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ɺɺɽɼɽʅʀɽ 

ʄʝʪʘʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʥʥʳʝ ʠʟ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʦʙʳʯʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʧʨʠʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ [1]. ɼʣʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ 

(ʤʝʪʘʘʪʦʤʦʚ) ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ  

ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩʚʦʡʩʪʚʘʤʠ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʄʘʛʥʠʪʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ (ʄʄ) ʩʦʩʪʦʷʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ɹʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʪʘʘʪʦʤʦʚ ʚ ʥʠʭ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪɹʩʷ 

ʤʘʛʥʠʪʦʠʥʜʫʢʪʠʚʥʳʝ (ʄʀ) ʚʦʣʥʳ - ʵʪʦ ʤʝʜʣʝʥʥʳʝ ʚʦʣʥʳ ʪʦʢʦʚ, ʥʘʚʦʜʠʤʳʭ ʚ 

ʵʣʝʤʝʥʪʘʭ [2]. ʂʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʝʪʘʘʪʦʤʦʚ ʠ ʩʧʦʩʦʙʘ ʠʭ ʫʧʦʨʷʜʦʯʝʥʠ.̫ ʊʘʢ ʚ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦ ʟʥʘʢʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʝ ʄʀ 

ʚʦʣʥʳ. 

ʄʘʛʥʠʪʥʳʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ - ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʳ ʠ ʷʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʧʨʝʣʦʤʣʝʥʠʝ, ʧʨʝʜʩʢʘʟʘʥʥʦʝ ɺ.ɻ.ɺʝʩʝʣʘʛʦ ʚ 60-ʳʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [3] ʠ 

ʧʦʣʫʯʝʥʥʦʝ ʚ ʛʨʫʧʧʝ ɼ.ʉʤʠʪʘ ʚ 2000 ʛʦʜʫ [4]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʄ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ ʥʝʩʦʤʥʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ: ʩʫʧʝʨʣʠʥʟʘ, ʩʧʦʩʦʙʥʘʷ ʧʨʝʦʜʦʣʝʚʘʪ ɹʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʧʨʝʜʝʣ [5,6]; ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʰʘʧʢʘ ʥʝʚʠʜʠʤʢʘè, ʤʘʩʢʠʨʫʶʱʘʷ ʥʝʙʦʣʴʰʫʶ 

ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [7]; ʢʦʥʩʪʨʫʠʨʫʝʤʳʝ ʠʟ 

ʤʘʛʥʠʪʥʳʭ ʄʄ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ [8], ʚʦʣʥʦʚʦʜʳ 

ʠ ʘʥʪʝʥʥʳ [9,10]. ʋʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʄɻʮ ʜʠʘʧʘʟʦʥʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʄʈʊ [11]. 
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 ʄʝʪʘʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ ʤʥʦʛʠʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʦʩʢʫʶ (ʜʚʫʤʝʨʥʫʶ) ʩʪʨʫʢʪʫʨʫ, ʠʣʠ ʞʝ ʥʝ 

ʧʨʝʥʝʙʨʝʛʘʷ ʦʙʲʝʤʦʤ, ʢʘʢ ʪʨʝʭʤʝʨʥʫʶ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʪʢʣʠʢʘ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʙʫʞʜʝʥʠʝ ʠʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʛʥʠʪʦʠʥʜʫʢʪʠʚʥʳʭ ʚʦʣʥ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʩʠʛʥʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʦʙʣʘʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʠʢʩʠʨʦʚʘʪʴ 

ʜʘʪʯʠʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢ ʞʝ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ ʚ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ ʧʣʦʩʢʦʩʪʠ, 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 2D ʩʪʨʫʢʪʫʨ, ʠʣʠ ʞʝ ʦʙʲʝʤʘ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʄʄ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʦʣ.                           

ʅʘ ʢʘʬʝʜʨʝ ʬʦʪʦʥʠʢʠ ʠ ʬʠʟʠʢʠ ʤʠʢʨʦʚʦʣʥ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʤʘʛʥʝʪʠʟʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʟʜʘʥʘ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʚ ʄɻʮ ʠ ɻɻʮ ʜʠʘʧʘʟʦʥʝ, 

ʧʨʠ ʵʪʦʤ ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠ [12], ʯʠʩʣʝʥʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [13]. 

ʃʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʥʠʭ ʄʀ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 2D ʩʪʨʫʢʪʫʨ, 

ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ:  

¶ ʨʘʟʨʘʙʦʪʢʘ, ʩʙʦʨʢʘ ʠ ʦʪʣʘʜʢʘ ʜʚʫʤʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ, 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʙʘʟʝ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʬʠʨʤʳ 

Rohde&Schwarz; 

¶ ʩʙʦʨʢʘ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʙʥʳʭ ʠʟʤʝʨʝʥʠʡ . 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʨʘʩʰʠʨʠʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʬʠʟʠʯʝʩʢʦʤ 

ʬʘʢʫʣʴʪʝʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. 
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ɻʃɸɺɸ 1. ʄɸɻʅʀʊʆʀʅɼʋʂʊʀɺʅʓɽ ɺʆʃʅʓ ɺ ʄɽʊɸʄɸʊɽʈʀɸʃɸʍ 

 

1.1 ɼʠʩʧʝʨʩʠʷ ʄʀ ʚʦʣʥ ʚ ʣʠʥʝʡʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ 

ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʛʥʠʪʦʠʥʜʫʢʪʠʚʥʳʭ ʚʦʣʥ 

(ʄʀ ʚʦʣʥ) ʚ ʣʠʥʝʡʥʦʤ ʤʝʪʘʤʘʪʝʨʠʘʣʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʮʝʧʦʯʢʠ ʦʪʜʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦ-ʩʚʷʟʘʥʥʳʭ LC-ʢʦʥʪʫʨʦʚ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʨʘʙʦʪʝ 

[2]. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦʪʝʨʷʤʠ ʠ ʫʯʠʪʳʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʧʨʠʙʣʠʞʝʥʠʝ 

çʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè) [14]. ʊʦʛʜʘ, ʜʣʷ ʪʦʢʦʚ ʚ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʘʭ, ʟʘʢʦʥ 

ʂʠʨʭʛʦʬʘ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʠ ʚʚʝʜʝʥʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ, ʚʳʛʣʷʜʠʪ ʢʘʢ: 

0)( 11-0 =++ +nnn IIMiIZ w ,          (1) 

ʛʜʝ In - ʪʦʢ ʚ n-ʪʦʤ ʵʣʝʤʝʥʪʝ, Z0 ï ʩʦʙʩʪʚʝʥʥʳʡ ʠʤʧʝʜʘʥʩ ʵʣʝʤʝʥʪʘ, M ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ɤ - ʯʘʩʪʦʪʘ. 

ʇʨʝʜʧʦʣʘʛʘʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʚʠʜʝ ʚʦʣʥʳ 

)exp(0 iknaIIn= ,               (2) 

ʛʜʝ k ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʄʀ ʚʦʣʥʫ, a ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

)cos(
2

1

1

0 ka
L

M
+

=
w

w
,     (3) 

ʛʜʝ ɤ0 - ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʵʣʝʤʝʥʪʘ, ʘ L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʀ ʚʦʣʥ ʚ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʇʨʠʤʝʨ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ.1 [15]. 

ɼʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (3) ʧʦʣʫʯʝʥʦ ʙʝʟ ʫʯʝʪʘ ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʅʦ ʝʛʦ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʚʚʦʜʷ ʚ ʫʨʘʚʥʝʥʠʝ (1) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ [2]. 

ɼʣʷ ʦʜʥʦʘʪʦʤʥʦʡ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ N ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʵʣʝʤʝʥʪʘʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤʠ ʪʦʢʘʤʠ ʚ 

ʥʠʭ, 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʄʀ ʚʦʣʥ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. D=sa, a - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ɻʢʩʧʝʨʠʤʝʥʪʘ, ʦʪʤʝʯʝʥʳ ʩʠʤʚʦʣʘʤʠ: 

ʢʨʫʛʘʤʠ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠ̫ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (s=1), ʢʚʘʜʨʘʪʘʤʠ ʧʨʠ ʫʯʝʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (s=2, s=3). ʏʝʨʥʳʝ ʣʠʥʠʠ - 

ʪʝʦʨʠʪʠʯʝʩʢʠʝ ʜʠʩʧʝʨʩʠʠ [15]. 

 

 

ʟʘʜʘʝʪʩʷ ʪʘʢʞʝ ʟʘʢʦʥʦʤ ʂʠʨʭʛʦʬʘ, ʥʦ ʪʝʧʝʨʴ ʚ ʬʦʨʤʝ: 

V I=Z ,       (4) 

ʛʜʝ V
C
ʠ I
C
 ʵʪʦ ʫʞʝ N-ʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʵʣʝʤʝʥʪʘʭ, Z - 

ʤʘʪʨʠʮʘ ʚʟʘʠʤʥʳʭ ʠʤʧʝʜʘʥʩʦʚ ʨʘʟʤʝʨʥʦʩʪʠ NʭN. ʅʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʚʩʝ 

ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ Z0 ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʤʧʝʜʘʥʩ ʩʘʤʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʟʘʠʤʦʠʥʜʫʢʮʠʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʥʠ 

ʥʝ ʨʘʚʥʳ ʥʫʣʶ ʪʦʣʴʢʦ ʥʘ ʜʠʘʛʦʥʘʣʷʭ ʩʦʩʝʜʥʠʭ ʢ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

0

0

0

0

0 0 ... 0 0

0 ... 0 0

... ... ... ... ... ... ...

0 0 ... 0

0 0 ... 0 0

Z i M

i M Z i M

i M Z i M

i M Z

w

w w

w w

w

å õ
æ ö
æ ö
æ ö=
æ ö
æ ö
æ ö
ç ÷

Z .  (5) 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ 

(ʚʝʢʪʦʨ V
C

), ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ 

ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ 

1I V-=Z ,       (6) 

ʛʜʝ 1-Z  - ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʚʟʘʠʤʥʳʭ ʠʤʧʝʜʘʥʩʦʚ.  
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ɺʳʨʘʞʝʥʠʝ (6) ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ N ʩʚʷʟʘʥʥʳʭ ʢʦʥʪʫʨʦʚ, ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʆʙʳʯʥʦ ʚʦʟʙʫʞʜʘʶʪ ʦʜʠʥ ʵʣʝʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʩʪʦʣʙʮʝ V
C

 

ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʥʝ ʨʘʚʥʦ ʥʫʣʶ. 

 

1.2 ɼʠʩʧʝʨʩʠʷ ʄʀ ʚʦʣʥ ʚ ʜʚʫʤʝʨʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ 

 ʂʘʢ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʳʰʝ, ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʦʚ 

ʷʚʣʷʝʪʩʷ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʴʢʦ 

çʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè. ʅʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ, ʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʦʚ ʥʝʪ, ʠ ʦʥʘ ʚʳʛʣʷʜʠʪ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʦʜʠʥʘʢʦʚʦ ʚ 

ʦʜʥʦʤʝʨʥʦʤ ʠ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʷʭ. ʀ ʵʪʦ ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ ʥʘ ʥʘʛʣʷʜʥʦʤ ʧʨʠʤʝʨʝ 

[16]. ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʦʜʥʦʤʝʨʥʘʷ ʮʝʧʦʯʢʘ ʠ 

ʯʝʪʳʨʝ ʵʣʝʤʝʥʪʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʛʣʘʭ ʢʚʘʜʨʘʪʘ (ʈʠʩ. 2) [2].  

ɼʣʷ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦ: 

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

44434241

34333231

24232221

14131211

ZZZZ

ZZZZ

ZZZZ

ZZZZ

     (7) 

ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʦʚ ʚ ʤʘʪʨʠʮʝ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʝʚ 

ʙʫʜʫʪ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʪʴʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʜʚʘ ʜʚʫʤʝʨʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʠʟ ʦʜʠʥʘʢʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʥʠʤʠ (ʈʠʩ.3).  

 

ʈʠʩʫʥʦʢ 2 - ʄʘʛʥʠʪʥʳʡ ʤʝʪʘʤʘʪʝʨʠʘʣ ʠʟ 4-ʭ ʨʘʩɦʝʧʣʝʥʥʳʭ ʢʦʣʴʮʝʚʳʭ 

ʨʝʟʦʥʘʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʣʠʥʠʶ (ʘ), ʚ 2 ʨʷʜʘ (ʙ) [2].  
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ʈʠʩʫʥʦʢ 3 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʨʘʩʱʝʧʣʝʥʥʳʭ ʢʦʣʝʮ ʩ 

ʚʧʘʷʥʥʦʡ ʝʤʢʦʩʪʴʶ ʚ ʧʣʘʥʘʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʘ), ʚ ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ (ʙ) [16]. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʤʝʪʘʘʪʦʤʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʜʢʦ, 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʙʣʠʞʝʥʠʷ çʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè. ɺ ʵʪʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʦʚ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʫʞʝ 

ʧʷʪʴ ʥʝ ʥʫʣʝʚʳʭ ʜʠʘʛʦʥʘʣʝʡ, ʘ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʜʣʷ ʵʣʝʤʝʥʪʘ (m,n) ʚ ʢʚʘʜʨʘʪʥʦʡ 

ʨʝʰʝʪʢʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

0)()()( 1-,1,,1-,1, =++++ ++ mnmnymnmnxmn IIMiIIMiIZ www , (8) 

ʛʜʝ In,m ï ʪʦʢ ʚ ʵʣʝʤʝʥʪʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ n-ʪʦʤ ʨʷʜʫ ʠ m-ʪʦʤ ʩʪʦʣʙʮʝ, Mx ʠ My ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʠʥʜʫʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Z(ɤ) ï ʠʤʧʝʜʘʥʩ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʣʘʥʘʨʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʦʜʠʥʘʢʦʚʳ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ Mx=My<0 (ʈʠʩ.3ʘ). ɼʣʷ ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ Mx<0, ʘ My>0, ʧʨʠ ʵʪʦʤ |Mx| <|My| ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʵʣʝʤʝʥʪʦʚ ʦʜʠʥʘʢʦʚʦ (ʈʠʩ.3ʙ).  

ʊʦʢʠ ʚ ʵʣʝʤʝʥʪʘʭ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʚʠʜʝ 

))+(exp(= 0, amkankiII yxmn  ,   (9) 

ʛʜʝ I0 ï ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ, kx ʠ ky ï ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʜʚʫʤʝʨʥʳʭ ʄʀ 

ʚʦʣʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʀʟ ʚʳʨʘʞʝʥʠʡ (8) ʠ (9) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʀ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʚ ʚʠʜʝ 
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( )2
1

0

)cos()cos(1
-

++= akak yyxx kk
w

w
,   (10) 

ʛʜʝ əx ʠ əy ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʚʥʳʝ ʚ ʄɻʮ ʜʠʘʧʘʟʦʥʝ 

 əx,y=2Mx,y/L.      (11) 

ɻʨʘʬʠʯʝʩʢʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10) ʧʦʢʘʟʘʥʦ ʚ ʬʦʨʤʝ ʣʠʥʠʡ ʧʦʩʪʦʷʥʥʦʡ 

ʯʘʩʪʦʪʳ ɤ/ɤo=const, (ʛʜʝ ɤo=(LC)
-1/2

 ) ʥʘ ʈʠʩ.4ʘ ʜʣʷ ʧʣʘʥʘʨʥʦʡ ʠ ʥʘ ʈʠʩ.4ʙ ʜʣʷ 

ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʂʦʛʜʘ  1<<,1<< akak yx , ʢʨʠʚʳʝ ʚ ʮʝʥʪʨʝ 

ʈʠʩ.4ʘ ï ʦʢʨʫʞʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʠʚʳʝ ʚ ʮʝʥʪʨʝ ʈʠʩ.4ʙ ï ʛʠʧʝʨʙʦʣʳ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [16] ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ 

ʟʘʜʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ɤ(k). ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʠ ʢʨʠʚʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ: 

( )2
3

0

)cos()cos(1

)cos()cos(

2 akak

iakiaka
v

yyxx

yyyxxx
g

kk

kkw

++

+
=

CC
C

,  (12) 

ʛʜʝ ,x yi i  - ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʣʘʥʘʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ əx=əy, ʪʦ ʝʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʦʩʝʡ ʦʜʠʥʘʢʦʚʦ, ʠ ʘʨʛʫʤʝʥʪʳ ʦʙʦʠʭ ʯʘʩʪʝʡ 

ʪʨʠʛʘʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʘʣʳ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʘ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʠ ʄʀ ʚʦʣʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʨʘʪʥʫʶ ʚʦʣʥʫ. ɺ ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ [16].  

 

ʈʠʩʫʥʦʢ 4 - ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʄʀ ʚʦʣʥ ʚ ʚʠʜʝ ʣʠʥʠʡ ʧʦʩʪʦʷʥʥʦʡ 

ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ɤ/ɤo=const ʜʣʷ ʧʣʘʥʘʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʘ) 

ʠ ʜʣʷ ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʙ) [16]. 
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1.3 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʀ ʚʦʣʥ ʚ ʜʚʫʤʝʨʥʳʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ: ʦʪʨʘʞʝʥʠʝ, ʜʠʬʨʘʢʮʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʳ 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʀ ʚʦʣʥ ʚ ʜʚʫʤʝʨʥʦʤ 

ʤʝʪʘʤʘʪʝʨʠʘʣʝ: ʧʨʝʣʦʤʣʝʥʠʝ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʪʘʤʘʪʝʨʠʘʣʘ; ʦʛʠʙʘʥʠʝ 

ʧʨʝʧʷʪʩʪʚʠʷ ʚʦʣʥʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ ʩʪʨʫʢʪʫʨʳ; 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʚʦʟʙʫʞʜʝʥʠʷ.  

ʇʫʩʪʴ ʧʣʦʩʢʠʝ ʄʀ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʤʝʪʘʤʘʪʝʨʠʘʣʝ 

(ʄʄ), ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʦʟʙʫʞʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ɿʘʜʘʯʘ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʪʦʢʦʚ ʚ 

ʵʣʝʤʝʥʪʘʭ ʄʄ. ʈʝʰʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (6), ʚ ʢʦʪʦʨʦʤ 

ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʷ V
C

 ʠʤʝʝʪ ʦʜʠʥ ʥʝʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ. 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ - 2D ʤʝʪʘʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ 15Ĭ60 ʵʣʝʤʝʥʪʦʚ, 

ʠʤʝʶʱʠʡ ʢʚʘʜʨʘʪʥʫʶ ʨʝʰʝʪʢʫ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʙʫʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪ ʚ ʥʠʞʥʝʤ 

ʣʝʚʦʤ ʫʛʣʫ [2]. ʇʦʣʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʠʟ 900 ʤʝʪʘʘʪʦʤʦʚ 

ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʠʟ 900Ĭ900 ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ ʜʣʷ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ ʚʯrʠʩʣʝʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʦʢʦʚ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʈʠʩ.5. ɿʜʝʩʴ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʦ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʣʝʚʦʤ 

ʥʠʞʥʝʤ ʫʛʣʫ, ʦʪʨʘʞʝʥʠʝ ʄʀ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʪʫʭʘʥʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 5 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʝ ʠʟ 15Ĭ60 

ʨʝʟʦʥʘʪʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ ʄʀ ʚʦʣʥʳ [2]. 
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ɺʦ ʚʪʦʨʦʤ ʧʨʠʤʝʨʝ ʠʟ ʪʦʡ ʞʝ ʨʘʙʦʪʳ ʢʚʘʜʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 31Ĭ31 ʵʣʝʤʝʥʪ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʚ ʮʝʥʪʨʝ, ʧʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʩʪʚʦ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʠ ʥʘʨʫʰʝʥʦ 

ʧʨʦʧʫʩʢʦʤ ʵʣʝʤʝʥʪʘ. ʈʠʩ.6 ʧʦʢʘʟʳʚʘʝʪ ʢʘʨʪʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʀ ʚʦʣʥ ʜʣʷ 

3ʭ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʡ ʧʨʦʧʫʱʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʄʀ ʚʦʣʥʘ ʷʚʥʦ ʠʩʧʳʪʳʚʘʝʪ 

ʜʠʬʨʘʢʮʠʶ.  

ɼʘʥʥʳʝ ʧʨʠʤʝʨʳ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʄʀ ʚʦʣʥʳ ʧʨʦʷʚʣʷʶʪ ʪʝ 

ʞʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʚʦʣʥ. 

ʊʨʝʪʠʡ ʧʨʠʤʝʨ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʄʀ ʚʦʣʥ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʛʜʘ ʩʥʦʚʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʮʝʥʪʨʘʣʴʥʳʡ 

ʵʣʝʤʝʥʪ [17]. ʅʘ ʈʠʩ.7 ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ ʯʝʨʥʳʤʠ ʪʦʯʢʘʤʠ. 

ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʨʠ ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʝʥʠʷ ɤ/ɤ0 =1.207 

(ʈʠʩ.7ʘ) ʪʦʢ ʥʘʚʝʜʝʥʥʳʡ ʚ ʤʝʪʘʘʪʦʤʘʭ ʠʩʯʝʟʘʝʪ ʪʦʣʴʢʦ ʥʘ ʛʨʘʥʠʮʝ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʯʘʩʪʦʪ ʙʣʠʞʝ ʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ɤ/ɤ0 = 1.192 ʠ 1.167 

(ʈʠʩ.7ʙ, ʚ) ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʠ ʚʥʫʪʨʠ 

ʩʪʨʫʢʪʫʨʳ, ʚ ʦʜʥʦʤ ʠ ʜʚʫʭ ʢʦʣʴʮʝʚʳʭ ʩʣʦʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʄʀ ʚʦʣʥ, ʚʦʟʥʠʢʘʶʠɦʭ ʚ ʤʝʪʘʤʘʪʝʨʠʘʣʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʚʳʰʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (6) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʠʤʧʝʜʘʥʩʦʚ. 

 

ʈʠʩʫʥʦʢ 6 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʪʦʢʘ ʚ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʝ ʠʟ 31Ĭ31 

ʨʝʟʦʥʘʪʦʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʜʠʬʨʘʢʮʠʶ ʄʀ ʚʦʣʥʳ ʥʘ ʜʝʬʝʢʪʝ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʜʝʬʝʢʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʯʝʨʥʳʤ ʢʚʘʜʨʘʪʦʤ. 

ʄʝʪʘʤʘʪʝʨʠʘʣ ʚʦʟʙʫʞʜʘʝʪʩʷ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ ʮʝʥʪʨʝ   [2]. 
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                      (ʘ)                                (ʙ)                               (ʚ)                           
ʈʠʩʫʥʦʢ 7 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʪʦʢʘ ʚ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʝ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʤ ʠʟ 361 ʨʝʟʦʥʘʪʦʨʘ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʦʟʙʫʞʜʝʥʠʷ: ɤ/ɤ0 = (ʘ) 1.207, (ʙ) 1.192, (ʚ) 1.167    [17]. 

 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʷʚʣʝʥʠʝ ʧʨʝʣʦʤʣʝʥʠʷ ʄʀ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʩʨʝʜ. ʅʘʧʨʠʤʝʨ, ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʣʘʥʘʨʥʦ-ʘʢʩʠʘʣʴʥʳʭ ʄʄ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʧʨʝʣʦʤʣʝʥʠʝ [16]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʫʧʦʤʷʥʫʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʨʘʤʢʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

1.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʄʀ ʚʦʣʥ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʀ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ 

ʄʄ, ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ [18]. ʕʪʦ 

ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴ ʥʘ ʠʟʣʫʯʘʶʱʫʶ ʘʥʪʝʥʥʫ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʩʠʛʥʘʣ ʩ ʟʘʜʘʥʥʳʤ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʦʣʫʯʘʪʴ ʥʘ 

ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʩ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʪʦʪ ʞʝ ʩʠʛʥʘʣ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʧʦʢʘʟʳʚʘʷ ʝʛʦ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ - ʜʚʫʤʝʨʥʳʡ ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʦʣ. ʕʪʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʧʨʷʞʝʥʥʦʝ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʦʟʚʦʣʷʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ  

ʨʝʞʠʤʝ ʧʝʨʝʤʝʱʘʪʴ ʧʨʠʝʤʥʫʶ ʘʥʪʝʥʥʫ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʜ ʠʟʫʯʘʝʤʳʤ ʦʙʨʘʟʮʦʤ, ʠ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ ʥʘ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʄʄ.  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʘʥʪʝʥʥʳ ʠ 

ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʠʟʫʯʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʧʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʪʘʢʞʝ 

ʜʦʣʞʝʥ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʚ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʦ ʩʠʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. 

ʂʘʢ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝ ʦʧʠʩʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʪʘʪʴʶ [19]. ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʚʘʥʝʩʮʝʥʪʥʳʭ ʤʘʛʥʠʪʦʠʥʜʫʢʪʠʚʥʳʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ (ʈʠʩ.8). 

 

 

 

ʈʠʩʫʥʦʢ 8 - ʇʨʠʤʝʨ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʘ, ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʤʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ [19].  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʠʥʜʫʢʪʠʚʥʳʭ (ʕʀ) ʚʦʣʥ ʚ ʤʘʛʥʠʪʥʳʭ ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ 

ʚ ɻɻʮ ʜʠʘʧʘʟʦʥʝ. ʋʞʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ [20], ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʀʩʧʦʣʴʟʫʷ ʢʦʦʨʜʠʥʘʪʥʳʡ ʩʪʦʣ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʜʨʦʙʥʦʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʘʪʦʤʦʚ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ; ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʀ ʚʦʣʥ ʚ 

ʄɻʮ ʜʠʘʧʘʟʦʥʝ ʠ ʕʀ ʚʦʣʥ ʚ ɻɻʮ ʜʠʘʧʘʟʦʥʝ ʚ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ.  

 

 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʤʦʝʛʦ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʦ: 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ; 

¶ ʧʨʦʠʟʚʝʩʪʠ ʩʙʦʨʢʫ ʠ ʦʪʣʘʜʢʫ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʧʨʦʚʝʩʪʠ ʧʠʣʦʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 2D ʤʝʪʘʤʘʪʝʨʠʘʣʘ; 

¶ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʨʘʩʯʝʪʦʤ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʤʘʪʨʠʮ ʠʤʧʝʜʘʥʩʘ.  
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʜʚʫʤʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ, ʦ ʢʦʪʦʨʦʤ ʙʳʣʦ ʨʘʩʩʢʘʟʘʥʦ 

ʨʘʥʝʝ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʠʩʘʥ 

ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʠ ʧʨʠʚʦʜʷʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ. 

 

2.1 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 2D ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʝ 

ɼʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʪʯʠʢʘ (ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ) ʚʜʦʣʴ ʦʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʢʨʝʧʠʪʴ ʝʛʦ ʥʘ ʤʦʜʫʣʴ ʩʢʦʣʴʞʝʥʠʷ (ʢʘʨʝʪʢʫ), 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʚʜʦʣʴ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʦʙʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʘʢʪʠʢʫʤʝ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʣʠʥʝʡʥʳʭ (ʠʣʠ 1D) 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʞʝ ʜʘʪʯʠʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ  

ʧʦʜʚʠʞʥʦʡ ʚʩʶ ʩʠʩʪʝʤʫ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʨʝʪʢʠ: ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʜʨʫʛʦʡ ʢʘʨʝʪʢʝ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ ʜʨʫʛʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʪʯʠʢʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʢʦʥʝʯʥʦ, ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʨʝʪʦʢ ʙʫʜʫʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. ʕʪʦ ʦʜʠʥ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘ ʙʘʟʝ 

ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʩʢʘʥʝʨʘ ʠ ʧʨʠʥʪʝʨʘ: ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʨʝʪʢʠ ʠʟ ʩʢʘʥʝʨʘ (ʈʠʩ.9ʙ) ʠ ʚʘʣʦʚʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠ ʤʦʜʫʣʷ ʩʢʦʣʴʞʝʥʠʷ ʠʟ 

ʧʨʠʥʪʝʨʘ (ʈʠʩ.10ʙ). ʀʟʚʣʝʯʝʥʥʘʷ ʮʝʣʠʢʦʤ ʯʘʩʪʴ ʩʢʘʥʝʨʘ ʩʦʩʪʦʷʣʘ ʠʟ ʢʘʨʢʘʩʘ, 

ʢʘʨʝʪʢʠ (ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝ yʚʝʨʭʥʝʡ), ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʧʦ 

ʢʦʪʦʨʳʤ ʥʘ ʩʘʣʘʟʢʘʭ ʧʝʨʝʤʝʱʘʣʘʩʴ, ʧʝʨʝʪʷʛʠʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʪʨʦʩʦʚ, ʢʘʨʝʪʢʘ. 

ʀʟ ʵʪʦʡ ʯʘʩʪʠ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʩʜʝʣʘʪʴ ʦʩʥʦʚʫ ʙʫʜʫʱʝʡ ʫʩʪʘʥʦʚʢʠ: ʢ ʢʘʨʢʘʩʫ 

ʧʨʠʢʨʝʧʠʪʴ ʥʦʞʢʠ, ʚʳʨʝʟʘʪʴ ʚ ʝʛʦ ʜʥʝ ʦʪʚʝʨʩʪʠʝ ʠ, ʯʝʨʝʟ ʵʪʦ ʦʪʚʝʨʩʪʠʝ, 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʚʝʨʭʥʝʡ ʢʘʨʝʪʢʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʝʡ ʧʨʠʥʪʝʨʘ  
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(ʘ)  

  

 

(ʙ)  

ʈʠʩʫʥʦʢ 9 - ʇʝʨʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʜʚʠʞʥʳʭ 

ʯʘʩʪʝʡ ʩʢʘʥʝʨʘ ʠ ʧʨʠʥʪʝʨʘ. (ʙ) ʀʟʚʣʝʯʝʥʥʘʷ ʠʟ ʩʢʘʥʝʨʘ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʨʝʪʢʠ ï ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʦʩʥʦʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ʩʠʩʪʝʤʫ ʧʝʨʝʤʝʱʝʥʠʷ ʥʠʞʥʝʡ ʢʘʨʝʪʢʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩ.9ʘ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʡ ʢʘʨʝʪʢʠ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʞʥʝʡ ʥʫʞʥʦ ʙʳʣʦ ʧʨʦʜʫʤʘʪʴ ʠ ʥʘʯʝʨʪʠʪʴ ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ 

ʠ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʥʠʞʥʝʡ ʢʘʨʝʪʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ.10ʘ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʣʴʞʝʥʠʷ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʫʙʯʘʪʦ-ʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ. 

ʂʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʯʝʨʪʝʞʝʡ ʫʞʝ ʙʳʣʘ ʛʦʪʦʚʘ, ʥʘʩʪʘʣ ʤʦʤʝʥʪ 

ʧʝʨʝʡʪʠ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ: ʠʟʛʦʪʦʚʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʪʘʣʝʡ, ʦʙʨʘʙʦʪʢʝ 

ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʙʦʨʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʦʟʥʠʢʣʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʡ ʢʘʨʝʪʢʠ. ʀʟʥʘʯʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʢʦʣʴʞʝʥʠʷ 

ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʘ ʢʨʝʧʣʝʥʠʷ ʢ ʢʘʨʝʪʢʝ ʢʘʢʠʭ-ʣʠʙʦ ʪʷʞʝʣʳʭ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ,  
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(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 10 - (ʘ) ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʥʠʞʥʝʡ ʢʘʨʝʪʢʠ. (ʙ) ʀʟʚʣʝʯʝʥʥʳʝ ʠʟ ʧʨʠʥʪʝʨʘ ʚʘʣʦʚʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ, ʤʦʜʫʣʴ 

ʩʢʦʣʴʞʝʥʠʷ, ʟʫʙʯʘʪʳʡ ʨʝʤʝʥʴ, ʜʚʠʛʘʪʝʣʴ. 

 

ʦʜʥʘʢʦ ʧʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ ʢ ʚʝʨʭʥʝʡ ʢʘʨʝʪʢʝ ʜʦʣʞʥʘ ʙʳʣʘ ʢʨʝʧʠʪʴʩʷ 

ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʠʞʥʝʡ. ʇʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʨʘʟʤʳʰʣʝʥʠʡ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʘʨʝʪʢʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʥʝʪ, ʚʩʝ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʙʳʣʠ ʩʦʧʨʷʞʝʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʢʘ, ʩʦʙʨʘʥʥʘʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʜʝʪʘʣʝʡ, ʦʙʣʘʜʘʣʘ ʙʳ ʜʦʚʦʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʤʝʥʝʝ ʯʝʤ 380 Ĭ 350 ʤʤ).  

ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʝʨʝʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʨʝʰʝʥʦ ʧʨʠʦʙʨʝʩʪʠ ʯʘʩʪʴ ʜʝʪʘʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʨʝʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʪʘʚʱʠʢʘ ʜʝʪʘʣʝʡ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʤʧʘʥʠʷ Purelogic R&D. ɺ ʧʨʦʮʝʩʩʝ ʩʦʩʪʘʚʣʝʥʠʷ ʩʤʝʪʳ 

ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʧʨʠʝʤʣʝʤʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʜʣʷ ʩʙʦʨʢʠ ʚʩʝʡ 

ʫʩʪʘʥʦʚʢʠ.  

ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ.11. ʇʦ 

ʥʦʚʦʤʫ ʧʣʘʥʫ  ʚ ʢʘʯʝʩʪʚʝ  ʥʘʧʨʘʚʣʷʶʱʠʭ  ʜʣʷ  ʧʝʨʝʤʝʱʝʥʠʷ  ʚʝʨʭʥʝʡ  ʢʘʨʝʪʢʠ  


