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ɯʃɽ ï ʽʤʽʪʘʥʩʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ; 

ɯʇ ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ; 

ɯʇʊ ï ʽʥʞʝʢʮʽʡʥʦ-ʧʨʦʣʽʪʥʠʡ ʪʨʘʥʟʠʩʪʦʨ; 

ʂɺɯ ï ʢʦʥʚʝʨʪʦʨ ʚʽʜôʻʤʥʦʛʦ ʽʤʽʪʘʥʩʘ; 

ʂɼɯ ï ʢʦʥʚʝʨʪʦʨ ʜʦʜʘʪʥʦʛʦ ʽʤʽʪʘʥʩʘ; 

ʃɽ ï ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ; 

ʃʇ ï ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ; 

ʅʇɯ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʦʤʥʦʞʫʚʘʯʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ; 

ʆʃɽ ï ʦʧʪʦʽʤʽʪʘʥʩʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ; 

ʆʇ ï ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

ʇɺʇ ï ʧʝʨʚʠʥʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ʇɯ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʧʝʜʘʥʩʫ; 

ʇʊ ï ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ; 

ʇʊʉ ï ʧʦʣʴʦʚʘ ʪʨʘʥʟʠʩʪʦʨʥʘ ʩʪʨʫʢʪʫʨʘ; 

ʈʏɼ ï ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʜʘʚʘʯʽ; 

ʋʇɯ ï ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʽʪʘʥʩʫ; 

ʏɺʇ ï ʯʘʩʪʦʪʦ-ʚʠʙʽʨʢʦʚʽ ʧʨʠʩʪʨʦʾ; 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʨʦʛʨʝʩ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʩʧʽʭʘʤʠ ʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʆʜʥʘʢ, ʥʝʨʽʜʢʦ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʩʢʣʘʜʥʦʩʪʽ, ʛʘʙʘʨʠʪʽʚ, ʤʘʩʠ ʽ ʚʘʨʪʦʩʪʽ. ɼʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʦʨʽʾ 

ʧʦʙʫʜʦʚʠ ʪʘ ʧʦʰʫʢ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʤʘʣʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ.  

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ, ʷʢʽ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʫʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʽʤʽʪʘʥʩʫ (ʋʇɯ) [1]. ɺʧʝʨʰʝ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧ [2], ʘ ʾʭ ʪʝʦʨʽʷ ʙʘʟʫʚʘʣʘʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ, 

ʦʭʦʧʣʝʥʠʭ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ [3]. ʊʘʢʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʧʝʜʘʥʩʫ ʥʝ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʝʨʝʟ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʧʨʠʪʘʤʘʥʥʽ ʝʣʝʢʪʨʦʥʥʠʤ ʣʘʤʧʘʤ. 

ʋ 50- 60 ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʨʦʟʧʦʯʘʚʩʷ ʥʦʚʠʡ ʚʠʪʦʢ ʫ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ 

ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʦʧʦʨʫ, ʷʢʠʡ ˇʨʫʥʪʫʚʘʚʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʅʘʡʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʪʨʠʤʘʣʠ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʘʢʪʠʚʥʠʭ  

RC-ʬʽʣʴʪʨʽʚ [4]. ʇʦʜʘʣʴʰʠʤ ʾʭ ʨʦʟʚʠʪʢʦʤ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʢʦʥʚʝʻʨʽʚ ʩʪʨʫʤʫ, ʘʣʝ ʾʭ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʦʙʤʝʞʫʚʘʚʩʷ 

ʯʘʩʪʦʪʘʤʠ 1 ï 3 ɻɻʮ. ɺʚʝʜʝʥʥʷ ʄ. ɸ. ʌʽʣʠʥʶʢʦʤ ʧʦʥʷʪʪʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ [1] ʜʦʟʚʦʣʠʣʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʬʫʥʢʮʽʶ ʽʤʽʪʘʥʩʫ, 

ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʧʦʣʷʨʥʠʭ ʪʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ [5] (ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ) ʷʢ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʟʚʦʣʠʣʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʧʦʢʨʘʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʙʨʦʪʥʦʩʪʽ ʪʘ ʚʠʙʽʨʢʦʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʽʟ ʨʦʩʪʦʤ ʯʘʩʪʦʪʠ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʠʪʠ 
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ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʜʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʨʦʙʦʪʠ 

ʩʫʯʘʩʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ (100 ï 200 ɻɻʮ). ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʋʇɯ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʘʚʘʯʽʚ, ʘʢʪʠʚʥʠʭ ʋɺʏ ʽ ʅɺʏ 

ʬʽʣʴʪʨʽʚ, ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʚʠʤʠʢʘʯʽʚ, ʬʘʟʦʦʙʝʨʪʘʯʽʚ, ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ, ʪʦʱʦ. 

ʋʇɯ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʽʟʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, 

ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʨʦʟʰʠʨʠʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ.  

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʢʫ ʪʝʦʨʽʾ ʋʇɯ ʪʘ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ ʙʘʟʽ ʟʨʦʙʠʣʠ ʪʘʢʽ ʚʯʝʥʽ ʷʢ  

ɼʞ. ʃʽʥʚʽʣ (J. G. Linvill), ɸ. ɸʥʪʦʥʽʫ (A. Antoniou), ɺ. ɽ. ʍʝʡʥʣʝʡʥ, ɸ. ʉ. ʉeʜʨʘ 

(A. S. Sedra), ɸ. ʉ, ʂʦʨʦʪʢʦʚ, ɸ. ɺ. ʈʦʟʦʚ, ʃ. ɯ. ɹʘʙʘʢ, ʄ. ɸ. ʌʽʣʠʥʶʢ,  

ʃ. ɹ. ʃʽʱʠʥʩʴʢʘ, ɺ. ʉ. ʆʩʘʜʯʫʢ ʪʘ ʽʥ. ɺ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʮʠʭ ʚʯʝʥʠʭ ʫʟʘʛʘʣʴʥʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʋʇɯ ʪʘ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʂʦʞʥʘ ʧʫʙʣʽʢʘʮʽʷ ʮʠʭ ʘʚʪʦʨʽʚ ʟʨʦʙʠʣʘ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʨʦʟʚʠʪʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢ, ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʋʇɯ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ, ʟʘʛʘʣʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ çʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʤʫè 

ʨʝʞʠʤʽ, ʢʦʣʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ ʻ ʬʫʥʢʮʽʻʶ ʣʠʰʝ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ 

ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɹʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ ʋʇɯN ʤʘʶʪʴ 

ʰʠʨʰʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʾʭ ʧʦʙʫʜʦʚʠ ʯʘʩʪʢʦʚʦ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʤʦʥʦʛʨʘʬʽʾ ʃʽʱʠʥʩʴʢʦʾ ʃ. ɹ. [6]. ʆʜʥʘʢ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʽʜʩʫʪʥʽ 

ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʢʘʩʢʘʜʥʦʤʫ ʟôʻʜʥʘʥʥʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN, ʟʦʢʨʝʤʘ ʥʝʜʦʩʣʽʜʞʝʥʽ ʧʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ, 

ʯʫʪʣʠʚʦʩʪʽ, ʾʭ ʧʦʚʝʜʽʥʢʠ ʫ ɺʏ ʜʽʘʧʘʟʦʥʽ. ɸ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʪʝʤʘ 

ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤ ʽʤʽʪʘʥʩʫ ʪʘ ʨʦʟʨʦʙʮʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʜʘʚʘʯʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ.  
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ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʽʜʧʦʚʽʜʘʻ ʢʦʦʨʜʠʥʘʮʽʡʥʦʤʫ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʟʘ ʥʘʧʨʷʤʦʤ 6 ï ʽʥʬʦʨʤʘʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʽ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʫ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ: çɸʥʘʣʽʟ ʽ ʩʠʥʪʝʟ R-, L-, C-ʥʝʛʘʪʨʦʥʽʚ 

ʥʘ ʙʘʟʽ ʽʥʞʝʢʮʽʡʥʦ-ʧʦʣʴʦʚʠʭ ʝʬʝʢʪʽʚ ʚ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʐʦʪʪʢʽ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚè (ˉ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0108U000660); çʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ 

ʧʦʙʫʜʦʚʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫè (ˉ ʜʝʨʞ. 

ʨʝʻʩʪʨʘʮʽʾ 0111U001112); çʈʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʟʘʩʦʙʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʜʞʠʪʝʨʫ ʥʘ ʙʘʟʽ ʧʨʠʥʮʠʧʽʚ ʥʝʯʽʪʢʦʛʦ ʽʤʤʽʪʘʥʩʘ ʪʘ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚè (ˉ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0114U003463). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ) ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʩʢʘʜʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʽ ʽ ʚʠʨʽʰʫʶʪʴʩʷ 

ʟʘʜʘʯʽ: 

ï ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʛʘʣʫʟʽ ʨʝʘʣʽʟʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ; 

ï ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʋʇɯN ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ; 

ï ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ; 

ï ʨʦʟʨʦʙʢʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʋʇɯN. 
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ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʫ 

ʟʘʩʦʙʘʭ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʘʩʪʦʪʥʠʤ ʧʦʜʘʥʥʷʤ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʽ ʋʇɯN, 

ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ: ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ ʪʘ ʪʝʦʨʽʾ 

ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN, 

ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N ʪʨʠʧʦʣʶʩʥʠʢʽʚ; ʪʝʦʨʽʾ ʢʦʥʬʦʨʤʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ; ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʩʪʽʡʢʦʩʪʽ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ; ʪʝʦʨʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʽʤʽʪʘʥʩʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʋʇɯ; ʪʝʦʨʽʾ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʭʝʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʥʝʨʘʪʦʨʥʠʭ ʜʘʚʘʯʽʚ ʥʘ ʙʘʟʽ 

ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ; ʪʝʦʨʽʾ ʩʠʥʪʝʟʫ ʪʘʙʣʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ 

ʋʇɯN; ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ:  

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʜʘʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʷʛʥʝʥʥʷ ʜʘʚʘʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚ ʟʦʥʽ ʷʢ ʘʙʩʦʣʶʪʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʪʘʢ 

ʽ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʋʇɯ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʷʢ ʛʝʥʝʨʘʪʦʨʥʠʭ, ʪʘʢ ʽ ʧʽʜʩʠʣʶʶʯʠʭ ʜʘʚʘʯʽʚ. 

2. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʜʘʚʘʯʘ ʥʘ ʙʘʟʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʇʊ, ʷʢʘ 

ʦʧʠʩʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʜʘʚʘʯʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʋʇɯN ʽ ʧʝʨʚʠʥʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʜʘʚʘʯʘ. 

3. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ 

ʋʇɯN, ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N ʪʨʠʧʦʣʶʩʥʠʢʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʪʠʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 
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ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN ʷʢ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ N, ʪʘʢ ʽ ʚʽʜ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʦʧʦʨʽʚ (Z0éZN), ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʫʪʚʦʨʶʚʘʥʠʭ ʢʘʩʢʘʜʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʪʨʠʧʦʣʶʩʥʠʢʽʚ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʥʫʶʯʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʋʇɯ. 

1. ɼʦʩʣʽʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʥʘ ʙʘʟʽ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʾʭ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, 

ʫʤʦʚʠ ʾʭ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ ʛʝʥʝʨʘʪʦʨʥʽ 

ʜʘʚʘʯʽ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʋʇɯ. 

2. ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʽ 

ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʽ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʜʘʚʘʯʽʚ 

ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ. ʈʦʟʨʦʙʣʝʥʽ ʜʘʚʘʯʽ ʧʨʠʜʘʪʥʽ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʯʫʪʣʠʚʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦ ʜʚʦʭ ʽ 

ʪʨʴʦʭ ʟʤʽʥʥʠʭ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʜʘʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʢʘʩʢʘʜʽʚ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʢʘʩʢʘʜʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʘʚʘʯʘ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʨʦʤ ʤʦʜʝʣʽ ʽʥʜʫʢʪʠʚʥʦ-ʨʝʟʠʩʪʠʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʜʘʚʘʯʘ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʾʭ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʦ-

ʚʠʨʦʙʥʠʯʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ çɺʊʅè (ʤ. ɺʽʥʥʠʮʷ, ʘʢʪ ʚʽʜ 17.09.2015 ʨ.) ʪʘ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘ 

ʢʘʬʝʜʨʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥ çʆʩʥʦʚʠ ʥʝʛʘʪʨʦʥʽʢʠè ʪʘ çʇʨʠʩʪʨʦʾ ʥʘ ʝʣʝʤʝʥʪʘʭ ʟ 
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ʚʽʜôʻʤʥʠʤ ʦʧʦʨʦʤè (ʤ. ɺʽʥʥʠʮʷ, ʘʢʪ ʚʽʜ 09.09.2015 ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʥʠʡ 

ʟʤʽʩʪ ʨʦʙʦʪʠ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʧʠʩʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʢʦʥʚʝʨʪʦʨʽʚ 

ʽʤʽʪʘʥʩʫ [7, 8]; ʩʠʥʪʝʟ ʪʘʙʣʠʮʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ʜʣʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ [9, 11 ï 13]; ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ [14, 26]; ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʩʝʥʩʦʨʘ [15, 16]; ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʜʘʚʘʯʘ [17 ï 21, 30]; ʨʦʟʨʦʙʢʘ ʪʦʧʦʣʦʛʽʾ ʩʭʝʤʠ  

ʜʘʚʘʯʘ [22, 34]; ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʜʘʚʘʯʘ [24, 25]; ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ [27]; ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʜʘʚʘʯʘ ʥʘ ʙʘʟʽ 

ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN [28, 30]; ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʜʘʚʘʯʽʚ, ʫʪʚʦʨʝʥʠʭ ʢʦʤʙʽʥʘʮʽʻʶ ʋʇɯ ʪʘ ʇɺʇ [31]; ʘʥʘʣʽʟ 

ʯʫʪʣʠʚʦʩʪʽ ʜʘʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʢʘʩʢʘʜʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ [32]; 

ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʜʘʚʘʯʘ [33]; ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʤʦʜʫʣʶ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʜʘʚʘʯʘ [35]; ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʋʇɯN ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ [36, 37]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷè, (ɺʽʥʥʠʮʷ, 

2010 ʨ.); çPhotonics-ODS 2010è, (ɺʽʥʥʠʮʷ, 2010 ʨ.); çʉʦʚʨʝʤʝʥʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, (ʉʀʕʊ-2011 ʨ.), (ʆʜʝʩʘ, 2011 ʨ.); 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷè, (ʍʘʨʢʽʚ, 

2011 ʨ.); çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʤʦʣʦʜʝʞʴ ʚ ʍʍɯ ʚʝʢʝè (ʍʘʨʢʽʚ, 2012 ʨ.); çɼʘʪʯʠʢʠ, 

ʧʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ï ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ 2013è (ʗʣʪʘ, 2013 ʨ.); çʉʝʥʩʦʨʥʘ 

ʝʣʝʢʪʨʦʥʽʢʘ ʽ ʤʽʢʨʦʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʉɽʄʉʊ-2014), (ʆʜʝʩʘ, 2014 ʨ.), 
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ʦɦʨʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ɺʅʊʋ, (ɺʽʥʥʠʮʷ, 2013-2014 ʨʨ.).  

ɸ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʥʘ ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʢʫʨʩʽ 

ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ 2010/2011 ʨʨ. ʟʘ ʥʘʧʨʷʤʢʦʤ çʈʘʜʽʦʪʝʭʥʽʢʘè (ʍʘʨʢʽʚ, 

2011 ʨ.) ʪʘ ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʢʫʨʩʽ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ 2011/2012 ʨʨ. 

ʟʘ ʥʘʧʨʷʤʢʦʤ çɽʣʝʢʪʨʦʥʽʢʘè (ʍʝʨʩʦʥ, 2012 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʘʪʠʢʦʶ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 31 ʥʘʫʢʦʚʫ ʧʨʘʮʶ, 

ʩʝʨʝʜ ʥʠʭ 10 ʩʪʘʪʝʡ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ  

ʚʠʜʘʥʴ [7, 11, 15, 22, 24, 27, 28, 31, 32, 37], ʟ ʷʢʠʭ 6 ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʚʠʜʘʥʥʷʭ, 

ʚʢʣʶʯʝʥʠʭ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ [14, 22, 24, 27, 28, 32], 2 

ʧʫʙʣʽʢʘʮʽʾ ʫ ʟʘʨʫʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ [12, 34], 11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ [8 ï 10, 13 ï 14, 16, 

23, 25, 26, 30, 36], 6 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ [17 ï21, 29], 1 ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ [33] ʪʘ ʦʜʥʝ ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ 

ʪʚʽʨ [35]. 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ 108 ʨʠʩʫʥʢʽʚ ʽ 10 ʪʘʙʣʠʮʴ, ʚʠʩʥʦʚʢʽʚ ʧʦ ʨʦʙʦʪʽ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 201 ʥʘʡʤʝʥʫʚʘʥʥʷ ʪʘ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 215 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʚʠʢʣʘʜʝʥʦ ʥʘ 148 

ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ɼʆʉʗɻʅɽʅʔ ʋ ɻɸʃʋɿɯ ʈɽɸʃɯɿɸʎɯɰ ɯ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɯʄɯʊɸʅʉʋ 

 

ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭʥʴʦʛʦ ʩʢʣʘʜʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʘ 

ʨʦʟʨʦʙʢʘ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʧʦʰʫʢ ʷʢʽʩʥʦ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʩʪʨʦʾʚ, 

ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʣʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʪʦʯʥʽʩʪʶ, 

ʚʽʜʥʦʩʥʦ ʤʘʣʠʤ ʦʙôʻʤʦʤ ʝʣʝʤʝʥʪʽʚ, ʰʠʨʦʢʠʤ ʨʦʙʦʯʠʤ ʜʽʘʧʘʟʦʥʦʤ. ɺ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʮʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ (ʋʇɯ) ï 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʟ ʢʦʤʧʣʝʢʩʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ [1].  

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʛʘʣʫʟʽ 

ʨʝʘʣʽʟʘʮʽʾ  ̔ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʫ ʪʝʦʨʽʶ 

ʧʦʙʫʜʦʚʠ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ, ʥʘʜʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʋʇɯ. ʊʘʢʦʞ ʫ ʨʦʟʜʽʣʽ ʚʠʚʯʝʥʠʡ 

ʨʷʜ ʪʝʭʥʽʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʋʇɯ, ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʪʝʤʘʪʠʢʦʶ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʽ ʚʠʟʥʘʯʝʥʽ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

 

1.1 ɺʠʟʥʘʯʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʽʤʽʪʘʥʩʫ 

 

ʋʟʘʛʘʣʴʥʝʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽʤʽʪʘʥʩʫ ʥʘʟʠʚʘʻʪʴʩʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, 

ʽʤʽʪʘʥʩ ʤʽʞ ʦʜʥʽʻʶ ʧʘʨʦʶ ʢʣʝʤ ʷʢʦʛʦ Wʚʭ (Wʚʠʭ), ʻ ʬʫʥʢʮʽʻʶ ʽʤʽʪʘʥʩʘ Wʥ (Wʛ), 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʜʨʫʛʦʾ ʧʘʨʠ ʡʦʛʦ ʢʣʝʤ (ʨʠʩ. 1.1): Wʚʭ = F (Wʥ), Wʚʠʭ = F (Wʛ) [1]. 
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ʋʇɯ

Wʚʭ =F (Wʛ) Wʚʠʭ =F (Wʛ)

Wʛ Wʥu1 u2

i1 i2

 

 

ʈʠʩʫʥʦʢ 1.1 ð ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʘ 

 

ʇʽʜ ʽʤʽʪʘʥʩʦʤ ʨʦʟʫʤʽʶʪʴ ʧʦʚʥʠʡ ʦʧʽʨ ʘʙʦ ʧʦʚʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ, ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʽʥʜʝʢʩʦʤ W, ʷʢʠʡ ʧʨʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ ʻ ʫʟʘʛʘʣʴʥʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʽʜ ʷʢʠʤ 

ʨʦʟʫʤʽʶʪʴ ʦʜʥʫ ʟ Y, Z, h ʘʙʦ g ʩʠʩʪʝʤʫ ʧʘʨʘʤʝʪʨʽʚ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ [1]. 

ʅʘ ʨʠʩ. 1.2 ʥʘʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʋʇɯ, ʟʛʽʜʥʦ ʷʢʦʾ ʚʩʽ ʪʠʧʠ 

ʋʇɯ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʦʥʚʝʨʪʦʨʠ ʽ ʽʥʚʝʨʪʦʨʠ ʽʤʽʪʘʥʩʘ [38]. 

ʂʦʥʚʝʨʪʦʨʦʤ ʽʤʽʪʘʥʩʘ ʥʘʟʠʚʘʻʪʴʩʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʽʤʽʪʘʥʩ ʤʽʞ ʦʜʥʽʻʶ 

ʧʘʨʦʶ ʢʣʝʤ ʷʢʦʛʦ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʤʽʪʘʥʩʘ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ 

ʜʦ ʜʨʫʛʦʾ ʧʘʨʠ ʡʦʛʦ ʢʣʝʤ [1]. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʦʧʦʨʫ 

Zʥ (ʧʨʷʤʝ ʧʝʨʝʪʚʦʨʝʥʥʷ), ʤʘʻʤʦ Zʚʭ = (ɸ/D)Zʥ, ʜʝ ɸ ʽ D ï ʝʣʝʤʝʥʪʠ ɸɺʉD 

ʣʘʥʮʶʛʦʚʦʾ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʽ), ʷʢʽ 

ʟʚ'ʷʟʫʶʪʴ ʩʪʨʫʤʠ ʪʘ ʥʘʧʨʫʛʠ ʥʘ ʢʣʝʤʘʭ ʋʇɯ (ʨʠʩ. 1.1). ɺʽʜʥʦʰʝʥʥʷ (ɸ/D) 

ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʚʝʨʩʽʾ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʊʢ [39]: A/D = Tʢ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ ʊʢ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʚʝʣʠʯʠʥʘ. 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ɸɺʉD ʣʘʥʮʶʛʦʚʦʾ ʤʘʪʨʠʮʽ ʻ ʜʽʡʩʥʽ ʯʠʩʣʘ, 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ ʪʘʢʦʞ ʜʽʡʩʥʘ ʚʝʣʠʯʠʥʘ. ʂʦʥʚʝʨʪʦʨʠ ʽʤʽʪʘʥʩʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤ ʜʽʡʩʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʚʝʨʩʽʾ, ʥʘʟʠʚʘʶʪʴʩʷ ʜʽʡʩʥʠʤʠ 

ʢʦʥʚʝʨʪʦʨʘʤʠ ʽʤʽʪʘʥʩʘ. ʗʢʱʦ ʧʘʨʘʤʝʪʨʠ ʣʘʥʮʶʛʦʚʦʾ ʤʘʪʨʠʮʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʫʷʚʥʠʤʠ ʯʠʩʣʘʤʠ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ ʪʘʢʦʞ ʻ ʫʷʚʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ʚʽʜʧʦʚʽʜʥʽ 

ʂɯ ʥʘʟʠʚʘʶʪʴʩʷ ʫʷʚʥʠʤʠ ʢʦʥʚʝʨʪʦʨʘʤʠ ʽʤʽʪʘʥʩʘ.  

ʂʦʥʚʝʨʪʦʨʘʤʠ ʚʽʜôʻʤʥʦʛʦ ̔ ʤʽʪʘʥʩʘ (ʂɺɯ) ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʜʚʦʧʦʣʶʩʥʠʢ, 

ʷʢʠʡ ʟʤʽʥʶʻ ʟʥʘʢ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ [4]. 
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ɺʟʘʻʤʥʽ ʅʝʚʟʘʻʤʥʽ

ɸʢʪʠʚʥʽ ʇʘʩʠʚʥʽ

ɿʘʟʝʤʣʝʥʅ̔ʝʟʘʟʝʤʣʝʥʽ

ɿʤʽʰʘʥʽ

1-ʛʦ

ʪʠʧʫ

2-ʛʦ

ʪʠʧʫ

3-ʛʦ

ʪʠʧʫ

ʆʜʥʦʚʠʭʽʜʥʽɹʘʛʘʪʦʚʠʭʽʜʥʽ

ʌʫʥʢʮʽʦʥʘʣʴʥʦ

ʧʦʚʥʽ

ʌʫʥʢʮʽʦʥʘʣʴʥʦ

ʥʝʧʦʚʥʽ

ʋʇɯ

ʂʦʥʚʝʨʪʦʨʠ 

ʽʤʽʪʘʥʩʫ

ɯʥʚʝʨʪʦʨʠ 

ʽʤʽʪʘʥʩʫ

ɼʽʡʩʥʽ

ʋʷʚʥʽ

ɼʽʡʩʥʽ

ʋʷʚʥʽ

ɼʦʜʘʪʥʽ

ɺʽʜô̒ ʤʥʽ

ɹʘʛʘʪʦʧʘʨʘ-

ʤʝʪʨʠʯʥʽ

ʆʜʥʦʧʘʨʘʤʝʪ-

ʨʠʯʥʽ

ʉʭʝʤʦʪʝʭʥʽʯʥʽ ʌʽʟʠʯʥʽ

ʆʜʥʦʢʘʩʢʘʜʥʽ

ɹʘʛʘʪʦʢʘʩʢʘʜʥʽ

 

ʈʠʩʫʥʦʢ 1.2 ð ʋʟʘʛʘʣʴʥʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʋʇɯ  
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ʊʘʢʽ ʜʚʦʧʦʣʶʩʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ [40 ï 42]. ʂʦʥʚʝʨʪʦʨʠ ʜʦʜʘʪʥʦʛʦ ʽʤʧʝʜʘʥʩʫ (ʂɼɯ) ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʟʥʘʢʠ ʽ ʢʦʥʚʝʨʪʦʨʥʘ ʬʫʥʢʮʽʷ ʻ ʜʦʜʘʪʥʦʶ. ɯʜʝʘʣʴʥʠʤ ʢʦʥʚʝʨʪʦʨʦʤ 

ʽʤʽʪʘʥʩʘ ʥʘʟʠʚʘʻʪʴʩʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ ʷʢʦʛʦ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʽʤʽʪʘʥʩʘ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ. 

ɯʥʚʝʨʪʦʨʦʤ ʽʤʽʪʘʥʩʘ ʥʘʟʠʚʘʻʪʴʩʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʽʤʽʪʘʥʩ ʤʽʞ ʦʜʥʽʻʶ 

ʧʘʨʦʶ ʢʣʝʤ ʷʢʦʛʦ ʟʚʦʨʦʪʥʦ-ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʤʽʪʘʥʩʘ, ʱʦ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʽʥʰʦʾ ʧʘʨʠ ʡʦʛʦ ʢʣʝʤ [1]. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʦʚʥʦʛʦ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Zʥ (ʧʨʷʤʝ ʧʝʨʝʪʚʦʨʝʥʥʷ) ʤʘʻʤʦ Zʚʭ = B/C Zʥ. 

ɺʽʜʥʦʰʝʥʥʷ ɺ/ʉ = ʊʽ  ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʚʝʨʩʽʾ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʚʝʣʠʯʠʥʘ. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʧʘʨʘʤʝʪʨʠ ɸɺʉD ʣʘʥʮʶʛʦʚʦʾ ʤʘʪʨʠʮʽ ʻ ʜʽʡʩʥʽ ʯʠʩʣʘ, ʥ̔ʚʝʨʪʦʨʠ ʽʤʽʪʘʥʩʘ 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʽʡʩʥʠʤʠ ʽʥʚʝʨʪʦʨʘʤʠ ʽʤʽʪʘʥʩʘ. ʗʢʱʦ ʧʘʨʘʤʝʪʨʠ ɸɺʉD ʤʘʪʨʠʮʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʫʷʚʥʠʤʠ ʯʠʩʣʘʤʠ, ʚʽʜʧʦʚʽʜʥʽ ʽʥʚʝʨʪʦʨʠ ʽʤʽʪʘʥʩʘ ʥʘʟʠʚʘʶʪʴʩʷ 

ʫʷʚʥʠʤʠ [43]. ɯʥʚʝʨʪʦʨʠ ʜʦʜʘʪʥʦʛʦ ʽʤʽʪʘʥʩʫ (ɯɼɯ) ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʟʥʘʢʠ ʽ 

ʢʦʥʚʝʨʪʦʨʥʘ ʬʫʥʢʮʽʷ ʻ ʜʦʜʘʪʥʦʶ. ɯʥʚʝʨʪʦʨʠ ʚʽʜôʻʤʥʦʛʦ ʽʤ̔ʪʘʥʩʫ (ɯɺɯ): ʤʘʶʪʴ 

ʧʨʦʪʠʣʝʞʥʽ ʟʥʘʢʠ ʽ ʢʦʥʚʝʨʪʦʨʥʘ ʬʫʥʢʮʽʷ ʚʽʜôʻʤʥʘ. 

ʇʨʠʢʣʘʜʘʤʠ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʚʝʨʪʦʨʽʚ ʪʘ ʽʥʚʝʨʪʦʨʽʚ ʽʤʽʪʘʥʩʘ ʻ 

ʥʝʚʟʘʻʤʥʽ ʤʝʨʝʞʝʚʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʱʦ ʻ ʧʨʦʜʫʢʪʦʤ ʡʦʛʦ 

ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ [44], ʤʘʣʝʥʴʢʽ ʘʥʪʝʥʠ ʜʣʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʨʘʜʽʦ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʽʜôʻʤʥʦʛʦ  

ʽʤʧʝʜʘʥʩʫ [45], ʤʽʥʽʘʪʶʨʥʠʡ ʟʘʭʠʩʥʠʢ ʜʚʠʛʫʥʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ [46]. ʋ ʛʘʣʫʟʽ 

ʝʥʝʨʛʝʪʠʢʠ ʽʥʚʝʨʪʦʨʠ ʽʤʽʪʘʥʩʘ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʚʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ [47].  

ɿʘ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽ ʚʠʜʠ ʋʇɯ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʪʘ 

ʬʽʟʠʯʥʽ (ʨʠʩ. 1.2). ʇʝʨʰʘ ʛʨʫʧʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʘ ʜʨʫʛʘ ʛʨʫʧʘ - 

ʬʽʟʠʯʥʽ ʝʬʝʢʪʠ ʚ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʟʦʢʨʝʤʘ, ʚ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʪʘʢʽ ʋʇɯ 

ʱʝ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʤʠ). ʆʜʥʦʢʨʠʩʪʘʣʴʥʠʤʠ ʋʇɯ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʠʩʪʨʦʾ, ʷʢʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʟʠʯʥʽ ʝʬʝʢʪʠ ʚ ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʟʦʢʨʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʘ ʟʦʚʥʽʰʥʽ ʢʦʣʘ ʪʽʣʴʢʠ ʟʘʜʘʶʪʴ ʡʦʛʦ ʨʦʙʦʯʫ ʪʦʯʢʫ. ʉʭʝʤʦʪʝʭʥʽʯʥʽ 

ʋʇɯ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʘʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʪʘʢ ʽ ʩʠʛʥʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʫ ʟʦʚʥʽʰʥʽʭ RLC-ʢʦʣʘʭ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ. 

ɸʢʪʠʚʥʠʤ ʋʇɯ ʻ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ [48]. ʇʘʩʠʚʥʠʤ ʋʇɯ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʟʠʚʘʶʪʴ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʷʢʠʡ ʥʝ 

ʤʽʩʪʠʪʴ ʚʙʫʜʦʚʘʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘʙʦ ʤʽʩʪʠʪʴ ʩʢʦʤʧʝʥʩʦʚʘʥʽ ʜʞʝʨʝʣʘ [48]. 

ʋʇɯ ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʚʟʘʻʤʥʽ ʽ ʥʝʚʟʘʻʤʥʽ (ʜʠʚ. ʨʠʩ. 1.2). 

ɺʟʘʻʤʥʠʤʠ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʽʤʽʪʘʥʩʫ ʥʘʟʠʚʘʶʪʴʩʷ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ, ʫ ʷʢʠʭ ʧʝʨʝʜʘʪʥʽʡ ʦʧʽʨ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʢʦʥʪʫʨʽʚ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʧʘʨʘ ʟʘʞʠʤʽʚ ʻ ʚʭʽʜʥʦʶ, ʘ ʷʢʘ ʚʠʭʽʜʥʦʶ, ʪʦʙʪʦ: U1/I2=U2/I1. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʧʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ ʪʘʢʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ W12 ʪʘ 

W21 ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ W12 = W21. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʘʢʠʡ ʋʇɯ ʟʜʘʪʥʠʡ ʧʝʨʝʜʘʚʘʪʠ 

ʝʥʝʨʛʽʶ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʋʇɯ ʻ ʥʝʚʟʘʻʤʥʠʤ. 

ɿʘ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ ʋʇɯ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ. ʇʽʜ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʋʇɯ 

ʨʦʟʫʤʽʶʪʴ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʦʜʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʽʪʘʥʩʫ. ɹʘʛʘʪʦʝʣʝʢʪʨʦʜʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʪʨʫʢʪʫʨʠ (ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ) ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN [38]. ɿʛʽʜʥʦ ʚʠʟʥʘʯʝʥʥʷʤ [49] 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʋʇɯN ʥʘʟʠʚʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ N-ʧʦʣʶʩʥʠʢ, ʜʦ ʯʘʩʪʠʥʠ 

ʧʦʣʶʩʽʚ ʷʢʦʛʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʥʽ ʽʤʽʪʘʥʩʠ ɻʽW , ʘ ʧʝʨʝʪʚʦʨʝʥʽ 

ʽʤʽʪʘʥʩʠ ʚʠʭjW  ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʽʞ ʟʘʣʠʰʝʥʠʤʠ ʥʝʟʘʜʽʷʥʠʤʠ ʧʦʣʶʩʘʤʠ (ʨʠʩ. 1.3). 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ ɻʽW , ̫ ʚʣʷʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʡʦʛʦ, ʷʢ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯN ʟ ʯʘʩʪʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʽʤʽʪʘʥʩʫ ijT .  
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ʈʠʩʫʥʦʢ 1.3 ð ɹʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯN 

 

ʋ ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 1.3 ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʋʇɯN ʧʝʨʝʪʚʦʨʶʚʘʥʽ 

ʽʤʽʪʘʥʩʠ Wɻ ̔ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʤʽʞ m-ʧʦʣʶʩʘʤʠ ʽ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ, ʘ ʧʝʨʝʪʚʦʨʝʥʽ 

ʽʤʽʪʘʥʩʠ Wʚʠʭ.j ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʽʞ (N ï m) ʧʦʣʶʩʘʤʠ ʽ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ. ʊʘʢʠʡ ʚʠʜ 

ʋʇɯN ʻ ʟʘʟʝʤʣʝʥʠʤ ʋʇɯN [50]. ʄʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯN, ʢʦʣʠ 

ʧʝʨʝʪʚʦʨʶʚʘʥʽ ʽʤʽʪʘʥʩʠ Wɻ ̔ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞ m-ʧʦʣʶʩʘʤʠ, ʘ 

ʧʝʨʝʪʚʦʨʝʥʽ ʽʤʽʪʘʥʩʠ ʪʘʢʦʞ ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞ (N ï m) ʧʦʣʶʩʘʤʠ. ʊʘʢʽ ʋʇɯN 

ʻ ʥʝʟʘʟʝʤʣʝʥʠʤʠ ʋʇɯN. 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʜʘʭ ʋʇɯN ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ. 

ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ Wʚʠʭ.j, ʷʢʠʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ Wɻ.̔ ʊʘʢʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN 

ʥʘʟʠʚʘʶʪʴʩʷ ʦʜʥʦʚʠʭʽʜʥʠʤʠ ʋʇɯN. ʋ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ 

ʧʝʨʝʪʚʦʨʝʥʠʭ ʽʤʽʪʘʥʩʽʚ Wʚʠʭ.j, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ Wɻ:̔ Wʚʠʭ.j = ʊij(Wɻ)̔. ʊʘʢʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN ʥʘʟʠʚʘʶʪʴʩʷ 

ʙʘʛʘʪʦʚʠʭʽʜʥʠʤʠ ʋʇɯN. 

ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ, ʢʦʣʠ ʚʩʽ ʧʝʨʝʪʚʦʨʝʥʽ ʽʤʽʪʘʥʩʠ Wʚʠʭ.j ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʩʽʭ 

ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ Wɻ.̔ ʊʘʢʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN ʥʘʟʠʚʘʶʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚʥʠʤʠ ʋʇɯN. ʗʢʱʦ ʤʽʞ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʧʝʨʝʪʚʦʨʝʥʠʤʠ 

ʽʤʽʪʘʥʩʘʤʠ Wʚʠʭ.j ʚʽʜʩʫʪʥʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ Wɻ,̔ ʪʦʜʽ ʪʘʢʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN ʥʘʟʠʚʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʥʝʧʦʚʥʠʤʠ ʋʇɯN. 

ʂʨʽʤ ʪʦʛʦ, ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯN ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʥʘ ʦʜʥʦʤʫ 

ʢʘʩʢʘʜʽ (ʦʜʥʦʢʘʩʢʘʜʥʽ ʋʇɯ), ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʢʽʣʴʢʘ ʢʘʩʢʘʜʽʚ. ʗʢ 

ʦʜʥʦʢʘʩʢʘʜʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ ʋʇɯN, 
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ʥʘʧʨʠʢʣʘʜ, ʜʚʦʟʘʪʚʦʨʥʠʡ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʪʦʨ, ʘ ʷʢ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʡ ʋʇɯN ï 

ʢʘʩʢʘʜʥʝ ʟôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ɼʣʷ ʦʧʠʩʫ ʋʇɯ ʝʬʝʢʪʠʚʥʦʶ ʻ ʚʠʟʥʘʯʝʥʘ ʩʠʩʪʝʤʘ ʧʘʨʘʤʝʪʨʽʚ [38], 

ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʷʢʦʾ ʻ ʾʾ ʟʚ'ʷʟʦʢ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʽʤʽʪʘʥʩʥʦʾ W-ʤʘʪʨʠʮʽ 

ʟʘʣʝʞʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʷʢ ʋʇɯ (1.1), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʫʯʘʩʥʠʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤ, ʪʘʢʠʭ ʷʢ AWR Design Environment, ʷʢʽ ʧʨʘʮʶʶʪʴ ʩʘʤʝ 

ʟ ʽʤʽʪʘʥʩʥʠʤʠ ʪʘ ʭʚʠʣʴʦʚʠʤʠ ʤʘʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

[] 11 12

21 22

W W
W

W W

è ø
=é ù
ê ú

,       (1.1) 

 

ʜʝ W11, W12, W21, W22 ï ʧʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʻ ʾʾ ʧʦʚʥʦʪʘ (ʪʦʙʪʦ ʚʦʥʘ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʋʇɯ), ʘ ʪʘʢʦʞ ʦʙôʻʢʪʠʚʥʽʩʪʴ (ʪʦʙʪʦ ʢʦʞʝʥ ʧʘʨʘʤʝʪʨ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʪʘʢʠʤ, ʱʦ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ, ʘʙʦ ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʭʦʜʷʯʠ ʟ ʨʝʘʣʴʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ).  

ʆʪʞʝ, ʜʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ 

ʚ̔ʜʥʦʩʷʪʴʩʷ [6]: 

1) ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ ð Wʚʠʭ (Wʚʭ); 

2) ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ð ʊ; 

3) ʥ̔ʚʘʨʽʘʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ð ʂʩ; 

4) ʯʫʪʣʠʚʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ð 
T

i
Sa ; 

5) ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʤʝʞʽ 

ʩʪʽʡʢʦʩʪʽ ð Kms; 

6) ʢʦʝʬʽʮʽʻʥʪ ʥʝʚʟʘʻʤʥʦʩʪʽ ð ʂʅ; 

7) ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜôʻʤʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʝʥʦʛʦ 

ʽʤʽʪʘʥʩʫ ð 
( )

.maxRe ʚʭW -
; 
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8) ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ð fɻ (ʂʩ = 1); 

9) ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ð fopt; 

10) ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ð ɟmax; 

11) ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ð ReWʚʭ.0; 

12) ʤ̔ ʥʽʤʘʣʴʥʦ-ʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ð Fʰ.min. 

ʉʠʩʪʝʤʘ ʨʦʟʛʣʷʥʫʪʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʪʚʦʨʶʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʋʇɯ, 

ʽʥʚʘʨʽʘʥʪʥʫ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʜʴ- ʢ̫ʠʭ ʚʠʜʽʚ ʋʇɯ. 

 

1.2 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ 

 

ʊʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʻ 

ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʠʤʠ [4, 51 ï 56], ʽ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ [57, 58], ʚ ʣʽʥʽʷʭ ʟʘʪʨʠʤʢʠ [59], ʚ ʘʢʪʠʚʥʠʭ 

ʯʘʩʪʦʪʥʦ-ʚʠʙʽʨʥʠʭ ʧʨʠʩʪʨʦʷʭ [60] ʚ ʬʘʟʦʯʘʩʪʦʪʥʠʭ ʢʦʨʝʢʪʦʨʘʭ [61], ʚ 

ʢʦʤʧʝʥʩʘʪʦʨʘʭ ʘʢʪʠʚʥʠʭ ʪʘ ʨʝʘʢʪʠʚʥʠʭ ʽʤʽʪʘʥʩʽʚ [2], ʧʨʠ ʧʦʙʫʜʦʚʽ ʣʦʛʽʯʥʠʭ ʪʘ 

ʢʣʶʯʦʚʠʭ ʧʨʠʩʪʨʦʾʚ [62]. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʝʨʝʣʽʯʝʥʠʭ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇɯ 

ʜʘʥʦʾ ʛʨʫʧʠ, ʚʢʘʟʫʻ ʥʘ ʾʭ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʷʢ ʝʣʝʤʝʥʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ.  

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʋʇɯ ʤʦʞʣʠʚʘ ʷʢ ʥʘ ʧʘʩʠʚʥʠʭ, ʪʘʢ ʽ ʥʘ ʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʚʽʜʨʽʟʢʽʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʘʢʫʩʪʠʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʬʝʨʠʪʽʚ ʪʦʱʦ) ʤʦʞʣʠʚʝ 

ʚ ʦʙʤʝʞʝʥʠʭ ʚʘʨʽʘʥʪʘʭ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʘʩʦʛʘʙʘʨʠʪʥʠʭ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʦʜʥʦʯʘʩ, ʪʘʢʽ ʋʇɯ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ 

ʚʽʜôʻʤʥʽ ʜʽʡʩʥʽ ʽʤʽʪʘʥʩʠ, ʘ ʦʪʞʝ ʽ ʩʪʚʦʨʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʠʩʪʨʦʾ ʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʧʦʚʥʦʪʦʶ [63]. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʚʽʜʜʘʪʠ ʘʢʪʠʚʥʠʤ 

ʋʇɯ, ʱʦ, ʟʦʢʨʝʤʘ, ʤʦʞʫʪ ɹʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʩʭʝʤʦʪʝʭʥʽʯʥʦ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ 

[64 ï 66]: ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ [2], ʥʘ ʙʘʟʽ ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ 

[67] ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʘʢʪʠʚʥʠʭ ʧʨʠʣʘʜʽʚ (ʪʨʘʥʟʠʩʪʦʨʽʚ) 

[68]. 
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1.2.1 ʈʝʘʣʽʟʘʮʽʷ ʇɯ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ 

 

ʆʩʥʦʚʠ ʧʦʙʫʜʦʚʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʧʝʜʘʥʩʫ (ʇɯ) ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ (ʆʇ) ʟʘʢʣʘʜʝʥʽ ʚ ʤʦʥʦʛʨʘʬʽʷʭ ʌ. ɹʝʥʽʥʛʘ [2], ɾ. ʄʘʨʰʝ [69],  

ɯ. ʄ. ʌʽʣʘʥʦʚʩʴʢʦʛʦ ʪʘ ʽʥʰʠʭ [55]. ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʭʝʤʠ ʇɯ ʥʘ ʙʘʟʽ ʆʇ 

ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʷʢ ʚʽʜôʻʤʥʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ, ʪʘʢ ʽ ʚʽʜôʻʤʥʫ ʻʤʥʽʩʪʴ ʪʘ 

ʚʽʜôʻʤʥʫ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʣʠʰʝ ʪʠʧʦʤ ʽʤʧʝʜʘʥʩʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [70]. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʽʜôʻʤʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʧʨʠ ʧʦʟʠʪʠʚʥʦʤʫ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟʘ ʥʘʧʨʫʛʦʶ (U-ʇɯ) ʘʙʦ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ 

ʟʚôʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ (ɯ-ʇɯ) ʨʝʘʣʽʟʫʶʪʴʩʷ ʢʦʥʚʝʨʪʦʨʠ ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ, ʜʣʷ ʷʢʠʭ 

ʚʽʜôʻʤʥʠʡ ʚʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ Zʚʭ ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʤʧʝʜʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Zʥ; ʘ ʧʨʠ 

ʧʦʟʠʪʠʚʥʦʤʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟʘ ʥʘʧʨʫʛʦʶ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟʘ ʩʪʨʫʤʦʤ ï ʽʥʚʝʨʪʦʨʠ (ʛʽʨʘʪʦʨʠ) ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ, ʜʣʷ ʷʢʠʭ 

ʚʽʜôʻʤʥʠʡ ʚʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ Zʚʭ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʽʤʧʝʜʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ Zʥ 

[2].  

ʇɯ ʥʘ ʆʇ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʦʩʪʦʚʠʭ ʇɯ. ʉʭʝʤʠ ʇɯ ʥʘ ʆʇ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.4. ʅʘ ʨʠʩ. 1.4ʘ ʩʭʝʤʘ, ʚʭʦʜʦʤ ʷʢʦʾ ʻ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʆʇ, 

ʥʘ ʨʠʩ. 1.4ʙ ï ʚʭʦʜʦʤ ʻ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʆʇ [70]. 

ɼʣʷ ʩʭʝʤ ʥʘ ʨʠʩ. 1.4 ʚʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ [71]:  

 

2 1

3

ʚʭ

Z Z
Z

Z

-
= .      (1.2) 

 

ɿ ʮʴʦʛʦ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʧʦʩʪʘʚʠʚʰʠ ʟʘʤʽʩʪʴ Z1 ʘʙʦ Z2 ʜʦʜʘʪʥʫ ʻʤʥʽʩʪʴ, ʥʘ 

ʚʭʦʜʽ ʦʜʝʨʞʠʤʦ ʚʽʜôʻʤʥʫ ʻʤʥʽʩʪʴ. ʉʭʝʤʘ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʢʦʥʚʝʨʪʦʨ 

ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ. ɼʣʷ ʽʤʧʝʜʘʥʩʫ Z3 ʩʭʝʤʠ ʧʨʘʮʶʶʪʴ ʷʢ ʽʥʚʝʨʪʦʨʠ ʚʽʜôʻʤʥʦʛʦ 

ʦʧʦʨʫ. ʊʦʤʫ, ʧʦʩʪʘʚʠʚʰʠ ʟʘʤʽʩʪʴ Z3 ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʥʘ ʚʭʦʜʽ ʦʜʝʨʞʠʤʦ ʚʽʜôʻʤʥʫ 

ʻʤʥʽʩʪʴ. 
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ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 1.4 ð ʉʭʝʤʠ ʇɯ ʥʘ ʆʇ ʘ) ʚʭʦʜʦʤ ʻ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʆʇ; ʙ) ʚʭʦʜʦʤ 

ʻ ʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʆʇ  

 

ʇʨʦʪʝ, ʘʥʘʣʦʛʦʚʽ ʩʭʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ʥʝʜʦʣʽʢʠ, ʧʨʠʯʠʥʦʶ ʷʢʠʭ ʻ ʦʙʤʝʞʝʥʘ 

ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ, ʢʦʥʬʣʽʢʪ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʠʤʦʛʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʘʩʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʬʫʥʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ, ʥʝʽʥʚʝʨʪʫʶʯʠʭ ʽʥʪʝʛʨʘʪʦʨʽʚ/ʜʠʬʝʨʝʥʮʽʘʪʦʨʽʚ). 

ɺʠʤʦʛʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʩʭʝʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ï ʜʦ ʾʭ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ [72]. 

ʇʨʦʪ̫ʛʦʤ ʦʩʪʘʥʥʽʭ ʩʦʨʦʢʘ ʨʦʢʽʚ ʥʠʟʢʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʛʨʫʧ ʧʨʘʮʶʚʘʣʠ ʥʘʜ 

ʽʜʝʻʶ ʧʦʰʫʢʫ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʙʣʦʢʫ ʧʦʜʦʣʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ 

ʦʙʤʝʞʝʥʴ, ʷʢʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʢʦʥʚʝʻʨ ʩʪʨʫʤʫ. 

 

1.2.2 ʈʝʘʣʽʟʘʮʽʷ ʇɯ ʥʘ ʢʦʥʚʝʻʨʘʭ ʩʪʨʫʤʫ 

 

ʂʦʥʚʝʻʨ ʩʪʨʫʤʫ ʻ ʙʘʟʦʚʠʤ ʙʣʦʢʦʤ, ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʘʣʝ ʧʨʘʮʶʻ ʟʽ ʩʪʨʫʤʘʤʠ. ʅʘ ʙʘʟʽ ʢʦʥʚʝʻʨʽʚ ʩʪʨʫʤʫ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚʩʽ ʩʭʝʤʠ, ʱʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʆʇ (ʤʘʩʰʪʘʙʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʽʥʪʝʛʨʘʪʦʨʠ, ʜʠʬʝʨʝʥʮʽʘʪʦʨʠ, ʩʫʤʘʪʦʨʠ, 

ʢʦʥʚʝʨʪʦʨʠ ʪʘ ʽʥʚʝʨʪʦʨʠ ʦʧʦʨʽʚ ʪʦʱʦ) [73].  

ʗʢ ʦʩʥʦʚʥʠʡ ʙʣʦʢ ʋʇɯ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 4 ʪʠʧʠ ʩʪʨʫʤʦʚʠʭ 
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ʢʦʥʚʝʻʨʽʚ (ʨʠʩ.1.5). 
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ʘ)   ʙ)   ʚ)   ʛ) 

 

ʈʠʩʫʥʦʢ 1.5 ð ʊʠʧʠ ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥ ̔ʋʇɯ: ʘ) ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ CCII; ʙ) ʽʥʚʝʨʪʫʶʯʠʡ 

ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ ICCII; ʚ) ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʥʘʧʨʫʛʠ DVCC; 

ʛ) ʧʣʘʚʘʶʯʠʡ ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʥʘʧʨʫʛʠ FDVCC 

 

ʇʝʨʰʠʡ ʙʣʦʢ (ʨʠʩ. 1.5ʘ) ï ʮʝ ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʉʉɯɯ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʧʘʨʘʤʝʪʨʽʚ (1.3). 
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,     (1.3) 

 

ʜʝ ʧʘʨʘʤʝʪʨ ʘ ʚʠʟʥʘʯʘʻ ʪʠʧ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʦʥʚʝʻʨʘ (ʉʉɯɯ ʨʝʘʣʽʟʫʻʪʴʩʷ, ʢʦʣʠ ʘ = 

1, ʘ ʽʥʚʝʨʪʫʶʯʠʡ ʩʪʨʫʤʦʚʠʡ ʢʦʥʚʝʻʨ ɯʉʉɯɯ ï ʷʢʱʦ ʘ = -1); ʧʘʨʘʤʝʪʨ ʂ ʚʠʟʥʘʯʘʻ 

ʧʦʣʷʨʥʽʩʪʴ ʚʠʚʦʜʫ Z ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʦʥʚʝʻʨʘ (ʜʣʷ Z+ ʧʘʨʘʤʝʪʨ ʂ = 1, ʘ ʜʣʷ Z- ð 

ʂ = -1) [74]. 

ʈʦʟʛʣʷʥʫʪʽ ʙʣʦʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʧʣʘʚʘʶʯʠʭ ʻʤʥʦʩʪʝʡ ʪʘ ʽʥʜʫʢʪʠʚʥʦʩʪʝʡ, ʧʣʘʚʘʶʯʠʭ ʚʽʜôʻʤʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʦʧʦʨʽʚ ʘʙʦ ʪʘʢ ʟʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ [75]. 

ʂʦʥʚʝʻʨʠ ʩʪʨʫʤʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʚʝʨʪʦʨʽʚ 

ʜʦʜʘʪʥʦʛʦ ʽʤʽʪʘʥʩʫ, ʷʢʽ ʱʝ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʛʽʨʘʪʦʨʘʤʠ. ɻʽʨʘʪʦʨ ï ʮʝ 

ʜʚʦʧʦʣʶʩʥʠʢ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʙʫʜʴ-ʷʢʠʡ ʧʦʚʥʠʡ ʦʧʽʨ, ʥʘʡʯʘʩʪʽʰʝ ʻʤʥʽʩʥʠʡ, ʚ 
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ʽʥʜʫʢʪʠʚʥʠʡ. ʂʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʘʪʦʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʪʠʤ, ʱʦ 

ʛʽʨʘʪʦʨ, ʥʘʚʘʥʪʘʞʝʥʠʡ ʥʘ ʻʤʥʽʩʪʴ ʟ ʙʦʢʫ ʚʭʽʜʥʠʭ ʟʘʞʠʤʽʚ, ʧʦʚʦʜʠʪʴʩʷ ʷʢ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʥʘʣʘʜʠʪʠ ʩʝʨʽʡʥʠʡ ʚʠʧʫʩʢ ʨʷʜʫ ʝʢʚʽʚʘʣʝʥʪʽʚ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟ ʚʠʩʦʢʦʶ ʜʦʙʨʦʪʥʽʩʪʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʙʫʜʫʚʘʪʠ ʚʠʙʽʨʢʦʚʽ ʩʠʩʪʝʤʠ 

ʧʦ ʩʧʦʩʦʙʫ LC-ʧʨʦʪʦʪʠʧʫ ʽʟ ʧʦʜʘʣʴʰʦʶ ʟʘʤʽʥʦʶ ʢʦʞʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʾʾ 

ʝʢʚʽʚʘʣʝʥʪʦʤ [76]. ʉʭʝʤʦʪʝʭʥʽʯʥʦ ʛʽʨʘʪʦʨ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ (ʨʠʩ. 1.6ʘ) [77]. ʊʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ 

ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʨʝʘʣʽʟʫʚʘʪʠ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʧʝʜʘʥʩʫ (ʨʠʩ. 1.6ʙ). 
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ʘ)           ʙ) 

 

ʈʠʩʫʥʦʢ 1.6 ð ʇʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ: (ʘ) 

ʛ̔ ʨʘʪʦʨ ʥʘ ʙʘʟʽ ʉʉɯɯ; (ʙ) ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʧʝʜʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʢʦʥʚʝʻʨʽʚ 

 

ʇʝʨʝʪʚʦʨʝʥʠʡ ʽʤʧʝʜʘʥʩ ʪʘʢʦʛʦ ʢʦʥʚʝʨʪʦʨʘ (ʨʠʩ. 1.5ʙ) ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ 
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I Z
= = = . ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʩʭʝʤʠ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʧʣʘʚʘʶʯʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʽʤʧʝʜʘʥʩʠ Z1 ʪʘ Z3 ʤʘʣʠ ʯʠʩʪʦ 

ʨʝʟʠʩʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ Z1 = R1, Z3 = R3, ʘ ʽʤʧʝʜʘʥʩ Z2 ð ʻʤʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ  

Y2 = jɤC2. ʊʦʜʽ ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʧʝʜʘʥʩ ʤʘʪʠʤʝ ʽʥʜʫʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʤʫʰʫʶʯʠ 

ʢʦʥʚʝʨʪʦʨ ʽʤʧʝʜʘʥʩʫ ʧʦʚʦʜʠʪʠʩʴ ʷʢ ʧʣʘʚʘʶʯʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʽ ʚʠʨʘʞʘʪʠʤʝʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ [78]: 1 3 2inZ j L R R Cw= = . 
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ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʟʘʙʝʟʧʝʯʫʻ ʧʝʚʥʽ 

ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʨʝʘʣʽʟʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʘ ʩʘʤʝ: 

1) ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ  ̔ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ; 

2)  ʥʝʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ, 

ʪʦʤʫ ʱʦ ʜʣʷ ʩʪʨʫʤʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ; 

3)  ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ, ʙʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʫ ʥʘʧʨʫʛʠ ʽ ʩʭʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ 

ʣʠʰʝ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ;  

4) ʤʝʥʰʫ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʭʝʤʠ ʤʝʥʰ 

ʯʫʪʣʠʚʽ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʣʠʤʠ ʥʘʧʨʫʛʘʤʠ 

[79]. 

ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʢʦʥʚʝʻʨʽʚ ʩʪʨʫʤʫ ̒  ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤ 

ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʘʟʚʠʯʘʡ 1 ï 3 ɻɻʮ. ʎʝʡ ʥʝʜʦʣʽʢ ʚʽʜʩʫʪʥʽʡ ʚ ʋʇɯ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ 

ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʦʩʢʽʣʴʢʠ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 100 ɻɻʮ. ʎʝ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʰʠʨʶʻ ʜʽʘʧʘʟʦʥ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇɯ.  

 

1.2.3 ʈʝʘʣʽʟʘʮʽʷ ʇɯ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʷʭ 

 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ.  

ɺ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʣʝʞʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʮʠʭ ʧʨʠʩʪʨʦʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʚʭʽʜʥʠʡ ʽʤʽʪʘʥʩ ʪʘ ʽʤʽʪʘʥʩʫ ʛʝʥʝʨʘʪʦʨʘ ʫ 

ʚʠʭʽʜʥʠʡ ʟʘ ʥʝʦʙʭʽʜʥʠʤ ʟʘʢʦʥʦʤ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ [80], ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯ 

ʜʦʟʚʦʣʷʻ ʟʥʝʭʪʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʶ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʩʘʤʦʛʦ ʩʠʛʥʘʣʫ. 

ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤʠ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʘʭ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʩʭʝʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (50 ï 60 ʨʨ. ʍʍ ʩʪ.). 
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ɺ 70-ʽ ʨʦʢʠ ʍʍ ʩʪ. ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ 

ʚʠʷʚʣʷʶʪʴ ʨʷʜ ʚʽʜʦʤʠʭ ʧʝʨʝʚʘʛ, ʟôʷʚʣʷʶʪʴʩʷ ʩʭʝʤʠ ʇɯ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

(ʇʊ) [79]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʽ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʣʠ ʥʘʡhʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢ ʋʇɯ: ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯ, ʷʢʽ 

ʟʥʘʡʰʣʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʩʠʩʪʝʤʘʭ [38]. 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʫʥʽʧʦʣʷʨʥʦʾ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʨʦʟʛʣʷʥʫʪʽ ʫ ʨʦʙʦʪʽ [81]. ɸʚʪʦʨʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʫ ʚʩʽʭ ʪʨʴʦʭ ʩʭʝʤʘʭ ʚʢʣʶʯʝʥʥʷ ʪʘ ʦʪʨʠʤʘʣʠ 

ʪʘʙʣʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʋʇɯ ʥʘ ʇʊ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.7.  

 

Wʚʠʭ.C

Wɻ

VT

WH

Wʚʭ.C

ʋʇɯʉ

Wʚʠʭ.ɺ

Wɻ

VT

WH

Wʚʭ.ɺ

ʋʇɯɺ

Wʚʠʭ.ɿ

Wɻ

VT

WH

Wʚʭ.ɿ

ʋʇɯɿ
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ʈʠʩʫʥʦʢ 1.7 ð ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʭʝʤʠ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʽ 

ʩʧʽʣʴʥʠʤʠ: ʩʪʦʢʦʤ (ʘ), ʚʠʪʦʢʦʤ (ʙ) ʽ ʟʘʪʚʦʨʦʤ (ʚ) 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʞʣʠʚʝ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʦʥʚʝʨʪʦʨʘ ʘʙʦ ʽʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ. ʐʠʨʦʢʘ ʦʙʣʘʩʪʴ ʧʦʪʝʥʮʽʡʥʦʾ 

ʥʝʩʪʽʡʢʦʩʪʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ, 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʢʦʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʦʚʮʽʚ ʩʪʘʥʦʚʠʪʴ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ. ɹʫʜʴ-ʷʢʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʘ ʤʽʩʪʠʪʴ ʢʽʣʴʢʽʩʪʴ ʚʠʚʦʜʽʚ N Ó 3, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʜʚʦ-, ʪʨʴʦʭ- ʽ ʥʘʚʽʪʴ ʯʦʪʠʨʴʦʭ-ʧʘʨʘʤʝʪʨʠʯʥʽ ʋʇɯ. 
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ɼʚʦʧʘʨʘʤʝʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʥʘ ʦʩʥʦʚʽ 

ʪʨʠʧʦʣʶʩʥʠʢʽʚ, ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʟʘʣʝʞʥʽ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʠ [81].  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʠʡ ʋʇɯ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʝʨʝʪʚʦʨʝʥʘ ʧʨʦʚʽʜʥʽʩʪʴ Yʚʠʭ ʪʘʢʠʭ 

ʋʇɯ ʻ ʬʫʥʢʮʽʻʶ F ʜʝʢʽʣʴʢʦʭ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʦʧʦʨʽʚ Z  ̔ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝʚʠʟʥʘʯʝʥʦʾ ʤʘʪʨʠʮʽ [Y3] ʪʨʴʦʭʧʦʣʶʩʥʠʢʘ [81]: 
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.     (1.4) 

 

ɿʘʜʘʶʯʠʩʴ ʭʘʨʘʢʪʝʨʦʤ ʪʘ ʟʥʘʯʝʥʥʷʤ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʦʧʦʨʽʚ Z1 ï Z3 ʪʘ 

ʯʘʩʪʦʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ɋʪ, ʟʘ ʫʤʦʚʠ, ʱʦ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ [Y3] ʚʽʜʦʤʽ, ʰʣʷʭʦʤ 

ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ (1.4) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ Yʚʠʭ 

ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʙʫʜʦʚʠ ʋʇɯ3 [81]. 

ʋ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʋʇɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʨʘʥʟʠʩʪʦʨʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʤʘʶʪʴ ʪʨʠ ʽ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʜʽʚ: ʙʽʧʦʣʷʨʥʽ 

ʪʨʘʥʟʠʩʪʦʨʠ, ʦʜʥʦʟʘʪʚʦʨʥʽ ʪʘ ʜʚʦʟʘʪʚʦʨʪʥʽ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ, ʦʜʥʦʧʝʨʝʭʽʜʥʽ 

ʪʘ ʽʥʞʝʢʮʽʡʥʦ-ʧʨʦʣʽʪʥʽ ʪʨʘʥʟʠʩʪʦʨʠ. ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦ- ʪʘ ʪʨʴʦʭ-

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʜʚʦʟʘʪʚʦʨʥʦʛʦ ʘʙʦ ʜʚʦʭ 

ʦʜʥʦʟʘʪʚʦʨʥʠʭ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.8 [81]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʩʫʯʘʩʥʠʭ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ 

ʙʽʧʦʣʷʨʥʠʭ ʽ ʫʥʽʧʦʣʷʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦ 100 

ɻɻʮ. 
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ʘ)   ʙ)   ʚ)   ʛ) 

 

ʈʠʩʫʥʦʢ 1.8 ð ʇʦʜʘʥʥʷ ʜʚʦʟʘʪʚʦʨʥʦʛʦ ʇʊ (ʘ) ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʦʜʥʦʟʘʪʚʦʨʥʠʭ (ʙ) 

ʪʘ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ (ʚ) ʪʘ 

ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ (ʛ) ʋʇɯN 

 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 

ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ (ʬʽʟʠʯʥʠʭ) ʋʇɯ, ʧʦʨʽʚʥʷʥʦ ʟʘ ʩʭʝʤʦʪʝʭʥʽʯʥʠʤʠ ʋʇɯ, ʻ ʾʭ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʚʠʩʦʢʘ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʘʜʘʧʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɺʩʝ ʮʝ ʚʠʟʥʘʯʘʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʋʇɯ ʷʢ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʠʩʪʨʦʾʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ.  

 

1.3 ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʛʘʣʫʟʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʇɯ 

 

ʊʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʝʜʘʯʽ, 

ʥʘʢʦʧʠʯʝʥʥʷ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʚʽʜ ʙʫʜʴ-

ʷʢʦʛʦ ʦʙ'ʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ, ʥʘʟʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ɹʫʜʴ-ʷʢʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ɯʇ), ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʤʘʣʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ɺʣʘʩʪʠʚʽʩʪʴ ʋʇɯN ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʭʘʨʘʢʪʝʨ ʽ ʚʝʣʠʯʠʥʫ ʥʠʟʢʠ ʽʤʽʪʘʥʩʽʚ ʫ 

ʚʠʭʽʜʥʠʡ ʽʤʽʪʘʥʩ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ ʩʦʪʝʥʴ ʢɻʮ ʜʦ ʩʦʪʝʥʴ ɻɻʮ, ʷʢʘ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʠʰʝ ʦʜʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʘ, 

ʚʠʟʥʘʯʠʣʘ ʧʝʨʩʧʝʢʪʠʚʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʋʇɯN ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʘʩʠʚʥʠʤ, ʪʘʢ ʽ 

ʘʢʪʠʚʥʠʤ, ɯʇ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʩʠʚʥʠʤʠ ʪʘ ʘʢʪʠʚʥʠʤ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ɯʇ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʠʭ ʋʇɯN. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʯʘʩʪʦʪʥʦ-ʚʠʙʽʨʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ (ʏɺʇ), ʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʃʇ) ʪʘ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʃɽ), ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʦʤʥʦʞʫʚʘʯʽʚ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʅʇɯ), 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʪʯʠʢʽʚ (ʈʏɼ), ʫʧʨʘʚʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʋɽ) ʪʦʱʦ [6] (ʨʠʩ.1.9).  

 

1.3.1 ɸʢʪʠʚʥʽ ʬʽʣʴʪʨʠ 

 

ɸʢʪʠʚʥʽ RC-ʬʽʣʴʪʨʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʪʝʣʝʤʝʪʨʽʾ, ʪʝʣʝʬʦʥʽʾ, ʚ ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʫ ʪʦʱʦ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ, ʜʝ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʝʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʚʝʣʠʢʠʤʠ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽ 

ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʾʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [5]. 

ɯʥʜʫʢʪʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʋʇɯ, 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʙʘʟʠʩʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ 

ʪʘ ʨʝʟʠʩʪʦʨʘʤʠ [82]. ʋʇɯ ʧʝʨʝʪʚʦʨʶʶʪʴ ʻʤʥʽʩʥʠʡ ʽʤʧʝʜʘʥʩ ʫ ʽʥʜʫʢʪʠʚʥʠʡ, 

ʜʦʟʚʦʣʷʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʟʙʫʪʠʩʷ ʛʨʦʤʽʟʜʢʠʭ ʢʦʪʫʰʦʢ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʩʭʝʤʫ ʟʘ ʽʥʪʝʛʨʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʇʨʦʪʝ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʘʢʪʠʚʥʠʭ 

RC-ʬʽʣʴʪʨʽʚ ʥʘ ʩʫʯʘʩʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʟʘ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʜʦ ʜʝʩʷʪʢʽʚ ʤʝʛʘʛʝʨʮ.  



30 

ʈʝʞʠʤ 

ʚʠʤ̔ʨʁ ʚʘʥʥ̫

ɿ ʝʣʝʤʝʥʪʦʤ 

ʧʘʤô̫ʪ̔

ɺ ʨʝʞʠʤ̔ ʛʝʥʝʨʘʮ̔ʾ
ɺ ʨʝʞʠʤ̔ 

ʚ̔ʜʜʟʝʨʢʘʣʝʥʥ̫

ʋʇɯ

ɺʟʘ̒ʤʥ̔ʅʝʚʟʘ̒ʤʥ̔

ɺʝʨʭʥ̔ʭ ʯʘʩʪʦʪ, ʥʠʞʥ̔ʭ 

ʯʘʩʪʦʪ, ʩʤʫʛʦʚ̔, 

ʟʘʛʦʨʦʜʞʫʁ ʯ̔, 

ʩʢʣʘʜʥʦʯʘʩʪʦʪʥ̔

ʃʦʛ̔ʯʥ̔ 

ʝʣʝʤʝʥʪʠ
ʇʦʤʥʦʞʫʚʘʯ̔ 

ʥ̔ʜʫʢʪʠʚʥʦʩʪ̔

ɸʢʪʠʚʥ̔ ʅʘʧ̔ʚʘʢʪʠʚʥ̔

ʈʘʜ̔ʦʯʘʩʪʦʪʥ̔

ɯʤ̔ʪʘʥʩʥ̔

ʆʧʪʦʤ̔ʪʘʥʩʥ̔

ʌʣ̔ɹʪʨʠ

ʌ̔ʢʩʦʚʘʥ̔ ʂʝʨʦʚʘʥ̔

ʌʫʥʢʮ̔ʦʥʘʣɹʥ̔

ʈʘʜ̔ʦʯʘʩʪʦʪʥ̔ 

ʜʘʚʘʯ̔

ʇʘʩʠʚʥ̔

ʈʝʞʠʤ 

ʢʦʥʪʨʦʣʁ

ʙʝʟ ʝʣʝʤʝʥʪʘ 

ʧʘʤô̫ʪ̔
 

 

ʈʠʩʫʥʦʢ 1.9 ð ɻʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ  
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ʇʝʨʝʚʘʞʥʦ ʜʦʙʨʦʪʥʽʩʪʴ ʘʢʪʠʚʥʠʭ ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ, ʚʦʥʠ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʽ, ʘ ʾʭ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʦʜʥʦʯʘʩʥʦʾ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʨʘʟʫ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ (ʨʝʟʠʩʪʦʨʽʚ ʘʙʦ ʻʤʥʦʩʪʝʡ), ʱʦ 

ʥʝʟʨʫʯʥʦ ʧʨʠ ʾʭ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ. ʊʦʤʫ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʢʪʠʚʥʠʭ ʩʤʫʛʦʚʠʭ 

RC-ʬʽʣʴʪʨʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʾʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʯʘʩʪʦʪʠ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʥʚʝʨʪʦʨʠ ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ. ʉʭʝʤʫ ʘʢʪʠʚʥʦʛʦ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ ʥʝʾ ʛʽʨʘʪʦʨʘ [83 ï 89].  

ɼʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʥʘʟʘʜ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʢʦʥʚʝʨʪʦʨʠ ʚʽʜôʻʤʥʦʛʦ 

ʽʤʧʝʜʘʥʩʫ, ʷʢʽ ʚ ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʘʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʚʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʽʜôʻʤʥʦʤʫ  ʥʝʦʙʭʽʜʥʦʤʫ 

ʽʤʧʝʜʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʂʅɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʪʘ ʨʝʟʠʩʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʘʩʠʚʥʠʭ ʩʭʝʤ. ʉʧʦʯʘʪʢʫ ʚʦʥʠ ʙʫʣʠ 

ʟʘʜʫʤʘʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʨʦʪʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʅɺʏ 

ʜʽʘʧʘʟʦʥʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʚ ʨʘʟʽ ʚʨʘʭʫʚʘʥʥʷ ʧʘʨʘʟʠʪʥʠʭ ʝʬʝʢʪʽʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ [90, 

91].  

ʅʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʅɯ ʥʘʣʘʰʪʦʚʫʚʘʣʴʥʠʡ ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ 

ʟ ʧʦʩʪʽʡʥʦʶ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ [92] (ʨʠʩ. 1.10). ʋ ʪʘʢʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ 

ʬʽʣʴʪʨʽʚ ʂʅɯ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʘʩʠʚʥʠʭ 

ʣʘʥʮʶʛʘʭ. ɺʽʜôʻʤʥʠʡ ʦʧʽʨ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʽʧʦʣʷʨʥʠʭ, ʪʘʢ ʽ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʚʢʣʶʯʝʥʠʭ ʟʘ ʩʭʝʤʦʶ ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ 

ʪʘ ʝʤʽʪʝʨʦʤ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʽʜôʻʤʥʠʡ ʦʧʽʨ ʤʘʻ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ, ʚʠʥʠʢʘʻ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʭʝʤʠ, ʷʢʘ ʚʠʤʘʛʘʻ ʚʚʝʜʝʥʥʷ ʚ ʩʭʝʤʫ ʜʦʜʘʪʢʦʚʠʭ ʢʽʣ ʢʦʤʧʝʥʩʘʮʽʾ.    

ʋ ʨʦʙʦʪʽ [93] ʨʦʟʨʦʙʣʝʥʦ ʘʢʪʠʚʥʠʡ ʩʤʫʛʦʧʨʦʧʫʩʢʘʶʯʠʡ ʬʽʣʴʪʨ. ɼʘʥʠʡ ʬʽʣʴʪʨ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʂʅɯ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʧʦʣʴʦʚʦʤʫ HEMT ʪʨʘʥʟʠʩʪʦʨʽ, ʚʚʽʤʢʥʝʥʦʤʫ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ. 

ʎʝʥʪʨʘʣʴʥʘ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʬʽʣʴʪʨʘ ʩʢʣʘʜʘʻ 22,6 ɻɻʮ, ʘ ʰʠʨʠʥʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 900 ʄɻʮ. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʾ ʩʭʝʤʠ ʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʰʫʤʫ 

ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ 17 ɼʙ ʧʨʠ ʯʘʩʪʦʪʽ 21,2 ɻɻʮ (ʨʠʩ. 1.11).  



32 

VT1 VT2

R1 R2C1

C2

C3 C4

C5

C6

C7
C8 ɺʠʭʽʜɺʭʽʜ

VT1
VT2

C1

C2 C3 C4

C5 C6 C7

C8 C9

L1 L2

L3 L4

 

ʘ)       ʙ) 

 

ʈʠʩʫʥʦʢ 1.10 ð ɸʢʪʠʚʥʠʡ ʩʤʫʛʦʧʨʦʧʫʩʢʥʠʡ ʬʽʣʴʪʨ ʟ ʧʦʩʪʽʡʥʦʶ ʩʤʫʛʦʶ 

ʧʨʦʧʫʩʢʘʥʥʷ ʥʘ ʙʽʧʦʣʷʨʥʠʭ (ʘ)  ̔ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʙ) 
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ʈʠʩʫʥʦʢ 1.11 ð ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʚʠʤʽʨʷʥʠʭ ʚʪʨʘʪ, ʷʢʽ ʚʥʦʩʷʪʴʩʷ ʚ 

ʩʭʝʤʫ ʬʽʣʴʪʨʘ, ʪʘ ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ ʾʾ ʚʭʽʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ HEMT-ʩʪʨʫʢʪʫʨʠ 

 

ʋ ʨʦʙʦʪʽ [94] ʈʦʙʝʨʪʩʦʥ ʚʠʢʦʨʠʩʪʘʚ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜôʻʤʥʦʛʦ ʦʧʦʨʫ HBT ʪʘ 

HEMT ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʽ 4,7 ɻɻʮ 

ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚʪʨʘʪ 0,1 ɼʙ. ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʬʽʣʴʪʨʘ ʩʢʣʘʜʘʣʘ ʤʘʡʞʝ 

10 % ʪʘ ʟʘʢʽʥʯʫʚʘʣʘʩʴ ʟʛʘʩʘʥʥʷʤ ʩʤʫʛʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʷʜʢʫ 50 ɼʙ [95]. 

ɸʚʪʦʨʘʤʠ [96] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʰʠʨʝʥʠʡ ʧʽʜʭʽʜ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ ʚ 

ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʘʭ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝ ʣʠʰʝ ʚʽʜôʻʤʥʦʾ ʜʽʡʩʥʦʾ 
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ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʋʇɯ, ʘʣʝ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡʦʛʦ ʨʝʘʢʪʠʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ. ɸʧʘʨʘʪʥʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʘʢʪʠʚʥʠʭ ʽʤʧʝʜʘʥʩʥʠʭ 

ʧʨʦʬʽʣʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʩʦʙʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ 

ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ (ʨʠʩ. 1.12ʘ). ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʷʚʥʫ 

ʩʢʣʘʜʦʚʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʥʘʜ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʬʽʣʴʪʨʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʽʤʧʝʜʘʥʩʫ ʦʜʥʦʯʘʩʥʦ 

ʢʦʤʧʝʥʩʫʻ ʚʪʨʘʪʠ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ (ʨʠʩ. 1.12ʙ). 
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ʘ)      ʙ) 

 

ʈʠʩʫʥʦʢ 1.12 ð ʉʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ʽʤʧʝʜʘʥʩʥʦʛʦ ʧʨʦʬʽʣʷ (ʘ) ʽ ʪʦʧʦʣʦʛʽʷ 

ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ (ʙ) 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʬʽʣʴʪʨ ʜʦʩʷʛʘʻ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 14,62 ɻɻʮ ʽʟ ʚʪʨʘʪʘʤʠ, 

ʨʽʚʥʠʤʠ 0 ɼʙ. ʐʠʨʠʥʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʩʢʣʘʜʘʻ 60 ʄɻʮ, ʘ ʽʟʦʣʷʮʽʷ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ ʧʦʨʷʜʢʫ 42 ɼʙ. 

ʇʝʨʝʚʘʛʘʤʠ ʘʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʻ: ʥʝʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʽ ʤʘʩʘ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ 

ʧʨʠ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʚʠʩʦʢʘ ʚʠʙʽʨʢʦʚʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʧʽʜʩʠʣʶʚʘʯʘʤʠ, ʟʤʽʰʫʚʘʯʘʤʠ, ʛʝʥʝʨʘʪʦʨʘʤʠ, ʽ ʪ. ʜ., ʤʦʞʣʠʚʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ, ʥʝʣʽʥʽʡʥʽʩʪʴ, 

ʟʘʛʨʦʟʘ ʩʘʤʦʟʙʫʜʞʝʥʥʷ, ʩʢʣʘʜʥʘ ʩʭʝʤʘ ʟʤʽʱʝʥʥʷ ʪʘ ʚʝʣʠʢʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʟʘ 
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ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʨʦʟʢʠʜ ʧʘʨʘʤʝʪʨʽʚ ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʧʫʩʢʽʚ, 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [68]. 

 

1.3.2 ʇʦʤʥʦʞʫʚʘʯʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ  

 

ʇʦʤʥʦʞʫʚʘʯʝʤ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʘʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, 

ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʤʽʞ ʦʜʥʽʻʶ ʽʟ ʢʣʝʤ ʷʢʦʛʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧʽʜʢʣʶʯʝʥʦʾ ʜʦ ʽʥʰʦʾ ʧʘʨʠ ʡʦʛʦ ʢʣʝʤ (ʨʠʩ. 1.13ʘ).  
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ʈʠʩʫʥʦʢ 1.13 ð ʉʭʝʤʘʪʠʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʘ), 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʩʭʝʤʘ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʐʦʪʪʢʽ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ (ʙ) ʪʘ ʩʭʝʤʘ 

ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʚ) 

 

ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʻ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʢʦʥʚʝʨʪʦʨ ʽʤʽʪʘʥʩʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʧʦʤʥʦʞʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ. 

ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʘʢʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ [97]:KL = L2/L1, ʜʝ ,  ï ʧʦʤʥʦʞʫʚʘʣʴʥʘ ʪʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ʄʦʞʣʠʚʽ, ʷʢ ʤʽʥʽʤʫʤ, ʜʚʘ ʥʘʧʨʷʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʤʥʦʞʫʚʘʯʽʚ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ʇʝʨʰʠʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ ʽʥʜʫʢʪʠʚʥʠʭ 

ʩʝʥʩʦʨʽʚ [98], ʘ ʜʨʫʛʠʡ ʜʦʟʚʦʣʷʻ ʧʨʠ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʚʥʦʛʦ ʢʣʘʩʫ 

ʤʽʢʨʦʩʭʝʤ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ [99].  
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ʋ ʨʦʙʦʪʽ [100] ʘʚʪʦʨ ʨʦʟʛʣʷʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʦʤʥʦʞʫʚʘʯʘ 

ʽʥʜʫʢʪʠʚʥʦʩʪ ̔ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʷʢ ʋʇɯ  

(ʨʠʩ. 1.14). ʅʘʧʨʫʛʘ U2 ʟʥʽʤʘʻʪʴʩʷ ʟ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʦʜʽʣʴʥʠʢʘ R3, R4, ʷʢʠʡ ʞʠʚʠʪʴʩʷ 

ʥʘʧʨʫʛʦʶ U1. ʂʦʝʬʽʮʽʻʥʪ n ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ n=U2/U1 = R4/(R3+R4) ʪʘ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ 0 ʜʦ 1. ɼʘʥʠʡ ʧʦʤʥʦʞʫʚʘʯ ʽʤʽʪʫʻ ʥʘ ʚʭʽʜʥʠʭ ʢʣʝʤʘʭ ʟʘʟʝʤʣʝʥʫ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʥʦʞʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ Lʚʭ.(n) ʪʘ rʚʭ.(n), 

ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1.13ʙ, ʧʨʠ 0ÒnÒ0,8 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʧʦʤʥʦʞʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʤʥʦʞʝʥʥʷ 3,7. ʄʦʞʣʠʚʽʩʪʴ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ L1 ʦʙʤʝʞʫʻʪʴʩʷ 

ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ, ʦʩʢʽʣʴʢʠ ʥʘʧʨʫʛʘ ʥʘ Lʚʭ ʤʝʥʰʘ ʟʘ ʥʘʧʨʫʛʫ ʥʘʩʠʯʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ DA1. ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʩʭʝʤʠ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ̒  ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʭʝʤʠ ʥʘ ʨʠʩ. 1.13ʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʯʘʩʪʦʪʽ 1 ʢɻʮ. 

ɺʚʝʜʝʥʥʷ ʚ ʩʭʝʤʫ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʢʦʣʘ ʢʦʤʧʝʥʩʘʮʽʾ ʜʦʟʚʦʣʷʻ ʫ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʢʝʨʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ ʚʭʽʜʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lʚʭ ʪʘ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʧʦʤʥʦʞʫʚʘʯʘ ʜʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ [101]. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʡʰʣʠ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʛʘʨʤʦʥʽʡʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʟ ʧʦʤʥʦʞʫʚʘʯʝʤ ʽʥʜʫʢʪʠʚʥʦʩʪʽ [102], ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ ʷʢʦʛʦ ʩʢʣʘʜʘʻ  

11 ʢɻʮ, ̔  ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʟʥʘʯʥʦ ʚʠʱʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʚʦʣʦʜʽʶʪʴ ʧʦʤʥʦʞʫʚʘʯʽ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʋʇɯ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʘʚʪʦʨʽʚ ɺʦʡʮʝʭʦʚʩʴʢʦʾ ʆ. ɺ., ʃʘʟʘʨʻʚʘ ʆ. ʆ. ʧʨʠʩʚʷʯʝʥʘ 

ʚʠʚʯʝʥʥʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʧʦʤʥʦʞʫʚʘʯʽʚ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ [103, 104].  

ʋ ʨʦʙʦʪʽ [103] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ ʧʦʤʥʦʞʫʚʘʯʽ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʐʦʪʪʢʽ 3ʇ321ɸ, 

ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ. ɺʝʣʠʯʠʥʘ ʧʝʨʝʪʚʦʨʶʚʘʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lʛ, 

ʷʢ ʽ ʚʝʣʠʯʠʥʘ ʧʝʨʝʪʚʦʨʝʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lʚʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ Ýʊ ʟʘ ʟʤʝʥʰʫʶʪʴʩʷ 

ʟ ʾʾ ʟʨʦʩʪʘʥʥʷʤ (ʨʠʩ. 1.15).  
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L1

+

- DA1

R4

R3

Lʚʭ

rʚʭ

n

Lʚʭ, ʤɻʥrʚʭ, ʆʤ

1.0

0.8

0.6

0.4

0.2

0.2 0.4 0.6  

 

ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 1.14 ð ʇʦʤʥʦʞʫʚʘʯ ʽʥʜʫʢʪʠʚʥʦʩʪʽ (ʘ) ʪʘ ʡʦʛʦ ʚʠʭʽʜʥʽ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙ) 
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0 0,05 0,1 0,15 0,2 0,25 Ýʊ

Lʛ.opt, ʤʢɻʥ

3ʇ321ɸ

Uʟ=2,5 ɺ, ɯʩ = 10 ʤɸ

ʂʊ117

Uɹ2ɹ1=2,5 ɺ, ɯʝ = 15 ʤɸ

15

10

5

0 0,05 0,1 0,15 0,2 0,25 Ýʊ

Lʚʠʭ, ʤʢɻʥ

3ʇ321ɸ

Uʟ=2,5 ɺ, ɯʩ = 10 ʤɸ

ʂʊ117

Uɹ2ɹ1=2,5 ɺ, ɯʝ = 15 ʤɸ

 

ʘ)      ʙ) 

8

6

4

2

0 0,2 0,4 0,6 0,8 Ýʊ

KL

3ʇ321ɸ

Uʟ=2,5 ɺ, ɯʩ = 10 ʤɸ

ʂʊ117

Uɹ2ɹ1=2,5 ɺ, ɯʝ = 15 ʤɸ

 

ʚ) 

 

ʈʠʩʫʥʦʢ 1.15 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʥʦʾ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lʛ.opt (ʘ), ʧʝʨʝʪʚʦʨʝʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Lʚʠʭ (ʙ) ʪʘ ʢʦʝʬʽʮʽʥʪʘ 

ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʂL (ʚ) 
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ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 1 - 10 ɻɻʮ ʟʨʦʩʪʘʻ 

ʥʘ 10% ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ 3,6 ʦʜʠʥʠʮʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʚʦʢʘʩʢʘʜʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʘʢʠʭ ʧʦʤʥʦʞʫʚʘʯʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ KL ʚʣʘʩʪʠʚʠʡ ʩʭʝʤʽ ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 

1.15ʚ [68]. ʂʦʝʬʽʮʽʻʥʪ ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʡ ʚʝʣʠʯʠʥʠ 

ʧʦʤʥʦʞʝʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦʤʥʦʞʝʥʥʷ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʣʘʩʪʠʚʠʡ ʩʭʝʤʽ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʾʾ ʚʠʚʦʜʽʚ L1=0,5 ʥɻʥ. ɿ ʨʦʩʪʦʤ L1 

ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦʤʥʦʞʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʟʚʫʞʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʤʥʦʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʦʤʥʦʞʝʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 0,8 ʥɻʥ, ʽ ʩʪʘʥʦʚʠʪʴ 

KL = 3,9 ʥʘ ʯʘʩʪʦʪʽ 40 ɻɻʮ. 

 

1.3.3 ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ  

 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʷʢ ʙʘʟʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʣʦʛʽʯʥʠʭ ʩʭʝʤ. ʇʨʠ ʯʦʤʫ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʋʇɯ 

ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʘʨʘʤʝʪʨ 

ʯʘʩʪʦʪʫ) [105 ï 107], ʪʘʢ ʡ ʽʤʽʪʘʥʩʥʠʤʠ [108 ï 110], ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨ ʽʤʽʪʘʥʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʜʦʜʘʪʥʠʡ 

ʘʙʦ ʚʽʜôʻʤʥʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ (R(+), R(-)), ʻʤʥʽʩʪʴ (ʉ(+), ʉ(-)) ʘʙʦ  

ʽʥʜʫʢʪʠʚʥʽʩʪʴ (L(+), L(-)). 

ʇʨʠʢʣʘʜʦʤ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʻ ʩʭʝʤʘ ʯʘʩʪʦʪʥʦʛʦ ʣʦʛʽʯʥʦʛʦ 

ʝʣʝʤʝʥʪʫ çɯè, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.16. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʽʥʞʝʢʮʽʡʥʦ-

ʧʨʦʣʽʪʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ʟʽ ʩʧʽʣʴʥʠʤ 

ʚʠʪʦʢʦʤ, ʷʢʠʡ ʟʤʽʥʶʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʽʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ ʥʘ ʢʦʥʚʝʨʪʦʨ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʝʤʽʪʝʨʽ. ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ ʮʴʦʛʦ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʘʥʠʯʥʦʶ ʯʘʩʪʦʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʩʢʣʘʜʘʻ 3 ɻɻʮ. ʇʦʪʫʞʥʽʩʪʴ 

ʩʠʛʥʘʣʫ ʥʘʩʠʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʩʢʣʘʜʘʻ 10-4 ɺʪ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʥʘʧʨʫʛʠ ʩʢʣʘʜʘʻ 

1,3, ʯʘʩ ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʩʪʘʥʦʚʣʷʪʴ 5 ʥʩ [105, 38]. ʈʘʜʽʦʯʘʩʪʦʪʥʽ 

ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʰʚʠʜʢʦʜʽʶ, ʦʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʪʘʢʠʭ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʟʠʩʪʦʨʽʚ. 
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ʈʠʩʫʥʦʢ 1.16 ð ʈʘʜʽʦʯʘʩʪʦʪʥʠʡ ʣʦʛʽʯʥʠʡ ʝʣʝʤʝʥʪ çɯè 

 

ɿʥʘʯʥʦ ʢʨʘʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʣʦʜʽʶʪʴ ʽʤʽʪʘʥʩʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʘʨʘʢʪʝʨ ʽʤʽʪʘʥʩʫ.  ɺ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ 

ʪʘʢʠʭ ʣʦʛʽʯʥʠʭ ʩʭʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʋʇɯ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ [111].  

ʇʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʤʽʪʘʥʩʥʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ɯʃɽ) ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʦʤʫ, ʱʦ ʚʽʜʧʦʚʽʜʥʠʡ ʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʟʘʜʘʻʪʴʩʷ ʥʝ ʢʽʣʴʢʽʩʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʽʤʽʪʘʥʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ ʣʠʰʝ ʡʦʛʦ ʭʘʨʘʢʪʝʨʦʤ ʘʙʦ ʟʥʘʢʦʤ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ɯʃɽ [112]. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʣʦʛʽʯʥʠʡ ʩʪʘʥ ʩʭʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʝ ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʛʠ, ʘ ʭʘʨʘʢʪʝʨʦʤ ʽʤʽʪʘʥʩʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʰʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʧʦʜʘʥʥʷ 

ʣʦʛʽʯʥʦʛʦ ç0è ʽ ç1è [63].  

ʇʨʠʢʣʘʜʦʤ ʽʤʽʪʘʥʩʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʽʥʜʫʢʪʠʚʥʠʡ ʽʤʽʪʘʥʩʥʠʡ L-

ʝʣʝʤʝʥʪ çɸɹʆè (ʨʠʩ. 1.17) [113]. ʅʝ ʷʚʣʷʶʯʠʩʴ ʢʦʥʢʫʨʝʥʪʦʤ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ 

ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ɯʃɽ ʫ ʦʙʣʘʩʪʽ ʅɺʏ ʦʢʨʽʤ ʚʠʩʦʢʦʾ ʟʘʚʘʜʦʩʽʪʡʢʦʩʪʽ ʤʘʶʪʴ 

ʪʘʢʦʞ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʙʦʪʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʥʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʤʽʥʠ ʨʦʙʦʯʦʾ ʪʦʯʢʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʨʠʣʘʜʫ [112]. 
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ʈʠʩʫʥʦʢ 1.17 ð ɯʤʽʪʘʥʩʥʠʡ ʣʦʛʽʯʥʠʡ L ï ʝʣʝʤʝʥʪ çɸɹʆè (ʘ) ʪʘ ʡʦʛʦ 

ʪʘʙʣʠʮʷ ʽʩʪʠʥʥʦʩʪʽ (ʙ) 

 

ɺʽʜʥʦʩʥʦ ʥʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʦʽʤʽʪʘʥʩʥʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʆʃɽ). ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ 

ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚʥʝʩʣʠ ʧʨʘʮʽ ʪʘʢʠʭ ʘʚʪʦʨʽʚ ʷʢ ʌʫʨʩʘ ʉ. ɭ., ʃʽʱʠʥʩʴʢʘ ʃ. ɹ., ʌʽʣʠʥʶʢ 

ʄ. ɸ. ʪʘ ʽʥ [114 ï 116]. ɿʘ ʚʭʽʜʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʘʨʘʤʝʪʨ ʆʃɽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʌ. ʃʦʛʽʯʥʽʡ ç1è ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ ʌÍ0, 

ʷʢ ʣʦʛʽʯʥʠʡ ç0è ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʌ=0. ɿʘ ʚʠʭʽʜʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʭʘʨʘʢʪʝʨ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʚʥʦʛʦ ʽʤʽʪʘʥʩʫ ʘʙʦ ʟʥʘʢ 

ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ [116]. 

ʆʧʪʦʽʤʪ̔ʘʥʩʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ 

ʚ̔ʜʝʦ̔ʤʧʫʣʴʩʥʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʦʧʪʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʙʦ 

ʧʨʠʡʤʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʇʦ-

ʧʝʨʰʝ, ʚʽʜʝʦʽʤʧʫʣʴʩʥʽ ʢʣʶʯʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʘʢʠʭ ʝʣʝʤʝʥʪʘʭ, 

ʧʨʘʮʶʶʪʴ ʚ ʥʝʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʰʚʠʜʢʦʜʽʶ. ʇʦ-ʜʨʫʛʝ, ʫʩʧʽʰʥʘ 

ʚʟʘ̒ʤʦʜʽʷ ʦʧʪʠʯʥʠʭ ʪʘ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʘʛʘʻ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʤʽʥʠ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʢʣʶʯʦʚʦʾ 

ʩʭʝʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʙʨʦʪʥʽʩʪʴ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʍ1 ʍ2 Y 

0 0 0 0 0 0 

L 1 L 1 L 1 

L 1 R 0 L 1 

L 1 C 0 L 1 

R 0 L 1 L 1 

C 0 L 1 L 1 
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ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʩʦʢʦʶ [117]. ɸʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʽʤʽʪʘʥʩʥʦʾ ʣʦʛʽʢʠ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʢʚʘʟʽʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤ,̔ ʱʦ ʯʘʩʪʢʦʚʦ ʜʦʟʚʦʣʷʻ 

ʧʦʜʦʣʘʪʠ ʟʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ.  

 

1.3.4 ʈʘʜʽʦʯʘʩʪʦʪʥʽ ʜʘʚʘʯʽ  

 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ, ʤʘʰʠʥʘʤʠ, ʤʝʭʘʥʽʟʤʘʤʠ ʚʠʤʘʛʘʶʪʴ ʯʠʩʣʝʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. ɼʘʚʘʯʽ ʻ ʝʣʝʤʝʥʪʘʤʠ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʩʠʛʥʘʣʽʟʘʮʽʾ, ʨʝʛʫʣʶʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ ʘʙʦ 

ʧʨʦʮʝʩʘʤʠ [118]. ʈʽʟʥʠ ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʚʘʯʽʚ ʚʠʩʚʽʪʣʝʥʽ ʚ 

ʯʠʩʣʝʥʥʠʭ ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʘʚʪʦʨʽʚ [119 ï 129]. 

ɻʝʥʝʨʘʪʦʨʥʠʡ ʜʘʚʘʯ [130] ï ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʪʘ 

ʨʝʛʫʣʴʦʚʘʥʫ ʚʝʣʠʯʠʥʫ ʫ ʪʘʢʠʡ ʚʠʛʣʷʜ ʩʠʛʥʘʣʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ ʜʣʷ ʚʧʣʠʚʫ 

ʥʘ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɺ ʥʘʡʙʽʣʴʰ 

ʟʘʛʘʣʴʥʦʤʫ ʬʦʨʤʫʣʶʚʘʥʥʽ ʧʨʠʩʪʨʽʡ ʟʜʽʡʩʥʶʻ ʦʧʝʨʘʮʽʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥʠ 

ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ ñʍò ʚ ʤʥʦʞʠʥʫ ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʭʦʜʽ ñYò, ʧʨʠ ʮʴʦʤʫ ʮʝ 

ʚʜ̔ʦʙʨʘʞʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʠʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʘʚʘʯ ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʷʢ  ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ  ̔ʧʝʨʝʪʚʦʨʶʚʘʯ. ʏʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʞʝ ʙʫʪʠ 

ʨʝʟʠʩʪʦʨ, ʢʦʥʜʝʥʩʘʪʦʨ, ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧôʻʟʦʨʝʟʦʥʘʪʦʨ, ʝʣʝʤʝʥʪ ʍʦʣʣʘ 

ʪʦʱʦ. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʥʘʡʧʨʦʩʪʽʰʝ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʽʤʽʪʘʥʩʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ 

ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʝʣʝʤʝʥʪʽʚ ʚ ʢʦʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ; ʮʽ 

ʟʚôʷʟʢʠ ʻ ʚʥʫʪʨʽʰʥʽʤʠ [131]. 

ʋ ʨʦʙʦʪʽ [132] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʘʚʘʯ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʦʜʦʤ (ʨʠʩ. 1.18). ɺ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʜʘʚʘʯʘ ʣʝʞʠʪʴ ʦʜʥʦʪʨʘʥʟʠʩʪʦʨʥʠʡ ʋʇɯ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʙʽʧʦʣʷʨʥʦʤʫ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʽ, ʚʚʽʤʢʥʝʥʦʤʫ ʟʘ ʩʭʝʤʦ  ʁ ʟʽ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ, ʚ ʢʦʣʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʷʢʦʛʦ ʚʚʝʜʝʥʘ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ  ̔ ʬʦʪʦʨʝʟʠʩʪʦʨ. 
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ʊʨʘʥʟʠʩʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʦʧʽʨ ʢʦʪʫʰʢʠ ʽʥʜʫʢʪʠʚʥʦʩʪʽ  ̔ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʫ 

ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ ʟ ʚʽʜôʻʤʥʦʶ ʜʽʡʩʥʦʶ ʩʢʣʘʜʦʚʦʶ  ̔ʨʝʘʢʪʠʚʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʽʥʜʫʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʠʭʽʜʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʨʝʟʦʥʫʻ ʟ ʧʘʨʘʣʝʣʴʥʦ-

ʚʚʽʤʢʥʝʥʦʶ ʻʤʥʽʩʪʶ ʽ ʟʘʙʝʟʧʝʯʫ ̒ʙʘʣʘʥʩ ʬʘʟ, ʘ ʚ̔ ʜôʻʤʥʠʡ ʘʢʪʠʚʥʠʡ ʚʠʭʽʜʥʠʡ ʦʧʽʨ 

ʢʦʤʧʝʥʩʫʻ ʘʢʪʠʚʥʽ ʚʪʨʘʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʘʤʧʣʽʪʫʜ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʛʝʥʝʨʘʮʽʾ ʩʭʝʤʠ.  
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ʈʠʩʫʥʦʢ 1.18 ð ɺʠʩʦʢʦʯʘʩʪʦʪʥʘ ʯʘʩʪʠʥʘ ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʜʘʚʘʯʘ 

ʦʧʪʠʯʥʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ (ʘ) ʪʘ ʚʧʣʠʚ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʯʘʩʪʦʪʫ 

ʛʝʥʝʨʘʮʽʾ ʜʘʚʘʯʘ (ʙ) 

 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʌ=(0õ100)Ö10-6 ʃʤ, ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʚʠʢʣʠʢʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ Zʝʢ 

ʤʽʞ ʝʤʽʪʝʨʥʠʤ ʪʘ ʢʦʣʝʢʪʦʨʥʠʤ ʚʠʚʦʜʘʤʠ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʛʝʥʝʨʘʮʽʾ. ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʫʪʣʠʚʽʩʪʴ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʮʽʾ ʜʘʚʘʯʘ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʘ ʩʢʣʘʜʘʻ ʣʠʰʝ -0,031. ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʜʘʚʘʯʘ ʩʢʣʘʜʘʻ 2,5 ʤɺʪ. ɼʦ ʥʝʜʦʣʽʢʫ ʜʘʥʦʾ ʩʭʝʤʠ ʚʽʜʥʦʩʠʪʴʩʷ ʾʾ ʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ ʥʝʧʨʠʜʘʪʥʦʶ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫ ʽʥʪʝʛʨʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʚ ʩʭʝʤʽ ʽʥʜʫʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ. 
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ʋ ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʧʝʨʝʭʽʜʥʦʛʦ ʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʽʚ, 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ [133], ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʧʝʨʝʜʥʽʤ ʜʘʚʘʯʝʤ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ,  

ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ ʥʘʚʧʘʢʠ - ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʘʥʠʡ ʩʝʥʩʦʨ 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʧʝʨʝʭʽʜʥʦʛʦ ʪʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʻ 

ʪʝʨʤʦʯʫʪʣʠʚʠʤ. ʊʝʨʤʦʯʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʫ ʩʢʣʘʜʘʻ 300 ɻʮ/ʛʨʘʜ. ɼʣʷ ʩʝʥʩʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʣʘʩʪʠʚʘ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʮʴʦʛʦ ʩʝʥʩʦʨʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘʚʽʪʴ ʟʘ ʜʽʾ ʨʘʜʽʘʮʽʾ: ʪʨʘʥʟʠʩʪʦʨʠ 

ʦʧʨʦʤʽʥʶʚʘʣʠ ʧʦʪʦʢʦʤ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 5 ʄʝɺ, ɔ-ʢʚʘʥʪʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 1 ʄʝɺ ʪʘ 

ʧʦʪʦʢʦʤ ʥʝʡʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 1,1 ʄʝɺ. 

ɿʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʘʚʘʯʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʨʝʟʠʩʪʠʚʥʠʤʠ ʤʦʩʪʘʤʠ [131]. ɺʢʣʶʯʝʥʥʷ ʚ 

ʩʭʝʤʫ ʜʘʚʘʯʘ ʥʘ ʨʠʩ. 1.19 ʟʘʤʽʩʪʴ ʨʝʟʠʩʪʦʨʽʚ R2, R3, R4, R6 ʢʨʝʤʥʽʻʚʦʛʦ 

ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʩʝʥʩʦʨʘ ʧʨʠʚʦʜʠʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʜʘʚʘʯʘ ʚʽʜ 2,2 ʜʦ 

5,7 ʤʢʩ ʧʨʠ ʟʤʽʥʽ ʤʘʩʠ, ʜʽʶʯʦʾ ʥʘ ʩʝʥʩʦʨ, ʟ 0 ʜʦ 22 ʛ. ʇʨʠ ʮʴʦʤʫ ʯʫʪʣʠʚʽʩʪʴ ʜʘʚʘʯʘ 

ʩʢʣʘʜʘʻ 1,2 ʦʜʠʥʠʮʽ. 

ʂʨʽʤ ʪʦʛʦ, ʩʭʝʤʘ ʜʘʚʘʯʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʣʽʥʽʡʥʽʩʪʶ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʽʦʜʘ 

ʢʦʣʠʚʘʥʴ ʚʽʜ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ ʤʦʩʪʘ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʤʽʪʘʥʩʫ, ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ, ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ [134, 135], ʧôʻʟʦʨʝʟʠʩʪʠʚʥʠʭ ʩʝʥʩʦʨʘʭ ʪʠʩʢʫ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ [136]. ʋ ʨʦʙʦʪʽ [135] ʦʧʠʩʫʶʪʴʩʷ ʥʝʩʪʘʥʜʘʨʪʥʽ ʰʣʷʭʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʋʇɯ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʞʠʤʽ ʟʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʽʪʘʥʩʫ ʷʢ ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʎʝ, 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ  ʩʧʨʷʤʫʚʘʥʥʷ ʩʪʨʫʤʫ ʜʦ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʨʝʟʠʩʪʠʚʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʚʘʯʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0 ʜʦ 100 ƺʉ ̔ ʧʦʢʘʟʘʣʠ ʛʘʨʥʫ ʢʦʨʝʣʷʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʏʫʪʣʠʚʽʩʪʴ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʚʠʩʦʢʦʶ ʽ ʩʢʣʘʜʘʻ 4 ɺ/ƺʉ, ʘ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ 

ʧʨʠʩʪʨʦʶ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 100 ʄɻʮ.  
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ʋ ʨʦʙʦʪʽ [137] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʘʚʘʯ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʫ. ʎʝʡ ʜʘʚʘʯ 

ʬʫʥʢʮʽʦʥʫʻ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ. 

ʋʇɯ ʤʽʩʪʠʪʴ ʟʤʽʥʥʠʡ ʨʝʟʠʩʪʦʨ, ʷʢʠʡ ʟʤʽʥʶʻ ʩʚʦ ̒ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʫ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʘʚʘʯʘ ʧʦʜʘʻʪʴʩʷ ʚ ʯʘʩʪʦʪʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʚʜʷʢʠ 

ʝʣʝʤʝʥʪʫ PSoC ʟ ʬʫʥʢʮʽʻʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʏʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ ʜʘʚʘʯʘ, ʨʘʟʦʤ ʽʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʨʘʭʫʥʢʫ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤʠ ʟʘʩʦʙʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʛʘʟʫ.  
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ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 1.19 ð ɼʘʚʘʯ ʪʠʩʢʫ (ʘ) ʪʘ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʦʛʦ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʚʽʜ 

ʦʧʦʨʫ R4 (ʙ) 

 

ʇʝʨʝʚʘʛʘʤʠ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʋʇɯ ʻ ʾʭ 

ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʫ, ʚʠʩʦʢʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʩʪʴ [138]. ɼʘʚʘʯʽ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ 

ʨʝʘʣʽʟʦʚʘʥʽ ʟ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʽʜʤʦʚʠʪʠʩʷ 

ʚʽʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʎʝ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʟʠʪʴ ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ 

ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ [139]. ʂʨʽʤ ʪʦʛʦ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʪʨʝʙʘ ʫ 

ʚʠʩʦʢʦʽʥʪʝʛʨʦʚʘʥʠʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʝʥʩʦʨʘʭ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʰʠʨʝʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʢʦʥʪʨʦʣʶ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. ɺʞʝ ʩʴʦʛʦʜʥʽ ʩʝʥʩʦʨʥʽ 

ʤʝʨʝʞʽ ʽ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʜʘʚʘʯʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʘ 
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ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʽ, ʫ ʩʬʝʨʽ ʨʦʟʚʘʛ, ʙʝʟʧʝʢʠ ʽ ʟʘʭʠʩʪʫ [140- 

142, 126]. ɿʨʦʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ ʚ ʢʦʥʪʨ-ʪʝʨʦʨʠʩʪʠʯʥʠʭ 

ʦʧʝʨʘʮʽʷʭ, ʚʽʜʩʪʝʞʝʥʥʽ ʚʘʥʪʘʞʽʚ ʪʘ ʙʽʦʤʝʪʨʽʾ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʽʜʯʫʚʘʪʠ ʢʘʪʘʩʪʨʦʬʫ, 

ʱʦ ʥʘʩʫʚʘʻʪʴʩʷ, ʾʾ ʧʨʠʨʦʜʫ, ʥʘʷʚʥʽʩʪʴ ʧʘʩʘʞʠʨʽʚ, ʾʭ ʧʦʣʦʞʝʥʥʷ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʟʘʩʦʙʽ, ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʧʦʜʫʰʦʢ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʩʠʣʫ ʽ ʰʚʠʜʢʽʩʪʴ ʾʭʥʴʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ [127, 128]. ɺʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʚʩʝʙʽʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʱʦ ʽ ʟʫʤʦʚʠʣʦ ʦʙʨʘʥʥʷ 

ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

1.4 ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ  

 

ʗʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʦʢʨʝʤʘ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʢʦʨʝʢʪʥʦ ʮ ̫ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

 

1.4.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ [143 ï 145].  

ɺʨʘʭʦʚʫʶʯʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʩʬʦʨʤʫʣʶʚʘʥ ̔ ʪʘʢʽ ʚʠʤʦʛʠ ʜʦ 

ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ [146]: 

ï ʧʦʢʘʟʥʽʩʪʴ ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʩʪʨʦʶ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʮʽʣʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ; 

ï ʯʠʩʝʣʴʥʽʩʪʴ ï ʚʠʨʘʞʝʥʥʷ ʫ ʯʠʩʝʣʴʥʽʡ ʬʦʨʤʽ; 

ï ʢʦʥʢʨʝʪʥʽʩʪʴ ï ʥʘʷʚʥʽʩʪʴ ʯʽʪʢʦʛʦ ʪʘ ʷʩʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ; 

ï ʛʨʘʥʠʯʥʽʩʪʴ ï ʥʘʷʚʥʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʞ; 

ï ʧʨʦʩʪʦʪʘ ʪʘ ʥʘʦʯʥʽʩʪʴ; 

ï ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ɯʇ; 
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ï ʧʨʦʛʥʦʟʦʚʘʥʽʩʪʴ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ; 

ï ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ï ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʠʤʦʛ; 

ï ʦʧʪʠʤʘʣʴʥʽʩʪʴ ïʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ; 

ï ʢʦʤʧʣʝʢʩʥʽʩʪʴ. 

ɸʥʘʣʽʪʠʯʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ [143], ʱʦ ʜʦʨʽʚʥʶʻ 

 

ʚʠʪʨʘʪʄʽʥʽʤʫʤ

ʝʬʝʢʪʫʄʘʢʩʠʤʫʤ
Ke= . 

 

ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʥʘʡʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʯʘʩʫ, ʩʤʫʛʠ ʯʘʩʪʦʪ, ʝʥʝʨʛʽʾ, ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʪ. ʽʥ. ʆʩʥʦʚʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫ ̒ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʯʠ 

ʩʠʩʪʝʤʠ), ʻ ʢʽʣʴʢʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʦʾ ʥʠʤ ʽʥʬʦʨʤʘʮʽʾ ɯ. ɹʽʣʴʰʽʩʪʴ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʾʭ ʚʘʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʛʣʷʜʫ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ɯʇ. 

ʆʮʽʥʶʶʯʠ ʤʽʥʽʤʫʤ ʚʠʪʨʘʪ ʫʟʘʛʘʣʴʥʝʥʦʶ ʚʘʨʪʽʩʪʶ ʉ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɯʇ, ʦʪʨʠʤʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʂʝ1=ɯ/ʉ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚ [143] ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ ʷʢ 

ʂʝ1ʧ=ɯmax/ʉmin. ʊʦʜʽ ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ  

ɯ. ɺ. ʂʫʟʴʤʽʥʘ ɽ= ʂʝ1/ ʂʝ1ʧ=ɯĀʉmin/ʉĀɯmax. 

ɺʽʜʥʦʰʝʥʥʷ ɯ/ɯmax=hɯ ʚʽʜʧʦʚʽʜʘʻ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʂʂɼ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʚʽʜʥʦʰʝʥʥʷ ʉmin/ʉ=hʉ ï ʝʢʦʥʦʤʽʯʥʦʤʫ ʂʂɼ, ʦʪʞʝ ɽ=hɯĀhʉ. 

ʗʢʱʦ ʧʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʨʦʟʛʣʷʜʘʪʠ 

ʚʝʣʠʯʠʥʫ ɯ/ʉ, ʘ ʟʘ ʤʽʥʽʤʫʤ ʚʠʪʨʘʪ ï ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ W ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʘ 

ʩʠʛʥʘʣʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʚ ʫʟʘʛʘʣʴʥʝʥʽʡ ʚʘʨʪʦʩʪʽ ʉ, ʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯʇ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʂʝ2=ɯ/ʉĀW. ɺʚʽʚʰʠ ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 



46 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ɯʇ ʫ ʚʠʛʣʷʜʽ ʂʝ2ʧ= ɯmax/ʉminWmin, ʦʪʨʠʤʘʻʤʦ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ: ɽ=ɯʉminWmin/ɯmaxʉW. ʇʦʟʥʘʯʠʚʰʠ 

Wmin/W=hW ï ʧʦʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʂʂɼ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʪʨʠʤʫʻʤʦ ɽ=hɯĀhʉĀhW. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʨʦʟʛʣʷʜʘʶʯʠ ʚʝʣʠʯʠʥʫ ɯ/ i

n

i

yʇ
2=

 ʷʢ ʤʘʢʩʠʤʫʤ ʝʬʝʢʪʫ, 

ʘ (n+1)-ʡ ʧʘʨʘʤʝʪʨ ʫn+1 ɯʇ ʷʢ ʚʝʣʠʯʠʥʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʥʽʤʫʤ ʚʠʪʨʘʪ, 

ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʂn+1=ɯ/ʫn+1 i

n

i

yʇ
2=

, ʜʝ 

n=1, 2, 3,é ʈʦʟʛʣʷʜʘʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ 

ʂʧ(n+1)=ɯmax/ ʫmin(n+1) i

n

i

yʇ min
2=

 ʧʽʩʣʷ ʜʽʣʝʥʥʷ ʂn+1 ʥʘ ʂʧ(n+1) ʟʥʘʭʦʜʠʤʦ 

 

ɽ= ɯĀʫmin(n+1) i

n

i

yʇ min
2=

/ɯmaxĀʫn+1 i

n

i

yʇ
2=

=hɯ i

n

i
ʇh

1

2

+

=

= i

n

i
ʇh

1

1

+

=

 ,            (1.5) 

 

ʜʝ h̔ ï ʂʂɼ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʧʘʨʘʤʝʪʨʫ ʫ.̔ 

ɺ ʢʨʠʪʝʨʽʾ (1.5), ʷʢʱʦ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʦʚʘʥʽ (ʘʙʦ ʚʠʙʨʘʥʽ, ʯʠ ʟʘʜʘʥʽ) 

ʧʘʨʘʤʝʪʨʠ ʫmin  ̔ʧʦʪʝʥʮʽʡʥʦʛʦ ɯʇ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʝʨʽʚʥʦʩʪʽ ʫ̔² ʫmin ʽ, 0¢hɯ ¢1, 

0¢ɽ¢1. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʟ (1.5) ʚʠʪʽʢʘʻ, ʱʦ ɽ<hɯ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʞʜʠ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʫ̔. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʦʨʠʪʝʪʥʠʡ ʚʧʣʠʚ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʫ̔ ʪʘ ʽʭ ʢʽʣʴʢʦʩʪʽ n ʥʘ ʚʝʣʠʯʠʥʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʭʦʯʘ ʩʘʤʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯʇ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʮʝʡ ʚʧʣʠʚ, 

ʧʨʝʜʩʪʘʚʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʇ ʚ ʚʠʛʣʷʜʽ ʩʝʨʝʜʥʴʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʂʂɼ ʪʘ ʂʂɼ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʧʘʨʘʤʝʪʨʫ ʫ̔: 

/n

i

n

i

ɖE ʇ
1

1

1

ö
÷

õ
æ
ç

å
=

+

=
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ h̔ ï ʂʂɼ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʧʘʨʘʤʝʪʨʫ ʫ̔.  
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1.4.2 ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

 

ʇʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʙʘʟʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ: ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʪʘ ʦʜʥʦʧʝʨʝʭʽʜʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɿʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ɯʇ ʦʙʠʨʘʻʤʦ ʪʘʢʽ: ʉʨ ï ʨʝʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ɯʇ, ʛʨʥ.; ʈ ï ʤʘʢʩʠʤʘʣʴʥʘ ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʤɺʪ;  

fmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ, ʄɻʮ. 

ʏʘʩʪʢʦʚʽ ʂʂɼ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ maxyyii =h , ʚʠʟʥʘʯʘʶʯʠ ʫmax ʷʢ 

ʥʘʡʙʽʣʴʰʝ ʽʟ ʫʩʽʭ ʥʘʷʚʥʠʭ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʤʦ ʜʦ ʪʘʙʣʠʮʽ 1.1. 

 

ʊʘʙʣʠʮʷ 1.1 ð ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ 

ɹʘʟʦʚʠʡ ʝʣʝʤʝʥʪ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʜʘʚʘʯʽʚ 

ʂʦʥʪʨʦʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ 
ʏʘʩʪʢʦʚʽ ʂʂɼ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ɽ ʉʨ, 

ʛʨʥ 

ʈ, 

ʤɺʪ 

fmax, 

ʄɻʮ 
ɖʉ ɖʈ ɖfmax 

ʇʦʣʴʦʚʠʡ 

ʪʨʘʥʟʠʩʪʦʨ 
1,0 70 185 0,667 0,23 1 0,535 

ɹʽʧʦʣʷʨʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ 
0,5 200 100 0,333 0,667 0,5405 0,493 

ʆʜʥʦʧʝʨʝʭʽʜʥʠʡ 

ʪʨʘʥʟʠʩʪʦʨ 
1,5 300 0,2 1 1 0,0011 0,103 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1.1, ʥʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ɯʇ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ 

(ɽ=0,535) ʪʨʘʥʟʠʩʪʦʨʘ. ɻʽʨʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʻ ʦʜʥʦʧʝʨʝʭʽʜʥʠʡ ʪʨʘʥʟʠʩʪʦʨ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʦ ʤʘʢʩʠʤʘʣʴʥʽʡ ʯʘʩʪʦʪʽ ʛʝʥʝʨʘʮʽʾ (

0011,0
max
=fh ) ʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ. 
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ɺʀʉʅʆɺʂʀ ʊɸ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʫʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʽʤʽʪʘʥʩʫ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ  ʧʨʠʩʪʨʦʷʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ 

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ, ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʧʦʤʥʦʞʫʚʘʯʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʪʦʱʦ. 

ʇʨʦʪʝ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʋʇɯ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʜʘʚʘʯʽʚ (ʈʏɼ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʈʏɼ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʜʘʚʘʯʽ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʯʫʪʣʠʚʽʩʪ ɹʪʘ ʚʠʤʽʨʶʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʂʨʽʤ ʪʦʛʦ ʋʇɯ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ, ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʟʥʘʯʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʨʦʪʝ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʽ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʩʢʘʜʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʧʨʠ ʨʦʟʨʦʙʮʽ ʈʏɼ, ʘ ʪʘʢʦʞ ʧʠʪʘʥʥʷ ʾʭʥʴʦʾ ʩʪʽʡʢʦʩʪʽ, 

ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ.  

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʠʣʘ, ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʝʨʝʜ ʙʘʟʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ ʻ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʚʯʝʥʥʷ ʾʭ ʷʢ ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ. ʆʜʥʘʢ, ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʊ ʧʨʠ ʨʽʟʥʠʭ ʩʭʝʤʘʭ ʚʢʣʶʯʝʥʥʷ, ʢʦʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʽ ʋʇɯ ʤʦʞʫʪʴ ʚʦʣʦʜʽʪʠ ʧʦʪʝʥʮʽʡʥʦʶ 

ʥʝʩʪʽʡʢʽʩʪʶ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʶʻʤʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ: 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʋʇɯN; 

ï ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ; 

ï ʨʦʟʨʦʙʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʥʽ ʜʘʚʘʯʽ, ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ɹɸɻɸʊʆʂɸʉʂɸɼʅʀʍ 

ʋɿɸɻɸʃʔʅɽʅʀʍ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɯʄɯʊɸʅʉʋ  

 

ʗʢ ʧʦʢʘʟʘʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʫʙʣʽʢʘʮʽʡ, ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʽ 

ʋʇɯN ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʜʘʚʘʯʽʚ [147]. ʆʜʥʘʢ, 

ʧʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʪʘʢʠʭ ʜʘʚʘʯʽʚ, ʾʭ ʯʘʩʪʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ʘʙʦ ʨʦʟʛʣʷʥʫʪʽ ʯʘʩʪʢʦʚʦ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʦʧʠʩʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʋʇɯN, ʟʘʣʝʞʥʦʩʪʽ ʾʭ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʷʢ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ N, ʪʘʢ ʽ ʚʽʜ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʦʧʦʨʽʚ ʧʝʨʚʠʥʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʇɺʇ), ʘ ʪʘʢʦʞ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ.  

ɿ ʮ̔̒ ʶ ʤʝʪʦʶ ʫ ʨʦʟʜʽʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN, ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N ʪʨʠʧʦʣʶʩʥʠʢʽʚ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʇʊʉ). 

 

2.1  ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ, ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N ʪʨʠʧʦʣʶʩʥʠʢʽʚ 

 

ɹʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʽʪʘʥʩʫ (ʋʇɯN) ʷʚʣʷʻ 

ʩʦʙʦʶ, ʷʢ ʧʨʘʚʠʣʦ, ʘʢʪʠʚʥʠʡ N-ʧʦʣʶʩʥʠʢ, ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ (Wʚʠʭ) ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ (W1,é,WN). ʗʢ ʪʘʢʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʦʜʥʦʢʨʠʩʪʘʣʴʥʽ ʋʇɯN, ʥʘʧʨʠʢʣʘʜ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʟʘʪʚʦʨʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 2.1ʘ), ʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʽ ʋʇɯN, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʢʘʩʢʘʜʽʚ (ʨʠʩ. 2.1ʙ) [38].  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʋʇɯN, ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N 

ʪʨʠʧʦʣʶʩʥʠʢʽʚ, ʟʘʜʘʻʤʦʩʴ ʪʘʢʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ [148]:  
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1) ʋʇɯN ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʢʚʘʟʽʣʽʥʽʡʥʠʭ ʘʢʪʠʚʥʠʭ ʪʨʠʧʦʣʶʩʥʠʢʽʚ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʫ- ʤʘʪʨʠʮʝʶ ʧʨʦʚʽʜʥʦʩʪʽ [7, 8]; 

2) ʢʦʞʥʠʡ ʢʘʩʢʘʜ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʻ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʤ 

ʟʘʟʝʤʣʝʥʠʤ ʋʇɯN;  

3) ʜʚʦʧʦʣʶʩʥʠʢʠ, ʱʦ ʨʝʘʣʽʟʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʥʽ ʽʤʽʪʘʥʩʠ Wɻi, ʻ 

ʧʘʩʠʚʥʠʤʠ; 

 

Yʚʠʭ

ɿ2ɿ1

Z0 Z1 Z2

          

Yʚʠʭ

ɿ2ɿ1

Z0 Z1 Z2

 

ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 2.1 ð ɼʚʦʢʘʩʢʘʜʥʽ ʋʇɯ ʥʘ ʙʘʟʽ ʜʚʦʟʘʪʚʦʨʥʦʛʦ (ʘ) ʽ ʜʚʦʭ  

ʦʜʥʦʟʘʪʚʦʨʥʠʭ ʇʊ (ʙ) 

 

4) ʚʭʽʜʥʠʡ W11 ʪʘ ʚʠʭʽʜʥʠʡ W22 ʽʤʽʪʘʥʩʠ ʢʦʞʥʦʛʦ ʢʘʩʢʘʜʫ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ ʥʫʣʷ, ʘ ʧʝʨʝʜʘʪʥʽ 

ʽʤʽʪʘʥʩʠ W12 ʪʘ W21 Í 0; 

5) N-ʢʘʩʢʘʜʥʝ ʟôʻʜʥʘʥʥʷ ʪʘʢʠʭ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʘʥʝ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 2.2), ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʽʟʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʪʠ ʘʢʪʠʚʥʠʭ ʧʨʠʣʘʜʽʚ. 

 

ớY1ớ ớY2ớ ớY(N-1)ớ ớYNớ 

Z1 Z2 ZN-1 ZN

Y
N
ʚʠʭ

Y
N
ʚʠʭ

Y
(N-1)

ʚʠʭY
2
ʚʠʭ

Y
1
ʚʠʭ

[Y
1
] [Y

N
]

 

 

ʈʠʩʫʥʦʢ 2.2 ð N-ʢʘʩʢʘʜʥʝ ʟôʻʜʥʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN 
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ʂʦʞʥʠʡ ʢʘʩʢʘʜ ʪʘʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʤʦʞʥʘ ʦʧʠʩʘʪʠ [Yi] ï ʤʘʪʨʠʮʝʶ, ʟʘʣʝʞʥʦʶ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ [ʫi] ï ʤʘʪʨʠʮʽ ʘʢʪʠʚʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʽ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ Z(i-1) i Zi, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

 

( )11 11

i i

i i iY y Z y K= + D ;    ( )12 12

i i

i i iY y Z y K= - D ; 

   (2.1) 

( )21 21

i i

i i iY y Z y K= - D ;    ( )22 22

i i

i i iY y Z y K= + D , 

 

ʜʝ 11 12 21 22 i i i iy̔ y y y yä = + + +; 11 22 21 12 i i i iy̔ y y y yD = Ö - Ö;  1  i i iK Z y= + ä;  ̔= 1, 2,é,N, 

N ï ʢʽʣʴʢʽʩʪʴ ʢʘʩʢʘʜʽʚ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʘʜʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ N-ʢʘʩʢʘʜʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʠʩʪʝʤʠ ɸ-ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʋʇɯN, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ: 

 

12

21 2111 12

21 22 11

21 21

1i

i ii i

i

i i i i

i i

Y

Y YA A
A

A A Y Y

Y Y

è ø- -
é ù

è ø
é ùè ø= =é ùê ú é ù-D -ê ú
é ù
ê ú

,    (2.2) 

 

ʜʝ iYD  ð ʚʠʟʥʘʯʥʠʢ ʘʜʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ ʢʦʞʥʦʛʦ ʢʘʩʢʘʜʫ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN. 

ʈʝʟʫʣʴʪʫʶʯʘ ʤʘʪʨʠʮʷ ʧʝʨʝʜʘʯʽ N-ʢʘʩʢʘʜʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

 

[ ] 11 12 (1) (2) ( )

21 22

... N
A A

A A A A
A A

S S

S

S S

è ø
è ø è ø è ø= = ³ ³ ³é ùê ú ê ú ê ú

ê ú
.   (2.3) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʦʨʦʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʝʭʦʜʠʤʦ ʚʽʜ ʨʝʟʫʣʴʪʫʶʯʦʾ 

ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʯʽ [ ]AS  (2.3) ʜʦ ʤʘʪʨʠʮʽ ʧʨʦʚʽʜʥʦʩʪʽ N-ʢʘʩʢʘʜʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN 
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.    (2.4) 

 

ʅʘ ʧʽʜʩʪʘʚʽ (2.4), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (2.1) ʚʠʭʽʜʥʘ ʧʨʦʚʽʜʥʽʩʪʴ Yʚʠʭ.N N-ʥʦʛʦ 

ʢʘʩʢʘʜʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

 

12 21
. 22

11 .( 1)

N N
N

ʚʠʭ N N

ʚʠʭ N

Y Y
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, 

( ) ( )( )( )22 12 21 11 .( 1)
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i i i i

i i i i i i i i i ʚʠʭ N

ʚʠʭ N

i i

y Z y y Z y y Z y y Z y K Y
Y

K K
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= - .     (2.5) 

 

ʇʨʠ ʮʴʦʤʫ, 
1 1

1 12 21
.1 22 1

11 01/
ʚʠʭ

Y Y
Y Y

Y Z
= -

+
.     (2.6) 

 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.1 ï 2.6) ʫʪʚʦʨʶʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ N-ʧʦʣʶʩʥʠʢʘ, 

ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ ʪʨʠʧʦʣʶʩʥʠʢʽʚ ʽ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN ʷʢ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ N, ʪʘʢ ʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʧʝʨʝʪʚʦʨʝʥʠʭ ʦʧʦʨʽʚ (Z0éZN), ʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ [yi].  

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫʩʢʣʘʜʥʶʻ 

ʥʘʦʯʥʫ ʜʝʤʦʥʩʪʨʘʮʽʶ ʾʾ ʜʽʻʚʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʩʧʨʠʡʥʷʪʪʷ ʜʦʮʽʣʴʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʜʽʻʚʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ N-ʧʦʣʶʩʥʠʢʘ, ʫʪʚʦʨʝʥʦʛʦ 

ʢʦʤʙʽʥʘʮʽʻʶ ʟ ʜʚʦʭ ʪʨʠʧʦʣʶʩʥʠʢʽʚ.  

 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ  

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ 

 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ N-

ʢʘʩʢʘʜʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN, ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ 
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ʢʘʩʢʘʜʽʚ ʋʇɯN ʜʦʨʽʚʥʶʻ N = 2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʋʇɯN ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.3. 

 

Zɻ1

Zɻ2 Zɻ3

 

 

ʈʠʩʫʥʦʢ 2.3 ð ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN 

 

ʂʦʞʥʠʡ ʢʘʩʢʘʜ ʪʘʢʦʛʦ ʟôʻʜʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʜʤʽʪʘʥʩʥʦʶ ʤʘʪʨʠʮʝʶ 

[Yi], ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʝʥʠʭ ʦʧʦʨʽʚ (Z0éZN) ʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ [yi]. 
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ʈʝʟʫʣʴʪʫʶʯʘ ʘʜʤʽʪʘʥʩʥʘ ʤʘʪʨʠʮʷ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN 

ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ Y-ʧʘʨʘʤʝʪʨʽʚ ʜʦ ɸ-ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʜʘʯʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʠ ʧʝʨʝʭʦʜʫ 
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ʜʝ (1) (1) (1) (1) (1) (2) (2) (2) (2) (2)

11 22 12 21 11 22 12 21,Y Y Y Y Y Y Y Y Y YD = Ö - Ö D = Ö - Ö ð ʚʠʟʥʘʯʥʠʢʠ 

ʘʜʤʽʪʘʥʩʥʠʭ ʤʘʪʨʠʮʴ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʘʩʢʘʜʽʚ ʋʇɯN ʚ̔ ʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʫʶʯʘ ʤʘʪʨʠʮʷ ʧʝʨʝʜʘʯʽ ʜʚʦʭ ʢʘʩʢʘʜʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʦʨʦʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʝʨʝʭʦʜʠʤʦ ʚʽʜ ʨʝʟʫʣʴʪʫʶʯʦʾ 

ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʯʽ [ ]AS  (2.9) ʜʦ ʘʜʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN: 
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ʇʝʨʝʪʚʦʨʝʥʠʡ ʘʜʤʽʪʘʥʩ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

(1) (1)
(1) 12 21

.1 22 (1)

11 11/
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Y Y
Y Y

Y Z
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ʜʝ  
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Y Y
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+
.     (2.12) 

 

ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ (2.7 ï 2.12) ʫʪʚʦʨʶʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN, ʤʘʶʪʴ ʥʘʦʯʥʽʩʪʴ ʽ ʻ 
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ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʫʪʚʦʨʶʚʘʥʠʭ ʢʘʩʢʘʜʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʪʨʠʧʦʣʶʩʥʠʢʽʚ [36]. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʘʜʤʽʪʘʥʩʥʠʭ ʤʘʪʨʠʮʴ 

ʢʦʞʥʦʛʦ ʢʘʩʢʘʜʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN 

ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʭ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʦʙʨʘʥʦʾ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ,  ʪʘ ʚʩʪʘʥʦʚʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ Y- ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʬʽʟʠʯʥʦʾ 

ʤʦʜʝʣʽ. 

 

2.3 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ʆʜʥʦʢʨʠʩʪʘʣʴʥʦʶ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʚʠʢʦʥʘʥʘ ʥʘ ʦʜʥʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽ ʽ 

ʤʘʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ NÓ3 [6]. 

ɸʥʘʣʽʟʫʶʯʠ ʽʩʥʫʶʯʽ ʙʘʛʘʪʦʝʣʝʢʪʨʦʜʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ  

[5, 149, 150] ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʣʠ ʨʽʟʥʽ ʪʠʧʠ 

ʙʽʧʦʣʷʨʥʠʭ, ʧʦʣʴʦʚʠʭ ʪʘ ʦʜʥʦʧʝʨʝʭʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ʋ ʤʘʣʦʩʠʛʥʘʣʴʥʠʭ ʋɺʏ ʪʘ ʅɺʏ ʧʨʠʩʪʨʦʷʭ ʥʘʡʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʣʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʟ p-n ʧʝʨʝʭʦʜʦʤ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʾʭ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʢʣʘʩʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ (ʨʠʩ. 2.4ʘ), ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʦʶ ʤʘʣʦʩʠʛʥʘʣʴʥʦʶ ʬʽʟʠʯʥʦʶ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 2.4ʙ). 

ʅʘ ʩʭʝʤʽ (ʨʠʩ. 2.4ʙ): Lʚ, Lʩ, Lʟ ð ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʠʚʦʜʽʚ ʚʠʪʦʢʫ, ʩʪʦʢʫ, 

ʟʘʪʚʦʨʫ; ʉ1, ʉ2, ʉ3 ð ʻʤʥʦʩʪʽ ʤʽʞ ʚʠʚʦʜʘʤʠ ʚʠʪʦʢʫ, ʩʪʦʢʫ, ʟʘʪʚʦʨʫ ʽ ʢʦʨʧʫʩʦʤ; 

Rʚ, Rʩ, Rʟ ð ʦʤʽʯʥʽ ʦʧʦʨʠ ʚʠʪʦʢʫ, ʩʪʦʢʫ ʽ ʤʝʪʘʣʽʟʘʮʽʾ ʟʘʪʚʦʨʫ; G ï ʧʨʦʚʽʜʥʽʩʪʴ 



56 

ʢʘʥʘʣʫ; Ri ʪʘ ʉʚʟ ð ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʽʨ ʪʘ ʻʤʥʽʩʪʴ ʤʽʞ ʚʠʪʦʢʦʤ ʪʘ ʟʘʪʚʦʨʦʤ; 

ʉʩʟ ʽ ʉʚʩ ð ʻʤʥʦʩʪʽ ʤʽʞ ʩʪʦʢʦʤ ʽ ʟʘʪʚʦʨʦʤ ʪʘ ʤʽʞ ʚʠʪʦʢʦʤ ʽ ʩʪʦʢʦʤ; S- ʢʨʫʪʠʟʥʘ. 
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ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 2.4 ð ʋʟʘʛʘʣʴʥʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ: 

ʢʨʠʩʪʘʣ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʟ p-n ʧʝʨʝʭʦʜʦʤ (ʘ) ʪʘ ʡʦʛʦ ʤʘʣʦʩʠʛʥʘʣʴʥʘ ʬʽʟʠʯʥʘ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ (ʙ): 1 ï ʘʢʪʠʚʥʘ ʦʙʣʘʩʪʴ ʢʨʠʩʪʘʣʘ, 2 ï ʢʨʠʩʪʘʣ, 3 ï ʢʨʠʩʪʘʣ ʫ 

ʢʦʨʧʫʩʽ 

 

ʇʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʇʊʉ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ 

ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʢʨʠʩʪʘʣʘ ʇʊʉ, ʟʦʢʨʝʤʘ ʚʝʣʠʯʠʥʦʶ ʢʨʫʪʠʟʥʠ, ʻʤʥʦʩʪʽ ʟʘʪʚʦʨʫ, 

ʧʨʦʚʽʜʥʦʩʪʽ ʢʘʥʘʣʫ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʮʽʾ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʦʧʽʨ 

ʤʽʞ ʚʠʪʦʢʦʤ ʽ ʟʘʪʚʦʨʦʤ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʧʘʩʠʚʥʽ ʝʣʝʤʝʥʪʠ ʢʨʠʩʪʘʣʘ, ʘ ʪʘʢʦʞ çʧʘʨʘʟʠʪʥʽè ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʇʊ [151, 152]. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽ ʽʟ ʥʠʭ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ 

ʤʦʜʝʣʴ ʊʆʄ3 ʬʽʨʤʠ çTriQuint, Inc.è (ʨʠʩ.2.5) [153]. 

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʨʽʚʥʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ ʚ ʉɸʇʈ ʦʪʨʠʤʘʣʠ ʢʦʤʧʘʢʪʥʽ ʬʽʟʠʢʦ-

ʪʝʭʥʽʯʥʽ ʤʦʜʝʣʽ ʇʊʉ. ʋ ʚʠʧʘʜʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʅɺʏ-ʧʨʠʩʪʨʦʾʚ 
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ʢʦʤʧʘʢʪʥʽ ʤʦʜʝʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ. ʂʦʤʧʘʢʪʥʽ ʤʦʜʝʣʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʣʽʥʽʡʥʽ 

(ʤʘʣʦʩʠʛʥʘʣʴʥʽ) ʪʘ ʥʝʣʽʥʽʡʥʽ [154]. 
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ʈʠʩʫʥʦʢ 2.5 ð ʌ̔ʟʠʯʥʘ ʝʢʚ̔ʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʊʆʄ3 ʤʦʜʝʣʽ ʇʊʉ ʬʽʨʤʠ 

çTriQuint, Inc.è 

 

ʄʘʣʦʩʠʛʥʘʣʴʥʘ ʤʦʜʝʣʴ ʚʽʨʥʘ ʣʠʰʝ ʜʣʷ ʦʜʥʦʛʦ (ʟʘʜʘʥʦʛʦ) ʨʝʞʠʤʫ ʟʘ 

ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʧʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʟʤʽʥʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʥʘʧʨʫʛʠ ʚ ʦʢʦʣʽ ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ. ɽʣʝʤʝʥʪʠ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʚʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʚʽʜ ʯʘʩʪʦʪʠ. 

ɻʦʣʦʚʥʽ ʥʝʜʦʣʽʢʠ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ï ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʥʝʜʦʩʪʘʪʥʷ ʪʦʯʥʽʩʪʴ. ʆʜʥʘʢ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʨʦʙʣʝʤʠ ʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʩʧʨʦʱʫʚʘʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ, ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʟʙʝʨʽʛʘʶʪʴ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʩʚʦʾʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʯʘʩʪʦ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʦʩʥʦʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠʢʣʘʜʘʤʠ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʧʨʠʩʫʪʥʽ ʚ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʉɸʇʈ ʻ BSIM4 [155], EKV [156],  

HSPICELevel 28 [157]. 

ʋ ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʷʭ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ ʻ 

ʜʝʷʢʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʘʧʨʫʛ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪ.ʜ. ɺ ʮʠʭ ʤʦʜʝʣʷʭ ʟʘʣʝʞʥʦʩʪʽ 

ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʥʘʧʨʫʛ ʟʤʽʱʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ 

ʦʙʨʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʝʚʥʦʛʦ ʚʠʜʫ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʽʚʥʷʥʥʷ 

ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʷʢ ʟ ʬʽʟʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʨʦʙʦʪʫ ʧʨʠʣʘʜʫ, ʪʘʢ ʽ 

ʰʣʷʭʦʤ ʝʢʩʧʝʨʪʥʦʛʦ ʧʽʜʙʦʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 
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ʥʘʡʢʨʘʱʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʪʘ ʚʦʣʴʪ-ʬʘʨʘʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ), ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʥʝʬʦʨʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠʢʣʘʜʘʤʠ ʢʦʤʧʘʢʪʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʻ ʤʦʜʝʣʽ Angelov [158], CurticeEttenberg [159], Materka-

Kacparzak [160], EEHEMT Agilent ADS 2008 Update 2 Help. [161] ʽ ʪ.ʜ. ɹʘʛʘʪʦ 

ʟ ʥʠʭ ʙʫʣʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ HEMT ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

(ʤʦʜʝʣʽ Angelov ʪʘ EEHEMT), ʘʙʦ ʤʦʞʫʪʴ ʦʧʠʩʘʪʠ ʧʦʚʝʜʽʥʢʫ ʙʫʜʴ-ʷʢʦʾ ʟ ʡʦʛʦ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʢʣʘʜʥʠʡ, ʟʘʡʤʘʻ 

ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʥʝ ʟʘʚʞʜʠ ʚʠʜʘʻ ʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʦʞʣʠʚʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ 

ʩʪʘʥʜʘʨʪʥʽ ʤʦʜʝʣʽ ʚʟʘʛʘʣʽ ʥʝ ʚ ʟʤʦʟʽ ʦʧʠʩʘʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʤʘʣʦʩʠʛʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʩʽʶʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʦʜʥʦʯʘʩʥʦ 

ʧʦʢʘʟʘʪʠ ʾʭ ɺɸʍ ʧʨʠ ʨʽʟʥʠʭ ʟʤʽʱʝʥʥʷʭ. ʇʘʨʘʤʝʪʨʠ ʮʠʭ ʤʦʜʝʣʝʡ ʦʪʨʠʤʫʶʪʴʩʷ 

ʰʣʷʭʦʤ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ. ɺʦʥʠ ʙʘʛʘʪʦ ʫ ʯʦʤʫ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʬʽʟʠʯʥʽʡ ʩʫʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʇʊʉ ʽ ʧʨʦʮʝʩʽʚ ʫ ʥʽʡ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʩʪʽʰʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʇʊʉ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʷʥʽ ʘʙʦ ʨʦʟʨʘʭʦʚʘʥʽ. ɿ ʮʽʻʾ ʪʦʯʢʠ 

ʟʦʨʫ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʣʘ ʊ-ʧʦʜʽʙʥʘ ʬʽʟʠʯʥʘ 

ʤʦʜʝʣʴ ʇʊʉ (ʨʠʩ. 2.4ʙ). ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʦʙʫʤʦʚʣʝʥʘ ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ 

ʜʘʥʦʾ ʩʭʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʞʫʚʘʪʠ ʾʾ ʧʘʨʘʤʝʪʨʠ ʟ ʙʽʣʴʰ ʪʦʯʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʡ ʦʧʝʨʫʚʘʪʠ ʥʘʜʘʣʽ ʤʝʥʰ ʛʨʦʤʽʟʜʢʠʤ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʇʊʉ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʢʨʠʩʪʘʣʘ ʇʊʉ. ɯʥʰʽ ʢʦʤʧʦʥʝʥʪʠ 

ʩʭʝʤʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʇʊʉ ʽ ʋʇɯ ʥʘ ʾʾ ʦʩʥʦʚʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʷʢ ʙʘʟʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʇʊʉ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʫ ʤʘʪʨʠʮʶ ʧʨʦʚʽʜʥʦʩʪʽ ʡʦʛʦ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ, 

ʱʦ ʧʦʚôʷʟʫʻ ʩʪʨʫʤʠ , ,ʚ ʩ ʟi i i  ʽ ʥʘʧʨʫʛʠ , ,ʚ ʩ ʟU U U  ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʘʢʪʠʚʥʦʾ ʦʙʣʘʩʪʽ 

ʢʨʠʩʪʘʣʘ [1] 
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 (2.13) 

 

ʋ (2.13) ʚʚʝʜʝʥʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ ʷʢ s
s

w
w

W = , 1 , ʚʟ
s ʟ

i ʚʟ ʩʟ

ʉ
R C ʉ

w x= = . 

ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʨʫʪʠʟʥʠ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʦʜʥʦʧʦʣʶʩʥʦʶ 

ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʚʠʛʣʷʜʫ ( )0 / 1 sS S j= + W, ʱʦ ʻ ʜʦʧʫʩʪʠʤʦʶ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ fT 

<10 ɻɻʮ. ɼʣʷ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʢʣʘʜʥʽʰʘ 

ʘʧʨʦʢʩʠʤʘʮʽʷ, ʟʦʢʨʝʤʘ ʪʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʧʨʦʷʚ ʝʬʝʢʪʫ ɻʘʥʥʘ ʚ ʦʙʣʘʩʪʽ ʤʽʞ 

ʟʘʪʚʦʨʦʤ ʽ ʩʪʦʢʦʤ [162]. 

 

2.4 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʥʘ ʧʦʣʴʦʚʽʡ ʪʨʘʥʟʠʩʪʦʨʥʽʡ ʩʪʨʫʢʪʫʨʽ 

 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʋʇɯN, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʙʘʟʦʚʦʶ ʣʘʥʢʦʶ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʋʇɯN, ʻ ʋʇɯN ʥʘ ʙʘʟʽ ʪʨʠʧʦʣʶʩʥʠʢʘ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʋʇɯN ʥʘ ʙʘʟʽ ʪʨʠʧʦʣʶʩʥʠʢʽʚ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʾʭ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ [50]: 

- ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʮʝʡ ʪʨʠʧʦʣʶʩʥʠʢ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯN; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʽʪʘʥʩʫ 

Wʚʠʭ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ Wɻ1,2 ̔ ʤʽʪʘʥʩʽʚ; 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʽʪʘʥʩʫ, ʷʢʽ 

ʜʦʩʷʛʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʪʨʠʧʦʣʶʩʥʠʢʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ. 
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ɺʚʘʞʘʻʤʦ, ʱʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʋʇɯN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʧʦʣʶʩʥʠʢ, ʚ ʷʢʦʤʫ 

ʚʽʜʩʫʪʥʽ ʟʘʜʘʚʘʥʥʽ ʜʞʝʨʝʣʘ ʽ ʥʫʣʴʦʚʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. ʊʨʠʧʦʣʶʩʥʠʢ ʻ ʢʚʘʟʽʣʽʥʽʡʥʠʤ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʥʘʩʪʽʣʴʢʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ, ʧʨʠ ʷʢʽʡ ʧʘʨʘʤʝʪʨʠ 

ʪʨʠʧʦʣʶʩʥʠʢʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʚʝʣʠʯʠʥʠ [163, 164]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʟʘʟʝʤʣʝʥʠʡ ʋʇɯN ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʨʠʧʦʣʶʩʥʠʢʦʤ, ʤʽʞ ʜʚʦʭ ʧʦʣʶʩʽʚ ʷʢʦʛʦ ʪʘ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ ʧʽʜʢʣʶʯʝʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʥʽ ʽʤʽʪʘʥʩʠ Z1 ʪʘ Z2, ʘ ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ Wʚʠʭ = ʊ̔ (Z1, Z2) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʪʨʝʪʽʤ ʧʦʣʶʩʦʤ ʪʘ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ (ʨʠʩ. 2.6ʘ) [6]. 

 

[y]

Z1 u1

i1
1 3

i3

2

Z2

i2

u2

Yʚʠʭ

u3
Yʚʠʭ

Z1 Z2

VT

 

ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 2.6 ð ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ 

ʪʨʠʧʦʣʶʩʥʠʢʘ (ʘ) ʪʘ ʡʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʩʭʝʤʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʴʦʚʦʾ 

ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʙ) 

 

ɼʚʦʧʦʣʶʩʥʠʢʠ, ʱʦ ʨʝʘʣʽʟʦʚʫʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʥʽ ʽʤʽʪʘʥʩʠ Wɻi ʻ ʧʘʩʠʚʥʠʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦ ʯʘʩʪʦʪʽ ʽ ʚʥʫʪʨʽʰʥʽʡ ʬʽʟʠʯʥʠʡ ʩʪʨʫʢʪʫʨʽ 

ʪʨʠʧʦʣʶʩʥʠʢʘ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʭʦʜʠʤʦ ʟ ʧʦʣʦʞʝʥʥʷ ʜʦʩʷʛʥʝʥʥʷ 

ʥʘʡʢʨʘʱʦʛʦ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʜʚʦʤʘ ʩʫʧʝʨʝʯʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ: ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʩʪʦʪʠ ʪʘ 

ʪʦʯʥʦʩʪʽ ʷʢ ʩʘʤʦʾ ʤʦʜʝʣʽ, ʪʘʢ ʽ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ [165]. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʪʨʠʧʦʣʶʩʥʠʢ ʻ ʢʚʘʟʽʣʽʥʽʡʥʠʤ, ʽ ʡʦʛʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 
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1 11 12 13 1

2 21 22 23 2

3 31 32 33 3

i y y y u

i y y y u

i y y y u

è ø è ø è ø
é ù é ù é ù
= Ö

é ù é ù é ù
é ù é ù é ùê ú ê ú ê ú

,     (2.14) 

 

ʜʝ y11, y12, y13, y21, y22, y23, y31, y32, y33 ï ʧʘʨʘʤʝʪʨʠ ʥʝʚʠʟʥʘʯʝʥʦʾ ʤʘʪʨʠʮʽ ʧʨʦʚʽʜʥʦʩʪʽ 

ʪʨʠʧʦʣʶʩʥʠʢʘ. 

ʇʨʠ Z2 = 0 ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʜʣʷ ʷʢʦʛʦ ʟ (2.14) ʟʥʘʭʦʜʠʤʦ: 

 

11 131 1

31 332 2

.
y yi u

y yi u

è øè ø è ø
= Öé ùé ù é ù

ê ú ê úê ú
     (2.15) 

 

ʇʨʠ Z2Í 0 ʫʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ, ʘʜʤʽʪʘʥʩʥʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ Z2 [176]: 

 

13 211 2

2 2

11 12

21 22
31 2 33 2
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1 1

,

1 1

y Z yy Z y

Z y Z y
Y Y

Y Y
y Z y y Z y

Z y Z y

- D+ Dè ø
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é ùè ø
é ù=é ù
é ùê ú
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é ù+ +ê ú
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     (2.16) 

 

ʜʝ ×y = y11 + y13 + y31 + y33; ȹy = y11Ŀy33- y31Ŀy13. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʪʘʢʦʛʦ ʯʦʪʠʨʠʪʨʠʧʦʧʦʣʶʩʥʠʢʘ 

ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʽʪʘʥʩʫ Z1, ʟʥʘʭʦʜʠʤʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʝʨʝʪʚʦʨʝʥʦʛʦ 

ʽʤʽʪʘʥʩʫ Yʚʠʭ = ʊ̔ (Z1, Z2), ʜʝ ʊ̔ ï ʯʘʩʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

 

22 12 21 11 1(1 ).ʚʠʭY Y Y Y Y Z= - Ö +      (2.17) 

 

ɼʣʷ ʦʧʠʩʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN ʝʬʝʢʪʠʚʥʦʶ ʻ ʚʠʟʥʘʯʝʥʘ ʩʠʩʪʝʤʘ 

ʧʘʨʘʤʝʪʨʽʚ [5], ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤʠ ʧʦʚʥʦʪʠ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪ.̔ 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʋʇɯN, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʻ: 

- ʧʝʨʝʪʚʦʨʝʥʠʡ ʽʤʽʪʘʥʩ  Wʚʠʭ, Wʚʭ; 

- ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ ï ʊ: 
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ʊ = F(WH, Wɻ, [W]);     (2.18) 

 

- ʽʥʚʘʨʽʘʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʂʩ: 

 

( )( )11 22 12 21 12 212Re Re Re / .ʩʂ W W W W W W= -  

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ ʻ ʥʘʚʘʥʪʘʞʝʥʠʤ, ʽʥʚʘʨʽʘʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʩʪʽʡʢʦʩʪʽ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ, ʦʢʨʽʤ ʧʘʨʘʤʝʪʨʽʚ ʥʝʚʠʟʥʘʯʝʥʦʾ ʤʘʪʨʠʮʽ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʱʝ ʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ:  

 

( ) ( )( ). 11 22 12 21 12 212Re Re Re / .ʩʚʥ ɻʂ W W W W W W W= + Ö - Ö Ö (2.19)  

 

- ʯʫʪʣʠʚʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ (ʷʢʽʩʪʴ ʋʇɯ) - 
i

TSa : 
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i

T i
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T
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µ µ
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µ

     (2.20) 

 

ʜʝ Ŭ̔ ï ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʋʇɯN; 

- ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʤʝʞʽ 

ʩʪʽʡʢʦʩʪʽ ʂms 

31 2

13 2

;ms

y Z y
ʂ

y Z y

- D
=

- D
     (2.21) 

 

- ʢʦʝʬʽʮʽʻʥʪ ʥʝʚʟʘʻʤʥʦʩʪʽ - ʂʅ: 

1) ʩʪʽʡʢʦʛʦ ʋʇɯN ʂʅ (ʂʩ >1) = 
2 2

21 12/ ;msW W K=  

2) ʧʦʪʝʥʮʽʡʥʦ-ʥʝʩʪʽʡʢʦʛʦ ʋʇɯN ʂʅ (ʂʩ <1) = 
22 11Re / Re ;W W  

- ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜôʻʤʥʦʾ ʜʽʡʩʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʽʪʘʥʩʫ - ( )

.maxRe ʚʭW - : 

1) ʧʨʠ ʧʨʷʤʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

 

( )( ) 12 21
.max

22

1
Re ;

2Re
c

ʚʭ

W W K
W

W
- -
=    (2.22) 
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2) ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

( )( ) 12 21
.max

11

1
Re ;

2Re
c

ʚʠʭ

W W K
W

W
- -
=    (2.23) 

 

- ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ: fɻ (ʂʩ = 1); 

- ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤ̔̔ʪʘʥʩʫ: 

 
( )

maxRe
0 ;opt

W
f

f

-å õµ
¸æ öµç ÷

     (2.24) 

 

- ʧʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ: 

1)  ʨʘʜʽʫʩ  

 

12 21 112 Re( );ʚʠʭ ɻW W W Wr = Ö Ö +   (2.25)
 

 

2) ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ 

 

( ).0 22 12 21 11Re Re Re 2Re( )ʚʠʭ ɻW W W W W W= - Ö +;  (2.26) 

 

- ʄʽʥʽʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ï Fʰ.min. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.14ï2.26) ʫʪʚʦʨʶʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʥʘ ʙʘʟʽ ʪʨʠʧʦʣʶʩʥʠʢʘ ʽ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʢʚʘʟʽʣʽʥʽʡʥʦʛʦ ʪʨʠʧʦʣʶʩʥʠʢʘ ʙʝʟ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. 

 

2.5 ʇʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ 

 

ʇʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʧʨʦʚʝʜʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʚ [28] ʩʭʝʤʠ 

ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN (ʨʠʩ. 2.7), ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʉʭʝʤʘ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN 

ʫʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʢʘʩʢʘʜʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN, ʫ ʷʢʠʭ ʷʢ ʙʘʟʦʚʽ 
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ʪʨʠʧʦʣʶʩʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ VT1 ʪʠʧʫ NE4210S01 ʪʘ VT2 ʪʠʧʫ 

BF513, ʚʢʣʶʯʝʥʽ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ [37].  
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ʈʠʩʫʥʦʢ 2.7 ð ɽʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN  

 

ʄʽʞ ʟʘʪʚʦʨʦʤ ʽ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ ʪʨʘʥʟʠʩʪʦʨʘ NE4210S01 ʚʢʣʶʯʝʥʠʡ 

ʨʝʟʠʩʪʠʚʥʠʡ ʇɺʇ Zɻ1 = R1; ʤʽʞ ʩʪʦʢʦʤ ʮʴʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ 

ʚʚʽʤʢʥʝʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʇɺʇ 
2 1ɻZ j Lw= ; ʤʽʞ ʩʪʦʢʦʤ ʪʘ ʟʘʛʘʣʴʥʦʶ ʰʠʥʦʶ 

ʪʨʘʥʟʠʩʪʦʨʘ BF513 ʚʢʣʶʯʝʥʠʡ ʻʤʥʽʩʥʠʡ ʇɺʇ 
3 5

1ɻZ j Cw= .  

ʇʝʨʝʪʚʦʨʝʥʠʡ ʘʜʤʽʪʘʥʩ ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʜʚʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (2.7), (2.11) ʪʘ (2.12) ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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(2.27) 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʘʚʘʯʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8.  
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ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʣʠ ʨʦʟʙʽʞʥʦʩʪʽ ʾʭ ʟʥʘʯʝʥʴ ʥʝ ʙʽʣʴʰʝ 0,5%.  
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ʈʠʩʫʥʦʢ 2.8 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʘʜʤʽʪʘʥʩʫ Yʚʠʭ.2:  

çˈˈè - ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ; çĬĬĬè ʪʘ çÅÅÅè - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ 

 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʭʽʜʥʦʛʦ ʘʜʤʽʪʘʥʩʘ  

ReW(-)
ʚʠʭ..max  ʩʢʣʘʜʘʻ ï0,0023 ʉʤ (ʨʠʩ. 2.8), ʘ ʧʦʭʠʙʢʘ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,42%. ʏʘʩʪʦʪʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ReW(-)
ʚʠʭ..max = ï0,0023 ʉʤ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʽʤʽʪʘʥʩʽʚ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ, ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ  

fʦʧʪ = 175 ʄɻʮ. ʇʦʭʠʙʢʘ ʟʘ ʮʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʪʘʥʦʚʠʪʴ 0,57%.  

ɯʥʚʘʨʽʘʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʂʩ ̒  ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʋʇɯN. 

ɺʝʣʠʯʠʥʠ ʂʩ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʽʥʪʝʨʚʘʣʫ (ï1; +¤). ɸʢʪʠʚʥʠʡ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢ ʻ 

ʧʦʪʝʥʮʽʡʥʦ ʩʪʽʡʢʠʤ, ʷʢʱʦ 1cʂ>  ʽ ʧʦʪʝʥʮʽʡʥʦ ʥʝʩʪʽʡʢʠʤ ʧʨʠ 1cʂ<. ɻʨʘʥʠʮʽ 

ʧʦʪʝʥʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷ 1ʩʂ=. ʈʦʟʨʘʭʫʥʦʢ ʽʥʚʘʨʽʘʥʪʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʚʠʨʘʟʦʤ (2.19) ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. ʗʢ ʧʦʢʘʟʫʻ ʨʠʩ. 2.9 ʜʚʦʢʘʩʢʘʜʥʠʡ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯN 

ʻ ʧʦʪʝʥʮʽʡʥʦ-ʥʝʩʪʽʡʢʠʤ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 165,8 ʄɻʮ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʘʻ 1,1%. 
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ɻʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʮʴʦʛʦ ʋʇɯN fɻ (ʂʩ = 1) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʢʣʘʜʘʻ 

165,8 ʄɻʮ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ fɻ = 175 ʄɻʮ (ʨʠʩ. 2.9). ʇʦʭʠʙʢʘ ʜʣʷ 

ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʩʢʣʘʜʘʻ 1,93%. 
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ʈʠʩʫʥʦʢ 2.9 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʽʡʢʦʩʪʽ ʂʩ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʽʥʜʫʢʪʠʚʥʦʛʦ 
2 1ɻZ j Lw=  (ʘ), ʨʝʟʠʩʪʠʚʥʦʛʦ Zɻ1 = R1 (ʙ) 

ʪʘ ʻʤʥʽʩʥʦʛʦ 
3 5

1ɻZ j Cw=
 
ʇɺʇ: çˈˈè - ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ; çĬĬĬè,ç***è ʪʘ 

çÅÅÅè - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʚʠʟʥʘʯʝʥʦʶ ʩʠʩʪʝʤʦʶ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯN, ʧʽʜʪʚʝʨʜʞʫʻ 

ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʈʦʟʙʽʞʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 5%. ʎʝ 

ʚʢʘʟʫʻ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫʪʚʦʨʶʚʘʥʠʭ ʢʘʩʢʘʜʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʪʨʠʧʦʣʶʩʥʠʢʽʚ. 
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ɺʀʉʅʆɺʂʀ 
 

1. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN, 

ʫʪʚʦʨʝʥʦʛʦ ʢʦʤʙʽʥʘʮʽʻʶ N ʪʨʠʧʦʣʶʩʥʠʢʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʪʠʤ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ɹʘʙʘʢʘ ʃ. ɯ. [166], ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʨʠʮʶ ʨʦʟʩʽʶʚʘʥʥʷ [S] ʽ 

ʦʧʠʩʫʻ ʟôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʅɺʏ N-ʧʦʣʶʩʥʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ 

ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʟʦʢʨʝʤʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʘʪʨʠʮʽ ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʥʦʛʦ ʢʘʩʢʘʜʫ, ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʘʜʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ ʟôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʢʘʩʢʘʜʽʚ. ʎʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʪʘʢʦʞ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʘʩʢʘʜʥʦʛʦ ʋʇɯN ʷʢ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʢʘʩʢʘʜʽʚ N, ʪʘʢ ʽ ʚʽʜ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʦʧʦʨʽʚ (Z0éZN), ʘ ʪʘʢʦʞ ʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʢʘʩʢʘʜʽʚ [yi], ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫʪʚʦʨʶʚʘʥʠʭ ʢʘʩʢʘʜʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʪʨʠʧʦʣʶʩʥʠʢʽʚ. 

2. ʇʨʦʚʝʜʝʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʇʊʉ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ 

ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʉɸʇʈ, ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʽ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʩʪʽʰʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʇʊʉ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʚʠʤʽʨʷʥʽ ʘʙʦ ʨʦʟʨʘʭʦʚʘʥʽ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʊ-ʧʦʜʽʙʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʇʊʉ, ʷʢʘ ʻ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʶ ʪʘ ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʞʫʚʘʪʠ ʾʾ 

ʧʘʨʘʤʝʪʨʠ ʟ ʙʽʣʴʰ ʪʦʯʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʡ ʦʧʝʨʫʚʘʪʠ ʥʘʜʘʣʽ 

ʤʝʥʰ ʛʨʦʤʽʟʜʢʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯN ʥʘ ʦʩʥʦʚʽ ʇʊʉ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ 

ʢʚʘʟʽʣʽʥʽʡʥʦʛʦ ʪʨʠʧʦʣʶʩʥʠʢʘ ʙʝʟ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. 

4. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʚʦʢʘʩʢʘʜʥʦʛʦ 

ʪʨʠʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʪʘ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʽʡʢʦʩʪʽ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʥʦʨʤʠ ʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 5%.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ 4 

ʥʘʫʢʦʚʽ ʧʨʘʮʽ [7, 8, 36, 37].  
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ɼɺʆʇɸʈɸʄɽʊʈʀʏʅʀʍ ʋɿɸɻɸʃʔʅɽʅʀʍ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɯʄɯʊɸʅʉʋ ʅɸ ʇʆʃʔʆɺʆʄʋ ʊʈɸʅɿʀʉʊʆʈɯ 

 

ʆʜʥʽʻʶ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ (ʟ ʧʦʛʣʷʜʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ʚʘʨʪʦʩʪʽ) ʻ ʧʦʣʴʦʚʘ ʪʨʘʥʟʠʩʪʦʨʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ. ɼʣʷ ʾʾ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ, 

ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʾʾ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʪʚʦʨʝʥʠʭ ʽʤʽʪʘʥʩʽʚ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʧʦʚʝʜʽʥʢʦʶ ʾʾ 

ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ. 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʋʇɯ, ʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ʉʘʤʝ ʾʾ ʚʝʣʠʯʠʥʫ ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʤʽʥʠ 

ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʋʇɯ, ʱʦ ʦʜʝʨʞʘʣʘ ʥʘʟʚʫ çʷʢʽʩʪʴè ʋʇɯ [167, 168]. ʏʠʤ 

ʤʝʥʰʘ ʯʫʪʣʠʚʽʩʪʴ ʋʇɯ, ʪʠʤ ʚʠʱʘ ʡʦʛʦ ʷʢʽʩʪʴ. ʊʦʤʫ, ʫ ʨʦʟʜʽʣʽ ʚʠʨʽʰʫʶʪʴʩʷ 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʋʇɯ ʚʽʜ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ ʥʘ ʦʩʥʦʚʽ ʇʊ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʷʢʦʩʪʽ ʋʇɯ ʚʽʜ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇʊ. 

 

3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʥʘ ʧʦʣʴʦʚʦʤʫ ʪʨʘʥʟʠʩʪʦʨʽ 

 

ʇʦʣʴʦʚʘ ʪʨʘʥʟʠʩʪʦʨʥʘ ʩʪʨʫʢʪʫʨʘ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʦʣʴʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ. ʅʘ ʡʦʛʦ ʦʩʥʦʚʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʪʨʠ ʚʠʜʠ ʋʇɯN ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʇʊ (ʨʠʩ. 3.1). ɺʠʭʽʜʥʠʡ ʽʤʽʪʘʥʩ ʪʘʢʠʭ ʋʇɯN ʻ ʬʫʥʢʮʽʻʶ 

ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʽʪʘʥʩʽʚ ( )1 2,ʚʠʭW F W W= , ʪʦʙʪʦ ʪʘʢʽ ʋʇɯN ʻ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʤʠ. 
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ʘ)                               ʙ)                                ʚ) 

 

ʈʠʩʫʥʦʢ 3.1 ð ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʭʝʤʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʇʊ 

ʚʢʣʶʯʝʥʦʛʦ ʟʽ ʩʧʽʣʴʥʠʤʠ: ʩʪʦʢʦʤ (ʘ), ʚʠʪʦʢʦʤ (ʙ) ʽ ʟʘʪʚʦʨʦʤ (ʚ) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʢʦʥʬʦʨʤʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ [148] ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ 

ʧʣʦʱʠʥʽ, ʜʨʽʙʥʦ-ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ (2.17) ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ  

(ʨʠʩ. 3.2) ʟ ʨʘʜʽʫʩʦʤ ɟ ʪʘ ʢʦʦʨʜʠʥʘʪʦʶ ʮʝʥʪʨʘ Y0: 

 

12 21 11 12 Re( 1/ ),Y Y Y Zr= Ö Ö +      (3.1) 

0 22 12 21 11 12Re( 1/ )Y Y Y Y Y Z= - Ö + .    (3.2) 

 

ʂʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʾ ʪʦʯʢʠ ʥʘ ʮʴʦʤʫ ʢʦʣʽ ʪʘ ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʻ ʬʫʥʢʮʽʻʶ 

ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʧʝʜʘʥʩʽʚ Z1 ʪʘ Z2 ʪʘ ʧʨʠ ʚʚʝʜʝʥʥʽ ʥʦʨʤʫʚʘʥʥʷ ʚʠʜʫ 

1 1 11Re( ) Re( ) / Re( )Y Y Y= , 1 1 22 22Im( ) Im( ) / Re( )Y Y Y Y= + , ʜʝ Y1 = 1/Z1, ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʧʠʩʘʥʫ ʚ ʽʤʽʪʘʥʩʥʝ ʢʦʣʦ ʜʽʘʛʨʘʤʫ ɺʦʣʴʧʝʨʪʘ-ʉʤʽʪʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʘʜʤʽʪʘʥʩʘ Yʚʠʭ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʧʝʜʘʥʩʽʚ Z1 ʪʘ Z2 ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ. 

ɸʥʘʣʽʟ ʮʴʦʛʦ ʢʦʣʘ, ʧʨʦʚʝʜʝʥʠʡ ʚ [169], ʧʦʢʘʟʘʚ, ʱʦ ʢʨʽʤ ʨʘʜʽʫʩʘ ɟ ʽ 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ Y0, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʽʣʴʰʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʥʠʟʢʘ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʥʘ ʮʴʦʤʫ ʢʦʣʽ (ʨʠʩ. 3.2): 

 



70 

Re(Yɺʠʭ), ʆʤ

Im
(Y
ɺ
ʠ
ʭ
),

 ʆ
ʤ

Im(Y1)<0

Re(Y1) = 0

Y22

Im(Y1)

ʄ

Im(Y1)>0

2

5

8
Y0

ɟ

 

 

ʈʠʩʫʥʦʢ 3.2 ð ɺʠʭʽʜʥʝ ʽʤʽʪʘʥʩʥʝ ʢʦʣʦ ʟ ʚʧʠʩʘʥʦʶ ʜʽʘʛʨʘʤʦʶ ɺʦʣʴʧʝʨʪʘ-ʉʤʽʪʘ 

 

- ʝʢʩʪʨʝʤʘʣʴʥʽ ʪʦʯʢʠ 2 ʽ 5, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʽ 

ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʘʜʤʽʪʘʥʩʘ, ʽ ʷʢʽ ʤʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ 

 

( ).2 0 0Re( ) Im( ) ;ʚʠʭy Y j Yr= + + ,     (3.3) 

( ).5 0 0Re( ) Im( ) ;ʚʠʭy Y j Y r= + -,     (3.4) 

 

- ʝʢʩʪʨʝʤʘʣʴʥʘ ʪʦʯʢʘ 8, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʥʽʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ 

ʜʽʡʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʘʜʤʽʪʘʥʩʘ, ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 

.8 0 0Re( ) Im( ).ʚʠʭy Y j Yr= - + Ö      (3.5) 

 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʡʦʛʦ ʽʥʚʘʨʽʘʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʽʤʽʪʘʥʩʥʦʛʦ 

ʢʦʣʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [151, 170] 
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. 0Re( ) / ,ʫʚK Y r=       (3.6) 

 

ʘ ʪʘʢʦʞ ʽʤʽʪʘʥʩʥʫ ʢʦʦʨʜʠʥʘʪʫ ʤʝʜʽʘʥʠ ʄ, ʜʝ Z1 = 0 

 

22 12 21 11.M Y Y Y Y= -      (3.7) 

 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.16, 2.17, 3.1 ï 3.7) ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʙʫʜʴ-ʷʢʦʛʦ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʣʠʰʝ ʩʠʩʪʝʤʫ ʘʜʤʽʪʘʥʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʥʘ ʷʢʦʤʫ ʙʫʜʫʻʪʴʩʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯ.  

 

3.1.1 ʈʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʠʤʽʨʶʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ, ʷʢʘ ʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘ: ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʽʪʘʥʩʽʚ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ, ʛʘʣʴʚʘʥʽʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʽʞ ʢʦʣʘʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʫ, ʫʟʛʦʜʞʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʫ ʟʘ ʭʚʠʣʝʚʠʤ ʦʧʦʨʦʤ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʽʪʘʥʩʽʚ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ [171]. 

ʆʙʠʨʘʻʤʦ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʟ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʣʽʥʽʾ (ɺʃ), ʷʢ ʪʘʢʠʡ, 

ʱʦ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ. ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʪʘ 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ 

ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʠʤ ʫʤʦʚʘʤ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.3. ʍʚʠʣʴʦʚʠʡ ʦʧʽʨ Z0=50 ʆʤ.  

ʅʘ ʩʭʝʤʽ (ʨʠʩ. 3.3): ɻ ï ʛʝʥʝʨʘʪʦʨ ʂ ʍ1-42; ɯ- ̔ ʥʜʠʢʘʪʦʨ (ʚʦʣʴʪʤʝʪʨ); ɺʇʨ ï 

ʚʠʤʽʨʶʚʘʯ ʧʨʦʚʽʜʥʦʩʪʽ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʣʽʥʽʷ); ʊʊ ï ʪʨʠʤʘʯ ʪʨʘʥʟʠʩʪʦʨʘ; Z ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʽʨ; ʂ ï 

ʢʦʤʫʪʘʪʦʨ; ʅ ï ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ; ɺʇ ï ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ.  
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ʂ
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ʘ) 

 

 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 3.3 ð ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ (ʘ) ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ (ʙ)  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 
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ɺʠʤʽʨʶʚʘʣʴʥʘ ʣʽʥʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʦʛʦ ʦʧʦʨʫ ʚ 

ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʤʽʨʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʧʦ ʥʘʧʨʫʟʽ (ʂʉʍʅ) ʽ ʧʦʣʦʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʤʽʥʽʤʫʤʽʚ ʩʪʦʷʯʦʾ ʭʚʠʣʽ ʚ 

ʣʽʥʽʾ, ʥʘʚʘʥʪʘʞʝʥʦʾ ʚʠʤʽʨʶʚʘʥʠʤ ʧʨʠʩʪʨʦʻʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦʚʥʠʡ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʅɺʏ ʛʝʥʝʨʘʪʦʨ ɻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʦʥʜʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʽʥ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʽʥʜʠʢʘʮʽʾ ʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ ʯʘʩʪʦʪʠ. ɺʽʜʥʦʩʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʯʘʩ 

ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʯʘʩʪʦʪʦʶ ʥʝ ʧʦʚʠʥʥʘ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ Ñ0,05% ʽ ʟʘ ʨʽʚʥʝʤ 

ʧʦʪʫʞʥʦʩʪʽ Ñ0,15 ʜɹ. 

ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʜʤʽʪʘʥʩʥʦʾ ʤʘʪʨʠʮʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 

3.1.2 ɸʜʤʽʪʘʥʩʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʨʠʮʽ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ 

ʚʢʣʶʯʝʥʥʷ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʠʧʫ BF545A, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʙʘʟʦʚʠʡ ʝʣʝʤʝʥʪ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʘʜʤʽʪʘʥʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ y11, y12, y21 ʪʘ y22 ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜʠʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʧʠʩʘʥʫ ʚ [171]. ʈʝʟʫʣʴʪʘʪʠ ʯʘʩʪʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʰʫʢʘʥʠʭ ʫ-ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 3.4 ð 3.5. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʤʽʨʷʥʽ y-ʧʘʨʘʤʝʪʨʠ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʦʞʣʠʚʦ 

ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʽʪʘʥʩʫ Wʚʠʭ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ ʫ ʚʩʽʭ ʜʽʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʽʪʘʥʩʽʚ 1 2,W W, ʽ ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ, ʾʭ ʨʘʜʽʫʩʠ ʪʘ 

ʤʝʜʽʘʥʠ. 
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ʈʠʩʫʥʦʢ 3.4 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʤʽʪʘʥʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ BF545A, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ 
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ʈʠʩʫʥʦʢ 3.5 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʤʽʪʘʥʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ BF545A, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 
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ʈʠʩʫʥʦʢ 3.6 ð ʏʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʤʽʪʘʥʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ BF545A, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ 

 

ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʜʦ ʷʢʦʛʦ ʚʠʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʢʦʥʚʝʨʪʦʨ ʯʠ 

ʽʥʚʝʨʪʦʨ) ʚʽʜʥʦʩʠʪʴʩʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯ ʽ ʢʽʣʴʢʽʩʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʚʝʨʪʦʨʘ ʘʙʦ ʽʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ. 

 

3.1.3 ʇʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ 

ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ 

 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʫ-ʧʘʨʘʤʝʪʨʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.16 ï 3.7), ʧʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʣʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʇʊ, 
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ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ (ʇʊʩ), ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ ʷʢʦʛʦ 

ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 3.7.  
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ʈʠʩʫʥʦʢ 3.7 ð ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ 

 

ɯʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʙʘʟʽ ʇʊʩ ʧʨʠ ʧʨʷʤʦʤʫ (ʨʠʩ. 3.8) ʪʘ 

ʟʚʦʨʦʪʥʦʤʫ (ʨʠʩ. 3.9) ʧʝʨʝʪʚʦʨʝʥʥʽ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʡʦʛʦ ʽʤʽʪʘʥʩʥʦʤʫ ʢʦʣʽ ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 3.10 ð 3.16. 

ɸʥʘʣʽʟ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʙʣʘʩʪʽ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʽʪʘʥʩʫ ʋʇɯ ʧʦʢʘʟʘʚ, ʱʦ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʢʦʥʚʝʨʪʦʨ ʽʤʽʪʘʥʩʫ ʥʘ 

ʦʩʥʦʚʽ ʇʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ, ʤʘʻ ʧʦʪʝʥʮʽʡʥʫ 

ʥʝʩʪʽʡʢʽʩʪʴ. ɺ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʜʦ 1 ɻɻʮ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʩʭʝʤʽ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʢʦʥʚʝʨʪʦʨ ʽʤʽʪʘʥʩʫ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʧʨʠ ʮʴʦʤʫ ʻ ʚʠʙʽʨ ʟʥʘʯʝʥʴ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ 

ʽʤʧʝʜʘʥʩʽʚ, ʟʘ ʷʢʠʭ ʜʽʡʩʥʘ ʩʢʣʘʜʦʚʘ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʦʜʦʩʷʞʥʠʭ ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ. 



77 

Y01

ɟ02 

R2 = 0 ʆʤ

ɟ01 

ɟ03 

R2 = 50 R2 = 100 

Y02

Y03

Y22
Yʄ

-40 0 40 80
Re(Yʚʠʭ), ʤʉʤ

30

0

-30

-60

-90

Im
(Y
ʚ
ʠ
ʭ
),

 ʤ
ʉ
ʤ

F = 300 ʄɻʮ

Im(Z1) > 0

 

Im
(Y
ʚ
ʠ
ʭ
),

 ʤ
ʉ
ʤ

Y22

Yʄ Y01

Y03

Y02

ɟ01 

ɟ02 

ɟ03 
C2 = 20 ʧʌ

C2 = 10 ʧʌ

-90
25 50

Re(Yʚʠʭ), ʤʉʤ

0 75

25

-25

-75

-50

0

F = 300 ʄɻʮ

-25 90

C2 = 50 ʧʌ

C2 = 500 ʧʌ

ɟ04 

Y04

Im(Z1) > 0

 

ʘ)        ʙ) 

 

L2 = 10 ʥɻʥ

Y01

ɟ01 

ɟ02 Y02

ɟ03 

Y03

L2 = 25 ʥɻʥ

L2 = 40 ʥɻʥ

-150 0 300
Re(Yʚʠʭ), ʤʉʤ

150

0

-300

-150

150

Im
(Y
ʚ
ʠ
ʭ
),

 ʤ
ʉ
ʤ

300

F = 300 ʄɻʮ

Yʄ
Y22

Y04
ɟ04 

L2 = 0 ʥɻʥ

Im(Z1) > 0

Im(Z1) < 0

 

ʚ) 

ʈʠʩʫʥʦʢ 3.8 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʚ ʨʝʞʠʤʽ 

ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʇʊʩ, ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ 

ʽʤʽʪʘʥʩ Z2 = R (ʘ), Z2 = -1/jɤC (ʙ), Z2 = jɤL (ʚ) 
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ʚ) 

ʈʠʩʫʥʦʢ 3.9 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʇʊʩ, ʥʘ ʚʭʦʜʽ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ ʽʤʽʪʘʥʩ  

Z1 = R (ʘ), Z1 = -1/jɤC (ʙ), Z1 = jɤL (ʚ)  



79 

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

jXL

10 ʧʌ

0 ʆʤ

10 ʥɻʥ

25 ʥɻʥ

70 ʥɻʥ

100 ʆʤ
200 ʆʤ

50 ʧʌ

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

250200150100500

20

40

60

80

100

120

140

160

 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

0 20 40 60 80 100 120 140 160 180 200

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z1 = R

Z1 = -jXc

Z1 =jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

40 ʆʤ

10 ʆʤ

60 ʥɻʥ

45 ʥɻʥ

30 ʥɻʥ

15 ʥɻʥ

10 ʧʌ

55 ʧʌ 100 ʧʌ
145 ʧʌ

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250
ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

0

20

40

60

80

100

120

140

160

180

0 50 100 150 200 250

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z2 = R

Z2 = -jXc

Z2 =jXL

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

0 20 40 60 80 100 120 140 160 180 200

ɟ
, 
ʤ
ʉ
ʤ

R, ʆʤ / ʉ, ʧʌ / L, ʥɻʥ

ʈʘʜʽʫʩ

Z1 = R

Z1 = -jXc

Z1 =jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

jXL

100806040200 120 140 160

0,5

1

1,5

2

2,5

3

3,5

4

0

0
,5 1

1
,5 2

2
,5 3

3
,5 4

4
,5

0
2

0
4

0
6

0
8

0
1

0
0

1
2

0
1

4
0

1
6

0
1

8
0

2
0

0

ɟ, ʤʉʤ
R

, ʆ
ʤ
 
/
 
ʉ
,
 
ʧ
ʌ
 
/
 

L
, ʥ
ɻ
ʥ

ʈ
ʘ
ʜ
ʽ
ʫ
ʩ

Z
1

 =
 R

Z
1

 =
 -jX

c

Z
1

 =
jX

L

0
,5 1

1
,5 2

2
,5 3

3
,5

-3
-2

-1
0

1
2

3

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

R
e

(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Y
8

Z
1

 =
 R

Z
1

 =
-jX

c

Z
1

=
jX

L

 

ʘ)     ʙ) 

 

ʈʠʩʫʥʦʢ 3.10 ð ɿʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʚʽʤʢʥʝʥʦʛʦ ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʽʤʧʝʜʘʥʩʫ Z2 ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ (ʘ) ʪʘ Z1 ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ (ʙ) ʧʝʨʝʪʚʦʨʝʥʥʷ  

 

0,6

0,65

0,7

0,75

0,8

0,85

0,9

0,95

1

1,2 1,25 1,3 1,35 1,4 1,45 1,5 1,55 1,6

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

ʄʝʜiʘʥʘ

Z2 = R

Z2 = -jXc

Z2 = jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

10 ʥɻʥ

25 ʥɻʥ

40 ʥɻʥ

200 ʆʤ

150 ʆʤ

100 ʆʤ

0 ʆʤ

50 ʆʤ

10 ʧʌ
55 ʥɻʥ

20 40

70 ʥɻʥ

0,75

0,95

0,7

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

0,8

0,85

0,9

1

0,65

1,2 1,25 1,3 1,35 1,4 1,45 1,5 1,55

0,6

0,65

0,7

0,75

0,8

0,85

0,9

0,95

1

1,2 1,25 1,3 1,35 1,4 1,45 1,5 1,55 1,6

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

ʄʝʜiʘʥʘ

Z2 = R

Z2 = -jXc

Z2 = jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

jXL

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

1,6

1,8

2

2,2

2,4

2,6

2,8

3

3,2

2,2 2,7 3,2 3,7 4,2 4,7 5,2 5,7 6,2

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

ʄʝʜiʘʥʘ

Z2 = R

Z2 = -jXc

Z2 = jXL

-3

-2

-1

0

1

2

3

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z1 = R

Z1 = -jXc

Z1=jXL

10 ʧʌ

55 ʧʌ

60 ʥɻʥ

45 ʥɻʥ

30 ʥɻʥ

15 ʥɻʥ0 ʥɻʥ

40 ʆʤ

30 ʆʤ

20 ʆʤ

10 ʆʤ

1,6

1,8

2

2,2

2,4

2,6

2,8

3

3,2

2,2 2,7 3,2 3,7 4,2 4,7 5,2 5,7 6,2

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

ʄʝʜiʘʥʘ

Z2 = R

Z2 = -jXc

Z2 = jXL

-3

-2

-1

0

1

2

3

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z1 = R

Z1 = -jXc

Z1=jXL

jXLZ1

Z1

Z1

2,2

3

2

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

2,4

2,6

2,8

3,2

1,8

2,2 2,7 3,2 3,7 4,2 4,7 5,2 5,7

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

 

ʘ)        ʙ) 

 

ʈʠʩʫʥʦʢ 3.11 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʤʝʜʽʘʥʠ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʚʽʤʢʥʝʥʦʛʦ ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʽʤʧʝʜʘʥʩʫ Z2 ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ 

(ʘ) ʪʘ ʟʚʦʨʦʪʥʦʛʦ (ʙ) ʧʝʨʝʪʚʦʨʝʥʥʷ 



80 

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50
Im

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

0 ʆʤ

150 ʆʤ

50 ʆʤ

10 ʧʌ

30 ʧʌ

50 ʧʌ

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

Y0

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

40302010

-35

-30

-25

-20

-15

-10

-5

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Y0

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0-50

0
1

0
2

0
3

0
4

0
5

0

Im(Yʚʠʭ), ʤʉʤ

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Y
0

Z
2

 =
 R

Z
2

 =
 -

jX
c

-6
0

-4
0

-2
00

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

0
2

0
4

0
6

0
8

0

Re(Yʚʠʭ), ʤʉʤ

L
, 
ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -

jX
L

-1
2

0

-1
0

0

-8
0

-6
0

-4
0

-2
00

2
0

4
0

6
0

8
0

0
2

0
4

0
6

0
8

0

Im(Yʚʠʭ), ʤʉʤ

L
, 
ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -

jX
L

6020

-20

20

40

60

80

100

120

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80
R

e
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

40

-40

0
20 40 60

-60

-40

-20

0

20

40

60

80

100

120

 

 

ʘ)      ʙ) 

 

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Y0

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-80

-40

-20

0

20

40

60

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

-100

-60

6020 40

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

40 ʆʤ

20 ʆʤ

10 ʆʤ

0 ʥɻʥ60 ʥɻʥ

45 ʥɻʥ

30 ʥɻʥ

15 ʥɻʥ

10 ʧʌ

55 ʧʌ

190 ʧʌ

jXL

1

1,5

2

2,5

3

0,5

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

0 20 40 60 80

R
e

(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

0 20 40 60 80

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

42 3

Y0

 

 

ʚ)       ʛ) 

 

ʈʠʩʫʥʦʢ 3.12 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʮʝʪʨʫ Y0 ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ Z2 = R,  

Z2 = 1/jɤC (ʘ) ʪʘ Z2 = jɤL (ʙ, ʚ) ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʛ) 



81 

-150

-100

-50

0

50

100

-150 -100 -50 0

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

-15 -10 -5 0

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = R

Z2 =-jXc

200 ʆʤ

0 ʆʤ

150 ʆʤ

50 ʆʤ

10 ʧʌ

20 ʧʌ

30 ʧʌ

40 ʧʌ

500 ʧʌ

-150

-100

-50

0

50

100

-150 -100 -50 0

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

-15 -10 -5 0

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = R

Z2 =-jXc

Y8

-40

-35

-30

-25

-20

-15

-10

-5

0

01020304050

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z2 = R

Z2 = -jXc

-60

-40

-20

0

20

40

60

80

100

120

140

020406080

R
e

(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

-120

-100

-80

-60

-40

-20

0

20

40

60

80

020406080

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

L, ʥɻʥ

Y0

Z2 = -jXL

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

-30

-25

-20

-15

-10

-35

-5-15 -10

-150

-100

-50

0

50

100

-150 -100 -50 0

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

-15 -10 -5 0

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = R

Z2 =-jXc

0 ʥɻʥ

40ʥɻʥ

10 ʥɻʥ

25 ʥɻʥ

-150

-100

-50

0

50

100

-150 -100 -50 0

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = jXL

-40

-35

-30

-25

-20

-15

-10

-5

0

-15 -10 -5 0

Im
(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z2 = R

Z2 =-jXc

Y8

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0 -5 0

0
1

0
2

0
3

0
4

0
5

0

Im(Yʚʠʭ), ʤʉʤ

R
e

(Yʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Y
0

Z
2

 =
 R

Z
2

 =
 -jX

c

-6
0

-4
0

-2
0 0

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

0
2

0
4

0
6

0
8

0

Re(Yʚʠʭ), ʤʉʤ

L
, ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -jX

L

-1
2

0

-1
0

0

-8
0

-6
0

-4
0

-2
0 0

2
0

4
0

6
0

8
0

0
2

0
4

0
6

0
8

0

Im(Yʚʠʭ), ʤʉʤ

L
, ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -jX

L

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

-

-100

-50

-10

-150

-50-150 -100

70 ʥɻʥ

0

50

100

 

ʘ)                                           ʙ) 

 

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

0 ʥɻʥ60 ʥɻʥ

45 ʥɻʥ

30 ʥɻʥ

15 ʥɻʥ

40 ʆʤ

20 ʆʤ

10 ʆʤ

0 ʆʤ

10 ʧʌ

55 ʧʌ

145 ʧʌ

190 ʧʌ

Y8

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0 -5 0

0
1

0
2

0
3

0
4

0
5

0

Im(Yʚʠʭ), ʤʉʤ

R
e

(Y
ʚ
ʠ
ʭ

), ʤ
ʉ
ʤ

Y
0

Z
2

 =
 R

Z
2

 =
 -jX

c

-6
0

-4
0

-2
0 0

2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

0
2

0
4

0
6

0
8

0

Re(Yʚʠʭ), ʤʉʤ

L
, ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -jX

L

-1
2

0

-1
0

0

-8
0

-6
0

-4
0

-2
0 0

2
0

4
0

6
0

8
0

0
2

0
4

0
6

0
8

0

Im(Yʚʠʭ), ʤʉʤ

L
, ʥ
ɻ
ʥ

Y
0

Z
2

 =
 -jX

L

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXLjXL

1

1,5

0,5

2

2,5

3

1-2 0-3 -1 21-3 -1-2 0 2
 

ʚ) 

 

ʈʠʩʫʥʦʢ 3.13 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ Y8 ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ Z2 = R,  

Z2 = 1/jɤC (ʘ) ʪʘ Z2 = jɤL (ʙ) ʧʨʠ ʧʨʷʤʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʽ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ (ʚ) 



82 

0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 = R

Z2 =-jXc

0

20

40

60

80

100

120

140

160

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 =jXL

0 ʆʤ

200 ʆʤ

150 ʆʤ

100 ʆʤ

50 ʆʤ

10 ʧʌ

20 ʧʌ

40 ʧʌ
50 ʧʌ

0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 = R

Z2 =-jXc

0

20

40

60

80

100

120

140

160

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 =jXL

Y2

6

4

12

14

16

-3 -1

10

2

0

8

20

18

5040302010 -100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = R

Z2 = -jXc

-300

-250

-200

-150

-100

-50

0

50

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = jXL

200 ʆʤ

0 ʆʤ

150 ʆʤ

100 ʆʤ

50 ʆʤ

10 ʧʌ

20 ʧʌ

30 ʧʌ

50 ʧʌ

500 ʧʌ

0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 = R

Z2 =-jXc

0

20

40

60

80

100

120

140

160

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y2

Z2 =jXL

Y2

-70

-30

-20

-10

-3 -1

-50

-80

-90

-40

20
0

40302010

-60

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = R

Z2 = -jXc

-300

-250

-200

-150

-100

-50

0

50

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = jXL

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 10 20 30 40 50

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = R

Z2 = -jXc

-300

-250

-200

-150

-100

-50

0

50

-100 -50 0 50 100 150

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y5

Z2 = jXL

 

ʘ)                                             ʙ) 

 

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

Y2Y2

Y2

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ

),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

0

-20

60

80

100

-3 -1

40

-40

-60

20

604020

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

80

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

Y2Y2

Y2

40

100

120

140

-3 -1

80

20

0
604020

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

80

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL
60

 

ʚ)      ʛ) 

 

ʈʠʩʫʥʦʢ 3.14 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ Y2 ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ Z2 = R,  

Z2 = 1/jɤC (ʘ, ʙ) ʪʘ Z2 = jɤL (ʚ, ʛ) ʧʨʠ ʧʨʷʤʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

 



83 

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-300

-250

-200

-150

-100

-50

0

50

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-300

-250

-200

-150

-100

-50

0

50

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5Y5Y5

Y5

0,5

1

1,5

2

2,5

3

3,5

1 2 3 4 5

Im
(Y
ʚ
ʠ
ʭ),
 ʤ
ʉ
ʤ

Re(Yʚʠʭ), ʤʉʤ

Y0

Z1 = R

Z1 = -jXc

Z1=jXL

0,5

1

1,5

2

2,5

3

3,5

-3 -2 -1 0 1 2 3

Im(Yʚʠʭ), ʤʉʤ

Re(Yʚʠʭ), ʤʉʤ

Y8

Z1 = R

Z1 =-jXc

Z1=jXL

0

-20

60

80

100

40

-40

-60

20

40

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

8020 60

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-300

-250

-200

-150

-100

-50

0

50

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5

-300

-250

-200

-150

-100

-50

0

50

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y5Y5Y5

Y5

-200

-50

0

-100

-250

-300

6040

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

80

-60

-40

-20

0

20

40

60

80

100

120

0 20 40 60 80

Re(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

0

20

40

60

80

100

120

140

160

0 20 40 60 80

Im(Yʚʠʭ), ʤʉʤ

L, ʥɻʥ

Y2

Z2 =jXL

-150

20

 

 

ʈʠʩʫʥʦʢ 3.15 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ Y5 ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ Z2 = jɤL ʧʨʠ 

ʧʨʷʤʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ  
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ʈʠʩʫʥʦʢ 3.16 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ Y2  (ʘ) ʪʘ Y5 (ʙ) ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ 

ʧʨʠ Z2 = R, Z2 = 1/jɤC ʪʘ Z2 = jɤL ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 
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ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʻ ʡʦʛʦ ʨʘʜʽʫʩ ɟ. ʏʠʤ ʚʽʥ 

ʙʽʣʴʰʠʡ, ʪʠʤ ʰʠʨʰʠʤʠ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʋʇɯ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʡʦʛʦ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 

3.10, ʟʤʝʥʰʝʥʥʷ ʷʢ ʘʢʪʠʚʥʦʛʦ, ʪʘʢ ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ Z2, ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ɟ. ʇʨʠ ʮʴʦʤʫ, ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʢʦʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʨʘʜʽʫʩʠ, ʥʽʞ ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʟʘʣʝʞʥʽʩʪʴ ʤʝʜʽʘʥʠ ʄ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʦʧʦʨʫ Z2 (ʨʠʩ. 3.11). 

ɿʤʽʥʦʶ Z2 = R ʤʦʞʣʠʚʦ ʤʘʡʞʝ ʣʽʥʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʣʠʰʝ ʫʷʚʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ, ʘ ʟʤʽʥʦʶ Z2 = 1/jɤC ʪʘ Z2 = jɤL ï ʜʽʡʩʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ 

ʤʝʜʽʘʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʰʠʨʠʥʫ ʢʦʥʚʝʨʪʫʶʯʦʾ ʪʘ ʽʥʚʝʨʪʫʶʯʦʾ 

ʦʙʣʘʩʪʝʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʫ Z1.  

ʆʜʥʘʢ ʧʨʠ ʽʥʜʫʢʪʠʚʥʦʤʫ ʭʘʨʘʢʪʝʨʽ Z2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʢʩʪʨʝʤʫʤ ʧʨʠ  

L2 = 10 ʥɻʥ ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ L2 = 15 ʥɻʥ ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘʢʦʞ ʥʝʣʽʥʽʡʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʢʦʣʘ Y0, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʧʣʠʚʫ ʻʤʥʽʩʥʦʛʦ ʪʘ 

ʦʤʽʯʥʦʛʦ ʦʧʦʨʫ Z2 (ʨʠʩ. 3.12).  

ʎʷ ʥʝʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠ Im(Z2) > 0 ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʘ ʫ ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ 8 (ʨʠʩ. 3.13) ʟ ʢʦʥʚʝʨʪʦʨʘ ʧʨʠ L < 

20 ʥɻʥ, ʥʘ ʽʥʚʝʨʪʦʨ (L > 20 ʥɻʥ), ʱʦ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʛʦ ʋʇɯ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʽʤʽʪʘʥʩʥʠʭ ʣʦʛʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ [116, 172]. 

ɸʥʘʣʽʟ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ Y2 ʪʘ Y5 ʧʦʢʘʟʫʻ ʽʜʝʥʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʾʭ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ Z2. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʮʠʭ ʪʦʯʢʘʭ ʋʇɯ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʢʝʨʫʶʯʠʡ ʨʝʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ, ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʤʽʩʪʴ Z2 ʘʢʪʠʚʥʦʛʦ ʘʙʦ ʻʤʥʽʩʥʦʛʦ ʦʧʦʨʽʚ, ʚʽʜ ʟʤʽʥʠ ʚʝʣʠʯʠʥ 

ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ Im(Yʚʠʭ) (ʨʠʩ. 3.14 ð3.16). 
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3.1.4 ʇʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ 

ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ, ʚ 

ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʧʦʣʴʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ ʚʚʽʤʢʥʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 

(ʇʊʚ), ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.17. 
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ʈʠʩʫʥʦʢ 3.17 ð ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʤʽʪʘʥʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽʤʽʪʘʥʩʫ ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.18 ð 3.22. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ ʟʘ 

ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ ʥʘ ʯʘʩʪʦʪʽ 300 ʄɻʮ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʥʚʝʨʪʦʨ ʽʤʽʪʘʥʩʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʧʝʜʘʥʩʽʚ Z1 ʪʘ Z2 ʚ ʨʝʞʠʤʽ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦʙʪʦ Im(Z1)>0 ʪʘ Im(Z2)>0 (ʜʠʚ. ʨʠʩ. 3.18, 3.19). 
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ʚ) 

 

ʈʠʩʫʥʦʢ 3.18 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʇʊʚ, ʫ 

ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ ʽʤʽʪʘʥʩ Z2 = R (ʘ), Z2 = -1/jɤC (ʙ), Z2 = jɤL (ʚ) 

ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 
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ʚ) 

 

ʈʠʩʫʥʦʢ 3.19 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʇʊʚ, ʥʘ ʚʭʦʜʽ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ ʽʤʽʪʘʥʩ  

Z1 = jɤL (ʘ), Z1 = -1/jɤC (ʙ), Z1 = R (ʚ)  
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ʘ)      ʙ) 

 

ʈʠʩʫʥʦʢ 3.20 ð ɿʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʽʤʧʝʜʘʥʩʫ Z2 ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ (ʘ) ʪʘ Z1 ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ (ʙ) ʧʝʨʝʪʚʦʨʝʥʥʷ 
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ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʙ) 
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ʈʠʩʫʥʦʢ 3.22 ð ɿʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ Y2 ʪʘ Y5 ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ  

Z2 = R, Z2 = 1/jɤC ʪʘ Z2 = jɤL  ʧʨʠ ʧʨʷʤʦʤʫ (ʘ, ʙ) ʪʘ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ (ʚ, ʛ) 
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ʇʦʚʝʜʽʥʢʘ ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʽʜ ʟʘʛʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʩʧʘʜʘʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʷʢ ʘʢʪʠʚʥʦʛʦ, ʪʘʢ 

ʽ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ Z2 (ʫ ʚʠʧʘʜʢʫ ʨʝʞʠʤʫ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ) ʪʘ ʟʨʦʩʪʘʥʥʷ 

(ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ) ʚʽʜʭʠʣʷʻʪʴʩʷ ʽ ʤʘʻ ʧʨʦʪʠʣʝʞʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʚʝʜʽʥʢʘ ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʧʨʠ Z1 =C ʪʘ Z2 = C (ʨʠʩ. 3.20).  

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʧʨʷʤʦʢ ʾʭ ʨʫʭʫ ʧʨʠ ʟʤʽʥʽ 

ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʧʝʜʘʥʩʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.18, ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʻ ʚʧʠʩʘʥʠʤʠ ʦʜʥʝ ʚ ʦʜʥʝ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʦʨʜʠʥʘʪʠ 

ʮʝʥʪʨʫ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʚʢʘʟʫʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʽʫʩʫ ʢʦʣʘ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ Z2 = R ʪʘ Z2 = jɤL, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʽʤʧʝʜʘʥʩʫ, 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʥʫʣʷ ʚ ʧʝʨʰʦʤʫ ʢʚʘʜʨʘʥʪʽ ʢʦʦʨʜʠʥʘʪʥʦʾ 

ʧʣʦʱʠʥʠ. ʇʨʠ Z2 = 1/jɤC ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʥʫʣʷ ʧʦ ʤʽʨʽ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʻʤʥʦʩʪʽ ʚ ʪʨʝʪʴʦʤʫ ʢʚʘʜʨʘʥʪʽ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʣʦʱʠʥʠ  

(ʨʠʩ. 3.21 ʘ). ɺ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʤʘʶʪʴ ʧʝʚʥʠʡ 

ʟʩʫʚ ʧʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʝʜʘʥʩʫ. ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʢʦʣʘ 

ʧʨʷʤʫʶʪʴ ʜʦ ʤʘʢʩʠʤʫʤʫ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ Z2 = jɤL ʪʘ  

Z2 = 1/jɤC, ʪʘ ʧʨʷʤʫʶʪʴ ʜʦ ʥʫʣʷ ʧʨʠ Z2 = R (ʨʠʩ. 3.21 ʙ). 

ɸʥʘʣʽʟ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ Y2 ʪʘ Y5 ʧʦʢʘʟʫʻ ʤʘʡʞʝ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʾʭ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʚ ʦʙʦʭ ʨʝʞʠʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ  

(ʨʠʩ. 3.22). ɺʠʢʣʶʯʝʥʥʷ ʩʢʣʘʜʘʻ ʟʤʽʥʘ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 2 ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʦʣʠ Z2 = R. ɿʘʣʝʞʥʽʩʪʴ ʥʦʩʠʪʴ ʧʨʦʪʠʨʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʩʧʦʯʘʪʢʫ 

ʩʧʘʜʘʶʯʠ, ʘ ʧʦʪʽʤ ʟʨʦʩʪʘʶʯʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ. ʋ ʮʽʡ ʩʭʝʤʽ 

ʚʢʣʶʯʝʥʥʷ ʇʊ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʥʘʜʘʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʤʽʩʪʴ Z1 ʘʙʦ Z2 

ʽʥʜʫʢʪʠʚʥʦʛʦ ʘʙʦ ʻʤʥʽʩʥʦʛʦ ʦʧʦʨʽʚ. 

ɽʢʩʪʨʝʤʘʣʴʥʘ ʪʦʯʢʘ 8, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʥʽʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ 

ʜʽʡʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʘʜʤʽʪʘʥʩʘ ʧʨʠ Z2 = 1/jɤC ʪʘ ʟʨʦʩʪʘʶʯʠʭ 

ʟʥʘʯʝʥʥʷʭ ʻʤʥʦʩʪʽ, ʤʘʻ ʥʘʡʤʝʥʰʽ ʢʦʦʨʜʠʥʘʪʠ ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

(ʨʠʩ. 3.23). ɺ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʜʦʩʷʞʥʝ ʟʥʘʯʝʥʥʷ 

ʜʽʡʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʽʪʘʥʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

Z2 = jɤL ʪʘ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʛʥʫʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ. 
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ʄʝʜʽʘʥʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʢʦʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʷʢʠʡ ʚʢʣʶʯʝʥʠʡ 

ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʚʠʪʦʢʦʤ, ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨ, ʧʦʜʽʣʷʶʯʠ ʢʦʣʦ ʥʘ 

ʜʚʽ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʟʦʥʠ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʠʩ. 3.24). ɸʥʘʣʽʟʫʶʯʠ 

ʨʠʩ. 3.24 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʦʦʨʜʠʥʘʪʠ ʤʝʜʽʘʥʠ 

ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ Z2 = R ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʨʠʩ. 

3.24 ʘ), ʘ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʫʷʚʥʘ ʩʢʣʘʜʦʚʘ 

ʢʦʦʨʜʠʥʘʪʠ (ʨʠʩ. 3.24 ʙ). ʊʘʢʦʞ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ ʫʷʚʥʘ ʩʢʣʘʜʦʚʘ ʢʦʦʨʜʠʥʘʪʠ ʤʝʜʽʘʥʠ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ, ʫʪʚʦʨʝʥʦʛʦ 

ʟʤʽʥʦʶ ʽʥʜʫʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʧʝʜʘʥʩʫ (ʨʠʩ. 3.24 ʙ). 

 

3.1.5 ʇʘʨʘʤʝʪʨʠ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ 

ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ 

 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʤʽʪʘʥʩʥʦʛʦ 

ʢʦʣʘ ʜʣʷ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ 

ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ (ʇʊʟ), ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

3.25, ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʯʘʩʪʦʪʽ 300 ʄɻʮ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʥʚʝʨʪʦʨ ʽʤʽʪʘʥʩʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʝʨʝʪʚʦʨʶʚʘʥʠʭ ʽʤʧʝʜʘʥʩʽʚ Z1 ʪʘ Z2 ʚ ʨʝʞʠʤʽ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦʙʪʦ Im(Z1)>0 ʪʘ Im(Z2)>0 (ʨʠʩ. 3.26, 3.27). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ 

ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʩʪʦʢʦʤ, ʚʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʢʦʥʚʝʨʪʦʨʘ 

ʽʤʽʪʘʥʩʫ ʚ ʩʭʝʤʽ ʟʽ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ ʚ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʨʘʜʽʫʩʠ (ʨʠʩ. 3.26). 
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ʈʠʩʫʥʦʢ 3.25 ð ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʽʤʽʪʘʥʩʫ ʥʘ ʦʩʥʦʚʽ ʇʊ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ ʟʘʪʚʦʨʦʤ 

 

ɼʣʷ ʚʠʧʘʜʢʫ ʢʦʥʚʝʨʪʦʨʘ ʽʤʽʪʘʥʩʫ, ʚʢʣʶʯʝʥʦʛʦ ʟʘ ʩʭʝʤʦʶ ʟʽ ʩʧʽʣʴʥʠʤ 

ʟʘʪʚʦʨʦʤ, ʨʘʜʽʫʩ ʚʠʭʽʜʥʦʛʦ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʟʤʽʥʶʻʪʴʩʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʫʩʠ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ  

Z2 = jɤL ʪʘ Z2 = R ʟʙʽʣʴʰʫʶʪʴʩʷ, ʘ Z2 = -1/jɤʉ - ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʟʥʘʯʝʥʴ ʘʢʪʠʚʥʦʛʦ ʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʦʧʦʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʥʦʛʦ ʽʤʧʝʜʘʥʩʫ. ɺ 

ʟʚʦʨʦʪʥʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʪʫʘʮʽʷ ʧʨʦʪʠʣʝʞʥʘ: ʧʨʠ Z2 = -1/jɤʉ ʚʝʣʠʯʠʥʘ 

ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʦʛʦ ʢʦʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʟʥʘʯʝʥʴ ʽʤʧʝʜʘʥʩʫ Z2, ʘ ʧʨʠ 

Z2 = jɤL ʪʘ Z2 = R- ʥʘʚʧʘʢʠ, ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3.28).  

ɺ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʻ ʚʧʠʩʘʥʠʤʠ ʦʜʥʝ ʚ ʦʜʥʝ. 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʽʤʧʝʜʘʥʩʫ, ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʥʫʣʷ ʚ 

ʧʝʨʰʦʤʫ ʢʚʘʜʨʘʥʪʽ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʣʦʱʠʥʠ ʧʨʠ Z2 = R ʪʘ Z2 = jɤL. ʋ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ Z2 = -1/jɤC, ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʚʽʜʜʘʣʷʶʪʴʩʷ ʚʽʜ ʥʫʣʷ ʚ 

ʪʨʝʪʴʦʤʫ ʢʚʘʜʨʘʥʪʽ ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʣʦʱʠʥʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʻʤʥʦʩʪʽ  

(ʨʠʩ. 3.29ʙ). 
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ʈʠʩʫʥʦʢ 3.26 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʚ ʨʝʞʠʤʽ 

ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʇʊʟ, ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ 

ʽʤʽʪʘʥʩ Z2 = jɤL (ʘ), Z2 = -1/jɤC (ʙ), Z2 = R (ʚ) 
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ʚ) 

ʈʠʩʫʥʦʢ 3.27 ð ɺʠʭʽʜʥʽ ʽʤʽʪʘʥʩʥʽ ʢʦʣʘ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʋʇɯ ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʇʊʟ, ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʷʢʦʛʦ ʚʚʽʤʢʥʝʥʠʡ 

ʽʤʽʪʘʥʩ Z1 = R (ʘ), Z1 = -1/jɤC (ʙ), Z1 = jɤL (ʚ) 
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ʙ) 

 

ʈʠʩʫʥʦʢ 3.28 ð ɿʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʽʤʽʪʘʥʩʥʠʭ ʢʽʣ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʚʚʽʤʢʥʝʥʦʛʦ ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ ʽʤʧʝʜʘʥʩʫ Z2 ʚ ʨʝʞʠʤʽ ʧʨʷʤʦʛʦ (ʘ) ʪʘ Z1 ʚ ʨʝʞʠʤʽ 

ʟʚʦʨʦʪʥʦʛʦ (ʙ) ʧʝʨʝʪʚʦʨʝʥʥʷ 


