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ɸʅʆʊɸʎɯʗ 

 

ɹʝʨʜʥʠʢ ʉ.ʃ. ʌʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʚʠʧʨʦʤʽʥʶʶʯʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʦʙôʻʤʘʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʥʘʫʢ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.03 ï ʨʘʜ̔ʦʬ̔ʟʠʢʘ (ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ). ï

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʙʫʜʦʚ ̔ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥ ʁʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʘʡʦʚʠʭ 

ʟʘʜʘʯ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʚ ʟʙʫʜʞʝʥʥʷ (ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʩʽʥ̫ʥʷ) ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʽʩʪʷʪʴ 

ʽʤʧʝʜʘʥʩʥʽ ʚʽʙʨʘʪʦʨʥʽ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʡ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʪʘ ʱʽʣʠʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʘ ʪʘʢʦʞ ʾʭ 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ ʟ 

ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ (ʚʢʣʶʯʘʶʯʠ ʧʦʢʨʠʪʪʷ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʫ) ʪʘ ʟʘʧʦʚʥʝʥʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʘʩʧʝʢʪʠ ʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ: ʚʚʝʜʝʥʦ ʜʦ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʥʦʚʽ ʧʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʥʘʚʝʜʝʥʠʭ ʽʤʧʝʜʘʥʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʩʪʨʫʤʦʚʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ ʫ ʜʫʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ. 

ʈʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʤʧʝʜʘʥʩʫ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ. 

ʋʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʧʦʧʝʨʝʯʥʦʶ ʪʘ ʧʦʟʜʦʚʞʥʴʦʶ ʱʽʣʠʥʘʤʠ ʚ ʰʠʨʦʢʽʡ ʩʪʽʥʮʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ, ʫʩʝʨʝʜʠʥʽ ʪʘ ʟʦʚʥʽ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʦ ʚʽʙʨʘʪʦʨʠ (ʤʦʥʦʧʦʣʽ) ʟʽ ʟʤʽʥʥʠʤ 
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ʫʟʜʦʚʞ ʥʠʭ ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʫʩʽʤʘ 

ʝʣʝʤʝʥʪʘʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʦʜʠʥʠʮʽ, ʢʝʨʫʚʘʥʥʷ 

ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘ 

ʪʠʧʫ ʂʣʝʚʽʥʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʧʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʫ ʧʽʚʧʨʦʩʪʽʨ ʥʘʜ 

ʥʝʩʢʽʥʯʝʥʥʦʶ ʧʣʦʱʠʥʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʠʧʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʪʠʚʥʦʛʦ 

ʽʤʧʝʜʘʥʩʫ ʥʘʩʪʨʦʶʚʘʣʴʥʦʛʦ ʤʦʥʦʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʭʚʠʣʝʚʦʜʫ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʟ 

ʧʦʧʝʨʝʯʥʦʶ ʱʽʣʠʥʦʶ, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʋʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʭʚʠʣʝʚʽʜʥʠʭ 

ʟʯʣʝʥʫʚʘʥʥʷʭ (ʪʨʽʡʥʠʢʘʭ) ʟ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʙʣʘʩʪʽ ʟʚôʷʟʢʫ 

ʧʨʷʤʦʢʫʪʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʪʘ ʽʤʧʝʜʘʥʩʥʠʤ ʧʦʢʨʠʪʪʷʤ ʪʦʨʮʷ ʙʽʯʥʦʛʦ ʧʣʝʯʘ. 

ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚ ʙʽʯʥʠʡ 

ʭʚʠʣʝʚʽʜ, ʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ ʭʚʠʣʴ, ʱʦ ʧʨʦʡʰʣʠ, ʫ ʟʘʜʘʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʥʘ 

ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʭʚʠʣʝʚʦʜʫ, ʫʤʦʚʠ ʨʽʚʥʦʛʦ ʧʦʜʽʣʫ 

ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʭʚʠʣʝʚʽʜʥʠʤʠ ʤʦʜʘʤʠ ʚ ʙʽʯʥʦʤʫ ʭʚʠʣʝʚʦʜ ̔ (ʟʘ ʫʤʦʚʠ ʡʦʛʦ 

ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ) ʚ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʪʦʪ ʪʘ ʤʽʞ ʫʩʽʤʘ ʬʽʟʠʯʥʠʤʠ 

ʢʘʥʘʣʘʤʠ ʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʜʦʙʨʦʤʫ ʫʟʛʦʜʞʝʥʥʽ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʪʦʨʮʷ ʙʽʯʥʦʛʦ ʭʚʠʣʝʚʽʜʥʦʛʦ ʧʣʝʯʘ ʤʝʪʘʤʘʪʝʨʽʘʣʦʤ LR-5I, 

ʷʢʝ ʤʘʻ ʯʘʩʪʦʪʥʦ ʟʘʣʝʞʥʠʡ ʨʽʟʥʦʪʠʧʥʠʡ ʽʤʧʝʜʘʥʩ ʟʘʙʝʟʧʝʯʫ ̒ʪʨʴʦʭʨʝʟʦʥʘʥʩʥʠʡ 

ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʦʩʥʦʚʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʚ ʙʽʯʥʠʡ. 

ʋʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʭʚʠʣʝʚʽʜʥʠʭ 

ʟʯʣʝʥʫʚʘʥʥʷʭ ʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʜʝ ʚ ʷʢʦʩʪʽ 

ʙʽʯʥʠʭ ʧʣʝʯʝʡ ʧʨʠʩʪʨʦʾʚ ʨʦʟʛʣʷʥʫʪʦ ʊ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʡ ʭʚʠʣʝʚʽʜ ʟ 

ʽʤʧʝʜʘʥʩʥʠʤ ʪʦʨʮʝʤ; ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʡ ʩʧʽʚʚʽʩʥʠʡ ʭʚʠʣʝʚʽʜ; ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʭʨʝʱʝʥʠʡ ʥʝʩʢʽʥʯʝʥʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʭʚʠʣʝʚʽʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʟʘʜʘʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʽʜʙʦʨʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʝʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʦʩʥʦʚʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʚ 

ʙʽʯʥʠʡ (ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 0,84). ʋʧʝʨʰʝ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʨʝʟʦʥʘʥʩʥʫ 
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ʫʤʦʚʫ ʜʣʷ ʭʚʠʣʝʚʽʜʥʠʭ ʟʯʣʝʥʫʚʘʥʴ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʚʩʪʘʚʢʦʶ ʚ ʦʙʣʘʩʪʽ ʱʽʣʠʥʠ 

ʟʚ'ʷʟʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟ ʮʽʻʾ 

ʫʤʦʚʠ. 

ʋʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ʚʫʟʴʢʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʱʽʣʠʥʦʶ, ʧʨʦʨʽʟʘʥʦʶ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ 

ʜʦʚʽʣʴʥʦʛʦ ʨʘʜʽʫʩʘ, ʟʙʫʜʞʫʚʘʥʦʶ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤ ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʟ 

ʽʤʧʝʜʘʥʩʥʠʤ ʪʦʨʮʝʤ; ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʟ ʦʜʥʦ- ̔  ʜʚʦʭʱʽʣʠʥʥʠʤ ʧʨʦʭʽʜʥʠʤ 

ʨʝʟʦʥʘʪʦʨʦʤ. ɿʘʜʘʯ ̔ʨʦʟʚôʷʟʘʥʦ ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʠʭ ʄʈʉ ʟʘ ʫʤʦʚʠ 

ʟʙʫʜʞʝʥʥʷ ʭʚʠʣʝʚʽʜʥʦʾ ʩʝʢʮʽʾ ʭʚʠʣʝʶ ʪʠʧʫ 
10H . ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʻʜʠʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʦʛʦ 

ʘʩʠʤʧʪʦʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ ʟʘʜʘʯʽ ʜʠʬʨʘʢʮʽʾ ʭʚʠʣʴ ʥʘ ʧʦʧʝʨʝʯʥʽʡ 

ʱʽʣʠʥʽ, ʧʨʦʨʽʟʘʥʽʡ ʚ ʪʦʨʮʽ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ, ʷʢʘ 

ʚʠʧʨʦʤʽʥʶʻ ʚ ʧʽʚʧʨʦʩʪʽʨ ʥʘʜ ʽʜʝʘʣʴʥʠʤ ʝʢʨʘʥʦʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʰʠʨʠʥʠ ʱʽʣʠʥʠ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʟʥʘʯʝʥ ɹ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʦʜʽʝʣʝʢʪʨʠʢʘ, ʟ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʽʤʧʝʜʘʥʩʥʝ ʧʦʢʨʠʪʪʷ ʪʦʨʮʷ 

ʭʚʠʣʝʚʦʜʫ, ʘ ʦʪʞʝ, ʽ ʟʥʘʯʝʥ ɹʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʤʧʝʜʘʥʩʫ ʜʦʟʚʦʣʷʻ ʧʝʨʝʙʫʜʦʚʫ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʡʦʛʦ ʚʭʽʜʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʚ ʤʝʞʘʭ (30-36)%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʚʠʥʽ ʜʽʘʧʘʟʦʥʫ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʫ ʭʚʠʣʝʚʦʜʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʫ ʭʚʠʣʝʚʽʜʥʦʤʫ 

ʪʨʘʢʪʽ ʧʨʦʭʽʜʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʜʦʙʨʦʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʨʝʟʦʥʘʥʩʥʘ ʢʨʠʚʘ ʤʘʻ ʚʝʣʠʢʫ ʢʨʫʪʽʩʪʴ, ʘ ʾʾ ʬʦʨʤʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ, 

ʥʘʷʚʥʽʩʪʴ ʫ ʜʽʘʬʨʘʛʤʽ ʜʨʫʛʦʾ ʱʽʣʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʚʫʞʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟʘ 

ʨʽʚʥʝʤ ʧʦʣʦʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ 50 %. 

ʋʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʩʪʨʫʢʪʫʨʦʶ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʟʦʥʘʥʩʥʦʾ ʱʽʣʠʥʠ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ ʜʦʚʽʣʴʥʦʛʦ 

ʨʘʜʽʫʩʘ ʪʘ ʜʚʦʭ ʨʘʜʽʘʣʴʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʪʠʧʫ ʂʣʝʚʽʥʘ ʥʘ ʩʬʝʨʽ. 

ʋʧʝʨʰʝ ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣʠ ʩʪʨʫʤʽʚ 
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ʫ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʽʡ ʢʦʤʙʽʥʦʚʘʥʽʡ ʱʽʣʠʥʥʦ-ʚʽʙʨʘʪʦʨʥʽʡ ʨʝʰʽʪʮʽ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ, ʱʦ ʧʦʻʜʥʫ ̒ ʱʽʣʠʥʫ, ʧʨʦʨʽʟʘʥʫ ʫ ʩʪʽʥʮʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ ʪʘ ʩʠʩʪʝʤʫ ʧʘʩʠʚʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘʜ ʱʽʣʠʥʦʶ 

ʫ ʚʽʣʴʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʘʢʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʽʘʛʨʘʤʫ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʧʦʜʽʙʥʫ ʜʦ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʜʠʨʝʢʪʦʨʥʦʾ ʘʥʪʝʥʠ (ʨʝʰʽʪʢʠ 

ʗʛʽ-ʋʜʘ) ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʙʨʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʟ ʭʚʠʣʝʚʽʜʥʠʤ ʪʨʘʢʪʦʤ. 

ʋʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʠʯʥʦ 

ʜʦʚʛʦʾ ʱʽʣʠʥʠ ʫ ʚʫʟʴʢʽʡ ʩʪʽʥʮʽ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʭʚʠʣʝʚʦʜʫ ʚʠʱʠʤʠ ʪʠʧʘʤʠ ʭʚʠʣʴ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʥʠʤʠ ʪʘ ʱʽʣʠʥʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʜʽʡʩʥʦʾ ʽ ʫʷʚʥʦʾ ʯʘʩʪʠʥ 

ʧʦʚʝʨʭʥʝʚʠʭ ʽʤʧʝʜʘʥʩʽʚ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʦʢ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʢʩʠʤʫʤʫ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʰʽʪʦʢ ʚ ʟʘʜʘʥʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ʧʨʦʮʝʩʘʤ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʨʽʚʥʷʥʥʷʤ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʚʽʜʦʤʠʤʠ ʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ,  ̔ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʽʙʨʘʪʦʨʥʠʭ, ʱʽʣʠʥʥʠʭ ʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʇʦʙʫʜʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʚʠʥʝʥʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ  ̔ʾʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʝʬʝʢʪʠʚʥʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʝʩʪʠ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʽ ʜʘʪʠ ʯʽʪʢʫ ʬʽʟʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽ, ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ 

ʚʘʞʣʠʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ 

ʨʦʟʨʦʙʢʫ ʚʠʩʦʢʦʪʦʯʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʽ 

ʥʦʚʽ ʬʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʽ 
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ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʟʙʫʜʞʫʚʘʥʠʭ 

ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʚʽʙʨʘʪʦʨʥʠʤʠ ʪʘ ʱʽʣʠʥʥʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ ʫ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʦʙ'ʻʤʘʭ, ʟʦʢʨʝʤʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ, ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ ʤʝʪʨʦʚʦʛʦ ʪʘ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʾʭʥ ̔ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ. ɺʦʥʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ, 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ, ʩʝʣʝʢʮʽʾ ʩʠʛʥʘʣʽʚ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ 

ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʡ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʧʘʨʘʪʫʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʢʦʤʙʽʥʦʚʘʥʘ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʪʦʥʢʠʡ ʽʤʧʝʜʘʥʩʥʠʡ ʚʽʙʨʘʪʦʨ, ʚʫʟʴʢʘ ʱʽʣʠʥʘ, ʧʦʚʝʨʭʥʝʚʠʡ ʽʤʧʝʜʘʥʩ, 

ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʥʘʚʝʜʝʥʠʭ ʝʣʝʢʪʨʦ-ʤʘʛʥʽʪʦʨʫʰʽʡʥʠʭ 

ʩʠʣ, ʤʝʪʦʜ ʫʩʝʨʝʜʥʝʥʥʷ, ʭʚʠʣʝʚʽʜʥʝ ʟʯʣʝʥʫʚʘʥʥʷ, ʩʬʝʨʠʯʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ, 

ʤʝʪʦʜ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ. 
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ABSTRACT 

 

Berdnik S.L. Formation of electromagnetic fields by combined vibrator -slot 

radiating structures in electrodynamic volumes with impedance boundaries. ï 

Manuscript of qualifying scientific work.  

Thesis for a Doctor degree in physical and mathematical sciences: Speciality 

01.04.03 ï radiophysics (Physical and mathematical sciences). ï V.N. Karazin Kharkiv 

National University, Ministry of Education and Science of Ukraine, Kharkiv, 2021. 

The dissertation is devoted to the development of the theory of combined vibrator-

slot radiating structures, creation of physically correct mathematical models, and 

improvement of numerical-analytical methods for solving corresponding boundary 

value problems of electrodynamics, which allow a theoretical analysis of physical 

properties of excitation fields (the radiation, scattering) and functional characteristics of 

combined vibrator-slot structures containing impedance vibrators (generally with 

irregular geometric and electrophysical parameters) and slot radiators, as well as their 

multi-element systems located in different electrodynamic volumes with impedance 

boundaries (including coating of metamaterial) and filled with material. 

The scientific work proposes new aspects in the development of the theory of 

electrically thin radiators: new concepts of effective induced impedances of electric and 

magnetic types are introduced into electrodynamic analysis of electrically thin radiators, 

which allowed to formulate of current integral equations for radiators of electric and 

magnetic types in dual-symmetric form. The problem of constructive realization of 

magnetic type impedance is solved. 

For the first time, the problems of excitation and radiation of electromagnetic fields 

by transverse and longitudinal slots in the wide wall of a rectangular waveguide, inside 

and outside of which there are vibrators (monopoles) with variable surface impedance 

have been solved by taking into account the full interaction between all elements of the 

vibrator-slot structures. The conditions for the realization of the radiation coefficient of 

the structures close to unity and the conditions for controlling the frequency 

characteristics are determined. The optimal parameters of a Klevin-type radiator with 



8 

impedance vibrators when radiating into half-space over an infinite plane for the 

formation of fields with given characteristics are determined. For the first time, an 

equation of parametric type was obtained to determine the reactive impedance of the 

tuning monopole inside the waveguide for a structure with a transverse slot, which 

provides a resonant mode of radiation. 

For the first time, the problems of excitation of electromagnetic fields in waveguide 

joints (tees) with vibrator-slot structures in the area of communication of rectangular 

waveguides and impedance coating of the end face of the sidearm were solved. The 

conditions for an increase in the power transmission coefficient in the side waveguide, 

the separation of the powers of the waves transmitted in a given ratio at a certain 

wavelength of the entire operating range of the waveguide, the conditions for equal power 

separation between waveguide modes in the side waveguide (provided its multimode 

operation) in frequency intervals and between all physical channels of power-sharing at 

separate frequencies with good matching were determined. It was found that the coating 

of the end of the side waveguide arm with metamaterial LR-5I, which has a frequency-

dependent different impedance provides a three-resonant mode of power transmission 

from the main waveguide to the side waveguide.  

For the first time, the problems of excitation of electromagnetic fields in waveguide 

joints with dielectric inserts and impedance surfaces were solved. The following are 

considered as side arms of the devices: T-oriented semi-infinite waveguide with 

impedance end; semi-infinite coaxial waveguide; perpendicularly crossed infinite 

rectangular waveguide. It is determined that for a given wavelength by a selection of 

electrical parameters of waveguide devices can provide the required level of power 

transmission from the main waveguide to the side waveguide (in the range from 0 to 

0.84). For the first time, the general resonance condition for waveguide joints with a 

dielectric insert in the region of the communication slot was formulated and accuracy of 

determining the resonant wavelength from this condition was established. 

For the first time, the problems of excitation and radiation of electromagnetic waves 

by a narrow resonant slot cut in an ideally conducting sphere of the arbitrary radius when 

a slot is excited by a semifinite rectangular waveguide with impedance end wall; by a 
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rectangular waveguide with single- and double-slot through resonator. The problems 

were solved by the generalized method of induced magnetomotive forces with excitation 

of the waveguide section by a wave of the 
10H  type. The peculiarities of solving the 

problems is the use as a single basic function of the functional dependence of the 

analytical solution of the integral equation, previously obtained by the asymptotic 

averaging method for the problem of wave diffraction by a transverse slot cut at the end 

of a semi-infinite rectangular waveguide, which radiates into the half-space above an 

ideal screen, and the use of the concept of the equivalent slot width. It was revealed that 

the change in the values of the material parameters of the magnetodielectric from which 

the impedance coating of the end of the waveguide is made (and, consequently, the 

values of its surface impedance), makes it possible to tune the wavelength of the resonant 

radiation of the radiator while maintaining its input matching within (30-36)%, which 

corresponds to a half range of single-mode waveguide mode. It is determined that the 

placement of the passage resonator in the waveguide path significantly increases the 

quality factor of the system, while the resonance curve has a large steepness, and its 

shape is close to rectangular. The presence of the second slit in the diaphragm leads to a 

narrowing of the bandwidth by half the radiation power to 50%. 

For the first time, the problem of forming electromagnetic fields by a structure 

consisting of a resonant slot in an ideally conducting sphere of arbitrary radius and two 

radial impedance vibrators was solved. The conditions for the implementation of a 

Klevin-type radiator on a sphere were determined.  

For the first time by the generalized method of induced magnetomotive forces, the 

distributions of currents in a multi-element combined slot-vibrator array with impedance 

radiators are determined. The array combines a slot cut in the wall of a rectangular 

waveguide and a system of passive impedance vibrators placed above the slot in a free 

half-space. It was found that such a system allows one to obtain a radiation pattern 

similar to the pattern of the Yagi-Uda array while ensuring good matching with the 

waveguide path. 

For the first time, a multifrequency radiator has been implemented based on an 
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electrically long slot in a narrow wall of finite thickness of a multimode rectangular 

waveguide when the waveguide is excited by higher types of waves at different 

frequencies. 

A new method of impedance synthesis of the radiation pattern of antenna arrays 

with impedance vibrator and slot elements is proposed. For the first time, analytical 

formulas are obtained for the real and imaginary parts of the surface impedances of the 

array elements, which ensure the formation of the radiation pattern of the array with a 

maximum in the given direction. 

The correspondence of the constructed models to real physical processes is 

confirmed by comparison with the experimental data known from the literature and the 

original results of experimental studies for vibrator, slot and combined structures. 

The mathematical models constructed in this work and the developed 

electrodynamic methods for calculating the characteristics of various combined vibrator-

slot radiating structures and their multi-element systems are effective for use in 

computer-aided design systems. They make it possible to carry out a multivariate 

analysis of the physical properties of electromagnetic fields in such systems and to give 

a clear physical interpretation of the theoretical and experimental data obtained in their 

study and are a further development of an important scientific direction of applied 

electrodynamics, focused on the development of high-precision high-speed algorithms 

for the design of modern antenna systems and devices of different destination. These 

results, as well as the discovered new physical regularities and features in the formation 

of spatial-frequency and energy characteristics of electromagnetic fields excited by 

combined vibrator-slot structures with impedance vibrator and slot radiators in different 

electrodynamic volumes, in particular, with impedance boundaries, constitute the basis 

for the development and the creation of a new element base for VHF and microwave 

radio-electronic equipment, which allows to significantly expand its functionality. They 

are promising for use in solving the problem of ensuring the electromagnetic 

compatibility of radio electronic devices, noise immunity, signal selection, 

miniaturization of radio electronic devices, creating radiators with special requirements 

for directivity and radiation characteristics, in the development of special-purpose 
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equipment. 

Keywords: electromagnetic field, combined vibrator-slot structure, thin impedance 

vibrator, narrow slot, surface impedance, integral equation, generalized method of 

induced electro-magnetomotive forces, averaging method, waveguide junction, 

spherical radiator, method of impedance synthesis. 
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Yu. M. Penkin. Chapter in book ñAdvanced Electromagnetic Wavesò, S. O. Bashir 

(ed.), Rijeka: InTech. ï 2015. ï Chapter 6. ï P. 147ï175. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

7. ʉʪʚʦʨʝʥʥʷ ʚʽʙʨʘʪʦʨʥʠʭ ʪʘ ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʟʘʜʘʥʠʤʠ 

ʯʘʩʪʦʪʥʦ-ʧʨʦʩʪʦʨʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ / ɺ. ʆ. ʂʘʪʨʠʯ, 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʉ. ʃ. ɹʝʨʜʥʠʢ, ʖ. ʄ. ʇʻʥʢʽʥ // ɺʠʧʨʦʤʽʥʶʶʯʽ ʩʪʨʫʢʪʫʨʠ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ: ʪʝʦʨʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ / ʟʘ 

ʨʝʜ. ɺ.ʆ. ʂʘʪʨʠʯ. ï Lambert Academic Publishing. ï 2017. ï ʈʦʟʜ. 2. ï ʉ. 35ï70. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʦ ʜʦʚʛʠʭ ʱʽʣʠʥ, 

ʭʚʠʣʝʚʽʜʥʦ-ʱʽʣʠʥʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭʋʢʨʘʾʥʠ: 

8. ɹʝʨʜʥʠʢ ʉ. ʃ. ʉʠʩʪʝʤʘ ʚʠʙʨʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʠʤʧʝʜʘʥʩʦʤ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ / ʉ. ʃ. ɹʝʨʜʥʠʢ // ɺʽʩʥʠʢ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ. ʈʘʜʽʦʬʽʟʠʢʘ ʪʘ 

ʝʣʝʢʪʨʦʥʽʢʘ. ï 2012. ï ɺʠʧ. 20, ̄ 1010. ï ʉ. 23ï27. 

9. ɹʝʨʜʥʠʢ ʉ. ʃ. ʀʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʵʣʝʢʪʨʠʯʝʩʢʠ ʜʣʠʥʥʦʡ 

ʱʝʣʴʶ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʚ ʫʟʢʦʡ ʩʪʝʥʢʝ ʤʥʦʛʦʤʦʜʦʚʦʛʦ 



14 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ / ʉ. ʃ. ɹʝʨʜʥʠʢ // ʈʘʜʠʦʪʝʭʥʠʢʘ. ɺʩʝʫʢʨ. ʤʝʞʚʝʜ. 

ʥʘʫʯʥ.-ʪʝʭʥ. ʩʙ. ï 2012. ï ɺʳʧ. 171. ï ʉ. 322ï326 . 

10. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ ʚ ʟʘʜʘʯʘʭ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ (75 ʣʝʪ ʩʧʫʩʪʷ) / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɼ. ʖ ʇʝʥʢʠʥ, ɺ. ɸ. ʂʘʪʨʠʯ, 

ʖ. ʄ. ʇʝʥʢʠʥ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ. ï 2014. 

ï ʊ. 19, ˉ 1. ï ʉ. 57ï80. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʤʧʝʜʘʥʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʘʥʘʣʽʟ ʤʝʞ ʢʦʨʝʢʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʝʜʘʥʩʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. 

11. ʑʝʣʝʚʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ ʩ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʘʬʨʘʛʤʦʡ ʚ 

ʚʦʣʥʦʚʦʜʝ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ʉ. ɺʘʩʠʣʴʢʦʚʩʢʠʡ, ɺ. ɸ. ʂʘʪʨʠʯ, 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʖ. ʄ. ʇʝʥʢʠʥ // ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ. ʈʘʜʽʦʬʽʟʠʢʘ ʪʘ ʝʣʝʢʪʨʦʥʽʢʘ. ï 2014. ï 

ˉ1115, ɺʠʧ. 24. ï ʉ. 35ï40. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʨʦʟʚôʷʟʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʱʽʣʠʥʠ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. 

12. ʈʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩʠʩʪʝʤʦʡ ʚʠʙʨʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʠʤʧʝʜʘʥʩʦʤ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, 

ɺ. ʀ. ʂʠʡʢʦ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ. ï 2015. ï 

ʊ. 20, ˉ1. ï ʉ. 64ï75. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʚʠʩʥʦʚʢʽʚ. 

13. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʝʣʝʚʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʪʝʣʝʡ / 

ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʖ. ʄ. ʇʝʥʢʠʥ // ʇʨʠʢʣʘʜʥʘʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. ï 2015. ï ʊʦʤ 14, ˉ 1. ï C. 24ï35. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʨʦʟʚôʷʟʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ, 

ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʱʽʣʠʥʠ, ʧʨʦʚʝʜʝʥʥʷ 
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ʢʦʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʫ ʟʘʨʫʙʽʞʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: 

14. Combined vibrator-slot structures in electrodynamic volumes / M. V. Nesterenko, 

V. A. Katrich, Y. M. Penkin, S. L. Berdnik , and V. I. Kijko // Electromagnetic 

waves: Progress In Electromagnetics Research B, EMW Publishing, Cambridge, 

Massachusetts, USA. ï 2012. ï PIERB 37. ï P. 237ï256. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ 

ʭʚʠʣʝʚʦʜʽ, ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

15. Electromagnetic waves scattering and radiation by vibrator-slot structure in a 

rectangular waveguide / M. V. Nesterenko, V. A. Katrich, D. Y. Penkin, 

S. L. Berdnik , and V. I. Kijko // Progress In Electromagnetics Research M. ï 2012. 

ï Vol. 24. ï P. 69ï84. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ, ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʴ, 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

16. Electromagnetic waves radiation into the space over a sphere by a slot in the end-

wall of a semi-infinite rectangular waveguide / S. L. Berdnik , Y. M. Penkin, 

V. A. Katrich, M. V. Nesterenko, V. I. Kijko // Electromagnetic waves: Progress In 

Electromagnetics Research B, EMW Publishing, Cambridge, Massachusetts, USA. 

ï 2013. ï Vol 46. ï P. 139ï158. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟʙʫʜʞʝʥʥʷ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʃɸʈ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʫʯʘʩʪʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

17. Electromagnetic fields excitation by a multielement vibrator-slot structures in 

coupled electrodynamics volumes / D. Y. Penkin, S. L. Berdnik , V. A. Katrich, 
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M V. Nesterenko, V. I. Kijko // Electromagnetic waves: Progress In 

Electromagnetics Research B, EMW Publishing, Cambridge, Massachusetts, USA. 

ï 2013. ï Vol 49. ï P. 235ï252. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟʙʫʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʫʯʘʩʪʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

18. Energy Characteristics of a Slot Cut in an Impedance End-wall of a Rectangular 

Waveguide and Radiating into the Space over a Perfectly Conducting Sphere / 

S. L. Berdnik , V. A. Katrich, Yu. M. Penkin, M. V. Nesterenko, 

S. V. Pshenichnaya // Electromagnetic waves: Progress In Electromagnetics 

Research M, EMW Publishing, Cambridge, Massachusetts, USA.ï 2014. ï Vol. 34. 

ï P. 89ï97. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟʙʫʜʞʝʥʥʷ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʃɸʈ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʽʟ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

19. Electrodynamic Characteristics of a Radial Impedance Vibrator on a Perfect 

Conduction Sphere / D Yu. Penkin, V A. Katrich, Yu M. Penkin, M V. Nesterenko, 

V M. Dakhov, and S L. Berdnik  // Electromagnetic waves: Progress In 

Electromagnetics Research B, EMW Publishing, Cambridge, Massachusetts, 

USA.ï 2015. ï Vol. 62. ï P. 137ï151. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʟʙʫʜʞʝʥʥʷ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

20. E-Plane T-Junction of Rectangular Waveguides with Vibrator-Slot Coupling 

Between Arms / S. L. Berdnik, V. A. Katrich, M. V. Nesterenko, Yu. M. Penkin // 

Telecommunications and Radio Engineering. ï 2015. ïVol. 74, Issue 14. ï P. 1225ï

1240. (Scopus) 
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ʇʝʨʝʢʣʘʜ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʩʪʘʪʪʽ ʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ: 
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ʱʝʣʝʚʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʧʣʝʯʘʤʠ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʖ. ʄ. ʇʝʥʢʠʥ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. ï 2015. ï 

ʊ.6(20), ˉ 1.  ï C.85ï93. 

21. Radiation and Scattering of Electromagnetic Waves by a Multi-Element Vibrator-

Slot Structure in a Rectangular Waveguide / S. L. Berdnik , V. A. Katrich, 

M. V. Nesterenko, Yu. M. Penkin, and D. Yu. Penkin // IEEE Transactions on 

Antennas and Propagation. ï 2015. ï Vol. 63, No. 9. ï P. 4256ï4259. (Scopus) 
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22. Power Characteristics of a T-Junction of Rectangular Waveguides with a Multi-

Element Monopole-Slotted Coupling Structure / S. L. Berdnik , V. A. Katrich, 

V. I. Kiyko, M. V. Nesterenko, Yu. M. Penkin // Telecommunications and Radio 

Engineering. ï 2016. ï Vol. 75, Issue 6. ï P. 489ï506. (Scopus) 
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ʇʝʨʝʢʣʘʜ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʩʪʘʪʪʽ: 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ T-ʦʙʨʘʟʥʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʩ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʚʠʙʨʘʪʦʨʥʦ-ʱʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʦʙʣʘʩʪʠ 

ʩʚʷʟʠ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ɺ. ʀ. ʂʠʡʢʦ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, 

ʖ. ʄ. ʇʝʥʢʠʥ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. ï 2016. ï ʊ.7(21), ˉ 1, ï ʉ.4ï14. 

23. Electromagnetic Waves Radiation by a Vibrators System with Variable Surface 

Impedance / S. L. Berdnik , V. A. Katrich, M. V. Nesterenko, Yu. M. Penkin // 

Electromagnetic waves: Progress In Electromagnetics Research M, EMW 

Publishing, Cambridge, Massachusetts, USA. ï 2016. ï Vol. 51. ï P. 157 ï 163. 

(Scopus) 
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Dimensions/ S. L. Berdnik , V. A. Katrich, M. V. Nesterenko, Yu. M. Penkin // 

International Journal of Microwave and Wireless Technologies, Cambridge 

University Press and the European Microwave Association. ï 2017. ï Vol. 9 (5). ï 

P. 1059ï1065. (Scopus) 
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Vibrators / Yu. M. Penkin, V. A. Katrich, M. V. Nesterenko, S. L. Berdnik  / 

Electromagnetic waves: Progress In Electromagnetics Research M, EMW 

Publishing, Cambridge, Massachusetts, USA. ï 2018. ï Vol. 65. ï P. 43ï49. 

(Scopus) 
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26. Impedance Synthesis of Plane Diffraction Vibrator Arrays / Yu. M. Penkin, 

V. A. Katrich, M. V. Nesterenko, S. L. Berdnik, S. V. Pshenichnaya // Progress In 

Electromagnetics Research M. ï 2020. ï Vol. 89. ï P. 31ï41. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʨʝʰʽʪʦʢ, ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʽʤʧʝʜʘʥʩʽʚ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

27. Analysis of Resonant Characteristics of E- and H-Plane Waveguide Junctions with 

Local Dielectric Inclusions / Y. M. Penkin, V. A. Katrich, M. V. Nesterenko, 

S. L. Berdnik , N. K. Blinova // Progress In Electromagnetics Research Letters. ï 

2020. ï Vol. 91. ï P. 17ï24. (Scopus) 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʫʤʦʚʠ ʜʣʷ 

ʭʚʠʣʝʚʽʜʥʠʭ ʟʯʣʝʥʫʚʘʥʴ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʚʩʪʘʚʢʦʶ ʚ ʦʙʣʘʩʪʽ ʱʽʣʠʥʠ ʟʚ'ʷʟʢʫ, 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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28. Yagi-Uda Combined Radiating Structures of Centimeter and Millimeter Wave 

Bands / S. L. Berdnik, V. A. Katrich, M. V. Nesterenko, Y. M. Penkin, and O. M. 

Dumin // Progress In Electromagnetics Research M. ï 2020. ï Vol. 93. ï P. 89ï97. 

(Scopus) 
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29. Slotted spherical antenna with a multi-element diaphragm in the waveguide / 

S. L. Berdnik , V. A. Katrich, V. I. Kijko, M. V. Nesterenko, Yu. M. Penkin // 

Electromagnetic waves: Progress In Electromagnetics Research M. ï 2020. ï 

Vol. 95. - P. 1ï12. (Scopus) 
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30. Waveguide Radiation of The Combined Vibrator-Slot Structures / S. L. Berdnik, 

V. A. Katrich, M. V. Nesterenko, Yu. M. Penkin // Progress In Electromagnetics 

Research B. ï 2020. ï Vol. 87. ï P. 151ï170. (Scopus) 
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ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

31. ʑʝʣʝʚʦʡ ʠʟʣʫʯʘʪʝʣʴ ʚ ʪʦʨʮʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʜʚʫʭʱʝʣʝʚʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʘʬʨʘʛʤʦʡ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ɺ. ʀ. ʂʠʡʢʦ, 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ // ʉɺʏ ʪʝʭʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ : 21-

ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʨʳʤʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, 12-16 ʩʝʥʪ. 2011 ʛ., ʉʝʚʘʩʪʦʧʦʣʴ, 

ʂʨʳʤ, ʋʢʨʘʠʥʘ: ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2011. ï ʉ. 565ï566. 
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ʚʦʣʥʳ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʉ.ɺ. ʇʰʝʥʠʯʥʘʷ // 

ʉɺʏ ʪʝʭʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 22-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 
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P. 195ï197.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

34. System of impedance vibrators in free space / S. L. Berdnik , V. A. Katrich, 

M. V. Nesterenko and V.I. Kiyko // XVII -th International Seminar/Workshop on 

Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory, Sept. 

24-27, 2012: proceedings.ï Tbilisi (Georgia). ï 2012. ï P. 53ï56.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

35. ɺʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʚʠʙʨʘʪʦʨʥʦ-

ʱʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ / ɼ. ʖ. ʇʝʥʢʠʥ, 

ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ɺ. ʀ. ʂʠʡʢʦ // ʉɺʏ ʪʝʭʥʠʢʘ 

ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ : 23-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʨʳʤʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ, 8-14 ʩʝʥʪ. 2013 ʛ., ʉʝʚʘʩʪʦʧʦʣʴ, ʂʨʳʤ, ʋʢʨʘʠʥʘ: ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʬʝʨʝʥʮʠʠ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2013. ï ʉ. 708ï709.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʧʦʙʫʜʦʚʽ ʡ ʘʥʘʣʽʟʽ ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

36. ʈʝʟʦʥʘʥʩʥʘʷ ʱʝʣʝʚʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ʖ. ʄ. ʇʝʥʢʠʥ, 

ɺ. ɸ. ʂʘʪʨʠʯ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʉ. ɺ. ʇʰʝʥʠʯʥʘʷ // ʉɺʏ ʪʝʭʥʠʢʘ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ : 23-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʨʳʤʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ, 8-14 ʩʝʥʪ. 2013 ʛ., ʉʝʚʘʩʪʦʧʦʣʴ, ʂʨʳʤ, ʋʢʨʘʠʥʘ: ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʬʝʨʝʥʮʠʠ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2013. ï ʉ. 610ï611.  



21 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

37. Radiation fields of radial impedance monopole mounted on a perfectly conducting 

sphere / D. Yu. Penkin, V. A. Katrich, V. M. Dakhov, M. V. Nesterenko, 

S. L. Berdnik  // IX International Conference on Antenna Theory and Techniques, 

September 16-20, 2013, Odessa, Ukraine: proceedings. ï Odessa. ï 2013. ï P.123-

125.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

38. Electrodynamic characteristics of a three-element vibrator-slot structure in a 

rectangular waveguide / S. L. Berdnik , V. A. Katrich, M. V. Nesterenko and 

S. V. Pshenichnaya // XVIII-th International Seminar/Workshop on Direct and 

Inverse Problems of Electromagnetic and Acoustic Wave Theory, Sept. 23-26, 

2013: proceedings. ï Lviv  (Ukraine). ï 2013. ï P. ï 45ï48.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

39. Spherical antenna excited by a slot in an impedance end-wall of a rectangular 

waveguide // S. L. Berdnik , V. A. Katrich, M. V. Nesterenko and Yu. M. Penkin 

// XVIII -th International Seminar/Workshop on Direct and Inverse Problems of 

Electromagnetic and Acoustic Wave Theory, Sept. 23-26, 2013: proceedings. ï 

Lviv  (Ukraine). ï 2013. ï P. ï 111ï114.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ  

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

40. ʉʬʝʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʱʝʣʴʶ ʚ ʠʤʧʝʜʘʥʩʥʦʤ ʪʦʨʮʝ ʩ ʧʦʪʝʨʷʤʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ʖ. ʄ. ʇʝʥʢʠʥ, ɺ. ɸ. ʂʘʪʨʠʯ, 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʅ. ʂ. ɹʣʠʥʦʚʘ // ʉɺʏ ʪʝʭʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ: 24-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʨʳʤʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, 7-13 ʩʝʥʪ. 2014 ʛ., 

ʉʝʚʘʩʪʦʧʦʣʴ, ʂʨʳʤ, ʋʢʨʘʠʥʘ: ʤʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2014. 

ï ʉ. 491ï492.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 



22 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

41. Radiation fields of the spherical slot antenna in a material medium / S. L. Berdnik , 

V. S. Vasylkovskyi, M. V. Nesterenko and Yu. M. Penkin // X Anniversary 

International Conference on Antenna Theory and Techniques ICATTô2015, April 

21-24, 2015, Kharkiv, Ukraine : proceedings. ï Kharkiv. ï 2015. ï P. 282ï284.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

42. Waveguide E-plane T-junction with Resonance Coupling between Shoulders / 

S. L. Berdnik , V. A. Katrich, M. V. Nesterenko and Yu. M. Penkin // X 

Anniversary International Conference on Antenna Theory and Techniques 

ICATTô2015, April 21-24, 2015, Kharkiv, Ukraine : proceedings. ï Kharkiv. ï 

2015. ï P. 306ï308.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

43. Radiation Fields of Radial Monopole Array Mounted on a Perfectly Conducting 

Sphere / V. M. Dakhov, V. A. Katrich, S. L. Berdnik , M. V. Nesterenko, 

D. Yu. Penkin // 2015 XX-th International Seminar/Workshop on Direct and 

Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2015), 

Sept. 21-24, 2015: proceedings.ï Lviv  (Ukraine). ï 2015. ï P. ï 66ï70.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

44. Clavin Element with Impedance Monopoles / S. L. Berdnik , V. A. Katrich, 

M. V. Nesterenko, Yu. M. Penkin, S. V. Pshenichnaya // 2015 XX-th International 

Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and 

Acoustic Wave Theory (DIPED-2015), Sept. 21-24, 2015: proceedings.ï Lviv  

(Ukraine). ï 2015. ï P. ï 61ï65.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



23 

45. Spherical Antenna with a Clavin Radiator / S. L. Berdnik, N. K. Blinova, 

V. A. Katrich, M. V. Nesterenko and Yu. M. Penkin // 2015 XX-th International 

Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and 

Acoustic Wave Theory (DIPED-2015), Sept. 21-24, 2015: proceedings.ï Lviv  

(Ukraine). ï 2015. ï P. ï 75ï77.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

46. Waveguide Junction with Controllable Power Division / Yu. M. Penkin, 

S. L. Berdnik , V. A. Katrich and M. V. Nesterenko // 9-th International Kharkiv 

Symposium on Phisics and Engineering of Microwaves, Millimeter and 

Submillimeter Waves (MSMW-2016), June 21ï24, 2016: Proc. ï Kharkiv, 2016. ï 

P. 1ï4.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

47. Yagi-Uda Antennas with Impedance Wires / S. L. Berdnik , V. A. Katrich, 

M. V. Nesterenko, Yu. M. Penkin, and S. V. Pshenichnaya // 16-th Int. Conf. on 

Mathematical Methods in Electromagnetic Theory (MMET-2016), July 5ï7, 2016: 

Proc. ï Lviv, 2016. ï P. 403ï406.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

48. E-plane T-junctions of Rectangular Wavegudes with Vibrator-Slot Coupling 

between Arms of Different Dimensions / S. L. Berdnik , V. A. Katrich, 

M. V. Nesterenko, Yu. M. Penkin // 2016 8th Interational Conference on 

Ultrawideband and Ultrashort Impulse Signals, 5-11 September, 2016 ï Odessa, 

Ukraine: Proc. ï Odessa, 2016. ï P. 68ï72.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

49.  Energy Characteristics of a T-Shaped Waveguide Junction with a Dielectric Insert 

/ Yu. M. Penkin, S. L. Berdnik, V. A. Katrich, M. V. Nesterenko, 

S. V. Pshenichnaya // 2016 8th Interational Conference on Ultrawideband and 



24 

Ultrashort Impulse Signals, 5-11 September, 2016, Odessa, Ukraine: Proc. ï 

Odessa, 2016. ï P. 73ï76.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

50. Influence of a dielectric insert on energy characteristics of a cruciform waveguide 

junction / Yu. M. Penkin, S. L. Berdnik, V. A. Katrich and M. V. Nesterenko // 

XXIth International Seminar/Workshop on Direct and Inverse Problems of 

Electromagnetic and Acoustic Wave Theory (DIPED), Sept. 26ï29, 2016. ï Tbilisi, 

Georgia: Proc. ï Tbilisi, 2016. ï P. 42ï45.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

51. Radiation Fields of a Radial Dipole Located on a Metal Sphere Coated by a Layer 

of Metamaterial / Yu. M. Penkin, V. A. Katrich, M. V. Nesterenko, S. L. Berdnik , 

S. V. Pshenichnaya / 2017 XI International Conference on Antenna Theory and 

Techniques (ICATT), 24-27 May 2017, Kyiv, Ukraine: ʈroc. ï 2017. ï P. 92ï95. 

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

52. Radiation Field of a Dipole Placed at Impedance Sphere / Yu. M. Penkin, 

V. A. Katrich, M. V. Nesterenko, S. L. Berdnik, N. K. Blinova // 2017 IEEE First 

Ukraine Conference on Electrical and Computer Engineering (UKRCON), May 29 

ï June 2: proceedings. ï 2017. ï P. 29ï32.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

53. T-junction of rectangular waveguides with monopole-slot coupling structure and 

elements coated by a metamaterial / S. L. Berdnik , V. A. Katrich, V. I. Kiyko, 

M. V. Nesterenko, Yu. M. Penkin // Proc. XXIIth Intern. Seminar on Direct and 

Inverse Problems of Electromagnetic and Acoustic Wave Theory DIPEDô2017. ï 

Dnipro (Ukraine). ï 2017. ï P. 123ï127.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



25 

54. Diffraction radiation of a slot into a space over an impedance screen / 

S. L. Berdnik , Yu. M. Penkin, V. A. Katrich, M. V. Nesterenko // Proc. XXIIth 

Intern. Seminar on Direct and Inverse Problems of Electromagnetic and Acoustic 

Wave Theory DIPEDô2017. ï Dnipro (Ukraine). ï 2017. ï P. 64ï67.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʜʠʬʨʘʢʮʽʾ, ʦʪʨʠʤʘʥʥʷ 

ʚʠʨʘʟʽʚ ʜʣʷ ʧʨʦʚʽʜʥʦʩʪʽ ʱʽʣʠʥʠ ʚ ʽʤʧʝʜʘʥʩʥʦʤʫ ʝʢʨʘʥʽ. 

55. Combined Wide-Angle Scanning by a Two-Dimensional Dipole Array / 

Yu. M. Penkin, V. A. Katrich, M. V. Nesterenko and S. L. Berdnik // 2018 9th 

Interational Conference on Ultrawideband and Ultrashort Impulse Signals, 4-7 

September, Odessa, Ukraine: Proc. ï Odessa, 2018. ï P. 300ï303.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

56. Dual-symmetric of integral equations for antenna currents / Yu. M. Penkin, 

V. A. Katrich, M. V. Nesterenko, S. L. Berdnik  // Proc. XXIIIth Intern. Seminar 

on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory 

DIPEDô2018. ï Tbilisi (Georgia). ï 2018. ï P.55ï59.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʝʜʝʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ. 

57. General Resonance Condition for Waveguide Junctions with Natural Dielectric 

Inserts / S. Berdnik , Yu. Penkin, V. Katrich, M. Nesterenko // Proc. XXIVth Intern. 

Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and 

Acoustic Wave Theory DIPEDô2019, September 12-14, 2019, Lviv, Ukraine. ï 

2019. ï P. 103ï107.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

58. Impedance synthesis of flat slot antenna arrays / Yu. Penkin, V. Katrich, 

M. Nesterenko, S. Berdnik  // Proceedings of the 2020 IEEE Ukrainian Microwave 

Week. Kharkiv, Ukraine. - 2020. ï P. 89ï92.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



26 

59. Dual-band combined vibrator-slot radiating structures / Yu. Penkin, V. Katrich, 

M. Nesterenko, S. Berdnik , O. Dumin // Proceedings of the 2020 IEEE Ukrainian 

Microwave Week. ï Kharkiv, Ukraine. ï 2020. ï P. 149ï153.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

60. Masking effect of a dielectric inclusion in a coupling slotted cavity cut in an infinite 

screen / Yu. Penkin, V. Katrich, M. Nesterenko, S. Berdnik  // Proceedings of the 

2020 IEEE Ukrainian Microwave Week. ï Kharkiv, Ukraine. ï 2020. ï P. 672ï

675.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

61. Natural regularization of the kernels of integral equations for currents on impedance 

surfaces / Yu. Penkin, V. Katrich, M. Nesterenko, S. Berdnik  // Proceedings of the 

XXV th International Seminar on Direct and Inverse Problems of Electromagnetic 

and Acoustic Wave Theory. ï Tbilisi, Georgia. ï 2020. ï P. 87ï91.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʘʥʘʣʽʟ ʢʦʨʝʢʪʥʦʩʪʽ ʟʘʜʘʯʽ 

ʜʠʬʨʘʢʮʽʾ ʥʘ ʚʫʟʴʢʽʡ ʣʽʥʽʡʥʽʡ ʱʽʣʠʥʽ, ʧʨʦʨʽʟʘʥʽʡ ʫ ʜʚʦʩʪʦʨʦʥʥʽʡ ʽʤʧʝʜʘʥʩʥʽʡ 

ʧʣʦʱʠʥʽ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

62. ɺʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʜʦʣʴʥʦʡ ʱʝʣʴʶ ʚ ʰʠʨʦʢʦʡ ʩʪʝʥʢʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʩʩʠʚʥʳʭ ʠʤʧʝʜʘʥʩʥʳʭ 

ʚʠʙʨʘʪʦʨʦʚ ʚʥʝ ʚʦʣʥʦʚʦʜʘ / ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, 

ʖ. ʄ. ʇʝʥʢʠʥ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ. ï2016. ï ʊ.21, ˉ3. ï ʉ. 

198ï215.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

63. ʋʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʣʥʦʚʦʜʥʳʭ ʩʦʯʣʝʥʝʥʠʡ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʝʤ / ʖ. ʄ ʇʝʥʢʠʥ, ʉ. ʃ. ɹʝʨʜʥʠʢ, ɺ. ɸ. ʂʘʪʨʠʯ, 



27 

ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ʉ. ɺ. ʇʰʝʥʠʯʥʘʷ // ʇʨʠʢʣʘʜʥʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. ï 2017. 

ï ʊʦʤ 16, ˉ 1,2. ï C. 51ï60.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʫʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

64. ʇʘʪ. 120298, ʋʢʨʘʾʥʘ, ʄʇʂ H01Q 7/08 (2006.01) / ʄʘʛʥʽʪʥʠʡ ʰʣʝʡʬ-ʚʽʙʨʘʪʦʨ 

// ʆ. ɯ. ʂʘʨʧʦʚ, ɺ. ʆ. ʂʘʪʨʠʯ, ʉ. ʃ. ɹʝʨʜʥʠʢ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ɭ. ʆ. 

ɸʥʪʦʥʝʥʢʦ; ʚʣʘʩʥʠʢ ʍʅʋ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ. ï ˉ a201710295; ʟʘʷʚʣ. 

17.10.2017; ʦʧʫʙʣʽʢ. 11.11.2019, ɹʶʣ. ˉ 21/2019.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʘʥʘʣʦʛʽʚ, ʩʢʣʘʜʘʥʥʷ ʬʦʨʤʫʣʠ ʚʠʥʘʭʦʜʫ. 

65. ʇʘʪ. 119283, ʋʢʨʘʾʥʘ, ʇʂ H01Q 1/48 (2006.01), H01Q 7/08(2006.01), H01Q 

9/26 (2006.01) / ɸʥʪʝʥʘ ʰʠʨʦʢʦʩʤʫʛʦʚʘ ʧʦʨʪʘʪʠʚʥʘ // ʆ. ɯ. ʂʘʨʧʦʚ, 

ɺ. ʆ. ʂʘʪʨʠʯ, ʉ.ʃ. ɹʝʨʜʥʠʢ, ʄ. ɺ. ʅʝʩʪʝʨʝʥʢʦ, ɭ. ʆ. ɸʥʪʦʥʝʥʢʦ; ʚʣʘʩʥʠʢ 

ʍʅʋ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ. ï ˉ a201710066; ʟʘʷʚʣ. 17.10.2017; ʦʧʫʙʣʽʢ. 

27.05.2019, ɹʶʣ. ˉ 10/2019.  

ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʘʥʘʣʦʛʽʚ, ʩʢʣʘʜʘʥʥʷ ʬʦʨʤʫʣʠ ʚʠʥʘʭʦʜʫ. 

  



28 

ɿʄɯʉʊ 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ......................................................................... 34 

ɺʉʊʋʇ  .................................................................................................................... 35 

ʈʆɿɼɯʃ 1 ɿɸɻɸʃʔʅɯ ʇʀʊɸʅʅʗ ʊɽʆʈɯɰ ʌʆʈʄʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ ʉʀʉʊɽʄɸʄʀ ʊʆʅʂʀʍ 

ɯʄʇɽɼɸʅʉʅʀʍ ɺɯɹʈɸʊʆʈɯɺ ɯ ɺʋɿʔʂʀʍ ʑɯʃʀʅ ɺ 

ɽʃɽʂʊʈʆɼʀʅɸʄɯʏʅʀʍ ʆɹ'ɭʄɸʍ ɿ ɯɼɽɸʃʔʅʆ ʇʈʆɺɯɼʅʀʄʀ ʁ 

ɯʄʇɽɼɸʅʉʅʀʄʀ ɻʈɸʅʀʎʗʄʀ .................................................................. 46 

1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʚʠʭʽʜʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ................................ 46 

1.1.1 ʌʫʥʢʮʽʷ ɻʨʽʥʘ ʷʢ ʷʜʨʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ............................ 46 

1.1.2 ɯʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʽʚ 

ʫ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʘʭ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥʘʭ ......................................... 57 

1.1.3 ɯʤʧʝʜʘʥʩʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʤʝʞʽ ʾʭ ʢʦʨʝʢʪʥʦʛʦ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ..................................................................................... 61 

1.2 ʄʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ ......................... 66 

1.2.1 ʆʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ ......................................... 67 

1.2.2 ʅʘʙʣʠʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ .......................................................................... 73 

1.2.2.1 ʄʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʟʘ 

ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ............................................ 74 

1.2.2.2 ʄʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ ............................................. 77 

1.2.2.3 ʄʘʪʝʤʘʪʠʯʥʽ ʘʩʧʝʢʪʠ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʫʩʝʨʝʜʥʝʥʥʷ ........................................................................ 80 

1.2.2.4 ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ 

ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ............................................................ 84 

1.3 ɼʫʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ ʚ 

ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ........................................................ 86 

1.3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ...................... 91 



29 

1.3.2 ɸʥʘʣʽʟ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ .................. 87 

1.3.3 ɸʥʘʣʽʟ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ ...................................... 91 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ...................................................................................... 98 

ʈʆɿɼɯʃ 2 ɿɹʋɼɾɽʅʅʗ ʊɸ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʇʆʃɯɺ ʂʆʄɹɯʅʆɺɸʅʀʄʀ ɺɯɹʈɸʊʆʈʅʆ-ʑɯʃʀʅʅʀʄʀ 

ʉʊʈʋʂʊʋʈɸʄʀ ɺ ʇʈʗʄʆʂʋʊʅʆʄʋ ʍɺʀʃɽɺʆɼɯ............................... 100 

2.1 ɼʚʦʝʣʝʤʝʥʪʥʘ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ...................................... 100 

2.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ .............. 100 

2.1.2 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 105 

2.2 ʊʨʴʦʭʝʣʝʤʝʥʪʥʘ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʚʽʙʨʘʪʦʨʘʤʠ ʪʘ ʱʽʣʠʥʦʶ .......................................................................... 113 

2.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ .............. 113 

2.2.2 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 117 

2.3 ʊʨʴʦʭʝʣʝʤʝʥʪʥʘ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʘ ʩʪʨʫʢʪʫʨʘ ʫ ʚʠʧʘʜʢʫ  ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʚʽʙʨʘʪʦʨʘʤʠ ʡ ʱʽʣʠʥʦʶ ................................................................... 120 

2.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ .............. 120 

2.3.2 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 123 

2.4 ʍʚʠʣʝʚʽʜʥʽ ʚʠʧʨʦʤʽʥʶʶʯʽ ʢʦʤʙʽʥʦʚʘʥʽ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʽ 

ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʝʣʝʤʝʥʪʘ ʂʣʝʚʽʥʘ .......................................................... 125 

2.4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʚʠʭʽʜʥʽ ʨʽʚʥʷʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʜʣʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʱʽʣʠʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʤʦʥʦʧʦʣʷʤʠ .................................................................................... 127 

2.4.2 ʂʦʤʙʽʥʦʚʘʥʠʡ ʱʽʣʠʥʥʦ-ʚ̔ ʙʨʘʪʦʨʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʪʠʧʫ 

ʂʣʝʚʽʥʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ........................................... 131 

2.4.3 ɺʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʧʦʨʦʞʥʠʩʪʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ............................................................... 137 

2.4.3.1 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ....................... 141 

2.5 ɺʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʧʦʟʜʦʚʞʥʴʦʾ ʱʽʣʠʥʠ 

ʟ ʥʘʩʪʨʦʶʚʘʣʴʥʠʤ ʤʦʥʦʧʦʣʝʤ ʫʩʝʨʝʜʠʥʽ ʭʚʠʣʝʚʦʜʫ (ʯʠʩʣʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ) ................................................................................................ 152 



30 

2.6 ɺʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʯʥʦʾ ʱʽʣʠʥʠ ʟ 

ʽʤʧʝʜʘʥʩʥʠʤʠ ʤʦʥʦʧʦʣʷʤʠ ..................................................................... 155 

2.6.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʡ ʚʠʭʽʜʥʽ ʨʽʚʥʷʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ... 155 

2.6.2 ʋʤʦʚʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʝʣʝʤʝʥʪʦʤ 

ʂʣʝʚʽʥʘ ʡ ʧʦʧʝʨʝʯʥʦʶ ʱʽʣʠʥʦʶ .................................................. 157 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 .................................................................................... 162 

ʈʆɿɼɯʃ 3 ʌʆʈʄʋɺɸʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ ʋ 

ʍɺʀʃɽɺɯɼʅʀʍ ɿʏʃɽʅʋɺɸʅʅʗʍ ɿ ɺɯɹʈɸʊʆʈʅʆ-ʑɯʃʀʅʅʀʄʀ 

ʉʊʈʋʂʊʋʈɸʄʀ ɺ ʆɹʃɸʉʊɯ ɿɺôʗɿʂʋ, ɼɯɽʃɽʂʊʈʀʏʅʀʄʀ 

ɺʉʊɸɺʂɸʄʀ ʁ ɯʄʇɽɼɸʅʉʅʀʄʀ ʇʆɺɽʈʍʅʗʄʀ ............................... 165 

3.1 ɽ-ʧʣʦʱʠʥʥʝ ʟʯʣʝʥʫʚʘʥʥʷ ʨʽʚʥʦʨʦʟʤʽʨʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʽʟ 

ʜʚʦʝʣʝʤʝʥʪʥʦʶ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ............................. 165 

3.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʡ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʩʪʨʫʤʽʚ  ........................................................................................... 166 

3.1.2 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 170 

3.2 ɽ-ʧʣʦʱʠʥʥʝ ʟʯʣʝʥʫʚʘʥʥʷ ʨʽʟʥʦʨʦʟʤʽʨʥʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʟ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʦʙʣʘʩʪʽ ʟʚôʷʟʢʫ ........................... 178 

3.2.1 ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ .................................................... 178 

3.2.2 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 179 

3.3 ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊ-ʧʦʜʽʙʥʦʛʦ ʟʯʣʝʥʫʚʘʥʥʷ ʭʚʠʣʝʚʦʜʽʚ ʟ 

ʪʨʴʦʭʝʣʝʤʝʥʪʥʦʶ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ......................... 185 

3.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʩʪʨʫʤʽʚ  ........................................................................................... 187 

3.3.2 ʏʠʩʣʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ .................................... 192 

3.4 ɸʥʘʣʽʟ ʨʝʟʦʥʘʥʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ E- ʪʘ H-ʧʣʦʱʠʥʥʠʭ ʱʽʣʠʥʥʠʭ 

ʟʯʣʝʥʫʚʘʥʴ ʟ ʣʦʢʘʣʴʥʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ................... 203 

3.4.1 ɸʥʘʣʽʟ ʜʠʬʨʘʢʮʽʡʥʦʾ ʟʘʜʘʯʽ .......................................................... 204 

3.4.2 ʏʠʩʣʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ .................................... 209 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 .................................................................................... 215 



31 

ʈʆɿɼɯʃ 4 ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʊɸ ʈʆɿʉɯʗʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʍɺʀʃʔ ɺɯɹʈɸʊʆʈʅʆ-ʑɯʃʀʅʅʀʄʀ ʉʊʈʋʂʊʋʈɸʄʀ ʅɸ 

ʉʌɽʈʀʏʅʀʍ ʇʆɺɽʈʍʅʗʍ .......................................................................... 217 

4.1 ʌʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʱʽʣʠʥʦʶ, ʧʨʦʨʽʟʘʥʦʶ ʚ 

ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ ʪʘ ʟʙʫʜʞʫʚʘʥʦʶ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤ 

ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʟ ʽʤʧʝʜʘʥʩʥʠʤ ʪʦʨʮʝʤ ................................ 217 

4.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʩʪʨʫʤʫ  ........................................................................................... 220 

4.1.2 ʇʦʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʽʣʠʥʥʦʛʦ ʩʬʝʨʠʯʥʦʛʦ  

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ............................................................................... 229 

4.1.3 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 231 

4.1.3.1 ʉʬʝʨʠʯʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʟ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ....................................................................... 231 

4.1.3.2 ʉʬʝʨʠʯʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʟ ʽʤʧʝʜʘʥʩʥʦʶ ʪʦʨʮʝʚʦʶ 

ʩʪʽʥʢʦʶ ʭʚʠʣʝʚʽʜʥʦʾ ʩʝʢʮʽʾ ............................................. 237 

4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʱʽʣʠʥʦʶ, 

ʧʨʦʨʽʟʘʥʦʶ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ ʪʘ ʟʙʫʜʞʫʚʘʥʦʶ 

ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤ ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʯʝʨʝʟ ʧʨʦʭʽʜʥʠʡ 

ʨʝʟʦʥʘʪʦʨ ʟ ʦʜʥʦʱʽʣʠʥʥʦʶ ʪʘ ʜʚʦʭʱʽʣʠʥʥʦʶ ʨʝʟʦʥʘʥʩʥʦʶ 

ʜʽʘʬʨʘʛʤʦʶ ............................................................................................... 241 

4.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʡ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʩʪʨʫʤʽʚ  ........................................................................................... 242 

4.2.2 ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ........................................................................ 247 

4.3 ʈʦʟʧʦʜʽʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʽʣʠʥʠ, 

ʧʨʦʨʽʟʘʥʦʾ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʚʦʭ 

ʨʘʜʽʘʣʴʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ........................................................ 249 

4.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ .......................................................................... 250 

4.3.2 ʈʦʟʚ'ʷʟʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ..................... 252 

4.3.3 ʇʦʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʬʝʨʠʯʥʦʾ ʘʥʪʝʥʠ.................................... 254 

4.3.4 ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ........................................................................ 255 



32 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 .................................................................................... 258 

ʈʆɿɼɯʃ 5 ʌʆʈʄʋɺɸʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ ɸʅʊɽʅʅʀʄʀ 

ʈɽʐɯʊʂɸʄʀ ɿ ɯʄʇɽɼɸʅʉʅʀʄʀ ɺɯɹʈɸʊʆʈʅʀʄʀ ʊɸ 

ʑɯʃʀʅʅʀʄʀ ɽʃɽʄɽʅʊɸʄʀ ʊɸ ɹɸɻɸʊʆʏɸʉʊʆʊʅʀʄʀ 

ɺʀʇʈʆʄɯʅʖɺɸʏɸʄʀ ................................................................................. 260 

5.1 ʉʠʩʪʝʤʘ ʚʽʙʨʘʪʦʨʽʚ ʟʽ ʟʤʽʥʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ ʫ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ..................................................................................................... 260 

5.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʩʪʨʫʤʽʚ  ........................................................................................... 261 

5.1.2 ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ........................................................................ 264 

5.2 ʂʦʤʙʽʥʦʚʘʥʽ ʚʠʧʨʦʤʽʥʶʶʯʽ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʗʛʽ-ʋʜʘ .......................... 269 

5.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʚʠʭʽʜʥʽ ʨʽʚʥʷʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ .. 269 

5.2.2 ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ............................................................................... 271 

5.3 ɼʚʦʯʘʩʪʦʪʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʟ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ........................................................................................ 276 

5.3.1 ʂʦʥʮʝʧʮʽʷ ʨʝʞʠʤʽʚ ʢʦʤʫʪʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ .... 277 

5.3.2 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʧʦʦʜʠʥʦʢʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʚʦʭ ʪʠʧʽʚ 280 

5.3.3 ʏʠʩʣʦʚʽ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ..................................... 283 

5.3.4 ɼʚʦʯʘʩʪʦʪʥʘ ɸʈ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʪʠʧʫ ʂʣʝʚʽʥʘ ...................... 286 

5.4 ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʝʣʝʢʪʨʠʯʥʦ ʜʦʚʛʦʶ 

ʱʽʣʠʥʦʶ ʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʫ ʚʫʟʴʢʽʡ ʩʪʽʥʮʽ 

ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ............................................. 291 

5.4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ............................................. 292 

5.4.2 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ............................................ 296 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 .................................................................................... 299 

ʈʆɿɼɯʃ 6 ɯʄʇɽɼɸʅʉʅʀʁ ʉʀʅʊɽɿ ɸʅʊɽʅʅʀʍ ʈɽʐɯʊʆʂ ......................... 301 

6.1 ɸʥʘʣʽʪʠʯʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʜʚʦʤʽʨʥʦʾ 

ʨʝʰʽʪʢʠ ʽʟ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʽʚ .................................................................. 301 



33 

6.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ .................................... 302 

6.1.2 ʈʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ........................................ 305 

6.2 ʈʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʚʽʙʨʘʪʦʨʥʠʭ ʨʝʰʽʪʦʢ ................................................................................ 308 

6.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʜʠʬʨʘʢʮʽʡʥʦʾ 

ʨʝʰʽʪʢʠ  ........................................................................................... 309 

6.2.2 ʈʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ........................................ 312 

6.2.3 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ............................................ 317 

6.3 ɯʤʧʝʜʘʥʩʥʠʡ ʩʠʥʪʝʟ ʧʣʦʩʢʦʾ ʱʽʣʠʥʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ .................... 325 

6.3.1 ɯʤʧʝʜʘʥʩʥʘ ʤʦʜʝʣʴ ʱʽʣʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ .......................... 326 

6.3.2 ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ................................... 330 

6.3.3 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ................................................ 332 

6.4 ʄʘʩʢʫʚʘʣʴʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ 

ʧʦʨʦʞʥʠʥʽ ʱʽʣʠʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʚ'ʷʟʢʫ ................................................. 334 

6.4.1 ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʜʠʬʨʘʢʮʽʡʥʦʾ ʟʘʜʘʯʽ ...................... 335 

6.4.2 ɸʥʘʣʽʟ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ....................................... 339 

6.4.3 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ............................................ 341 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 6 .................................................................................... 343 

ɺʀʉʅʆɺʂʀ ................................................................................................................ 345 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ .................................................................. 353 

ɼʆɼɸʊʆʂ ɸ  ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ....................... 384 

ɼʆɼɸʊʆʂ ɹ  ʊʝʥʟʦʨʥʽ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʤʽʚ ...................... 400 

ɼʆɼɸʊʆʂ ɺ  ʇʦʚʝʨʭʥʝʚʠʡ ʽʤʧʝʜʘʥʩ ʚʽʙʨʘʪʦʨʽʚ ................................................... 408 



34 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ɸʈ ï ɸʥʪʝʥʥʘ ʨʝʰʽʪʢʘ; 

ɼʉ ï ɼ̔ ʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ; 

ɽʈʉ ï ɽʣʝʢʪʨʦʨʫʰʽʡʥʽ ʩʠʣʠ; 

ɽʄʈʉ ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʦʨʫʰʽʡʥʽ ʩʠʣʠ; 

ɽʄʉ ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʫʤʽʩʥʽʩʪʴ; 

ʂʇ ï ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ; 

ʂʉɼ ï ʂʦʝʬʽʮʽʻʥʪ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ; 

ʂʉʍʅ ïʂʦʝʬʽʮʽʻʥʪ ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʟʘ ʥʘʧʨʫʛʦ ;ʁ 

ʄʆʄ ï ʄʝʪʦʜ ʤʦʤʝʥʪʽʚ; 

ʄʈʉ ï ʄʘʛʥʽʪʦʨʫʰʽʡʥʽ ʩʠʣʠ; 

ʈɽɿ ï ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ; 

ʉʃɸʈ ï ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʯʾʥʠʭ ʨʽʚʥʷʥʴ; 

ʅɺʏ ï ʅʘʜʚʠʩʦʢʘ ʯʘʩʪʦʪʘ; 

ʑʉɸ ï ʑʽʣʠʥʥʘ ʩʬʝʨʠʯʥʘ ʘʥʪʝʥʘ. 
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ɺʉʊʋʇ  

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʥʘʰ ʯʘʩ ʫ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʽ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʣʽʥʽʡʥʽ ʚʽʙʨʘʪʦʨʥʽ ʪʘ ʱʽʣʠʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ (ʡ ʦʪʚʦʨʠ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʦʙ'ʻʤʽʚ), ʷʢ ʫ ʷʢʦʩʪʽ ʩʘʤʦʩʪʽʡʥʠʭ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ 

ʝʣʝʤʝʥʪʽʚ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠʩʪʨʦʾʚ ʘʥʪʝʥʥʦ-ʬʽʜʝʨʥʦʛʦ ʪʨʘʢʪʫ. ɰʭʥʻ ʤʘʩʦʚʝ ʪʘ 

ʨʽʟʥʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ, ʩʪʘʣʦ 

ʦʙ'ʻʢʪʠʚʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʈʦʟʰʠʨʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ 

ʤʝʪʨʦʚʦʛʦ, ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʪʘ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ ʤʦʞʣʠʚʝ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʷʢ ʝʣʝʤʝʥʪʽʚ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʟʦʢʨʝʤʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʤʘʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ ʪʘ ʪʘʢʠʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʽʤʧʝʜʘʥʩʥʽ ʚʽʙʨʘʪʦʨʠ ʟʽ ʟʤʽʥʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʘʛʥʽʪʥʦ-ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ ʾʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ 

ʩʠʩʪʝʤ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ 

ʧʦʣʽʚ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʙʣʠʞʥʽʡ ʽ ʜʘʣʴʥʽʡ ʟʦʥʘʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʤʦʞʝ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʧʨʠʷʪʠ ʨʦʟʰʠʨʝʥʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʥʘʯʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ ʩʫʯʘʩʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ 

ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʝʜʘʥʩʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ (ʚʢʣʶʯʘʶʯʠ ʧʫʙʣʽʢʘʮʽʾ ʘʚʪʦʨʽʚ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ) ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʱʦ 

ʩʪʦʩʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʴ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʥʠʭ ʽ ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʜʦʟʚʦʣʠʣʘ 

ʫ ʩʚʦʾʡ ʩʫʢʫʧʥʦʩʪʽ ʩʬʦʨʤʫʚʘʪʠ ʩʫʯʘʩʥʫ ʪʝʦʨʽʶ ʪʘʢʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʷʢʘ ʦʙ'ʻʜʥʫʻ 

ʷʢ ʘʩʠʤʧʪʦʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴ ʮʽ ʤʝʪʦʜʠ, ʪʘʢ ʽ ʧʨʷʤʽ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʜʥʘʢ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʫ ʣʽʥʽʡʥʠʭ 
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ʚʽʙʨʘʪʦʨʥʠʭ ʽ ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘʢʽʥʯʝʥʦʶ ʪʝʦʨʽʻʶ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. ʅʘʩʘʤʧʝʨʝʜ, ʮʝ ʧʦʚ'ʷʟʘʥʦ 

ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠʩʪʨʦʾʚ ʘʥʪʝʥʥʦ-

ʬʽʜʝʨʥʠʭ ʪʨʘʢʪʽʚ, ʷʢʠʡ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʧʨʘʢʪʠʢʠ: ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʽʩʪʴ; ʽʥʪʝʛʨʘʮʽʷ ʡ ʤʦʜʠʬʽʢʘʮʽʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ (ɽʄʉ) ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ (ʈɽɿ); ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʽ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ; ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʨʦʩʪʦʨʦʚʦ-ʝʥʝʨʛʝʪʠʯʥʠʤʠ, ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʪʘ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʜʥʘʢ ʫ ʨʘʤʢʘʭ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʝ ʚʠʟʥʘʯʝʥʦ 

ʩʧʦʩʦʙʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʜʣʷ ʮʽʣʦʛʦ ʢʣʘʩʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ 

ʩʪʨʫʢʪʫʨ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ: ʢʦʤʙʽʥʦʚʘʥʽ ʚʠʧʨʦʤʽʥʶʶʯʽ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʽ 

ʩʪʨʫʢʪʫʨʠ ʚ ʭʚʠʣʝʚʽʜʥʠʭ ʪʨʘʢʪʘʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʟ 

ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʡ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʚʩʝʨʝʜʠʥʽ ʪʘ 

ʟʦʚʥʽ ʭʚʠʣʝʚʦʜʫ, ʱʽʣʠʥʥʽ, ʚʽʙʨʘʪʦʨʥʽ ʡ ʢʦʤʙʽʥʦʚʘʥʽ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʽ ʩʪʨʫʢʪʫʨʠ 

ʥʘ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʘ ʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʤʘʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ, ʭʚʠʣʝʚʽʜʥʽ ʟʯʣʝʥʫʚʘʥʥʷ ʟ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ 

ʦʙʣʘʩʪʽ ʟʚôʷʟʢʫ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʚʽʙʨʘʪʦʨʥʠʤʠ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʪʦʱʦ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ, ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ, ʯʘʩʪʦʪʥʦ-ʧʨʦʩʪʦʨʦʚʠʭ, ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʚ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʘʛʥʽʪʥʦ-ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʘʧʨʽʦʨʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʘʨʘʤʝʪʨʠ 

ʩʝʨʝʜʦʚʠʱʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʟʙʫʜʞʝʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, 
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ʚʠʨʦʙʣʝʥʥʶ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʥʘʩʪʫʧʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʥʦʚʠʭ ʘʙʦ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʥʘ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʤʘʛʥʽʪʥʦ-ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʠʧʫ, ʘ 

ʪʘʢʦʞ ʾʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʧʦʙʫʜʦʚʘ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʾʭʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʢʘ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʩʪʠ ʩʪʨʦʛʠʡ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʪʦʥʢʠʭ 

ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʚʟʜʦʚʞ ʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʡ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥ ʫ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʪʘʢʠʭ, ʷʢʽ ʤʘʶʪʴ ʽʤʧʝʜʘʥʩʥʽ ʛʨʘʥʠʮʽ. 

ɺʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʢʨʠʚʘʻ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫ ʚʩʽʭ ʟʦʥʘʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʦʚʽʪʥʴʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʘʥʪʝʥʥʦ-

ʭʚʠʣʝʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʝʪʨʦʚʦʛʦ, ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʪʘ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ 

ʜʦʚʞʠʥ ʭʚʠʣʴ, ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʘʙʦ ʽʩʪʦʪʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʽʶʯʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʚʠʙʽʨ 

ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʦʤ ʥʘ ʢʘʬʝʜʨʽ 

ʬʽʟʠʯʥʦʾ ʽ ʙʽʦʤʝʜʠʯʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ ʟʘ ʧʝʨʽʦʜ ʟ 2011 ʨ. 

ʧʦ 2021 ʨ. ʊʝʤʘʪʠʢʘ ʨʦʙʦʪʠ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ, 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ, ʩʫʩʧʽʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʛʦ, ʣʶʜʩʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 
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ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʜʝʨʞʘʚʠè, çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚʘʭè ʽ ʟ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʦʶ ʘʢʘʜʝʤʽʻʶ ʥʘʫʢ ʋʢʨʘʾʥʠ ʪʘ 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʻ ʩʢʣʘʜʦʚʠʤʠ 

ʯʘʩʪʠʥʘʤʠ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ (ʅɼʈ) (ʥʦʤʝʨʠ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ: 0111U002465 (2011-2013ʨ.), 0114U002584 (2014-2016ʨ.), 

0117U004848 (2017-2019ʨ.), 0110U001425 (2010-2012ʨ.), 0112U006929 (2013-

2015ʨ.), 0116U000814 (2016-2018ʨ.), 0115U000464 (2015-2017ʨ.), 0117U004852 

(2017-2019ʨ.), 0119U002522 (2019-2020ʨ.), 0118U002021 (2018-2020ʨ.). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʙʫʜʦʚʘ ʬʽʟʠʯʥʦ 

ʢʦʨʝʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʚ ʟʙʫʜʞʝʥʥʷ 

(ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʩʽʷʥʥʷ) ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʽʩʪʷʪʴ ʽʤʧʝʜʘʥʩʥʽ ʚʽʙʨʘʪʦʨʥʽ (ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʡ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ) ʪʘ 

ʱʽʣʠʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʘ ʪʘʢʦʞ ʾʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ (ʚʢʣʶʯʘʶʯʠ 

ʧʦʢʨʠʪʪʷ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʫ) ʪʘ ʟʘʧʦʚʥʝʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ:  

¶ ʨʦʟʚôʷʟʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ (ʽʟ 

ʜʦʚʽʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʞʠʚʣʝʥʥʷʤ), ʭʚʠʣʝʚʽʜʥʦ-

ʨʝʟʦʥʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ ʟ 

ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʤʠ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ (ʚʢʣʶʯʘʶʯʠ ʧʦʢʨʠʪʪʷ ʟ 

ʤʝʪʘʤʘʪʝʨʽʘʣʫ), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʤʝʪʦʜʘʭ ʥʘʚʝʜʝʥʠʭ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ 

(ɽʈʉ), ʤʘʛʥʽʪʦʨʫʰʽʡʥʠʭ ʩʠʣ (ʄʈʉ) ʽ ʝʣʝʢʪʨʦ-ʤʘʛʥʽʪʦʨʫʰʽʡʥʠʭ ʩʠʣ (ɽʄʈʉ) ʜʣʷ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʽʚ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʚʠʨʘʟʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ; 

¶ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʽʥʪʝʛʨʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʽʚ ʫ ʤʝʪʦʜʽ 

ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ ʱʦʜʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ; 

¶ ʧʦʙʫʜʦʚʘ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ, ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʷʢʠʭ ʻ ʱʽʣʠʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ 

ʚ ʩʪʽʥʮʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʡ ʽʤʧʝʜʘʥʩʥʽ ʚʽʙʨʘʪʦʨʠ (ʤʦʥʦʧʦʣʽ), ʨʦʟʪʘʰʦʚʘʥʽ 

ʫʩʝʨʝʜʠʥʽ ʪʘ ʟʦʚʥʽ ʭʚʠʣʝʚʦʜʫ; ʨʽʟʥʦʛʦ ʪʠʧʫ ʭʚʠʣʝʚʽʜʥʠʭ ʟôʻʜʥʘʥʴ ʟ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʙʣʘʩʪʽ ʟʚôʷʟʢʫ, ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʡ 

ʽʤʧʝʜʘʥʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʚʢʣʶʯʘʶʯʠ ʧʦʢʨʠʪʪʷ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʫ); ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ; ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ 

ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʥʠʤʠ, ʱʽʣʠʥʥʠʤʠ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; 

¶ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʜʣʷ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʽʟ ʪʦʥʢʠʭ 

ʣʽʥʽʡʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ: ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥ; 

¶ ʚʠʚʯʝʥʥʷ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʟʙʫʜʞʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

ʆʙô̒ʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʟʙʫʜʞʝʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʽ ʩʠʩʪʝʤʠ, ʚ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ 

ʟ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʤʠ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʡ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʾʭʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ, ʧʨʦʩʪʦʨʦʚʦ-

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ, ʯʘʩʪʦʪʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ) ʚʽʜ ʫʤʦʚ ʟʙʫʜʞʝʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʽ ʟʙʫʜʞʫʚʘʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʝʪʦʜ ʬʫʥʢʮʽʾ ɻʨʽʥʘ, ʫʟʘʛʘʣʴʥʝʥʽ 

ʤʝʪʦʜʠ ʥʘʚʝʜʝʥʠʭ ɽʈʉ, ʄʈʉ ʽ ɽʄʈʉ, ʤʝʪʦʜ ʫʩʝʨʝʜʥʝʥʥʷ, ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ 

ʽʪʝʨʘʮʽʡ, ʤʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʟʘ ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ, ʤʝʪʦʜ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣ̫ʛʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʤʽʩʪʷʪʴ ʽʤʧʝʜʘʥʩʥʽ ʚʽʙʨʘʪʦʨʥʽ ʪʘ ʱʽʣʠʥʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʨʦʟʨʦʙʮʽ ʡ ʫʟʘʛʘʣʴʥʝʥʥʽ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʠʭ ʽ ʤʘʪʝʤʘʪʠʯʥʦ ʩʪʨʦʛʠʭ 

ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʟʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʝʪʦʜʘʭ ʥʘʚʝʜʝʥʠʭ ɽʈʉ, 

ʄʈʉ ʽ ɽʄʈʉ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʩʪʨʫʤʽʚ, ʦʪʨʠʤʘʥʠʭ ʘʩʠʤʧʪʦʪʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ. ʈʦʟʚʠʥʝʥʽ ʤʝʪʦʜʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʥʦʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʷʢʦʩʪʷʤʠ. ɸ ʩʘʤʝ: 

§ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʘʩʧʝʢʪʠ ʚ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ: ʚʚʝʜʝʥʦ ʜʦ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʥʦʚʽ ʧʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʥʘʚʝʜʝʥʠʭ ʽʤʧʝʜʘʥʩʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʩʪʨʫʤʦʚʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ ʫ ʜʫʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ. 

ʈʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʤʧʝʜʘʥʩʫ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ; 

§ ʫʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʧʦʧʝʨʝʯʥʦʶ ʪʘ ʧʦʟʜʦʚʞʥʴʦʶ ʱʽʣʠʥʘʤʠ ʚ ʰʠʨʦʢʽʡ ʩʪʽʥʮʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ, ʫʩʝʨʝʜʠʥʽ ʪʘ ʟʦʚʥʽ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʦ ʚʽʙʨʘʪʦʨʠ (ʤʦʥʦʧʦʣʽ) ʟʽ ʟʤʽʥʥʠʤ 

ʫʟʜʦʚʞ ʥʠʭ ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʫʩʽʤʘ 

ʝʣʝʤʝʥʪʘʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʦʜʠʥʠʮʽ, ʢʝʨʫʚʘʥʥʷ 

ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘ 

ʪʠʧʫ ʂʣʝʚʽʥʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʧʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʫ ʧʽʚʧʨʦʩʪʽʨ ʥʘʜ 

ʥʝʩʢʽʥʯʝʥʥʦʶ ʧʣʦʱʠʥʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʠʧʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʪʠʚʥʦʛʦ 

ʽʤʧʝʜʘʥʩʫ ʥʘʩʪʨʦʶʚʘʣʴʥʦʛʦ ʤʦʥʦʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʭʚʠʣʝʚʦʜʫ ʜʣʷ ʩʪʨʫʢʪʫʨʠ ʟ 

ʧʦʧʝʨʝʯʥʦʶ ʱʽʣʠʥʦʶ, ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʠʡ ʨʝʞʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

§ ʫʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʭʚʠʣʝʚʽʜʥʠʭ 

ʟʯʣʝʥʫʚʘʥʥʷʭ (ʪʨʽʡʥʠʢʘʭ) ʟ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʙʣʘʩʪʽ ʟʚôʷʟʢʫ 

ʧʨʷʤʦʢʫʪʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʪʘ ʽʤʧʝʜʘʥʩʥʠʤ ʧʦʢʨʠʪʪʷʤ ʪʦʨʮʷ ʙʽʯʥʦʛʦ ʧʣʝʯʘ. 

ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʚ ʙʽʯʥʠʡ 

ʭʚʠʣʝʚʽʜ, ʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ ʭʚʠʣʴ, ʱʦ ʧʨʦʡʰʣʠ, ʫ ʟʘʜʘʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʥʘ 

ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʭʚʠʣʝʚʦʜʫ, ʫʤʦʚʠ ʨʽʚʥʦʛʦ ʧʦʜʽʣʫ 

ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʭʚʠʣʝʚʽʜʥʠʤʠ ʤʦʜʘʤʠ ʚ ʙʽʯʥʦʤʫ ʭʚʠʣʝʚʦʜʽ (ʟʘ ʫʤʦʚʠ ʡʦʛʦ 

ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ) ʚ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʪʦʪ ʪʘ ʤʽʞ ʫʩʽʤʘ ʬʽʟʠʯʥʠʤʠ 

ʢʘʥʘʣʘʤʠ ʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʜʦʙʨʦʤʫ ʫʟʛʦʜʞʝʥʥʽ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʪʦʨʮʷ ʙʽʯʥʦʛʦ ʭʚʠʣʝʚʽʜʥʦʛʦ ʧʣʝʯʘ ʤʝʪʘʤʘʪʝʨʽʘʣʦʤ LR-5I, 

ʷʢʝ ʤʘʻ ʯʘʩʪʦʪʥʦ ʟʘʣʝʞʥʠʡ ʨʽʟʥʦʪʠʧʥʠʡ ʽʤʧʝʜʘʥʩ ʟʘʙʝʟʧʝʯʫʻ ʪʨʴʦʭʨʝʟʦʥʘʥʩʥʠʡ 

ʨʝʞʠʤ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʦʩʥʦʚʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʚ ʙʽʯʥʠʡ; 

§ ʫʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʭʚʠʣʝʚʽʜʥʠʭ 

ʟʯʣʝʥʫʚʘʥʥʷʭ ʟ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʡ ʽʤʧʝʜʘʥʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʜʝ ʚ ʷʢʦʩʪʽ 

ʙʽʯʥʠʭ ʧʣʝʯʝʡ ʧʨʠʩʪʨʦʾʚ ʨʦʟʛʣʷʥʫʪʦ ʊ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʡ ʭʚʠʣʝʚʽʜ ʟ 

ʽʤʧʝʜʘʥʩʥʠʤ ʪʦʨʮʝʤ; ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʡ ʩʧʽʚʚʽʩʥʠʡ ʭʚʠʣʝʚʽʜ; ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʭʨʝʱʝʥʠʡ ʥʝʩʢʽʥʯʝʥʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʭʚʠʣʝʚʽʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʟʘʜʘʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʽʜʙʦʨʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʝʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʦʩʥʦʚʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʚ 

ʙʽʯʥʠʡ (ʚ ʽʥʪʝʨʚʘʣʽ 
2

0 0,84eS¢ ¢ ). ʋʧʝʨʰʝ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʨʝʟʦʥʘʥʩʥʫ 

ʫʤʦʚʫ ʜʣʷ ʭʚʠʣʝʚʽʜʥʠʭ ʟʯʣʝʥʫʚʘʥʴ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʚʩʪʘʚʢʦʶ ʚ ʦʙʣʘʩʪʽ ʱʽʣʠʥʠ 

ʟʚ'ʷʟʢʫ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʪʦʯʥʽʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʟ ʮʽʻʾ ʫʤʦʚʠ; 

§ ʫʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ ʚʫʟʴʢʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʱʽʣʠʥʦʶ, ʧʨʦʨʽʟʘʥʦʶ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ 

ʜʦʚʽʣʴʥʦʛʦ ʨʘʜʽʫʩʘ, ʟʙʫʜʞʫʚʘʥʦʶ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤ ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʟ 
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ʽʤʧʝʜʘʥʩʥʠʤ ʪʦʨʮʝʤ; ʧʨʷʤʦʢʫʪʥʠʤ ʭʚʠʣʝʚʦʜʦʤ ʟ ʦʜʥʦ- ̔  ʜʚʦʭʱʽʣʠʥʥʠʤ ʧʨʦʭʽʜʥʠʤ 

ʨʝʟʦʥʘʪʦʨʦʤ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʟʥʘʯʝʥʴ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʛʥʽʪʦʜʽʝʣʝʢʪʨʠʢʘ, ʟ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʽʤʧʝʜʘʥʩʥʝ ʧʦʢʨʠʪʪʷ ʪʦʨʮʷ ʭʚʠʣʝʚʦʜʫ, ʘ 

ʦʪʞʝ, ʽ ʟʥʘʯʝʥʴ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʤʧʝʜʘʥʩʫ ʜʦʟʚʦʣʷʻ ʧʝʨʝʙʫʜʦʚʫ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʡʦʛʦ ʚʭʽʜʥʦʛʦ 

ʫʟʛʦʜʞʝʥʥʷ ʚ ʤʝʞʘʭ (30-36) %, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʚʠʥʽ ʜʽʘʧʘʟʦʥʫ ʦʜʥʦʤʦʜʦʚʦʛʦ 

ʨʝʞʠʤʫ ʭʚʠʣʝʚʦʜʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʫ ʭʚʠʣʝʚʽʜʥʦʤʫ ʪʨʘʢʪʽ ʧʨʦʭʽʜʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʜʦʙʨʦʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʧʨʠ ʮʴʦʤʫ ʨʝʟʦʥʘʥʩʥʘ ʢʨʠʚʘ 

ʤʘʻ ʚʝʣʠʢʫ ʢʨʫʪʽʩʪʴ, ʘ ʾʾ ʬʦʨʤʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʢʫʪʥʦʾ, ʥʘʷʚʥʽʩʪʴ ʫ 

ʜʽʘʬʨʘʛʤʽ ʜʨʫʛʦʾ ʱʽʣʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʚʫʞʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟʘ ʨʽʚʥʝʤ 

ʧʦʣʦʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ 50 %; 

§ ʫʧʝʨʰʝ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʩʪʨʫʢʪʫʨʦʶ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʟʦʥʘʥʩʥʦʾ ʱʽʣʠʥʠ ʚ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʩʬʝʨʽ ʜʦʚʽʣʴʥʦʛʦ 

ʨʘʜʽʫʩʘ ʪʘ ʜʚʦʭ ʨʘʜʽʘʣʴʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ. ɺʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʪʠʧʫ ʂʣʝʚʽʥʘ ʥʘ ʩʬʝʨʽ; 

§ ʫʧʝʨʰʝ ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣʠ ʩʪʨʫʤʽʚ 

ʫ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʽʡ ʢʦʤʙʽʥʦʚʘʥʽʡ ʱʽʣʠʥʥʦ-ʚʽʙʨʘʪʦʨʥʽʡ ʨʝʰʽʪʮʽ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ, ʱʦ ʧʦʻʜʥʫʻ ʱʽʣʠʥʫ, ʧʨʦʨʽʟʘʥʫ ʫ ʩʪʽʥʮʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ ʪʘ ʩʠʩʪʝʤʫ ʧʘʩʠʚʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘʜ ʱʽʣʠʥʦʶ 

ʫ ʚʽʣʴʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʘʢʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʽʘʛʨʘʤʫ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ɼʉ), ʧʦʜʽʙʥʫ ʜʦ ɼʉ ʜʠʨʝʢʪʦʨʥʦʾ ʘʥʪʝʥʠ (ʨʝʰʽʪʢʠ ʗʛʽ-ʋʜʘ) ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʦʙʨʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʟ ʭʚʠʣʝʚʽʜʥʠʤ ʪʨʘʢʪʦʤ; 

§ ʫʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʠʯʥʦ 

ʜʦʚʛʦʾ ʱʽʣʠʥʠ ʫ ʚʫʟʴʢʽʡ ʩʪʽʥʮʽ ʩʢʽʥʯʝʥʥʦʾ ʪʦʚʱʠʥʠ ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʭʚʠʣʝʚʦʜʫ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʭʚʠʣʝʚʦʜʫ ʚʠʱʠʤʠ ʪʠʧʘʤʠ ʭʚʠʣʴ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ; 

§ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʽʤʧʝʜʘʥʩʥʦʛʦ ʩʠʥʪʝʟʫ ɼʉ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʥʠʤʠ ʪʘ ʱʽʣʠʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʜʽʡʩʥʦʾ ʽ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʧʦʚʝʨʭʥʝʚʠʭ 
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ʽʤʧʝʜʘʥʩʽʚ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʦʢ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ɼʉ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʰʽʪʦʢ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

ʚʽʙʨʘʪʦʨʥʠʤʠ, ʱʽʣʠʥʥʠʤʠ ʡ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʛʨʘʥʠʮʷʤʠ. ʈʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʨʦʟʩʽʷʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʫ ʩʪʨʦʛʽʡ ʩʘʤʦʫʟʛʦʜʞʝʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʢʨʠʚʘʻ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ 

ʩʧʦʩʦʙʽʚ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʟʘʜʘʥʠʤʠ ʧʨʦʩʪʦʨʦʚʦ-

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʪʘ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʦʙʫʜʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʚʠʥʝʥʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-

ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʽ ʾʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʝʩʪʠ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʽ ʜʘʪʠ ʯʽʪʢʫ ʬʽʟʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽ, ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ 

ʚʘʞʣʠʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ 

ʨʦʟʨʦʙʢʫ ʚʠʩʦʢʦʪʦʯʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʎʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʽ ʥʦʚʽ ʬʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʟʙʫʜʞʫʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʥʠʤʠ ʪʘ ʱʽʣʠʥʥʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ ʫ 

ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ, ʟʦʢʨʝʤʘ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʛʨʘʥʠʮʷʤʠ, ʩʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ 

ʤʝʪʨʦʚʦʛʦ ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʾʭʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɺʦʥʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʈɽɿ, ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ, 
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ʩʝʣʝʢʮʽʾ ʩʠʛʥʘʣʽʚ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʈɽɿ, ʩʪʚʦʨʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʡ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʘʧʘʨʘʪʫʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʟʨʦʙʢʘʭ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʽ ʚʧʨʦʚʘʜʞʝʥʘ ʧʨʠ 

ʾʭ ʚʠʢʦʥʘʥʥʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʚʽʡʰʣʠ ʪʘʢʦʞ ʜʦ ʮʠʢʣʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

çʉʪʚʦʨʝʥʥʷ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʩʪʨʫʢʪʫʨ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤè, ʚʽʜʟʥʘʯʝʥʦʛʦ ɼʝʨʞʘʚʥʦʶ ʧʨʝʤʽʻʶ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʫ 

2016 ʨʦʮʽ. 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 65 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ: 

5 ʤʦʥʦʛʨʘʬʽʷʭ [1ï5] (3 ʟ ʷʢʠʭ ï ʘʥʛʣʦʤʦʚʥʽ, ʫ ʚʠʜʘʚʥʠʮʪʚʽ ñSpringerò), 2 ʨʦʟʜʽʣʘʭ 

ʤʦʥʦʛʨʘʬʽʡ [6ï7], 25 ʩʪʘʪʪʷʭ [8ï32], ʽʟ ʥʠʭ 6 ʧʫʙʣʽʢʘʮʽʡ ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ [8ï13], 17 ʧʫʙʣʽʢʘʮʽʡ ï ʫ ʟʘʨʫʙʽʞʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ [14ï30], 2 ʧʘʪʝʥʪʘʭ ʋʢʨʘʾʥʠ [33, 34], 

ʘ ʪʘʢʦʞ ʫ 31 ʧʫʙʣʽʢʘʮʽʾ (30 ʟ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ñScopusò) ʫ 

ʤʘʪʝʨʽʘʣʘʭ 21 ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ [35ï65]. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦ ʤʘʪʝʨʽʘʣʠ 

ʩʘʤʦʩʪʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ [12, 13], ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʡ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʠʤ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ, ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʾʭʥʴʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ, 

ʫʯʘʩʪʽ ʚ ʦʜʝʨʞʘʥʥʽ ʨʦʟʚ'ʷʟʢʽʚ ʽ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʘʥʘʣʽʟʽ ʯʠʩʣʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʷʚʣʝʥʥʽ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʡ ʫʟʘʛʘʣʴʥʝʥʥʽ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ, ʪʘ ʥʘʫʢʦʚʽ ʚʠʩʥʦʚʢʠ ʥʘʣʝʞʘʪʴ ʘʚʪʦʨʦʚʽ 

ʦʩʦʙʠʩʪʦ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʧʨʠʣʶʜʥʝʥʦ ʚ 

31 ʜʦʧʦʚʽʜʽ ʥʘ 21 ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʩʝʤʽʥʘʨʽ: 6-th International 

Conference Ultrawideband and Ultrashort Impulse Signals (Sevastopol, Ukraine, 2012); 

21, 22, 23, 24 ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʂʨʳʤʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ñʉɺʏ-ʪʝʭʥʠʢʘ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠò (ʉʝʚʘʩʪʦʧʦʣʴ, ʋʢʨʘʠʥʘ, 2011, 2012, 2013, 
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2014); XVII -th, XVIII -th, XX-th, XXIth , XXIIth , XXIVth International 

Seminars/Workshops on Direct and Inverse Problems of Electromagnetic and Acoustic 

Wave Theory (Tbilisi, Georgia, 2012, 2016; Lviv , Ukraine, 2013, 2015, 2019; Dnipro, 

Ukraine, 2017; Tbilisi, Georgia, 2020); IX, X, XI International Conferences on Antenna 

Theory and Techniques, (Odessa, Ukraine, 2013; Kharkiv, Ukraine, 2015; Kyiv, 

Ukraine, 2017); 9-th International Kharkiv Symposium on Phisics and Engineering of 

Microwaves, Millimeter and Submillimeter Waves (Kharkiv, Ukraine, 2016.); 16-th 

International Conference on Mathematical Methods in Electromagnetic Theory (Lviv, 

Ukraine, 2016); 8-th, 9-th International Conferences Ultrawideband and Ultrashort 

Impulse Signals (Odessa, Ukraine, 2016, 2018); IEEE First Ukraine Conference on 

Electrical and Computer Engineering (Kyiv, Ukraine, 2017); 2020 IEEE Ukrainian 

Microwave Week (Kharkiv, Ukraine, 2020). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 3 ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 409 ʩʪʦʨʽʥʦʢ, ʽʟ ʥʠʭ 310 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 9 ʪʘʙʣʠʮʷʤʠ ʪʘ 112 ʨʠʩʫʥʢʘʤʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 280 ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 1  

ɿɸɻɸʃʔʅɯ ʇʀʊɸʅʅʗ ʊɽʆʈɯɰ ʌʆʈʄʋɺɸʅʅʗ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʇʆʃɯɺ ʉʀʉʊɽʄɸʄʀ ʊʆʅʂʀʍ ɯʄʇɽɼɸʅʉʅʀʍ ɺɯɹʈɸʊʆʈɯɺ ɯ 

ɺʋɿʔʂʀʍ ʑɯʃʀʅ ɺ ɽʃɽʂʊʈʆɼʀʅɸʄɯʏʅʀʍ ʆɹ'ɭʄɸʍ ɿ ɯɼɽɸʃʔʅʆ 

ʇʈʆɺɯɼʅʀʄʀ ʁ ɯʄʇɽɼɸʅʉʅʀʄʀ ɻʈɸʅʀʎʗʄʀ 

1.1.1 ʌʫʥʢʮʽʷ ɻʨʽʥʘ ʷʢ ʷʜʨʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʂʣʶʯʦʚʦʶ ʟʘʜʘʯʝʶ ʘʥʘʣʽʟʫ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ 

ʧʝʨʝʰʢʦʜʘʤʠ ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ, ʟʙʫʜʞʫʚʘʥʠʭ ʪʦʯʢʦʚʠʤʠ 

ʜʞʝʨʝʣʘʤʠ. ʆʜʥʠʤ ʽʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʤʝʪʦʜ ʬʫʥʢʮʽʾ 

ɻʨʽʥʘ. ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ɻʨʽʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʣʘʩʪʝʡ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ [66, 70ï80]. ʗʢ ʚʽʜʦʤʦ, ʫ ʚʠʧʘʜʢʫ ʚʝʢʪʦʨʥʠʭ 

ʧʦʣʽʚ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʻ ʪʝʥʟʦʨʥʦʶ (ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʜʨʫʛʦʛʦ ʨʘʥʛʫ - ʘʬʽʥʦʨ) 

ʬʫʥʢʮʽʻʶ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʚʦʭ ʪʦʯʦʢ: ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʤʘʻ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨ r , ʽ ʪʦʯʢʠ ʜʞʝʨʝʣʘ ʟ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ r¡. 

ʌʫʥʢʮʽʾ ɻʨʽʥʘ ʥʝʦʜʥʦʨʽʜʥʠʭ ʚʝʢʪʦʨʥʠʭ ʨʽʚʥʷʥʴ ɻʝʣʴʤʛʦʣʴʮʘ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʘʙʦ ʜʣʷ ʚʝʢʪʦʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ, ʜʦ ʷʢʠʭ ʟʚʦʜʷʪʴʩʷ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʦʟʚ'ʷʟʢʦʤ 

ʦʜʥʦʛʦ ʟ ʥʘʩʪʫʧʥʠʭ ʪʝʥʟʦʨʥʠʭ ʨʽʚʥʷʥʴ: 

2
( ) 1 ( )
Ĕ Ĕ Ĕrotrot ( , ) ( , ) 4 I (| |)E H E HG r r k G r r r r¡ ¡ ¡- = pd -,                            (1.1) 

( ) 2 ( )
1

Ĕ Ĕ Ĕ( , ) ( , ) 4 I (| |)e m e m
A AG r r k G r r r r¡ ¡ ¡D + =- pd -                                  (1.2) 

ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʩʽʤ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ʢʦʥʢʨʝʪʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. ʊʫʪ 

( )
Ĕ ( , )E HG r r¡ - ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʘ 

( )Ĕ ( , )e m
AG r r¡ - ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʙʦ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʴ (1.2) ʻ ʢʦʨʝʢʪʥʠʤ ʜʣʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, 

ʫ ʷʢʠʭ ʜʦʚʽʣʴʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʝ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʧʦʣʽʚ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ. ʋ ʚʠʧʘʜʢʫ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

(| |) ( ) ( ) ( )r r x x y y z z¡ ¡ ¡ ¡d - =d - d - d - - ʪʨʠʚʠʤʽʨʥʘ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ; 

ĔI ( ) ( ) ( )x x y y z ze e e e e eÃ Ã Ã¡ ¡ ¡= + +  - ʦʜʠʥʠʯʥʠʡ ʘʬʽʥʦʨ; xe , ye , ze  - ʦʨʪʠ ʜʝʢʘʨʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; D - ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; Ã - ʟʥʘʢ ʪʝʥʟʦʨʥʦʛʦ ʤʥʦʞʝʥʥʷ. 

ʌʫʥʢʮʽʾ ɻʨʽʥʘ ʜʦʟʚʦʣʷʶʪʴ ʫ ʟʘʤʢʥʝʥʽʡ ʬʦʨʤʽ ʦʜʝʨʞʘʪʠ ʚʠʨʘʟʠ ʜʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʚʠʛʣʷʜʽ (1.11) ʜʦʚʽʣʴʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʜʞʝʨʝʣʘ ʚ ʙʫʜʴ-

ʷʢʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʟʘʜʘʥʦ ʜʝʷʢʠʡ ʦʙ'ʻʤʥʠʡ 

ʨʦʟʧʦʜʽʣ ʱʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ( )eJ r , ʪʦ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʦʜʥʠʤ ʽʟ ʚʠʨʘʟʽʚ 

2
1 Ĕ( ) ( , ) ( )de

E

V

k
E r G r r J r r

i
¡ ¡ ¡=

w
ñ ,                                         (1.3) 

2
1

1 Ĕ( ) (graddiv ) ( , ) ( )de e
A

V

E r k G r r J r r
i

¡ ¡ ¡= +
w

ñ ,                         (1.4) 

ʜʝ ʧʨʠʡʥʷʪʝ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 0( ) 0E r = . ʅʘʷʚʥʽʩʪʴ ʮʠʭ ʜʚʦʭ ʧʦʜʘʥʴ ʬʦʨʤʘʣʴʥʦ 

ʤʦʞʥʘ ʟʚ'ʷʟʘʪʠ ʟ ʨʽʟʥʠʤ ʢʘʣʽʙʨʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʘʣʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʡ 

ʫʩʪʘʥʦʚʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

2
1

1Ĕ ĔĔ( , ) I {grad grad} ( , )e
E AG r r G r r

k
Ã

å õ
¡ ¡= +æ ö
ç ÷

,                                       (1.5) 

ʨʦʟʫʤʽʶʯʠ ʧʽʜ ʦʧʝʨʘʮʽʻʶ {grad gradÃ  } ʪʝʥʟʦʨʥʠʡ ʜʦʙʫʪʦʢ ʜʚʦʭ ʩʠʤʚʦʣʽʯʥʠʭ 

ʚʝʢʪʦʨʽʚ. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʬʦʨʤʫʣʘ (1.5) ʻ ʟʘʩʪʦʩʦʚʥʦʶ ʪʽʣʴʢʠ ʜʣʷ ʩʠʩʪʝʤ 

ʧʨʷʤʦʢʫʪʥʠʭ ʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ [3, 80]  

ɼʣʷ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻʜʠʥʦʶ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ 

ʥʘ ʬʫʥʢʮʽʶ ɻʨʽʥʘ, ʻ ʫʤʦʚʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɿʦʤʤʝʨʬʝʣʴʜʘ, ʽ ʬʫʥʢʮʽʶ ɻʨʽʥʘ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

1| |
( ) ( )

0
Ĕ Ĕ Ĕ( , ) I I ( , )

| |

ik r r
e m e me

G r r G r r
r r

¡- -

¡ ¡= =
¡-

.                                     (1.6) 

ʗʢʱʦ r r¡= , ʪʦ ʬʫʥʢʮʽʾ (1.6) ʽ (1.5) ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ ʽ ʽʥʪʝʛʨʘʣʠ 

ʚ (1.3), (1.4) ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʷʢ ʤʝʞʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʫʤʠ ʫ ʟʚʠʯʘʡʥʦʤʫ ʟʥʘʯʝʥʥʽ, 
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ʦʩʢʽʣʴʢʠ ʾʾ ʥʝ ʽʩʥʫʻ. ʊʦʤʫ, ʩʪʨʦʛʦ ʢʘʞʫʯʠ, ʬʦʨʤʫʣʠ (1.3), (1.4) ʻ ʩʧʨʘʚʝʜʣʠʚʠʤʠ 

ʜʣʷ ʪʠʭ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ, ʜʝ ʚʽʜʩʫʪʥʽ ʜʞʝʨʝʣʘ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʦʯʢʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ r  ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʜʥʽʻʶ ʽʟ ʪʦʯʦʢ ʜʞʝʨʝʣʘ r¡, ʦʙ'ʻʤʥʽ ʽʥʪʝʛʨʘʣʠ ʚ (1.3), 

(1.4) ʧʦʚʠʥʥʽ ʨʦʟʫʤʽʪʠ ʷʢ ʥʝʚʣʘʩʥʽ, ʪʦʙʪʦ 
0

lim
V V vr­ -

=ñ ñ, ʜʝ v - ʦʙ'ʻʤ, ʱʦ 

ʚʠʢʣʶʯʘʻʪʴʩʷ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʩʬʝʨʽ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʨʘʜʽʫʩʘ r ʽʟ ʮʝʥʪʨʦʤ ʫ 

ʪʦʯʮʽ r¡. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʜʚʦʭ ʪʠʧʽʚ ʽʥʪʝʛʨʘʣʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʚʣʘʩʥʠʡ 

ʽʥʪʝʛʨʘʣ ʚ (1.4) ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʦ ʚ ʘʙʩʦʣʶʪʥʦ ʟʙʽʞʥʠʡ [76], ʪʦʜʽ ʷʢ 

ʽʥʪʝʛʨʘʣ ʚ (1.3) ʧʨʠʥʮʠʧʦʚʦ ʻ ʫʤʦʚʥʦ ʟʙʽʞʥʠʤ [76], ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʦʨʤʠ ʦʙʣʘʩʪʽ, ʱʦ ʚʠʢʣʶʯʘʻʪʴʩʷ, ʽ ʱʦ ʤʽʩʪʠʪʴ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ r r¡=  . ɼʣʷ ʬʽʟʠʯʥʦ 

ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʚ ʦʙʣʘʩʪʽ ʜʞʝʨʝʣʘ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʛʦʣʦʚʥʝ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʚ (1.3), ʷʢʝ ʚʥʦʩʠʪʴ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʫ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʄʦʞʥʘ, ʦʜʥʘʢ, ʨʦʟʫʤʽʪʠ ʽʥʪʝʛʨʘʣʠ ʡ ʫ ʟʚʠʯʘʡʥʦʤʫ ʩʝʥʩʽ, ʚʠʜʽʣʷʶʯʠ ʩʠʥʛʫʣʷʨʥʫ 

ʯʘʩʪʠʥʫ ʫ ʬʫʥʢʮʽʷʭ ɻʨʽʥʘ. ʇʦʚʝʜʽʥʢʫ ʪʝʥʟʦʨʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ (1.5) ʚ ʦʢʦʣʠʮʽ ʪʦʯʦʢ 

ʜʞʝʨʝʣʘ ʧʦʣʷ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʦʩʠʪʴ ʚʘʞʢʦ. ʉʪʨʦʛʠʡ ʨʦʟʛʣʷʜ ʮʠʭ ʧʠʪʘʥʴ ʚʠʤʘʛʘʻ 

ʟʘʣʫʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʬʫʥʢʮʽʡ [78]. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʫ ʜʣʷ ʧʦʣʷ (1.4), ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʾ 

ɻʨʽʥʘ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ (1.3) ʽ (1.5), ʘ ʩʘʤʝ: ʧʦʣʝ (1.4) ʤʘʻ 

ʽʥʪʝʛʨʦʚʘʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʽ ʦʙʯʠʩʣʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʚʜʘʻʪʴʩʷ 

ʫʥʠʢʥʫʪʠ. 

ʎʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʚʥʦʶ ʤʽʨʦʶ ʩʪʦʩʫʻʪʴʩʷ ʡ ʜʦ ʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʝʡ, 

ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʤʘʻ ʪʘʢʫ ʞ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ ʩʧʽʚʧʘʜʽʥʥʽ 

ʘʨʛʫʤʝʥʪʽʚ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ [71]. ʇʽʜʢʨʝʩʣʠʤʦ ʱʝ ʨʘʟ, ʱʦ ʧʽʜ 

ʬʫʥʢʮʽʻʶ ɻʨʽʥʘ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʨʦʟʫʤʽʻʪʴʩʷ ʨʦʟʚ'ʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.1) ʘʙʦ (1.2) 

ʧʦʣʝ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʝ (1.3) ʘʙʦ (1.4), ʷʢʝ ʧʦʚʠʥʥʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʽʜʧʦʚʽʜʥʠʤ 

ʫʤʦʚʘʤ ʥʘ ʛʨʘʥʠʯʥʽʡ ʧʦʚʝʨʭʥʽ 1S  ( 2S ). ʋ ʢʦʞʥʦʤʫ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʤʽʚ 1(2)V  

ʟʘʛʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.2) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ [1, 66, 81]: 

( ) ( ) ( )
1(2) 1(2)

( ) ( ) ( )
0

Ĕ Ĕ Ĕ, I , ,e m e m e m
V V

G r r G r r g r r¡ ¡ ¡= + ,                                (1.7) 
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ʜʝ ( )
1(2)

( )
0 ,

ik r r
e m e

G r r
r r

¡- -

¡=
¡-
, ʘ ( )

1(2)

( )Ĕ ,e m
V

g r r¡ ï ʨʝʛʫʣʷʨʥʘ ʚʩʶʜʠ ʬʫʥʢʮʽʷ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʦʜʥʦʨʽʜʥʦʤʫ ʨʽʚʥʷʥʥʶ 

( ) ( )
1(2) 1(2)

( ) 2 ( )
1(2)Ĕ Ĕ, , 0e m e m

V V
g r r k g r r¡ ¡D + =                                    (1.8) 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʨʘʟʦʤ ʟ ( )( )
0
ĔI ,e mG r r¡ ʚʠʢʦʥʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʽ 1S  ( 2S ) 

ʦʙ'ʻʤʫ 1V ( 2V ) ʜʣʷ ʧʦʣʷ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʙʦ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʪʦʯʮʽ r¡. 

ʇʦʜʘʥʥʷ (1.7) ʻ ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʛʘʣʴʥʦʩʪʽ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ (1.11). ɺʦʥʦ ʻ ʧʨʠʨʦʜʥʽʤ, ʷʢʱʦ ʬʫʥʢʮʽʾ 

ɻʨʽʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʦʙ'ʻʤʽʚ ʙʫʜʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʟʝʨʢʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʊʘʢ, ʫ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ( , , )x y z  ʜʣʷ ʚʽʣʴʥʦʛʦ 

ʧʽʚʧʨʦʩʪʦʨʫ ʥʘʜ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʦʶ ʧʣʦʱʠʥʦʶ 0X Y  ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ (ʜʦʜʘʪʦʢ ɹ): 

( ) ( ) ( ) ( )
1

( ) ( ) ( ) ( )
10 0

1

( ) 0 0

Ĕ Ĕ ĔĔ, I , , I , ( ) 0 ( ) 0

0 0 ( )

xx

e m e m e m e m
yy

zz

g R

G r r G r r g r r G r r g R

g R

¡ ¡ ¡ ¡= + = - +

-

,     (1.9) 

ʜʝ ( )( )
0 ,

ikR
e m e

G r r
R

-

¡= , 
2 2 2( ) ( ) ( )R x x y y z z¡ ¡ ¡= - + - + -

, 

1

1 1 1
1

( ) ( ) ( )
ikR

xx yy zz

e
g R g R g R

R

-

= = = , 
2 2 2

1 ( ) ( ) ( )R x x y y z z¡ ¡ ¡= - + + + -
. 

ʇʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʻ ʤʽʩʮʝ ʡ ʜʣʷ ʚʠʨʘʟʽʚ ʢʦʤʧʦʥʝʥʪ ʬʫʥʢʮʽʡ ɻʨʽʥʘ ʜʣʷ 

ʢʫʪʦʚʦʾ ʦʙʣʘʩʪʽ (ʜʦʜʘʪʦʢ ɹ). ʊʦʙʪʦ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʨʘʟʽ, ʧʦʜʘʥʥʷ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʙʫʜʝ 

ʤʽʩʪʠʪʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʦʜʘʥʦʢ ( )( )
0
ĔI ,e mG r r¡. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʥʝ ʟʘʚʞʜʠ 

ʚʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʽʡ ʦʙ'ʻʤʽʚ 1V ( 2V ), ʽ ʥʝʦʙʭʽʜʥʦ 

ʦʜʝʨʞʫʚʘʪʠ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʙʘʟʠʩʠ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʣʘʩʪʝʡ. 

ʉʝʨʝʜ ʮʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʾ ɻʨʽʥʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʠʧʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʪʦʢʦʧʦʜʽʙʥʦʤʫ ʧʦʜʘʥʥʽ (1.7) ʜʣʷ ʢʨʫʛʣʠʭ 
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ʭʚʠʣʝʚʦʜʫ ʡ ʨʝʟʦʥʘʪʦʨʘ ʟ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʜʠʬʨʘʢʮʽʾ ʪʝʥʟʦʨʥʠʭ ʨʦʟʙʽʞʥʠʭ 

ʩʬʝʨʠʯʥʦʾ ʡ ʢʚʘʟʽʩʬʝʨʠʯʥʦʾ ʭʚʠʣʴ ʥʘ ʩʪʽʥʢʘʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ [82]. 

ʆʜʥʘʢ ʦʪʨʠʤʘʥʽ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʬʫʥʢʮʽʡ ɻʨʽʥʘ 

ʚʠʷʚʣʷʶʪʴʩʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʻ ʧʦʯʘʪʢʦʚʘ ʧʦʙʫʜʦʚʘ ʧʦʚʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʾ ʦʙʣʘʩʪʽ ( )( )Ĕ ,e mG r r¡ ʷʢʠʤ-ʥʝʙʫʜʴ ʤʝʪʦʜʦʤ ʟ ʥʘʩʪʫʧʥʠʤ ʰʪʫʯʥʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ʾʾ ʚʠʪʦʢʦʧʦʜʽʙʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʊʫʪ, ʷʢ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʘ, ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠʢʘ çʧʨʠʤʫʩʦʚʦʛʦ ʬʦʨʤʘʪʫʚʘʥʥʷè ʬʫʥʢʮʽʾ. ɺʦʥʘ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʜʦ ʦʪʨʠʤʘʥʦʾ ʧʦʚʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʦʜʥʦʯʘʩʥʦ ʜʦʜʘʻʪʴʩʷ ʡ ʚʽʜʥʽʤʘʻʪʴʩʷ 

ʪʝʥʟʦʨ ( )( )
0
ĔI ,e mG r r¡: 

( ) ( ) ( )( ) ( ) ( )
0

Ĕ ĔĔ Ĕ, I , I ,

ik r r
e m e m e me

G r r G r r G r r
r r

¡- -

¡ ¡ ¡= + -
¡-

.                     (1.10) 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʶ ɻʨʽʥʘ ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ 

ʪʨʘʜʠʮʽʡʥʽʡ (ʚʠʪʦʢʦʧʦʜʽʙʥʽʡ) ʬʦʨʤʽ, ʘ ʚʽʜ'ʻʤʥʠʢ ï ʧʦʜʘʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʚ ʪʦʤʫ 

ʙʘʟʠʩʽ ʢʦʦʨʜʠʥʘʪ ʽ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ, ʫ ʷʢʦʤʫ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʥʘ ʬʫʥʢʮʽʷ 

( )( )Ĕ ,e mG r r¡. ʇʦʜʘʥʥʷ ʜʣʷ ( )( )
0 ,
e m

G r r¡ ʫ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʚʠʚʝʜʝʥʥʷ ʷʢʠʭ ʻ ʚ ʤʦʥʦʛʨʘʬʽʾ [83], ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɹ. 

ɼʘʣʽ, ʚʨʘʭʦʚʫʶʯʠ (1.8), ʘ ʩʘʤʝ:( ) ( ) ( )( )( )2 ( )
1(2) 0

Ĕ Ĕ, I , 0
e me mk G r r G r r¡ ¡D+ - =, 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʷʭ ʫ ʚʠʨʘʟʘʭ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ( )( )Ĕ ,e mG r r¡, ʚʠʤʘʛʘʶʯʠ ʜʣʷ ( )( )Ĕ ,e mg r r¡ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʥʘ ʛʨʘʥʠʯʥʽʡ 

ʧʦʚʝʨʭʥʽ S ʫ ʚʠʛʣʷʜʽ: ( ) ( )( )( )
0
ĔĔ , I ,

e me m

S S
g r r G r r¡ ¡=- . ʊʘʢʘ ʚʠʤʦʛʘ ʟʘʙʝʟʧʝʯʫʻ ʫ 

ʚʠʨʘʟʘʭ ʜʣʷ ʚʝʢʪʦʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ɻʝʨʮʘ (ʟʛʽʜʥʦ ʟ [71]) ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʩʫʤʠ ʜʚʦʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʪʦʢʦʧʦʜʽʙʥʽʡ ʽ ʨʝʛʫʣʷʨʥʽʡ ʩʢʣʘʜʦʚʠʤ 

ʬʫʥʢʮʽʾ ɻʨʽʥʘ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʪʦʞʥʦʩʪʽ (1.10) ʜʣʷ 

ʤʘʣʠʭ ʚʽʜʩʪʘʥʝʡ r r¡-  ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ ʜʦʜʘʥʢʠ ( ) ( )( ) ( )
0

Ĕ Ĕ, I ,e m e mG r r G r r¡ ¡-  ʥʝ 

ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʦʜʥʦʤʫ ʡ ʣʠʰʝ ʧʦʪʽʤ ʨʦʙʠʪʠ ʧʽʜʩʫʤʢʦʚʝ 
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ʚʽʜʥʽʤʘʥʥʷ. ʎʝ ʥʝʤʠʥʫʯʝ ʧʨʠʚʝʜʝ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʤʠʣʦʢ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʽʟ 

ʜʦʜʘʥʢʽʚ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʦʚʽʣʴʥʦ ʟʙʽʞʥʠʡ ʨʷʜ (ʘʙʦ ʽʥʪʝʛʨʘʣ), 

ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʟ ʦʜʥʘʢʦʚʦʶ ʪʦʯʥʽʩʪʶ. ʍʘʨʘʢʪʝʨ ʨʽʟʥʠʮʽ ʪʠʧʫ ( )¤-¤ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʨʘʚʠʣʴʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʛʫʣʷʨʥʦʾ ʬʫʥʢʮʽʾ. ʊʦʤʫ ʩʢʣʘʜʦʚʽ 

( ) ( )( ) ( )
0

Ĕ Ĕ, I ,e m e mG r r G r r¡ ¡-  ʧʦʧʝʨʝʜʥʴʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʨʘʤʢʘʭ ʟʘʛʘʣʴʥʦʛʦ 

ʙʘʟʠʩʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʡ ʥʝʦʙʭʽʜʥʦ ʨʦʙʠʪʠ ʯʠʩʣʦʚʽ 

ʨʦʟʨʘʭʫʥʢʠ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʤʝʪʦʜʠʢʘ çʧʨʠʤʫʩʦʚʦʛʦ ʬʦʨʤʘʪʫʚʘʥʥʷè ʬʫʥʢʮʽʾ ɻʨʽʥʘ 

ʟʘʩʪʦʩʦʚʥʘ ʧʨʠ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʦʙ'ʻʤʽʚ 1V  ʽ 2V  ʟ ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʛʨʘʥʠʮʷʤʠ, ʜʣʷ 

ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ (ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ) ʬʫʥʢʮʽʾ ɻʨʽʥʘ ( )( )Ĕ ,e mG r r¡, 

ʚʢʣʶʯʘʶʯʠ ʡ ʨʦʟʛʣʷʥʫʪʽ ʜʘʣʽ ʚ ʨʦʙʦʪʽ ʧʨʷʤʦʢʫʪʥʽ ʨʝʟʦʥʘʪʦʨʠ ʡ ʥʝʩʢʽʥʯʝʥʥʽ 

(ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʽ) ʧʨʷʤʦʢʫʪʥʽ ʭʚʠʣʝʚʦʜʠ. ʆʜʥʘʢ ʽ ʚ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ 

ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʙʫʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʚʠʪʦʢʦʧʦʜʽʙʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʫ ʚʠʛʣʷʜʽ ( )
1(2)

( )
0 ,

ik r r
e m e

G r r
r r

¡- -

¡=
¡-
. ʇʨʠ 

ʮʴʦʤʫ, ʟʨʦʟʫʤʽʣʦ, ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʜʣʷ ʚʝʢʪʦʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ [71] ʥʝʦʙʭʽʜʥʦ 

ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʦʙ'ʻʤʥʠʡ, ʪʘʢ ʽ ʧʦʚʝʨʭʥʝʚʠʡ ʽʥʪʝʛʨʘʣʠ. 

1.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʚʠʭʽʜʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʉʬʦʨʤʫʣʶʻʤʦ ʚ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʜʘʯʫ ʧʨʦ ʟʙʫʜʞʝʥʥʷ 

(ʨʦʟʩʽʶʚʘʥʥʷ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʪʽʣʘʤʠ 

ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʦʪʚʦʨʽʚ ʟʚ'ʷʟʢʫ ʜʚʦʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʦʙ'ʻʤʽʚ. ʅʝʭʘʡ ʻ ʜʝʷʢʠʡ ʜʦʚʽʣʴʥʠʡ ʦʙ'ʻʤ 1V , ʦʙʤʝʞʝʥʠʡ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʦʶ (ʘʙʦ 

ʽʤʧʝʜʘʥʩʥʦʶ, ʘʙʦ ʯʘʩʪʢʦʚʦ ʽʤʧʝʜʘʥʩʥʦʶ) ʧʦʚʝʨʭʥʝʶ 1S, ʜʽʣʷʥʢʠ ʷʢʦʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʜʘʣʝʥʽ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ. ʋ ʮʽʡ ʧʦʚʝʨʭʥʽ ʧʨʦʨʽʟʘʥʦ ʦʪʚʦʨʠ nS  ( 1,2...n N= ), ʱʦ 

ʟ'ʻʜʥʫʶʪʴ ʦʙ'ʻʤ 1V  ʟ ʽʥʰʠʤ ʜʦʚʽʣʴʥʠʤ ʦʙ'ʻʤʦʤ 2V . ɻʨʘʥʠʮʷ ʤʽʞ ʟʚ'ʷʟʘʥʠʤʠ 

ʦʙ'ʻʤʘʤʠ 1V  ʽ 2V  ʚ ʦʙʣʘʩʪʽ ʦʪʚʦʨʽʚ ʟʚ'ʷʟʢʫ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʫ ʪʦʚʱʠʥʫ. 
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ɼʽʝʣʝʢʪʨʠʯʥʘ ʡ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱ ʚ ʦʙ'ʻʤʘʭ 1V  ʽ 2V  ʜʦʨʽʚʥʶʶʪʴ 

1 1,e m ʽ 2 2,e m. ʅʝʭʘʡ ʚ ʦʙ'ʻʤʽ 1V  ʟʥʘʭʦʜʷʪʴʩʷ ʤʘʪʝʨʽʘʣʴʥʽ ʪʽʣʘ, ʫʢʣʘʜʝʥʽ ʚ ʣʦʢʘʣʴʥʽ 

ʦʙ'ʻʤʠ 
1mV  ( 1 11,2...m M= ), ʷʢʽ ʦʙʤʝʞʝʥʽ ʛʣʘʜʢʠʤʠ ʟʘʤʢʥʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

1mS . ʊʽʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ 
1me, ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ 1mm  ʡ ʧʨʦʚʽʜʥʽʩʪʶ 

1ms . ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ 

ʧʨʠʧʫʩʢʘʻʤʦ ʥʘʷʚʥʽʩʪʴ ʚ ʦʙ'ʻʤʽ 2V  ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʽʣ ʫ ʣʦʢʘʣʴʥʠʭ ʦʙ'ʻʤʘʭ 
2mV  

( 2 21,2...m M= ), ʦʙʤʝʞʝʥʠʭ ʛʣʘʜʢʠʤʠ ʟʘʤʢʥʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 
2mS , ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ 
2me, ʤʘʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ 2mm  ʡ ʧʨʦʚʽʜʥʽʩʪʶ 

2ms  (ʈʠʩ. 1.1). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʣʝ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʤ ʷʢ ʧʦʣʝ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʱʦ ʧʘʜʘʻ ʥʘ ʪʽʣʘ ʡ ʦʪʚʦʨʠ (ʟʘʜʘʯʘ ʧʨʦ ʨʦʟʩʽʥ̫ʥʷ), ʘʙʦ ʷʢ 

ʧʦʣʷ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʪʽʣ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʥʫʣʷ ʣʠʰʝ ʚ ʜʝʷʢʠʭ 

ʦʙʣʘʩʪʷʭ ʦʙ'ʻʤʽʚ 
1mV  ʽ 

2mV  (ʟʘʜʘʯʘ ʧʨʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ), ʘʙʦ, ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʮʠʭ ʧʦʣʽʚ. ʅʝ ʚʪʨʘʯʘʶʯʠ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʪʽʣʴʢʠ ʫʩʝʨʝʜʠʥʽ ʦʙ'ʻʤʫ 1V  ʽʩʥʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟʘʜʘʥʠʭ 

ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ 
0 0{ ( ), ( )}E r H r , ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ t  ̫ ʢ i tew  ( r  - ʨʘʜʽʫʩ-ʚʝʢʪʦʨ 

ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 2 fw= p - ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ, f  ï ʯʘʩʪʦʪʘ, ʚʠʤʽʨʶʚʘʥʘ ʚ 

ɻʝʨʮʘʭ). ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ 
1 1

{ ( ), ( )}V VE r H r  ʡ 

2 2
{ ( ), ( )}V VE r H r  ʚ ʦʙ'ʻʤʘʭ 1V  ʽ 2V , ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥʷʤ ʄʘʢʩʚʝʣʣʘ ʡ 

ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ʥʘ ʧʦʚʝʨʭʥʷʭ 
1mS , 

2mS , nS , 1S  ʽ 2S . 
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ʈʠʩ. 1.1  ɻʝʦʤʝʪʨʽʷ ʟʘʜʘʯʽ ʡ ʧʨʠʡʥʷʪʽ ʧʦʟʥʘʯʝʥʥʷ 

  

ʇʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ʧʦʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚ ʦʙ'ʻʤʘʭ 

1V  ʽ 2V  ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʧʦʣʽʚ ʥʘ 

ʧʦʚʝʨʭʥʷʭ 
1mS , 

2mS  ʽ nS. ʋ ɻʘʫʩʦʚʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ CGS ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʂʽʨʭʛʦʬʘ-ʂʦʪʣʝʨʘ [6, 66]: 
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ʊʫʪ 2 /k= p l ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ, l - ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ; 

1 1 1k k= em ʽ 2 2 2k k= e m ï ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʚ ʩʝʨʝʜʦʚʠʱʘʭ, ʷʢʠʤʠ ʟʘʧʦʚʥʝʥʦ 

ʦʙ'ʻʤʠ; 
1 2, ,m m nr¡  - ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʪʦʯʦʢ ʜʞʝʨʝʣ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʷʭ 

1mS , 
2mS  

ʽ 
nS; 

1, 2,m m nn  - ʦʨʪʠ ʟʦʚʥʽʰʥʽʭ ʥʦʨʤʘʣʝʡ ʜʦ ʮʠʭ ʧʦʚʝʨʭʦʥʴ; 
1 2,
Ĕ ( , )e

V VG r r¡ ʽ 
1 2,
Ĕ ( , )m

V VG r r¡ 

- ʪʝʥʟʦʨʥʽ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ ʜʣʷ ʚʝʢʪʦʨʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ɻʝʨʮʘ ʟʚô̫ ʟʫʚʘʥʠʭ ʦʙ'ʻʤʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʝʢʪʦʨʥʦʤʫ ʨʽʚʥʷʥʥʶ 

ɻʝʣʴʤʛʦʣʴʮʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʷʭ 
1S  ̔  

2S . ɼʣʷ 

ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʦʥʴ 
1S  (ʘʙʦ 

2S ), ʚʽʜʜʘʣʝʥʠʭ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ, ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ 

1 2

,

,
Ĕ ( , )e m

V VG r r¡ ʧʝʨʝʭʦʜʷʪʴ ʚ ʫʤʦʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɿʦʤʤʝʨʬʝʣʴʜʘ. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʧʦʣʽʚ, ʱʦ ʩʪʦʷʪʴ ʣʽʚʦʨʫʯ ʫ ʨʽʚʥʷʥʥʷʭ (1.11), ʟʤʽʥʶʻʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ r, ʫ ʷʢʽʡ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʰʫʢʘʥʝ ʧʦʣʝ. ʗʢʱʦ ʪʦʯʢʘ r  ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ
1mS , 

2mS  ʪʽʣ 
1mV  ʽ 

2mV  ʘʙʦ ʥʘ 

ʘʧʝʨʪʫʨʘʭ nS  ʦʪʚʦʨʽʚ, ʪʦ ʧʦʣʷ ( )E r  ʽ ( )H r  ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʽ ʞ ʧʦʣʷ, ʱʦ ʡ ʧʽʜ 

ʟʥʘʢʘʤʠ ʽʥʪʝʛʨʘʣʽʚ ʧʨʘʚʦʨʫʯ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (1.11) ʻ ʥʝʦʜʥʦʨʽʜʥʠʤʠ 

ʣʽʥʽʡʥʠʤʠ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʌʨʝʜʛʦʣʴʤʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʡ ʤʘʶʪʴ ʻʜʠʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʦ ʢʦʨʝʢʪʥʠʡ ʨʦʟʚ'ʷʟʦʢ. ʗʢʱʦ ʞ ʪʦʯʢʘ r, ʫ ʷʢʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʝ, 

ʣʝʞʠʪʴ ʧʦʟʘ ʦʙʣʘʩʪʷʤʠ 
1mV , 

2mV  ʽ nS, ʪʦ ʨʽʚʥʷʥʥʷ (1.11) ʩʪʘʶʪʴ ʨʽʚʥʦʩʪʷʤʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʯʝʨʝʟ ʟʘʜʘʥʝ ʧʦʣʝ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ. ʎʽ 
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ʨʽʚʥʦʩʪʽ ʚ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʨʽʰʫʶʪʴ ʟʘʜʘʯʫ ʧʨʦ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʝʨʝʰʢʦʜʘʤʠ ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ, ʷʢʱʦ ʚʽʜʦʤʽ ʧʦʣʷ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʮʠʭ ʧʝʨʝʰʢʦʜ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʣʽʚ ʩʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʦʜʘʥʥʷ (1.11) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʽ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʽʣ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢʽ-ʥʝʙʫʜʴ ʜʦʜʘʪʢʦʚʽ ʬʽʟʠʯʥʽ 

ʨʦʟʫʤʽʥʥʷ. ʊʘʢ, ʜʣʷ ʜʦʙʨʝ ʧʨʦʚʽʜʥʠʭ ʪʽʣ (s­¤) ʥʘʚʝʜʝʥʠʡ ʫ ʥʠʭ ʩʪʨʫʤ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. ʊʦʜʽ, ʥʝʭʪʫʶʯʠ ʪʦʚʱʠʥʦʶ ʩʢʽʥ-ʰʘʨʫ, ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʘʙʣʠʞʝʥʦʶ ʽʤʧʝʜʘʥʩʥʦʶ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʑʫʢʽʥʘ-ʃʝʦʥʪʦʚʠʯʘ 

[67, 68, 69], ʟʘʧʠʩʘʚʰʠ ʾʾ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʟʤʽʥʥʦʤʫ ʚʽʜ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʪʽʣʘ ʽʤʧʝʜʘʥʩʫ: 

[ , ( )] ( )[ ,[ , ( )]]Sn E r Z r n n H r= ,                                          (1.12) 

ʜʝ 
0( ) ( ) ( ) ( ) /S S S SZ r R r iX r Z r Z= + =  - ʟʤʽʥʥʠʡ ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʽʤʧʝʜʘʥʩ. 

ɯʤʧʝʜʘʥʩʥʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (1.12) ʜʦʟʚʦʣʷʻ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ (1.11) 

ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʚʽʜ ʥʝʚʽʜʦʤʠʭ ʧʦʣʽʚ ʜʦ ʥʦʚʠʭ ʥʝʚʽʜʦʤʠʭ ï ʛʫʩʪʠʥ ʧʦʚʝʨʭʥʝʚʠʭ 

ʩʪʨʫʤʽʚ. ʅʝ ʚʪʨʘʯʘʶʯʠ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʨʦʙʠʤʦ ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ (1.11) ʮʝʡ 

ʧʝʨʝʭʽʜ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʦʙ'ʻʤʽ 1V  ʨʦʟʪʘʰʦʚʘʥʦ ʜʚʘ ʤʘʪʝʨʽʘʣʴʥʽ ʪʽʣʘ, ʽ ʚʽʥ ʻ 

ʟʚ'ʷʟʘʥʠʤ ʟ ʦʙ'ʻʤʦʤ 2V  ʯʝʨʝʟ ʦʜʠʥ ʦʪʚʽʨ ʟʚ'ʷʟʢʫ. ʇʦʤʽʱʘʶʯʠ ʪʦʯʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʘ ʧʦʚʝʨʭʥʽ 
11

S  ʡ 
12S  ʽʤʧʝʜʘʥʩʥʠʭ ʪʽʣ (ʜʘʣʽ ʽʥʜʝʢʩʠ ʜʣʷ ʩʪʨʫʤʽʚ 1,2), ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʫ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

ʥʘ ʦʪʚʦʨʽ S (ʽʥʜʝʢʩ ʜʣʷ ʩʪʨʫʤʫ 3), ʦʜʝʨʞʫʻʤʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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               (1.13ʚ) 

ʚʽʜʥʦʩʥʦ ʛʫʩʪʠʥ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ: ʝʣʝʢʪʨʠʯʥʠʭ 
1,2 1,2( )eJ r  ʥʘ 

1 11 ,2S  ʡ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 
3 3( )mJ r  ʥʘ S 

1,2 1,2 1,2 1,2 3 3 3 3( ) [ , ( )], ( ) [ , ( )].
4 4

e mc c
J r n H r J r n E r= =

p p
                                (1.14) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʫ ʧʨʦ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽʤʧʝʜʘʥʩʥʠʤʠ 

ʪʽʣʘʤʠ ʩʢʽʥʯʝʥʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʦʪʚʦʨʘʤʠ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʷʢ ʩʪʨʦʛʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʡ 

ʟʚʝʜʝʥʦ ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ, ʨʦʟʚ'ʷʟʘʥʥʷ ʷʢʠʭ ʻ ʩʘʤʦʩʪʽʡʥʦʶ 

ʟʘʜʘʯʝʶ, ʥʝʨʽʜʢʦ ʟʚ'ʷʟʘʥʦʶ ʟʽ ʟʥʘʯʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʩʢʣʘʜʥʦʱʘʤʠ. ʗʢʱʦ 

ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʤʽʨʠ ʧʝʨʝʰʢʦʜ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʚʞʠʥʫ ʭʚʠʣʽ 

(ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʦʙʣʘʩʪʴ), ʪʦ ʨʦʟʚ'ʷʟʦʢ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʴ ʫ ʨʷʜʠ ʟʘ ʟʚʦʨʦʪʥʠʤʠ ʩʪʝʧʝʥʷʤʠ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ. ʋ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ (ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ) ʦʙʣʘʩʪʽ, ʢʦʣʠ ʧʝʨʝʰʢʦʜʠ ʤʘʶʪʴ ʨʦʟʤʽʨʠ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʟʘ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʧʦʜʘʥʥʷ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʟʘ 

ʩʪʝʧʝʥʷʤʠ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʟʚʦʜʠʪʴ ʟʘʜʘʯʫ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 



57 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ, ʨʝʟʦʥʘʥʩʥʘ 

ʦʙʣʘʩʪʴ, ʫ ʷʢʽʡ ʭʦʯʘ ʙ ʦʜʠʥ ʽʟ ʨʦʟʤʽʨʽʚ ʧʝʨʝʰʢʦʜ ʧʦʨʽʚʥʷʥʥʠʡ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʻ 

ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʜʣʷ ʘʥʘʣʽʟʫ, ʪʦʤʫ ʱʦ ʪʫʪ ʧʦʪʨʽʙʥʝ ʩʪʨʦʛʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʚʥʷʥʴ 

ʧʦʣʷ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʽʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʝʰʢʦʜʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ 

ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥ ʩʪʘʥʦʚʣʷʪʴ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʘʤʝ ʚ ʪʘʢʽʡ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

1.2.1 ɯʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʽʚ ʫ 

ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʘʭ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥʘʭ 

ʇʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʨʦʟʚ'ʷʟʘʥʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.13) ʜʣʷ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʪʽʣ ʟʽ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ ʡ ʦʪʚʦʨʫ ʟʚ'ʷʟʢʫ S ʟ ʜʦʚʽʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ 

ʚʠʥʠʢʘʶʪʴ ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʨʫʜʥʦʱʽ. ʆʜʥʘʢ ʜʣʷ ʽʤʧʝʜʘʥʩʥʠʭ ʮʠʣʽʥʜʨʽʚ, 

ʧʝʨʠʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʷʢʠʭ ʻ ʤʘʣʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭʥʴʦʶ ʜʦʚʞʠʥʦʶ ʡ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ (ʪʦʥʢʽ ʚʽʙʨʘʪʦʨʠ), ʽ ʜʣʷ ʦʪʚʦʨʽʚ, ʦʜʠʥ 

ʟ ʨʦʟʤʽʨʽʚ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʻ ʪʠʤ ʞʝ ʫʤʦʚʘʤ (ʚʫʟʴʢʽ ʱʽʣʠʥʠ), ʨʦʟʚ'ʷʟʦʢ ʩʠʩʪʝʤʠ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻʪʴʩʷ [1, 84]. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʚʜʘʻʪʴʩʷ ʧʦʰʠʨʠʪʠ ʛʨʘʥʠʯʥʫ 

ʫʤʦʚʫ (1.12) ʥʘ ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ ʚʽʙʨʘʪʦʨʽʚ ʟ ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʣʷ ʟʙʫʜʞʝʥʥʷ ʡ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ ʚʠʛʦʪʦʚʣʝʥʽ [69]. 

ʇʝʨʝʪʚʦʨʠʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (1.13) ʩʪʦʩʦʚʥʦ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʽʚ, ʱʦ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʙʤʝʞʝʥʽ ʢʨʫʛʦʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʜʨʦʪʠ ʟ ʨʘʜʽʫʩʘʤʠ 1,2r  ʡ ʜʦʚʞʠʥʦʶ

1,22L , ʽ ʚʫʟʴʢʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʱʽʣʠʥʠ ʰʠʨʠʥʦʶ d  ʡ ʜʦʚʞʠʥʦʶ32L , ʜʣʷ ʷʢʠʭ 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

1,2

1,22

r

L
<<1,    

1,2

1,2

r

l
<<1,    

32

d

L
<<1,    

1,2

d

l
<<1,                               (1.15) 

ʜʝ 1,2l  ï ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʎʽ ʥʝʨʽʚʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʚʘʞʘʪʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʚʽʙʨʘʪʦʨʘʭ ʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʤʠ ʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʤʘʛʥʽʪʥʠʡ 

ʩʪʨʫʤ ʫ ʱʽʣʠʥʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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1(2) 31(2) 1(2) 1(2) 1(2) 1(2) 1(2) 1(2) 3 3 3 3( ) ( ) ( , ), ( ) ( ) ( ),e m

s sJ r e J s J r e J s= y r j = c x                 (1.16) 

ʜʝ 
1(2)se  ʡ 

3s
e  - ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ, ʩʧʨʷʤʦʚʘʥʽ ʫʟʜʦʚʞ ʦʩʝʡ ʚʽʙʨʘʪʦʨʽʚ ʽ ʱʽʣʠʥʠ 

ʚʽʜʧʦʚʽʜʥʦ; 1(2)s  ʽ 3s  ï ʣʦʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʩʷʤʠ ʚʽʙʨʘʪʦʨʽʚ ʽ ʱʽʣʠʥʠ; 

1(2) 1(2) 1(2)( , )y r j  - ʬʫʥʢʮʽʾ ʧʦʧʝʨʝʯʥʠʭ (1̂(2)) ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪ1(2)r , 1(2)j  ʜʣʷ 

ʚʽʙʨʘʪʦʨʽʚ; ( )c x - ʬʫʥʢʮʽʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʦʨʜʠʥʘʪʠ x ʜʣʷ ʱʽʣʠʥʠ. ʌʫʥʢʮʽʾ 

1(2) 1(2) 1(2)( , )y r j  ʡ ( )c x ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʥʦʨʤʫʚʘʥʥʷ: 

1(2)

1(2) 1(2) 1(2) 1(2) 1(2) 1(2)( , ) d d 1, ( )d 1,
^ x

y r j r r j = c x x=ñ ñ                              (1.17) 

ʘ ʰʫʢʘʥʽ ʩʪʨʫʤʠ (ʽʥʜʝʢʩʠ çeè ʽ çmè ʦʧʫʩʢʘʻʤʦ) 1(2) 1(2)( )J s  ʽ 3 3( )J s  ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ: 

1(2) 1(2) 3 3( ) 0, ( ) 0.J L J L° = ° =                                               (1.18) 

ʇʨʠʡʤʘʶʯʠ ʚʩʝ ʮʝ ʜʦ ʫʚʘʛʠ ʡ ʧʨʦʝʢʪʫʶʯʠ ʨʽʚʥʷʥʥʷ (1.13ʘ) ʽ (1.13ʙ) ʥʘ ʦʩʽ 

ʚʽʙʨʘʪʦʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʟʛʽʜʥʦ (1.15) 
1(2) 1(2) 1(2)[ , ( )]n J r <<1, ʘ ʨʽʚʥʷʥʥʷ 

(1.13ʚ) ʥʘ ʚʽʩʴ ʱʽʣʠʥʠ, ʦʜʝʨʞʫʻʤʦ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʱʦʜʦ 

ʩʪʨʫʤʽʚ ʫ ʚʽʙʨʘʪʦʨʘʭ ʽ ʱʽʣʠʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʦʙʦʶ: 

1 2

1 1

1 2

1 2

3

1

1 3 1

3

2
2

1 1 1 1 1 1 2 2 1 2 22

1

3 3 1 3 3 1 0 1 1 1 1 1

d
( ) ( , )d ( ) ( , )d

d

rot ( ) ( , )d ( ) ( ) ( ) ,

L L

V V

s s

L L

L

V

s s s i

L

k J s G s s s J s G s s s
s

ike J s G s s s i E s z s J s

- -

-

ë ûå õî î
¡ ¡ ¡ ¡ ¡ ¡+ + -ì üæ ö

ç ÷î îí ý

è ø¡ ¡ ¡- =-we -ê ú

ñ ñ

ñ

 

2 1

1 1

2 1

2 1

3

1

2 3 2

3

2
2

1 2 2 2 2 2 1 1 2 1 12

2

3 3 2 3 3 1 0 2 2 2 2 2

d
( ) ( , )d ( ) ( , )d

d

rot ( ) ( , )d ( ) ( ) ( ) ,

L L

V V

s s

L L

L

V

s s s i

L

k J s G s s s J s G s s s
s

ike J s G s s s i E s z s J s

- -

-

ë ûå õî î
¡ ¡ ¡ ¡ ¡ ¡+ + -ì üæ ö

ç ÷î îí ý

è ø¡ ¡ ¡- =-we -ê ú

ñ ñ

ñ

           (1.19) 
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ʊʫʪ 1(2) 1(2)( )iz s  - ʚʥʫʪʨʽʰʥʽ ʧʦʛʦʥʥʽ ([ʆʤ/ʤ]) ʽʤʧʝʜʘʥʩʠ ʚʽʙʨʘʪʦʨʽʚ (

1(2) 1(2) 1(2) 1(2) 1(2)( ) 2 ( )S iZ r r z r= p  ), 
1(2)0 1(2)( )sE s  ̔  

30 3( )sH s  - ʧʨʦʝʢʮʽʾ ʧʦʣʽʚ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ 

ʥʘ ʦʩʽ ʚʽʙʨʘʪʦʨʽʚ ʽ ʱʽʣʠʥʠ, 1

1,2 1,2,3 1(2)( , )
V

sG s s¡  ʽ 1(2)

3 1,2,3 3( , )
V

sG s s¡ - ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʝʥʟʦʨʽʚ ʬʫʥʢʮʽʡ ɻʨʽʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʤʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʽʙʨʘʪʦʨʘʤʠ ʡ ʱʽʣʠʥʦʶ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 

(1.19) ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻʪʴʩʷ ʡ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ɼʣʷ ʦʜʠʥʦʯʥʠʭ ʚʽʙʨʘʪʦʨʘ (ʽʥʜʝʢʩʠ çv  è ʽ 1) ʘʙʦ ʱʽʣʠʥʠ (ʽʥʜʝʢʩʠ çsl  è ʽ 2) 

ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (1.20) ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʘ ʥʝʟʘʣʝʞʥʽ ʨʽʚʥʷʥʥʷ: 
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                          (1.22) 

ʋ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʙʨʘʪʦʨ ʘʙʦ ʱʽʣʠʥʘ ʤʦʞʫʪʴ ʤʘʪʠ 

ʢʨʠʚʦʣʽʥʽʡʥʫ ʦʩʴʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ. ʊʦʜʽ, ʷʢʱʦ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʦʩʽ ʚʽʙʨʘʪʦʨʘ ʘʙʦ 

ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʱʽʣʠʥʠ ʚʝʣʠʢʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭʥʽʤʠ ʧʦʧʝʨʝʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʫ ʚʽʙʨʘʪʦʨʽ ʡ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʫ ʚ ʱʽʣʠʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (1.7) ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʊʦʯʥʽ ʚʠʨʘʟʠ (1.25) ʜʣʷ ʷʜʝʨ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʥʦʩʷʪʴ ʟʥʘʯʥʽ ʩʢʣʘʜʥʦʱʽ 

ʧʨʠ ʾʭʥʴʦʤʫ ʨʦʟʚ'ʷʟʘʥʥʽ, ʪʦʤʫ ʥʘʜʘʣʽ ʤʠ ʙʫʜʝʤʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʘʙʣʠʞʝʥʠʤʠ 

ʚʠʨʘʟʘʤʠ [85, 86] ( ʪʘʢ ʟʚʘʥʽ çʢʚʘʟʽʦʜʥʦʤʽʨʥʽè ʷʜʨʘ) 
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ʷʢʽ ʧʨʠʧʫʩʢʘʶʪʴ ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʜʞʝʨʝʣʘ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʩʷʭ ʚʽʙʨʘʪʦʨʘ ʡ 

ʱʽʣʠʥʠ, ʘ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʬʽʟʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʙʨʘʪʦʨʘ ʡ ʥʘ ʦʩʽ ʱʽʣʠʥʠ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 2{ , / 2}s x . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʾ 1 1( , )vG s s¡ ʡ 1,2
2 2( , )

V

slG s s¡ ʫʩʶʜʠ 

ʙʝʟʧʝʨʝʨʚʥʽ, ʘ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʨʫʤʽʚ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴʩʷ ʙʝʟ ʧʦʤʽʪʥʦʛʦ 

ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ [87, 88]. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʨʽʚʥʷʥʥʷʭ ʥʝ ʢʦʥʢʨʝʪʠʟʫʚʘʚʩʷ ʚʠʛʣʷʜ 

ʬʫʥʢʮʽʡ ɻʨʽʥʘ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ (1.19)ï(1.24) ʻ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʣʷ ʮʠʭ ʦʙ'ʻʤʽʚ ʚʽʜʦʤʽ ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʾ ɻʨʽʥʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʧʨʦ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʦʥʢʠʤʠ 

ʽʤʧʝʜʘʥʩʥʠʤʠ ʚʽʙʨʘʪʦʨʘʤʠ ʡ ʚʫʟʴʢʠʤʠ ʱʽʣʠʥʘʤʠ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʜʚʘ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʦʙ'ʻʤʠ, ʟʚʝʣʘʩʷ ʜʦ ʜʝʷʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʱʦʜʦ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ ʫ ʚʽʙʨʘʪʦʨʘʭ ʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʤʘʛʥʽʪʥʠʭ ʩʪʨʫʤʽʚ ʫ ʱʽʣʠʥʘʭ. 

ʈʦʟʚ'ʷʟʦʢ ʮʠʭ ʨʽʚʥʷʥʴ ʻ ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʦʩʢʽʣʴʢʠ, ʢʦʣʠ 

ʟʥʘʡʜʝʥʽ ʩʪʨʫʤʠ, ʧʦʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʦʙ'ʻʤʘʭ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ (1.11) (ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.14)), ʱʦ ʥʝ ʟʫʩʪʨʽʯʘʻ ʧʨʠʥʮʠʧʦʚʠʭ 

ʪʨʫʜʥʦʱʽʚ. 

1.2.2 ɯʤʧʝʜʘʥʩʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʤʝʞʽ ʾʭ ʢʦʨʝʢʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʦʩʪʘʥʦʚʮʽ ʛʨʘʥʠʯʥʦʾ ʟʘʜʘʯʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʥʘʙʣʠʞʝʥʠʭ 

ʦʜʥʦʙʽʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽʤʧʝʜʘʥʩʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ çʩʢʦʨʦʪʠʪʠè ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʣʫʯʝʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ. 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʥʘ ʨʽʚʥʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʘʪʠ ʧʦʣʷ 

ʫʩʝʨʝʜʠʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʛʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʤʧʝʜʘʥʩʥʦʛʦ ʧʽʜʭʦʜʫ. ɯʤʧʝʜʘʥʩʥʘ ʫʤʦʚʘ ʃʝʦʥʪʦʚʠʯʘ ʥʘ ʛʨʘʥʠʯʥʽʡ ʧʦʚʝʨʭʥʽ S 

ʟʘʟʚʠʯʘʡ ʟʘʧʠʩʫʶʪʴ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [68, 69]: 

[ , ] [ ,[ , ]]S S Sn E Z n n H=- ,                                      (1.27) 
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ʜʝ E  ̔  H  - ʚʝʢʪʦʨʠ ʥʘʧʨʫʞʝʥʦʩʪʝʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʛʘʨʤʦʥʽʯʥʠʭ ʧʦʣʽʚ; 

n ï ʥʦʨʤʘʣʴ ʜʦ ʽʤʧʝʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʽ, ʩʧʨʷʤʦʚʘʥʘ ʫʩʝʨʝʜʠʥʫ ʽʤʧʝʜʘʥʩʥʦʾ ʦʙʣʘʩʪʽ, ʘ 

ʢʦʝʬʽʮʽʻʥʪ 
SZ  - ʥʦʨʤʦʚʘʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʽʤʧʝʜʘʥʩ (

0/S SZ Z Z= , ʜʝ 
0 120Z = p ʆʤ 

ï ʦʧʽʨ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ). 

ʅʝʚʘʞʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʬʦʨʤʫʣʘ (1.27) ʻ ʽʥʚʘʨʽʘʥʪʥʦʶ ʜʦ ʚʠʙʦʨʫ ʚʠʛʣʷʜʫ 

ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʣʽʚ 
i te° w ʽ ʧʨʠ ʚʠʤʦʟʽ 0SZ =  ʥʘ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʚʽʜʦʤʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ï ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʪʘʥʛʝʥʮʽʘʣʴʥʦ ʾʩʢʣʘʜʦʚʦ ʾ

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (1.27) ʻ ʥʘʙʣʠʞʝʥʦʶ ʚ 

ʪʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʱʦ ʨʦʟʚ'ʷʟʦʢ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʟ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʝʨʰʠʡ ʯʣʝʥ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ [92] ʟʘ 

ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ 

| | 1SZ <<.                                                       (1.28) 

ʊʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚ ʛʨʘʥʠʯʥʽʡ ʫʤʦʚʽ (1.27) ʬʽʛʫʨʫʶʪʴ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʢʣʘʜʦʚʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʽ ʥʘ ʛʝʦʤʝʪʨʽʶ 

ʧʦʚʝʨʭʥʽ S. ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʫʤʦʚʘ (1.27) ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʧʣʦʩʢʦʾ ʛʨʘʥʠʮʽ 

ʨʦʟʜʽʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱ ʘʙʦ ʪʘʢʦʾ ʛʨʘʥʠʮʽ, ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ ʷʢʦʾ ʻ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʠʤʠ ʟʘ ʜʦʚʞʠʥʫ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ. ɹʽʣʴʰ ʟʘʛʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʢʨʠʚʠʟʥʫ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ S, ʻ ʫʤʦʚʠ [68, 89]: 

1 2
1 2

1 1

2 1
2 1

1 1

1 ,
2

1 ,
2
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S

S

S

E Z H
ik

E Z H
ik

t t

t t

å õc -c
= +æ öæ öemç ÷

å õc -c
=- +æ ö

æ öemç ÷

                                       (1.29) 

ʜʝ 1c ʡ 2c ï ʛʦʣʦʚʥʽ ʛʘʫʩʦʚʽ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʥʽ S, ʘ Et ʡ Ht ï ʪʘʥʛʝʥʮʽʘʣʴʥʽ 

ʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʣʦʱʠʥʘʭ. 

ʋ ʪʨʘʢʪʫʚʘʥʥʽ ʝʥʮʠʢʣʦʧʝʜʠʯʥʠʭ ʚʠʜʘʥʴ [90] ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ ʛʘʨʤʦʥʽʯʥʦʛʦ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʥʘ ʜʝʷʢʽʡ ʧʦʚʝʨʭʥʽ S. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʽʤʧʝʜʘʥʩʫ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʡ ʧʦʣʷʨʠʟʘʮʽʾ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ, ʪʦ ʽʤʧʝʜʘʥʩ ʥʘʟʠʚʘʶʪʴ 

ʩʪʦʨʦʥʥʽʤ [69]. ʗʢʱʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʭʚʠʣʽ, ʘʣʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ S, ʪʦ ʧʦʚʝʨʭʥʝʚʠʡ ʽʤʧʝʜʘʥʩ 

ʻ ʜʚʦʚʠʤʽʨʥʠʤ ʪʝʥʟʦʨʦʤ ʜʨʫʛʦʛʦ ʨʘʥʛʫ. ʇʨʠ ʮʴʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʦ ʩʫʪʽ ʩʪʦʨʦʥʥʽʤʠ ʽʤʧʝʜʘʥʩʘʤʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʽʯʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʙʦʪʠ [91] ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʤʧʝʜʘʥʩʫ 

ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ: 

11 12

21 22

Ĕ S S

S

S S

Z Z
Z

Z Z
= , Sjk Sjk SjkZ R iX= + ,                                 (1.30) 

ʜʝ j  ʡ k  ð ̔ ʥʜʝʢʩʠ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 1,2. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʢʦʥʘʥʥʷ 

ʥʠʟʢʠ ʥʝʨʽʚʥʦʩʪʝʡ: 

11 0,SR ²    
22 0,SR ²    

2

11 22 12 214 S S S SR R Z Z*² + ,                            (1.31) 

ʜʝ 
21SZ*  ï ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʘ ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʦʚʦʾ 

21SZ . ʅʝʨʽʚʥʦʩʪʽ (1.31) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʽʤʧʝʜʘʥʩʥʽʡ ʧʦʚʝʨʭʥʽ ʜʞʝʨʝʣ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʘʙʦ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʫʩʝʨʝʜʠʥʫ ʨʦʟʛʣʷʥʫʪʦʾ ʦʙʣʘʩʪʽ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ 

ʮʴʦʤʫ ʫ ʬʦʨʤʫʣʶʚʘʥʥʷʭ ʫʤʦʚ (1.27) ʽ (1.30) ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ (ʘʙʦ ʩʢʘʣʷʨʥʘ 

ʬʫʥʢʮʽʷ) ʽʤʧʝʜʘʥʩʫ 
SZ  ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ ʪʝʥʟʦʨ 

Ĕ
SZ . ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʧʦʚʝʨʭʥʷ S, ʥʘ ʷʢʽʡ ʧʦʪʨʽʙʥʝ ʚʠʢʦʥʘʥʥʷ ʽʤʧʝʜʘʥʩʥʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ, ʥʝ 

ʟʦʙʦʚ'ʷʟʘʥʘ ʟʙʽʛʘʪʠʩʷ ʟ ʨʝʘʣʴʥʦʶ ʛʨʘʥʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽʤʧʝʜʘʥʩʥʦʾ ʦʙʣʘʩʪʽ ʡ 

ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʫʤʦʚʥʘ ʛʨʘʥʠʯʥʘ ʧʦʚʝʨʭʥʷ. 

ʋ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʩʝʨʝʜʦʚʠʱ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʚʝʜʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʛʦ ʽʤʧʝʜʘʥʩʫ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʚʽʜ ʥʦʤʝʨʘ ʧʨʦʩʪʦʨʦʚʠʭ ʛʘʨʤʦʥʽʢ ʧʦʜʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʡ ʪʠʧ ʽʤʧʝʜʘʥʩʥʠʭ ʟʘʜʘʯ ʥʝ ʙʫʜʝ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʚ 

ʨʦʙʦʪʽ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʦʢʨʝʤʦʛʦ ʨʦʟʛʣʷʜʫ.  

ʅʘʩʘʤʧʝʨʝʜ ʜʘʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʬʦʨʤʫʣʶʚʘʥʴ 

ʽʤʧʝʜʘʥʩʥʠʭ ʫʤʦʚ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʚ'ʷʟʢʽʚ ʟʘʜʘʯ, ʷʢʽ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ. ʆʧʠʨʘʶʯʠʩʴ 
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ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [92], ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ (1.27) 

ʟʘʩʪʦʩʦʚʥʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʚʠʤʦʛ: ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʽʤʧʝʜʘʥʩʥʫ 

ʦʙʣʘʩʪʴ ʽ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚ ʥʽʡ ʤʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʩʪʘʥʷʤʠ ʚʽʜ ʜʞʝʨʝʣ ʧʦʣʷ ʡ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʜʽʫʩʘʤʠ ʢʨʠʚʠʟʥʠ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ S. ɿʤʽʥʠ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʽʤʧʝʜʘʥʩʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ (ʘʙʦ ʥʘ ʜʦʚʞʠʥʽ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ) ʤʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʫʣʠ (1.27) ʙʫʣʘ ʦʮʽʥʝʥʘ ʷʢ 2| |SZ , ʦʩʢʽʣʴʢʠ ʚ ʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ 

ʧʝʨʰʠʡ ʯʣʝʥ ʟ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʫ ʚʠʛʣʷʜʽ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʨʷʜʫ ʧʦ 

ʥʦʨʤʦʚʘʥʦʤʫ ʽʤʧʝʜʘʥʩʫ 
SZ . ɸʥʘʣʦʛʽʯʥʫ ʦʮʽʥʢʫ ʄ. ɸ. ʃʝʦʥʪʦʚʠʯ ʦʜʝʨʞʘʚ ʚ [67] 

ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʨʽʚʥʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʧʣʦʩʢʦʾ ʭʚʠʣʽ, ʦʪʨʠʤʘʥʠʡ ʚ 

ʽʤʧʝʜʘʥʩʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʟ ʪʦʯʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ ʌʨʝʥʝʣʷ. ʆʜʥʘʢ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚ 

ʩʪʘʪʪʽ [92], ʜʣʷ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʤʦʜʝʣʝʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ 

ʧʦʧʨʘʚʢʠ ʜʦ (1.27) ʧʦʯʠʥʘʶʪʴʩʷ ʥʝ ʽʟ ʢʚʘʜʨʘʪʠʯʥʦʛʦ, ʘ ʟ ʢʫʙʽʯʥʦʛʦ ʯʣʝʥʘ 3( | | )SZ  

ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ | |SZ . 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʨʦʙʦʪʘʭ [67, 92] ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚʠ 

(1.27) ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʽʾ ʩʢʽʥ-ʝʬʝʢʪʫ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʧʨʦʚʽʜʥʠʭ ʪʽʣ, 

ʚʦʥʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʰʠʨʶʶʪʴʩʷ ʡ ʥʘ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʽʤʧʝʜʘʥʩʥʠʭ 

ʦʙʣʘʩʪʝʡ [69]. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʚʠʤʦʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ 

ʚ ʦʜʥʫ (ʩʫʪʦ ʬʽʟʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ): ʧʦʣʝ ʚ ʽʤʧʝʜʘʥʩʥʽʡ ʦʙʣʘʩʪʽ ʧʦʚʠʥʥʝ ʤʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʧʣʦʩʢʦʾ ʭʚʠʣʽ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ ʜʦ ʛʨʘʥʠʮʽ S . 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʷ ʚʠʤʦʛʘ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ 

ʽʤʧʝʜʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʦʢʨʠʪʪʽʚ ʧʣʽʚʢʦʚʦʛʦ ʪʠʧʫ. 

ʆʜʥʘʢ ʥʘʚʝʜʝʥʘ ʚʠʤʦʛʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʪʨʦʛʦ ʚʠʢʦʥʘʥʘ ʜʣʷ ʨʝʞʠʤʽʚ ʟʙʫʜʞʝʥʥʷ 

ʽʤʧʝʜʘʥʩʥʦʾ ʧʦʚʝʨʭʥʽ ʭʚʠʣʷʤʠ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʥʝʾ ʧʽʜ ʤʘʣʠʤʠ ʢʫʪʘʤʠ ʡ ʧʽʜ ʢʫʪʦʤ 

ɹʨʶʩʪʝʨʘ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʠʪʽ ʡ ʟʘʣʦʤʣʝʥʽ ʧʨʦʤʝʥʽ ʻ ʢʦʚʟʥʠʤʠ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ, ʫ ʜʨʫʛʦʤʫ ï ʚʽʜʙʠʪʠʡ ʽ ʟʘʣʦʤʣʝʥʠʡ ʧʨʦʤʝʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʧʨʷʤʢʠ ʟʘʣʦʤʣʝʥʠʭ ʧʨʦʤʝʥʽʚ 

ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʥʦʨʤʘʣʽ ʜʦ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ 
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ʧʨʠʡʥʷʪʦ ʨʦʟʨʽʟʥʷʪʠ ʪʨʠ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʥʠʭ ʫʤʦʚ, ʢʦʣʠ 

ʤ̔ʧʝʜʘʥʩ ʜʨʫʛʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʝʨʝʪʴʩʷ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘʡʜʝʥʦʤʫ ʽʤʧʝʜʘʥʩʫ 

ʧʨʠ ʧʘʜʽʥʥʽ ʭʚʠʣʽ: 1) ʧʦ ʥʦʨʤʘʣʽ (ʫʤʦʚʘ ʃʝʦʥʪʦʚʠʯʘ), 2) ʧʽʜ ʢʫʪʦʤ ɹʨʶʩʪʝʨʘ ʡ 3) 

ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʫʧʝʨʰʝ ʜʣʷ ʚʠʧʘʜʢʫ ʚʽʜʙʠʪʪʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʨʝʘʣʴʥʦʛʦ ˇʨʫʥʪʫ ʧʨʠ ʢʫʪʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʢʫʪʘ ʢʦʚʟʥʦʛʦ ʧʘʜʽʥʥʷ ʫʤʦʚʫ (1.27) ʙʫʣʦ ʫʪʦʯʥʝʥʦ ʡ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ 

[93]. ʅʘʜʘʣʽ ʧʦʜʽʙʥʽ ʩʠʪʫʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʡ ʜʣʷ ʥʠʟʢʠ ʽʥʰʠʭ ʩʝʨʝʜʦʚʠʱ 

(ʚʢʣʶʯʘʶʯʠ ʥʝʦʜʥʦʨʽʜʥʫ ʧʣʘʟʤʫ). ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʥʘʙʣʠʞʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽʤʧʝʜʘʥʩʥʦʛʦ ʪʠʧʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [94, 95, 96, 97, 

98]. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʽʤʧʝʜʘʥʩʥʦʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ (1.27) ʥʝ ʻ 

ʧʦʚʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʥʘ ʟʘʧʠʪʘʥʥʷ: ʟ ʷʢʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʢʦʥʢʨʝʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʢʫʪʽʚ 

ʧʘʜʽʥʥʷ ʧʣʦʩʢʦʾ ʭʚʠʣʽ ʥʘ ʛʨʘʥʠʮʶ ʨʦʟʜʽʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱ? ɿʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ 

ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [99], ʘ ʩʘʤʝ: ʜʣʷ ʭʚʠʣʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ 

(ʱʦʜʦ ʧʣʦʱʠʥʠ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ) ʧʦʣʷʨʠʟʘʮʽʾ ʥʘʡʤʝʥʰʫ ʧʦʭʠʙʢʫ (ʩʪʦʩʦʚʥʦ 

ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ) ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ ʧʘʜʽʥʥʷ ʭʚʠʣʽ ʜʘʻ ʦʙʯʠʩʣʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʥʘʙʣʠʞʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʃʝʦʥʪʦʚʠʯʘ. ɼʣʷ 

ʭʚʠʣʽ ʧʘʨʘʣʝʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʙʽʣʴʰ ʢʨʘʱʠʤ ʻ ʟʘʜʘʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʤʧʝʜʘʥʩʫ 

ʧʨʠ ʢʫʪʽ ɹʨʶʩʪʝʨʘ. ʇʽʜʩʪʘʚʦʶ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʨʦʙʦʪʽ [99] ʙʫʣʠ 

ʪʦʯʥʽ ʬʦʨʤʫʣʠ ʟ ʤʦʥʦʛʨʘʬʽʾ [100]. 

ɸʥʘʣʽʟʫʶʯʠ ʪʦʯʥʽʩʪʴ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (1.27), ʜʦʪʝʧʝʨ ʤʘʣʦʩʷ ʥʘ ʫʚʘʟʽ ʪʝ, ʱʦ 

ʟ ʤʦʞʣʠʚʦʛʦ ʧʦʜʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʤʧʝʜʘʥʩʫ 
SZ  ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʡʦʛʦ ʣʽʥʽʡʥʠʡ ʜʦʜʘʥʦʢ. ʆʜʥʘʢ ʮʝ ʩʧʨʦʱʝʥʥʷ, ʧʦ-ʧʝʨʰʝ, 

ʟʤʫʰʫʻ ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 
SZ , ʘ ʧʦ-ʜʨʫʛʝ, ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʪʨʽʙʥʫ ʪʦʯʥʽʩʪʴ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʜʠʬʨʘʢʮʽʾ ʧʨʠ ʧʘʜʽʥʥʽ ʭʚʠʣʽ ʧʽʜ ʢʫʪʦʤ ɹʨʶʩʪʝʨʘ 

ʘʙʦ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʝʥʥʷ. ʎʽ ʥʝʜʦʣʽʢʠ ʫʩʫʥʫʪʦ ʚ ʨʦʙʦʪʽ [101], ʜʝ 

ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʝ ʽʤʧʝʜʘʥʩʥʝ ʥʘʙʣʠʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ: 
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ʊʫʪ ʩʝʨʽʷ ʤʘʪʨʠʮʴ ( )2 1mN m s= + ʚʠʟʥʘʯʝʥʘ ʚʠʨʘʟʦʤ  

0 1

0
mN

m
= ,                                                           (1.33) 

ʘ 
0n k k= -ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ʨʝʬʨʘʢʮʽʾ, ʜʝ k  ʡ 

0k  - ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʽʤʧʝʜʘʥʩʥʦʾ ʦʙʣʘʩʪʽ ʡ ʟʦʚʥʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʧʦʚʽʜʥʦ. ʈʽʚʥʷʥʥʷ 

(1.32) ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʜʦʜʘʥʢʘ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ (1.27), ʘʣʝ ʤʘʻ ʷʢʽʩʥʦ 

ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ: ʫ ʤʘʪʨʠʯʥʦʤʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʝʢʪʦʨʽʚ Et ʽ Ht ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʬʘʢʪʦʨ ʨʝʬʨʘʢʮʽʾ n, ʷʢʠʡ ʫ ʟʘʜʘʯʽ 

ʚʽʜʙʠʪʪʷ ʚʠʷʚʣʷʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʠʤ ʟ ʢʫʪʦʤ ʧʘʜʽʥʥʷ ʭʚʠʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʙʣʠʞʝʥʫ ʫʤʦʚʫ ʃʝʦʥʪʦʚʠʯʘ (1.27), ʷʢʘ ʻ ʩʣʫʰʥʦʶ ʧʨʠ 

ʤʘʣʦʤʫ ʥʦʨʤʦʚʘʥʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʽʤʧʝʜʘʥʩʽ 
SZ , ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʚʠʛʣʷʜʽ (1.32) 

ʜʣʷ ʚʠʧʘʜʢʫ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ 
SZ , ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ 

ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʧʽʜʭʦʜʫ. ɿʥʘʡʜʝʥʫ ʪʦʯʥʫ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ (1.32) 

ʨʦʟʢʣʘʜʝʥʦ ʚ ʨʷʜ ʧʦ ʥʝʧʘʨʥʠʭ ʩʪʝʧʝʥʷʭ ʧʘʨʘʤʝʪʨʘ 
SZ . ʇʨʠ ʮʴʦʤʫ ʫʤʦʚʘ 

ʃʝʦʥʪʦʚʠʯʘ, ʣʽʥʽʡʥʘ ʧʦ 
SZ , ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʦʯʥʦʾ ʚ ʛʦʣʦʚʥʦʤʫ ʧʦʨʷʜʢʫ ʣʠʰʝ 

ʯʣʝʥʘʤʠ 3| |SZ . ʊʦʙʪʦ ʧʨʠ ʦʧʠʩʽ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ ʫ ʥʘʙʣʠʞʝʥʥʽ ʫʤʦʚʠ (1.27) 

ʢʦʨʝʢʪʥʠʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʣʽʥʽʡʥʽ ʯʣʝʥʠ, ʘʣʝ ʡ ʯʣʝʥʠ 2| |SZ . ʊʠʤ ʩʘʤʠʤ 

ʪʦʯʥʽʩʪʴ ʫʤʦʚʠ (1.27) ʚʠʷʚʣʷʻʪʴʩʷ ʚʠʱʦʶ, ʥʽʞ ʤʦʞʥʘ ʙʫʣʦ ʚʚʘʞʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ [92]. 

1.3 ʄʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ 

ʇʦʯʠʥʘʶʯʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ɻ. ʇʦʢʣʽʥʛʪʦʥʘ [102], ɭ. ʍʘʣʣʝʥʘ 

[103], ʃ. ɹʨ̔ʣʣʶʝʥʘ [104], ʄ. ʃʝʦʥʪʦʚʠʯʘ ʡ ʄ. ʃʝʚʽʥʘ [105], ʈ. ʂʽʥʛʘ [85], 

ʃ. ɺʘʡʥʰʪʝʡʥʘ [106, 107], ʂ. ʄʝʷ [108] ʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ, ʪʝʦʨʽʾ ʪʦʥʢʠʭ 

ʚʽʙʨʘʪʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʘʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 
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ʩʝʨʝʜʦʚʠʱʘʭ, ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ. ɺʽʜʟʥʘʯʠʤʦ ʩʝʨʝʜ ʥʠʭ 

ʨʦʙʦʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʽʚ [109, 

110, 111ï138], ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʠʩʚʷʯʝʥʦ ʫʨʘʭʫʚʘʥʥʶ ʩʢʽʥʯʝʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʝʪʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʦ ʚʽʙʨʘʪʦʨ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʽʪ ʘʚʪʦʨʩʴʢʦʛʦ ʢʦʣʝʢʪʠʚʫ 

ʍʅʋ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ: ʄ. ʅʝʩʪʝʨʝʥʢʘ, ɺ.ʂʘʪʨʠʯʘ, ʄ. ʇʻʥʢʽʥʘ ʪʘ ʘʚʪʦʨʘ ʮʽʻʾ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʫ ʷʢʠʭ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚʽʙʨʘʪʦʨʠ ʟ ʢʦʤʧʣʝʢʩʥʠʤ 

ʧʦʚʝʨʭʥʝʚʠʤ ʽʤʧʝʜʘʥʩʦʤ [139ï155]. ʆʩʥʦʚʥʠʤʠ ʚ ʪʝʦʨʽʾ ʱʽʣʠʥʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ ʦʪʚʦʨʽʚ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ ʻ ʨʦʙʦʪʠ [73, 81, 86, 

156ï162]. ɯ ʥʘʨʝʰʪʽ, ʩʝʨʝʜ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʠ [88, 164ï187]. ʋ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ  ̔ ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʨʷʤʽ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ, ʪʘʢ ʽ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ, ʘ ʪʘʢʦʞ 

ʥʘʙʣʠʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʬʽʟʠʯʥʦ ʙʽʣʴʰ ʥʘʦʯʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʯʠʩʣʦʚʠʤʠ ʡ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ ʥʘʷʚʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ ʫ ʡʦʛʦ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ ʟʫʧʠʥʠʤʦʩʷ 

ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʥʘ ʦʩʥʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ ʷʢ ʥʘʡʙʽʣʴʰ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʚ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥ, ʘ ʪʘʢʦʞ ʾʭ ʩʠʩʪʝʤ. 

1.3.1 ʆʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ 

ʉʫʪʴ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ (ʄʆʄ) ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʦʩʠʪʴ 

ʧʨʦʩʪʘ: ʚʦʥʘ ʧʦʣʷʛʘʻ ʫ ʟʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ʉʃɸʈ). ɼʣʷ ʮʴʦʛʦ ʰʫʢʘʥʫ ʬʫʥʢʮʽʶ ʧʦʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʟ ʥʝʚʽʜʦʤʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʡ 

ʧʽʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʭʽʜʥʝ ʨʽʚʥʷʥʥʷ. ʊʦʙʪʦ ʨʦʟʚ'ʷʟʦʢ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ (ʤʘʛʥʽʪʥʦʛʦ) 

ʩʪʨʫʤʫ ʰʫʢʘʶʪʴ ʫ ʚʠʛʣʷʜʽ: 

( ) ( )
M

m m

m M

J s J s
=-

= jä ,                                            (1.34) 
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ʜʝ s - ʢʦʦʨʜʠʥʘʪʘ ʫʟʜʦʚʞ ʦʩʽ ʚʽʙʨʘʪʦʨʘ (ʱʽʣʠʥʠ); 
mJ  - ʥʝʚʽʜʦʤʽ ʢʦʤʧʣʝʢʩʥʽ 

ʘʤʧʣʽʪʫʜʠ; ( )m sj  - ʚʝʢʪʦʨʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʧʦʚʠʥʥʽ ʩʢʣʘʜʘʪʠ ʯʘʩʪʠʥʫ ʜʝʷʢʦʾ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʬʫʥʢʮʽʡ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʡ {( )m sj  } ʻ ʧʦʚʥʦʶ 

ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʮʽʢʘʚʠʪʴ ʥʘʩ, ʪʦ ʧʨʠ M ­¤ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ 

ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʄ 

ʚʠʙʠʨʘʶʪʴ ʩʢʽʥʯʝʥʥʠʤ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʇʨʘʚʘ ʯʘʩʪʠʥʘ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ:( )
L

L

E sm m

m=-

yä , ʜʝ 

ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ ( )smy  ʥʘʟʠʚʘʶʪʴ ʚʘʛʦʚʠʤʠ, ʘʙʦ ʧʨʦʙʥʠʤʠ. ɺʦʥʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʤʠ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʚ 

ʢʽʣʴʢʘ ʝʪʘʧʽʚ: 1) ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʢʘʣʷʨʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʚʘʛʦʚʽ 

ʬʫʥʢʮʽʾ ( )smy ; 2) ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʧʦʪʨʽʙʥʦ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʧʦ ʧʦʚʝʨʭʥʽ 

ʚʽʙʨʘʪʦʨʘ (ʱʽʣʠʥʠ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʜʦʙʫʪʢʠ (ʱʦ 

ʦʜʝʨʞʘʣʠ ʥʘʟʚʠ ʤʦʤʝʥʪʽʚ), ʽ ʪʠʤ ʩʘʤʠʤ ʨʽʚʥʷʥʥʷ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʤʘʪʨʠʯʥʦʛʦ 

ʚʠʛʣʷʜʫ ʉʃɸʈ; 3) ʟʥʘʭʦʜʠʪʴʩʷ ʨʦʟʚ'ʷʟʦʢ ʉʃɸʈ ʜʣʷ ʥʝʚʽʜʦʤʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʘʤʧʣʽʪʫʜ mJ  ʫ ʧʦʜʘʥʥʽ (1.34). 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʜʝʨʞʫʶʪʴ ʉʃɸʈ ʽʟ (2L+1) ʨʽʚʥʷʥʴ ʽʟ (2ʄ+1) 

ʥʝʚʽʜʦʤʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ mJ . ʇʨʠ ʄ=L ʤʘʪʨʠʮʷ ʉʃɸʈ ʻ ʢʚʘʜʨʘʪʥʦʶ ʡ ʘʤʧʣʽʪʫʜʠ 

mJ  ʟʥʘʭʦʜʷʪʴ ʙʫʜʴ-ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʘʛʦʚʽ ʬʫʥʢʮʽʾ ʟʙʽʛʘʶʪʴʩʷ ʟ ʙʘʟʠʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

( 
mmy =j), ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʦʤ ɻʘʣʴʦʨʢʽʥʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʨʦʟʚ'ʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ ɻʘʣʴʦʨʢʽʥʘ, ʤʘʻ ʩʪʘʮʽʦʥʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤ 

ʤʝʪʦʜ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʘʨʽʘʮʽʡʥʦʤʫ ʤʝʪʦʜʫ ʈʝʣʝʷ-ʈʽʪʮʘ. 

ʋ ʪʝʦʨʽʾ ʚʽʙʨʘʪʦʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʤʝʪʦʜ ɻʘʣʴʦʨʢʽʥʘ ʚʽʜʦʤʠʡ ʷʢ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʥʘʚʝʜʝʥʠʭ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ. ʎʝʡ ʪʝʨʤʽʥ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʨʦʟʚʠʪʢʦʤ ʪʝʦʨʽʾ ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥ, ʷʢʘ ʙʫʣʘ ʯʘʩʪʠʥʦʶ ʨʘʜʽʦʪʝʭʥʽʢʠ. ʊʫʪ ʥʝʚʽʜʦʤʘ 

ʬʫʥʢʮʽʷ ʫ ʚʠʭʽʜʥʦʤʫ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ï ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʘ ʷʜʨʦ ʨʽʚʥʷʥʥʷ 

ʤʘʻ ʩʝʥʩ ʜʝʷʢʦʛʦ ʦʧʦʨʫ. ʊʦʤʫ ʚʥʫʪʨʽʰʥʽ ʜʦʙʫʪʢʠ (ʤʘʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʉʃɸʈ) 
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ʷʚʣʷʶʪʴ ʩʦʙʦʶ ɽʈʉ, ʱʦ ʥʘʚʦʜʠʪʴʩʷ ʚ ʜʘʥʦʤʫ ʤʽʩʮʽ ʘʥʪʝʥʠ ʩʪʨʫʤʘʤʠ ʽʥʰʠʭ ʾʾ 

ʜʽʣʷʥʦʢ ʘʙʦ ʽʥʰʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ. ʇʨʘʚʘ ʯʘʩʪʠʥʘ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʟʚʠʯʘʡ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʦʨʦʥʥʽʡ ɽʈʉ. ʅʘʟʚʘ çʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʥʘʚʝʜʝʥʠʭ ɽʈʉè ʚʜʘʣʦ 

ʨʦʟʢʨʠʚʘʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʦʨʤʫʣ. ɸʥʘʣʦʛʽʯʥʦ ʚ ʪʝʦʨʽʾ 

ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʽ ʦʪʚʦʨʽʚ ʟʚ'ʷʟʢʫ ʤʝʪʦʜ ɻʘʣʴʦʨʢʽʥʘ ʥʘʟʠʚʘʶʪʴ 

ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʝʜʝʥʠʭ ʤʘʛʥʽʪʦʨʫʰʽʡʥʠʭ ʩʠʣ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʯʠʩʣʦʚʠʡ ʨʦʟʚ'ʷʟʦʢ ʉʃɸʈ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʧʨʘʚʠʣʦʤ ʂʨʘʤʝʨʘ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʤʝʪʦʜ ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ ʜʫʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʟʘʜʘʯ ʜʠʬʨʘʢʮʽʾ ʧʦʣʽʚ. ʆʜʥʘʢ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʦʮʝʩ ʦʙʝʨʥʝʥʥʷ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ ʽ ʪʨʠʚʘʣʠʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʦʙʝʨʥʝʥʥʽ ʜʫʞʝ ʚʝʣʠʢʠʭ 

ʤʘʪʨʠʮʴ ʘʙʦ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʛʣʷʜʫ ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʚʘʨʽʘʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʪʫʧʽʥʴ ʦʙʫʤʦʚʣʝʥʦʩʪʽ ʤʘʪʨʠʮʽ. ʆʙʝʨʥʝʥʥʷ ʧʦʛʘʥʦ 

ʦʙʫʤʦʚʣʝʥʦʾ ʤʘʪʨʠʮʽ (ʪʦʙʪʦ ʤʘʪʨʠʮʽ, ʜʝʪʝʨʤʽʥʘʥʪ ʷʢʦʾ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ), ʷʢ 

ʧʨʘʚʠʣʦ, ʜʦʩʷʛʘʻʪʴʩʷ ʽʟ ʪʨʫʜʥʦʱʘʤʠ ʡ ʣʝʛʢʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʝʣʠʢʠʭ ʧʦʤʠʣʦʢ 

ʦʢʨʫʛʣʝʥʥʷ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʪʘʢʽ ʩʠʪʫʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʫ ʟʘʜʘʯʘʭ ʜʣʷ ʽʜʝʘʣʴʥʦ 

ʧʨʦʚʽʜʥʠʭ ʚʽʙʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʱʽʣʠʥ ʫ ʩʪʽʥʢʘʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʌʨʝʜʛʦʣʴʤʘ I ʨʦʜʫ. ʎʝʡ ʪʠʧ 

ʟʘʜʘʯ ʚʽʜʥʦʩʷʪʴ ʜʦ ʥʝʢʦʨʝʢʪʥʠʭ ʟʘʜʘʯ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʽ ʜʣʷ ʾʭʥʴʦʛʦ ʯʠʩʣʦʚʦʛʦ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʡʦʛʦ ʨʝʛʫʣʷʨʠʟʘʮʽʾ. 

ʋ ʤʝʪʦʜʽ ʤʦʤʝʥʪʽʚ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʙʽʨ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ. 

ʇʨʠʥʮʠʧʦʚʦ ʽʩʥʫʻ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʙʦʨʽʚ ʙʘʟʠʩʥʠʭ ʽ ʚʘʛʦʚʠʭ 

ʬʫʥʢʮʽʡ. ʆʜʥʘʢ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʜʦʮʽʣʴʥʦ 

ʚʠʙʠʨʘʪʠ ʮʽ ʬʫʥʢʮʽʾ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʣʠ ʬʽʟʠʯʥʽʡ ʩʫʪʥʦʩʪʽ ʡ ʧʨʠʚʦʜʠʣʠ ʜʦ 

ʝʬʝʢʪʠʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɺʠʜʠ ʙʘʟʠʩʥʠʭ ʽ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ (ʘʙʦ 

ʜʣʷ ʘʥʪʝʥʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʚʠʜʠ ʧʨʦʩʪʦʨʦʚʠʭ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ) ʤʦʞʥʘ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 1) ʛʘʨʤʦʥʽʢʠ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʚʩʴʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʯʽ (ʙʘʟʠʩʥʽ 

ʬʫʥʢʮʽʾ ʧʦʚʥʦʾ ʦʙʣʘʩʪʽ); 2) ʛʘʨʤʦʥʽʢʠ, ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ ʪʽʣʴʢʠ ʚ ʤʝʞʘʭ ʜʝʷʢʦʾ 
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ʦʙʣʘʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʯʘ (ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʧʽʜʦʙʣʘʩʪʝʡ ʘʙʦ ʩʝʛʤʝʥʪʥʽ ʙʘʟʠʩʥʽ 

ʬʫʥʢʮʽʾ). 

ʅʘʚʝʜʝʤʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʥʽ ʛʘʨʤʦʥʽʢʠ ʧʝʨʰʦʾ ʛʨʫʧʠ: 

Á ʛʘʨʤʦʥʽʢʠ ʨʷʜʫ ʌʫʨ'ʻ 2 /( ) ims T

m

m

J s J ep=ä . ɸʧʘʨʘʪ ʨʷʜʽʚ ʌʫʨ'ʻ ʻ ʢʣʘʩʠʯʥʠʤ 

ʘʧʘʨʘʪʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ. ʁʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʙʨʝ ʚʠʚʯʝʥʽ, ʬʦʨʤʫʣʠ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʃɸʈ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ, ʻ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʡ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ɻʘʨʤʦʥʽʢʠ ʨʷʜʫ ʌʫʨ'ʻ ʜʫʞʝ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʤʽʚ ʫ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ. 

ʂʦʣʠ ʩʪʨʫʤ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʥʫʣʴ ʥʘ ʡʦʛʦ ʢʨʘʷʭ, ʧʨʠʨʦʜʥʦ 

ʙʨʘʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʤʠ (ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ ʘʙʦ 

ʢʦʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ) ʬʫʥʢʮʽʷʤʠ, ʷʢʱʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʩʝʨʝʜʠʥʦʶ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ; 

Á ʩʪʝʧʝʥʝʚʽ ʙʘʛʘʪʦʯʣʝʥʠ ( ) m

m

m

J s J s=ä . ɸʧʘʨʘʪ ʩʪʝʧʝʥʝʚʠʭ ʙʘʛʘʪʦʯʣʝʥʽʚ 

ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʠʯʥʠʭ ʩʧʦʩʦʙʽʚ ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʡ. ɼʦʙʨʝ ʚʽʜʦʤʽ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ ʡ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʝʧʝʥʝʚʠʭ 

ʙʘʛʘʪʦʯʣʝʥʽʚ ʷʢ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʨʦʣʽ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ, ʪʦʙʪʦ ʧʨʦʚʦʜʠʪʠ ʧʦʪʦʯʢʦʚʝ ʟʰʠʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʚʟʘʻʤʥʠʭ ʦʧʦʨʽʚ ʧʦʟʙʫʪʠʩʷ ʦʜʥʦʛʦ ʽʟ ʜʚʦʭ ʽʥʪʝʛʨʘʣʽʚ. ɿʘʩʪʦʩʦʚʫʶʪʴ 

ʪʘʢʦʞ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʝʧʝʥʝʚʠʭ ʨʦʟʢʣʘʜʘʥʴ, ʥʘʧʨʠʢʣʘʜ ʧʦʣʽʥʦʤʠ ʚʠʛʣʷʜʫ 

| |
1

m
s

L

å õ
-æ ö
ç ÷

, ʜʝ L  ï ʧʦʣʦʚʠʥʘ ʜʦʚʞʠʥʠ ʚʽʙʨʘʪʦʨʘ (ʱʽʣʠʥʠ); 

Á ʧʦʣʽʥʦʤʠ ʏʝʙʠʰʝʚʘ ( ) ( )m m

m

J s J T s=ä . ɰʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʜʣʷ 

ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʫʤʽʚ ʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʠʡ ʢʨʦʤʢʦʚʠʡ 

ʝʬʝʢʪ (ʥʘʧʨʠʢʣʘʜ, ʩʤʫʞʢʦʚʠʭ ʚʽʙʨʘʪʦʨʽʚ ʘʙʦ ʱʽʣʠʥ ʫ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʠʭ ʩʪʽʥʢʘʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ). ʈʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʣʽʥʦʤʽʚ ʏʝʙʠʰʝʚʘ ʥʘ ʢʨʘʷʭ 

ʟʘʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʦʧʠʩʘʪʠ ʢʨʘʡʦʚʠʡ ʝʬʝʢʪ (ʜʠʬʨʘʢʮʽʶ ʥʘ 

ʢʨʘʡʮʽ ʚʠʧʨʦʤʽʥʶʚʘʯʘ) ʽ ʧʨʠʩʢʦʨʶʻ ʟʙʽʞʥʽʩʪʴ ʜʦ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ; 
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Á ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ ( ) ( )m m

m

J s J I s=ä . ʎʽ ʬʫʥʢʮʽʾ ʪʘʢʦʞ ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʠʚʯʝʥʽ, ʻ 

ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʾʭʥʽʭ ʦʙʯʠʩʣʝʥʴ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʾʭ ʷʢ ʙʘʟʠʩʥʽ 

ʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ʟ ʦʩʴʦʚʦʶ ʩʠʤʝʪʨʽʻʶ, ʪʘʢʠʭ ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʠʞʥʽ, ʩʧʽʨʘʣʽ ʽ 

ʪ. ʧ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʧʽʜʦʙʣʘʩʪʝʡ ʘʙʦ ʩʝʛʤʝʥʪʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ, 

ʷʢʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 
( ), ;

( )
0, .

m m

m

m

f s   s s
s

 s s  

ÍDë
j =ì

ÎDí
 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʚʠʜʠ ʛʘʨʤʦʥʽʢ ʧʽʜʦʙʣʘʩʪʝʡ: 

Á ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ɼʽʨʘʢʘ ( ) ( )m m

m

J s J s s= d -ä . ɺʠʙʽʨ ʮʴʦʛʦ ʙʘʟʠʩʫ ʦʟʥʘʯʘʻ 

ʚʠʢʦʥʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚ ʦʢʨʝʤʠʭ ʣʦʢʘʣʴʥʠʭ ʪʦʯʢʘʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʱʦ 

ʥʘʟʠʚʘʶʪʴ ʱʝ ʧʦʪʦʯʢʦʚʠʤ ʟʰʠʚʘʥʥʷʤ ʘʙʦ ʤʝʪʦʜʦʤ ʢʦʣʦʢʘʮʽʾ. ɿʘʚʜʷʢʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʾ ʚʩʽ ʽʥʪʝʛʨʘʣʠ ʟʥʠʢʘʶʪʴ, ʽ ʦʙʯʠʩʣʝʥʥʷ ʚʟʘʻʤʥʠʭ 

ʦʧʦʨʽʚ (ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʃɸʈ) ʽ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʉʃɸʈ ʩʪʘʻ ʥʘʡʧʨʦʩʪʽʰʠʤ. ɺʽʜʦʤʦ 

ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʙʘʟʠʩʫ. ʆʜʥʘʢ, ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʪʦʯʦʢ ʟʰʠʚʘʥʥʷ ʡ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʉʃɸʈ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ. ʂʦʤʧʨʦʤʽʩ ʤʽʞ ʧʨʦʩʪʦʪʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ 

ʡ ʩʢʣʘʜʥʽʩʪʶ ʨʦʟʚ'ʷʟʘʥʥʷ ʉʃɸʈ ʟ ʙʽʣʴʰʠʤ ʯʠʩʣʦʤ ʨʽʚʥʷʥʴ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ 

ʧʨʠ ʘʥʘʣʽʟʽ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ; 

Á ʢʫʩʢʦʚʦ-ʧʦʩʪʽʡʥʽ ʘʙʦ ʽʤʧʫʣʴʩʥʽ ʬʫʥʢʮʽʾ 

ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ Jm ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʶʪʴ ʟʥʘʯʝʥʥʷʤ 

J(s) ʫ ʮʝʥʪʨʘʭ ʽʥʪʝʨʚʘʣʽʚ msD . ʎʝʡ ʙʘʟʠʩ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʣʠʟʴʢʠʡ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ. ʁʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʘ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʢʦʤʧʝʥʩʫʶʪʴʩʷ 

ʤʝʥʰ ʰʚʠʜʢʦʶ ʟʙʽʞʥʽʩʪʶ ʜʦ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʡ ʪʨʫʜʥʦʱʘʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʉʃɸʈ 

ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ.  

Á ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ 1 1( ) ( ) ( )m m m m m mf s s J s s J s s+ +D = - + -. ʎʝʡ ʙʘʟʠʩ ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʧʨʠʩʢʦʨʶʻ ʟʙʽʞʥʽʩʪʴ ʜʦ ʪʦʯʥʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʙʘʟʠʩʘʤʠ; 
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Á ʪʨʠʢʫʪʥʽ ʬʫʥʢʮʽʾ 
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ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʽʥʪʝʨʚʘʣ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ J(s) ʨʦʟʙʠʪʠʡ ʥʘ ʧʽʜʽʥʪʝʨʚʘʣʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʫ ʜʦʚʞʠʥʫ. ɼʘʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʤʝʪʦʜʽ ʤʦʤʝʥʪʽʚ. ɺ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʜʣʷ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ, ʜʦʩʣʽʚʥʠʡ ʧʝʨʝʢʣʘʜ ʷʢʦʛʦ ʟʚʫʯʠʪʴ ʷʢ çʢʨʠʰʢʦʚʽè 

ʬʫʥʢʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʢʫʩʢʦʚʦ-ʣʘʤʘʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ J(s), ʷʢʘ ʪʦʯʥʽʰʝ ʘʧʨʦʢʩʠʤʘʮʽʾ ʽʤʧʫʣʴʩʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʡ ʥʝ 

ʤʘʻ ʨʦʟʨʠʚʽʚ. 

Á ʢʫʩʢʦʚʦ-ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʬʫʥʢʮʽʾ 

1 1( )sin sin ( ) sin ( )m m m m m mf s k s J k s s J k s s+ +D = - + -. ʇʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʙʘʟʠʩʫ ʻ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʦʙ'ʻʤ ʦʙʯʠʩʣʝʥʴ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʽʥʪʝʛʨʘʣʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘʤʢʥʝʥʽ ʚʠʨʘʟʠ, ʽ ʜʫʞʝ ʰʚʠʜʢʘ ʟʙʽʞʥʽʩʪʴ ʜʦ ʪʦʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ; 

Á ʧʘʨʘʙʦʣʽʯʥʽ ʬʫʥʢʮʽʾ 2( ) ( ) ( )m m m m m mf s A B s s C s s= + - + -, ʜʝ ɸm, ɺm ̔  ʉm ï ʜʽʡʩʥʽ 

ʢʦʥʩʪʘʥʪʠ. ʊʫʪ ʧʽʜʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʧʝʨʝʪʠʥʘʪʠʩʷ ʡ ʭʘʨʘʢʪʝʨ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʧʦ ʩʫʪʽ, 

ʙʣʠʟʴʢʠʡ ʜʦ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʣʘʡʥʘʤʠ; 

Á cʧʣʘʡʥ-ʬʫʥʢʮʽʷ , ʚʠʟʥʘʯʝʥʘ ʥʘ ʚʽʜʨʽʟʢʫ , ʟʙʽʛʘʻʪʴʩʷ ʥʘ 

ʯʘʩʪʢʦʚʠʭ ʚʽʜʨʽʟʢʘʭ [si;si+ 1], ʫʪʚʦʨʝʥʠʭ ʩʽʪʢʦʶ  , ʟ 

ʜʝʷʢʠʤʠ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʙʘʛʘʪʦʯʣʝʥʘʤʠ ʩʪʫʧʝʥʷ ʥʝ ʚʠʱʝ , ʪʘ ʤʘʻ ʥʘ  

ʙʝʟʧʝʨʝʨʚʥʫ (nï1)-ʫ ʧʦʭʽʜʥʫ. ɼʣʷ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʾ ʩʧʨʘʚʝʜʣʠʚʝ ʧʦʜʘʥʥʷ 

, ʜʝ  - ʜʽʡʩʥʽ ʯʠʩʣʘ,  - ʙʘʛʘʪʦʯʣʝʥ 

ʩʪʫʧʝʥʷ ʥʝ ʚʠʱʝ (n ï 1) ʽ . ʊʦʯʢʠ  ʥʘʟʠʚʘʶʪʴʩʷ 

ʚʫʟʣʘʤʠ ʩʧʣʘʡʥʘ. ʗʢʱʦ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʷ  ʤʘʻ ʥʘ  ʙʝʟʧʝʨʝʨʚʥʫ (n ï k)-

ʫ ʧʦʭʽʜʥʫ , ʘ (n ï k + 1)-ʘ ʧʦʭʽʜʥʘ ʫ ʚʫʟʣʘʭ ʩʧʣʘʡʥʘ ʨʦʟʨʠʚʥʘ, ʪʦ ʛʦʚʦʨʷʪʴ, 

ʱʦ ʚʽʥ ʤʘʻ ʜʝʬʝʢʪ k. ʋ ʮʝʡ ʯʘʩ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʫʙʽʯʥʽ ʩʧʣʘʡʥʠ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʯʠʩʣʦʚʦʤʫ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ (ʽ, ʟʦʢʨʝʤʘ, 

( ; )n mif sD [ , ]a b

0 1: ...m na s s s bD = < < < =
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ʟʘʜʘʯ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽ ʚʫʟʴʢʠʭ ʱʽʣʠʥ) ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʽʚ ʷʢ ʙʘʟʠʩʥʽ ʽ 

ʚʘʛʦʚʽ ʬʫʥʢʮʽʾ ʚʩʝ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʡʚʣʝʪʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʫ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʩʢʦʨʦʪʠʪʠ 

ʯʘʩ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʨʦʮʝʜʫʨ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʤʽʞ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʤ ʽ ʯʘʩʦʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤʠ ʰʫʢʘʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ. ʎʽ ʬʫʥʢʮʽʾ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʝʪʦʜʽ ʤʦʤʝʥʪʽʚ ʽ ʷʢ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʧʦʚʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʽ ʷʢ ʩʝʛʤʝʥʪʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʽʤʝʡʩʪʚʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʚʝʡʚʣʝʪʽʚ ɼʦʙʝʰʠ, ʘ ʚ ʜʨʫʛʦʤʫ ï 

ʣʦʢʘʣʴʥʽ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʽ ʙʘʟʠʩʠ (ʚʝʡʚʣʝʪʠ ʄʘʣʚʘʨʘ). 

1.3.2 ʅʘʙʣʠʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʜʣʷ ʩʪʨʫʤʽʚ 

ʉʪʨʦʛʠʡ ʨʦʟʚ'ʷʟʦʢ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʴ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʽʤʧʝʜʘʥʩʥʦʤʫ ʚʽʙʨʘʪʦʨʽ (ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʫ ʚ ʱʽʣʠʥʽ) ʫ ʟʘʤʢʥʝʥʦʤʫ ʚʠʛʣʷʜʽ 

ʦʜʝʨʞʘʪʠ ʥʝ ʚʜʘʻʪʴʩʷ, ʦʜʥʘʢ ʽʟ ʮʴʦʛʦ ʥʝ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʽʡʩʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʥʝ 

ʤʦʞʥʘ ʜʦʩʠʪʴ ʪʦʯʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʥʘʙʣʠʞʝʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʨʦʜʥʴʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ, ʨʦʟʚʠʥʝʥʠʤʠ ʨʘʥʽʰʝ ʜʣʷ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʭ 

ʚʽʙʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʱʽʣʠʥ ʫ ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʝʢʨʘʥʽ. ʊʘʢ, ʜʣʷ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʚʽʙʨʘʪʦʨʽʚ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜʠ: ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ (ʜʘʣʽ 

ʩʢʦʨʦʯʝʥʦ ʤʝʪʦʜ ʽʪʝʨʘʮʽʡ) [85, 103], ʨʦʟʢʣʘʜʘʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʟʘ 

ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʜʘʣʽ ʤʝʪʦʜ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ) [105], ʚʘʨʽʘʮʽʡʥʠʡ 

ʤʝʪʦʜ [85], ʤʝʪʦʜ ʧʦʰʫʢʫ çʢʣʶʯʦʚʦʛʦè ʨʽʚʥʷʥʥʷ [106, 107]. ʊʘʢ ʩʘʤʦ ʡ ʜʣʷ ʱʽʣʠʥʠ 

ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʦʤʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʝʢʨʘʥʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ [159, 160, 162, 163], ʚʘʨʽʘʮʽʡʥʠʡ ʤʝʪʦʜ [161] ʘʙʦ ʤʝʪʦʜ ʽʪʝʨʘʮʽʡ [158, 

163]. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʟʥʘʡʜʝʤʦ ʨʦʟʚ'ʷʟʢʠ ʨʽʚʥʷʥʥʷ (1.19) ʤʝʪʦʜʦʤ ʨʦʟʢʣʘʜʘʥʥʷ 

ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʟʘ ʩʪʝʧʝʥʷʤʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʡ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ 
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ʽʪʝʨʘʮʽʡ ʜʣʷ ʚʠʧʘʜʢʫ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʘ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʡ 

ʚʽʙʨʘʪʦʨ ( 0)iz = , ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʜʝʷʢʦʤʫ ʦʙ'ʻʤʽ 
1V  ʧʨʠ 

1 1 1e =m =. 

1.3.2.1 ʄʝʪʦʜ ʨʦʟʢʣʘʜʘʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʟʘ ʩʪʝʧʝʥʷʤʠ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ɺʠʭʽʜʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʨʽʚʥʷʥʥʷ: 

2 ( , )
2

0 02

d
( ) d ( ) [ , ( )]

d ( , )

L ikR s s

s

L

e
k J s s i E s f s J s

s R s s
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-

å õ
¡ ¡+ =-w -æ ö

¡ç ÷
ñ ,               (1.35) 

ʜʝ 2 2( , ) ( )R s s s s r¡ ¡= - +, 
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2

0 2

d
[ , ( )] ( ) ( , )d
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L
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s

L

f s J s k J s g s s s
s

-

å õ
¡ ¡ ¡= +æ ö

ç ÷
ñ                           (1.36) 

 - ʧʨʦʝʢʮʽʷ ʥʘ ʚʽʩʴ ʚʽʙʨʘʪʦʨʘ ʨʝʛʫʣʷʨʥʦʾ ʯʘʩʪʠʥʠ ʡʦʛʦ ʚʣʘʩʥʦʛʦ ʧʦʣʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʘ ʛʝʦʤʝʪʨʽʻʶ ʦʙ'ʻʤʫ 
1V  ʫ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʽʙʨʘʪʦʨʘ ʫʟʜʦʚʞ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʦʾ ʦʩʽ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ɿʘʤʽʥʠʚʰʠ ʚ (1.35) ʜʠʬʝʨʝʥʮʽʘʣ ds¡ ʥʘ dR ʡ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 
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ʧʝʨʝʪʚʦʨʠʤʦ ʨʽʚʥʷʥʥʷ (1.35) ʜʦ ʚʠʛʣʷʜʫ 
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ʜʝ C  - ʜʦʚʽʣʴʥʘ ʧʦʩʪʽʡʥʘ. ɿʜʽʡʩʥʠʚʰʠ ʚ (1.37) ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʨʦʟʜʨʽʙ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʜʣʷ ʩʪʨʫʤʫ (1.18), ʦʜʝʨʞʫʻʤʦ 
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ɺʚʘʞʘʶʯʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.15) 1ikre- =  ʽ ʚʠʙʠʨʘʶʯʠ 1/ 2C L=  (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

[105], ʜʝ C k= ), ʧʨʠʚʦʜʠʤʦ ʨʽʚʥʷʥʥʷ (1.35) ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʩʪʨʫʤʫ ʟ ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ: 

{ }
2

2

0 02

d ( )
( ) ( ) [ , ( )] [ , ( )] .

d
s

J s
k J s i E s f s J s f s J s

s
+ =a w + +               (1.39) 

ʊʫʪ 
1

2ln[ / (2 )]r L
a=  - ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ, 

2
2

2

d ( ) d
[ , ( )] sign( )ln ( ) d

d 2 d

L

ikR

L

R s s
f s J s k s s J s e s

s L s

-

-

¡å õ + -
¡ ¡ ¡è ø=- + -æ ö ê ú¡ç ÷

ñ     (1.40) 

ï ʚʣʘʩʥʝ ʧʦʣʝ ʚʽʙʨʘʪʦʨʘ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʇʦʜʘʤʦ ( )J s  ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ ʟʘ ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ a<<1: 

2

0 1 2( ) ( ) ( ) ( ) ...J s J s J s J s= +a +a +                                   (1.41) 

ʇʽʜʩʪʘʥʦʚʢʘ (1.41) ʚ (1.36) ʽ (1.40) ʜʦʟʚʦʣʷʻ ʨʦʟʢʣʘʩʪʠ ʚ ʘʥʘʣʦʛʽʯʥʠʡ ʨʷʜ 

2

0 1 2[ , ( )] [ , ( )] [ , ( )] [ , ( )] ...,f s J s f s J s f s J s f s J sS S S S= +a +a +            (1.42) 

ʜʝ 
0[ , ( )] [ , ( )] [ , ( )]f s J s f s J s f s J sS = +  - ʩʫʤʘʨʥʝ ʚʣʘʩʥʝ ʧʦʣʝ ʚʽʙʨʘʪʦʨʘ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʪʝʧʝʨ (1.41) ʽ (1.42) ʫ ʨʽʚʥʷʥʥʷ (1.39) ʽ ʧʨʠʨʽʚʥʷʚʰʠ ʤʽʞ ʩʦʙʦʶ ʚ 

ʧʨʘʚʽʡ ʽ ʣʽʚʽʡ ʯʘʩʪʠʥʘʭ ʨʽʚʥʷʥʥʷ ʤʥʦʞʥʠʢʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʩʪʝʧʝʥʷʭ a, ʦʜʝʨʞʫʻʤʦ 

ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

2
20

02

2
21

1 0 02

2
22

2 12

2
2

12

d ( )
( ) 0,

d

d ( )
( ) ( ) [ , ( )],

d

d ( )
( ) [ , ( )],

d

...............................................................

d ( )
( ) [ , ( )],

d

s

n
n n

J s
k J s

s

J s
k J s i E s f s J s

s

J s
k J s f s J s

s

J s
k J s f s J s

s

S

S

S -

+ =

+ = w +

+ =

+ =

                        (1.43) 

ʷʢʫ ʤʦʞʥʘ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʚ'ʷʟʦʢ 

ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʷʥʴ ʰʫʢʘʻʪʴʩʷ ʧʨʠ ʢʨʘʡʦʚʠʭ ʫʤʦʚʘʭ ʫ ʚʠʛʣʷʜʽ (1.18), ʘ ʩʘʤʝ: 

0 1 2( ) 0, ( ) 0, ( ) 0,..., ( ) 0nJ L J L J L J L° = ° = ° = ° =. 
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ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (1.43) ʤʘʻ ʨʦʟʚ'ʷʟʦʢ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʷ ʟʙʫʜʞʝʥʥʷ 

0 ( )sE s : 

0 1 2( ) cos sin ,J s C ks C ks= +                                       (1.44) 

ʷʢʝ ʟʘʜʦʚʦʣʴʥʷʻ ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ ʣʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

1 0C =  ʧʨʠ 2 ;L m= l    
2 0C =  ʧʨʠ 2 (2 1) ,

2
L n

l
= +                    (1.45) 

ʜʝ m ʡ n - ʮʽʣʽ ʯʠʩʣʘ. ʇʨʠ ʜʦʚʞʠʥʽ ʚʽʙʨʘʪʦʨʘ2L, ʱʦ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ 

(1.45), 
0 00, [ , ( )] 0J f s J sS¹ ¹ ʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ: 

() ( ) () ( )

( ) () ( )

1 0

0

( ) sin sin d
sin 2

sin sin d .

s

s

L

L

s

s

i k
J s J s k L s E s k L s s

kL

k L s E s k L s s

-

ëw
¡ ¡ ¡=a =-a - + +ì

í

û
¡ ¡ ¡+ + - ü

ý

ñ

ñ

       (1.46) 

 ʗʢ ʚʠʜʥʦ, ʫ ʚʠʨʘʟ ʜʣʷ ʩʪʨʫʤʫ ʥʝ ʚʭʦʜʷʪʴ ʬʫʥʢʮʽʾ ʚʣʘʩʥʦʛʦ ʧʦʣʷ ʚʽʙʨʘʪʦʨʘ 

[ , ( )]f s J s  ʡ
0[ , ( )]f s J s , ʷʢʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʟʦʥʘʥʩʥʽ ʡ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʙʨʘʪʦʨʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ [ , ( )]f s J sS
 ʥʝʦʙʭʽʜʥʦ 

ʦʜʝʨʞʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʥʘʙʣʠʞʝʥʥʷ, ʱʦ, ʦʜʥʘʢ, ʟʫʩʪʨʽʯʘʻ ʽʩʪʦʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʪʨʫʜʥʦʱʽ, ʽ ʚ ʮʝʡ ʯʘʩ ʚʽʜʦʤʝ 
2(0)J  ʣʠʰʝ ʜʣʷ ʚʽʙʨʘʪʦʨʘ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʟʙʫʜʞʫʚʘʥʦʛʦ ʚ ʮʝʥʪʨʽ d-ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʧʨʫʛʠ [105]. 

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʨʦʟʩʽʶʚʘʥʥʷ ʭʚʠʣʽ ʦʩʥʦʚʥʦʛʦ ʪʠʧʫ 
10H  

ʚʽʙʨʘʪʦʨʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫ ʧʣʦʱʠʥʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʧʘʨʘʣʝʣʴʥʦ ʚʫʟʴʢʽʡ ʩʪʽʥʮʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʦʨʦʥʥʻ 

ʧʦʣʝ ʜʦʨʽʚʥʶʻ: 

0 0 0( ) sin( / )= psE s E x a .                                               (1.47) 

ʊʫʪ 0E  ï ʘʤʧʣʽʪʫʜʘ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ 10H , a - ʨʦʟʤʽʨ ʰʠʨʦʢʦʾ ʩʪʽʥʢʠ ʭʚʠʣʝʚʦʜʫ, 0x  

ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʫʟʴʢʦʾ ʩʪʽʥʢʠ ʭʚʠʣʝʚʦʜʫ ʜʦ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʚʽʙʨʘʪʦʨʘ. ʊʦʜʽ ʥʘʚʝʜʝʥʠʡ 

ʫ ʚʽʙʨʘʪʦʨʽ ʩʪʨʫʤ ʟʛʽʜʥʦ ʟ (1.46) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

0
0 2

(cos cos )
( ) sin

cos

x i ks kL
J s E

a k kL

p w -
=-a .                                (1.48) 
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ɯ ʥʘʨʝʰʪʽ, ʨʦʟʚ'ʷʟʦʢ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʥʦʨʤʘʣʴʥʝ ʧʘʜʽʥʥʷ ʧʣʦʩʢʦʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʘ ʚʽʙʨʘʪʦʨ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʝʪʦʜʦʤ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʘʻ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ (
0 0( )sE s E= ): 

0 2

(cos cos )
( )

cos

i ks kL
J s E

k kL

w -
=-a .                                  (1.49) 

ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʫʤʦʚʦʶ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʬʦʨʤʫʣ (1.48) ʽ (1.49) ʻ 

ʥʝʨʽʚʥʽʩʪʴ [105] 

( / 2)- pkL n >> ,a                                                    (1.50) 

ʷʢʘ ʨʘʟʦʤ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (1.45) ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʥʘ ʧʨʘʢʪʠʮʽ. 

1.3.2.2 ʄʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ 

ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʨʦʟʚ'ʷʟʢʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʨʫʤʫ ʤʝʪʦʜʦʤ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ɽ. ʍʘʣʝʥʦʤ [103] ʽ ʨʦʟʚʠʥʝʥʠʤ ʈ. ʂʽʥʛʦʤ 

[85], ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʙʨʘʪʦʨʽʚ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʆʙʝʨʪʘʶʯʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʫ ʣʽʚʽʡ ʯʘʩʪʠʥʽ (1.35), ʦʜʝʨʞʠʤʦ ʪʘʢʝ 

ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

1 2 0( ) ( , )d cos sin ( )sin ( )d ,

L s

s s

L L

i
J s G s s s C ks C ks E s k s s s

k

S

- -

w
¡ ¡ ¡ ¡ ¡ ¡= + - -ñ ñ      (1.51) 

ʫ ʷʢʦʤʫ ʚʨʘʭʦʚʘʥʦ, ʱʦ 1( , ) ( , ) ( , )V

s s sG s s G s s g s sS ¡ ¡ ¡= + . ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʜʥʽʻʾ ʟ 

ʜʦʚʽʣʴʥʠʭ ʧʦʩʪʽʡʥʠʭ 1C  ʽ 2C  ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʫʤʦʚʘʤʠ ʩʠʤʝʪʨʽʾ [85], ʷʢʽ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʧʦʩʦʙʦʤ ʟʙʫʜʞʝʥʥʷ ʚʽʙʨʘʪʦʨʘ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʫʞʝ ʥʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʡ ʧʦʪʨʽʙʥʦ 

ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ ʧʦʣʝ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ 0 ( )sE s . ʇʦʢʣʘʜʝʤʦ ʟʛʽʜʥʦ (1.47) 

0 0( )sE s E=  , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʙʫʜʞʝʥʥʶ ʚʽʙʨʘʪʦʨʘ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʭʚʠʣʝʚʦʜʽ 

ʭʚʠʣʝʶ ʦʩʥʦʚʥʦʛʦ ʪʠʧʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʩʴ ʚʽʙʨʘʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʨʠ 0 / 2x a=  . 

ʊʦʜʽ 
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1 02
( ) ( , )d cos (cos cos 1)

L

s

L

i
J s G s s s C ks E ks kL

k

S

-

w
¡ ¡ ¡= + -ñ .                (1.52) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ( , ) /ikR

sG s s e RS -¡=  ʨʽʚʥʷʥʥʷ (1.52) ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʍʘʣʝʥʘ [85, 103], ʷʢʝ ʻ ʦʩʥʦʚʦʶ ʙʘʛʘʪʴʦʭ 

ʨʦʙʽʪ ʫ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʥʠʭ ʘʥʪʝʥ. 

ʅʘ ʧʦʚʝʨʭʥʽ ʚʽʙʨʘʪʦʨʘ ʷʜʨʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (1.52) ʤʘʻ ʦʩʦʙʣʠʚʽʩʪʴ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʠʧʫ. ɺʠʜʽʣʠʤʦ ʾʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʣʽʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʨʦʟʤʽʨʫ ʚʽʙʨʘʪʦʨʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʡʦʛʦ ʜʦʚʞʠʥʦʶ ʡ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʜʣʷ ʯʦʛʦ 

ʧʝʨʝʧʠʰʝʤʦ ʣʽʚʫ ʯʘʩʪʠʥʫ (1.52) ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

1

( , )

( ) ( , )d ( ) d ( ) ( , )d
( , )

L L LikR s s
V

s s

L L L

e
J s G s s s J s s J s g s s s

R s s

¡-
S

- - -

¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡= +
¡ñ ñ ñ

.       (1.53) 

ʊʦʜʽ 

( , ) ( , ) ( )
( ) d ( ) ( ) ( ) d

( , ) ( , ) ( , )

L LikR s s ikR s s

L L

e e J s
J s s s J s J s s

R s s R s s R s s

¡ ¡- -

- -

è ø
¡ ¡ ¡ ¡=W + -é ù¡ ¡ ¡ê ú

ñ ñ ,         (1.54) 

ʜʝ 

2 2

d
( )

( )

L

L

s
s

s s r-

¡
W =

¡- +
ñ .                                       (1.55) 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʚʠʨʘʟʫ (1.54) ʣʦʛʘʨʠʬʤʽʯʥʦ ʚʝʣʠʢʠʡ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʜʨʫʛʠʤ ʨʝʛʫʣʷʨʥʠʤ ʯʣʝʥʦʤ, ʘ ʬʫʥʢʮʽʷ ( )sW  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʚʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ( ) 2ln(2 / ) 0.614s L rW = -  ʣʠʰʝ ʥʘ ʢʽʥʮʷʭ ʚʽʙʨʘʪʦʨʘ, ʜʝ ʩʪʨʫʤ 

ʟʥʠʢʘʻ: ( ) 0J L° =. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ (1.52) ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ: 

1 02

( )
( ) cos (cos cos 1) ( ) ( , ) d ,

( , )

L

s

L

i J s
J s C ks E ks kL J s G s s s

k R s s

S

-

è øwè ø
¡ ¡ ¡=-a + - +a -é ùé ù ¡ê ú ê ú

ñ  (1.56) 

ʜʝ 
1

2ln[ / (2 )]r L
a=  - ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʠʤ ʚʠʱʝ ʚ ʧʧ. 1.3.2.1 

ʧʨʠ ʚʠʙʦʨʽ ʧʦʩʪʽʡʥʦʾ ʽʥʪʝʛʨʫʚʘʥʥʷ 1/ 2C L= . 
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ɼʘʣʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʦʾ ʚ [85, 103], ʧʦʢʣʘʜʝʤʦ ʚ (1.56) 

s L=  ʽ ʚʽʜʥʽʤʝʤʦ ʦʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʽʟ (1.56) (ʬʘʢʪʠʯʥʦ ʤʠ ʚʽʜʥʽʤʘʻʤʦ 0, ʪʦʤʫ ʱʦ 

( ) 0J L ¹  ). ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʷʥʥʷ (1.56) ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʪʘʢʦʛʦ: 

1 02
( ) (cos cos ) cos (cos cos )

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

( , )

L L

s s

L L

i
J s C ks kL E kL ks kL

k

J s
J s G s s s J s G L s s

R s s

S S

- -

wè ø
=-a - + - +é ù

ê ú

ë ûè ø
¡ ¡ ¡ ¡ ¡ ¡+a - -ì üé ù¡ê úí ý

ñ ñ

        (1.57) 

ɺʠʙʠʨʘʶʯʠ ʚ ʷʢʦʩʪʽ ʥʫʣʴʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʩʪʨʫʤʫ 
0( )J s  ʜʦʜʘʥʢʠ, ʱʦ 

ʩʪʦʷʪʴ ʫ ʧʝʨʰʦʤʫ ʨʷʜʢʫ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (1.57), ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʫ 

(1.18) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪʠ 
1C, ʦʜʝʨʞʫʻʤʦ: 

0 0 2

(cos cos )
( )

cos

i ks kL
J s E

k kL

w -
=-a ,                                (1.58) 

ʱʦ ʪʦʪʦʞʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʨʘʟʦʤ (1.48) ʧʨʠ 
0 / 2x a= , ʦʪʨʠʤʘʥʠʤ ʤʝʪʦʜʦʤ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʇʽʜʩʪʘʚʣʷʶʯʠ ʪʝʧʝʨ (1.58) ʚ (1.57), ʟ ʪʦʯʥʽʩʪʶ 

ʜʦ ʯʣʝʥʽʚ ʧʦʨʷʜʢʫ 
2a  ʟʥʘʭʦʜʠʤʦ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʩʪʨʫʤʫ: 

1 0 2

(cos cos )
( )

cos ( , )

i ks kL
J s E

k kL F kr kL

w -
=-a

+a
,                            (1.59) 

ʜʝ 

( , ) (cos cos ) ( , ) d

L

s

L

F kr kL ks kL G L s sS

-

¡ ¡ ¡è ø= -ê úñ                      (1.60) 

 - ʬʫʥʢʮʽʷ ʚʣʘʩʥʦʛʦ ʧʦʣʷ ʚʽʙʨʘʪʦʨʘ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʞʝ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʧʦ a (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʬʦʨʤʫʣʠ 

ʘʥʘʣʽʟʫʚʘʪʠ ʷʢ ʥʘʩʪʨʦʻʥʽ(cos 0)kL= , ʪʘʢ ʽ ʥʝʥʘʩʪʨʦʻʥʽ (cos 0)kL¸  ʚʽʙʨʘʪʦʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚ'ʷʟʦʢ ʢʚʘʟʽʦʜʥʦʤʽʨʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʪʦʥʢʠʭ ʚʽʙʨʘʪʦʨʘʭ ʤʝʪʦʜʦʤ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʨʽʟʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʩʪʨʫʤʫ ʫ ʚʠʧʘʜʢʫ ʥʘʩʪʨʦʻʥʦʛʦ (ʯʘʩʪʦʪʘ ʩʪʦʨʦʥʥʴʦʛʦ ʧʦʣʷ 

ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʚʽʙʨʘʪʦʨʘ) ʽ ʥʝʥʘʩʪʨʦʻʥʦʛʦ (ʢʦʣʠ ʮʷ ʫʤʦʚʘ 

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ) ʚʽʙʨʘʪʦʨʽʚ, ʭʦʯʘ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʥʝʥʘʩʪʨʦʻʥʦʛʦ 

ʚʽʙʨʘʪʦʨʘ ʨʦʟʚ'ʷʟʦʢ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ ʡʦʛʦ ʟʙʫʜʞʝʥʥʽ. ʈʦʟʚ'ʷʟʦʢ 
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ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʪʨʫʤʫ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʡ ʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ 

ʬʦʨʤʫʣʠ, ʧʨʠʜʘʪʥʦʾ ʷʢ ʜʣʷ ʥʘʩʪʨʦʻʥʦʛʦ, ʪʘʢ ʽ ʥʝʥʘʩʪʨʦʻʥʦʛʦ ʚʽʙʨʘʪʦʨʽʚ, ʦʜʥʘʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʧʦʣʷ ʩʪʦʨʦʥʥʽʭ 

ʜʞʝʨʝʣ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ (1.22) ʜʣʷ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʫ ʚ ʱʽʣʠʥʥʠʭ ʦʪʚʦʨʘʭ ʟʚ'ʷʟʢʫ ʤʝʪʦʜʦʤ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʡ ʤʝʪʦʜʦʤ ʽʪʝʨʘʮʽʡ ʧʨʠʚʦʜʷʪʴ ʜʦ ʘʥʘʣʦʛʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [2, 84, 159, 

161]. ʋ ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʘʩʠʤʧʪʦʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʙʫʜʝ 

ʦʪʨʠʤʘʥʦ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʩʪʨʫʤʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʬʦʨʤʫʣʠ, 

ʧʨʠʜʘʪʥʦʾ ʷʢ ʜʣʷ ʥʘʩʪʨʦʻʥʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʝʥʘʩʪʨʦʻʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʙʝʟ ʢʦʥʢʨʝʪʠʟʘʮʽʾ 

ʧʦʣʷ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ ʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʤʽʚ, ʫ ʷʢʠʭ ʚʦʥʠ ʧʝʨʝʙʫʚʘʶʪʴ. 

1.3.2.3 ʄʘʪʝʤʘʪʠʯʥʽ ʘʩʧʝʢʪʠ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʫʩʝʨʝʜʥʝʥʥʷ 

ʇʠʪʘʥʥʷ ʩʪʨʦʛʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʫʩʝʨʝʜʥʝʥʥʷ ʻ 

ʩʫʪʦ ʤʘʪʝʤʘʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʫ ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʷʭ [188, 

189], ʜʝ ʜʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʪʝʦʨʝʤʠ ʧʨʦ ʫʩʝʨʝʜʥʝʥʥʷ. ɿʫʧʠʥʠʤʦʩʷ ʢʦʨʦʪʢʦ ʥʘ ʪʠʭ 

ʡʦʛʦ ʧʨʠʥʮʠʧʘʭ, ʷʢʽ ʟʥʘʜʦʙʣʷʪʴʩʷ ʥʘʜʘʣʽ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʩʠʩʪʝʤʫ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʬʦʨʤʽ (  - - ʤʽʨʥʠʡ ʚʝʢʪʦʨ, 0< <<1 - ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ) 

,                                                  (1.61) 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʰʽ ʧʦʭʽʜʥʽ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʪʦʙʪʦ ʟʤʽʥʥʽ  ʟʤʽʥʶʶʪʴʩʷ ʧʦʚʽʣʴʥʦ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʟʚʝʜʝʥʥʷ ʨʽʚʥʷʥʴ ʜʦ 

ʚʠʛʣʷʜʫ (1.61), ʧʨʠ ʮʴʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʚʘʨʽʘʮʽʾ ʜʦʚʽʣʴʥʠʭ 

ʧʦʩʪʽʡʥʠʭ [189]. ʋʚʘʞʘʶʯʠ, ʱʦ ʧʨʠʚʝʜʝʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʚʞʝ ʚʠʢʦʥʘʥʝ, ʟʨʦʙʠʤʦ ʚ (1.61) ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ 

,                                                  (1.62) 

x n a

d
( , )

d

x
X s x

s
=a

d

d

x

s

x

( , )x X s=x+a x



81 

ʜʝ  ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʦʚʽ ʥʝʚʽʜʦʤʽ, , ʘ ʨʠʩʢʘ ʧʦʟʥʘʯʘʻ 

ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ ʟʤʽʥʥʽʡ  ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ  

.                                           (1.63) 

ʊʦʜʽ ʧʽʩʣʷ ʥʠʟʢʠ ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ [188] 

,                                              (1.64) 

ʪʦʙʪʦ, ʷʢʱʦ  ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷʤ (1.64), ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʷʢʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʫʩʝʨʝʜʥʝʥʠʭ ʨʽʚʥʷʥʴ 

                                                     (1.65) 

ʥʘ ʚʝʣʠʯʠʥʠ ʧʦʨʷʜʢʫ , ʪʦ ʚʠʨʘʟ (1.62) ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʯʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʚʠʭʽʜʥʠʭ 

ʨʽʚʥʷʥʴ (1.61). ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ , ʚʟʷʚʰʠ 

ʟʘ  ʨʦʟʚ'ʷʟʦʢ ʨʽʚʥʷʥʴ (1.65), ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷʤ (1.61) ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʚʝʣʠʯʠʥ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʠʨʘʟ (1.62), ʫ ʷʢʦʤʫ  

ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ (1.64), ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤ ʧʝʨʰʠʤ ʥʘʙʣʠʞʝʥʥʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ (1.65) ʚʠʭʦʜʷʪʴ ʽʟ ʪʦʯʥʠʭ 

ʨʽʚʥʷʥʴ (1.61) ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʦʩʪʘʥʥʽʭ ʧʦ ʟʤʽʥʥʽʡ , ʧʨʠ ʮʴʦʤʫ  

ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʧʦʩʪʽʡʥʽ. ʎʝʡ ʬʦʨʤʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʪʦʯʥʠʭ 

ʨʽʚʥʷʥʴ ʫʩʝʨʝʜʥʝʥʠʤʠ, ʥʘʟʠʚʘʶʪʴ ʧʨʠʥʮʠʧʦʤ ʫʩʝʨʝʜʥʝʥʥʷ. ʉʫʪʴ ʡʦʛʦ ʚʠʷʚʣʝʥʘ 

ʅ. ɹʦʛʦʣʶʙʦʚʳʤ ʽ ʖ. ʄʠʪʨʦʧʦʣʴʩʢʠʤ ʫ ʤʦʥʦʛʨʘʬʽʾ [188], ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʪʦʜ 

ʫʩʝʨʝʜʥʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʽʩʥʫʚʘʥʥʷʤ ʜʝʷʢʦʾ ʟʘʤʽʥʠ ʟʤʽʥʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʣʶʯʠʪʠ  ʽʟ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʨʽʚʥʷʥʴ ʽʟ ʙʫʜʴ-ʷʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʱʦʜʦ 

ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ . ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʠʩʪʝʤʫ ʧʝʨʰʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ (1.65), ʘʣʝ ʡ ʟʥʘʡʪʠ ʫʩʝʨʝʜʥʝʥʽ ʩʠʩʪʝʤʠ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ, ʨʦʟʚ'ʷʟʢʠ 

ʷʢʠʭ ʘʧʨʦʢʩʠʤʫʶʪʴ ʨʦʟʚ'ʷʟʢʠ (1.61) ʟ ʜʦʚʽʣʴʥʦ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ, ʭʦʯʘ ʧʨʘʢʪʠʯʥʦ 

ʯʝʨʝʟ ʰʚʠʜʢʝ ʫʩʢʣʘʜʥʝʥʥʷ ʬʦʨʤʫʣ ʝʬʝʢʪʠʚʥʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ. ɼʦʢʘʟ ʤʘʣʦʩʪʽ ʧʦʭʠʙʢʠ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʘʢʦʞ 
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ʦʪʨʠʤʘʥʦ ʚ [188], ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʽʟʥʠʮʷ 

 ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʘ ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʦʶ ʜʣʷ ʜʦʩʠʪʴ ʤʘʣʦʛʦ ʥʘ ʷʢ 

ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʦʤʫ, ʘʣʝ ʩʢʽʥʯʝʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 0<<. ʊʘʢ, ʤʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʘ 

ʦʩʥʦʚʥʘ ʪʝʦʨʝʤʘ ʧʨʦ ʫʩʝʨʝʜʥʝʥʥʷ [188, 189]. 

ʊʝʦʨʝʤʘ. ʅʝʭʘʡ ʬʫʥʢʮʽʷ  ʻ ʚʠʟʥʘʯʝʥʦʶ ʽ ʥʝʧʝʨʝʨʚʥʦʶ ʚ ʦʙʣʘʩʪʽ  (

, Í ) ʽ ʥʝʭʘʡ ʫ ʮʽʡ ʦʙʣʘʩʪʽ: 

1. Í , ʪʦʙʪʦ  ʟʘʜʦʚʦʣʴʥʷʻ ʧʦ  ʫʤʦʚʽ ʃʽʧʰʠʮʷ ʩ 

ʢʦʥʩʪʘʥʪʦʶ ; 

2. < , ʪʦʙʪʦ  ʻ ʦʙʤʝʞʝʥʦʶ; 

3. ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ Í  ʽʩʥʫʻ ʛʨʘʥʠʮʷ (1.63); 

4. ʨʦʟʚôʷʟʦʢ  ʫʩʝʨʝʜʥʝʥʦʾ ʩʠʩʪʝʤʠ (1.65) ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʚʩʽʭ  ʚ 

ʦʙʣʘʩʪʽ  ʟ ʜʝʷʢʠʤ -ʦʢʦʣʦʤ. 

ʊʦʜʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʦʛʦ >0 ʽ ʷʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʦʛʦ >0 

ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʪʘʢʝ , ʱʦ ʧʨʠ 0< <  ʥʘ ʚʽʜʨʽʟʢʫ  ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʥʝʨʽʚʥʽʩʪʴ < , ʜʝ  ʽ  - ʨʦʟʚ'ʷʟʢʠ ʩʠʩʪʝʤ (1.61) ʽ (1.65) 

ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʧʨʠ . 

ʎʷ ʪʝʦʨʝʤʘ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ ʡ ʥʘ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʫ ʩʪʘʥʜʘʨʪʥʽʡ ʬʦʨʤʽ 

,                                     (1.66) 

ʜʣʷ ʷʢʠʭ ʤʦʞʣʠʚʘ ʥʘʩʪʫʧʥʘ ʩʭʝʤʘ ʫʩʝʨʝʜʥʝʥʥʷ [188]. ʆʙʯʠʩʣʠʤʦ ʽʥʪʝʛʨʘʣ 

                                             (1.67) 

ʧʦ ʟʤʽʥʥʽʡ , ʱʦ ʚʭʦʜʠʪʴ ʷʚʥʦ (ʧʨʠ ʮʴʦʤʫ  ̔   ʚʚʘʞʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ). ʊʝʧʝʨ 

ʧʦʨʷʜ ʟ (1.66) ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

,                                            (1.68) 

ʷʢʫ ʧʽʜʜʘʤʦ ʫʩʝʨʝʜʥʝʥʥʶ, ʘ ʩʘʤʝ: ʥʝʭʘʡ ʽʩʥʫʻ ʛʨʘʥʠʮʷ 
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.                                  (1.69) 

ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

.                                                    (1.70) 

ʉʠʩʪʝʤʘ (1.70) ʻ ʫʩʝʨʝʜʥʝʥʦʶ ʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʽ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ (1.66). ʊʘʢʠʤ ʯʠʥʦʤ, ʽʜʝʷ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʫ ʚʠʛʣʷʜʽ (1.66) ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʦʟʚ'ʷʟʢʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʦʟʚ'ʷʟʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦ 

ʧʽʜʽʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ (1.70), ʜʦʩʣʽʜʞʫʚʘʪʠ ʷʢʫ, 

ʚʦʯʝʚʠʜʴ, ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ, ʥʽʞ ʚʠʭʽʜʥʫ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʋʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʤʘʻ ʤʽʩʮʝ ʙʣʠʟʴʢʽʩʪʴ ʨʦʟʚ'ʷʟʢʽʚ (1.66), (1.68) ʽ (1.70), ʥʘʚʝʜʝʥʦ ʚ 

ʤʦʥʦʛʨʘʬʽʾ [189]. ʋ ʩʠʩʪʝʤʘʭ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ) ʜʦʧʫʩʢʘʶʪʴʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʫʩʝʨʝʜʥʝʥʥʷ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʫʩʝʨʝʜʥʝʥʠʭ 

ʨʽʚʥʷʥʴ. ʆʜʥʽ ʽʟ ʮʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʩʠʩʪʝʤ ʻ ʩʠʩʪʝʤʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, 

ʽʥʰʽ ï ʩʠʩʪʝʤʘʤʠ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʦʾ ʫʩʝʨʝʜʥʝʥʦʾ ʩʠʩʪʝʤʠ ʡ ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ 

ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

,                         (1.71) 

ʷʢʘ ʻ ʩʠʩʪʝʤʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʛʣʷʜʫ, ʱʦ ʥʝ ʨʦʟʚôʷʟʘʥʘ ʚʽʜʥʦʩʥʦ ʧʦʭʽʜʥʽʡ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʩʧʨʦʙʘ ʨʦʟʚ'ʷʟʘʪʠ ʩʠʩʪʝʤʫ ʚʽʜʥʦʩʥʦ  ʯʘʩʪʦ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʛʨʦʤʽʟʜʢʠʭ ʽ ʪʨʫʜʦʤʽʩʪʢʠʭ ʚʠʢʣʘʜʝʥʴ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʩʭʝʤʠ ʫʩʝʨʝʜʥʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ [189]. ʊʘʢ, ʫ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʟʘʤʽʩʪʴ (1.71) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʩʧʨʦʱʝʥʫ ʩʠʩʪʝʤʫ 
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,                             (1.72) 

ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (1.71) ʧʦʯʠʥʘʻ ʧʦʟʥʘʯʘʪʠʩʷ ʚ 

ʜʨʫʛʦʤʫ ʡ ʥʘʩʪʫʧʥʠʭ ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʦʤʫ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʇʨʠ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ ʽ ʤʘʣʦʤʫ  ʨʦʟʚ'ʷʟʢʠ (1.71) ʽ 

(1.72) ʻ ʷʢ ʟʘʚʛʦʜʥʦ ʙʣʠʟʴʢʠʤʠ ʥʘ ʚʽʜʨʽʟʢʫ ʧʦʨʷʜʢʫ . 

ʋ ʩʠʩʪʝʤʘʭ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢ ʽ ʚ ʩʠʩʪʝʤʘʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʦʞʣʠʚʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʯʘʩʪʢʦʚʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ, ʪʦʙʪʦ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʘʟʥʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ ʜʝʷʢʽ ʩʢʣʘʜʦʚʽ ʘʙʦ ʦʢʨʝʤʽ ʨʽʚʥʷʥʥʷ ʚ 

ʟʘʜʘʥʽʡ ʩʠʩʪʝʤʽ [189]. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʚʠʭʽʜʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

                                      (1.73) 

ʽ ʽʩʥʫʻ ʛʨʘʥʠʮʷ 

,                                     (1.74) 

ʪʦ ʩʠʩʪʝʤʽ (1.74) ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʯʘʩʪʢʦʚʦ ʫʩʝʨʝʜʥʝʥʘ ʩʠʩʪʝʤʘ 

.                                         (1.75) 

ɺʘʨʽʘʥʪʠ ʯʘʩʪʢʦʚʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʡ ʧʦʰʠʨʶʶʪʴʩʷ ʪʘʢʦʞ ʥʘ 

ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ (1.66) ʽ (1.71). 

1.3.2.4 ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʠʭ 

ɽʄʈʉ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʪʨʫʢʪʫʨ 

ʩʠʩʪʝʤʠ ʟʚ'ʷʟʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʫʞʝ ʫʩʢʣʘʜʥʶʶʪʴʩʷ, ʱʦ ʨʽʟʢʦ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʡ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ, ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʚ ʧ. 1.3.1. ʊʫʪ ʙʘʯʠʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʙʨʘʪʦʨʥʦ-ʱʽʣʠʥʥʠʭ ʩʠʩʪʝʤ 

ʟʘʩʪʦʩʫʚʘʥʥ ̫ʩʘʤʝ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽ ʾʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ, 
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ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʥʘ ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʽ ʘʩʠʤʧʪʦʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʩʪʨʫʤʽʚ. 

ʉʧʦʯʘʪʢʫ ʤʝʪʦʜ ʥʘʚʝʜʝʥʠʭ ɽʈʉ, ʷʢ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʠʭ 

ɽʄʈʉ, ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʠʭ ʚʽʙʨʘʪʦʨʽʚ. ʋ 

ʥʘʙʣʠʞʝʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʪʨʫʤ ʫ ʢʦʞʥʦʤʫ m-ʤʫ ʚʽʙʨʘʪʦʨʽ ʩʠʩʪʝʤʠ ʦʧʠʩʫʻʪʴʩʷ 

ʦʜʥʽʻʶ ʙʘʟʠʩʥʦʶ ʬʫʥʢʮʽʻʶ ( )( ) sin | |
mm m s m ms e k L sj = - , ʘ ʚ ʷʢʦʩʪʽ ʚʘʛʦʚʠʭ 

ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ( ) ( )ms smy =j . ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʚʥʷʥʴ ʫ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʚʽʙʨʘʪʦʨʽʚ, ʥʝʚʽʜʦʤʠʤʠ ʻ 

ʢʦʤʧʣʝʢʩʥʽ ʘʤʧʣʽʪʫʜʠ ʚ ʧʫʯʥʦʩʪʷʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʘ ʟʥʘʯʝʥʥʷ ʧʨʘʚʠʭ ʯʘʩʪʠʥ 

ʨʽʚʥʷʥʴ ʻ ʥʘʧʨʫʛʘʤʠ ʜʞʝʨʝʣ, ʧʨʠʢʣʘʜʝʥʠʤʠ ʚ ʮʝʥʪʨʽ ʢʦʞʥʦʛʦ ʟ ʚʽʙʨʘʪʦʨʽʚ ʽ 

ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʜʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ ʧʫʯʥʦʩʪʽ. ʊʘʢʠʡ ʚʠʙʽʨ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʥʘʩʪʫʧʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ. ʇʨʠ ʥʘʙʣʠʞʝʥʦʤʫ ʧʦʜʘʥʥʽ 

ʩʪʨʫʤʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʾ ʥʝʤʠʥʫʯʝ ʧʦʨʫʰʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʩʪʨʫʤʦʤ ʫ ʧʫʯʥʦʩʪʽ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʙʨʘʪʦʨʘ, ʽ ʩʪʨʫʤʦʤ ʥʘ ʚʭʦʜʽ ʚʽʙʨʘʪʦʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʘ ʚʽʜʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ. ɿʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʩʪʨʫʤʫ 

ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʘʙʦ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʙʦ ʽʥʰʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʮʠʤ ʟʥʘʯʝʥʥʷʤ, ʜʦʨʽʚʥʶʚʘʣʘ ʘʙʦ, ʧʨʠʥʘʡʤʥʽ, 

ʙʫʣʘ ʙʣʠʟʴʢʦʶ ʜʦ ʩʚʦʻʾ ʜʽʡʩʥʦʾ ʚʝʣʠʯʠʥʠ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʙʘʣʘʥʩ ʤʽʞ 

ʚʠʧʨʦʤʽʥʶʚʘʥʦʶ ʚʽʙʨʘʪʦʨʦʤ ʧʦʪʫʞʥʽʩʪʶ ʡ ʧʦʪʫʞʥʽʩʪʶ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʡʦʤʫ 

ʜʞʝʨʝʣʦʤ, ʚʠʷʚʠʪʴʩʷ ʧʦʨʫʰʝʥʠʤ. ɺʠʙʽʨ ʷʢ ʚʘʛʦʚʽ ʬʫʥʢʮʽʾ ( ) ( )ms smy =j  ʚʽʜʧʦʚʽʜʘʻ 

ʪʘʢʦʤʫ ʧʽʜʙʦʨʫ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ, ʧʨʠ ʷʢʦʤʫ ʙʘʣʘʥʩ ʟʘʟʥʘʯʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʭʦʯʘ ʦʙʠʜʚʽ ʧʦʪʫʞʥʦʩʪʽ ʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʜʝʷʢʦʶ ʧʦʤʠʣʢʦʶ. ʊʘʢʠʡ 

ʚʠʙʽʨ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ ʥʝ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʭʦʯʘ ʚ ʷʢʦʩʪʽ ( )m sj  ʡ 

( )smy  ʟʘʚʞʜʠ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʾ, ʱʦ ʥʝ ʜʫʞʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʦʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʽʙʨʘʪʦʨʠ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ 

ʽʤʧʝʜʘʥʩ. 
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ʅʘʡʙʽʣʴʰ ʫʨʘʟʣʠʚʠʤ ʤʽʩʮʝʤ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ 

ʚʽʙʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʚʽʙʨʘʪʦʨʽʚ ʯʝʨʝʟ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ ʘʙʦ 

ʥʝʩʠʤʝʪʨʠʯʥʝ ʚʣʘʩʥʝ ʟʙʫʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʚ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʥʝʩʠʤʝʪʨʠʯʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ 

ʩʠʤʝʪʨʠʯʥʠʭ ʙʘʟʠʩʥʠʭ ʽ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ ʩʪʘʻ ʥʝʜʦʨʝʯʥʠʤ. ʊʦʙʪʦ ʚ ʩʠʩʪʝʤʫ 

ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʪʨʫʤ ʫ ʢʦʞʥʦʤʫ ʚʽʙʨʘʪʦʨʽ, ʩʣʽʜ ʫʚʦʜʠʪʠ ʬʫʥʢʮʽʾ, 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʱʦʜʦ ʮʝʥʪʨʫ ʚʽʙʨʘʪʦʨʘ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʫ ɽʈʉ ʥʘ ʚʠʧʘʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʜʝʢʚʘʪʥʠʭ ʙʘʟʠʩʥʠʭ 

ʽ ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʤʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ. ʇʦʜʽʙʥʽ 

ʘʨʛʫʤʝʥʪʠ ʤʘʶʪʴ ʤʽʩʮʝ ʡ ʜʣʷ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʠʭ ʄʈʉ, ʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʠʭ ɽʄʈʉ. 

1.4 ɼʫʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ ʚ 

ʝʣʝʢʪʨʠʯʥʦ ʪʦʥʢʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ 

ʋ ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦʜʠʥʘʤʽʮʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ 

ʚ ʜʫʘʣʴʥʦ-ʩʠʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʧʨʠʥʘʡʤʥʽ, ʚ 

ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʠ ʮʴʦʤʫ ʤʘʛʥʽʪʥʽ ʩʪʨʫʤʠ ʪʘ ʟʘʨʷʜʠ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʥʝ 

ʽʩʥʫʶʪʴ, ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷ ʟ ʬʦʨʤʘʣʴʥʠʭ ʤʽʨʢʫʚʘʥʴ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʽʚ, ʷʢʽ ʟʙʫʜʞʫʶʪʴʩʷ ʜʞʝʨʝʣʘʤʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʇʦʨʷʜ ʟ̔ ʮʠʤ, ʟʘʤʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʫ ʜʫʘʣʴʥʦʩʪʽ ʚ ʪʝʦʨʽʾ ʘʥʪʝʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʜʚʦʾʩʪʦʩʪʽ ʟʘ ʫʤʦʚ ʧʝʨʝʩʪʘʥʦʚʦʢ [190]. ʎʝʡ ʧʨʠʥʮʠʧ 

(ʘʙʦ ʪʝʦʨʝʤʘ ʜʚʦʾʩʪʦʩʪʽ), ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʬʦʨʤʫʣʶʚʘʥʥʽ 

ʃ. ɸ. ɺʘʡʥʰʪʝʡʥʘ [191] ʪʘ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʚʦʤʘ ʜʠʬʨʘʢʮʽʡʥʠʤʠ 

ʟʘʜʘʯʘʤʠ: 1) ʜʠʬʨʘʢʮʽʷ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘ ʧʣʦʩʢʽʡ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʽʡ ʽ 

ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʽʡ ʧʣʘʩʪʠʥʽ; 2) ʜʠʬʨʘʢʮʽʷ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘ ʧʣʦʩʢʦʤʫ 

ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʦʤʫ ʽ ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʦʤʫ ʝʢʨʘʥʽ, ʱʦ ʤʘʻ ʦʪʚʽʨ, ʷʢʠʡ ʪʦʯʥʦ 

ʚʽʜʪʚʦʨʶʻ ʟʘ ʬʦʨʤʦʶ ʽ ʨʦʟʤʽʨʘʤʠ ʧʣʘʩʪʠʥʢʫ ʚ ʧʝʨʰʽʡ ʟʘʜʘʯ.̔ ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʬʽʛʫʨʫʚʘʥʥʷ ʚ ʬʦʨʤʫʣʶʚʘʥʥʽ ʪʝʦʨʝʤʠ ʧʦʥʷʪʴ: ʽʜʝʘʣʴʥʦ ʧʨʦʚʽʜʥʘ ʧʣʘʩʪʠʥʘ ʪʘ 

ʝʢʨʘʥ, ʘ ʪʘʢʦʞ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚʠʟʥʘʯʘʻ ʾʾ ʥʝʪʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʅʝ ʫʩʫʥʫʚʰʠ 
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ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʙʤʝʞʝʥʽʩʪʴ ʽ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠʥʮʠʧʫ ʜʚʦʾʩʪʦʩʪʽ ʚ ʦʙʣʘʩʪʷʭ ʟ ʽʤʧʝʜʘʥʩʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʷʢʠʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʚ [192]. ʇʦʯʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ ʟʘʟʥʘʯʝʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʤʝʪʨʽʾ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʩʪʨʫʤʽʚ ʫ ʬʦʨʤʫʣʽ ʜʣʷ 

ʽʤʧʝʜʘʥʩʥʠʭ ʫʤʦʚ. ʄʝʪʦʶ ʮʴʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʩʪʨʫʤʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦ 

ʪʦʥʢʠʭ ʽʤʧʝʜʘʥʩʥʠʭ ʚʽʙʨʘʪʦʨʘʭ ʽ ʚʠʧʨʦʤʽʥʶʚʘʯʘʭ ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ, ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʨʠʥʮʠʧʫ ʜʚʦʾʩʪʦʩʪʽ ʟʘ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ. 

1.4.1 ɸʥʘʣʽʟ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ɼʽʡʩʥʦ, ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʚ ʪʝʦʨʽʾ ʪʦʥʢʠʭ ʘʥʪʝʥ ʚʽʜʩʫʪʥʻ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ 

ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʽʚ ʫ ʜʫʘʣʴʥʦ ʩʠʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʨʦʟʛʣʷʜʘʪʠ ʜʣʷ ʚʽʙʨʘʪʦʨʥʠʭ ʽ ʱʽʣʠʥʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ, ʷʢ ʟʘʜʘʯʽ 

ʤʝʪʦʜʠʯʥʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ (ʥʘʧʨʠʢʣʘʜ, [8, 84]). ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʘʪʫʻʪʴʩʷ, ʱʦ 

ʘʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʘʙʦ 

ʧʦʜʽʙʥʠʤʠ. ʊʘʢʫ ʩʠʪʫʘʮʽʶ, ʷʢ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʚʠʢʣʠʢʘʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ: ʚʽʜʩʫʪʥʽʩʪʴ (ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ) ʧʝʨʝʩʪʘʚʥʦʾ ʜʚʦʾʩʪʦʩʪʽ ʚ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʽʤʧʝʜʘʥʩʥʦʾ ʫʤʦʚʠ (1.97), ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʫ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯʘʭ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʚʽʙʨʘʪʦʨʥʦʛʦ ʽ ʱʽʣʠʥʥʦʛʦ ʪʠʧʽʚ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʦʙôʻʤʽʚ (ʱʽʣʠʥʫ ʧʨʦʨʽʟʘʶʪʴ ʚ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʘ). ʇʦ ʯʝʨʟʽ 

ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʬʦʨʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʪʨʫʤʦʚʠʭ ʨʽʚʥʷʥʴ ʟ 

ʤʝʪʦʶ ʾʭ ʩʠʤʝʪʨʫʚʘʥʥʷ ʱʦʜʦ ʙʘʟʠʩʥʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ʇʦʧʝʨʝʜʥʴʦ ʨʦʟʛʣʷʥʝʤʦ ʢʣʘʩʠʯʥʫ ʟʘʜʘʯʫ ʧʘʜʽʥʥʷ ʧʣʦʩʢʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʭʚʠʣʽ ʥʘ ʧʣʦʩʢʫ ʛʨʘʥʠʮʶ ʨʦʟʜʽʣʫ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ [8]. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʣʦʱʠʥʘ 

( ), , 0x y z=  ʚ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʻ ʛʨʘʥʠʮʝʶ ʨʦʟʜʽʣʫ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ 

ʟ ʧʘʨʘʤʝʪʨʘʤʠ 1 1 1( , , )e m s ʽ 2 2 2( , , )e m s ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʚʽʜʥʽʩʪʴ ʜʨʫʛʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ 
2 1s >>. ʅʝʭʘʡ ʥʘ ʛʨʘʥʠʮʶ ʨʦʟʜʽʣʫ ʟ ʧʝʨʰʦʾ ʦʙʣʘʩʪʽ ʧʘʜʘʻ ʧʣʦʩʢʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ, ʝʣʝʢʪʨʠʯʥʠʡ ʚʝʢʪʦʨ ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʠʡ ʫʟʜʦʚʞ ʦʩʽ {0 }x . 

ɺʠʟʥʘʯʠʤʦ ʚ ʩʝʨʝʜʦʚʠʱʘʭ çʝʬʝʢʪʠʚʥʽè ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1 1 1E E¡= e ; 
1 1 1H H= m ; 

2 2 2E E¡= e ; 
2 2 2H H= m ,                      (1.76) 

ʜʝ 1 1{ , }E H  ʽ 2 2{ , }E H  ï ʽʩʪʠʥʥʽ ʧʦʣʷ, ʚʝʣʠʯʠʥʠ 
1 1 1i¡e =e - s w  ̔

2 2 2i¡e =e - s w ï 

ʢʦʤʧʣʝʢʩʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱ. ʇʘʜʘʶʯʫ ʧʽʜ ʢʫʪʦʤ 
1q (ʱʦ 

ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʥʦʨʤʘʣʽ ʜʦ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ) ʧʣʦʩʢʫ ʭʚʠʣʶ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: ( )1 1,0,0E E= , ʜʝ 1 1 1( sin cos )

1 0

ik y zE E e q - q= . ʋ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʾ ʭʚʠʣʽ: 

1 1 1 1

1 1

1 1
rot [ , ]H E k E

ik k
= = ,                                    (1.77) 

ʜʝ ( )1 1 10, sin , cosk = q - q, 1 1 1k ¡=w em, 1 1E H= . 

ʋ ʜʨʫʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʙʫʜʞʫʻʪʴʩʷ ʧʣʦʩʢʘ ʭʚʠʣʷ ʪʽʻʾ ʞ ʧʦʣʷʨʠʟʘʮʽʾ, ʘ 

ʱʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʨʫʤʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɺʽʜʪʘʢ: 

( )2 2,0,0E E=   ̔   2 2 2

2

1
[ , ]H k E

k
= ,                         (1.78) 

ʜʝ ( )2 2 20, sin , cosk = q - q, 2 2 2k ¡=w e m, 2 2E H= . 

ɼʦʪʠʯʥʽ ʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʜʨʫʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʙʫʜʫʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʚʘʪʠ: 2 2 2xE E Et= =  ʽ 2 2 2 2cosyH H Ht= = q, ʜʝ 
2q ï ʢʫʪ 

ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʚʽʜʩʠ ʚʽʜʨʘʟʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʜʨʫʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʷʢ: 

2 2

2 2 2 2

1

cos cos

x

y

E E

H H
= =

q q
.                                         (1.79) 


































































































































































































































































































































































































































































































































































































































































