʷʚʣʷʝʪʩʷ 

ʪʝʢʫʱʝʡ - ñbò(x, y, z), ʪʦ ʧʦʣʫʯʠʤ: 

 

.),,(

,,,,

CdlEVdlEzyxVV

zyx

a

a

zyx

a

b +Ö-=+Ö-== ññ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ Vb ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ 

ñbò(x,y,z) ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʧʦʨʥʦʡ ʪʦʯʢʠ Va.  

ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʧʨʠʥʷʪʦ ʧʨʠʜʘʚʘʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʪʦʯʢʝ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʟʝʤʣʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʥʝʢʦʪʦʨʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 4), 

ʧʨʠ ʵʪʦʤ ʧʫʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ  ʚʳʙʝʨʝʤ ʚʜʦʣʴ ʚʝʪʚʝʡ ʢʦʥʪʫʨʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 4 

R2 R4 

I2 

 I3       R3        m            E3 

I4 

1   I1       R1        n            E1           2 
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ɼʣʷ 1-ʡ ʚʝʪʚʠ:  

 

U1n = V1 - Vn = I1 R1     Ý    V1 = Vn + I1R1, 

 

U2n = V2 - Vn = E1    Ý    V2 = Vn + E1, 

 

U12 = V1 - V2 = Vn + I1R1 - Vn - E1 = I1R1 - E1. 

 

ʇʦ ʘʥʘʣʦʛʠʠ ʜʣʷ ʜʨʫʛʠʭ ʚʝʪʚʝʡ: 

 

U23 = V2 - V3 = I2R2, 

 

U34 = V3-V4= -I3R3 + E3, 

 

U41 = V4 - V1 = -I4R4. 

 

ʉʫʤʤʘ ʚʩʝʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ:  

 

äU = U12 + U23 + U34 + U41 = 0, 

 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  I1R1 + I2R2 ï I3R3 ï I4R4 = E1 ï E3, 

 

ʠʣʠ       äIR = äE  -  2-ʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ. 

ʌʦʨʤʫʣʠʨʦʚʢʘ 2-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ: ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʠʣʠ ʩʭʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʘʩ-

ʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʪʫʨʘ (äIR) ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʕɼʉ (äE). 

ʆʪʜʝʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʵʪʠ ʩʫʤʤʳ ʚʭʦʜʷʪ ʩʦ ʟʥʘʢʦʤ ñ+ò, ʝʩʣʠ ʠʭ ʜʝʡʩʪʚʠʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ, ʠ ʩʦ ʟʥʘʢʦʤ ñ-ò, ʝʩʣʠ ʥʝ ʩʦʚʧʘ-

ʜʘʝʪ. 

 

4. ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

 

ʕʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʴʶ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʦʙʨʘʟʫʶʱʠʭ ʧʫʪʠ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʃʶʙʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ: ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-

ʛʠʠ, ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʦʝʜʠʥʷʶʱʠʭ ʠʭ ʧʨʦʚʦʜʦʚ ʠʣʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʦʩʠʪʝʣʝʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦ-

ʣʝ, ʢʦʪʦʨʦʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʚʥʝ ʧʨʦʚʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʚʦ ʚʩʝʡ ʧʦʣ-

ʥʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ  

ʧʦʣʷ ʟʘʜʘʥʥʦʡ ʮʝʧʠ. ʇʨʠ ʬʠʟʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʣʴʟʫʶʪʩʷ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ, ʪʘʢʠʤʠ ʢʘʢ ɽ̀, ʅ̀, d̀, ɺ̀, D̀, 

m, g, e. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʦʪʜʝʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ 

ʫʯʘʩʪʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩʳ  ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʥʷʪʠʡ: 

 

ñ -Ö=
b

a
ab dlEe ʩʪʦʨ  ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ; 

 

ñ -Ö=

b

a

ab dlEu  ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ; 

 

ñ -Öd=
s

dsi  ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ; 

 

ñ -Ö=
s

dsDq  ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ; 

 

ñ -Ö=
s

dsBʌ  ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ; 

 

-
Ög

=
s

l
R  ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʢ ʨʘʩʯʝʪʘʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ  

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʜʦʧʫʩʪʠʤʦʡ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ɺ ʢʘʞʜʦʡ ʨʝʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶ-

ʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

1) ʧʨʦʮʝʩʩ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚ ʠʩʪʦʯʥʠʢʘʭ (ʛʝʥʝʨʘʪʦʨʘʭ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʚʠ-

ʜʦʚ ʵʥʝʨʛʠʠ (ʤʝʭʘʥʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʜʨ.) ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ;  

2) ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ, ʢʦ-

ʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʝʤʥʠʢʘʭ ʵʥʝʨʛʠʠ; 

3) ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ (ʠʣʠ ʚʦʟʚʨʘʪʘ) ʵʥʝʨʛʠʠ ʚ ʦʙʲʝʤʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ: 

;
2

1 2
0 dvHW

v
M Ömm=ñ  
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4) ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ (ʠʣʠ ʚʦʟʚʨʘʪʘ) ʵʥʝʨʛʠʠ ʚ ʦʙʲʝʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ:   

.
2

1 2
0 dvEW

v
ʕ Ömm=ñ  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʦʤ ʠʣʠ ʜʨʫʛʦʤ ʩʦʯʝʪʘʥʠʠ 

ʧʨʠʩʫʱʠ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʨʦʪʝʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʨʝʞʠʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʢʦʪʦ-

ʨʦʡ ʫʩʣʦʚʥʦʡ ʩʭʝʤʦʡ ʠʣʠ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʙʠʥʘʮʠʠ 

ʠʜʝʘʣʴʥʳʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʠʜʝʘʣʴʥʳʡ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ 

ʦʪʦʙʨʘʞʘʝʪ ʥʘ ʩʭʝʤʝ ʦʜʠʥ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʭ ʩʭʝʤʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚʩʝʛʦ 5. 

1) ʀʜʝʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ (ʕɼʉ) ɽ - ʵʪʦ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʥʘ ʩʚʦʠʭ ʚʳʚʦʜʘʭ ʧʦʩʪʦʷʥʥʫʶ ʧʦ ʚʝʣʠʯʠʥʝ ʕɼʉ  

(U = const), ʥʝ ʟʘʚʠʩʷʱʫʶ ʦʪ ʪʦʢʘ, ʠʤʝʝʪ ʩʠʤʚʦʣʴʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʦʢʘ-

ʟʘʥʥʦʝ ʥʘ ʨʠʩ. 5, ʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ [ɺ]. 

2) ʀʜʝʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ J - ʵʪʦ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʛʝʥʝ-

ʨʠʨʫʝʪ ʚ ʮʝʧʠ ʧʦʩʪʦʷʥʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢ (I = const), ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ ʟʘʞʠʤʘʭ, ʠʤʝʝʪ ʩʠʤʚʦʣʴʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ 

ʨʠʩ. 5, ʙ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʢʦʤ [A].    

3) ʀʜʝʘʣʴʥʳʡ ʨʝʟʠʩʪʦʨ R ï ʵʪʦ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ, 

ʠʤʝʝʪ ʩʠʤʚʦʣʥɹʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩ. 5, ʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ [ʆʤ]. 

4) ʀʜʝʘʣʴʥʘʷ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ï ʵʪʦ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʚ ʢʦ-

ʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ (ʠʣʠ ʚʦʟʚʨʘʪʘ) ʵʥʝʨʛʠʠ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (WM = Li2/2), ʠʤʝʝʪ ʩʠʤʚʦʣʴʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ 

ʥʘ ʨʠʩ. 5, ʛ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ [ɻʥ]. 

5) ʀʜʝʘʣʴʥʘʷ ʢʦʥʜʝʥʩʘʪʦʨ ʉ ï ʵʪʦ ʩʭʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ (ʠʣʠ ʚʦʟʚʨʘʪʘ) ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ (Wʕ = ʉu2/2), ʠʤʝʝʪ ʩʠʤʚʦʣʴʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩ. 5, ʜ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʤʢʦʩʪʴʶ [ʌ]. 

 

 

 

 

 

 

 

 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʥʘ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʣʠ ʢʦʤʙʠʥʘʮʠʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʜʝʘʣʴʥʳʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʪʝʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʈʠʩ. 5 
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ʚ ʥʝʤ ʧʨʦʪʝʢʘʶʪ. ʅʘʧʨʠʤʝʨ, ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ ʩʭʝʤʝ 

ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʭʝʤʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʝʟʠʩʪʦʨʦʤ R, ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʘʷ ʠ ʩʚʝʪʦʚʘʷ 

ʵʥʝʨʛʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 6, ʘ), 

ʦʙʤʦʪʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ ʩʭʝʤʝ ʢʦʤʙʠʥʘʮʠʝʡ ʠʟ 

ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ï R ʠ L (ʨʠʩ. 6, ʙ), ʘ ʧʨʦʪʷʞʝʥʥʘʷ ʜʚʫʭʧʨʦʚʦʜʥʘʷ ʣʠʥʠʷ ï 

ʢʦʤʙʠʥʘʮʠʝʡ ʠʟ 6-ʠ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʶʪ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʡ (ʨʠʩ. 6, ʚ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʚʩʝʛʜʘ ʧʨʝʥʝ-

ʙʨʝʛʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʝʥʠʷʤʠ, ʥʝ ʦʢʘ-

ʟʳʚʘʶʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʨʝ-

ʞʠʤʘ. ʇʦʵʪʦʤʫ ʣʶʙʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʨʝʘʣʴʥʦʡ ʮʝʧʠ ʦʪʦʙʨʘʞʘʝʪ ʬʠʟʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʡ ʩ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ.  

ʕʥʝʨʛʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʥʦʩʠʪʩʷ ʧʨʠʝʤʥʠʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦ-

ʣʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ.  

ɼʣʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʵʪʘ ʩʢʦʨʦʩʪʴ ʙʣʠʟʢʘ ʢ ʩʢʦʨʦ-

ʩʪʠ ʩʚʝʪʘ ʩ = 300000 ʢʤ/ʩ, ʜʣʷ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʦʥʘ ʯʫʪʴ ʤʝʥʴʰʝ öö
÷

õ
ææ
ç

å

e
=

c
v . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (1 ʩʝʢ) ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʧʨʦʙʝʛʘʝʪ ʧʫʪʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʦ ʧʨʠʝʤʥʠʢʘ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʣʶʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʟʘ 

ʣʶʙʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ T ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ  ʙʘʣʘʥʩ ʤʝʞʜʫ ʛʝʥʝʨʠ-

ʨʫʝʤʦʡ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʝʡ: äWʠʩʪ = äWʧʨ. ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (1ʩʝʢ), ʥʘʟʳʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʣʶʙʦʡ 

ʮʝʧʠ ʩʫʱʝʩʪʚʫʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ: 

äʈʠʩʪ = äʈʧʨ. 
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ɺ ʣʶʙʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʣʠʥʠʡ ʵʣʝʢ-

ʪʨʦʧʝʨʝʜʘʯʠ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʫ-

ʱʝʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʩʫʤʤʘʨʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʠʩ-

ʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʠ ʵʪʦʤ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨ-

ʛʠʠ ʜʦʣʞʥʳ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʟʘʧʨʦʩʘʤ 

ʧʦʪʨʝʙʠʪʝʣʷ. ʕʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʨʘʙʦʪʘʶʪ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʛʦ ʩʢʣʘʜʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ! 

 

ʊ2. ʊɽʆʈɽʄʓ ʀ ʄɽʊʆɼʓ ʈɸʉʏɽʊɸ ʉʃʆɾʅʓʍ  

ʈɽɿʀʉʊʀɺʅʓʍ ʎɽʇɽʁ 

1. ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 
 

ʋʟʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʩʭʝʤʳ) ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʩʭʦ-

ʜʷʪʩʷ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʚʝʪʚʝʡ. 

ɺʝʪʚʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʩʭʝʤʳ) ʥʘʟʳʚʘʝʪʩʷ ʫʯʘʩʪʦʢ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ. 

ʉʣʦʞʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ (ʩʭʝʤʘ), ʩʦʜʝʨʞʘʱʘʷ ʥʝ ʤʝ-

ʥʝʝ ʜʚʫʭ ʫʟʣʦʚ, ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʚʝʪʚʝʡ ʠ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʨʘʟʥʳʭ ʚʝʪʚʷʭ. 

ɺ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʝʨʝ ʨʘʟʥʦʨʦʜʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘ ʠʤʝʥʥʦ, ʧʨʦʮʝʩʩ ʛʝʥʝʨʠ-

ʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʠ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ  

ʧʦʣʝʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʵʪʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʮʝʧʠ ʜʦʣʞʥʘ 

ʩʦʜʝʨʞʘʪʴ ʢʨʦʤʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (E, J) ʚʩʝ ʨʘʟʥʦʨʦʜʥʳʝ ʩʭʝʤʥʳʝ ʵʣʝ-

ʤʝʥʪʳ (R, L, C). ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʘʢʦʡ ʩʭʝʤʝ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ ʧʦ ʟʘʢʦʥʘʤ ʂʠʨʭʛʦʬʘ. 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ (ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ) ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʘʪʫʰʢʝ ʨʘʚʥʦ ʥʫʣʶ (0==
dt

di
LuL ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘ-

ʥʠʶ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʪʦʢ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʨʘ-

ʚʝʥ ʥʫʣʶ (0==
dt

du
CiC ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʳʚʫ ʚʝʪʚʠ ʩ ʵʪʠʤ ʵʣʝʤʝʥ-

ʪʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʭʝʤʥʳʝ 

ʵʣʝʤʝʥʪʳ L ʠ C ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʠʟ ʩʭʝʤʳ 

ʟʘʤʝʱʝʥʠʷ (ʫʯʘʩʪʢʠ ʩ L ʟʘʢʦʨʦʯʝʥʳ, ʘ ʚʝʪʚʠ ʩ C ʫʜʘʣʝʥʳ). ʎʝʧʠ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʭʝʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʦʣʴʢʦ 

ʧʦʩʪʦʷʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ E, J ʠ ʨʝʟʠʩʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ  R. ʊʘʢʠʝ 

ʩʭʝʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʨʝʟʠʩʪʠʚʥʳʭ ʠʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʋʩʪʘʥʦʚʠʚ-

ʰʠʡʩʷ ʨʝʞʠʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʪʘʢʠʭ ʩʭʝʤʘʭ ʦʧʠʩʳʚʘ-
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ʝʪʩʷ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʟʘ-

ʢʦʥʘʤ ʂʠʨʭʛʦʬʘ. 

ɺ  ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʨʝʟʠʩʪʠʚʥʳʝ ʮʝʧʠ ʚ 

ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʪʝʦʨʝʤʳ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦ-

ʢʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

 

2. ʄʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʚʝʨʪʢʠ) ʩʭʝʤʳ 

 

ɽʩʣʠ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʵʥʝʨ-

ʛʠʠ (E ʠʣʠ J), ʪʦ ʧʘʩʩʠʚʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ (ʩʚʝʨ-

ʥʫʪʘ) ʢ ʦʜʥʦʤʫ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʵʣʝʤʝʥʪʫ Rʕ ( ʨʠʩ. 7). 

 

 

 

 

 

 

 

 

 

 

ʉʚʝʨʪʢʘ ʩʭʝʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʘʤʳʭ ʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʝʪʚʝʡ, 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʩʚʝʨʪʢʠ. ʇʦʩʣʝ ʧʦʣ-

ʥʦʡ ʩʚʝʨʪʢʠ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʧʦ ʟʘʢʦʥʫ ʆʤʘ: 
ʵ

E
I

R
= . 

ʊʦʢʠ ʚ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʩʭʦʜʥʦʡ ʩʭʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʪ-

ʥʦʡ ʨʘʟʚʝʨʪʢʠ ʩʭʝʤʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʚʝʨʪʢʠ) ʩʭʝʤʳ.  

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ. 

1) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʥʝʩʢʦʣʢɹʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ (ʨʠʩ. 8).  

 

 

 

 

 

 

 

 

 

 

I        R1          R2                     Rn 

U 
U1          U2                    Un 

ʈʠʩ. 8 

Ý 

 I           Rʕ   

U      

Rʕ 

I I 

Ý ɽ E ʇ 

ʈʠʩ. 7 



 19 

ʅʝʩʣʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

1 2 ...ʵ nR R R R= + + +    ʠ    1 2 1 2: : ... : : : ... :n nU U U R R R=  

 

2) ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʚ ʟʘʤʝʥʝ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ (ʨʠʩ. 9). ʅʝʩʣʦʞ-

ʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

1 2

1 1 1 1
...

ʵ nR R R R
= + + +   ʠ   1 2

1 2

1 1 1
: :... : : : ... :n

n

I I I
R R R
=  

 

ɼʣʷ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ:    
21

21

RR

RR
Rʕ

+
=     ʠ   1 2 2 1: :I I R R=  

 

 

 

 

 

 

 

 

 

 

3) ɺʟʘʠʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʭʝʤ ʟʚʝʟʜʘ-ʪʨʝʫʛʦʣʴʥʠʢ (ʨʠʩ. 10) 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʚʝʨʪʢʝ ʩʣʦʞʥʳʭ ʩʭʝʤ. 

ʋʩʣʦʚʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʜʚʫʭ ʩʭʝʤ ʷʚʣʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʥʠʭ ʪʦ-

ʢʦʚ (I1, I2, I3), ʥʘʧʨʷʞʝʥʠʡ (U12, U23, U31) ʠ ʚʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (R12, R23, 

R31) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʭʦʜʥʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ (G12, G23, G31). 

ʇʨʠʨʘʚʥʷʝʤ ʚʭʦʜʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʦʙʝʠʭ ʩʭʝʤ ʩʦ ʩʪʦʨʦʥʳ ʜʚʫʭ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʚʝʪʚʝʡ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʪʨʝʪʝɹʡ (ʨʠʩ. 10): 

 

312312

23123112
2121ʚʭ

RRR

RRRR
RRR

++

Ö+Ö
=+=-              (1) 

 

312312

12233123
3232ʚʭ

RRR

RRRR
RRR

++

Ö+Ö
=+=-         (2) 

 

312312

23311231
1313ʚʭ

RRR

RRRR
RRR

++

Ö+Ö
=+=-             (3) 
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ʉʣʦʞʠʤ ʧʦʯʣʝʥʥʦ ʫʨʘʚʥʝʥʠʷ (1) ʠ (3) ʠ ʚʳʯʪʝʤ ʠʟ ʩʫʤʤʳ ʫʨʘʚʥʝʥʠʝ 

(2), ʧʦʣʫʯʠʤ: 

 

312312

3112
1

RRR

RR
R

++
= , ʧʦ ʘʥʘʣʦʛʠʠ: 

312312

1223
2

RRR

RR
R

++
= ,  

312312

2331
3

RRR

RR
R

++
= . 

 

ʇʨʠʨʘʚʥʷʝʤ ʚʭʦʜʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʦʙʝʠʭ ʩʭʝʤ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦ-

ʠʟʚʦʣʴʥʦʡ ʚʝʨʰʠʥʳ ʠ ʜʚʫʭ ʜʨʫʛʠʭ ʚʝʨʰʠʥ, ʟʘʤʢʥʫʪʳʭ ʥʘʢʦʨʦʪʢʦ (ʨʠʩ. 11): 

 

1 2 3 1
1 23 12 31

1 2 3

ʚʭ

G G G G
G G G

G G G
-

+
= = +
+ +

          (4) 

 

1 2 2 3
2 31 23 12

1 2 3

ʚʭ

G G G G
G G G

G G G
-

+
= = +
+ +

            (5) 

 

3 1 2 3
3 12 31 23

1 2 3

ʚʭ

G G G G
G G G

G G G
-

+
= = +
+ +

          (6) 

 

ʉʣʦʞʠʤ ʧʦʯʣʝʥʥʦ ʫʨʘʚʥʝʥʠʷ (4) ʠ (5) ʠ ʚʳʯʪʝʤ ʫʨʘʚʥʝʥʠʝ (6), ʧʦʣʫ-

ʯʠʤ: 

321

21
12

GGG

GG
G

++
= , ʧʦ ʘʥʘʣʦʛʠʠ: 

321

32
23

GGG

GG
G

++
= , 

321

13
31

GGG

GG
G

++
= . 

 

ɺ ʧʦʩʣʝʜʥʠʭ ʫʨʘʚʥʝʥʠʷʭ ʟʘʤʝʥʠʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
1

R
G
= , ʧʦʣʫʯʠʤ: 

3

21
2112

R

RR
RRR ++= ;     

1

32
3223

R

RR
RRR ++= ;     

2

13
1331

R

RR
RRR ++= . 

 

ʈʠʩ. 10 

I1 

2                     0                      3                           2                          3 

I2          R2                    R3              I3              I2                   R23               I3 

1 

R12                      R31 

1 
I1 
 

 

R1 Ú 



 21 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʣʥʦʡ ʩʠʤʤʝʪʨʠʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢ-

ʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʩʦʩʪʘʚʣʷʝʪ:^D= RR 3 . 

4) ɿʘʤʝʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚʝʪʚʴʶ (ʨʠʩ. 12) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʛʝʥʝʨʘʪʦʨʝ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ Uʭʭ = Eʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʜʚʫʭ  

ʫʟʣʦʚ: 

321

2

2

1

1

ʕxx 111

RRR

J
R

E

R

E
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ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʩʚʝʨʪʢʠ 

ʩʭʝʤʳ:  
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5) ʇʝʨʝʥʦʩ ʠʩʪʦʯʥʠʢʘ ʕɼʉ ʯʝʨʝʟ ʫʟʝʣ ʩʭʝʤʳ: ʠʩʪʦʯʥʠʢ ʕɼʉ ɽ ʤʦʞ-

ʥʦ ʧʝʨʝʥʝʩʪʠ ʯʝʨʝʟ ʫʟʝʣ ʚʦ ʚʩʝ ʚʝʪʚʠ, ʦʪʭʦʜʷʱʠʝ ʦʪ ʫʟʣʘ (ʨʠʩ. 13, ʘ, ʙ.): 
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6) ʇʨʠʚʷʟʢʘ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʢ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʫʟʣʫ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 

(ʨʠʩ. 14, ʘ, ʙ): 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) ɺʟʘʠʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʭʝʤ ʩ ʠʩʪʦʯʥʠʢʦʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩ ʠʩ-

ʪʦʯʥʠʢʦʤ ʪʦʢʘ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ (ʨʠʩ. 15, ʘ, ʙ).  

 

 

 

 

 

 

 

 

 

 

 

ʉʭʝʤʳ ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʜʣʷ ʦʙʦʠʭ ʥʘʧʨʷʞʝʥʠʡ U ʠ ʪʦʢʦʚ I 

ʥʘ ʥʘʛʨʫʟʢʝ: 
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ʉʨʘʚʥʠʚʘʷ ʣʝʚʳʝ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ, ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ:  
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ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʤ. ʚ ʣ.17 (ʟʘʜʘʯʘ 1). 

 

3. ʄʝʪʦʜ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʤʝʪʦʜʘ: 1-ʡ ʠ 2-ʡ ʟʘʢʦʥʳ ʂʠʨʭʛʦʬʘ. 

1-ʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ: ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʦʢʦʚ ʚʝʪʚʝʡ ʚ ʫʟʣʝ ʩʭʝʤʳ 

ʨʘʚʥʘ ʥʫʣʶ ( 0I =ä ). 

2-ʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ: ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʢʦʥʪʫʨʝ ʩʭʝʤʳ ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʕɼʉ 

( IR E=ä ä). 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʨʝʞʠʤʘ ʚ ʟʘʜʘʥʥʦʡ ʩʣʦʞʥʦʡ ʩʭʝʤʝ 

(ʨʠʩ. 16) ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʠ ʚ ʚʝʪʚʷʭ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɿʘʜʘʥʘ ʩʭʝʤʘ ʮʝʧʠ ʠ ʧʘʨʘ-

ʤʝʪʨʳ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (E1, E2, E3, J2, J3, R1, R2, R3, R4, R5, R6). 

ɸʥʘʣʠʟʠʨʫʝʤ ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʳ: ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ n = 4 (0, 1, 2, 3) ʫʟʣʦʚ 

ʠ m = 6 ʚʝʪʚʝʡ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʦʢʘʤʠ. ɺ ʚʝʪʚʷʭ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ J 

ʪʦʢʠ ʦʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʘʤʠ. ʆʙʱʝʝ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚ-

ʥʦ ʯʠʩʣʫ ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʦʢʦʚ ñmò. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʘʣʛʦʨʠʪʤ) ʨʘʩʯʝʪʘ. 
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1) ɿʘʜʘʶʪʩʷ (ʧʨʦʠʟʚʦʣʴʥʦ) ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʦʢʦʚ ʚ 

ʚʝʪʚʷʭ ʩʭʝʤʳ (I1, I2, I3, I4, I5, I6 ). 

2) ʉʦʩʪʘʚʣʷʝʪʩʷ (n - 1) ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʫʟʣʦʚ ʧʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ 

ʂʠʨʭʛʦʬʘ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ n-ʛʦ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʳʤ (ʦʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʧʝʨʚʳʭ (n - 1) ʫʨʘʚʥʝʥʠʡ). 

3) ʅʝʜʦʩʪʘʶʱʠʝ m - (n -1) ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪʩʷ ʧʦ 2-ʤʫ ʟʘʢʦʥʫ 

ʂʠʨʭʛʦʬʘ. ʇʨʘʚʠʣʦ ʚʳʙʦʨʘ ʢʦʥʪʫʨʦʚ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ: ʢʘʞʜʳʡ 

ʧʦʩʣʝʜʫʶʱʠʡ ʢʦʥʪʫʨ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʭʦʪʷ ʙʳ ʦʜʥʫ ʥʦʚʫʶ ʚʝʪʚʴ, 

ʥʝʦʭʚʘʯʝʥʥʫʶ ʧʨʝʜʳʜʫʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ 

ʜʣʷ ʩʭʝʤʳ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʯʠʩʣʘ m - (n - 1). 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʂʠʨʭʛʦʬʘ ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 16, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ m = 6 ʫʨʘʚʥʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ n - 1 = 3 ʩʦʩʪʘʚʣʝʥʳ ʜʣʷ ʫʟʣʦʚ 1, 2 

ʠ 3 ʧʦ 1-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʠ m - (n - 1) = 3 ʩʦʩʪʘʚʣʝʥʳ ʜʣʷ ʢʦʥʪʫʨʦʚ ʂ1, 

ʂ2, ʂ3 ʧʦ 2-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ: 

-I1 + I2 - I4 = -J2                 - ʫʟʝʣ 1, 

I1 + I3 - I5 = -J3                   - ʫʟʝʣ 2, 

-I2 + I3 - I5 = J2 + J3            - ʫʟʝʣ 3, 

I1ĀR1- I4ĀR4+ I5ĀR5 = E1               - ʢʦʥʪʫʨ 1, 

I2ĀR2+ I4ĀR4+ I6ĀR6 = E2               - ʢʦʥʪʫʨ 2, 

I3ĀR3 + I5ĀR5+ I6ĀR6 = E3               - ʢʦʥʪʫʨ 3. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʂʠʨʭʛʦʬʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ: [I] = [R]Ā[E], ʛʜʝ [R] - ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, [E] - ʤʘʪʨʠʮʘ ʧʨʘ-

ʚʳʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʡ. 

5) ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʥʘ ʕɺʄ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʤʠ. ɺ MathCAD ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ: 1) given é find,  2) I = lsolve(R,E), 3)I = R-1ĀE. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝ-

ʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ ʪʦʢʠ I1, I2, I3, I4, I5, I6. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʦʢʦʚ, ʦʟʥʘʯʘʶʪ, ʯʪʦ ʠʭ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʝ (ʬʠʟʠʯʝʩʢʠʝ) ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʨʠ-

ʥʷʪʳʤ ʚ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ. 

6) ʆʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʭʝʤʳ 

( kkk RIU = ), ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ (kkEk IEP = ), ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ (PJk= 

UkIk) ʠ ʧʨʠʝʤʥʠʢʦʚ (
2

k k kP I R= ). ʇʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳ, ʘ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʩʦʤʥʦʞʠʪʝʣʠ ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ kk IE  ʠ k kU J  ʥʝ ʩʦʚʧʘʜʘʶʪ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ 

ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʘ 2ʘ). 
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4. ʄʝʪʦʜ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʤʝʪʦʜʘ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ï 2-ʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʥʘʣʦʞʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥ-

ʪʘʨʥʦʤ ʢʦʥʪʫʨʝ-ʷʯʝʡʢʝ ʩʭʝʤʳ ʧʨʦʪʝʢʘʝʪ çʩʚʦʡè ʢʦʥʪʫʨʥʳʡ ʪʦʢ Ik, ʘ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʝ ʪʦʢʠ ʚʝʪʚʝʡ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʥʘʣʦʞʝʥʠʷ ʢʦʥʪʫʨʥʳʭ 

ʪʦʢʦʚ ʢʘʢ ʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʫʤʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ, 

ʧʦʜʣʝʞʘʱʠʭ ʦʧʨʝʜʝʣʝʥʠʶ, ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʚʳʩʪʫʧʘʶʪ ʢʦʥʪʫʨʥʳʝ ʪʦʢʠ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ m - (n - 1). 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʨʝʞʠʤʘ ʚ ʟʘʜʘʥʥʦʡ ʩʣʦʞʥʦʡ ʩʭʝʤʝ 

ʨʠʩ. 17. ʇʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʟʘʜʘʥʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʘʣʛʦʨʠʪʤ) ʨʘʩʯʝʪʘ. 

1) ɿʘʜʘʶʪʩʷ (ʧʨʦʠʟʚʦʣʴʥʦ) ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʦʥʪʫʨ-

ʥʳʭ ʪʦʢʦʚ ʚ ʢʦʥʪʫʨʘʭ-ʷʯʝʡʢʘʭ ʩʭʝʤʳ(Iʢ1, Iʢ2, Iʢ3 ). ʂʦʥʪʫʨʳ-ʷʯʝʡʢʠ ʩʣʝʜʫʝʪ 

ʚʳʙʠʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʥʝ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʚʝʪʚʠ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ. 

ɺʝʪʚʠ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ J ʦʙʨʘʟʫʶʪ ʩʚʦʠ ʢʦʥʪʫʨʳ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʢʘʤʠ 

(J1, J2). 

2) ʉʦʩʪʘʚʣʷʶʪʩʷ m -(n - 1) ʫʨʘʚʥʝʥʠʡ ʧʦ 2-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʢʦʥʪʫʨʦʚ-̫ ʯʝʝʢ ʩ ʢʦʥʪʫʨʥʳʤʠ ʪʦʢʘʤʠ Iʢ1, Iʢ2, Iʢ3. ɺ ʫʨʘʚʥʝʥʠ-

ʷʭ ʫʯʠʪʳʚʘʶʪʩʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʢʘʢ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʦʥʪʫʨʥʦʛʦ ʪʦʢʘ, 

ʪʘʢ ʠ ʦʪ ʩʤʝʞʥʳʭ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 17: 
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ɺ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʘ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 
 

111133122111 ERIkRIkRIkRIk nn =++++ 2  

33333333333333

2

2

333333322311

222233222211

ERIkRIkRIkRIk
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nn

nn

=++++

=++++

 

nnnnnnnn ERIkRIkRIkRIk =++++ 2332211  
 

ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

R11 = R1 + R4 + R5;    R22 = R2 + R4 + R6;    R33 = R2 + R5 + R6   ʠ ʪ. ʜ. ï ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʫʨʦʚ, ʨʘʚʥʳʝ ʩʫʤʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʩʝʭ ʵʣʝ-

ʤʝʥʪʦʚ ʢʦʥʪʫʨʘ; 

R12 = R21 = -R4;    R13 = R31 = -R5;    R23 = R32 = -R6   ʠ ʪ. ʜ. ï ʚʟʘʠʤʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ ʢʦʥʪʫʨʘʤʠ, ʦʥʠ ʧʦʣʦʞʠʪʝʣʴʥʳ ï 

ʝʩʣʠ ʢʦʥʪʫʨʥʳʝ ʪʦʢʠ ʚ ʚʝʪʚʠ ʩʦʚʧʘʜʘʶʪ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳ ï ʝʩʣʠ ʢʦʥʪʫʨʥʳʝ 

ʪʦʢʠ ʚ ʚʝʪʚʠ ʥʘʧʨʘʚʣʝʥʳ ʚʩʪʨʝʯʥʦ, ʠ ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳ ï ʝʩʣʠ ʚʩʝ ʢʦʥ-

ʪʫʨʥʳʝ ʪʦʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ (ʥʘʧʨʠʤʝʨ, ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ), 

ʨʘʚʥʳ ʥʫʣʶ ï ʝʩʣʠ ʢʦʥʪʫʨʳ ʥʝ ʠʤʝʶʪ ʦʙʱʝʡ ʚʝʪʚʠ. 

E11 = E1 + J1R4;  E22 = E2+ J2R2;  E33 = - E3 + J3R3   ʠ ʪ. ʜ. ï ʢʦʥʪʫʨʥʳʝ 

ʕɼʉ, ʨʘʚʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʩʣʘʛʘʝʤʳʭ Enn = SE + SJR ʦʪ ʚʩʝʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʢʦʥʪʫʨʘ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ:  
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    ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ [ ][][ ]EkIkRk =³ , 

 

ʛʜʝ [ ]Rk  - ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, []Ik  - ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ 

ʪʦʢʦʚ, [ ]Ek  - ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʕɼʉ. 

3) ʉʠʩʪʝʤʘ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʥʘ ʕɺʄ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ.  

ɺ MathCAD ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: 

1) Ik = lsolve(Rk, Ek), 2) Ik = Rkï1ĀEk. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚ-

ʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʥʪʫʨʥʳʝ ʪʦʢʠ Iʢ1, Iʢ2, Iʢ3. 

4) ɺʳʙʠʨʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʠʩʭʦʜʥʦʡ 

ʩʭʝʤʳ (ʨʠʩ. 17) (I1, I2, I3, I4, I5, I6). ʊʦʢʠ ʚʝʪʚʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʥʘʣʦʞʝʥʠʷ ʢʘʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʫʤʤʳ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʜʘʥʥʦʡ ʚʝʪʚʠ: 
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I1 = Iʢ1;  I2 = Iʢ2 ï J2;    I3 = ïIʢ3 ï J3;    I4 = -Iʢ1 + Iʢ2;    I5 = Iʢ1-  Iʢ3;    I6 = Iʢ2 - Ik3. 

 

5) ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʘʭ (Uk = IkRk), ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (PEk = EkIk, PJk = Uk Jk) ʠ 

ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ (Pk = I k
2 ÖRk). 

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ 

ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʘ 2ʙ). 

 

5. ʄʝʪʦʜ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ï 1-ʳʡ ʟʘʢʦʥ 

ʂʠʨʭʛʦʬʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʝʪʚʝʡ. ɺ ʵʪʦʤ ʤʝ-

ʪʦʜʝ ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʭʝʤʳ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ ʥʫʣʶ, ʘ ʧʦʪʝʥ-

ʮʠʘʣʳ ʦʩʪʘʣʴʥʳʭ (n - 1) ʫʟʣʦʚ ʩʯʠʪʘʶʪ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʠʶ. ʆʙʱʝʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ (n - 1). 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʫʶ ʚʝʪʚʴ ʥʝʢʦʪʦʨʦʡ ʩʣʦʞʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 18). 

 

 

 

 

 

 

 

 

ʉʚ̫ʞʝʤ ʧʦʪʝʥʮʠʘʣʳ ʢʦʥʮʦʚ ʚʝʪʚʠ (ʫʟʣʦʚ) ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ: 

 

21 VERIV kkk =+-   ʠʣʠ   12 VRIEV kkk =+-  

 

ʋʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʚʝʪʚʠ ʯʝʨʝʟ ʧʘ-

ʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʝʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʚʝʪʚʠ. ʀʟ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʝʪʚʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝ-

ʜʝʣʝʥʳ ʪʦʢ ʚʝʪʚʠ   ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ:  
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,        kkkk EVVRIU +-== 21 . 

 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʨʝʞʠʤʘ ʚ ʟʘʜʘʥʥʦʡ ʩʣʦʞʥʦʡ ʩʭʝʤʝ 

ʨʠʩ. 19. ʇʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʟʘʜʘʥʳ.  

ʇʨʠʥʠʤʘʝʤ ʧʦʪʝʥʮʠʘʣ ʫʟʣʘ 0 ʨʘʚʥʳʤ ʥʫʣʶ (V0 = 0), ʘ ʧʦʪʝʥʮʠʘʣʳ ʫʟ-

ʣʦʚ 1, 2 ʠ 3 (V1, V2 ʠ V3) ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʦʧʨʝ-

ʜʝʣʝʥʠʶ. 

    Iʢ                  Rʢ              Eʢ  

V2 
1 

V1 
2 

ʈʠʩ. 18 
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ɿʘʜʘʜʠʤʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʩʭʝʤʳ I1, 

I2, I3, I4, I5, I6. ʉʦʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʝʪʚʝʡ ʠ ʚʳʨʘʟʠʤ ʠʟ ʥʠʭ 

ʪʦʢʠ ʚʝʪʚʝʡ: 
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ʉʦʩʪʘʚʠʤ (n-1) ʫʨʘʚʥʝʥʠʡ ʧʦ 1-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʜʣʷ ʫʟʣʦʚ 1, 2 ʠ 3: 

-I1 + I2 ï I4 +  J2 = 0 

I1 + I3 - I5 + J3 = 0 

-I2 ï I3 + I6 ï J2 ï J3 = 0 

ʇʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʷ 1-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ, ʚʳʨʘ-

ʞʝʥʥʳʝ ʨʘʥʝʝ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ: 
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ɺ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ ʩʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 
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ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ:  
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G ++=  ʠ ʪ. ʜ. ï ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʟʣʦʚ, ʨʘʚʥʳʝ ʩʫʤʤʘʤ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʚʩʝʭ ʚʝʪʚʝʡ, 

ʩʭʦʜʷʱʠʭʩʷ ʚ ʜʘʥʥʦʤ ʫʟʣʝ, ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳ; 
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ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ (1 ʠ 2, m ʠ n), ʨʘʚʥʳʝ ʩʫʤʤʝ ʧʨʦ-

ʚʦʜʠʤʦʩʪʝʡ ʚʝʪʚʝʡ, ʩʦʝʜʠʥʷʶʱʠʭ ʵʪʠ ʫʟʣʳ, ʚʩʝʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳ; 
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ï ʫʟʣʦʚʳʝ ʪʦʢʠ ʫʟʣʦʚ, ʨʘʚʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʩʣʘʛʘʝʤʳʭ E/R ʠ J ʦʪ 

ʚʩʝʭ ʚʝʪʚʝʡ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʝ (ʟʥʘʢ ò+ò, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʜʝʡʩʪʚʫʝʪ ʢ ʫʟʣʫ, 

ʠ ʟʥʘʢ ñ-ò , ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʜʝʡʩʪʚʫʝʪ ʦʪ ʫʟʣʘ). 

ʉʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 
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 ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ [ ][ ][]JuVuGu =³ ,  

 

ʛʜʝ [Gu] - ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ, [Vu] - ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ, [Ju] - ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʪʦʢʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʘʣʛʦʨʠʪʤ) ʨʘʩʯʝʪʘ. 

1) ʇʨʠʥʠʤʘʶʪ ʧʦʪʝʥʮʠʘʣ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʭʝʤʳ ʨʘʚʥʳʤ ʥʫʣʶ, ʘ ʧʦ-

ʪʝʥʮʠʘʣʳ ʦʩʪʘʣʴʥʳʭ (n-1) ʫʟʣʘ ʩʯʠʪʘʶʪ ʥʝʠʟʚʝʩʪʥʳʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʠʶ. 

2) ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʦʡ, ʩʦʩʪʘʚʣʷʶʪ (nī1) ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʫʟʣʦʚ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ. 

3) ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʩʦʩʪʘʚʣʷʶʪʩʷ 

ʠʭ ʤʘʪʨʠʮʳ. 

 V1 G11 - V2 G12 - V3 G13 -...- Vn G1n = J11 

 

-V1 G21 + V2 G22 - V2 G23 -...- Vn G2n = J22 

 

    -V1 G31 - V2 G32 + V3 G33 -...- Vn G3n = J33 

       .éé........................................é........... 

-V1 Gn1 - V2 Gn2 -V3 Gn3-...+ Vn Gnn = Jnn 
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4) ʉʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʪʩʷ ʥʘ ʕɺʄ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦ-

ʛʨʘʤʤʝ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʚʝʱʝ-

ʩʪʚʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɺ MathCAD ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ: 1) Vu = lsolve(Gu, Ju), 2) Vu = Gu -1ĀJu.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ ʧʦ-

ʪʝʥʮʠʘʣʳ ʫʟʣʦʚ  V1,  V2, V3,é 

5) ɺʳʙʠʨʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʠʩʭʦʜʥʦʡ 

ʩʭʝʤʳ I1, I2 , I3, I4, I5, I6. ʊʦʢʠ ʚʝʪʚʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʚʝʪʚʝʡ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʳ ʫʟʣʦʚ  V1,  V2, V3,é 

6) ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʘʭ (Uk = IkRk), ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (PEk = EkIk, PJk = Uk Jk) ʠ 

ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ (Pk = I k
2 ÖRk). 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ 

ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʘ 2ʚ). 

 

6. ʄʝʪʦʜ ʜʚʫʭ ʫʟʣʦʚ  

 

ʄʝʪʦʜ ʜʚʫʭ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʤʝʪʦʜʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʧʨʠ ʯʠʩʣʝ ʫʟʣʦʚ ʚ ʩʭʝʤʝ n = 2. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ 

ʨʝʞʠʤʘ ʚ ʟʘʜʘʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 20). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʇʨʠʥʠʤʘʝʤ V0 = 0, ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʘ 1 ʧʦ ʤʝʪʦʜʫ ʫʟʣʦʚʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: V1G11 = J11, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʭʝʤʳ: 
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʭʝʤʝ ʨʠʩ. 20 ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʢʦʥʢʨʝʪʥʫʶ 

ʬʦʨʤʫ: 
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ʊʦʢʠ ʚ ʚʝʪʚʷʭ ʩʭʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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7. ʇʨʠʥʮʠʧ ʥʘʣʦʞʝʥʠʷ. ʄʝʪʦʜ ʥʘʣʦʞʝʥʠʷ 

 

ʇʨʠʥʮʠʧ (ʪʝʦʨʝʤʘ) ʥʘʣʦʞʝʥʠʷ ʛʣʘʩʠʪ, ʯʪʦ ʪʦʢ ʚ ʣʶʙʦʡ ʚʝʪʚʠ (ʥʘʧʨʷ-

ʞʝʥʠʝ ʥʘ ʣʶʙʦʤ ʵʣʝʤʝʥʪʝ) ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯ-

ʥʠʢʦʚ, ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ (ʥʘʧʨʷʞʝʥʠʡ), ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʚ ʵʪʦʡ ʚʝʪʚʠ (ʥʘ ʵʪʦʤ ʵʣʝʤʝʥʪʝ) ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʚʳʙʝʨʝʤ 

ʦʜʥʫ ʠʟ ʥʘʨʫʞʥʳʭ ʚʝʪʚʝʡ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʟʘ ʥʦʤʝʨʦʤ 1, ʚ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʡ ʪʦʢ ʨʘʚʝʥ ʢʦʥʪʫʨʥʦʤʫ: I1 = Ik1. ʉʦʩʪʘʚʠʤ ʜʣʷ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʩʠ-

ʩʪʝʤʫ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ [Rk]Ā[Ik] = [Ek] ʠ ʨʝʰʠʤ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʢʘ  

I1 = Ik1. ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʠʪʝʣʝʡ (ʂʨʘʤʝʨʘ): 
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ɿʜʝʩʴ G11 ï ʚʭʦʜʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʝʪʚʠ 1, G12, G13, é, G1nï ʚʟʘʠʤʥʳʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ 1-ʡ ʠ ʦʩʪʘʣʴʥʳʤʠ ʚʝʪʚʷʤʠ, I11 = E1G11 ï ʯʘʩʪʠʯʥʳʡ 

ʪʦʢ ʚ ʚʝʪʚʠ 1 ʦʪ ʠʩʪʦʯʥʠʢʘ ʕɼʉ  E1, I12 = E2G12,  é, I1n = EnG1n ï ʯʘʩʪʠʯʥʳʝ 

ʪʦʢʠ ʚ ʚʝʪʚʠ 1 ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ  E2,é, En. 

ʇʨʠʥʮʠʧ ʥʘʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʠʥʝʡʥʳʭ ʮʝʧʷʭ. ʇʨʠʥʮʠʧ ʥʘʣʦʞʝʥʠʷ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩ ʪʦʢʦʤ ʩʚʷʟʘʥʘ ʥʝʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝ-

ʥʠʝʤ  P = I2ÖR. 

ʇʨʠʥʮʠʧ ʥʘʣʦʞʝʥʠʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʮʝʧʝʡ, 

ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʥʘʣʦʞʝʥʠʷ. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʦʞʥʦʡ ʩʭʝʤʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʯʘʩʪʠʯʥʳʝ ʪʦʢʠ ʦʪ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʈʘʩ-

ʯʝʪ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ ʚʳʧʦʣʥʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʭʝʤʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʩʣʦʞʝ-

ʥʠʷ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʨʠʤʝʨ. ɿʘʜʘʥʘ ʩʭʝʤʘ ʮʝʧʠ (ʨʠʩ. 21) ʠ ʧʘʨʘʤʝʪʨʳ ʝʝ ʵʣʝʤʝʥʪʦʚ:  

E1 = 12 B;  E2 = 9 B; R1 = R2 = R3 = 2 ʆʤ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʠ ʚ ʚʝʪ-

ʚʷʭ ʩʭʝʤʳ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ. 
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ʅʘ ʨʠʩ. 22, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʮʝʧʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʯʥʳʭ ʪʦ-

ʢʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ ʕɼʉ ɽ1, ʘ ʥʘ ʨʠʩ. 22, ʙ - ʦʪ ʠʩʪʦʯʥʠʢʘ ʕɼʉ ɽ2. 

 

 

 

 

 

 

 

 

 

 

 

 

ʏʘʩʪʠʯʥʳʝ ʪʦʢʠ ʚ ʩʭʝʤʝ ʨʠʩ. 22, ʘ ʦʪ E1: 

 

3
2

22
2

32

32

111
=

+
+=

+

Ö
+=

RR

RR
RR ʆʤ;   I11= E1/R11=12/3 = 4A;   I21= I 31= 2ɸ. 

 

ʏʘʩʪʠʯʥʳʝ ʪʦʢʠ ʚ ʩʭʝʤʝ ʨʠʩ. 22ʙ ʦʪ E2: 

 

3
2

22
2

31

31

222
=

+
+=

+

Ö
+=

RR

RR
RR ʆʤ;        I22 = E2/R22 = 9/3 = 3A; 

 

I12= I 32 = 1,5ɸ. 
 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʪʦʢʠ ʢʘʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʫʤʤʳ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ: 

 

I1 = I11 - I12 = 4 ï 1,5 = 2,5 A 
 

I2 = - I21 + I22 = -2 + 3 =1 A 
 

I3 = I31+ I32 = 2 + 1,5 =3,5 A 

ʈʠʩ. 21 

 E1                                                     E2 

  R1                                 R3                         R2 

    I1                        I3                I2 

ʘ                                                                          ʙ 

ʈʠʩ. 22 

 E1  

 R1                         R3                 R2 

    I11                I31                  I21 

 E2  

 R1                         R3                 R2 
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8. ʊʝʦʨʝʤʘ ʦ ʚʟʘʠʤʥʦʩʪʠ 

 

ɺʳʜʝʣʠʤ ʠʟ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʝʪʚʠ ñmò ʠ ñnò, ʚ ʦʜ-

ʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥ ʠʩʪʦʯʥʠʢ ʕɼʉ E (ʚ ʚʝʪʚʠ m). ʊʝʦʨʝʤʘ ʦ ʚʟʘʠʤʥʦ-

ʩʪʠ ʛʣʘʩʠʪ, ʯʪʦ ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʕɼʉ E, ʚʢʣʶʯʝʥʥʳʡ ʚ ʚʝʪʚʠ ñmò, ʚʳʟʳʚʘʝʪ ʚ 

ʚʝʪʚʠ ñnò ʯʘʩʪʠʯʥʳʡ ʪʦʢ I , ʪʦ ʪʘʢʦʡ ʞʝ ʠʩʪʦʯʥʠʢ ʕɼʉ E, ʚʢʣʶʯʝʥʥʳʡ ʚ 

ʚʝʪʚʴ ñnò, ʚʳʟʦʚʝʪ ʚ ʚʝʪʚʠ ñmò ʪʘʢʦʡ ʞʝ ʯʘʩʪʠʯʥʳʡ ʪʦʢ I (ʨʠʩ. 23) . 

 

 

 

 

 

 

 

 

 

 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʦ ʚʟʘʠʤʥʦʩʪʠ ʚʳʪʝʢʘʝʪ ʠʟ ʧʨʠʥʮʠʧʘ ʥʘʣʦʞʝ-

ʥʠʷ. ʏʘʩʪʠʯʥʳʝ ʪʦʢʠ ʨʘʚʥʳ:  

mnGEI Ö=  - ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 23, ʘ, nmGEI Ö=  - ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 23, ʙ. 

ʊʘʢ ʢʘʢ ʚʟʘʠʤʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʣʠʥʝʡʥʦʡ ʮʝʧʠ ʨʘʚʥʳ (Gmn = Gnm), 

ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ ʪʦʢʠ ʚ ʦʙʝʠʭ ʩʭʝʤʘʭ. 

 

9. ʊʝʦʨʝʤʘ ʦ ʢʦʤʧʝʥʩʘʮʠʠ 

 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʝʤʳ: ʣʶʙʦʡ ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʘ) ʠʜʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩ ʕɼʉ, ʨʘʚ-

ʥʦʡ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʵʪʦʤ ʵʣʝʤʝʥʪʝ (E = U) ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʚʩʪʨʝʯʫ ʪʦʢʫ, 

ʙ) ʠʜʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ J, ʨʘʚʥʳʤ ʪʦʢʫ ʚ ʵʪʦʤ ʵʣʝʤʝʥʪʝ (J = I) ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʩʦʛʣʘʩʥʦ ʪʦʢʫ I. 

ɺʳʜʝʣʠʤ ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ Rk ʩ ʪʦʢʦʤ Ik ʠ ʥʘʧʨʷʞʝʥʠʝʤ Uk ʠʟ ʩʭʝʤʳ 

ʮʝʧʠ (ʨʠʩ. 24, ʘ). ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧ. ʘ) ʪʝʦʨʝʤʳ ʚʢʣʶʯʠʤ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʩ ʵʣʝʤʝʥʪʦʤ Rk ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʜʚʘ ʠʜʝʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘ ʕɼʉ 

kkk UEE =¡=  (ʨʠʩ. 24, ʙ). ʊʘʢʦʝ ʚʢʣʶʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ ʥʝ ʚʳʟʦʚʝʪ ʠʟ-

ʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʪʘʢ ʢʘʢ ʠʭ ʜʝʡʩʪʚʠʝ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠ-

ʨʫʶʪʩʷ. Cʦʩʪʘʚʠʤ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ  ñaò ʠ ñdò: 

 

dkkka VERIV =¡+- , ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ   0==- adda UVV , ʠʣʠ da VV = . 

 

 

 

m n 

ʘ                                                                      ʙ 

ʈʠʩ. 23 

E                                           I                         I                                            E 

n m 

ʇ ʇ 
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ʊʦʯʢʠ ñaò ʠ ñdò, ʢʘʢ ʪʦʯʢʠ ʨʘʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʤʦʞʥʦ ʟʘʢʦʨʦʪʠʪʴ ʠ 

ʟʘʢʦʨʦʯʝʥʥʳʡ ʫʯʘʩʪʦʢ ña- dò ʠʟ ʩʭʝʤʳ ʫʜʘʣʠʪʴ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʝʝ ʨʝʞʠʤʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʝʥʠʷ ʟʘʢʦʨʦʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʭʝʤʘ ʧʦʣʫʯʘʝʪ ʚʠʜ ʨʠʩ. 24, ʚ, 

ʚ ʢʦʪʦʨʦʡ ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ Rk ʟʘʤʝʥʝʥ ʠʜʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʕɼʉ 

k kE U= . 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧ. ʙ) ʪʝʦʨʝʤʳ ʚʢʣʶʯʠʤ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʵʣʝʤʝʥʪʦʤ 

Rk ʜʚʘ ʠʜʝʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ kkk IJJ =¡= , ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘʚʩʪʨʝʯʫ 

ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 25, ʙ). 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʢʦʝ ʚʢʣʶʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ kk JJ ¡,  ʥʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʨʝ-

ʞʠʤʘ ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʪʘʢ ʢʘʢ ʠʭ ʜʝʡʩʪʚʠʷ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʦʢ ʚ ʚʝʪʚʠ ña- cò ʨʘʚʝʥ ʥʫʣʶ ()0=¡-= kk JII  ʠ ʵʪʫ 

ʚʝʪʚʴ ʤʦʞʥʦ ʦʪʢʣʶʯʠʪʴ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʭʝʤʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʯʁʝʥʠʷ ʩʭʝʤʘ ʧʦʣʫʯʘʝʪ ʚʠʜ ʨʠʩ. 25, ʚ, ʚ ʢʦʪʦʨʦʡ ʧʘʩʩʠʚʥʳʡ 

ʵʣʝʤʝʥʪ Rk ʟʘʤʝʥʝʥ ʠʜʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ Jk = Ik .  

ʈʠʩ. 25 

    Uʢ        Rʢ                  Jʢ                           Rʢ         J¡ʢ                                  

Jʢ  

       b                            b          d                                                b  

   ʘ)                                        ʙ)                                               ʚ) 

           Iʢ       a                             a         ʩ                                         Iʢ     a  

                   

ɸ ɸ ɸ 

ʈʠʩ. 24 

d 

c 

b 
b 

a 
a 

b 

a 
Iʢ Rʢ        Iʢ 

   ʘ                                                 ʙ                                             ʚ 

Eʢ 

  Uʢ         Rk                             Uʢ                  Eʢ¡                                  ɽʢ  

Iʢ  

ɸ ɸ ɸ 
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10. ʊʝʦʨʝʤʘ ʦ ʣʠʥʝʡʥʳʭ ʦʪʥʦʰʝʥʠʷʭ 

 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʝʤʳ: ʝʩʣʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ k-ʦʡ ʚʝʪʚʠ ʩʣʦʞʥʦʡ 

ʩʭʝʤʳ ʠʟʤʝʥʷʝʪʩʷ ʕɼʉ ʠʩʪʦʯʥʠʢʘ Ek ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ Rk, ʪʦ 

ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʚʝʪʚʷʭ (ʥʘʧʨʠʤʝʨ, 1 ʠ 2, I1 ʠ I2, U1 ʠ U2, 

U1 ʠ I2, I1 ʠ U2 ) ʠʟʤʝʥʷʶʪʩʷ ʪʘʢ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ (21 bIaI += ʠ ʪ.ʜ.). 

ʇʫʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʕɼʉ Eʢ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʥʘʣʦʞʝʥʠʷ 

ʪʦʢ ʢʘʞʜʦʡ ʚʝʪʚʠ ʨʘʚʝʥ ʩʫʤʤʝ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ ʦʪ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ: 

 

kkkk GEAGEGEGEI 1111221111 ... +=+++=  

 

kkkk GEAGEGEGEI 2222222112 ... +=+++= . 

 

ʀʩʢʣʶʯʠʤ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʤʝʥʥʫʶ ʚʝʣʠʯʠʥʫ Eʢ ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ: 

22

2

1

2

1
211

2

22
11 )( bIaI

G

G

G

G
AAG

G

AI
AI

k

k

k

k
k

k

+=+-=
-

+= , ʯʪʦ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦ-

ʢʘʟʘʪʴ. 

ɽʩʣʠ ʚ ʩʭʝʤʝ ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ varkR = , ʪʦ ʜʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʦ ʣʠʥʝʡʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʧʝʨʝʤʝʥʥʳʡ ʨʝʟʠʩʪʦʨ 

varkR =  ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝ-

ʤʝʥʥʦʡ ʕɼʉ var== kkk RIE  ʠ ʧʦʚʪʦʨʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

 

11. ʊʝʦʨʝʤʘ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʛʝʥʝʨʘʪʦʨʝ 

 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʝʤʳ: ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʚʦʜʘʤ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪ-

ʚʠ ʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʟʘʤʝ-

ʥʠʪʴ ʘ) ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩ ʕɼʉ ɽʕ, ʨʘʚʥʦʡ ʥʘʧʨʷ-

ʞʝʥʠʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ ʚʳʚʦʜʘʭ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʠʣʠ ʵʣʝʤʝʥʪʘ  

(ɽʕ = Uxx) ʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R0, ʨʘʚʥʳʤ ʚʭʦʜʥʦʤʫ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʶ ʩʭʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʠʣʠ ʵʣʝʤʝʥʪʘ (R0 = Rʚʭ); ʙ) 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ ʩ Jʕ, ʨʘʚʥʳʤ ʪʦʢʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʥʘ ʚʳʚʦʜʘʭ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʠʣʠ ʵʣʝʤʝʥʪʘ (Jʕ = Iʢʟ), ʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴʶ G0, ʨʘʚʥʦʡ ʚʭʦʜʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʭʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʚʳʜʝ-

ʣʝʥʥʦʡ ʚʝʪʚʠ ʠʣʠ ʵʣʝʤʝʥʪʘ  (G0 = Gʚʭ). 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧ. ʘ) ʪʝʦʨʝʤʳ ʫʜʘʣʠʤ ʠʟ ʩʭʝʤʳ ʨʠʩ. 26, ʘ ʚʳʜʝʣʝʥ-

ʥʫʶ ʚʝʪʚʴ ʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʝʝ ʧʦʜʢʣʶʯʝʥʠʷ ʠʟʤʝʨʠʤ (ʨʘʩʩʯʠʪʘʝʤ) ʥʘʧʨʷ-

ʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ  Uxx = Va - Vb  (ʨʠʩ. 26, ʙ). 

ɺʢʣʶʯʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ c ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʴʶ ʜʚʘ ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʚʩʪʨʝʯʥʦ ʠʩʪʦʯʥʠʢʘ ʕɼʉ, ʨʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

( xx21 UEE == ) (ʨʠʩ. 26, ʚ). ʊʘʢʦʝ ʚʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʕɼʉ ʥʝ ʠʟʤʝʥʠʪ ʨʝʞʠʤ ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʪʘʢ ʢʘʢ ʠʭ ʜʝʡʩʪʚʠʝ ʚʟʘʠʤʥʦ ʢʦʤ-

ʧʝʥʩʠʨʫʝʪʩʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʧʨʝʜʝʣʠʤ ʪʦʢ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʧʦ ʧʨʠʥʮʠʧʫ ʥʘʣʦʞʝʥʠʷ, ʢʘʢ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʫʶ ʩʫʤʤʫ ʠʟ ʜʚʫʭ ʯʘʩʪʠʯʥʳʭ ʪʦʢʦʚ: ʘ) ʪʦʢʘ I¡, ʚʦʟʥʠʢʘʶʱʝʛʦ 
ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʜʝʡʩʪʚʠʷ ʕɼʉ 1E (ʨʠʩ. 26, ʛ); ʙ) ʪʦʢʘ I¡¡, ʚʦʟʥʠʢʘʶɦ ʝʛʦ 

ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʕɼʉ 2E ʠ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʦʞʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 
26, ʜ). 

ʏʘʩʪʠʯʥʳʡ ʪʦʢ ʚ ʩʭʝʤʝ ʨʠʩ. 26, ʛ ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʨʘʚʝʥ:  
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ʛʜʝ Rʚʭ ï ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʭʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ. 

 

ʏʘʩʪʠʯʥʳʡ ʪʦʢ ʚ ʩʭʝʤʝ ʨʠʩ. 26, ʜ ʨʘʚʝʥ ʥʫʣʶ I¡¡0, ʪʘʢ ʢʘʢ E2 = Uʭʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ ʨʝʞʠʤʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚʝʪʚʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʪʦʢ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʨʘʚʝʥ: 
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ʇʦʣʫʯʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʳ ʟʘʤʝʱʝ-

ʥʠʷ ʨʠʩ. 27, ʘ, ʛʜʝ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʥʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʛʝʥʝʨʘ-

ʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ E  ɻ = Uxx, RʚʚR =0 , ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ 

ʜʦʢʘʟʘʪʴ. 

ɻʝʥʝʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ (Eʕ, R0) ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ (Jʕ, G0) (ʨʠʩ. 27, ʙ) ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ: 
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ʇʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

(ʨʘʩʩʯʠʪʘʥʳ ʠʣʠ ʠʟʤʝʨʝʥʳ) ʥʝʟʘʚʠʩʠʤʳʤ ʧʫʪʝʤ, ʢʘʢ Jʕ = Iʢʟ, G0 = Gʚʭ, ʛʜʝ 

Iʢʟ - ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʪʦʢʘ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʝʤʳ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʛʝʥʝʨʘʪʦʨʝ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʤʝʪʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ) ʠʣʠ ʤʝʪʦʜʘ ʭʦʣʦʩʪʦ-

ʛʦ ʭʦʜʘ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʭ.ʭ. ʠ ʢ.ʟ.). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʘʣʛʦʨʠʪʤ) 

ʨʘʩʯʝʪʘ ʚʳʛʣʷʜʠʪ ʪʘʢ.  

1) ʋʜʘʣʷʶʪ ʠʟ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʚʳʜʝʣʝʥʥʫʶ ʚʝʪʚʴ, ʚʳʧʦʣʥʷʶʪ ʨʘʩʯʝʪ 

ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʣʶʙʳʤ ʤʝʪʦʜʦʤ ʠ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝ-

ʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ VbVaUxx -=  ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʜʝʣʝʥ-

ʥʦʡ ʚʝʪʚʠ. 

2) ʋʜʘʣʷʶʪ ʠʟ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʚʳʜʝʣʝʥʥʫʶ ʚʝʪʚʴ, ʟʘʢʦʨʘʯʠʚʘʶʪ ʚ 

ʩʭʝʤʝ ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ, ʚʳʧʦʣʥʷʶʪ ʨʘʩʯʝʪ ʦʩʪʘʚʰʝʡ-

ʩʷ ʯʘʩʪʠ ʩʣʦʞʥʦʡ ʩʭʝʤʳ ʣʶʙʳʤ ʤʝʪʦʜʦʤ ʠ ʦʧʨʝʜʝʣʷʶʪ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘ-

ʤʳʢʘʥʠʷ Iʢʟʘb ʚ ʟʘʢʦʨʦʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʜʝ-

ʣʝʥʥʦʡ ʚʝʪʚʠ. 

3) ʋʜʘʣʷʶʪ ʠʟ ʩʭʝʤʳ ʚʳʜʝʣʝʥʥʫʶ ʚʝʪʚʴ, ʚ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʩʭʝʤʳ 

ʫʜʘʣʷʶʪ ʚʩʝ ʠʩʪʦʯʥʠʢʠ (ʠʩʪʦʯʥʠʢʠ ʕɼʉ E ʟʘʢʦʨʘʯʠʚʘʶʪ, ʘ ʚʝʪʚʠ ʩ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʪʦʢʘ J ʫʜʘʣʷʶʪ ʠʟ ʩʭʝʤʳ), ʤʝʪʦʜʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪ 

ʩʚʝʨʪʢʫ ʧʘʩʩʠʚʥʦʡ ʩʭʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʝʢ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ 

ʚʝʪʚʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪ Rʚʭ. 

  ʘ                                                                             ʙ 
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4) ʉʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 27ʘ) ʠʣʠ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ (ʨʠʩ. 27, ʙ). 

5) ɺʳʧʦʣʥʷʶʪ ʨʘʩʯʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 27, ʘ ʠʣʠ ʨʠʩ. 27, ʙ) 

ʠ ʥʘʭʦʜʷʪ ʠʩʢʦʤʳʡ ʪʦʢ, ʥʘʧʨʠʤʝʨ: 
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- ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 27, ʘ; 
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Ö== - ʧʦ ʤʝʪʦʜʫ ʜʚʫʭ ʫʟʣʦʚ ʜʣʷ ʩʭʝʤʳ ʨʠʩ. 27, ʙ. 

ʊʘʢ ʢʘʢ ʤʝʞʜʫ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 0RJE ʕʕ Ö= , ʪʦ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʣʶʙʳʝ ʜʚʘ ʠʟ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʥʦ ʧ.ʧ. 1), 2), 3), ʘ ʪʨʝʪʠʡ ʧʘ-

ʨʘʤʝʪʨ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʇʨʠʤʝʨ. ɺ ʩʭʝʤʝ ʨʠʩ. 28 ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʦʚ (E1 =  

= 100 ɺ; E2 = 20 ɺ; E3 = 30 ɺ, E4 = 10 ɺ;  R1 = R2 = 40 ʆʤ; R3 = R4 = 20 ʆʤ;  

R5 = R6 = 10 ʆʤ) ʦʧʨʝʜʝʣʠʪʴ ʪʦʢ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ I6 ʤʝʪʦʜʦʤ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʵʪʘʧʥʦ. 

1) ʆʧʨʝʜʝʣʝʥʠʝ Uxx = Eʕ  ʚ ʩʭʝʤʝ ʨʠʩ. 29. 
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2) ʆʧʨʝʜʝʣʝʥʠʝ   Rʚʭ = R0 ʚ ʩʭʝʤʝ ʨʠʩ. 30. 
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3) ʈʘʩʯʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʨʠʩ. 31 ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʢʦʤʦʛʦ ʪʦʢʘ 

I6. 
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ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʪʦʢʘ ʚ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ ʩʣʦʞʥʦʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʘ 3). 

ʈʠʩ. 30 
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ʊ3. ʈɸʉʏɽʊ ʉʃʆɾʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎɽʇɽʁ  

ɺ ʄɸʊʈʀʏʅʆʁ ʌʆʈʄɽ 

1.ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʝʤʳ 

 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʕɺʄ ʠ ʠʭ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞ-

ʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ 

ʤʘʪʨʠʮ. 

ʉʭʝʤʘ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 32, ʘ) ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ 

(ʧʨʝʜʩʪʘʚʣʝʥʘ) ʥʘʧʨʘʚʣʝʥʥʳʤ ʛʨʘʬʦʤ (ʨʠʩ. 32, ʙ) ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶ-

ʱʠʭ ʫʩʣʦʚʠʡ: 

1) ʫʟʣʳ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʟʣʘʤ ʩʭʝʤʳ; 

2) ʚʝʪʚʠ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʪʚʷʤ ʩʭʝʤʳ; 

3) ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʚʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ 

ʩʭʝʤʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʃʶʙʘʷ ʯʘʩʪʴ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʛʨʘʬʦʤ. ʄʠʥʠʤʘʣʴʥʳʡ ʩʚʷʟʘʥʥʳʡ 

ʧʦʜʛʨʘʬ, ʩʦʝʜʠʥʷʶʱʠʡ ʚʩʝ ʫʟʣʳ ʛʨʘʬʘ ʠ ʥʝ ʦʙʨʘʟʫʶʱʠʡ ʢʦʥʪʫʨʦʚ, ʥʘʟr-

ʚʘʝʪʩʷ ʜʝʨʝʚʦʤ ʛʨʘʬʘ (ʥʘ ʩʭʝʤʝ ʛʨʘʬʘ ʜʝʨʝʚʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʞʠʨʥʦʡ ʣʠʥʠ-

ʝʡ). ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʨʘʬʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʥʦʞʝ-

ʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʜʝʨʝʚʴʝʚ, ʥʦ ʚ ʨʘʩʯʝʪʝ ʩʭʝʤʳ ʧʨʠʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʠʟ ʚʘʨʠ-

ʘʥʪʦʚ. ɺʝʪʚʠ ʛʨʘʬʘ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʜʝʨʝʚʦ, ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʷʤʠ ʠʣʠ 

ʭʦʨʜʘʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩ ʧʦʤʦʱʴʶ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʠʣʠ ʤʘʪʨʠʮ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʊʘʢʠʭ ʤʘʪʨʠʮ ʥʝʩʢʦʣʴʢʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ  
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 I2                                         I6                          I3 

I4        Z4         4          Z5        I5 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ:  [A] - ʤʘʪʨʠʮʘ ʩʦʝʜʠʥʝʥʠʡ çʫʟʣʳ-ʚʝʪʚʠè ʠ 

[B]- ʤʘʪʨʠʮʘ ʩʦʝʜʠʥʝʥʠʡ çʢʦʥʪʫʨʳ-ʚʝʪʚʠè.   

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʦʞʥʘʷ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ çmè ʚʝʪʚʝʡ ʠ çnè ʫʟʣʦʚ, ʧʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʝʪʚʝʡ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʫʟʣʦʚ: 
2

)1(
max

-Ö
=

nn
m . 

ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʩʦʝʜʠʥʝʥʠʡ çʫʟʣ -rʚʝʪʚʠè ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʩʣʝʜʫʶ-

ʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

1 ï ʚʝʪʚʴ ʚʳʭʦʜʠʪ ʠʟ ʫʟʣʘ, 

-1 ï  ʚʝʪʚʴ ʚʭʦʜʠʪ ʚ ʫʟʝʣ, 

0 ï ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʩ ʫʟʣʦʤ. 

ʊʘʙʣʠʮʘ 1 

 

ˉ ʫʟʣʘ  \  ̄  ʚʝʪʚʠ 1 2 3 4 5 6 

1 1 -1 0 1 0 0 

2 -1 0 -1 0 1 0 

3 0 1 1 0 0 -1 

4 0 0 0 -1 -1 1 

 

ʊʘʢ ʢʘʢ ʢʘʞʜʘʷ ʚʝʪʚʴ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʭʦʜ (-1) ʠ ʦʜʠʥ ʚʳʭʦʜ (+1), 

ʪʦ ʩʫʤʤʘ ʯʠʩʝʣ ʧʦ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʣʶʙʦʛʦ ʩʪʦʣʙʮʘ ʨʘʚʥʘ ʥʫʣʶ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 3 ʠʟ 4 ʩʪʨʦʢ ʪʘʙʣʠʮʳ. ʄʘʪʨʠ-

ʮʘ ʩʦʝʜʠʥʝʥʠʡ [A] ī çʫʟʣʳ-ʚʝʪʚʠè ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʪʘʙ-

ʣʠʮʳ ʧʫʪʝʤ ʚʳʯʝʨʢʠʚʘʥʠʷ ʣʶʙʦʡ ʩʪʨʦʢʠ (ʥʘʧʨʠʤʝʨ, ʩʪʨʦʢʠ ˉ 4): 

 

[]
100110

010101

001011

-

--

-

=A  

 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ []ɸ çʫʟʣʳ-ʚʝʪʚʠè ʨʘʚʥʘ ( )[ ]mn ³-1 , 

ʛʜʝ n-1 ï ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʫʟʣʦʚ, m ï ʯʠʩʣʦ ʚʝʪʚʝʡ. 

ʅʝʟʘʚʠʩʠʤʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʪʫʨʳ ʛʨʘʬʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʜʥʦʡ ʠʟ 

ʭʦʨʜ ʠ ʚʝʪʚʷʤʠ ʜʝʨʝʚʘ. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʯʠʩʣʫ ʭʦʨʜ ʛʨʘʬʘ: 3)1( =--= nmk , ʢʦʥʪʫʨʳ ʥʫʤʝʨʫʶʪʩʷ ʧʦ ʥʦʤʝʨʫ ʭʦʨʜʳ  

(1, 2, 3). ʅʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʭʦʨʜʳ, 

ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʵʪʦʛʦ ʢʦʥʪʫʨʘ. 

ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʩʦʝʜʠʥʝʥʠʡ çʢʦʥʪʫʨʳ-ʚʝʪʚʠè, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʩʣʝ-

ʜʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʚʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ,  

-1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʚʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ, 

0 - ʚʝʪʚʴ ʥʝ ʚʭʦʜʠʪ ʚ ʢʦʥʪʫʨ. 
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ʊʘʙʣʠʮʘ 2 
 

ˉ ʢʦʥʪʫʨʘ \ ˉ ʚʝʪʚʠ 1 2 3 4 5 6 

1 1 0 0 -1 1 0 

2 0 1 0 1 0 1 

3 0 0 1 0 1 1 
 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʪʘʙʣʠʮ rʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʩʦʝʜʠʥʝʥʠʡ [B] - 

çʢʦʥʪʫʨʳ-ʚʝʪʚʠè:  

 

[]
110100

101010

011001 -

=B  

 

ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ [B] ʨʘʚʥʘ [ ]mk³ ,  

ʛʜʝ )1( --= nmk  ï ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʦʚ, m ï ʯʠʩʣʦ ʚʝʪʚʝʡ. 

ɽʩʣʠ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ []ɸ ʠ []ɺ ʩʦʩʪʘʚʣʝʥʳ ʚʝʨʥʦ, ʪʦ ʜʦʣʞʥʦ ʚʳ-

ʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: [][] 0=Ö
T

AB . 

 

2. ʋʨʘʚʥʝʥʠʷ ʆʤʘ ʠ ʂʠʨʭʛʦʬʘ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ɽʩʣʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʦʞʥʦʡ ʩʭʝʤʝ ʩʦʜʝʨʞʘʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶ-

ʯʝʥʥʳʝ ʚʝʪʚʠ, ʪʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʘʪʨʠʮ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʠʝ ʚʝʪʚʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʘʤʝʥʠʪʴ (ʦʙʲʝʜʠʥʠʪʴ) ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚʝʪʚʴʶ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʶʙʘʷ k-ʘ ̫ʚʝʪʚʴ ʩʭʝʤʳ ʢʨʦʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ) 
ʢ

ʢ
G

R
1

=  ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʠʩʪʦʯʥʠʢ ʕɼʉ ɽʢ, ʠʩʪʦʯʥʠʢ ʪʦʢʘ Jʢ. 

ʉʭʝʤʘ ʠ ʛʨʘʬ ʦʙʦʙʱʝʥʥʦʡ ʚʝʪʚʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 33, ʘ, ʙ: 

 

 

 

 

 

 

 

 

 

 
 

ʊʦʢ ʚʝʪʚʠ Ivʢ, ʥʘʧʨʷʞʝʥʠʝ ʚʝʪʚʠ Uvʢ = V1 - V2. 

ʀʟ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʝʪʚʠ 21 )( VRJIvEV ʢʢʢk =Ö--=  ʩʣʝʜʫʶʪ 

ʫʨʘʚʥʝʥʠʷ ʆʤʘ ʜʣʷ k-ʦʡ ʚʝʪʚʠ: 

ʘ                                                                         ʙ 

 2 1 2           1 

Jʢ            Uvʢ 

    Ivʢ    (Ivʢ+Jʢ)       Eʢ       Rʢ 

ʈʠʩ. 33 



 43 

  
îý

î
ü
û

-Ö+Ö=

-Ö+Ö=

ʢʢʢʢʢʢ

ʢʢʢʢʢʢ

JEGUvGIv

EJRIvRUv

 

 

ɼʣʷ ʚʩʝʭ çmè ʚʝʪʚʝʡ ʩʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʧʦ ʵʪʦʡ ʬʦʨʤʝ: 

 

î
î
í
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mmmmmm EJRIvRUv
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ʇʨʝʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʠʟ çmè ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮ: 
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ʋʨʘʚʥʝʥʠʷ ʆʤʘ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʘʪ ʚʠʜ: 

 

[ ][][][][][]

[][][ ][][][]îý

î
ü
û

-Ö+Ö=

-Ö+Ö=

JEGUvGIv

EJRIvRUv

 

 

ʋʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ ʠʤʝʶʪ ʚʠʜ:  

0=äIv  - ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʜʣʷ ʫʟʣʦʚ,  

0=äUv  ī ʚʪʦʨʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʜʣʷ ʢʦʥʪʫʨʦʚ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʂʠʨʭʛʦʬʘ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʘʝʪʩʷ ʯʝʨʝʟ 

ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ []ɸ ʠ []ɺ: 

[][] 0=ÖIvA  ī (n ī 1) ʫʨʘʚʥʝʥʠʡ ʧʦ 1-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ, 

[][ ] 0B =ÖUv  ī (m ï n +1) ʫʨʘʚʥʝʥʠʡ ʧʦ 2-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ. 

- ʩʪʦʣʙʮʦʚʳʝ ʤʘʪʨʠ-

ʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʧʨʷʞʝʥʠʡ, ʪʦʢʦʚ, 

ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ 

ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ. 

- ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʡ ʠ ʧʨʦ-

ʚʦʜʠʤʦʩʪʝʡ. 
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ʉʦʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʠʪ ñmò ʥʝʠʟʚʝʩʪʥʳʭ ʪʦʢʦʚ ʠ 

ñmò ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʩʝʛʦ 2ñmò  ʥʝʠʟʚʝʩʪʥʳʭ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ. ʀʩʢʣʶʯʠʪʴ ʣʠʰʥʠʝ ʥʝʠʟʚʝʩʪʥʳʝ ʤʦʞʥʦ ʤʝʪʦʜʦʤ 

ʠʭ ʟʘʤʝʥʳ ʠʟ ʫʨʘʚʥʝʥʠʡ ʆʤʘ. 

ʉʜʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʫ ʚ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʥʘʧʨʷʞʝʥʠʡ [ ]Uv  ʠʟ 

ʫʨʘʚʥʝʥʠʡ ʟʘʢʦʥʘ ʆʤʘ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

 

[][]
[][][][][][][][]JRBEBIvRB

IvA

ÖÖ-Ö=ÖÖ

=Ö 0
 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʪʝ ʞʝ ʫʨʘʚʥʝʥʠʷ ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ: 

RJERIv

Iv

Öä-ä=Öä

=ä 0
 

ʉʜʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʫ ʚ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʪʦʢʦʚ []Iv  ʠʟ ʫʨʘʚʥʝʥʠʡ 

ʟʘʢʦʥʘ ʆʤʘ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

 

[][][ ][][][][][]
[][ ] 0=Ö

ÖÖ-Ö=ÖÖ

UvB

EGAJÀUvGA
 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʪʝ ʞʝ ʫʨʘʚʥʝʥʠʷ ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ: 

 
                     0

 

ý
ü
û

í
ì
ë

=ä

Öä-ä=Öä

Uv

GEJGUv
 

 

3. ʂʦʥʪʫʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ɺʚʦʜʠʤ ʧʦʥʷʪʠʷ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ Ik . ʂʦʥʪʫʨʥʳʝ ʪʦʢʠ ʟʘʤʳʢʘʶʪʩʷ ʧʦ 

ʢʦʥʪʫʨʘʤ-ʷʯʝʡʢʘʤ ʛʨʘʬʘ, ʠʤʝʥʫʶʪʩʷ ʧʦ ʠʤʝʥʠ ʭʦʨʜʳ, ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʭʦʨʜʳ. ʉʪʦʣʙʦʚʘʷ ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ:  

[]

ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é

ê

è

=

-- )1(

2

1

nm
Ik

kI

kI

kI
3  

 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʪʦʢʠ ʩʚʷʟʘʥʳ ʩ ʢʦʥʪʫʨʥʳʤʠ ʯʝʨʝʟ ʤʘʪʨʠʮʫ []ɺ: 

[][][] IkBIv
T
Ö=  

ɿʘʤʝʥʠʤ ʚ ʫʨʘʚʥʝʥʠʷʭ 2-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ ʜʣʷ ʪʦʢʦʚ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʝ ʪʦʢʠ [Iv] ʥʘ ʢʦʥʪʫʨʥʳʝ Ik, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʥ-

ʪʫʨʥʳʭ  ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

- ʩʠʩʪʝʤʘ ʠʟ ñmò ʫʨʘʚʥʝ-

ʥʠʡ ʂʠʨʭʛʦʬʘ ʜʣʷ ʥʘʧʨʷ-

ʞʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ. 

- ʩʠʩʪʝʤʘ ʠʟ ñmò  ʫʨʘʚʥʝʥʠʡ 

ʂʠʨʭʛʦʬʘ ʜʣʷ ʪʦʢʦʚ ʚ ʤʘʪ-

ʨʠʯʥʦʡ ʬʦʨʤʝ. 
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[][][][][][][][][]JRBEBIkBRB
T

ÖÖ-Ö=ÖÖÖ  

 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

[ ][][][]
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é
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=ÖÖ=
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R
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BRBRk
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[ ][][][][][]
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ù
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ê
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=ÖÖ-Ö=

....

2

1

Ek

Ek

JRBEBEk  - ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʕɼʉ. 

ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʦʙʦʙʱʝʥʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʦ-

ʣʫʯʠʪ ʚʠʜ: 

[ ][][ ]EkIkRk =Ö  

 

4. ʋʟʣʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ɺʚʦʜʠʤ ʧʦʥʷʪʠʝ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ Vu. ʇʦʪʝʥʮʠʘʣ ʧʦʩʣʝʜʥʝʛʦ n-ʛʦ 

ʫʟʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʨʦʢʘ ʚ ʤʘʪʨʠʮʝ [A] ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

0. ʉʪʦʣʙʦʚʘʷ ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ:  

[ ]
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ù
ù
ù

ú

ø

é
é
é
é

ê

è
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nV

V

V

Vu  

ʅʘʧʨʷʞʝʥʠʷ ʚʝʪʚʝʡ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʫʟʣʦʚ ʯʝʨʝʟ ʤʘʪʨʠʮʫ 

[]ɸ: 

[ ][][ ]VuAUv
T
Ö=  

 

ɿʘʤʝʥʠʤ ʚ ʫʨʘʚʥʝʥʠʷʭ 1-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ [ ][][ ]VuAUv
T
Ö= ,  , ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

 

[][][][ ][][][][][]EYAJAVuAGA
T

ÖÖ-Ö=ÖÖÖ  

 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

[ ][][][]
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- ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʧʨʦʚʦʜʠ-

ʤʦʩʪʝʡ, 

- ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 
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[ ][][][][ ][]
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Ju

Ju

EGuAJAJu  - ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʪʦʢʦʚ. 

ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʦʙʦʙʱʝʥʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʦʣʫ-

ʯʠʪ ʚʠʜ: 

[ ][ ][]JuVuGu =Ö  

 

5. ʈʘʩʯʝʪ ʩʣʦʞʥʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʣʦʞʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʧʘʨʘʤʝʪʨʳ ʝʝ ʵʣʝ-

ʤʝʥʪʦʚ. ʊʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʩʭʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʪʦʢʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ, ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ ʙʘʣʘʥʩ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨ-

ʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʕɺʄ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

1) ɸʥʘʣʠʟʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʳ. ɽʩʣʠ ʚ ʩʭʝʤʝ ʠʤʝʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʝ ʚʝʪʚʠ, ʪʦ ʠʭ ʟʘʤʝʥʷʶʪ ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚʝʪʚʴʶ. ɿʘʜʘʁ ʪʩʷ 

(ʧʨʦʠʟʚʦʣʴʥʦ) ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʩʭʝʤʳ. 

2) ɿʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʩʪʦʣʙʮʦʚʳʭ ʤʘʪʨʠʮ [E] ʠ [J], ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʪʚʝʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ [R], ʠʥʜʝʢʩʠʨʫʷ ʵʣʝʤʝʥʪʳ ʧʦ 

ʥʦʤʝʨʫ ʚʝʪʚʠ. 

3) ʉʦʩʪʘʚʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ ʩʭʝʤʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʦʤ 
ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ [ɸ] ʠ  [ɺ]. 

4) ʉʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

 

[Rk]Ŀ[Ik] = [Ek], 

 

ʛʜʝ   [Rk] = [B]Ŀ[R]Ŀ[B]T  ī ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

[Ek] = [B]Ŀ[E] Ƅ [B]Ŀ[R]Ŀ[J] ī ʤʘʪʨʠʮʘ ʢʦʥʪʫʨʥʳʭ ʕɼʉ. 

 

5) ʈʝʰʘʶʪ ʩʠʩʪʝʤʫ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʪʫʨʥʳʝ 

ʪʦʢʠ:      [Ik] = [Rk]-1 Ŀ [Ek]. 

6) ʆʧʨʝʜʝʣʷʶʪ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ:   

[Iv] = [B]T Ŀ [Ik] ī ʤʘʪʨʠʮʘ ʪʦʢʦʚ ʚʝʪʚʝʡ, 

[I] = [Iv] + [J] ī ʤʘʪʨʠʮʘ ʪʦʢʦʚ ʚ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ,   

[Uv] = [R] Ŀ [Iv] + [R] Ŀ [J] ī[E] ī ʤʘʪʨʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʝʪʚʷʭ,    

[U] = [Rv] + [E] ī ʤʘʪʨʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

7) ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʠ  ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ (k = 1...m): 

Ek = EkĿIk ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ,  

PJk = UvkĿIk ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ,  

Pk = UkĿIk ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʧʨʠʝʤʥʠʢʦʚ. 

8) ʇʨʦʚʝʨʷʶʪ ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ: PPJPE ä=ä+  
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ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʤʝʪʦ-

ʜʦʤ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʠ 4 ʠ 4ʘ). 

 

6. ʈʘʩʯʝʪ ʩʣʦʞʥʦʡ ʮʝʧʠ ʤʝʪʦʜʦʤ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ  

ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

 

ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʣʦʞʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʧʘʨʘʤʝʪʨʳ ʝʝ ʦʪ-

ʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʩʭʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ, ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ ʙʘʣʘʥʩ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʥʘ ʕɺʄ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

1) ɸʥʘʣʠʟʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʳ. ɽʩʣʠ ʚ ʩʭʝʤʝ ʠʤʝʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʝ ʚʝʪʚʠ, ʪʦ ʠʭ ʟʘʤʝʥʷʶʪ ʦʜʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʚʝʪʚʴʶ. ɿʘʜʘʶʪʩʷ 

(ʧʨʦʠʟʚʦʣʴʥʦ) ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʩʭʝʤʳ.  

2) ɿʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʩʪʦʣʙʮʦʚʳʭ ʤʘʪʨʠʮ [E] ʠ [J], ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʪʚʝʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʳ [R], ʠʥʜʝʢʩʠʨʫʷ ʵʣʝʤʝʥʪʳ ʧʦ 

ʥʦʤʝʨʫ ʚʝʪʚʠ. ʄʘʪʨʠʮʫ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠ-

ʮʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ: [G] = [R]ï1. 

3) ʉʦʩʪʘʚʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ ʩʭʝʤʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʦʤ 

ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ [ɸ] ʠ  [ɺ]. 

4) ʉʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ:  [Gu]Ŀ[Vu] = [Ju],  

ʛʜʝ   [Gu] = [A] Ŀ [G]  Ŀ [A]T ī ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ, 

[Ju] = [A] Ŀ [J] Ƅ [A] Ŀ [G] Ŀ [E] ī ʤʘʪʨʠʮʘ ʫʟʣʦʚʳʭ ʪʦʢʦʚ. 

 

5) ʈʝʰʘʶʪ ʩʠʩʪʝʤʫ ʫʟʣʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʳ ʫʟ-

ʣʦʚ: 

[Vu] = [Gu]ï1 Ŀ[Ju]. 

 

6) ʆʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʠ: 

[Uv] = [A]T Ŀ [Ju] ī ʤʘʪʨʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʝʪʚʷʭ, 

[U] = [Uv] + [E] ī ʤʘʪʨʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, 

[Iv] = [G] Ŀ [Uv] +[G]  Ŀ[E ī[J] ī ʤʘʪʨʠʮʘ ʪʦʢʦʚ ʚʝʪʚʝʡ, 

[I] = [Iv] + [J] ī ʤʘʪʨʠʮʘ ʪʦʢʦʚ ʚ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

7) ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʠ (k = 1...m): 

PEk = Ek Ŀ Ik  ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ, 

PJk = Uvk Ŀ Ik  ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, 

Pk = Uk Ŀ Ik  ī ʤʘʪʨʠʮʘ ʤʦʱʥʦʩʪʝʡ ʧʨʠʝʤʥʠʢʦʚ. 

ʇʨʦʚʝʨʷʶʪ ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ: PPJPE ä=ä+  

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʤʝʪʦ-

ʜʦʤ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʠ 4 ʠ 4ʘ). 
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ʊ4. ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʎɽʇʀ ʇɽʈɽʄɽʅʅʆɻʆ  

ʉʀʅʋʉʆʀɼɸʃʔʅʆɻʆ ʊʆʂɸ 

1. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ (ʥʘʧʨʷʞʝʥʠʝ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʝʛʦ ʚʝʣʠʯʠʥ  r

ʇʝʨʝʤʝʥʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʪʦʢ i(t) [ʥʘʧʨʷʞʝʥʠʝ u(t)], ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟ-

ʤʝʥʷʶʱʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʢʦʥʫ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

ʧʦʥʷʪʠʝ ñʧʝʨʝʤʝʥʥʳʡôô ʫʧʦʪʨʝʙʣʷʶʪ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ, ʘ ʠʤʝʥʥʦ: ʧʦʜ 

ʧʝʨʝʤʝʥʥʳʤ ʧʦʥʠʤʘʶʪ ʪʦʢ (ʥʘʧʨʷʞʝʥʠʝ), ʠʟʤʝʥʷʶʱʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 

 

i(t) = Im Ā sin(wt + yi),    u(t) = UmĀsin(wt + yu) 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠʤʝʶʪ ʚʠʜ ʨʠʩ. 34:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦ ʧʦʣʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʥʘʟʳʚʘʝʪʩʷ ʧʝ-

ʨʠʦʜʦʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ ʊ. ʏʠʩʣʦ ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʧʝʨʠʦʜʦʚ) ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʦʡ f: 

T
f

1
=   [ɻʮ] 

ʀʟ ʤʘʪʝʤʘʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʚʨʘʱʘʶʱʠʤʩʷ ʚʝʢʪʦʨʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ w. ɺ ʪʝʭʥʠ-

ʢʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ: 

 

w = 2pf = 
T

p2
   [ʩï1] ʠʣʠ [ʨʘʜ/ʩ]. 

 

j j             yi 

Im 

Um 

yu 

T 

u(t) 

i(t) 

t 

ʈʠʩ. 34 
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ɺ ʚʳʨʘʞʝʥʠʷʭ ʬʫʥʢʮʠʡ i(t)  ʠ  u(t) ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: 

u(t), i(t) ʠʣʠ u, i - ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ, ʪ.ʝ. ʠʭ ʟʥʘʯʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

Um, Im - ʘʤʧʣʠʪʫʜʥʳʝ (ʤʘʢʩʠʤʘʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ; 

(wt + y) - ʬʘʟʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

yu, yi ï ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʟʥʘʯʝʥʠʷ ʚ ʤʦ-

ʤʝʥʪ t = 0, ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ; 

j = yu - yi ï ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟ (ʨʘʟʥʦʩʪʴ ʥʘʯʘʣʴʥʳʭ ʬʘʟ) ʤʝʞʜʫ ʥʘʧʨʷ-

ʞʝʥʠʝʤ ʠ ʪʦʢʦʤ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ. 

ʉʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʦʨʤʘ ʜʣʷ ʬʫʥʢʮʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʝ ʫʪʚʝʨʞʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝ-

ʣʝʡ  ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʢ ʪʦʚʘʨʘ. 

ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʪʦʢʘ i = ImĀsinwt  ʯʝʨʝʟ ʣʶʙʦʡ ʣʠʥʝʡʥʳʡ ʵʣʝʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʝʛʦ ʟʘʞʠʤʘʭ ʪʘʢʞʝ ʙʫʜʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ, ʠ ʥʘʦʙʦʨʦʪ, ʧʨʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʪʦʢ ʪʘʢʞʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ. 

ʀʟ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʨʝʟʠʩʪʦʨʘ R ʩʣʝʜʫʝʪ: 

 

uR = RĀi=RĀImĀsinwt=UmĀsinwt. 

 

ʀʟ ʟʘʢʦʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʜʣʷ ʢʘʪʫʰʢʠ L ʩʣʝʜʫʝʪ: 

 

uL = - e = 
dt

di
L = wLĀImĀcoswt = UmĀsin(wt+90̄ ). 

 

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ ʩʣʝʜʫʝʪ: 

 

uC = t
C

I
dti

C

m w
w
-=Öñ cos

1
= UmĀsin(wt-90̄ ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʪʦʢʠ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʠʭ ʚʳʚʦʜʘʭ. 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪ-

ʨʘʩʣʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʦʯʝʥʴ ʚʝʣʠʢ: ʦʪ 10ï1 ɻʮ ʜʦ 109 ɻʮ. ɺ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʯʘʩʪʦʪʳ ʚ ɽʚʨʦʧʝ ʧʨʠʥʷʪʘ ʯʘʩʪʦʪʘ f = 50 ɻʮ 

(w = 2pf  = 314 cï1), ʘ ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ f = 60 ɻʮ (w = 377 ʩï1), ʚ ʜʨʫʛʠʭ 

ʩʪʨʘʥʘʭ ʚʦʟʤʦʞʥʳ ʦʙʘ ʚʘʨʠʘʥʪʘ ʠʣʠ ʦʜʠʥ ʠʟ ʥʠʭ. 

ʏʘʩʪʦʪʘ f = 50 ɻʮ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʪʦʨʠʯʝʩʢʠ ʥʘ ʟʘʨʝ 

ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʫʞʝ  ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʛʦʜʥʷʰʥʝʤʫ ʫʨʦʚʥʶ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ. ʆʧʪʠʤʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷ ʙʳʣʘ ʙʳ ʯʘʩʪʦʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 

150é200 ɻʮ. ʆʜʥʘʢʦ ʧʝʨʝʭʦʜ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤʠ 
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ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫ-

ʱʝʩʪʚʣʝʥ. 

 

2. ʉʨʝʜʥʝʝ ʠ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

 

ʉʨʝʜʥʝʝ ʠʣʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Fcp ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢ-

ʮʠʠ ʚʨʝʤʝʥʠ f(t)  ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ :  

dttf
T

F
T

ñ Ö=
0

cp )(
1

 

ʏʠʩʣʝʥʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Fʩʨ  ʨʘʚʥʦ ʚʳʩʦʪʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʨʘʚʥʦ-

ʚʝʣʠʢʦʛʦ ʧʦ ʧʣʦʱʘʜʠ ʬʠʛʫʨʝ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʠʚʦʡ f(t), ʦʩʴʶ t ʠ ʧʨʝʜʝʣʘ-

ʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0 ï ʊ  (ʨʠʩ. 35).  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

ɼʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʣʥʳʡ ʧʝʨʠʦʜ ʊ 

(ʠʣʠ ʟʘ ʮʝʣʦʝ ʯʠʩʣʦ ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ) ʨʘʚʥʦ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʧʣʦʱʘʜʠ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥ ʵʪʦʡ ʬʫʥʢʮʠʠ ʨʘʚʥʳ. ɼʣʷ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʝʝ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝ-

ʥʠʝ ʟʘ ʧʦʣʥʳʡ ʧʝʨʠʦʜ ʊ ʠʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ (ʊ/2) 

ʤʝʞʜʫ ʜʚʫʤʷ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʨʠʩ. 36) : 
 

Ucp =

T

2

1
ñ
2

0

T

UmĀsinwt dt = ñ
p

wÖw
w 0

)(sin
2

tdt
T

Um  =w-
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p
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T
T
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ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ ʜʣʷ ʪʦʢʘ:   m
m I

I
I 637.0

2
cp º

p
=  

 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʟʘ ʧʝʨʠʦʜ : 
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=Öw== ññ
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dttUm
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÷
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ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ ʜʣʷ ʪʦʢʘ: m
m I

I
I Öº= 707,0

2
 

 
 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʝ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʚ ʨʝʟʠʩʪʦʨʝ R ʟʘ 

ʚʨʝʤʷ ʊ, ʧʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ ʙʫʜʝʪ ʨʘʚʥʦ W = ñ
T

Rdti
0

2
 = I2RT, ʘ ʘʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʈ = 
T

W
 = I 2R. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ (ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨ-

ʛʠʠ, ʤʦʱʥʦʩʪʴ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ U ʠ 

ʪʦʢʘ I. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚʩʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠʥʷʪʦ ʚʳʧʦʣʥʷʪʴ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘ-

ʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʨʘʜʠʦʪʝʭʥʠʢʝ ʠ ʚ ʪʝʭʥʠʢʝ ʩʚʷʟʠ, ʥʘʦʙʦʨʦʪ, 

ʦʧʝʨʠʨʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʠʭ ʬʫʥʢʮʠʡ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʜʣʷ ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥ-

ʥʦʤʫ ʪʦʢʫ ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
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Um 
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ʉʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ : 

 

ʂʘ = 
I

I m
 = 

U

Um
2=  º 1,41- ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ, 

 

ʂʬ = 11,1
22cpcp

º
p

==
U

U

I

I
ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ. 

 

3. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

 

ʀʟ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʫʶ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ i(t) = ImĀsin(wt+a), ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚʨʘʱʘʶʱʠʤʩʷ 

ʚʝʢʪʦʨʦʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ : 

ʘ) ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʚ ʤʘʩʰʪʘʙʝ ʨʘʚʥʘ ʘʤʧʣʠʪʫʜʝ ʬʫʥʢʮʠʠ Im ;  
ʙ) ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʧʨʠ t = 0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʬʘ-

ʟʦʡ a; 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

ʚ) ʚʝʢʪʦʨ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w, ʨʘʚʥʦʡ ʫʛʣʦ-

ʚʦʡ ʯʘʩʪʦʪʝ ʬʫʥʢʮʠʠ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʘʟʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʝʢʮʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʝʢʪʦʨʘ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ y ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʭ - ʫ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t¡ ʨʘʚʥʘ ʤʛʥʦʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʬʫʥʢʮʠʠ i(t¡), ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

 

i = ImĀsin(wt + a) 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩʳ ʚ ʩʭʝʤʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʨʠʩ. 36. ʀʟʦʙʨʘʟʠʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʨʘʱʘʶʱʠʤʠʩʷ ʚʝʢʪʦʨʘʤʠ 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ t = 0 (ʨʠʩ. 37, ʘ). ʇʨʠ ʨʘʩ-

ʩʤʦʪʨʝʥʠʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʚ ʩʭʝʤʝ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢ-

w 
i(t¡) 

i(0) 

wt¡ 

a 

 Im 

x 
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ʮʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʘ, ʧʦɻ ʪʦʤʫ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʩʪʨʦʠʪʩʷ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʧʨʦʠʟʚʦʣʴʥʦ. ʎʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʦʜʠʥ ʠʟ ʚʝʢʪʦʨʦʚ ʧʨʠʥʷʪʴ ʥʘʯʘʣʴʥʳʤ ʠʣʠ ʠʩʭʦʜʥʳʤ ʠ ʩʦʚʤʝʩʪʠʪʴ 

ʝʛʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ (ʚʝʢʪʦʨ ɽ ʥʘ ʨʠʩ. 37, ʙ ʩʦʚʤʝ-

ʱʝʥ ʩ ʦʩʴʶ y), ʧʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʤʫ ʚʝʢʪʦʨʫ ʧʦʜ ʫʛʣʘʤʠ, ʨʘʚʥʳʤʠ ʠʭ ʩʜʚʠʛʘʤ ʬʘʟ. 

 

 
 

ʊʘʢ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʪʦ-

ʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʥʘ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʧʨʠʥʠʤʘʶʪ 

ʨʘʚʥʳʤʠ ʚ ʚʙrʨʘʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʭ ʜʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ (ʨʠʩ. 39, ʙ). 

 

 

 

 

 

 

 
 

 

 

                       

 

 

  

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦ-

ʮʝʩʩʳ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʚʳʙʨʘʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣʴʥʦʡ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʦʡ. 

             ʝ                   Z1   u     Z2  
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4. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʮʝʧʝʡ  

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

 

ʀʟ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ Z ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʬʦʨʤʘʭ: ʧʦʢʘʟʘʪʝʣʴʥʦʡ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ: 

 

( ) .sincos jbjZZeZ j +a=a+a== a
 

 

 

ɺ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʬʦʨʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʢ  ʜʨʫʛʦʡ ʣʝ-

ʞʠʪ ʠʟʚʝʩʪʥʘʷ ʠʟ ʤʘʪʝʤʘʪʠʢʠ ʬʦʨʤʫʣʘ ʕʡʣʝʨʘ:  a+a=a sincos jej
 

ɿʜʝʩʴ ʦʙʦʟʥʘʯʝʥʳ: 

j = 1-  ï ʤʥʠʤʦʝ ʝʜʠʥʠʯʥʦʝ ʯʠʩʣʦ, 

Z ï ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, 

a - ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, 

ʘ ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ, 

jb ï ʤʥʠʤʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʯʠʩʣʘ ʚʳʪʝʢʘʶʪ ʠʟ ʬʦʨʤʫʣʳ ʕʡʣʝʨʘ : 

a = ZĀcosa ;    b = ZĀsina ;    Z =
22 ba + ;    a = arctg

a

b
 . 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʯʠʩʣʝʥʥʳʝ ʩʦʦʪʥʦ-

ʰʝʥʠʷ:  

 

ej0 = 1;    e° j180̄  = -1;    e j90̄  = +j ;    eïj90̄  = -j ;   

 

1/j = -j ;    j2 = -1;    j3 = -j. 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ Z = Z eja = a + jb ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʦ ʚʝʢʪʦʨʦʤ 

ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 40), ʧʨʠ ʵʪʦʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ ʯʠʩʣʘ 

jbZ +a=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʢʘʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (a  x;  b  y), ʘ 

ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ ʯʠʩʣʘ 
a= jZeZ  - ʧʦʣʷʨʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (Z  r; 

a  q). 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʘʞʜʦʡ ʪʦʯʢʝ (ʚʝʢʪʦʨʫ) ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʠ ʥʘʦʙʦʨʦʪ, ʢʘʞʜʦ-

ʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʯʠʩʣʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʦʯʢʘ (ʚʝʢʪʦʨ) ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʧʦʢʘʟʘʪʝʣʴʥʘʷ                ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ           ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚʝʢʪʦʨʦʤ, 

ʘ ʚʝʢʪʦʨ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʪʘʥʦ-

ʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤ-

ʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ :  

 

i = ImĀsin(wt) Ú I = IĀej0 = I + jĀ0 

 

i = ImĀcos(wt) = ImĀsin(wt+90o)  Ú I = IĀej90 = 0 + jI  

 

i = ImĀsin(wt+ɣ) Ú I = IĀejɣ = a + jb 

 

ɿʜʝʩʴ Ú - ʦʟʥʘʯʘʝʪ ʟʥʘʢ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʘ ʚʳʨʘʞʝʥʠʷ ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ - ʢʦʤʧʣʝʢʩʥʝr ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ʇʨʠ ʟʘʤʝʥʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʦʨʠʛʠʥʘʣʦʚ) ʢʦʤʧʣʝʢʩ-

ʥʳʤʠ ʯʠʩʣʘʤʠ (ʠʟʦʙʨʘʞʝʥʠʷʤʠ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘ-

ʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. 

ʉʣʦʞʝʥʠʝ (ʚʳʯʠʪʘʥʠʝ) ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʣʛʝʙʨʘʠ-

ʯʝʩʢʦʡ ʬʦʨʤʝ 
 

1 2 1 1 2 2 1 2 1 2 1 2 2 1( ) ( ) ( ) ( ) ja jb a jb a a bb j a b a b a jb eaZ=Z +Z = + Ö + = - + + = + =Z 

 

ʋʤʥʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʢʘʢ ʚ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʡ, ʪʘʢ ʠ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʘʭ: 

 

1 2 1 1 2 2 1 2 1 2 1 2 2 1( ) ( ) ( ) ( ) ja jb a jb a a bb j a b a b a jb eaZ=Z ÖZ = + Ö + = - + + = + =Z 

 

1 2)1 2
(

1 2 1 2 1 2

jj j je e e e a jb
a aa a a+

Z=Z ÖZ =Z ÖZ =ZZ Ö =Z = + 

a,J Z, r 

a 

b 

+1 (x) 

+j (y) ïj 

ʈʠʩ. 40 
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ɼʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʚ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʡ, ʪʘʢ ʠ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʘʭ: 
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=
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jbaee
Z

Z

e

e jj

j

j

+=Z=Ö=
Z

Z
=

Z

Z
=Z

- aaa
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ɺʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ (ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ) ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ: 

 
ayy =Ö=Ö= jjnnnj ZeeMeMZ )(  

a
y

y =Ö=Ö= jjj ZeeMeMZ 2  

 

ʋʩʪʘʥʦʚʠʤ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. ʇʫʩʪʴ ʟʘʜʘʥʘ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ 

ʪʦʢʘ ʠ ʝʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ: 
 

y=Úy+w= j
m UeUtUtu )sin()(  

 

ʇʨʦʠʟʚʦʜʥʘʷ ʠ ʠʥʪʝʛʨʘʣ ʦʪ ʵʪʦʡ ʬʫʥʢʮʠʠ ʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʙʫʜʫʪ ʨʘʚʥʳ: 

 

;)90sin()cos( 90)90( UjeeUeUtUtU
dt

du jjj
mm Öw=Öw=ÖwÚ+y+wÖw=y+wÖw= y+y AAA

 

 

.)90sin()cos( 90)90(

w
=Ö

w
=

w
Ú-y+wÖ

w
=y+wÖ

w
-=Ö -y-y

ñ
j

U
ee

U
e

U
t

U
t

U
dtu jjjmm

AAA
 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚʨʝ-

ʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʫʤʥʦʞʝʥʠʝ ʝʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʤʥʦʞʠʪʝʣʴ jw, ʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʣʝ-

ʥʠʝ ʥʘ ʪʦʪ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ: 

 

;Uj
dt

du
wÚ               ñ

w
Ú .

1
U

j
udt  
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ɿʘʤʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 2-ʛʦ ʨʦʜʘ (ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ, ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʝ) ʦʧʝʨʘʮʠʷʤʠ 1-ʛʦ ʨʦʜʘ (ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ) ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʢʘʣʴʢʫʣʷʪʦʨʳ ʚ ʨʝʞʠʤʝ çcmplxè ʧʦʟʚʦʣʷ-

ʶʪ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʘʢ 

ʞʝ, ʢʘʢ ʩ ʦʙʳʯʥʤrʠ ʯʠʩʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʢʘʣʴʢʫʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʷ ʥʘʜ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʪʦʣʴʢʦ ʚ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ ( )a jbZ= +  ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʳʜʘʝʪ ʪʘʢʞʝ ʚ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʝ. ɽʩʣʠ ʠʩʭʦʜʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʟʘʜʘʥʳ ʚ ʧʦʢʘʟʘ-

ʪʝʣʴʥʦʡ ʬʦʨʤʝ ( )jeaZ=Z , ʪʦ ʧʦʩʣʝ ʠʭ ʚʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝ-

ʨʘʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɼʝʡʩʪʚʠʷ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʚ mathCAD ʚr ʧʦʣʥʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩ ʦʙʳʯʥʳ-

ʤʠ ʯʠʩʣʘʤʠ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚ 1910-1912ʛʛ. ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ʐʪʝʡʥʤʝʪʮʦʤ ʠ ʩʳʛʨʘʣ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

5. ʄʦʱʥʦʩʪʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

 

ɺ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 

R, L, C, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

ʘ) ʥʝʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫ-

ʛʠʝ ʚʠʜʳ (ʪʝʧʣʦʚʫʶ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʜʨ.), ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʥʳʤ; 

ʙ) ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʥʜʝʥʩʘʪʦʨʦʚ )
2

(
2

ʕ

ʉu
W = , ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʘʪʫ-

ʰʝʢ )
2

(
2

M

Li
W =  ʠ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʪʠʚʥʳʤ. 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʥʦ ʥʘʢʣʘ-

ʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʩʦʟʜʘʚʘʷ ʚ ʮʝʧʠ ʝʜʠʥʳʡ ʩʣʦʞʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. 

ʇʫʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʥʦʩʠʪ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʦʡ ʩʭʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʠʩʪʦʯʥʠʢʘ ʕɼʉ ʝ 

ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ R ʠ  L, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʨʠʩ. 41): 
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ʅʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʠ ʠʭ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʫʪ ʨʘʚʥʳ: 

 
0sin j

m UeUtUu =ÚwÖ= ; 

 
j-=Új-wÖ= j

m IeItIi )sin( . 

 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʘʛʘʝ-

ʤʳʭ: 

).()(

)2cos(
2
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2

)sin(sin)(

21 tptp

t
IUIU

tItUiutp mmmm
mm

+=

=j-w
Ö

+j
Ö

=j-wÖÖwÖ=Ö=

 
 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ù
ú

ø
é
ê

è
>j

Ö
= 0cos

2
)(1

mm IU
tp  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ (ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ù
ú

ø
é
ê

è
j-w

Ö
= )2cos(

2
)(2 t

IU
tp mm

 ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦ-

ʤʫ ʟʘʢʦʥʫ ʩ ʯʘʩʪʦʪʦʡ 2w ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ (ʨʝʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʠʝʤʥʠʢʝ ʚ ʜʨʫʛʠʝ ʚʠ-

ʜʳ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ P. ʄʘʪʝʤʘʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʛʥʦʚʝʥ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ: 
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ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ Q ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʤʝʥʘ ʵʥʝʨʛʠ-

ʝʡ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

.
2

sin max

2
2 wÖ=Öw=w=jÖ= W

LI
LIUIQ m

 

 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (j < 0) ʧʦʣʦʞʠʪʝʣʴʥʘ, ʘ 

ʝʤʢʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (j < 0) ʦʪʨʠʮʘʪʝʣʴʥʘ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʟʥʘʢʦʚ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʩʦʚʝʨʰʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. 
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ɺ ʪʝʭʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ S, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝ-

ʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

2 2S UI P Q= = + . 
 

ʄʦʱʥʦʩʪʠ S, P, Q ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʤʦʱʥʦʩʪʝʡ (ʨʠʩ. 42). 

 
ʍʦʪʷ ʬʠʟʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʤʦʱʥʦʩʪʝʡ S, P, Q ʦʜʠʥʘʢʦʚʘ, ʘ ʠʤʝʥʥʦ 

[ ]BA , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʚʦʷ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝ-

ʥʠʷ: ʜʣʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ P - ʚʘʪʪ [ ]Bʪ, ʜʣʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ Q - 

ʚʦʣʴʪʘʤʧʝʨ ʨʝʘʢʪʠʚʥʳʡ [ ]ʚʘʨ, ʜʣʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ S - ʚʦʣʴʪʘʤʧʝʨ [ ]BA . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦ-

ʢʘ ʜʦʣʞʥʳ ʙʘʣʘʥʩʠʨʦʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʘʢʪʠʚʥʳʝ ʠ ʨʝʘʢʪʠʚ-

ʥʳʝ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ:ä ä= ʧʨʠʩʪ PP  ʠ 

ä ä= ʧʨʠʩʪ QQ . ɹʘʣʘʥʩ ʜʣʷ ʧʦʣʥʳʭ ʤʦʱʥʦʩʪʝʡ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʤʦʱʥʦ-

ʩʪʠ S, P, Q ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ: 

 
**
Ö=Ö=+=+=+= IUZIIjXRIXjIRIjQPS )(222

 

 

ʛʜʝ I
*
- ʩʦʧʨʷʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʦʢʘ I . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ  

[] [ ]*Ö== IUModSModS  - ʤʦʜʫʣʴ  ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʱʥʦʩʪʠ; 

 

[] [ ]*Ö== IUSP ReRe  - ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ;  

 

[] [ ]*Ö== IUISIQ mm  - ʤʥʠʤʘʷ ʯʘʩʪʴ. 

S                            Q 

j 
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6. ʇʝʨʝʤʝʥʥʳʝ ʪʦʢ ʚ ʦʜʥʦʨʦʜʥʳʭ ʠʜʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʠʜʝʘʣʴʥʳʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʨʝʟʠʩʪʦʨ R, ʢʘ-

ʪʫʰʢʘ L ʠ ʢʦʥʜʝʥʩʘʪʦʨ C. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩʳ ʚ ʮʝʧʠ ʩ ʢʘʞʜʳʤ ʠʟ 

ʥʘʟʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʘ) ʎʝʧʴ ʩ ʠʜʝʘʣʴʥʳʤ ʨʝʟʠʩʪʦʨʦʤ R. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʴ ʢ ʮʝʧʠ  ʩ ʨʝʟʠʩʪʦʨʦʤ R (ʨʠʩ. 43, ʘ) ʧʨʠʣʦʞʝʥʦ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ: 
0sin)( j

m UeUtUtu =ÚwÖ= . 

 

ʊʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʨʝʟʠʩʪʦʨʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠ-

ʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʆʤʘ, ʪ. ʝ. 

 

0sinsin)( j
m

m IeItIt
R

U

R

u
ti =ÚwÖ=w== , 

 

ʛʜʝ 
R

U
I m

m= , 
R

U
I =  - ʫʨʘʚʥʝʥʠʷ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ. 

ʋʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ  000 =-=y-y=j iu , ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʚ ʮʝʧʠ ʩ ʨʝʟʠʩʪʦʨʦʤ R ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʘʟʝ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʚʝʱʝʩʪʚʝʥʥʳʤ: 
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ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʮʝʧʠ ʩ ʨʝʟʠʩʪʦʨʦʤ R ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ: 

 

0sinsinsin)( 2 ²wÖÖ=wÖÖwÖ=Ö= tIUtItUiutp mmmm  
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʮʝʧʠ ʩ ʨʝʟʠʩʪʦʨʦʤ R ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ (ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ R ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʥʘʟʳʚʘ-

ʝʪʩʷ ʘʢʪʠʚʥʳʤ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ u(t), i(t), p(t)  ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 44, ʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ - ʥʘ ʨʠʩ. 43, ʙ.  

 

 

ʈʠʩ. 44 

 

 

ʙ) ʎʝʧʴ ʩ ʠʜʝʘʣʴʥʦʡ ʢʘʪʫʰʢʦʡ L 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʴ ʢ ʮʝʧʠ ʩ ʠʜʝʘʣʴʥʦʡ ʢʘʪʫʰʢʦʡ L (ʨʠʩ. 45, ʘ) ʧʨʠʣʦʞʝʥʦ ʧʝʨʝ-

ʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ:  
0sin)( jUeUtUmtu =ÚwÖ=  
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ʊʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʢʘʪʫʰʢʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʯʝ-

ʩʢʠʤ ʟʘʢʦʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 
di

u e L
dt

=- = , ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ: 
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ʛʜʝ LXL=w   - ʠʥʜʫʢʪʠʚʥʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ,  

ʋʨʘʚʥʝʥʠʷ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʡ: 
LL

m
m

X

U
I

X

U
I == , . 

ʋʛʦʣ ʩʜʚʠʛʘ ʬʘʟ 0 ( 90 ) 90u ij y y= - = - - =, ʪ.ʝ. ʚ ʮʝʧʠ ʩ ʢʘʪʫʢhʦʡ 

L ʪʦʢ ʦʪʩʪʘʝʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ ʦʧʝʨʝʞʘʝʪ ʪʦʢ) ʥʘ ʫʛʦʣ 90 . 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʥʠʤʳʤ ʠ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ:

0
90

90
0 .

j
j

L L Lj

U Ue
X e jX

I Ie-
Z = = = = + 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʮʝʧʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ 

ʯʘʩʪʦʪʦʡ 2w: 

=w-wÖÖwÖ= ttItUtp mm )90sin(sin)( A
 

 

t
IU

t
IUIUm mmmmm w

Ö
-=-w

Ö
-

Ö
= 2sin

2
)902cos(

2
90cos

2

AA
 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʮʝʧʠ ʩ ʢʘʪʫʰʢʦʡ L ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʝʨʠʦ-

ʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʘʪʫʰʢʠ 
2

( )
2

m

Li
W =  ʠ ʠʩʪʦʯʥʠʢʦʤ (ʨʝʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ XL =wL ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʪʠʚʥʳʤ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ u(t), i(t), p(t)  ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 46, ʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ - ʥʘ ʨʠʩ. 45, ʙ. 
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ʈʠʩ. 46 

 

 

ʚ). ʎʝʧʴ ʩ ʠʜʝʘʣʴʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʴ ʢ ʮʝʧʠ ʩ ʠʜʝʘʣʴʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉ (ʨʠʩ. 47ʘ) ʧʨʠʣʦʞʝʥʦ ʧʝ-

ʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 
0sin)( jUeUtUmtu =ÚwÖ=  

ʊʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠ-

ʟʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ:  
ojom

m eIItt

C

U

dt

td
CU

dt

du
C

dt

dq
ti 90)90sin(Imcos

1

)(sin
)( Ö=Ú+wÖ=w

w

=
w

=== , 

ʛʜʝ CX
C
=

w

1
 - ʝʤʢʦʩʪʥʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  [ʆʤ]. 
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ʈʠʩ. 47 
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ʋʨʘʚʥʝʥʠʷ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʡ: 
CC X

U
I

X

Um
== ,Im  

ʋʛʦʣ ʩʜʚʠʛʘ ʬʘʟ 0 90 90u ij y y= - = - =-, ʪ. ʝ. ʚ ʮʝʧʠ ʩ ʢʦʥʜʝʥʩʘ-

ʪʦʨʦʤ ʉ ʪʦʢ ʦʧʝʨʝʞʘʝʪ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʧʨʷʞʝʥʠʝ ʦʪʩʪʘʝʪ ʦʪ ʪʦʢʘ) ʥʘ ʫʛʦʣ 

90Á. 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʥʠʤʳʤ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ:           C

j

Cj

j

C jXeX
Ie

Ue

I

U
Z -==== - 090

90

0

. 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʮʝʧʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ 

ʯʘʩʪʦʪʦʡ 2w: 

=+wÖÖwÖ= )90sin(sin)( AtItUtp mm  

 

t
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t
IUIU mmmmmm w

Ö
=+w

Ö
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Ö
= 2sin

2
)902cos(

2
)90cos(

2

AA
 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʮʝʧʠ ʩ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʉ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʝʨʠ-

ʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ 
2

( )
2

ʕ

Cu
W =  ʠ ʠʩʪʦʯʥʠʢʦʤ (ʨʝʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ 
C

XC
w
=

1
 ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢ-

ʪʠʚʥʳʤ. 

ʈʠʩ. 48 

ɻʨʘʬʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ u(t), i(t), p(t) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 48, ʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ï ʥʘ ʨʠʩ. 47, ʙ. 
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7. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ R, L ʠ C 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʴ ʚ ʟʘʜʘʥʥʦʡ ʩʭʝʤʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

R, L ʠ C (ʨʠʩ. 49) ʧʨʦʪʝʢʘʝʪ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ  
0sin)( j

m IeItIti =ÚwÖ= . 

ʇʦ 2-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʜʣʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ:  

1
R L C

di
u u u u iR L idt

dt C
= + + = + +ñ . 

ʊʦ ʞʝ ʫʨʘʚʥʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʠʪ ʚʠʜ:  

( ) ( ) ,R L C L C L CU U U U IR I jX I jX I R jX jX IZ= + + = + + - = + - = 

ʛʜʝ ( ) j

L CZ R j X X R jX Zej= + - = + = - ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

L CX X X= - - ʨʝʘʢʪʠʚʥʦʝ (ʵʢʚʠʚʘʣʝʥʪʥʦʝ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

2 2( )L CZ R X X= + -  - ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʣʠ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

L CX X
arctg

R
j

-
=  - ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʫʛʦʣ 

ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ. ʇʨʠ 

( ) 0L CX X- > ʬʘʟʥʳʡ ʫʛʦʣ ű > 0, ʧʨʠ ʵʪʦʤ  ʮʝʧʴ ʚ ʮʝʣʦʤ ʥʦʩʠʪ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʧʨʠ  ( ) 0L CX X- < ʠ ű < 0 ï ʮʝʧʴ ʚ ʮʝʣʦʤ ʥʦʩʠʪ 

ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʋʨʘʚʥʝʥʠʝ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

( )L C

U U
I

Z R j X X
= =

+ -
 - ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, 

 

2 2( )L C

U U
I

Z R X X
= =

+ -
 - ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ ʜʣʷ ʤʦʜʫʣʝʡ. 

 

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ű > 0 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 50. 
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ʈʠʩ. 49 



 66 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʧʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ 

ʚʠʜʳ ʚ ʨʝʟʠʩʪʦʨʝ R (ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ) ʠ ʚʟʘʠʤʥʳʡ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʘʪʫʰʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʠʩʪʦʯʥʠ-

ʢʦʤ ʵʥʝʨʛʠʠ (ʨʝʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ).  

 

8. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ  

ʵʣʝʤʝʥʪʦʚ R, L ʠ ʉ 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʴ ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ ʨʠʩ. 51 ʜʝʡʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 
0sin)( j

m UeUtUtu =ÚwÖ=  

ʇʦ 1-ʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʜʣʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʦʣʫʯʘ-

ʝʤ ʫʨʘʚʥʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ:  

1
R L C

U du
i i i i idt C

R L dt
= + + = + +ñ . 

ʊʦ ʞʝ ʫʨʘʚʥʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʠʪ ʚʠʜ:  
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L C
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ʛʜʝ ( ) j

L CY G j B B G jB Yej-= - - = - = - ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, 

1
G

R
=  - ʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, 

1
L

L

B
X
=  - ʨʝʘʢʪʠʚʥʘʷ ʠʥʜʫʢʪʠʚʥʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ,  
1

C

C

B
X
=  - ʨʝʘʢʪʠʚʥʘʷ ʝʤʢʦʩʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, L CB B B= -  

- ʨʝʘʢʪʠʚʥʘʷ (ʵʢʚʠʚʘʣʝʥʪʥʘʷ) ʧʨʦʚʦʜʠʤʦʩʪʴ, 
2 2( )L CY G B B= + -  - ʤʦʜʫʣʴ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ ʧʦʣʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, 
L CB B

arctg
G

j
-

=  - 

ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʠ ʪʦʢʦʤ ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ. ʇʨʠ ( ) 0L CB B- > ʠ ű > 0 ï ʮʝʧʴ ʚ ʮʝʣʦʤ ʥʦ-

ʩʠʪ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʧʨʠ ( ) 0L CB B- < ʠ ű < 0 ï ʮʝʧʴ ʚ ʮʝ-

ʣʦʤ ʥʦʩʠʪ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʋʨʘʚʥʝʥʠʝ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  

 

[ ]( )L CI U Y U G j B B= Ö = Ö - - - ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ; 

 
2 2( )L CI U Y U G B B= Ö = Ö + - - ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ ʜʣʷ ʤʦʜʫʣʝʡ. 

 

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ű > 0 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 52. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

ʅʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʧʠ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ (ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ) ʠ ʚʟʘʠʤʥʳʡ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ 

ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʘʪʫʰʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ (ʨʝʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ). 

+1 
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ïj 
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IR 

IC 

I IL 

IL IC +j  
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9. ɸʢʪʠʚʥʳʝ ʠ ʨʝʘʢʪʠʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʨʝʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʮʝʧʠ (ʧʨʠʝʤʥʠʢʠ, ʠʩʪʦʯʥʠʢʠ) ʟʘʤʝʥʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʭʝʤʘʤʠ ʟʘʤʝʱʝ-

ʥʠʷ, ʩʦʩʪʦʷɦ ʠʤʠ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʠʜʝʘʣʴʥʳʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ R, L ʠ ʉ. 

ʇʫʩʪʴ ʥʝʢʦʪʦʨʳʡ ʧʨʠʝʤʥʠʢ ʵʥʝʨʛʠʠ ʥʦʩʠʪ ʚ ʮʝʣʦʤ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ). ʊʘʢʦʡ ʧʨʠʝʤʥʠʢ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʧʨʦʩʪʝʡʰʠʤʠ ʩʭʝʤʘʤʠ ʟʘʤʝʱʝʥʠʷ, ʩʦʩʪʦʷ-

ʱʠʤʠ ʠʟ 2-ʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ R ʠ L: ʘ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ (ʨʠʩ. 53, ʘ) ʠ  

ʙ) ʧʘʨʘʣʣʝʣʥɹʦʡ (ʨʠʩ. 53, ʙ): 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʙʝ ʩʭʝʤʳ ʙʫʜʫʪ ʵʢʚʠʚʘʣʝʥʪʥʳ ʜʨʫʛ ʜʨʫʛʫ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʧʘ-

ʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʥʘ ʚʭʦʜʝ: UUU ¡¡=¡= , III ¡¡=¡= . 
 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 53, ʘ) ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ:  
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)( LjXRIZIU +Ö¡=Ö¡=¡ . 

 

ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 53, ʙ) ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ: 

)( LjBGUYUI -Ö¡¡=Ö¡¡=¡¡ , 
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ʉʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ  U ʠ I, ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ:  

2 2 2

R R
G

R X Z
= =

+
,  2 2 2

X X
B

R X Z
= =

+
, 2 2 2

G G
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G B Y
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+
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B B
X
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ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʦʙ-

ʝɦʤ ʩʣʫʯʘʝ 
1

R
G
¸   ʠ 

1
B

X
¸  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

1
R

G
¸  ʠ 

1
X

B
¸ , ʢʘʢ ʵʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʣʶʙʦʡ ʚʝʢʪʦʨ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʩʪʦʷʱʠʤ ʠʟ ʩʫʤ-

ʤ  rʥʝʩʢʦʣʴʢʠʭ ʚʝʢʪʦʨʦʚ ʠʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢ-

ʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ Uʘ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʚʝʢʪʦʨʦʤ ʪʦʢʘ I, ʠ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Uʨ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʚʝʢʪʦʨʫ ʪʦʢʘ (ʨʠʩ. 54, ʘ): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟ ʛʝʦʤʝʪʨʠʠ ʨʠʩ. 54, ʘ ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ:  

IRUU =jÖ= cosa ,  IXUU =jÖ= sinp ,   IZUUU =+=
2

p
2

a . 

ʊʨʝʫʛʦʣʴʥʠʢ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʚʝʢʪʦʨʦʚ U , aU , pU  ʧʦʣʫʯʠʣ ʥʘʟʚʘ-

ʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 54, ʘ). 

ɽʩʣʠ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʦʢ I, ʪʦ ʧʦʣʫ-

ʯʠʪʩʷ ʥʦʚʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʧʦʜʦʙʥʳʡ ʠʩʭʦʜʥʦʤʫ, ʥʦ ʩʪʦʨʦʥʘʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Z, ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R  ʠ ʨʝʘʢʪʠʚ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ X. ʊʨʝʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ Z, R, X  ʥʘʟʳʚʘʝʪʩʷ ʪʨʝ-

ʫʛʦʣʴʥʠʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʨʠʩ. 54, ʙ). ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ: R = ZÖcosű, X = ZÖsinű, 2 2Z R X= + , 
X

arctg
R

j= . 

ʇʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʪʦʢʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Iʘ, ʩʦʚʧʘ-

ʜʘʶʱʝʡ ʩ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ U, ʠ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ Iʨ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦʡ ʢ ʚʝʢʪʦʨʫ U (ʨʠʩ. 55, ʘ). 

ʀʟ ʛʝʦʤʝʪʨʠʠ ʨʠʩʫʥʢʘ ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ:  

GUII =jÖ= cosʘ ,    BUII =jÖ= sinʨ ,    YUIII =+=
2
ʨ

2
ʘ  . 

j j 

R 

Z 

X 

- j +j  

+1 

I 

Ua 

Up 
U 
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ʊʨʝʫʛʦʣʴʥʠʢ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʚʝʢʪʦʨʦʚ I , ʘI , ʨI  ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʦʢʦʚ (ʨʠʩ. 55, ʘ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɽʩʣʠ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʦʢʦʚ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʘʧʨʷʞʝʥʠʝ U, ʪʦ ʧʦ-

ʣʫʯʠʪʩʷ ʥʦʚʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʧʦʜʦʙʥʳʡ ʠʩʭʦʜʥʦʤʫ, ʥʦ ʩʪʦʨʦʥʘʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʠ: ʧʦʣʥʘʷ ï Y, ʘʢʪʠʚʥʘʷ - G, ʨʝʘʢʪʠʚʥʘʷ ï B (ʨʠʩ. 55, ʙ). 

ʊʨʝʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ Y, G, B ʥʘʟʳʚʘʝʪʩʷ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʧʨʦʚʦʜʠʤʦ-

ʩʪʝʡ. ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʩʣʝʜʫʶʪ ʩʦʦʪʥʦʰʝʥʠʷ:  

cosG Y j= ,  sinB Y j= ,  
2 2Y G B= + ,  

B
arctg

G
j= . 

ʈʘʟʣʦʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʥʘ ʘʢʪʠʚʥʳʝ ʠ ʨʝʘʢʪʠʚʥʳʝ ʩʦʩʪʘʚʣʷ-

ʶʱʠʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʨʘʚʥʠʪʝʣʥɹʦ ʥʝʩʣʦʞʥʳʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

10. ʇʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ ʘʢʪʠʚʥʦʛʦ ʜʚʫʭʧʦʣʶʩʥʠʢʘ (ʠʩʪʦʯʥʠʢʘ)  

ʢ ʧʘʩʩʠʚʥʦʤʫ ʜʚʫʭʧʦʣʶʩʥʠʢʫ (ʧʨʠʝʤʥʠʢʫ) 

 

ɼʚʫʭʧʦʣʶʩʥʠʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʯʘʩʪʴ ʩʭʝʤʳ (ʮʝʧʠ) ʩ 

ʜʚʫʤʷ ʚʳʚʦʜʘʤʠ (ʧʦʣʶʩʘʤʠ). ɽʩʣʠ ʚʥʫʪʨʠ ʜʚʫʭʧʦʣʶʩʥʠʢʘ ʩʦʜʝʨʞʘʪʩʷ ʠʩ-

ʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʪʦ ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʘʢʪʠʚʥʳʤ (A), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï 

ʧʘʩʩʠʚʥʳʤ (ʇ).  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʘʢʪʠʚʥʦʛʦ ʜʚʫʭ-

ʧʦʣʶʩʥʠʢʘ (ʠʩʪʦʯʥʠʢʘ) ʢ ʧʘʩʩʠʚʥʦʤʫ ʜʚʫʭʧʦʣʶʩʥʠʢʫ (ʧʨʠʝʤʥʠʢʫ) ʥʘ ʧʝ-

ʨʝʤʝʥʥʦʤ ʪʦʢʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ 

ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩ. 56). 
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ʇʦ ʟʘʢʦʥʫ ʆʤʘ ʪʦʢ ʚ ʩʭʝʤʝ ʨʘʚʝʥ: 
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ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ:  
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21

2
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2

2

2

2

2
)()( XXRR

RE
RIP

+++

Ö
=Ö= . 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ: PE=EÖI. 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʧʨʠʝʤʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ: ),( 222 XRfP = . ʀʩʩʣʝʜʫʝʤ ʵʪʫ 

ʬʫʥʢʮʠʶ ʥʘ ʤʘʢʩʠʤʫʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʋʩʣʦʚʠʝ ʧʝʨʚʦʝ: X2 = var, R2 = const: 
 

0)22(,0 212

2

2

2 =+-Ý= XXRE
dX

dP
 ʠʣʠ 12 XX -= . 

ʄʘʢʩʠʤʫʤ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʈ2max ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘ-

ʚʝʥʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʧʦ ʤʦʜʫʣʶ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠʭ ʧʦ ʟʥʘʢʫ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʠʩʪʦʯʥʠʢʘ ʥʦʩʠʪ ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʝʤʢʦʩʪʥʳʤ, ʠ ʥʘʦʙʦʨʦʪ. 

ʋʩʣʦʚʠʝ ʚʪʦʨʦʝ: R2 = var, X2 = const. 
 

0)22()(,0 212

22

21

2

2

2 =+-+Ý= RRRERRE
dR

dP
    ʠʣʠ 12 RR = . 

ʄʘʢʩʠʤʫʤ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʘʢʪʠʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ. 

ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʦʙʦʠʭ ʫʩʣʦʚʠʡ ʠ ʨʘʚʝʥ: 

1

2

2

21

22
2

4)(
max

R

E

RR

RE
P =

+
= . 

 

ɺ ʨʝʞʠʤʝ ʤʘʢʩʠʤʫʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʘʶʪ ʧʨʠʝʤʥʠʢʠ ʚ 

ʣʠʥʠʷʭ ʩʚʷʟʠ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ 

ʧʨʠʝʤʥʠʢʫ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʘʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ 
21

2

1

2

RR

R

P

P

+
==h  ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠʭ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ɺ ʨʝʞʠʤʝ ʤʘʢʩʠʤʫʤʘ 

ʤʦʱʥʦʩʪʠ (R2 = R1) ʂʇɼ ʧʝʨʝʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ 0,5. ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

(ʃʕʇ) ʨʘʙʦʪʘʶʪ ʩ ʂʇɼ h = 0,90é0,95, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʶ 

ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ (ʛʝʥʝʨʘʪʦʨʘ + ʃʕʇ)  

R2 / R1 = 10é20. 

ʅʘ ʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 57 ʧʦʢʘʟʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʨʠ  R2 = var,  ʍ2 = const: P2, h = f(R2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

11. ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ 

 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ P = UIcosj  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʠʤ ʵʥʝʨʛʠʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ. 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ Q = UIsinj ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʨʠʝʤʥʠʢʘ ʠ 

ʦʩʪʘʣʴʥʦʡ ʮʝʧʴʶ. ʕʪʘ ʤʦʱʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʘ ʧʨʠ ʠʥʜʫʢʪʠʚʥʦʤ ʭʘʨʘʢʪʝ-

ʨʝ ʧʨʠʝʤʥʠʢʘ (0j> ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘ ʧʨʠ ʝʤʢʦʩʪʥʦʤ ʭʘʨʘʢʪʝʨʝ (0j< ). ɺ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʦʙʣʘʜʘʶɦ ʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ʠʤʝʶʪ 

ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ (0j> ) ʠ ʧʦʪʨʝʙʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝ-

ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ 0>LQ . ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʪʘʢʠʤ ʧʨʠʝʤʥʠ-

ʢʘʤ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ 

0<CQ  ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʶʱʠʭʩʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʥɦʦʩʪʠ 

ʜʣʷ ʧʨʠʝʤʥʠʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ (ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ) ʩʫʤʤʘʨʥʫʶ ʨʝʘʢ-

ʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ: CL QQQ -= . 

P2 

Pmax 
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ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʫʤʝʥʴʰʠʪʴ ʧʦʪʨʝʙʣʷʝʤʳʡ ʦʪ ʩʝʪʠ ʪʦʢ: 

U

QQP
I

CL

22 )( -+
= . 

ʉʭʝʤʘ ʮʝʧʠ ʚ ʨʝʞʠʤʝ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 58. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʤʢʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʦʪʨʝʙʣʷʝʤʳʡ ʠʤ ʪʦʢ CUIC wÖ= 2 . ʊʦʢ ʣʠ-

ʥʠʠ, ʨʘʚʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 

( CIII += 21 ), ʚʥʘʯʘʣʝ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ (ʧʨʠ QL>QC), ʜʦʩʪʠʛʥʝʪ ʩʚʦʝʛʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

22min1 cosj== IIaI , ʘ ʟʘʪʝʤ ʥʘʯʥʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠ QC > QL (ʨʠʩ. 59). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟ ʛʝʦʤʝʪʨʠʠ ʨʠʩ. 59 ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ: 
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)tgtg(tgtg 2222 j¡-j=j¡Ö-jÖ=¡
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ʊʦʪ ʞʝ ʪʦʢ ʠʟ ʟʘʢʦʥʘ ʆʤʘ: 
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2
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ʀʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʚʳʪʝʢʘʝʪ ʬʦʨʤʫʣʘ ʜʣʷ 

ʨʘʩʯeʪʘ ʝʤʢʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ  tgj2  ʜʦ ʟʘʜʘʥʥʦʛʦ tgj2¡: 

 

)tgtg(
10

222

6

j¡-j
w

Ö
=¡

U

P
C  [ʤʢʌ]. 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʥʦʩʠʪ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Xʃ >> Rʃ), 

ʧʦʵʪʦʤʫ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʠʥʠʠ Uʃ = IĀ(Rʃ + jXʃ) ʧʦʯʪʠ ʥʘ 90
o ʦʧʝʨʝ-

ʞʘʝʪ ʪʦʢ. ʅʘ ʨʠʩ. 58 ʧʦʢʘʟʘʥʦ ʩʝʤʝʡʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʪʦʢʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʉ = var ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʯʘʣʝ ʣʠʥʠʠ 1U const= . 

ʀʟ ʘʥʘʣʠʟʘ ʩʝʤʝʡʩʪʚʘ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ ʨʠʩ. 58 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠ-

ʯʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʚʳʰʘʝʪ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʚʳʚʦʜʘʭ ʥʘʛʨʫʟʢʠ (U2¡¡¡> U2¡¡> U2¡), ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʠ-

ʥʠʠ DU = U1 ï U2 ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʫʢʘʟʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ U2 = f(C) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʚʦʜʘʭ (ʰʠʥʘʭ) 

ʥʘʛʨʫʟʢʠ U2 = const ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʨʝʰʘʶʪʩʷ ʜʚʝ ʚʘʞʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝ-

ʨʝʜʘʯʠ (
2

ʃ ʃP I R= ) ʠ ʧʦʚʳʰʝʥʠʝ ʝʝ ʂʇɼ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʪʦʢʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʳʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʢʦʥʮʝ ʣʠʥʠʠ, ʧʦʜʜʝʨʞʘʥʠʝ ʝʛʦ ʥʘ 

ʟʘʜʘʥʥʦʤ ʥʦʤʠʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ.  
 

12. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠʤʝʥʠʤʳ ʚʩʝ 

ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʣʷ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʘ ʠʤʝʥʥʦ: 

ʘ) ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʚʝʨʪʢʠ) ʩʭʝʤʳ; 

ʙ) ʤʝʪʦʜ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ; 

ʚ) ʤʝʪʦʜ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ; 

ʛ) ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ; 

ʜ) ʤʝʪʦʜ ʜʚʫʭ ʫʟʣʦʚ; 

ʝ) ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʟʘʜʘʶʪʩʷ ʚ 

ʢʦʤʧʣʝʢʩʥʦʡ  ʬʦʨʤʝ. ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠ ʧʨʠʝʤʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʩʠʥʫ-

ʩʦʠʜʘʣʴʥʳʝ ʧʦ ʬʦʨʤʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʟʘʤʝʥʷʶʪ ʠʭ ʢʦʤʣʝʢʩʥʳʤʠ ʜʝʡ-

ʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʬʦʨʤʝ 
a=Úa+wÖ= je

Em
EtEmte

2
)sin()( , ʚʩʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢʞʝ ʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ 
y= jUeU , ʘ ʜʣʷ ʤʦʱʥʦʩʪʝʡ ī ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ 

ʬʦʨʤʝ jQPS += . ɺ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɽʩʣʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘʥʝʩʪʠ ʢʦʦʨʜʠʥʘ-

ʪʳ ʚʩʝʭ ʪʦʯʝʢ ʩʭʝʤʳ, ʘ ʟʘʪʝʤ ʩʦʝʜʠʥʠʪʴ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʦʪʨʝʟʢʘʤʠ ʪʦʯʥʦ ʪʘʢ, ʢʘʢ ʦʥʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʪʦ ʧʦʣʫʯʠʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʜʠʘʛʨʘʤʤʫ ʧʦʪʝʥʮʠʘ-

ʣʦʚ. ʅʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʞʥʦ ʛʨʘʬʠʯʝʩʢʠ ʦʧʨʝ-

ʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʤrʠ ʪʦʯʢʘʤʠ, ʜʣʷ 

ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʦʝʜʠʥʠʪʴ ʚʳʙʨʘʥʥʳʝ ʪʦʯʢʠ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ, ʧʨʠ ʵʪʦʤ 

ʜʣʠʥʘ ʦʪʨʝʟʢʘ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʨʘʚʥʘ ʤʦʜʫʣʶ, ʘ ʫʛʦʣ ʩ ʚʝʱʝʩʪʚʝʥ-

ʥʦʡ ʦʩʴʶ ī ʘʨʛʫʤʝʥʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. 
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ʈʘʩʯʝʪ ʮʝʧʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʦʩʪʨʦ-

ʝʥʠʝʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʚʝʢʪʦʨ-

ʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʪʦʢʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ  ʩʣʦʞʥʦʡ ʮʝʧʠ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʪʝʥʮʠʘʣʦʚ ʠ 

ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʪʦʢʦʚ. ɺʩʝ ʦʧʝʨʘʮʠʠ ʨʘʩʯʝʪʘ ʚʳʧʦʣʥʝʥʳ ʥʘ ʕɺʄ ʚ 

MathCAD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʘʜʘʥʘ ʩʭʝʤʘ ʮʝʧʠ (ʨʠʩ. 61) ʠ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʬʦʨʤʝ: 

 

 

 

 

 

 

 

 

 

 

 

E

146e
j 28Ö deg

152e
j- 35Ö deg

0

å
æ
æ
æ
ç

õ
ö
ö
ö
÷

VÖ:=  
Z

48 31j+

43 22j-

56 32j-

å
æ
æ
ç

õ
ö
ö
÷

W:=  

ʈʘʩʯʝʪ ʩʭʝʤʳ ʤʝʪʦʜʦʤ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ: 

V2 0:= V1

E1

Z1

E2

Z2
+

1

Z1

1

Z2
+

1

Z3
+

:=  V1 120.727V=  

Va V2 E1+:=  Va 146V=  arg Va( ) 28deg=  

Vb V2 E2+:=  Vb 152V=  arg Vb( ) 35- deg=  

I 1

V2 V1- E1+

Z1
:=  I 2

V2 V1- E2+

Z2
:=  I 3

V1 V2-

Z3
:=  

arg V1( ) 15.835- degÖ=  

 X3 

n 
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E1                                          f            U3                                  E2 

U1               R3          I3            U2 

 a      I1      R1                X1     c       R2              X2         I2   b 
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ʈʠʩ. 62 

 

ʊ5. ʈɽɿʆʅɸʅʉ ɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎɽʇʗʍ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʟʦʥʘʥʩʘ 

 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʠ ʢʦʥ-

ʜʝʥʩʘʪʦʨʳ C, ʚʦʟʤʦʞʥʳ ʩʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʘʪʫʰʢʠ 
2

2Li
WM =  ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ 
2

2Cu
Wʕ= . ʋʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ wo, ʥʘʟʳʚʘʝʤʳʭ  

arg I( )

49.975

54.137-

13.91

å
æ
æ
ç

õ
ö
ö
÷

degÖ=  I
½

1.79

1.136

1.872

å
æ
æ
ç

õ
ö
ö
÷

A=  

ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ  ʜʠʘʛʨʘʤʤʘ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʪʦʢʦʚ (ʨʠʩ. 62). 

V 0 Va V1 0 Vb V1( )
T

:=  J 0 I 1 0 I 2 0 I 3( )T:=  

100 80 60 40 20 0 20- 40- 60- 80- 100-

20-

20

40

60

80

100

120

140

Re V( )

Re J( ) 50Ö

Im V( ) Im J( ) 50Ö, 
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ʩʚʦʙʦʜʥʳʤʠ ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʮʝʧʠ ʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ R, L ,C. 

ʈʝʟʦʥʘʥʩʥʳʤ ʨʝʞʠʤʦʤ ʮʝʧʠ ʠʣʠ ʧʨʦʩʪʦ ʨʝʟʦʥʘʥʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʷʚʣʝ-

ʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʵʥʝʨʛʠʠ ʚ ʮʝʧʠ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ wo ʩ ʯʘʩʪʦ-

ʪʦʡ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ w, ʩʦʦʙʱʘʝʤʳʭ ʮʝʧʠ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ  

(wo = w). 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʧʦʣʷʤʠ ʟʘʤʳʢʘʶʪʩʷ ʚʥʫʪʨʠ ʮʝʧʠ, ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʠʩʪʦʯ-

ʥʠʢʦʤ ʠ ʮʝʧʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚʩʷ ʧʦʩʪʫʧʘʶʱʘʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʷ ʧʨʝ-

ʦʙʨʘʟʫʝʪʩʷ ʚ ʜʨʫʛʠʝ ʚʠʜʳ, ʪ.ʝ. ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʪʦʯ-

ʥʠʢʫ ʵʥʝʨʛʠʠ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʯʠʩʪʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R (ʘʢʪʠʚʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ G). ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʫʩʣʦʚʠʝ ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ, ʘ ʠʤʝʥʥʦ: 

ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʭʦʜʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʭʝʤʳ ʩʦ 

ʩʪʦʨʦʥʳ ʚʳʚʦʜʦʚ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʦʣʞʥʘ ʥʦʩʠʪʴ ʯʠʩʪʦ ʘʢʪʠʚʥʳʡ ʭʘ-

ʨʘʢʪʝʨ:  

Zʚʭ = Rʚʭ;   Yʚʭ = Gʚʭ;   Xʚʭ = 0;   Bʚʭ = 0; 

 

ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ:      Im[Zʚʭ] = 0,     Im[Yʚʭ] = 0. 

 

2. ʈʝʟʦʥʘʥʩ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʝʟʦʥʘʥʩ ʚ ʮʝʧʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ʠ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ L ʠ C ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʮʝʧʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 63. 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʭʝʤʳ: ( ) RXXjRZ CL =-+=ʚʭ . 

ʋʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ ʥʘʧʨʷʞʝʥʠʡ: Xʕ = XL - XC = 0  ʠʣʠ  0
1
=

w
-w

C
L ,  

ʦʪʢʫʜʘ  w0 = 
LC

1
 - ʨʝʟʦʥʘʥʩʥʘʷ ʠʣʠ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ. 

u e 

        uR                 uL                uC 

     i            R                   L               C      
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ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ ʚ ʮʝʧʠ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ L ʠ C ʠʣʠ ʯʘʩʪʦʪʳ ʠʩ-

ʪʦʯʥʠʢʘ w. 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʭʝʤʳ ʠʤʝʝʪ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʨʘʚʥʦ ʘʢʪʠʚʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ: 
 

( )22

CL
XXRZ -+= = R, 

 

ʘ ʪʦʢ ʤʘʢʩʠʤʘʣʝʥ ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ ʬʘʟʝ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ: I = E / R; 

j = 0. 

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 64. 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ, ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳ ʧʦ ʬʘʟʝ ʠ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ: 

R

X
UjjXIU L

LL == ;   ( )
R

X
UjjXIU C

CC -=-= , 

ʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʦ ʥʘʧʨʷʞʝʥʠʶ ʠʩʪʦʯʥʠʢʘ: UR = IR = U = E. 

ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ 
R

X
U

R

X
UUU CL

CL ===  

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ U = ɽ ʧʨʠ ʫʩʣʦ-

ʚʠʠ, ʯʪʦ XL = XC >>  R. 

ɺʳʷʩʥʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʮʝʧʠ ʚ ʨʝʟʦʥʘʥʩ-

ʥʦʤ ʨʝʞʠʤʝ. ʇʫʩʪʴ ʚ ʮʝʧʠ ʧʨʦʪʝʢʘʝʪ ʪʦʢ i =  Imsinwt, ʪʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʝ ʩʦʩʪʘʚʠʪ: 

t
C

L
It

C
LC

I
t

C

I
dti

C
u m

mm
C w=w

Ö

=w
w
=Ö= ñ coscos

1
cos

1
. 

ʉʫʤʤʘ ʵʥʝʨʛʠʡ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ ʨʘʚʥʘ: 

const.
2

cossin
222

2
222

222

=
Ö

=w+w
Ö

=+=+= m
m

m
ʕM

IL
tI

C

L
Ct

ILCuLi
WWW  

+1 

ïj 

I 

UL 

UC 

U = UR 

UC UL 
+j  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘ ʵʥʝʨʛʠʡ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ 

ʨʘʚʥʘ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʧʦʣʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ, ʩʫʤʤʘʨʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦ, ʘ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʮʝʧʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʶʱʘʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʜʨʫʛʠʝ ʚʠʜʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ R, L, 

C ʚ ʪʝʭʥʠʢʝ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫ-

ʨʘ. ʉʚʦʡʩʪʚʘ ʪʘʢʦʡ ʮʝʧʠ ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʣʝ-

ʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 
LC

1
0=w  - ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, r = 

C

L

C
L =
w
=w

0
0

1  - 

ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 
R

Q
r
=  - ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ. 

ʏʝʤ ʙʦʣʴʰʝ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ Q, ʪʝʤ ʚʳʨʘʟʠʪʝʣʴʥʝʝ ʧʨʦʷʚʣʷʶʪʩʷ 

ʚ ʥʝʤ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥ-

ʪʘʭ ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ Q ʨʘʟ: UL = UC = UQ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʠʩʪʦʯʥʠʢʘ w = var ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʪʦʢ ʚ 

ʮʝʧʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. 

ʏʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʪʫʨʘ ʥʘʟʳʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʯʘʩʪʢʦʚ ʦʪ ʯʘʩʪʦʪʳ XL = wL,  

XC =
Cw

1
,   X = XL - XC,     Z = ( )2CL XXR ++  (ʨʠʩ. 61). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʟʦʥʘʥʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʯʘʩʪʦʪʳ: UL, UC, I, j = f(w) (ʨʠʩ. 66). 

  0                                          1                                      2    
w /wo 

X=XL-XC 

Z 
XL 

  R 

XC 
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ʇʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʫʨʘ ʥʘʟʳʚʘʶʪ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ 

Dw = w1 - w2, ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʡ ʪʦʢ I ʚ 2  ʨʘʟ ʤʝʥʴʰʝ ʩʚʦʝʛʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. I = 0,707Imax. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʥʪʫʨʘ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʜʦʙʨʦʪʥʦʩʪʠ: Dw =
Q

1
. ʅʘ ʨʠʩ. 67 ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʤʝʡʩʪʚʦ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦʙʨʦʪʥʦʩʪʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʦʥʘʥʩ ʥʘʧʨʷʞʝʥʠʡ ʥʘʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ 

ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʪʝʭʥʠʢʠ ʩʚʷʟʠ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʘ 

-90
o 

E 

90o 

0                                      1                                         2  

j 

I UL 

UC 

w /wo 

ʈʠʩ. 66 

U, I, j 

0,707 

0                                   1                                           2  

Q = 10 

Q = 1 

Q = 5 

w /wo 

ʈʠʩ. 67 

 I / Imax 

Dw 

1 
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ʥʘʧʨʷʞʝʥʠʡ ʠʟ-ʟʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʝʤʫ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʛʝʥʝʨʘʪʦʨʫ 

ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ, ʥʝ ʟʘʤʢʥʫʪʦʡ ʥʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʥʘ 

ʥʘʛʨʫʟʢʫ (ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ), ʚʩʷ ʮʝʧʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʨʝʟʦʥʘʥʩ-

ʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʤʦʛʫʪ ʧʦ-

ʚ̫ʠʪʴʩʷ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

 

3. ʈʝʟʦʥʘʥʩ ʪʦʢʦʚ 

 

ʈʝʟʦʥʘʥʩ ʚ ʮʝʧʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ 

ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ L ʠ C ʧʦʣʫʯʠʣ  ʥʘʟʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʪʦʢʦʚ. ʇʨʦʩʪʝʡ-

ʰʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʮʝʧʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 68. 

 

 

 

 

 

 

 

 

 

 

 

ʂʦʤʧʣʝʢʩʥʘʷ ʚʭʦʜʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʭʝʤʳ: 

 

( )GBBjGY
CLBX =+-= . 

 

ʋʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ ʪʦʢʦʚ: 0=-= CLʕ BBB  ʠʣʠ  0
1

=w-
w

C
L

, ʦʪʢʫʜʘ 

LC

1
0=w  - ʨʝʟʦʥʘʥʩʥʘʷ (ʩʦʙʩʪʚʝʥʥʘʷ) ʯʘʩʪʦʪʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ ʚ ʮʝʧʠ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ L ʠ C  ʠʣʠ ʯʘʩʪʦʪʳ ʠʩ-

ʪʦʯʥʠʢʘ w. 

ɺ ʨʝʟʦʥʘʥʩʥʦʤ ʨʝʞʠʤʝ ʧʦʣʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʭʝʤʳ ʨʘʚʥʘ ʘʢʪʠʚʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: ( )22

CL
BBGY -+=  = G, 

ʘ ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʝʥ ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ ʬʘʟʝ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʠʩ-

ʪʦʯʥʠʢʘ (j = 0): I =  UY = UG. 

ʊʦʢʠ ʚ ʚʝʪʚʷʭ ʩ ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ IL = U(-jBL),  IC = U(jBC) 

ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʬʘʟʝ ʠ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʘ 

ʪʦʢ ʚ ʨʝʟʠʩʪʦʨʝ G ʨʘʚʝʥ ʪʦʢʫ ʠʩʪʦʯʥʠʢʘ (I = IG = UG). ʈʘʚʥʳʝ ʧʦ ʤʦʜʫʣʶ 

ʪʦʢʠ ʚ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ IL = I C ʤʦʛʫʪ  ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʪʦʢ 

ʠʩʪʦʯʥʠʢʘ I ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ BL = BC >> G . 

  E               U                  R                        L                        C     

  I                         IR                        IL                     IC  
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ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 69. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ G, L ʠ C 

ʚ ʪʝʭʥʠʢʝ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʉʚʦʡʩʪʚʘ ʪʘʢʦʡ ʮʝʧʠ ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʣʝʜʫʶ-

ʱʠʝ ʧʘʨʘʤʝʪʨʳ: 
LC

1
0=w  - ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ; 

L

C
C

L
=w=

w
=g 0

0

1
 - 

ʚʦʣʥʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ; 
G

Q
g
=  - ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ. 

ʈʝʟʦʥʘʥʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 70. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʟʦʥʘʥʩ ʪʦʢʦʚ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ  ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʪʝʭʥʠ-

ʢʠ ʠ ʪʝʭʥʠʢʠ ʩʚʷʟʠ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʧʦʤʦʱʴ ʁʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʧʦ ʩʫʪʠ ʜʝʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʨʦ-

ʧʨʠʷʪʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʟʦʥʘʥʩ ʪʦʢʦʚ.  

ʈʠʩ. 70 

I 

  0                                          1                                         2    
w /wo 

I 

IC 

IL 

  IG 

ʈʠʩ. 69 
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IC 
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4. ʈʝʟʦʥʘʥʩ ʚ ʩʣʦʞʥʳʭ ʩʭʝʤʘʭ 

 

ʉʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʨʝʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʨʦʩʪʝʡʰʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʣʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤ. ʍʦʪʷ ʫʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ ʚ ʦʙʱʝʤ ʚʠʜʝ  

[ Im(Zʚʭ) = 0 ʠ Im(Yʚʭ) = 0] ʜʣʷ ʣʶʙʦʡ ʩʭʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʦʜʥʘʢʦ ʢʦʥʢʨʝʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʪʨʫʢʪʫʨʦʡ ʩʭʝʤʳ ʟʘʤʝ-

ʱʝʥʠʷ. 

ʅʘ ʨʠʩ. 71 ʧʨʠʚʝʜʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʚ 

ʢʦʪʦʨʦʡ ʨʝʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʮʝʧʠ (ʢʘʪʫʰʢʘ ʠ ʢʦʥʜʝʥʩʘʪʦʨ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʭʝʤʘʤʠ ʟʘʤʝʱʝʥʠʷ. 

 

 

 

 

 

 

 

 

 

 

 

ɺʭʦʜʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʭʝʤʳ: 
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ʋʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ: 
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ʆʪʣʠʯʠʝ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʨʝʟʦʥʘʥʩʘ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦ-

ʩʪʝʡʰʝʡ ʩʭʝʤʳ ʨʠʩ. 68 ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ R1 ʠ R2. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝ-

ʥʠʷ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ  R1 ʠ R2 ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʰʝ-

ʥʠʷ: 1) ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʪʦʯʢʘ ʨʝʟʦʥʘʥʩʘ (ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʳʝ; 

ʦʜʠʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʘ ʜʨʫʛʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ); 2) ʨʝʟʦʥʘʥʩ ʚ ʩʭʝʤʝ ʥʝ-

ʚʦʟʤʦʞʝʥ (ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʝ). 

I 

L       C 

E 

    R1           I1            R2         I2 
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ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʠʣʠ ʝʤʢʦʩʪʠ C ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠ-

ʘʥʪʘ ʨʝʰʝʥʠʷ: 1) ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʦʯʢʠ ʨʝʟʦʥʘʥʩʘ (ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ʚʝʱʝ-

ʩʪʚʝʥʥʳʝ ʠ ʦʙʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ); 2) ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʪʦʯʢʘ ʨʝʟʦʥʘʥʩʘ (ʢʦʨ-

ʥʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ); 3) ʨʝʟʦʥʘʥʩ ʚ ʩʭʝʤʝ ʥʝʚʦʟʤʦʞʝʥ 

(ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʝ). 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ, ʧʦʣʫʯʠʤ: 

2
2

2
1

0

1

R
C

L

R
C

L

LC -

-

=w  

ɸʥʘʣʠʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ R1 = R2 ʨʝʟʦʥʘʥʩʥʘʷ ʯʘ-

ʩʪʦʪʘ ʠʤʝʝʪ ʚʳʨʘʞʝʥʠʝ 
LC

1
0=w , ʢʘʢ ʠ ʜʣʷ ʧʨʦʩʪʝʡʰʝʡ ʩʭʝʤʳ ʨʠʩ. 1, ʘ 

ʧʨʠ  
2
2

2
1 RR

C

L
==  ʜʣʷ w0 ʧʦʣʫʯʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʯʪʦ ʬʠʟʠʯʝ-

ʩʢʠ ʦʟʥʘʯʘʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʨʝʞʠʤ ʥʘ ʣʶʙʦʡ ʯʘʩʪʦʪʝ. 

ʅʘ ʨʠʩ. 72 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʨʝ-

ʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʢʘʪʫʰʢʘ ʠ ʢʦʥʜʝʥʩʘʪʦʨ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝ-

ʤʘʤʠ ʟʘʤʝʱʝʥʠʷ. 

 

 

 

 

 

 

 

 

 

 

 

ɺʭʦʜʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʭʝʤʳ: 
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ʋʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ: 
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ɸʥʘʣʠʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʩʣʦʚʠʷ ʨʝʟʦʥʘʥʩʘ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʭʝʤʳ. 
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ɽʩʣʠ ʩʣʦʞʥʘʷ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʝʩʢʦʣʴʢʦ (ʙʦʣʝʝ 

ʜʚʫʭ) ʨʘʟʥʦʨʦʜʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚ ʥʝʡ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʟʦʥʘʥʩʥʳʭ ʨʝʞʠʤʦʚ (ʢʘʢ ʪʦʢʘ, ʪʘʢ ʠ 

ʥʘʧʨʷʞʝʥʠʷ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʭʝʤʳ. 

 

ʊ6. ʄɸɻʅʀʊʅʆʉɺʗɿɸʅʅʓɽ ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʎɽʇʀ 

1.ʆʙʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

 

ɽʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʦʜʥʦʡ ʠʟ ʢʘʪʫʰʝʢ, ʧʝʨʝʩʝʢʘʝʪ 

ʧʣʦʩʢʦʩʪʴ ʚʠʪʢʦʚ (ʩʮʝʧʣʝʥʦ ʩ ʚʠʪʢʘʤʠ) ʚʪʦʨʦʡ ʢʘʪʫʰʢʠ, ʪʦ ʪʘʢʠʝ ʢʘʪʫʰʢʠ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʤʠ (ʠʥʜʫʢʪʠʚʥʦʩʚʷʟʘʥʥʳʤʠ) (ʨʠʩ. 73, ʘ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌ11 ï ʯʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʢʦʤ i1, ʢʦʪʦʨʳʡ ʩʮʝʧ-

ʣʝʥ ʪʦʣʴʢʦ ʩ ʚʠʪʢʘʤʠ ʢʘʪʫʰʢʠ w1.  

ʌ12 ï ʯʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʢʦʤ i1, ʢʦʪʦʨʳʡ ʩʮʝʧ-

ʣʝʥ ʩ ʚʠʪʢʘʤʠ ʦʙʝʠʭ ʢʘʪʫʰʝʢ (ʚʟʘʠʤʥʳʡ ʧʦʪʦʢ).  

ʌ1 = ʌ11 + ʌ12 ï ʩʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʪʦʢʦʤ i1. 

ʉʦʙʩʪʚʝʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʘʪʫʰʢʠ L ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʝʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʢ ʪʦʢʫ ʚ ʥʝʡ:  

 

.
1

11

1

1
1

i

wʌ

i
L =
Y
=  

2                                2ȭ 
 

*  

  1                                 1ȭ *  

 

M 

w2 w1 
 

i2 i1 
2ȭ 

2 

1ȭ 

1 

L1 

ʌ11 
ʌ12 

 

L2 

Ý 
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ɺʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʄ ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʧʦʪʦ-

ʢʦʩʮʝʧʣʝʥʠʷ 2-ʡ ʢʘʪʫʢhʠ ʢ ʪʦʢʫ ʚ 1-ʡ ʠʣʠ ʥʘʦʙʦʨʦʪ: 

 

.

2

121

1

212

i

wʌ

i

wʌ
M ==  

ʉʪʝʧʝʥʴ ʤʘʛʥʠʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʩʚʷʟʠ: 
21

ʩʚ
LL

M
k = , ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 

ʜʦ 1. 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʦʙʝʠʤ ʢʘʪʫʰʢʘʤ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ 

i1 ʠ i2 ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʟʘʠʤʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ (ʥʘʧʨʘʚʣʝʥʳ ʩʦʛʣʘʩʥʦ), ʠ ʪʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʣʠ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ (ʥʘʧʨʘʚʣʝʥʳ ʚʩʪʨʝʯʥʦ), ʪʦʛʜʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɽʩʣʠ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʦ-

ʢʦʚ ʚ ʢʘʪʫʰʢʘʭ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʟʘʠʤʥʳʝ ʧʦʪʦʢʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʪʘʢʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʦʛʣʘʩʥʳʤʠ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ - 

ʚʩʪʨʝʯʥʳʤʠ). ɺʳʚʦʜʳ ʢʘʪʫʰʝʢ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʪʦʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ (ʥʘʧʨʠʤʝʨ, ʦʪ ʚʳʚʦʜʘ ʚ ʢʘʪʫʰʢʫ), 

ʥʘʟʳʚʘʶʪʩʷ ʦʜʥʦʠʤʝʥʥʳʤʠ ʠʣʠ ʦʜʥʦʧʦʣʷʨʥʳʤʠ. ʅʘ ʩʭʝʤʘʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʮʝʧʝʡ ʦʜʥʦʠʤʝʥʥʳʝ ʚʳʚʦʜʳ ʢʘʪʫʰʝʢ ʦʙʦʟʥʘʯʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʩʠʤ-

ʚʦʣʴʥʳʤʠ ʟʥʘʢʘʤʠ (ʟʚʝʟʜʦʯʢʘ, ʪʦʯʢʘ), ʘ ʥʘʣʠʯʠʝ ʚʟʘʠʤʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʚʷʟʠ 

- ʜʫʛʦʡ ʩʦ ʩʪʨʝʣʢʘʤʠ ʥʘ ʢʦʥʮʘʭ (ʨʠʩ. 69, ʙ). ʇʦʣʷʨʥʦʩʪʴ ʚʳʚʦʜʦʚ ʤʘʛʥʠʪ-

ʥʦʩʚʷʟʘʥʥʳʭ ʢʘʪʫʰʝʢ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣʘ ʧʨʘʚʦʭʦ-

ʜʦʚʦʛʦ ʚʠʥʪʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʠʭ ʛʝʦʤʝʪʨʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʤʦʪʢʠ, ʠʣʠ ʧʫ-

ʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʦ ʢʘʪʫʰʢʘʤ ʧʝʨʝʤʝʥʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʪʦʢʦʚ 

)sin( 111 a+wÖ= tIi m  ʠ )sin( 222 a+wÖ= tIi m  ʚ ʥʠʭ ʧʦ ʟʘʢʦʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʙʫʜʫʪ ʥʘʚʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠ ʕɼʉ ʚʟʘ-

ʠʤʥʦʡ ʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʫʨʘʚʥʦʚʝʩʷʪ ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʢʘʪʫʢhʘʤ 

ʥʘʧʨʷʞʝʥʠʷ:  

dt

di
M

dt

di
Leeu ʚʟʩʦʙ

21
1111 °=--=  

dt

di
M

dt

di
Leeu ʚʟʦʙ

12
22ʩ22 °=--=  

 

      ʤjXIjXIU 1222 °=  

      ʤjXIjXIU 2111 °=  

 

ɿʜʝʩʴ ʟʥʘʢ ñ+ò ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʧʨʠ ʩʦʛʣʘʩʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʦʚ ʚ ʢʘ-

ʪʫʰʢʘʭ, ʘ ʟʥʘʢ ñ-ò - ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
 

- ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʫʨʘʚ-

ʥʝʥʠʡ 2-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ, 

- ʢʦʤʧʣʝʢʩʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʡ 

2-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ. 
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2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʭ ʢʘʪʫʰʝʢ 

    

ʇʫʩʪʴ ʜʚʝ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʝ ʢʘʪʫʰʢʠ (R1, L1, R2, L2, M) ʩʦʝʜʠʥʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʠʩʪʦʯʥʠʢʦʤ ʕɼʉ  ɽ (ʨʠʩ. 74). 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ 

ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʦʙʝʠʭ ʢʘʪʫʰʝʢ, ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʠʤʝʥʥʳʭ ʚʳʚʦʜʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝ-

ʥʠʷ ʢʘʪʫʰʝʢ ʤʝʞʜʫ ʩʦʙʦʡ: a) ʩʦʛʣʘʩʥʦʝ (*)  ʠ  ʙ) ʚʩʪʨʝʯʥʦʝ ( ¶ ).  

ʇʨʠ ʩʦʛʣʘʩʥʦʤ ʚʢʣʶʯʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʟʘʠʤʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦ-

ʢʠ ʙʫʜʫʪ ʩʢʣʘʜʳʚʘʪʴʩʷ, ʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ï ʚʳʯʠʪʘʪʴʩʷ. ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ 

ʂʠʨʭʛʦʬʘ:  

dt

di
M

dt

di
LiR

dt

di
M

dt

di
LiRuue °++°+=+= 221121  

MM jXIjXIRIjXIjXIRIUUE °++°+=+= 221121   

 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʟʥʘʢ ñ+ò ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʛʣʘʩʥʦʤʫ ʚʢʣʶʯʝʥʠʶ, ʘ ʟʥʘʢ 

ñ-ò  - ʚʩʪʨʝʯʥʦʤʫ. 

ʂʦʤʧʣʝʢʩʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 71, ʘ - ʜʣʷ ʩʦʛʣʘʩʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʨʠʩ. 71, ʙ - ʜʣʷ 

ʚʩʪʨʝʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ). 

ʀʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ: 
 

ʕʕMʕ jXRXXXjRR
I

U
Z +=°+++== )2()( 2121 , 

ʛʜʝ  ,2, 2121 Mʕʕ XXXXRRR °+=+=  ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

 

MM XXXXʚʚʩXXXXʩʩʦ 2,2 2121 -+=++=  

 

ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʧʦʩʣʝʜʥʠʝ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʠʤ: 
 

4
;

4

LʚʚʩLʩʩʦ
M

XʚʚʩXʩʩʦ
XM

-
=

-
=  

¶ 
     I          R1            L1                 M       R2    *       L2 
 

 

                             
 

  * ¶ 

E 

U1                                     U2 

L1 
L1 
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- ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ, 
 

- ʢʦʤʧʣʝʢʩʥʘʷ ʬʦʨʤʘ. 
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ʇʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Xʄ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ M. ɼʣʷ ʵʪʦʛʦ ʚ ʮʝʧʠ ʩʦʛʣʘʩʥʦ ʩʭʝʤʳ  

ʨʠʩ. 76 ʬʠʢʩʠʨʫʶʪ ʧʦʢʘʟʘʥʠʷ ʪʨʝʭ ʠʟʤʝʨʠʪʝʣʥɹʳʭ ʧʨʠʙʦʨʦʚ (U, I, ű) ʧʨʠ 

ʩʦʛʣʘʩʥʦʤ (1) ʠ ʚʩʪʨʝʯʥʦʤ (2) ʚʢʣʶʯʝʥʠʠ ʢʘʪʫʰʝʢ ʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦ-

ʨʦʚ ʦʧʨʝʜʝʣʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʮʝʧʠ: 

jXʚXʚRɻe
I

U
ZjXʩXʩRɻe

I

U
Z

jj
+==+==

jj 21

2

2
2

1

1
1 ,  

ɹʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ Xʕ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʛʣʘʩʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʤʝʥʴʰʝ-

ʤʫ - ʚʩʪʨʝʯʥʦʝ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʦʩʚʟ̫ʘʥʥʳʭ ʢʘʪʫʰʝʢ 

 

ɺ ʩʣʦʞʥʦʡ ʮʝʧʠ ʤʘʛʥʠʪʦʩʚʷʟʘʥʥʳʝ ʢʘʪʫʰʢʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʶ-

ʙʳʭ ʚʝʪʚʷʭ. ʊʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʚ ʚʝʪʚʷʭ ʩʭʝʤʳ ʚʳʙʠʨʘʶʪʩʷ ʧʨʦʠʟ-

ʈʠʩ. 75 

E         U1          IR1 

I 
U2             IR2 

IjXM   IjX1 

IjXM   IjX2 

ʘ 

E 

IjXM  = U1  IR1 

  IjX1 

IjX2      U2       IR2      I 

IjX2 

ʙ 

A          j 

V 

   R1    *¶      ʍ1              ʍʄ     R2     *    ʍ2       ¶ 
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ʚʦʣʴʥʦ, ʪʦ ʪʦʢʠ ʚ ʚʝʪʚʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʝ ʢʘʪʫʰʢʠ, ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʢʘʢ ʩʦʛʣʘʩʥʦ, ʪʘʢ ʠ ʚʩʪʨʝʯʥʦ.  

ʈʘʩʯʝʪ ʪʦʢʦʚ ʚ ʩʣʦʞʥʦʡ ʩʭʝʤʝ ʩ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʤʠ ʢʘʪʫʰʢʘʤʠ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʦʤ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ. ʂ ʨʘʩʯʝʪʫ ʪʘʢʠʭ ʮʝʧʝʡ 

ʥʝʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʛʝʥʝʨʘ-

ʪʦʨʘ. ʋʯʝʪ ʚʩʝʭ ʩʣʘʛʘʝʤʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ ʤʝʪʦʜʘ ʢʦʥʪʫʨʥʳʭ ʪʦʢʦʚ ʜʦʚʦʣʥɹʦ 

ʩʣʦʞʝʥ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʝʛʦ ʪʘʢʞʝ ʥʝ ʧʨʠʤʝʥʷʶʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʩʭʝʤʳ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʨʠʩ. 77: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʂʠʨʭʛʦʬʘ: 
 

 

 

 

 

 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʩʣʝʜʫʝʪ  

ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʦ ʧʦʣʷʨʥʦʩʪʠ ʪʦʢʦʚ, ʘ ʠʤʝʥʥʦ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʚʝʪʚʠ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʨʝʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ (I1jX1) 

ʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʟʘʠʤʥʦʤ ʨʝʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʦʪ ʪʦʢʘ 

ʩʚʷʟʘʥʥʦʡ ʚʝʪʚʠ (I2jXʄ) ʧʨʠʥʠʤʘʶʪʩʷ ʦʜʥʦʛʦ ʟʥʘʢʘ ʧʨʠ ʩʦʛʣʘʩʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʵʪʠʭ ʪʦʢʦʚ, ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʪʦʢʠ ʥʘʧʨʘʚʣʝʥʳ ʩʦʛʣʘʩʥʦ). 

ʉʜʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʠ I2 = I - I1 ʚ ʫʨʘʚʥʝʥʠʝ (2) ʠ I1 = I - I2 ʚ ʫʨʘʚʥʝʥʠʝ 

(3), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 
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ʅʦʚʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʥʦʚʘʷ ʵʢʚʠʚʘʣʝʥʪ-

ʥʘʷ ʩʭʝʤʘ ʙʝʟ ʤʘʛʥʠʪʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 78): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɽʩʣʠ ʚʝʪʚʠ ʩ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʤʠ ʢʘʪʫʰʢʘʤ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʦʙʱʝʤʫ 

ʫʟʣʫ ʦʜʥʦʠʤʝʥʥʳʤʠ ʚʚrʦʜʘʤʠ, ʪʦ ʤʘʛʥʠʪʥʘʷ ʨʘʟʚʷʟʢʘ ʠʤʝʝʪ ʚʠʜ ʨʠʩ. 79: 

 

 

 

 

 

 

 

 

 

 

 

ɽʩʣʠ ʚʝʪʚʠ ʩ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʤʠ ʢʘʪʫʰʢʘʤ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʦʙʱʝʤʫ 

ʫʟʣʫ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʚʳʚʦʜʘʤʠ, ʪʦ ʤʘʛʥʠʪʥʘʷ ʨʘʟʚʷʟʢʘ ʠʤʝʝʪ ʚʠʜ ʨʠʩ. 80: 

 

 

 

 

 

 

 

 

 

 

 

ɿʘʤʝʥʘ ʠʩʭʦʜʥʦʡ ʩʭʝʤʳ ʩ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʤʠ ʢʘʪʫʰʢʘʤʠ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʩʭʝʤʦʡ ʙʝʟ ʤʘʛʥʠʪʥʳʭ ʩʚʷʟʝʡ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʚʷʟʢʦʡ ʤʘʛʥʠʪʥʳʭ 

 ¶     ʍʄ            ¶ 
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ʩʚʷʟʝʡ ʠʣʠ ʤʘʛʥʠʪʥʦʡ ʨʘʟʚʷʟʢʦʡ. ʄʘʛʥʠʪʥʘʷ ʨʘʟʚʷʟʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʭ ʨʘʩʯʝʪʘ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʨʘʟ-

ʚʷʟʢʠ ʢ ʨʘʩʯʝʪʫ ʩʭʝʤʳ ʧʨʠʤʝʥʠʤ ʣʶʙʦʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʩʭʝʤ. 

 

4. ʃʠʥʝʡʥʳʡ (ʙʝʟ ʩʝʨʜʝʯʥʠʢʘ) ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

  

ʉʭʝʤʘ ʣʠʥʝʡʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʘʛʥʠʪʥʦʩʚʷʟʘʥʥʳʭ 

ʢʘʪʫʰʝʢ, ʢ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ (ʧʝʨʚʠʯʥʦʡ) ʧʦʜʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʕɼʉ ɽ, 

ʘ ʢʦ ʚʪʦʨʦʡ (ʚʪʦʨʠʯʥʦʡ) - ʥʘʛʨʫʟʢʘ Zʅ (ʨʠʩ. 81).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʜʣʷ ʩʭʝʤʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨ-

ʤʝ ʠʤʝʶʪ ʚʠʜ: 
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ʉ ʮʝʣʴʶ ʤʘʛʥʠʪʥʦʡ ʨʘʟʚʷʟʢʠ ʩʭʝʤʳ ʜʦʙʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (1) ʩʣʘʛʘʝ-

ʤʳʝ (I1jXʄ - I1jXʄ), ʘ ʚ ʫʨʘʚʥʝʥʠʠ (2) - ʩʣʘʛʘʝʤʳʝ (I2jXʄ ï I2jXʄ), ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʦʣʫʯʠʤ: 
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ʅʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʥʪʫʨʥʳʤʠ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʥʦʚʦʡ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʩʭʝʤʳ ʙʝʟ ʤʘʛʥʠʪʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 82): 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʥʘʷ ʨʘʟʚʷʟʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠʤʝʝʪ ʚʠʜ ʨʠʩ. 83: 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʨʘʟʚʷʟʢʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʤ ʧʨʠʝʤʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʧʨʦʱʝʥʠʝ ʨʘʩʯʝʪʘ ʩʭʝʤʳ ʮʝʧʠ, ʠ ʬʠʟʠ-

ʯʝʩʢʠ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʴʶ.  

ʅʘʧʨʠʤʝʨ, ʩʭʝʤʘ ʨʠʩ. 83 ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʮʝʧʴʶ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ X1 - ʍʄ > 0  ʠ  X2 - ʍʄ > 0. 

 

ʊ6. ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʎɽʇɽʁ  

ʄɽʊʆɼʆʄ ɺɽʂʊʆʈʅʓʍ ʀ ʂʈʋɻʆɺʓʍ ɼʀɸɻʈɸʄʄ. 

1. ʋʨʘʚʥʝʥʠʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. 

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʡ ʮʝʧʠ ʪʦʢʠ 

ʚʩʝʭ ʚʝʪʚʝʡ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʠʟʤʝʥʷʶʪʩʷ ʪʘʢ, ʯʪʦ ʢʦʥʮʳ 

ʚʝʢʪʦʨʦʚ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʧʠʩʳʚʘʶʪ ʜʫʛʠ ʥʝʢʦʪʦʨʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ɼʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʣʶʙʦʡ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ (U, I) ʦʪ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʫʛʫ ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʝʨʝʤʝʱʘ-

ʝʪʩʷ ʢʦʥʝʮ ʵʪʦʛʦ ʚʝʢʪʦʨʘ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʩʪʨʦʠʪʴ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ. 

ʋʨʘʚʥʝʥʠʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʠʤʝʶʪ ʚʠʜ: 
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ʛʜʝ ʄ = ʄejb ï ʠʩʩʣʝʜʫʝʤʳʡ ʚʝʢʪʦʨ, M0 - ʚʝʢʪʦʨ-ʭʦʨʜʘ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ,  

a = const ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, y = const ï ʧʦʩʪʦʷʥʥʳʡ ʫʛʦʣ, n = var = 

= (0 - ¤) ï ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 
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1) ʅʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ mʤ ʦʪʢʣʘʜʳʚʘʶʪ 

ʚʝʢʪʦʨ ʄ0 = 5ej20 - ʭʦʨʜʫ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ (ʨʠʩ. 84). 

2) ɺʜʦʣʴ ʚʝʢʪʦʨʘ-ʭʦʨʜʳ ʄ0 ʦʪ ʝʛʦ ʥʘʯʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ mʘ 

ʦʪʢʣʘʜʳʚʘʶʪ ʦʪʨʝʟʦʢ, ʨʘʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʫ ñʘò. 

3) ʀʟ ʢʦʥʮʘ ʦʪʨʝʟʢʘ ñʘò ʧʦʜ ʫʛʣʦʤ  ïy ʢ ʚʝʢʪʦʨʫ ʄ0 ʧʨʦʚʦʜʷʪ ʣʠʥʠʶ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʣ.ʧ.ʧ.), ʥʘ ʢʦʪʦʨʦʡ ʥʘʥʦʩʷʪ ʤʘʩʰʪʘʙ mʘ, ʧʨʠʥʷʪʳʡ 

ʨʘʥʝʝ ʜʣʷ ʦʪʨʝʟʢʘ ñʘò. 

4) ʆʧʨʝʜʝʣʷʪ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʜʫʛʠ ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ: ʧʝʨʚʳʡ ʧʨʦʚʦʜʷʪ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʚʝʢʪʦʨʘ-ʭʦʨʜʳ ʄ0, ʘ 

ʚʪʦʨʦʡ ï ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʢ ʣʠʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

5) ʇʨʦʚʦʜʷʪ ʨʘʙʦʯʫʶ ʜʫʛʫ ʧʦ ʪʫ ʩʪʦʨʦʥʫ ʦʪ ʚʝʢʪʦʨʘ-ʭʦʨʜʳ ʄ0, ʛʜʝ 

ʨʘʩʧʦʣʦʞʝʥʘ ʣʠʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
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6) ɺʜʦʣʴ ʣʠʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʢʣʘʜʳʚʘʶʪ ʪʝʢʫʱʝʝ ʟʥʘʯʝ-

ʥʠʝ ʧʘʨʘʤʝʪʨʘ ñnò ʩʦʝʜʠʥʷʶʪ ʪʦʯʢʫ ʩ ʥʘʯʘʣʦʤ ʚʝʢʪʦʨʘ ʄ0 (ʥʘʯʘʣʦʤ ʢʦʦʨ-

ʜʠʥʘʪ) ʠ ʧʨʦʜʦʣʞʘʶʪ ʧʨʷʤʫʶ ʣʠʥʠʶ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʜʫʛʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

ʀʩʢʦʤʳʡ ʚʝʢʪʦʨ ʄ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʝʟʢʫ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʜʦ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʣʠʥʠʠ ʩ ʜʫʛʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 

ʨʘʚʝʥ ʜʣʠʥʝ ʦʪʨʝʟʢʘ ʚ ʤʘʩʰʪʘʙʝ mʤ, ʘ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʚʝʢʪʦʨʘ ï ʫʛʣʫ ʤʝʞʜʫ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʴʶ +1 ʠ ʥʘʧʨʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ. 

ʅʘ ʨʠʩ. 80 ʧʦʢʘʟʘʥʦ ʩʝʤʝʡʩʪʚʦ ʚʝʢʪʦʨʦʚ ʄ, ʧʦʩʪʨʦʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ñnò (n = 0; 10; 20; 30). 

 

2. ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʘ ʠ ʥʘʧʨ̫ ʞʝʥʠʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʮʝʧʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʮʝʧʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʘ ʕɼʉ  E ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ Z1, ʠ Z2 (ʨʠʩ. 85). ɿʘʜʘʥʦ, ʯʪʦ E = 

= Eeja = const, Z1 = Z1ejj1 = const,  Z2 = Z2ejj2, ʛʜʝ j2 = const, a Z2 = var = 0ö¤ 

- ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

 

 

 

 

 

 

 

 

 

 

ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʩʭʝʤʳ ʢ ʚʠʜʫ ʜʫʛʠ ʦʢʨʫʞʥʦ-

ʩʪʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ: 
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ʛʜʝ  ʄ0 = Iʢ = E/Z1 ï ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨʫ-ʭʦʨʜʝ 

ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, Z2 = n = var ï ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, Z1 = a = const - ʧʦ-

ʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, j2 - j1 = y = const ï ʧʦʩʪʦʷʥʥʳʡ ʫʛʦʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʪʦʢʘ I ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʫʛʠ 

ʦʢʨʫʞʥʦʩʪʠ. 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʵʣʝʤʝʥʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʜʫʛʠ 

ʦʢʨʫʞʥʦʩʪʠ: 

E 

U1                  U2 

I               Z1                   Z2      
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ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʪʦʨʦʤ ʵʣʝʤʝʥʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʜʫʛʠ 

ʦʢʨʫʞʥʦʩʪʠ: 
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ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʝʢʪʦʨʦʚ I, U1, U2 ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʢʨʫʛʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʠ ʧʦ ʥʠʤ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʪ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ n = Z2. 

 

3. ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ  

ʚ ʩʣʦʞʥʦʡ ʮʝʧʠ 

 

ʇʫʩʪʴ ʚ ʩʭʝʤʝ ʩʣʦʞʥʦʡ ʮʝʧʠ ʠʟʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ  

k-ʪʦʡ ʚʝʪʚʠ Zk=ZkĀej
jk ʪʘʢ, ʯʪʦ ʬʘʟʥʳʡ ʫʛʦʣ jk = const, ʘ ʤʦʜʫʣʴ Zk = 0é¤ = 

= var ï ʧʝʨʝʤʝʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

ɺʳʜʝʣʠʤ k-ʪʫʶ ʚʝʪʚʴ ʠʟ ʩʣʦʞʥʦʡ ʩʭʝʤʳ, ʘ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʩʭʝʤʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʪʚʠ ʟʘʤʝʥʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ E  ɻ= Uʭʭ,  Z0 = Z0Āejj̄ = Zʚʭ (ʨʠʩ 86): 

 

  

 

 

 

 

 

 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʚʰʘʷʩʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʨʠʩ. 86 ʥʠʯʝʤ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʩʭʝʤʳ ʨʠʩ. 81, ʠ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ, ʜʣʷ 

ʧʝʨʝʤʝʥʥʳʭ ʚʝʢʪʦʨʦʚ Ik, Uk ʧʦ ʘʥʘʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʫʛʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʥʘʧʨʠʤʝʨ: 
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ɼʦʢʘʞʝʤ, ʯʪʦ ʜʣʷ ʪʦʢʘ In ʧʨʦʠʟʚʦʣʴʥʦʡ n- ʦʡ ʚʝʪʚʠ ʩʣʦʞʥʦʡ ʩʭʝʤʳ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʫʛʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʣʠʥʝʡʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʠʩʩʣʝʜʫʝʤʳʡ  In ʠ 

ʪʦʢ Ik ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 

In = A + BĀIʢ, 

 

ʛʜʝ ɸ, ɺ ï ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ 

ʢʨʘʡʥʠʭ ʨʝʞʠʤʦʚ ʩʭʝʤʳ (ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ). 

ɺ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ Zk = ¤, Ik = 0, ʪʦʛʜʘ Inx = A. 

ɺ ʨʝʞʠʤʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ Zʢ = 0, ʪʦʛʜʘ Inʢ = A + BĀIʢʢ = Inx +  

+ BĀIʢʢ , ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ: 
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ʇʦʜʩʪʘʚʠʤ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɸ ʠ ɺ ʠ ʫʨʘʚʥʝʥʠʝ  

ʜʫʛʠ ʜʣʷ ʪʦʢʘ Ik ʚ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ: 
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ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʦʢʘ In ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʜʚʫʭ ʚʝʢʪʦ-

ʨʦʚ: ʘ) ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʢʪʦʨʘ Inx, ʨʘʚʥʦʛʦ ʝʛʦ ʟʥʘʯʝʥʠʶ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʧʨʠ Zk = ¤, ʠ ʙ) ʧʝʨʝʤʝʥʥʦʛʦ ʚʝʢʪʦʨʘ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦ ʜʫʛʝ ʦʢʨʫʞ-

ʥʦʩʪʠ ʩ ʭʦʨʜʦʡ  Inʢ - Inx. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʪʦʢʘ In ʧʦ 

ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʥʘʯʘʣʝ ʩʪʨʦʠʪʩʷ ʝʛʦ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ Inx, ʚ 

ʢʦʥʮʝ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ, ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʧʦʣʫʯʘʶʪ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʋʨʘʚʥʝʥʠʝ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʘʥʘʣʦʛʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ.  
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ʊ7. ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʎɽʇʀ ʊʈɽʍʌɸɿʅʆɻʆ ʊʆʂɸ 

1.ʊʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ 

 

ʄʥʦʛʦʬʘʟʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ñnò 

ʦʪʜʝʣʴʥʳʭ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʨʝ-

ʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʢʦʪʦʨʳʭ (ʝ, u, i) ʩʜʚʠʥʫʪʳ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʚʥʳʝ ʦʪ-

ʨʝʟʢʠ nTt=D  ʠʣʠ ʧʦ ʬʘʟʝ nnt A3602 =p=wD . 

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪʩʷ ʬʘʟʘʤʠ. ʊʝʨʤʠʥ ñʬʘʟʘò ʚ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʢʝ ʠʤʝʝʪ ʜʚʘ ʩʤʳʩʣʦʚʳʭ ʟʥʘʯʝʥʠʷ: ʧʝʨʚʦʝ - ʢʘʢ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ, ʚʪʦʨʦʝ - ʢʘʢ ʯʘʩʪʴ 

ʤʥʦʛʦʬʘʟʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʪʝʭʥʠʢʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ 2-ʭ, 3-ʭ, 6-ʠ ʠ ʙʦʣʝʝ 

ʬʘʟʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫ-

ʯʠʣʘ ʪʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʣʘʜʘʶʱʘʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʠʩʪʝʤʘ-

ʤʠ ʩ ʜʨʫʛʠʤ ʯʠʩʣʦʤ ʬʘʟ.  

ʊʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠʣʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʩʭʝʤ (ʬʘʟ), ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ (u,i) ʚ ʢʦʪʦʨʳʭ ʩʜʚʠʥʫʪʳ ʚʦ ʚʨʝ-

ʤʝʥʠ ʥʘ 
AA 120336032 ==p=wD t . ʆʪʜʝʣʴʥʳʝ ʬʘʟʳ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʦʙʦʟʥʘʯʘʶʪʩʷ (ʠʤʝʥʫʶʪʩʷ) ʟʘʛʣʘʚʥʳʤʠ ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘ-

ʤʠ ɸ, ɺ, ʉ (ʦʩʥʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ), ʠʣʠ ʮʠʬʨʘʤʠ 1, 2, 3 (ʜʦʧʫʩʪʠʤʦʝ ʦʙʦ-

ʟʥʘʯʝʥʠʝ), ʠʣʠ ʟʘʛʣʘʚʥʳʤʠ ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ R, S, T (ʤʝʞʜʫʥʘʨʦʜʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʢʘʢʫʶ ʠʟ ʪʨʝʭ ʬʘʟ ʠʤʝʥʦʚʘʪʴ ʢʘʢʦʡ ʙʫʢʚʦʡ ɸ, ɺ 

ʠʣʠ ʉ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚʦ 

ʚʨʝʤʝʥʠ. ʇʨʷʤʳʤ ʧʦʨʷʜʢʦʤ ʩʣʝʜʦʚʘʥʠʷ ʬʘʟ ʥʘʟʳʚʘʝʪʩʷ ɸɺʉɸ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ (u, i) ʚ ʬʘʟʝ ɺ ʦʪʩʪʘʶʪ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚ ʬʘʟʝ ɸ ʥʘ 120o, ʘ ʚ ʬʘʟʝ ʉ - ʦʧʝʨʝʞʘʶʪ ʥʘ 120o. ʇʨʠ ʦʙʨʘʪʥʦʤ ʧʦ-

iC 
iB 

  iN = i A+ i B+ i C 
 

 

 

iA 

iA 

 

eA                                                                ZA 

iA 

      eC                        eB                            ZB                                                     ZC 
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ʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ ʬʘʟ ɸʉ  ɺɸ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʚ ʬʘʟʝ ʉ ʦʪʩʪʘʶʪ 

ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʘʟʝ ɸ ʥʘ 120o, ʘ ʚ ʬʘʟʝ ɺ - ʦʧʝʨʝʞʘʶʪ ʥʘ 

120o.  

ɽʩʣʠ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʠʟʦʣʠʨʦʚʘʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʚʷʟʘʥʥʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʧʨʦ-

ʩʪʝʡʰʝʡ ʥʝʩʚʷʟʘʥʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 85). ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʘʟʥʳʭ ʕɼʉ ʛʝʥʝʨʘʪʦʨʘ ʩʜʚʠʥʫʪʳ ʚʦ ʚʨʝʤʝʥʠ ʥʘ 120o  ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘ-

ʥʠʷ ʬʘʟ  ABCA: 
0sin)( j

AmA eEEtEte Ö=ÚwÖ= ; 
120)120sin()( j

BmB eEEtEte -Ö=Ú-wÖ= A
 

AAA 120)120sin()240sin()( j
CmmC eEEtEtEte Ö=Ú+wÖ=-wÖ=  

ɻʨʘʬʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 88, ʘ ʚʝʢʪʦʨ-

ʥʳʝ - ʥʘ ʨʠʩ. 89. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʣʶʙʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʡ (ʝ, u, i) ʚ ʩʠʤʤʝʪʨʠʯ-

ʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʫʤʤʘ ʠʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʥʘ ʥʫʣʶ, ʥʘʧʨʠʤʝʨ, ʝɸ + ʝɺ + ʝʉ = 0. ʅʘʡʜʝʤ 

ʵʪʫ ʩʫʤʤʫ ʜʣʷ ʨʘʟʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ: 

0=wt , 

=Ö+-Ö+Ö=++ )120sin()120sin()0sin( oo

CBA EmEmEmeee 0
2
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2
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0 =

ö
ö

÷

õ

æ
æ
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å
+-Em ; 
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A30=wt , 

=Ö+-Ö+Ö=++ )150sin()90sin()30sin( ooo

CBA EmEmEmeee 0
2

1
1

2

1
=ö
÷

õ
æ
ç

å
--Em ; 

A60=wt ,  =Ö+-Ö+Ö=++ )180sin()60sin()60sin( AAA
mmmCBA EEEeee 00

2

3

2

3
=
ö
ö

÷
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æ
æ
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+-mE . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʨʠʩ. 89, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ 

ʚʝʢʪʦʨʦʚ ʬʘʟʥʳʭ ʕɼʉ ʪʘʢʞʝ ʨʘʚʥʘ ʥʫʣʶ: 

( ) 00120120120120 =Ö=++=++=++ -- EeeeEEeEeEeEEE jjjjjj

CBA

AAAAAA

. 

ɽʩʣʠ ʥʘʛʨʫʟʢʘ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʨʘʚʥʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. 
jj

CBA ZeZZZ === , ʪʦ ʬʘʟʥʳʝ ʪʦʢʠ ʙʫʜʫʪ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ ʩʜʚʠʥʫ-

ʪʳ ʧʦ ʬʘʟʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʠʭ ʕɼʉ (ʥʘʧʨʷʞʝʥʠʡ) ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʛʦʣ ű, 

ʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʢ ʠ ʕɼʉ, ʙʫʜʫʪ ʩʜʚʠʥʫʪʳ ʧʦ ʬʘʟʝ ʥʘ 120ʦ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʬʘʟʥʳʝ ʪʦʢʠ iɸ, iɺ, iʉ ʦʙʨʘʟʫʶʪ ʩʠʤʤʝʪʨʠʯʥʫʶ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʠ 

ʜʣʷ ʥʠʭ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʚʳʚʦʜʳ:  iɸ + iɺ + iʉ = 0;  Iɸ + 

+ Iɺ + Iʉ = 0.  

ʇʨʝʦʙʨʘʟʫʝʤ ʥʝʩʚʷʟʘʥʥʫʶ ʪʨʝʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʨʠʩ. 1 ʚ ʩʚʷʟʘʥʥʫʶ 

ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʪʨʝʭ ʦʙʨʘʪʥʳʭ ʧʨʠʚʦʜʦʚ ʚ ʦʜʠʥ ʦʙʱʠʡ ʧʨʠʚʦʜ. ʉʦ-

ʛʣʘʩʥʦ 1-ʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʚ ʦʙʱʝʤ ʧʨʦʚʦʜʝ ʜʦʣʞʝʥ ʧʨʦʪʝʢʘʪʴ ʩʫʤ-

ʤʘʨʥʳʡ ʪʦʢ iN = iɸ + iɺ + i C = 0. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʙʨʘʪʥʦʤ 

ʧʨʦʚʦʜʝ ʚʦʦʙʱʝ ʦʪʧʘʜʘʝʪ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦ-

ʥʦʤʠʷ ʧʨʦʚʦʜʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʦʪ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʧʨʠʝʤ-

ʥʠʢʫ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ: 

1) ʇʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʪʨʝʭʬʘʟʥʳʤ ʪʦʢʦʤ 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠ, ʯʝʤ ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʯʠʩʣʝ ʬʘʟ. 

+j 
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ʅʘʧʨʠʤʝʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ 

ʧʨʦʚʦʜʦʚ ʚ ʜʚʘ ʨʘʟʘ (3 ʧʨʦʚʦʜʘ ʚʤʝʩʪʦ 6), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʚʦʜʘʭ ʣʠʥʠʠ. 

2) ʊʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʩʪʦ ʧʦʣʫʯʠʪʴ ʢʨʫʛʦ-

ʚʦʝ ʚʨʘʱʘʶʱʝʝʩʷ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʚʩʝʭ ʪʨʝʭʬʘʟʥʳʭ 

ʤʘʰʠʥ (ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ). 

3) ʕʣʝʤʝʥʪʳ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ (ʛʝʥʝʨʘʪʦʨʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʜʚʠʛʘʪʝʣʠ) ʧʨʦʩʪʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʜʝʞʥʳ ʚ ʨʘʙʦʪʝ, ʠʤʝʶʪ ʭʦʨʦʰʠʝ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝh ʝʚʳ, ʜʦʣʛʦʚʝʯʥʳ. 

4) ʅʘ ʚʳʭʦʜʝ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠʤʝʝʪʩʷ ʜʚʘ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ï ʣʠʥʝʡʥʦʝ ʠ ʬʘʟʥʦʝ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚ 3  ʨʘʟ (Uʣ /Uʬ = 3), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢ ʪʘʢʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʧʨʠʝʤʥʠʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʝʨʝʜʘʯʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʊʨʝʭʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʠ ʝʝ ʦʩʥʦʚʥʳʝ ʟʚʝʥʴʷ ï ʛʝʥʝʨʘʪʦʨ, ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨ, ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʜʚʠʛʘʪʝʣʴ ï ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 1889 ʛʦʜʫ 

ʠʥʞʝʥʝʨʦʤ ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʠʤ (ʬʠʨʤʘ ʉʠʤʝʥʩ ʠ ʐʫʢʝʨʪ). ʉʦʟʜʘʥʠʝ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʠʣʦʩʴ ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. 

 

2. ʉʧʦʩʦʙʳ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

 

ɺ ʦʙʤʦʪʢʘʭ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠʥʜʫʢʪʠʨʫʶʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ 

ʕɼʉ, ʩʜʚʠʥʫʪʳʝ ʧʦ ʬʘʟʝ ʥʘ 1200: 
0sin)( j

ʌAA eEEtEmte =ÚwÖ= , 
¯-=Ú¯-wÖ= 120)120sin()( j

ʌBB eEEtEmte , 

¯=Ú¯+wÖ= 120)120sin()( j
ʌCC eEEtEmte , 

ʄʝʞʜʫ ʩʦʙʦʡ ʬʘʟʥʳʝ ʦʙʤʦʪʢʠ ʛʝʥʝʨʘʪʦʨʘ ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʜʚʫʤ 

ʨʘʟʣʠʯʥʳʤ ʩʭʝʤʘʤ: ʟʚʝʟʜʦʡ (^) ʠ ʪʨʝʫʛʦʣʴʥʠʢʦʤ (D). 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚ ʟʚʝʟʜʫ ʢʦʥʮʳ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ (ʬʘʟ) ʛʝʥʝʨʘʪʦʨʘ ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʚ ʦʙʱʫʶ ʪʦʯʢʫ N, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʦʡ ʠʣʠ ʥʝʡʪʨʘʣʴ-

ʥʦʡ, ʘ ʥʘʯʘʣʘ ʦʙʤʦʪʦʢ ʩʣʫʞʘʪ ʣʠʥʝʡʥʳʤʠ ʚʳʚʦʜʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ɸ, ɺ, ʉ 

(ʨʠʩ. 90). 

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʩʦʝʜʠ-

ʥʝʥʠʠ ʝʛʦ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ ʚ ʟʚʝʟʜʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 91, ʘ, ʙ. 

ɺ ʪʨʝʭʬʘʟʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʨʘʟʣʠʯʘʶʪ ʬʘʟʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ.  

ʌʘʟʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʘʤʠ ʠ ʢʦʥʮʘʤʠ ʬʘʟʥʳʭ 

ʦʙʤʦʪʦʢ ʠʣʠ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ʣʠʥʝʡʥʳʭ ʚʳʚʦʜʦʚ ɸ, ɺ, ʉ ʠ ʥʫʣʝʚʳʤ ʚʳʚʦ-

ʜʦʤ N. ʌʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʬʘʟʥʳʤ ʕɼʉ: Uɸ = ɽɸ, Uɺ = ɽɺ, Uʉ = ɽ ʉ 

(ʠʥʜʝʢʩ N ʧʨʠ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʦʧʫʩʢʘʝʪʩʷ, ʪʘʢ ʢʘʢ VN = 0).  
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ʃʠʥʝʡʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʚʳʚʦ-

ʜʘʤʠ ɸ, ɺ, ʉ. ʃʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʚʝʢʪʦʨʥʦʡ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʬʘʟ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ:  Uɸɺ = Uɸ - Uɺ;  Uɺʉ = Uɺ - Uʉ;   Uʉɸ = Uʉ - Uɸ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ ʢʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʬʘʟʥʳʝ ʠ ʣʠ-

ʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʧʨʠ 

ʵʪʦʤ ʦʜʠʥ ʠʟ ʚʝʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʪ ʟʘ ʥʘʯʘʣʴʥʳʡ ʠ ʩʦʚʤʝʱʘʶʪ ʝʛʦ 

ʩ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʴʶ, ʘ ʦʩʪʘʣʴʥʳʝ ʚʝʢʪʦʨʘ ʧʦʣʫʯʘʶʪ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʩʦ-

ʛʣʘʩʥʦ ʠʭ ʫʛʣʘʤ ʩʜʚʠʛʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʯʘʣʴʥʦʤʫ ʚʝʢʪʦʨʫ.  

ʅʘ ʨʠʩ. 91, ʘ ʧʦʢʘʟʘʥ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʭʬʘʟʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʢʦʛʜʘ ʟʘ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ ʧʨʠʥʠʤʘʝʪʩʷ 
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ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʬʘʟʳ ɸ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ 

ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʘʪ ʚʠʜ : 
A0j

ʌA eUU = , ¯-= 120j
ʌB eUU ,  

A120j
ʌC eUU += , ʣʠʥʝʡʥʳʝ ʥʘʧʨʞ̫ʝʥʠʷ:   

A30j

ʃAB eUU = ,  
A90j

ʃBʉ eUU -= ,  
A150j

ʃCA eUU = . 

ʅʘ ʨʠʩ. 91, ʙ ʧʦʢʘʟʘʥ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʢʦʛʜʘ ʟʘ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ 

ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ UAB. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʘʪ ʚʠʜ: 
A30

ʌ
j

A eUU -= , 
A150

ʌ
j

B eUU -= , 
A90

ʌ
j

C eUU += , ʣʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ: 
A0

ʃ
j

AB eUU = , 
A120

ʃ
j

Bʉ eUU -= , 
A120

ʃ
j

CA eUU = . 

ʀʟ ʛʝʦʤʝʪʨʠʠ ʨʠʩ. 92 ʧʦʣʫʯʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʣʠʥʝʡ-

ʥʦʛʦ ʠ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ:  Uʃ = 2Uʌ cos 30ʦ = 2Uʌ 
2

3 = 3Uʌ. 

ʆʙʤʦʪʢʠ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʧʦ 

ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɺ ʪʘʢʦʡ ʩʭʝʤʝ ʢʦʥʝʮ ʢʘʞʜʦʡ ʧʨʝʜʳʜʫʱʝʡ ʬʘʟʳ ʩʦ-

ʝʜʠʥʷʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʧʦʩʣʝʜʫʶʱʝʡ, ʘ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ ʩʣʫʞʘʪ ʣʠʥʝʡʥʳʤʠ 

ʚʳʚʦʜʘʤʠ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 90). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʬʘʟ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʝʛʦ ʢʦʥʪʫʨʝ ʜʝʡʩʪʚʫʝʪ ʩʫʤʤʘ 

ʬʘʟʥʳʭ ʕɼʉ: äʝ = ʝɸɺ + ʝɺʉ + ʝʉɸ. ɺ ʨʝʘʣʴʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ 

ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʜʣʷ ʩʫʤʤʘʨʥʦʡ ʕɼʉ. 

ʊʘʢ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ ʛʝʥʝʨʘʪʦʨʘ ʤʘʣʳ, ʪʦ ʜʘʞʝ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʫʤʤʘʨʥʘʷ ʕɼʉ äʝ.0 ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʚ ʢʦʥʪʫʨʝ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʫʨʘʚʥʠʪʝʣʴʥʳʡ ʪʦʢ, ʩʦʠʟʤʝʨʠʤʳʡ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʪʦʢʦʤ ʛʝ-

ʥʝʨʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʙʳ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʩʥʠʞʝʥʠʶ 

ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʙʤʦʪʢʠ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʟʘ-

ʧʨʝʱʘʝʪʩʷ ʩʦʝʜʠʥʷʪʴ ʧʦ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢʘ. 
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ʅʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʢʠʣʦʚʦʣʴ-

ʪʘʭ (ʢɺ). ʐʢʘʣʘ ʥʦʤʠʥʘʣʴʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʠʤʝʝʪ ʚʠʜ: 0,4; 1,1; 3,5; 6,3; 10,5; 22; 35; 63; 110; 220; 330; 500; 

750. ʅʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ ʥʦʤʠʥʘʣʴʥʦʝ ʪʨʝʭʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦ-

ʞʝʪ ʫʢʘʟʚrʘʪʴʩʷ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ Uʃ / Uʌ, ʥʘʧʨʠʤʝʨ: Uʃ / Uʌ = 380 / 220 ɺ. 

 

5. ʉʧʦʩʦʙʳ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʪʨʝʭʬʘʟʥʳʭ ʧʨʠʝʤʥʠʢʦʚ 

 

ʇʨʠʝʤʥʠʢʠ ʪʨʝʭʬʘʟʥʦʛʦ ʪʦʢʘ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʛʝʥʝʨʘʪʦʨʫ ʧʦ 

ʜʚʫʤ ʩʭʝʤʘʤ ï ʟʚʝʟʜʳ (^) ʠ ʪʨʝʫʛʦʣʴʥʠʢʘ (D). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʚʳʭʦʜʝ 

ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʥʘʧʨʞ̫ʝʥʠʝ (ʣʠʥʝʡʥʦʝ ʠ ʬʘʟʥʦʝ), 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚ Uʣ/Uʬ = 3  ʨʘʟ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʘʞʜʳʡ ʧʨʠy ʤʥʠʢ 

ʵʥʝʨʛʠʠ ʨʘʩʩʯʠʪʘʥ ʥʘ ʨʘʙʦʪʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʢʦʪʦʨʦʝ 

ʥʘʟʳʚʘʝʪʩʷ ʥʦʤʠʥʘʣʴʥʳʤ. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʧʨʠʝʤʥʠʢʘ ʜʦʣʞʥʘ ʦʙʝʩ-

ʧʝʯʠʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʝʛʦ ʬʘʟ ʥʦʤʠʥʘʣʴʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʚʳʙʦʨ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʪʨʝʭʬʘʟʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʞ̫ʝʥʠʡ ʧʨʠʝʤʥʠʢʘ ʠ ʛʝʥʝʨʘʪʦʨʘ (ʩʝʪʠ). 

ʉʭʝʤʘ ʟʚʝʟʜʳ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʧʨʠʝʤʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʨʘʚʥʦ) ʬʘʟʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚ ʟʚʝʟʜʫ ʢʦʥʮʳ ʬʘʟ ʧʨʠʝʤʥʠʢʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ 

ñnò, ʥʘʟʳʚʘʝʤʫʶ ʥʫʣʝʚʦʡ ʠʣʠ ʥʝʡʪʨʘʣʴʥʦʡ, ʘ ʥʘʯʘʣʘ ʬʘʟ ʧʦʜʢʣʶʯʘʁ ʪʩʷ ʢ 

ʣʠʥʝʡʥʳʤ ʚʳʚʦʜʘʤ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɸ, ɺ, ʉ ʣʠʥʝʡʥʳʤʠ ʧʨʦʚʦʜʘʤʠ. 

ɽʩʣʠ ʥʫʣʝʚʘʷ ʪʦʯʢʘ ʧʨʠʝʤʥʠʢʘ ñnò ʩʦʝʜʠʥʝʥʘ ʩ ʥʫʣʝʚʦʡ ʪʦʯʢʦʡ ʛʝʥʝʨʘʪʦʨʘ 

ñNò ʥʫʣʝʚʳʤ ʧʨʦʚʦʜʦʤ, ʪʦ ʩʭʝʤʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʟʚʝʟʜʳ ʩ ʥʫʣʝʚʳʤ 

ʧʨʦʚʦʜʦʤ (ʨʠʩ. 93, ʘ). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ ʩʭʝʤʘ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʟʚʝʟʜʳ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ (ʨʠʩ. 93, ʙ).  

 

 
ʊʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʣʠʥʝʡʥʳʭ ʧʨʦʚʦʜʘʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʛʝʥʝʨʘ-

ʪʦʨʘ ʢ ʧʨʠʝʤʥʠʢʫ, ʥʘʟʚrʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ. 
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ʊʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʬʘʟʘʭ ʧʨʠʝʤʥʠʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʥʘʯʘʣ ʢ 

ʢʦʥʮʘʤ, ʥʘʟʳʚʘʶʪʩʷ ʬʘʟʥʳʤʠ. ɺ ʩʭʝʤʝ ʟʚʝʟʜʳ ʬʘʟʳ ʧʨʠʝʤʥʠʢʘ ʚʢʣʶʯʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʣʠʥʝʡʥʳʤʠ ʧʨʦʚʦʜʘʤʠ ʠ ʧʦ ʥʠʤ ʧʨʦʪʝʢʘʶʪ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʪʦʢʠ (IA, IB, IC). ʇʦɻ ʪʦʤʫ ʜʣʷ ʩʭʝʤʳ ʟʚʝʟʜʳ ʧʦʥʷʪʠʷ ʣʠʥʝʡʥʳʝ ʠ ʬʘʟʥʳʝ 

ʪʦʢʠ ʪʦʞʜʝʩʪʚʝʥʥʳ: Iʃ = Iʌ. 

ʊʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʦʪ ʧʨʠʝʤʥʠʢʘ ʢ ʛʝʥʝʨʘʪʦʨʫ, 

ʥʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʳʤ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʤ (IN). 

ʅʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʘʤʠ ʠ ʢʦʥʮʘʤʠ ʬʘʟ ʧʨʠʝʤʥʠʢʘ ʥʘʟʳʚʘʶʪʩʷ 

ʬʘʟʥʳʤʠ (UAn, UBn, UCn), ʘ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʘʤʠ ʬʘʟ ï ʣʠʥʝʡʥʳʤʠ 

(UAB, UBC, UCA). ʃʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʠ ʛʝʥʝʨʘʪʦʨʘ ʪʦʞʜʝ-

ʩʪʚʝʥʥʦ ʨʘʚʥʳ. 

ɺ ʩʭʝʤʝ ʟʚʝʟʜʳ ʩ ʥʫʣʝʚʳʤ ʧʨʦʚʦʜʦʤ (ʨʠʩ. 91, ʘ) ʢ ʢʘʞʜʦʡ ʬʘʟʝ ʧʨʠʝʤ-

ʥʠʢʘ ʧʦʜʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ (UAN =  

= UAn = UA, UBN = UBn = UB, UCN = UCn = UC), ʢʘʞʜʘʷ ʠʟ ʬʘʟ ʧʨʠ ʵʪʦʤ ʨʘʙʦ-

ʪʘʝʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʣʠʥʝʡʥʳʝ (ʬʘʟʥʳʝ) ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʟʘʢʦʥʫ ʆʤʘ: 

A

A

A

Z

U
I = ;    

B

B

B

Z

U
I = ;    

C

C

C

Z

U
I = . 

ʊʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ ʂʠʨʭʛʦʬʘ 

ʨʘʚʝʥ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʣʠʥʝʡʥʳʭ (ʬʘʟʥʳʭ) ʪʦʢʦʚ: 

CBAN IIII ++= . 

ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ jj

ʌCBA eZZZZ ===  ʪʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦ-

ʚʦʜʝ 0NI =  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦʙʥʦʩʪʴ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʦʪʧʘʜʘʝʪ. 

ʉʠʤʤʝʪʨʠʯʥʳʝ ʪʨʝʭʬʘʟʥʳʝ ʧʨʠʝʤʥʠʢʠ (ʥʘʧʨʠʤʝʨ, ʪʨʝʭʬʘʟʥʳʝ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʠ) ʚʢʣʶʯʘʶʪʩʷ ʧʦ ʩʭʝʤʝ ʟʚʝʟʜʳ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ. 

ʇʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʚ ʥʫʣʝ-

ʚʦʤ ʧʨʦʚʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʩʪʝʧʝʥʠ ʥʝ ʩʠʤʤʝʪʨʠʠ ʬʘʟʥʳʭ ʪʦʢʦʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʭʬʘʟʥʳʝ ʧʨʠʸʤʥʠʢʠ ʩʪʨʝʤʷʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʦ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʙʣʠʟʢʠʤʠ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ, ʧʦʵʪʦʤʫ ʪʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʣʠʥʝʡʥʳʭ (ʬʘʟʥʳʭ) ʪʦʢʦʚ. 

ʇʨʠʤʝʨ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: Uʃ / Uʌ = 380 / 220 ɺ,  ZA= 100ej35 ʆʤ, Zɺ = 

= 110ej20 ʆʤ, Zʉ = 140ej35 ʆʤ. ʆʧʨʝʜʝʣʠʪʴ ʣʠʥʝʡʥʳʝ (ʬʘʟʥʳʝ) ʪʦʢʠ IA, IB, IC 

ʠ ʪʦʢ ʚ ʥʫʣʝʚʦʤ ʧʨʦʚʦʜʝ IN. 
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ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 94. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ɺ ʩʭʝʤʝ ʟʚʝʟʜʳ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ (ʨʠʩ. 93, ʙ) ʧʨʠ ʣʶʙʦʡ ʥʘʛʨʫʟʢʝ 

ʬʘʟ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ: 
 

0A B CI I I+ + =. 
 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʪʦʢʦʚ ʚʣʝʯʝʪ 

ʠʟʤʝʥʝʥʠʝ ʜʚʫʭ ʜʨʫʛʠʭ ʪʦʢʦʚ, ʪʦ ʝʩʪʴ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ ʨʘʙʦʪʘʶʪ ʚ ʟʘʚʠʩʠ-

ʤʦʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʞʠʤʝ. ʇʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦʪʝʥʮʠʘʣ ʥʫʣʝ-

ʚʦʡ ʪʦʯʢʠ ʧʨʠʝʤʥʠʢʘ Un ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʨʘʚʥʳʤ ʥʫʣʶ, ʦʥ ñʩʤʝʱʘʝʪʩʷò ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʨʠʝʤʥʠʢʘ (CnBnAn UUU ,, ) ʥʝ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʟʥʳʤ ʥʘʧʨʷ-

ʞʝʥʠʷʤ ʛʝʥʝʨʘʪʦʨʘ (CBA UUU ,, ), ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʝʨʝʢʦʩ ʬʘʟ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʝʤʥʠʢʘ (ʨʠʩ. 95). 

ʈʘʩʯʝʪ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʭʝʤʝ ʟʚʝʟʜʳ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ (ʧʦʪʝʥʮʠʘʣ) ʥʝʡʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʠʝʤʥʠʢʘ 

ʧʦ ʤʝʪʦʜʫ ʜʚʫʭ ʫʟʣʦʚ: 
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ʌʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-

ʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ: 

 

nAAn UUU -= ,    nBBn UUU -= ,    nCCn UUU -= . 

 

ʌʘʟʥʳʝ ʪʦʢʠ ʧʨʠʝʤʥʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ: 
 

A

An

A

Z

U
I = ;     

B

Bn

B

Z

U
I = ;    

C

Cn

C

Z

U
I =  

 

ʂʦʤʧʣʝʢʩʥʳʝ ʤʦʱʥʦʩʪʠ ʬʘʟ ʧʨʠʝʤʥʠʢʘ: 

 
*

Ö=+= AAnAAA IUjQPS ,    
*

Ö=+= BBnBBB IUjQPS ,  
*

Ö=+= CCnCCC IUjQPS . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʝʤʥʠʢʘ ʩ ʧʝʨʝʢʦʩʦʤ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʥʦʨʤʘʣʴʥʳʤ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʝʛʦ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʪʨʝʭʬʘʟʥʫʶ ʥʘʛʨʫʟʢʫ ʟʘʧʨʝʱʘʝʪʩʷ ʚʢʣʶʯʘʪʴ ʧʦ ʩʭʝʤʝ 

ʟʚʝʟʜʳ ʙʝʟ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ (ʥʘʧʨʠʤʝʨ, ʦʩʚʝʪʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ). 

ʉʭʝʤʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʦʤʠʥʘʣʴʥʦʝ 

ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʝʤʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʨʘʚʥʦ) ʣʠʥʝʡʥʦʤʫ ʥʘʧʨʷʞʝ-

ʥʠʶ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚ ʪʨʝʫʛʦʣʴʥʠʢ ʢʦʥʝʮ ʢʘʞʜʦʡ ʬʘʟʳ ʩʦʝʜʠ-

ʥʷʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʧʦʩʣʝʜʫʶʱʝʡ, ʘ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ (ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠ-

ʈʠʩ. 95 

IC 

IB 

N 

A 

B C 

n 

+j 
 

 UB UC 

UA 

UBn 
UCn 

Un 

 UAn          IA 

+1 



 108 

ʢʘ) ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʣʠʥʝʡʥʳʤ ʚʳʚʦʜʘʤ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɸ, ɺ, ʉ 

ʣʠʥʝʡʥʳʤʠ ʧʨʦʚʦʜʘʤʠ (ʨʠʩ. 96). 

ʊʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʬʘʟʘʭ ʧʨʠʝʤʥʠʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʠʭ ʥʘʯʘʣ ʢ 

ʢʦʥʮʘʤ, ʥʘʟʳʚʘʶʪʩʷ ʬʘʟʥʳʤʠ (, ,AB BC CAI I I ). ʊʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʣʠ-

ʥʝʡʥʳʭ ʧʨʦʚʦʜʘʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢ ʧʨʠʝʤʥʠʢʫ, ʥʘʟʳʚʘʶʪʩʷ 

ʣʠʥʝʡʥʳʤʠ (, ,A B CI I I ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʬʘʟʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʳ (CABCAB UUU ,, ). ɺ ʵʪʦʡ ʩʭʝʤʝ ʢ ʢʘʞʜʦʡ ʬʘʟʝ ʧʨʠʝʤ-

ʥʠʢʘ ʧʦʜʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠ 

ʵʪʦʤ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ ʨʘʙʦʪʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʌʘʟʥʳʝ ʪʦʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ: 

 

AB

AB
AB

Z

U
I = ;    

BC

BC

BC

Z

U
I = ;    

CB

CA

CA

Z

U
I = . 

 

ʃʠʥʝʡʥʳʝ ʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ 

ʜʣʷ ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʦʥʠ ʨʘʚʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ  ʬʘʟʥʳʭ ʪʦ-

ʢʦʚ: 

A AB CAI I I= - ;    B BC ABI I I= - ;    C CA BCI I I= - . 

 

ɺ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ (j=== j
ʌCBA eZZZZ ) ʬʘʟʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʪʦʢʠ 

ʩʠʤʤʝʪʨʠʯʥʳ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʠʭ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʝʪ Iʃ / Iʌ = 3 . 

IA              IAB       ZAB 

C 

B 

A 

  IC               ICA      ZCA 
 

  IB              IBC       ZBC 
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ʇʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʠ ʬʘʟ-

ʥʳʤʠ ʪʦʢʘʤʠ ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ.  

ʅʘ ʨʠʩ. 95 ʧʦʢʘʟʘʥʘ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʬʘʟ ʚ ʪʨʝʫʛʦʣʴʥʠʢ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ ʩʤ. ʚ ʃ.17 (ʟʘʜʘʯʘ 3). 

 

6. ʈʘʩʯʝʪ ʩʣʦʞʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ 

 

ʉʣʦʞʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʮʝʧʴ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘ, 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʨʝʭʬʘʟʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʣʠʥʠʡ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯʠ, ʧʨʠʝʤʥʠʢʦʚ ʪʨʝʭʬʘʟʥʦʡ ʵʥʝʨʛʠʠ. ʉʭʝʤʘ ʪʘʢʦʡ ʮʝʧʠ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʩʣʦʞʥʦʡ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʋʩʪʘʥʦʚʠʚ-

ʰʝʡʩʷ ʨʝʞʠʤ ʚ ʪʘʢʦʡ ʩʭʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʠʩʪʝʤʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʮʝʧʝʡ (ʤʝʪʦʜ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ, ʤʝʪʦʜ ʢʦʥʪʫʨ-

ʥʳʭ ʪʦʢʦʚ, ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ). ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʪʨʝʭʬʘʟʥʳʭ ʮʝʧʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠ 

ʵʪʦʤ ʩʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠ ʠʭ ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ. 

ɺ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʣʶʙʳʭ ʤʝʪʦʜʦʚ ʨʘʩ-

ʯʝʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʵʢʦʥʦʤʠʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʅʘ ʨʠʩ. 98 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʝʭʬʘʟʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʢ ʦʜʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ ʨʘʩʯʝʪ ʬʘʟʥʳʭ ʠ ʣʠʥʝʡʥʳʭ ʪʦʢʦʚ ʢʘʞʜʦʛʦ ʠʟ ʧʨʠ-

ʝʤʥʠʢʦʚ ʤʦʞʝʪ ʚʧrʦʣʥʷʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ 

IC 

N 

A 

B C 

IA 

+j 

 UBC 

UCA 

UAB 

IBC 
ICA 

IB 

IAB 

+1 
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ʣʠʥʝʡʥʳʝ ʪʦʢʠ ʠʩʪʦʯʥʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʫʤʤʳ ʪʦʢʦʚ 

ʚʩʝʭ ʧʨʠʝʤʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, 1 2 3A A A AI I I I= + + . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʵʥʝʨʛʦʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ ʨʝ-

ʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ. ɺ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ ʪʦʢʠ ʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʩʤʝʞʥʳʭ ʬʘʟ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʫʛʣʦʤ ʩʜʚʠʛʘ ʥʘ Ñ120.̄ ʈʘʩʯʝʪ ʪʦ-

ʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʠʟ ʬʘʟ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʬʘʟʳ  ɸ, ʧʨʠ ʵʪʦʤ ʪʨʝʭʬʘʟʥʳʝ ʮʝʧʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʭʝʤʘʤʠ. ʅʘ ʨʠʩ. 97 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʠʤʚʦʣʴʥʘʷ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʪʨʝʭʬʘʟʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ 

ʫʜʘʣʝʥʥʳʤ ʧʨʠʝʤʥʠʢʘʤ, ʘ ʥʘ ʨʠʩ. 98 ï ʨʘʩʯʝʪʥʘʷ ʦʜʥʦʬʘʟʥʘʷ ʩʭʝʤʘ ʜʣʷ ʪʦʡ 

ʞʝ ʮʝʧʠ. ʅʘ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʨʠʩ. 98 ʢʘʞʜʦʤʫ ʟʚʝʥʫ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʝʛʦ ʩʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

n2 n1 

IA3  IA2  IA1 

IA 

N 

C 
 

B 

A 
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 ɻʝʥ.              ʊʨ-ʨ                                   ʃʕʇ                                    ʅʘʛʨ.    
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ɻʝʥ.                                 ʊʨ-ʨ                                              ʃʕʇ                           ʅʘʛʨ. 

   

 

 

ʈʠʩ. 100 

 



 111 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʩʝʭ ʵʣʝ-

ʤʝʥʪʘʭ ʩʭʝʤʳ ʜʣʷ ʬʘʟʳ ɸ, ʥʘʧʨʠʤʝʨ 
j

AI Iʝa= . ɸʥʘʣʦʛʠʯʥʳʝ ʪʦʢʠ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʘʟʝ ɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ  

ʬʘʟʳ ɸ ʥʘ ʧʦʚʦʨʦʪʥʳʡ ʤʥʦʞʠʪʝʣʴ 
120jʝ- , ʘ ʜʣʷ ʬʘʟʳ ʉ ï ʥʘ ʤʥʦʞʠʪʝʣʴ 

120jʝ , ʥʘʧʨʠʤʝʨ: 
)120(120 -a- Ö=Ö= jj

AB eIeII , 
)120(120 +a+ Ö=Ö= jj

AC eIeII . 

 

7. ʄʦʱʥʦʩʪʴ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʠ ʩʧʦʩʦʙʳ ʝʝ ʠʟʤʝʨʝʥʠʷ 

 

ɸʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʠ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ, ʢʘʢ ʜʣʷ ʣʶʙʦʡ 

ʩʣʦʞʥʦʡ ʮʝʧʠ, ʨʘʚʥʳ ʩʫʤʤʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʬʘʟ: 
 

CCCBBBAAACBA IUIUIUPPPP j+j+j=++= coscoscos , 
 

CCCBBBAAACBA IUIUIUQQQQ j+j+j=++= sinsinsin , 
 

ʛʜʝ  IA, UA, IB, UB, IC, UC  ï ʬʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʝʞʠʤʝ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʨʘʚʥʳ, ʘ ʤʦʥɦʦʩʪʴ 

ʚʩʝʡ ʮʝʧʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʬʘʟʥʳʭ ʤʦʱʥʦʩʪʝʡ ʥʘ 

ʯʠʩʣʦ ʬʘʟ: 

jcos33 ʬʬʬ IUPP == , 

jsin33 ʬʬʬ IUQQ == , 

ʬʬʬ IUQPSS 33 22 =+== . 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʟʘʤʝʥʠʤ ʬʘʟʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘ ʣʠʥʝʡʥʳʝ. 

ɼʣʷ ʩʭʝʤʳ ʟʚʝʟʜʳ ʚʝʨʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʬ ʣ/ 3U U= ; ʬ ʣI I= , ʪʦʛʜʘ ʧʦʣʫ-

ʯʠʤ: 

( )3 cos 3 / 3 cos 3 cosʬ ʬ ʣ ʣ ʣ ʣP U I U I U Ij j j= Ö Ö Ö = Ö Ö Ö = Ö Ö Ö. 

ɼʣʷ ʩʭʝʤʳ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʝʨʥʳ ʩʦʦʪʥʦʰʝʥʠʷ: Uʬ=Uʣ ; Iʬ=Iʣ / 3, ʪʦ-

ʛʜʘ ʧʦʣʫʯʠʤ: 

( )3 cos 3 / 3 cos 3 cosʬ ʬ ʣ ʣ ʣ ʣP U I U I U Ij j j= Ö Ö Ö = Ö Ö Ö = Ö Ö Ö 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ (ʟʚʝʟʜʘ ʠʣʠ ʪʨʝ-

ʫʛʦʣʴʥʠʢ) ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʬʦʨʤʫʣʳ ʜʣʷ ʤʦʱʥʦʩʪʝʡ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ: 

3 cosP U I j= Ö Ö Ö  [ɺʪ], 

3 sinQ U I j= Ö Ö Ö  [ʚʘʨ], 

2 23S U I P Q= Ö Ö = + [ɺɸ]. 
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ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣʘʭ ʜʣʷ ʤʦʱʥʦʩʪʝʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʧʦʜʨʘʟʫ-

ʤʝʚʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʟʥʘʯʝʥʠʷ  ʚʝʣʠʯʠʥ U ʠ I, ʥʦ ʠʥʜʝʢʩʳ ʧʨʠ ʠʭ ʦʙʦʟʥʘʯʝ-

ʥʠʷʭ ʥʝ ʩʪʘʚʷʪʩʷ. 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠʙʦʨʦʤ, 

ʥʘʟʳʚʘʝʤʳʤ ʚʘʪʪʤʝʪʨʦʤ, ʧʦʢʘʟʘʥʠʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

[ ]*Ø
Ö=ÖÖ= WWWWWW IUIUIUW Re)cos( , ʛʜʝ Uw, Iw  - ʚʝʢʪʦʨʳ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʧʦʜʚʝʜʝʥʥʳʝ ʢ ʦʙʤʦʪʢʘʤ ʧʨʠʙʦʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚʩʝʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʬʘʟ ʥʘʛʨʫʟʢʠ ʠ ʝʝ ʭʘʨʘʢʪʝʨʘ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʮʝʧʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʩ ʦʜʥʠʤ ʚʘʪʪʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʫ ʠʟ ʬʘʟ 

ʠ ʠʟʤʝʨʷʝʪ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʪʦʣʴʢʦ ʵʪʦʡ ʬʘʟʳ (ʨʠʩ. 99). ɸʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚʩʝʡ ʮʝʧʠ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʧʦʢʘʟʘʥʠʷ ʚʘʪʪʤʝʪʨʘ ʥʘ 

ʯʠʩʣʦ ʬʘʟ: 3 3 cosʬ ʬP W U I j= Ö = Ö Ö Ö. ʉʭʝʤʘ ʩ ʦʜʥʠʤ ʚʘʪʪʤʝʪʨʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʠ ʥʝ-

ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʪʦʯʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʯʝʪʨrʝʭʧʨʦʚʦʜʥʳʭ ʪʨʝʭʬʘʟʥʳʭ 

ʮʝʧʷʭ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ) ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʩ ʪʨʝʤʷ ʧʨʠʙʦ-

ʨʘʤʠ (ʨʠʩ. 102), ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʢʘʞʜʦʡ ʬʘʟʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʤʦʱʥʦʩʪʴ ʚʩʝʡ ʮʝʧʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʧʦʢʘʟʘʥʠʡ ʪʨʝʭ ʚʘʪʪʤʝʪʨʦʚ: 

 

1 2 3 cos cos cosA A A B B B C C CP W W W U I U I U Ij j j= + + = Ö Ö + Ö Ö + Ö Ö. 
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ʨʠʯʥʘʷ 

ʥʘʛʨʫʟʢʘ 

ʈʠʩ. 101 
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ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʨʝʭʧʨʦʚʦʜʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʮʝ-

ʧʷʭ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ) ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʩ ʜʚʫʤʷ ʧʨʠʙʦ-

ʨʘʤʠ (ʨʠʩ. 101). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ ʣʠʥʝʡʥʳʝ (ʬʘʟʥʳʝ) ʪʦʢ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝʤ 1-ʛʦ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ: . ʉʫʤʤʘ ʧʦ-

ʢʘʟʘʥʠʡ ʜʚʫʭ ʚʘʪʪʤʝʪʨʦʚ ʨʘʚʥʘ:  
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ʅʝʩʠʤʤʝʪ- 

ʨʠʯʥʘʷ  

ʥʘʛʨʫʟʢʘ 

ʈʠʩ. 102 
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ʅʝʩʠʤʤʝʪ- 

ʨʠʯʥʘʷ 

ʥʘʛʨʫʟʢʘ 

ʈʠʩ. 103 
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