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ʇɽʈɽɼʄʆɺɸ 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʦʤʽʪʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʚʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʚʝʨʭʥʷ 

ʨʦʟʩʽʶʚʘʥʥʷ (ɽʇʈ, ʘʥʛʣ. RadarCross-Section, RCS). ʋ ʨʘʜʽʦʣʦʢʘʮʽʾ ɽʇʈ ð ʧʣʦʱʘ 

ʜʝʷʢʦʾ ʬʽʢʪʠʚʥʦʾ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʦʨʤʘʣʴʥʦ ʜʦ ʥʘʧʨʷʤʢʫ 

ʧʘʜʘʶʯʦʾ ʧʣʦʩʢʦʾ ʭʚʠʣʽ ʽ ʻ ʽʜʝʘʣʴʥʠʤ ʽʟʦʪʨʦʧʥʠʤ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʯʝʤ, ʷʢʘ, 

ʙʫʜʫʯʠ ʧʦʤʽʱʝʥʘ ʚ ʪʦʯʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʽʣʽ, ʩʪʚʦʨʶʻ ʚ ʘʥʪʝʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ 

ʩʪʘʥʮʽʾ ʪʫ ʞ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʽ ʨʝʘʣʴʥʘ ʮʽʣʴ . 

ɽʇʈ ʻ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʘ ʨʦʟʩʽʶʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʭʚʠʣʶ. 

ʇʦʨʷʜ ʟ̔ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʡ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʩʠʣʝʥʥʷ (ʂʇ) ʘʥʪʝʥ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ (ʈʃʉ), ɽʇʈ ʦʙ'ʻʢʪʘ 

ʚʭʦʜʠʪʴ ʫ ʨ̔ ʚʥʷʥʥʷ ʜʘʣʴʥʦʩʪʽ ʨʘʜʽʦʣʦʢʘʮʽʾ ʡ ʚʠʟʥʘʯʘʻ ʜʘʣʴʥʽʩʪʴ, ʥʘ ʷʢʽʡ ʦʙ'ʻʢʪ 

ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʠʡ ʨʘʜʽʦʣʦʢʘʪʦʨʦʤ. 

ʇʽʜʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ɽʇʈ ʦʟʥʘʯʘʻ ʙʽʣʴʰʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʫ ʧʦʤʽʪʥʽʩʪʴ ʦʙ'ʻʢʪʘ, 

ʟʥʠʞʝʥʥʷ ɽʇʈ ʫʩʢʣʘʜʥʶʻ ʚʠʷʚʣʝʥʥʷ. 

ɽʇʈ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙ'ʻʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ, ʤʘʪʝʨʽʘʣʫ ʟ 

ʷʢʦʛʦ ʚʽʥ ʚʠʛʦʪʦʚʣʝʥʠʡ, ʚʽʜ ʡʦʛʦ ʦʨʽʻʥʪʘʮʽʾ (ʨʘʢʫʨʩʫ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʥʪʝʥ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽ ʧʨʠʡʤʘʣʴʥʽ ʧʦʟʠʮʽʡ ʈʃʉ (ʫ ʪʦʤʫ ʯʠʩʣʽ, ʽ ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ), ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟʦʥʜʫʚʘʥʥʷ. ɽʇʈ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʜʘʣʝʢʦʾ ʟʦʥʠ ʨʦʟʩʽʶʚʘʯʘ, ʧʨʠʡʤʘʣʴʥʦ ʾʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʘʥʪʝʥ ʨʘʜʽʦʣʦʢʘʪʦʨʘ. 

ɼʣʷ ʧʨʦʛʥʦʟʫ ʚʪʦʨʠʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʦʙô̒ ʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. 

ʉʫʯʘʩʥʽ ʨʘʜ̔ʦʣʦʢʘʮʽʡʥʽ ʦʙôʻʢʪʠ (ʈʃʆ) ʻ ʦʙ'ʻʢʪʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ "ʛʣʘʜʢʽ" ʽ "ʢʨʦʤʢʦʚʽ" ʜʽʣʷʥʢʠ (ʟʣʘʤʠ ʧʦʚʝʨʭʥʽ). ʊʝʨʤʽʥ "ʛʣʘʜʢʠʡ" 

ʨʦʟʫʤʽʻʪʴʩʷ ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʥʽ ʚʝʣʠʢʠʡ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. "ʄʘʪʝʨʽʘʣʫ ʢʨʦʤʢʠ" ʙʫʜʝʤʦ ʚʢʘʟʫʚʘʪʠ ʜʽʣʷʥʢʠ, ʷʢʽ 

ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ "ʛʣʘʜʢʠʤʠ". 
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ʇʦʚʝʨʭʥʷ ʈʃʆ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʦʚʥʽʩʪʶ ʤʝʪʘʣʝʚʦʶ, ʪʘʢ ʽ ʤʽʩʪʠʪʠ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʯʘʩʪʠʥʠ, ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʦʢʨʠʪʠʤʠ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ 

(ʈʇʄ).  

ɽʣʝʢʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʈʃʆ (ʚʽʜʥʦʰʝʥʥʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʨʦʟʤʽʨʫ a ʜʦ ʜʦʚʞʠʥʠ ʟʦʥʜʫʶʯʦʛʦ ʭʚʠʣʽ ɚ) ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ 

(ʨʝʣʝʻʚʩʴʢʦʾ, a/ɚ<<1), ʨʝʟʦʥʘʥʩʥʦʾ (ʘ/ɚå1) ʘʙʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ (ʢʚʘʟʽʦʧʪʠʯʥʦʾ ) 

ʦʙʣʘʩʪʷʤ (a / ɚ >> 1) . 

ʈʃʆ ʤʦʞʫʪʴ ʦʧʨʦʤʽʥʶʚʘʪʠʩʴ ʩʠʛʥʘʣʘʤʠ ʨʽʟʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʫ ʟʦʥʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʶ, ʱʦ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʮʴʦʛʦ ʩʧʝʢʪʨʘ 

ʨʦʟʤʽʨʠ ʦʙ'ʻʢʪʘ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʥʝ ʜʦ ʦʜʥʽʻʾ, ʘ ʜʦ ʜʚʦʭ ʘʙʦ ʥʘʚʽʪʴ ʪʨʴʦʭ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ. 

ʈʃʆ ʨʫʭʘʶʪʴʩʷ, ʨʫʭʘʶʪʴʩʷ ʪʘʢʦʞ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʦʙ'ʻʢʪʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ 

ʽʥʰʦʛʦ (ʛʚʠʥʪʠ, ʪʫʨʙʽʥʠ). ʆʪʞʝ, ʾʭ ʨʘʢʫʨʩ ʱʦʜʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ. 

ʈʦʟʧʦʜʽʣ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʦʥʴ ʥʘ "ʛʣʘʜʢʽ" ʽ "ʢʨʦʤʢʦʚʽ", ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʦʙ'ʻʢʪʽʚ ʜʦ ʦʜʥʽʻʾ ʟ ʪʨʴʦʭ ʦʙʣʘʩʪʝʡ ʜʦʩʠʪʴ 

ʫʤʦʚʥʽ, ʢʨʠʪʝʨʽʾ ʱʝ ʥʝ ʩʬʦʨʤʫʣʴʦʚʘʥʽ. ʆʜʥʘʢ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ. ʊʦʯʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ ʈʃʆ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʩʽʶʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʣʦʢʘʮʽʾ 

(ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʤʘʛʥʽʪʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʨʦʟʩʽʷʥʠʭ ʧʦʣʽʚ, ʚʽʜʙʠʪʠʭ ʩʠʛʥʘʣʽʚ, 

ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ  ʦʙ'ʻʢʪʽʚ) ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ, ʧʨʦʩʪʦʨʦʚʠʭ ʽ 

ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʛʥʘʣʽʚ ʟʦʥʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʤʽʥʥʽʡ ʾʭ ʦʨʽʻʥʪʘʮʽʾ 

ʱʦʜʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʽ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʈʦʟʨʘʭʫʥʦʢ ɽʇʈ ʚ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥ ʢʫʪʽʚ ʦʛʣʷʜʫ ʈʃʆ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ (ɼɿʈ). 

ʅʘʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʦʜʥʦʧʦʟʠʮʽʡʥʫ ʣʦʢʘʮʽʶ, ʢʦʣʠ ʧʨʠʡʤʘʯ ʽ ʧʝʨʝʜʘʚʘʯ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ. 
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1.ʏʀʉɽʃʔʅɯ ʄɽʊʆɼʀ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɼɯɸɻʈɸʄʀ 

ɿɺʆʈʆʊʅʆɻʆ ʈʆɿʉɯʖɺɸʅʅʗ 

ʆʜʥʽ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɼɿʈ(RCS) ʜʣʷ 

ʙʫʜʴ- ʢ̫ʦʾ ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʮʽʣʽ ð ʮʝ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ, ʤʝʪʦʜ ʢʽʥʮʝʚʦʾ 

ʨʽʟʥʠʮʽ, ʤʽʢʨʦʭʚʠʣʴʦʚʘ ʦʧʪʠʢʘ ʪʘ ʬʽʟʠʯʥʘ ʦʧʪʠʢʘ.  

1.1 ʄʝʪʦʜ ʤʦʤʝʥʪʽʚ 

ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ð ʄʝʪʦʜ ʤʦʤʝʥʪʽʚ (ʄʄ). ʋ ʚʠʧʘʜʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ RCS 

ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʠʚʦʜʷʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʧʨʠ 

ʮʴʦʤʫ ʥʝʚʽʜʦʤʘ ʢʽʣʴʢʽʩʪʴ ʻ ʝʣʝʢʪʨʠʯʥʠʭ ʯʠ ʤʘʛʥʽʪʥʠʭ ʩʪʨʫʤʽʚ (ʟʘ ʦʙ'ʻʤʦʤ, ʘʙʦ ʟʘ 

ʧʦʚʝʨʭʥʝʶ). ʄʝʪʦʜ ʤʦʤʝʥʪʽʚ ʟʚʦʜʠʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʦ ʥʘʙʦʨʫ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʤʘʪʨʠʯʥʦʾ ʘʣʛʝʙʨʠ. 

ɹʽʣʴʰʽʩʪʴ ʬʦʨʤʫʣʶʚʘʥʴ ʄʝʪʦʜ ʤʦʤʝʥʪʽʚ ʚʠʤʘʛʘʶʪʴ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʩʝʛʤʝʥʪʘʮʽʾ) 

ʮʽʣʴʦʚʦʛʦ ʪʽʣʘ ʽ, ʦʪʞʝ, ʻ ʩʫʤʽʩʥʠʤʠ ʟ ʤʝʪʦʜʘʤʠ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽʡ ʽʥʞʝʥʝʨʽʾ.  

ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʄʦʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʦʛʝ 

ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ RCS, ʜʘʶʯʠ ʜʫʞʝ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʆʜʥʘʢ ʮʝʡ 

ʤʝʪʦʜ ʙʫʜʫʻ ʚʝʣʠʢʽ ʤʘʪʨʠʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʤʦʛ 

ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʩʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʘ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʮʽʣʽ ʧʦʨʷʜʢʫ 10-20 ʜʦʚʞʠʥ ʭʚʠʣʴ, ʤʝʪʦʜ ʥʝ ʻ 

ʧʨʘʢʪʠʯʥʠʤ ʜʣʷ ʚʝʣʠʢʠʭ ʮʽʣʝʡ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʯʝʨʝʟ ʚʠʤʦʛʦ ʜʦ ʧʘʤô̫ ʪʽ ʪʘ 

ʰʚʠʜʢʦʜʽʾ ʢʦʤʧ'ʶʪʝʨʽʚ. 

1.2 ʄʝʪʦʜ ʢʽʥʮʝʚʦʾ ʨʽʟʥʠʮʽ 

ʄʝʪʦʜʠ ʢʽʥʮʝʚʦʾ ʨʽʟʥʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ ʫ ʨʽʚʥʷʥʥʷʭ ʄʘʢʩʚʝʣʣʘ ʚ ʯʘʩʦʚʽʡ, ʘʙʦ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʇʦʜʽʙʥʦ ʜʦ 

ʄʝʪʦʜʫ ʄʦʤʝʥʪʽʚ, ʮʽʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʠʩʢʨʝʪʥʦʶ. ʈʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʪʘ 
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ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʮʽʣʽ ʪʘ ʥʘ ʤʝʞʘʭ ʢʦʤʽʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

ʋ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʮʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʘʢʮʽʡ ʮʽʣʝʡ ʥʘ ʨʽʟʥʽ ʬʦʨʤʠ ʭʚʠʣʴ. ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʥʝ 

ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʤʘʪʨʠʮʴ, ʷʢ ʄʝʪʦʜ ʄʦʤʝʥʪʽʚ. ɼʘʥʽ ʧʨʦ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ 

ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌʫʨ'ʻ ð ʧʝʨʝʪʚʦʨʶʶʯʠ ʜʘʥʠʭ ʯʘʩʫ. 

ʎʝʡ ʤʝʪʦʜ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʦʛʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ RCS. 

ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʦʙʯʠʩʣʶʻ ʧʦʣʷ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʽʪʮʽ ʥʘʚʢʦʣʦ ʮʽʣʽ, 

ʦʙʯʠʩʣʝʥʥʷ RCS ʮʽʣʽ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʨʦʟʤʽʨʦʤ ʫ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ  

 1.3 ʄʽʢʨʦʭʚʠʣʴʦʚʘ ʦʧʪʠʢʘ 

ʇʨʦʤʝʥʝʚʽ ʤʝʪʦʜʠ ʪʨʘʩʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʠʯʥʦ ʚʝʣʠʢʠʭ ʮʽʣʝʡ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʥʘʟʠʚʘʶʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʶ 

ʦʧʪʠʢʦʶ. ʎʝʡ ʪʝʨʤʽʥ ʥʘʩʧʨʘʚʜʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʫʢʫʧʥʦʩʪʽ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ 

ʧʨʦʤʝʥʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʢʨʝʤʦ ʘʙʦ ʫʟʛʦʜʞʝʥʦ. ɼʚʘ ʤʝʪʦʜʠ ʷʢʽ 

ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʝ ð ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʧʪʠʢʠ (ɻʆ) ʪʘ 

ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʝʦʨʽʾ ʜʠʬʨʘʢʮʽʾ (ɻʊɼ). ʇʨʘʚʠʣʘ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʫ 

ʧʨʦʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʪʦʙʪʦ ʣʽʥʽʡʥʦʤʫ, ʛʦʤʦʛʝʥʥʦʤʫ ʪʘ ʽʟʦʪʨʦʧʥʦʤʫ) ʩʭʦʞʽ ʥʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʟʘʣʦʤʣʝʥʥʷ ʚ ʦʧʪʠʮʽ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ 

ʜʠʬʨʘʢʮʽʡʥʽ ʧʨʦʤʝʥʽ, ʷʢʽ ʧʦʭʦʜʷʪʴ ʚʽʜ ʨʦʟʩʽʶʚʘʥʥʷ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʧʦ ʢʨʘʷʭ, 

ʢʫʪʘʭ ʪʘ ʚʝʨʰʠʥʘʭ. ʌʦʨʤʫʣʠ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʥʝʩʢʽʥʯʝʥʥʦʾ ʯʘʩʪʦʪʠ , 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʝʣʝʢʪʨʠʯʥʦ ʚʝʣʠʢʫ ʮʽʣʴ. 

1.4 ʌʽʟʠʯʥʘ ʦʧʪʠʢʘ 

ʄʝʪʦʜ Physical Optics (PO) ʦʮʽʥʶʻ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʨʫʤ, ʽʥʜʫʢʦʚʘʥʠʡ ʥʘ 

ʜʦʚʽʣʴʥʝ ʪʽʣʦ ʧʘʜʘʶʯʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ʅʘ ʜʽʣʷʥʢʘʭ ʪʽʣʘ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʦʩʚʽʪʣʶʶʪʴʩʷ ʧʘʜʘʶʯʠʤ ʧʦʣʝʤ, ʽʥʜʫʢʦʚʘʥʠʡ ʩʪʨʫʤ ʧʨʦʩʪʦ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʧʘʜʘʶʯʦʤʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʟʘʪʽʥʝʥʽʡ ʯʘʩʪʠʥʽ ʮʽʣʽ ʩʪʨʫʤ ɼʣʷ 
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ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ ʧʣʦʩʢʦʾ ʭʚʠʣʽ: ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦ ʚʝʣʠʢʠʭ ʮʽʣʝʡ, ʘ 

ʪʘʢʦʞ ʫ ʜʟʝʨʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʆʩʢʽʣʴʢʠ ʚʽʥ ʨʽʟʢʦ ʚʩʪʘʥʦʚʣʶʻ ʩʪʨʫʤ ʥʘ ʥʫʣʴ ʥʘ 

ʤʝʞʽ ʪʽʥʽ, ʦʙʯʠʩʣʶʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʧʽʜ ʰʠʨʦʢʠʤʠ ʢʫʪʘʤʠ ʪʘ ʚ ʪʽʥʴʦʚʽ ʨʝʛʽʦʥʠ 

ʥʝʪʦʯʥʽ. ʂʨʽʤ ʪʦʛʦ, ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ, ʤʥʦʞʠʥʥʽ ʚʽʜʙʠʪʪʷ ʜʠʬʨʘʢʮʽʾ ʚʽʜ ʨʝʙʨʘ ʥʝ 

ʚʢʣʶʯʘʶʪʴʩʷ. ʆʜʥʘʢ ʧʨʦʩʪʦʪʘ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʽ ʚʠʤʦʛʠ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʨʫʯʥʽ ʯʘʩ ʨʦʙʦʪʠ. 

1.5 ʇʨʦʛʨʘʤʥʽ ʩʝʨʝʜʦʚʠʱʘ ʯʠʩʝʣʴʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ɽʇʈ 

ʅʘ ʨʠʥʢʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʉɸʇʈ ʅɺʏ ʚʠʟʥʘʯʠʣʠʩʷ ʣʽʜʝʨʠ, ʷʢʽ 

ʫʪʨʠʤʫʶʪʴ ʦʩʥʦʚʥʫ ʡʦʛʦ ʯʘʩʪʠʥʫ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʢʦʤʧʘʥʽʾ: Agilent, 

Computer Simulation Technology (CST), Ansoft, Mentor Graphics, Sonnet Software, 

Applied Wave Research.  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʟʥʘʯʝʥʠʭ ʬʽʨʤ ʚ ʦʙʣʘʩʪʽ ʉɺʏ ʉɸʇʈ ʫ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʨʦʟʩʽʶʚʘʥʥʷ RCS. 

ʇʨʦʛʨʘʤʘ FEKO ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʟʘʜʘʯ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ̔ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʅɺʏ ʧʨʠʩʪʨʦʾʚ ʽ ʘʥʪʝʥ, ʨʦʟʩʽʶʚʘʥʥʷʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʥʘ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʘʭ, ʧʦʰʠʨʝʥʥʷʤ ʨʘʜʽʦʭʚʠʣʴ ʫ ʤʽʩʴʢʠʭ 

ʫʤʦʚʘʭ ʽ ʪ.ʜ. 

ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʧʦʪʫʞʥʝ ʷʜʨʦ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (solid modeling ʘʙʦ modelling), ʱʦ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʩʪʚʦʨʶʚʘʪʠ ʪʦʧʦʣʦʛʽʾ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʨʝʘʣʽʟʦʚʘʥʝ ʚ 

ʧʨʦʩʪʦʤʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʠ FEKO, ʱʦ ʚʽʜʨʽʟʥʷʻ ʾʾ ʚʽʜ ʽʥʰʠʭ 

ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʻ ʚʜʘʣʝ ʧʦʻʜʥʘʥʥʷ 

ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ, ʟ̔ ʥʘʙʣʠʞʝʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʦʤ 

ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ ʡ ʦʜʥʦʨʽʜʥʦʾ ʪʝʦʨʽʾ ʜʠʬʨʘʢʮʽʾ. ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʧʦʜʦʣʘʪʠ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʨʦʛʨʘʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʪʨʫʢʪʫʨ: ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʙ'ʻʢʪʽʚ ʟ̔ 
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ʨʦʟʤʽʨʘʤʠ ʙʘʛʘʪʦ ʙʽʣʴʰʠʤʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʥʘ ʘʚʪʦʤʦʙʽʣʽ, 

ʣʽʪʘʢʫ ʘʙʦ ʢʦʨʘʙʣʽ. 

HFSS ð ʧʦʪʫʞʥʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤ, ʱʦ ʦʙʯʠʩʣʶʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʣʷ 

ʧʘʩʠʚʥʦʾ 3D ʩʪʨʫʢʪʫʨʠ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. ʇʘʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻ FEM-ʤʝʪʦʜ ʽʟ 

ʪʝʪʨʘʝʜʨʘʣʴʥʠʤ ʨʦʟʙʠʪʪʷʤ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣ.̔ ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʝʣʝʤʝʥʪ ʩʽʪʢʠ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʧʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʽ HFSS ʘʥʘʣʽʟʫʚʘʪʠ 

ʜʫʞʝ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ ʟ ʨʽʟʥʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ. 

ʄʦʜʫʣʴ HFSS-IE ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʚʠʧʨʦʤʽʥʶʶʯʠʭ 

ʩʪʨʫʢʪʫʨ. ʎʠʤ ʤʝʪʦʜʦʤ ʚ HFSS ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ: 

Åʨʦʟʨʘʭʫʥʦʢ ɽʇʈ (Radar Cross Section RCS); 

Åʨʦʟʨʘʭʫʥʦʢ ʘʥʪʝʥʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʚʝʣʠʢʦʤʫ ʦʙ'ʻʢʪʽ, ʥʘʧʨʠʢʣʘʜ ʥʘ 

ʘʚʪʦʤʦʙʽʣʽ; 

Åʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʽʜʜʘʣʝʥʠʤʠ ʘʥʪʝʥʘʤʠ; 

Åʨʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ; 

Åʨʦʟʨʘʭʫʥʦʢ ʙʘʛʘʪʦʧʦʨʪʦʚʠʭ ʉɺʏ ʩʪʨʫʢʪʫʨ ʽ ʘʥʪʝʥ. 

CST STUDIO SUITE ð ʧʦʪʫʞʥʘ ʧʨʦʛʨʘʤʘ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ (ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʥʘʣʽʟ 

ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ, ʨʦʟʨʘʭʫʥʦʢ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ, ʤʝʪʦʜʠ ʬʽʟʠʯʥʦʾ 

ʡ ʛʝʦʤʝʪʨʠʯʥʦʾ ʦʧʪʠʢʠ ʪʘ ʽʥ.) ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʉɺʏ ʩʪʨʫʢʪʫʨ: 

ʬʽʣɹʪʨʽʚ, ʘʥʪʝʥ, ʮʠʨʢʫʣʷʪʦʨʚ̔, ʘʪʝʥʶʘʪʦʨʚ̔ ʽ ʪ.ʜ. ʂʨʽʤ ʮʴʦʛʦ, ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʽʚ: ʪʝʤʧʝʨʘʪʫʨʫ ʡ ʧʦʪʫʞʥʽʩʪʴ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ̔ ʚʪʨʘʪʘʤʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ɽʇʈ 

ʦʙô̒ ʢʪʽʚ, ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ ʩʦʪʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʦʙôʻʤʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʨʦʩʪʦʨʫ (ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ) ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʘʜʘʯ ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʁ ʪʝʨʘʭ. 

ɺ ʦʩʪʘʥʥʽʭ ʚʝʨʩʽʷʭ CST Microwave Studio ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (Integral Equation 
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Solver, I-solver). ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʪʨʠʚʠʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʈʦʟʛʣʷʥʫʪʽ ʧʨʦʛʨʘʤʥʽ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʘʭʫʥʢʫ RCS ʜʣʷ ʜʦʚʽʣʴʥʠʭ 

ʪʨʠʚʠʤʽʨʥʠʭ ʮʽʣʝʡ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ 

ʥʘ ʨʦʟʨʘʭʫʥʢʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘʢʫʧʽʚʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʫ ʢʘʧʽʪʘʣ ʪʘ ʯʘʩ ʥʘʚʯʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ RCS, ʻ ʣʝʛʢʠʤ ʪʘ ʧʨʦʩʪʠʤ  ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ, 

ʧʨʘʮʶ ̒ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʪʘ ʟʤʦʞʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠ  ʧʨʦʛʥʦʟʠ RCS 

ʧʨʦʪʷʛʦʤ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ (ʫ ʧʦʨʷʜʢʫ ʩʝʢʫʥʜ ʘʙʦ ʭʚʠʣʠʥ) ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ. ʎʝʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʪʘʢʦʞ ʥʘʜʘʻ ʩʪʫʜʝʥʪʦʚʽ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʪʨʠʚʠʤʽʨʥʠʡ ʦʙ'ʻʢʪ 

ʧʨʦʩʪʠʤʠ ʢʦʤʧʦʥʝʥʪʥʠʤʠ ʬʦʨʤʘʤʠ, ʚʽʜʦʙʨʘʞʘʪʠ ʛʝʦʤʝʪʨʽʶ ʤʦʜʝʣʽ, ʜʦʟʚʦʣʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʚʦʜʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʦʢ ɼɿʈ ʤʦʜʝʣʽ. 

ʗʢ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ, RCS ʙʫʚ ʦʙʨʘʥʠʡ MATLAB 

ð ʦʜʠʥ ʟ̔ ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʘʢʝʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦʤʫ ʱʦ 

ʚʽʥ ʚʽʜʤʽʥʥʦ ʧʨʘʮʶʻ ʟ ʚʝʣʠʢʠʤ ʦʙ'ʻʤʦʤ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ, ʧʽʜʪʨʠʤʫʻ 

ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʢʫ, ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʛʨʘʬʽʯʥʠʡ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ 

ʽʥʪʝʨʬʝʡʩ. ʈʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʦʯʝʚʠʜʥʽ ʧʣʶʩʠ ʡ ʤʽʥʫʩʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʧʦʪʨʽʙʥʦ 

ʩʢʘʟʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ MATLAB ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ ʧʦʜʘʥʥʽ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʝʨʝʚʘʛʠ: 

¶ ʤʘʪʨʠʯʥʘ ʤʘʪʝʤʘʪʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʫʞʝ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʜʽʡ (ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʚ Mathcad); 

¶ ʧʽʜʪʨʠʤʫʻ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʤʘʪʝʤʘʪʠʢʦ-

ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ ʪʝʭʥʽʯʥʽ ʦʙʯʠʩʣʝʥʥʷ; 

¶ ʻ ʧʽʜʪʨʠʤʢʘ ʜʚʦʚʠʤʽʨʥʦʾ ʡ ʪʨʠʚʠʤʽʨʥʦʾ ʛʨʘʬʽʢʠ; 

¶ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ (ʢʽʣʴʢʘ ʪʠʩʷʯ ʜʣʷ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ); 

¶ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ m-ʬʘʡʣʽʚ; 
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¶ ʻ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ; 

¶ ʤʦʚʘ ʣʝʛʢʘ ʜʣʷ ʚʠʚʯʝʥʥʷ, ʤʘʻ ʧʨʦʩʪʠʡ ʽ ʟʨʦʟʫʤʽʣʠʡ ʩʠʥʪʘʢʩʠʩ; 

¶ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʢʦʜ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʫ 

ʉ, ʉ ++; 

¶ ʚʽʜʤʽʥʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ çʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʽʜʝʡè.  

ʅʝʜʦʣʽʢʠ: 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʇʂ MATLAB . 

1.6 ʄʦʜʝʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ 

ɹʫʜʴ-ʷʢʠʡ ʩʢʣʘʜʥʠʡ ʦʙ'ʻʢʪ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʫʢʫʧʥʽʩʪʶ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʂʦʞʝʥ ʟ̔ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʝʪʘʣʣʶ ʩʢʣʘʜʥʦʛʦ ʦʙ'ʻʢʪʘ, 

ʝʣʝʤʝʥʪʦʤ ʬʦʥʦʚʦʛʦ ʩʶʞʝʪʫ ʽ ʪ.ʜ. ʉʫʢʫʧʥʽʩʪʴ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʧʝʚʥʫ ʧʨʦʩʪʦʨʦʚʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʽ ʻ ʥʘʜʽʣʝʥʽ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʠʤ ʥʘʙʦʨʦʤ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʫ ʪʝʦʨʽʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚ ʻʜʠʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʜʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ ʢʦʞʥʦʤʫ ʾʾ ʝʣʝʤʝʥʪʫ 

ʧʨʠʩʚʦʶʻʪʴʩʷ ʩʚʽʡ ʽʥʜʝʢʩ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʘʥʠʡ ʦʙ'ʻʢʪ ʷʢ ʫʥʽʢʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ. ʋʥʽʢʘʣʴʥʠʡ ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ ʩʮʝʥʠ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʠʡ 

ʪʽʣʴʢʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪʫ ʥʘʙʽʨ ʟʘʜʘʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʋ ʩʚʦʶ 

ʯʝʨʛʫ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩʮʝʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʥʮʝʚʦʛʦ ʯʠʩʣʘ ʙʘʟʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʨʠʤʽʪʠʚʽʚ, ʟʚʘʥʠʭ ʣʦʢʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʮʝʥʠ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʚʝʨʪʫʶʪʴ ʧʦʚʝʨʭʥʶ ʝʣʝʤʝʥʪʘ ʩʮʝʥʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʘʥʛʫʣʴʦʚʘʥʦʾ 

ʩʽʪʢʠ, ʣʦʢʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʮʝʥʠ ʚʚʘʞʘʶʪʴʩʷ ʧʣʦʩʢʽ ʪʨʠʢʫʪʥʽ ʧʣʘʩʪʠʥʠ, 

ʚʝʨʰʠʥʠ ʷʢʠʭ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ. ʋ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ 

ʮʠʬʨʦʚʦʾ ʛʝʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ ʩʮʝʥʠ ʩʪʚʦʨʶʶʪʴʩʷ 3 ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ: ʩʪʨʫʢʪʫʨʘ "ʪʦʯʢʘ", ʩʪʨʫʢʪʫʨʘ "ʪʨʠʢʫʪʥʠʢ" (ʬʘʩʝʪʘ) ʽ 

ʩʪʨʫʢʪʫʨʘ "ʨʝʙʨʦ". ʋ ʢʦʞʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʠʤʽʪʠʚʫ. ɭʜʠʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʩʮʝʥʠ ʬʦʨʤʫʻʪʴʩʷ ʟ ʤʘʩʠʚʽʚ 

ʧʨʠʤʽʨʥʠʢʽʚ ʮʠʭ ʩʪʨʫʢʪʫʨ. ʈʦʟʤʽʨʥʽʩʪʴ ʮʠʭ ʤʘʩʠʚʽʚ ʚʠʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʘ 
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ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʪʨʠʢʫʪʥʠʭ ʧʣʘʩʪʠʥ ʽ ʨʝʙʝʨ ʤʦʜʝʣʽ, ʘ ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ ʤʘʩʠʚʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʠʤʽʪʠʚʫ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʩʧʠʩʢʫ. 

ʉʪʨʫʢʪʫʨʘ "ʪʦʯʢʘ" ʦʧʠʩʫʻ ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʨʠʤʽʪʠʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʪʦʯʢʫ 

ʥʘʣʝʞʠʪʴ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ ʽ, ʢʨʽʤ ʪʦʛʦ, ʱʝ ʻ ʚʝʨʰʠʥʦʶ ʧʣʦʩʢʦʛʦ ʪʨʠʢʫʪʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. ɺʥʫʪʨʽʰʥʽʤʠ ʜʘʥʠʤʠ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʻ ʪʨʠ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʚ ʩʚʽʪʦʚʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ.1.1. ʄʘʩʠʚ ʝʢʟʝʤʧʣʷʨʽʚ ʷʚʣʷʻ ʩʦʙʦʶ 

ʻʜʠʥʠʡ ʩʧʠʩʦʢ ʫʩʽʭ ʪʦʯʦʢ (ʚʝʨʰʠʥ) ʦʙ'ʻʢʪʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ. 

ʉʪʨʫʢʪʫʨʘ "ʪʨʠʢʫʪʥʠʢ" (ʬʘʩʝʪʘ) ʦʧʠʩʫʻ ʧʣʦʩʢʫ ʪʨʠʢʫʪʥʫ ʧʣʘʩʪʠʥʫ, ʚʝʨʰʠʥʠ 

ʷʢʦʾ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ. ɽʣʝʤʝʥʪʘʤʠ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʻ ʥʦʤʝʨʠ ʪʨʴʦʭ 

ʚʝʨʰʠʥ ʪʨʠʢʫʪʥʠʢʘ ʈ1, ʈ2 ʽ ʈ3 (ʨʠʩ. 1.2) ʚ ʩʧʠʩʢʫ ʚʩʽʭ ʪʦʯʦʢ ʤʦʜʝʣʽ (ʫ ʤʘʩʠʚʽ 

ʧʨʠʤʽʨʥʠʢʽʚ ʩʪʨʫʢʪʫʨ "ʪʦʯʢʘ"). ɯʥʰʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʜʘʥʠʤʠ ʩʪʨʫʢʪʫʨʠ 

"ʪʨʠʢʫʪʥʠʢ" ʻ ʽʥʜʝʢʩ ʝʣʝʤʝʥʪʘ ʩʮʝʥʠ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʜʘʥʠʡ ʪʨʠʢʫʪʥʠʢ ʽ 

ʽʥʜʝʢʩ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʥʽʢʘʣʴʥʠʡ ʥʘʙʽʨ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʠʢʫʪʥʠʢʘ. 

ʉʝʨʝʜʥʷ ʪʦʯʢʘ ʪʨʠʢʫʪʥʠʢʘ (ʨʠʩ. 1.2) ʻ ʝʢʟʝʤʧʣʷʨʦʤ ʩʪʨʫʢʪʫʨʠ "ʪʦʯʢʘ" ʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʪʠʥʦʤ ʚʩʽʭ ʪʨʴʦʭ ʤʝʜʽʘʥ ʪʨʠʢʫʪʥʠʢʘ. ʋ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 

ʩʝʨʝʜʥʷ ʪʦʯʢʘ ʚʠʙʠʨʘʻʪʴʩʷ ʧʦʯʘʪʢʦʤ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʪʨʠʢʫʪʥʠʢʘ. 

ɽʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʠ ʻ ʪʘʢʦʞ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʱʠʥʠ ʪʨʠʢʫʪʥʠʢʘ ʟ 

ʚʝʨʰʠʥʘʤʠ ʈ1, ʈ2, ʈ3, ʱʦ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʩʮʝʥʠ (ʨʠʩ. 

1.2). ʄʘʩʠʚ ʝʢʟʝʤʧʣʷʨʽʚ ʩʪʨʫʢʪʫʨʠ "ʪʨʠʢʫʪʥʠʢ" ʫʪʚʦʨʶʻ ʩʧʠʩʦʢ ʚʩʽʭ ʪʨʠʢʫʪʥʠʭ 

ʧʣʘʩʪʠʥ  ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʽʚ ʩʮʝʥʠ.  

ʉʪʨʫʢʪʫʨʘ "ʨʝʙʨʦ" ð ʦʧʠʩʫʻ ʧʨʷʤʫ ʣʽʥʽʶ, ʱʦ ʩʧʦʣʫʯʘʻ 2 ʪʦʯʢʠ, ʱʦ ʣʝʞʘʪʴ 

ʥʘ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ. ʇʝʨʰʽ ʜʚʘ ʝʣʝʤʝʥʪʠ ʈ1 ʽ ʈ2 ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʩʪʨʫʢʪʫʨʽ ʻ 

ʥʦʤʝʨʘʤʠ ʜʚʦʭ ʚʝʨʰʠʥ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ ʽ ʫʪʚʦʨʶʶʪʴ ʨʝʙʨʦ 

(ʨʠʩ.1.3). 



14 

 

 

   

ʈʠʩʫʥʦʢ1.1 - 

ʉʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ 

ʩʮʝʥʠ 

ʈʠʩʫʥʦʢ 1.2 - ʊʨʠʢʫʪʥʘ 

ʧʣʘʩʪʠʥʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʩʮʝʥʠ 

ʈʠʩʫʥʦʢ 1.3 - ʇʣʦʩʢʝ 

ʨʝʙʨʦ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʩʮʝʥʠ 

 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟʽ ʩʪʨʫʢʪʫʨʦʶ "ʪʨʠʢʫʪʥʠʢ" ʥʦʤʝʨʠ ʚʝʨʰʠʥ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʩʧʠʩʢʫ ʝʢʟʝʤʧʣʷʨʽʚ ʩʪʨʫʢʪʫʨʠ "ʪʦʯʢʘ". ɯʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ "ʨʝʙʨʦ" ʻ 

ʥʦʤʝʨʠ ʪʨʠʢʫʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʊ1 ʽ ʊ2, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʝʙʨʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʩʧʠʩʢʫ 

ʪʨʠʢʫʪʥʠʢʽʚ ʤʦʜʝʣʽ (ʤʘʩʠʚʽ ʧʨʠʤʽʨʥʠʢʽʚ ʩʪʨʫʢʪʫʨʠ "ʪʨʠʢʫʪʥʠʢ"). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ ʨʝʙʝʨ. ʇʝʨʰʠʡ ʪʠʧ ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʘʣʴʥʽ 

ʨʝʙʨʘ, ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʣʘʤʫ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʫ. ɯʥʰʠʡ ʪʠʧ ʨʝʙʝʨ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʣʘʜʝʥʥʷ ʧʣʦʩʢʦʾ ʪʨʠʢʫʪʥʦʾ ʩʽʪʢʠ ʥʘ ʛʣʘʜʢʫ 

ʧʦʚʝʨʭʥʶ ʦʙ'ʻʢʪʘ ʡ ʫʪʚʦʨʝʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ, "ʫʷʚʥʠʭ" ʟʣʘʤʽʚ. ʊʘʢʽ ʨʝʙʨʘ 

ʥʘʟʠʚʘʶʪʴʩʷ "ʫʷʚʥʠʤʠ" ("ʚʽʨʪʫʘʣʴʥʠʤʠ") ʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʘʚʜʘʥ ɹʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʊʦʤʫ ʟʘʛʘʣʴʥʠʡ ʩʧʠʩʦʢ ʨʝʙʝʨ ʤʦʜʝʣʽ (ʧʨʠʤʽʨʥʠʢʽʚ 

ʩʪʨʫʢʪʫʨ "ʨʝʙʨʦ") ʧʦʚʠʥʥʽ ʫʪʚʦʨʶʚʘʪʠ ʪʽʣʴʢʠ ʨʝʘʣʴʥʽ ʨʝʙʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʛʝʦʤʝʪʨʠʯʥʽʡ ʤʦʜʝʣʽ ʩʮʝʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʠ 

ʩʧʠʩʢʠ ʧʨʠʤʽʨʥʠʢʽʚ ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ: ʪʦʯʢʘ, 

ʪʨʠʢʫʪʥʠʢ ʽ ʨʝʙʨʦ. ʉʧʠʩʢʠ ʧʨʠʤʽʨʥʠʢʽʚ ʻ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ. 

ʄʦʞʣʠʚʦʩʪʽ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʥʦʩʽʷ ʈʃʉ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʝ ʫʷʚʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʫ ʚʠʛʣʷʜʽ 

ʩʫʢʫʧʥʦʩʪʽ ʦʢʨʝʤʠʭ ʧʦʣʦʞʝʥʴ ʈʃʉ ʫ ʧʨʦʩʪʦʨʽ ʱʦʜʦ ʩʢʣʘʜʥʦʛʦ ʦʙ'ʻʢʪʘ. ʂʦʞʥʝ 

ʧʦʣʦʞʝʥʥʷ ʈʃʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʫ ʘʥʪʝʥʠ 
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ʩʠʩʪʝʤʠ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʩʮʝʥʠ ʈʩ (ʨʠʩ.1.4), ʚʝʢʪʦʨʦʤ r, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʘʧʨʷʤʦʢ ʤʘʢʩʠʤʫʤʫ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥʠ, ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʦʨʪʽʚ ʩʠʩʪʝʤʠ { }1 2,e e  ʽ ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʷ V  ʈʃʉ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʈʃʉ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʜʠʤʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʘ ʟ ʟʘʜʘʥʦʛʦ ʨʘʢʫʨʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɯʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘʪʽʥʝʥʥʷ ʽ ʤʘʩʢʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʟ ʩʬʦʨʤʦʚʘʥʠʭ ʨʘʥʽʰʝ ʤʘʩʠʚʽʚ ʧʨʠʤʽʨʥʠʢʽʚ ʩʪʨʫʢʪʫʨ ʪʨʠʢʫʪʥʠʢʽʚ ʽ ʨʝʙʝʨ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʙʠʨʘʶʪʴʩʷ ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʽʚ, ʚʠʜʠʤʠʭ ʈʃʉ ʟ̔ ʜʘʥʦʛʦ 

ʨʘʢʫʨʩʫ. ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʦʙ'ʻʢʪʘ ʩʠʛʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚʠʜʠʤʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʽ 

ʦʙ'ʻʢʪʫ. 

  

ʈʠʩʫʥʦʢ 1.4 - ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ 

ʈʃʉ 

ʈʠʩʫʥʦʢ 1.5 - ʃʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ ʪʨʠʢʫʪʥʦʛʦ ʝʣʝʤʝʥʪʫ 

 

ʈʝʟʫʣʴʪʫʶʯʝ ʜʠʬʨʘʢʮʽʡʥʝ ʧʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʮʝʥʠ ʚ ʮʽʣʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʣʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ (ʪʨʠʢʫʪʥʠʢʽʚ ʽ ʨʝʙʝʨ), ʚʠʜʠʤʠʭ ʈʃʉ ʫ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʡ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʝʣʝʤʝʥʪʘʤ ʩʮʝʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʬʦʥʦʚʠʤ 

ʫʪʚʦʨʝʥʥʷʤ. 

1.7 ʌʘʩʝʪʥʽ ʤʦʜʝʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

3D ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʧʦʙʫʜʦʚʘʥʽ ʟ ʪʨʠʢʫʪʥʠʢʽʚ (ʬʘʩʝʪ) ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʬʘʡʣʘʭ ʟ̔ 

ʨʦʟʰʠʨʝʥʥʷʤ STL. STL (ʚʽʜ ʘʥʛʣ. stereolithography) ð ʬʦʨʤʘʪ ʬʘʡʣʫ, ʷʢʠʡ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʙ'ʻʢʪʽʚ ʜʣʷ 



16 

 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙ'ʻʢʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ 

ʩʧʠʩʦʢ ʪʨʠʢʫʪʥʠʭ ʛʨʘʥʝʡ (ʬʘʩʝʪ), ʱʦ ʦʧʠʩʫʶʪʴ ʡʦʛʦ ʧʦʚʝʨʭʥʶ, ʪʘ ʾʭ ʥʦʨʤʘʣʝʡ. 

STL-ʬʘʡʣ ʤʦʞʝ ʙʫʪʠ ʪʝʢʩʪʦʚʠʤ (ASCII) ʘʙʦ ʙʽʥʘʨʥʠʤ. 

ʂʦʞʥʠʡ ʬʘʩʝʪ ʨʠʩ.1.6 ʦʧʠʩʫʻʪʴʩʷ ʯʦʪʠʨʤʘ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ: ʢʦʦʨʜʠʥʘʪʠ 

ʍ,ʋ,Z ʢʦʞʥʦʾ ʟ ʪʨʴʦʭ ʚʝʨʰʠʥ ʽ ʥʦʨʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʫ, ʷʢʠʡ ʦʧʠʩʫʻ ʦʨʽʻʥʪʘʮʽʶ 

ʬʘʩʝʪʘ. 

 

ʈʠʩʫʥʦʢ 1.6 - ʂʦʦʨʜʠʥʘʪʠ ʪʘ ʥʦʨʤʘʣʴʥʠʡ ʚʝʢʪʦʨ ʬʘʩʝʪʠ 

 

ʇʨʠʯʦʤʫ ʚʝʨʰʠʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʚ ʧʦʨʷʜʢʫ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ, ʷʢʱʦ ʜʠʚʠʪʠʩʴ ʥʘ ʬʘʩʝʪ ʟʦʚʥʽ (ʧʨʘʚʠʣʦ ʧʨʘʚʦʾ ʨʫʢʠ). ʅʘ ʨʠʩ. 1.7 

ʧʦʢʘʟʘʥʦ ʦʙôʻʢʪ ʧʦʙʫʜʦʚʘʥʠʡ ʽʟ ʬʘʩʝʪ ʽ ʥʦʨʤʘʣʴʥʽ ʚʝʢʪʦʨʠ ʢʦʞʥʦʾ ʬʘʩʝʪʠ. 

 

ʈʠʩʫʥʦʢ 1.7 - 3D ʦʙôʻʢʪ ʨʦʟʙʠʪʠʡ ʥʘ ʬʘʩʝʪʠ ʡ ʥʦʨʤʘʣʽ ʜʦ ʬʘʩʝʪ 

 

ʇʨʠʢʣʘʜ ʟʘʧʠʩʫ ʜʘʥʠʭ ʬʘʩʝʪ ʫ ʬʦʨʤʘʪʽ stl (ASCII) 

solid STL generated by MeshLab 

   outer loop 

   vertex -3.725957e-02  2.686831e-01 -2.259308e-01 

   vertex -3.737812e-02  2.708470e-01 -2.334454e-01 
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   vertex -5.074010e-02  2.702261e-01 -2.325149e-01 

   endloop 

   endfacet 

   facet normal 1.369408e-02  7.297233e-01  6.836054e-01 

   outer loop 

   vertex -3.737812e-02  2.708470e-01 -2.334454e-01 

   vertex -4.170414e-02  2.810257e-01 -2.442242e-01 

   vertex -5.074010e-02  2.702261e-01 -2.325149e-01 

   endloop 

   endfacet 

2. ʈɸɼɯʆʃʆʂɸʎɯʁʅɽ ʈɯɺʅʗʅʅʗ 

2.1 ʄʦʥʦʩʪʘʪʠʯʥʘ ʩʠʩʪʝʤʘ  

ʈʘʜʽʦʣʦʢʘʮʽʡʥʘ ʩʮʝʥʘ ʤʦʥʦʩʪʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2.1. TX ð

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʧʝʨʝʜʘʚʘʯ, RX ð ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʧʨʠʡʤʘʯ, ʩʽʨʠʡ ʦʙ'ʻʢʪ 

ʧʨʘʚʦʨʫʯ ʷʚʣʷʻ ʮʽʣʴ. ʇʝʨʝʜʘʚʘʣʴʥʽ ʪʘ ʧʨʠʡʤʘʣʴʥʽ ʘʥʪʝʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ 

ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʜʘʣʴʥʽʩʪʴ ʜʦ ʮʽʣʽ ʜʦʨʽʚʥʶʻ R. 

 

 

ʈʠʩʫʥʦʢ 2.1 - ʊʠʧʦʚʘ ʩʮʝʥʘ ʈʃʉ-ʮʽʣʴ 
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ʈʘʜʽʦʣʦʢʘʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʧʦʚ'ʷʟʫʻ ʜʘʣʴʥʽʩʪʴ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʜʘʚʘʯʘ, ʧʨʠʡʤʘʯʘ, ʘʥʪʝʥ, ʮʽʣʽ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ: 

 

(2.1) 

 

ʜʝ, Pr ð ʧʦʪʫʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ  ʧʨʠʡʤʘʯʝʤ ʨʘʜʽʦʣʦʢʘʪʦʨʘ (ʫ ʚʘʪʘʭ), Pt ð 

ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ (ʫ ʚʘʪʘʭ), Gt ð ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʘʥʪʝʥʠ 

ʧʝʨʝʜʘʚʘʯʘ, Gr ð ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ, s ð ʧʦʧʝʨʝʯʥʠʡ 

ʧʝʨʝʨʽʟ ʮʽʣʽ (ʫ ʤ
2
), l ð ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʈʃʉ (ʫ ʤʝʪʨʘʭ) ʽ R ð ʚʽʜʩʪʘʥʴ ʤʽʞ ʈʃʉ ʪʘ 

ʮʽʣʶ (ʫ ʤʝʪʨʘʭ). 

ɯʟ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʜʘʣʴʥʽʩʪʴ ʥʘ ʷʢʽʡ ʈʃʉ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ 

ʮʽʣʴ ʽ ʤʥʦʞʥʠʢʠ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʶʪʴ ʬʘʢʪʦʨʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ. 

ʇʝʨʰʠʡ ʯʣʝʥ ʫ ʜʫʞʢʘʭ ʷʚʣʷʻ ʩʦʙʦʶ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʚ 

ʨʘʡʦʥʽ ʮʽʣʽ (ʫ ʚʘʪʘʭ/ʤ2). ɼʦʙʫʪʦʢ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʯʣʝʥʽʚ ʫ ʜʫʞʢʘʭ ʷʚʣʷʻ ʩʦʙʦʶ 

ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ ʨʘʜʽʦʣʦʢʘʪʦʨʘ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʙʠʪʪʷ ʘʙʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʮʽʣʽ. ʊʨʝʪʽʡ ʯʣʝʥ ʫ ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘʭʦʧʣʝʥʦʾ ʜʽʘʛʨʘʤʦʶ ʘʥʪʝʥʠ ʧʨʠʡʤʘʯʘ. 

ɼʣʷ ʤʦʥʦʩʪʘʪʠʯʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʘʜʽʦʣʦʢʘʪʦʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʫ ʩʘʤʫ ʘʥʪʝʥʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ, Gt ʜʦʨʽʚʥʶʻ Gr ʽ, 

ʚʩʪʘʥʦʚʠʚʰʠ Gt = Gr = G, ʨʽʚʥʷʥʥʷ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

 

(2.2) 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ð Rmax ð ʮʝ ʚʽʜʩʪʘʥʴ, ʟʘ ʷʢʦʶ ʮʽʣʴ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ, ʽ ʢʦʣʠ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ Pr ʧʨʦʩʪʦ ʜʦʨʽʚʥʶʻ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʩʠʛʥʘʣʫ Smin. ʇʽʜʩʪʘʥʦʚʢʘ Pr=Smin ʫ ʨʽʚʥʷʥʥʽ (2) ʪʘ ʧʝʨʝʩʪʘʥʦʚʢʘ 

ʜʦʜʘʥʢʽʚ ʜʘʻ: 

 

(2.3) 
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ʌʦʨʤʫʣʘ ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʘʣʴʥʦʩʪʽ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʚʽʜ 

ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʨʦʟʩʽʶʚʘʥʥʷ (ɽʇʈ) (RCS)ʮʽʣʽ. 

ɽʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʚʣʘʩʪʠʚʽʩʪʶ ʮʽʣʽ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʯʠʥʫ 

ʝʭʦ ʩʠʛʥʘʣʫ ʧʦʚʝʨʥʫʪʦʛʦ ʥʘ ʧʨʠʡʤʘʯ ʨʘʜʽʦʣʦʢʘʪʦʨʘ. ɽʇʈ ʮʽʣʽ ð ʮʝ ʤʽʨʘ 

ʧʦʪʫʞʥʦʩʪʽ, ʨʦʟʩʽʷʥʦʾ ʚ ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʢʦʣʠ ʮʽʣʴ ʦʧʨʦʤʽʥʶʻʪʴʩʷ ʧʘʜʘʶʯʦʶ 

ʭʚʠʣʝʶ, ʥʦʨʤʘʣʽʟʦʚʘʥʦʶ ʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʧʘʜʘʶʯʦʛʦ ʧʦʣʷ. ʄʝʪʦʶ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʻ ʟʥʷʪʪʷ ʝʬʝʢʪʫ ʚʽʜʩʪʘʥʽ ʽ, ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ɽʇʈ, ʷʢʝ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʽʣʣʶ ʪʘ ʜʞʝʨʝʣʦʤ ʦʧʨʦʤʽʥʝʥʥʷ. ɯʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʘʜʘʶʯʦʛʦ ʪʘ ʚʽʜʙʠʪʦʛʦ ʧʦʣʽʚ ʜʦʮʽʣʴʥʦ ʟʘʧʠʩʫʚʘʪʠ RCS ʫ ʚʠʛʣʷʜʽ: 

 

(2.4) 

ʜʝ R - ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʽʣʣʶ ʪʘ ʜʞʝʨʝʣʦʤ ʦʧʨʦʤʽʥʝʥʥʷ (ʈʃʉ) ;iE  ʽ sE  

ʘʤʧʣʽʪʫʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʘʜʘʶʯʦʛʦ ʪʘ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʽʣʴ ʜʦʩʠʪʴ ʜʘʣʝʢʦ ʚʽʜ ʨʘʜʘʨʽʚ ʽ ʧʘʜʘʶʯʘ ʭʚʠʣʷ ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʷ ʧʣʦʩʢʦʶ, ʘ ʥʝ ʩʬʝʨʠʯʥʦʶ. ɹʽʣʴʰʝ ʪʦʛʦ, ʫ ʜʘʣʴʥʽʡ ʟʦʥʽ ʮʽʣʽ ʟʘʣʝʞʥʽʩʪʴ 

ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1/R ʽ, ʦʪʞʝ, s ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʘʣʴʥʦʩʪʽ. 

ɽʇʈ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʧʣʦʱʽ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʘʭ, ʘ ʪʘʢʦʞ ʚ 

ʜʝʮʠʙʝʣʘʭ ʚʽʜʥʦʩʥʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ (ʜɹʩʤ): 

 

ɽʇʈ ð ʮʝ ʩʢʘʣʷʨʥʝ ʯʠʩʣʦ, ʷʢʝ ʻ ʬʫʥʢʮʽʻʶ ʢʦʥʬʽʛʫʨʘʮʽʾ ʮʽʣʽ ʪʘ ʾʾ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʯʘʩʪʦʪʠ ʪʘ ʧʦʣʷʨʠʟʘʮʽʾ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʪʘ ʮʽʣʴʦʚʦʛʦ 

ʘʩʧʝʢʪʫ (ʪʦʙʪʦ ʾʾ ʦʨʽʻʥʪʘʮʽʾ ʱʦʜʦ ʨʘʜʘʨʘ). ʆʪʞʝ, ʟʘʛʘʣʦʤ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʈʃʉ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ( ),pqs q f, ʜʝ p   ̔ q  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʟʩʽʷʥʦʾ ʪʘ ʧʘʜʘʶʯʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ, ʪʦʜʽ ʷʢ ɗ ʽ ʟ ð ʧʦʣʷʨʥʽ ʩʬʝʨʠʯʥʽ ʢʫʪʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.2. 
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ʈʠʩʫʥʦʢ 2.2 - ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʷʨʠʟʘʮʽʷ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʟ ʈʃʉ ʥʝ ʙʫʜʝ ʤʘʪʠ ʪʘʢʫ 

ʩʘʤʫ ʦʨʽʻʥʪʘʮʽʶ, ʷʢ ʧʦʣʷʨʠʟʘʮʽʷ ʮʽʣʴʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʢʣʘʩʪʠ ʧʦʣʷʨʠʟʘʮʽʶ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚ ʮʽʣʴʦʚʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʜʘʶʯʝ ʧʦʣʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

 

(2.3) 

ʜʝ Ĕq ʽ Ĕf ð ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ ʚ ʮʽʣʴʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʘ ʽʥʜʝʢʩ i 

ʧʦʟʥʘʯʘʻ ʧʘʜʘʶʯʝ ʧʦʣʝ . 

ʂʨʽʤ ʪʦʛʦ, ʧʦʣʷʨʠʟʘʮʽʷ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʙʫʜʝ ʪʘʢʦʶ ʞ, ʷʢ 

ʧʘʜʘʶʯʦʛʦ ʧʦʣʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʩʢʣʘʜʥʠʭ ʮʽʣʝʡ ʛʝʥʝʨʫʶʪʴ ʧʝʨʝʭʨʝʩʥʫ 

ʧʦʣʷʨʠʟʦʚʘʥʫ ʩʢʣʘʜʦʚʫ ʨʦʟʩʽʶʚʘʥʥʷ ʯʝʨʝʟ ʤʥʦʞʠʥʥʽ ʜʠʬʨʘʢʮʽʾ ʪʘ ʚʽʜʙʠʪʪʷ. 

ʄʘʪʨʠʮʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʮʝ, ʽ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʞ ʧʦʣʷʨʠʟʘʮʽʻʶ ʧʘʜʘʶʯʦʛʦ ʡ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʽʚ: 

 

(2.4) 

 

ʜʝ ʽʥʜʝʢʩ s ʧʦʟʥʘʯʘʻ ʨʦʟʩʽʷʥʝ ʧʦʣʝ. 

ʉʠʤʚʦʣʠ Spq ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʦʟʩʽʶʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʽʥʜʝʢʩ p 

ʚʢʘʟʫʻ ʧʦʣʷʨʠʟʘʮʽʶ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ, ʘ ʽʥʜʝʢʩ q ʚʠʟʥʘʯʘʻ ʧʦʣʷʨʠʟʘʮʽʶ ʧʘʜʘʶʯʦʛʦ 
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ʧʦʣʷ. ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ ð ʮʝ ʩʢʣʘʜʥʽ ʚʝʣʠʯʠʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟ RCS 

ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

(2.5) 

ʂʦʤʧʣʝʢʩʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʯʝʨʝʟ ʘʤʧʣʽʪʫʜʫ ʽ ʬʘʟʫ: 

 

(2.6) 

ʜʝ 

 

2.2 ʏʘʩʪʦʪʥʽ ʦʙʣʘʩʪʽ ɽʇʈ  

ɯʩʥʫʶʪʴ ʪʨʠ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪʠ, ʫ ʷʢʠʭ ɽʇʈ (RCS) ʮʽʣʽ ʚʠʨʘʟʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. 

ʆʙʣʘʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʤʽʨʫ ʮʽʣʽ ʪʘ ʜʦʚʞʠʥʠ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ. ɼʣʷ 

ʛʣʘʜʢʦʾ ʮʽʣʽ ʜʦʚʞʠʥʠ L ʚʠʟʥʘʯʝʥʥʷ ʪʨʠ ʯʘʩʪʦʪʥʽ ʦʙʣʘʩʪʽ (ʨʠʩ. 2.3). 

ʆʙʣʘʩʪʴ ʈʝʣʝʷ 
2

1L
p

l
<<. ʅʘ ʮʠʭ ʯʘʩʪʦʪʘʭ ʟʤʽʥʘ ʬʘʟʠ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʪʷʞʥʽʩʪʶ ʮʽʣʽ ʥʝʚʝʣʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʜʫʢʦʚʘʥʠʡ ʩʪʨʫʤ ʥʘ ʪʽʣʽ 

ʮʽʣʽ ʙʫʜʝ ʧʨʠʙʣʠʟʥʦ ʧʦʩʪʽʡʥʠʡ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʬʘʟʦʶ. ʂʦʥʢʨʝʪʥʘ ʬʦʨʤʘ ʪʽʣʘ ʥʝ 

ʚʘʞʣʠʚʘ. ʗʢ ʧʨʘʚʠʣʦ, s ʛʣʘʜʢʠʤ ʽ ʟʤʽʥʶʻʪʴʩʷ ʷʢ
4

1

l
.  

ʈʝʟʦʥʘʥʩʥʘ ʦʙʣʘʩʪʴ
2

1L
p

l
º . ɼʣʷ ʮʠʭ ʯʘʩʪʦʪ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʬʘʟʘ ʩʪʨʫʤʫ 

ʧʦ ʪʽʣʫ ʮʽʣʽ, ʽ ʚʩʽ ʯʘʩʪʠʥʠ ʩʧʨʠʷʶʪʴ ʨʦʟʩʽʶʚʘʥʥʶ. ʗʢ ʧʨʘʚʠʣʦ, s ʤʘʻ 

ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 
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ʆʧʪʠʯʥʘ ʦʙʣʘʩʪʴ 
2

1L
p

l
>>. ɼʣʷ ʮʠʭ ʯʘʩʪʦʪ ʙʘʛʘʪʦ ʮʠʢʣʽʚ ʟʤʽʥʠ ʬʘʟʠ ʩʪʨʫʤʫ 

ʥʘ ʪʽʣʽ ʮʽʣʽ, ʨʦʟʩʽʷʥʝ ʧʦʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ. s ʤʘʻ ʛʣʘʜʢʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ l. 

ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʧʝʨʝʨʽʟ ʢʫʣʽ ʨʘʜʽʫʩʦʤ a ( ʟʤʽʥʶʻʪʴʩʷ 

ʨʘʜʽʫʩ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ l). 

 

 

ʈʠʩʫʥʦʢ 2.3 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ɽʇʈ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɺʠʜʽʣʝʥʽ ʪʨʠ 

ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ: ʈʝʣʝʷ, ʄʽ, ʦʧʪʠʯʥʘ. ʏʦʨʥʠʤ ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ 

ʘʩʠʤʧʪʦʪʠʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʦʥʠ ʈʝʣʝʷ ʡ ʦʧʪʠʯʥʦʾ ʟʦʥʠ 

3. ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʌɯɿʏʅʆɰ ʆʇʊʀʂʀ 

3.1 ʇʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʬʘʩʝʪʠ 

ʎʝʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʤʝʪʦʜʫ ʥʘʙʣʠʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʛʨʘʤʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʮʴʦʛʦ ʤʝʪʦʜʫ. ʇʦʯʠʥʘʶʯʠ ʟ ʽʥʪʝʛʨʘʣʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ, 

ʪʘ ʬʦʨʤʫʣʘʤʠ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʜʣʷ ʬʘʩʝʪʠ. ʅʘʙʣʠʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ ʥʘ ʬʘʩʝʪʽ, ʘ ʨʷʜ 

ʊʝʡʣʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ. 

ʈʦʟʩʽʶʚʘʥʥʷ ʟ ʪʨʠʢʫʪʥʦʾ ʛʨʘʥʽ ð ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ 

ʜʦʚʽʣʴʥʦʛʦ ʪʽʣʘ. ʆʪʞʝ, ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʛʨʘʥʽ ʙʫʜʝ 
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ʚʠʚʝʜʝʥʘ ʟ ʪʽʻʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʪʽʣʘ. ʈʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ, 

ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩʫʥʢʫ 3.1. ɼʦʚʽʣʴʥʝ ʪʽʣʦ ʨʦʟʩʽʶʚʘʥʥʷ ʨʦʟʤʽʱʫʻʪʴʩʷ ʙʽʣʷ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ, ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ x ,y ,z. 

 

ʈʠʩʫʥʦʢ 3.1 - ɼʘʣʝʢʝ ʧʦʣʝ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʚʽʣʴʥʦʾ ʮʽʣʽ 

 

ʋ ʜʘʣʴʥʽʡ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʝʢʪʦʨʠR ʽ r  ʧʨʘʢʪʠʯʥʦ ʧʘʨʘʣʝʣʴʥʽ. ʊʽʣʦ 

ʩʝʛʤʝʥʪʦʚʘʥʦ ʥʘ ʤʘʣʽ ʜʞʝʨʝʣʘ ʦʙ'ʻʤʦʤ 'n, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʪʦʯʮʽ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ( )', ', 'x y z  ʪʘ ʚʝʢʪʦʨʦʤ Ĕ ĔĔ' ' ' 'r xx yy zz= + + , ʜʝ Ĕ ĔĔ, ,x y z ð ʦʜʠʥʠʯʥʽ 

ʚʝʢʪʦʨʠ ʚʽʩʝʡ. 

ʆʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʚ ʥʘʧʨʷʤʢʫ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ   

Ĕ Ĕ ĔĔ,r xu y zwu= + +
  

ʜʝ 

sin cos

sin sin

cos

u

w

q f

u q f

q

=

=

=

 ,  

ʘ q ʽ f ʩʬʝʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʘʛʥʽʪʥʠʡ ʦʙ'ʻʤʥʠʡ ʩʪʨʫʤ ʫ ʪʽʣʽ ʜʦʨʽʚʥʶʻ 0mJ = , ʪʦ 

ʨʦʟʩʽʷʥʝ ʧʦʣʝ ʚʽʜ ʪʽʣʘ ʟʘʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

(3.1) 
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ʜʝ J  ð ʝʣʝʢʪʨʠʯʥʠʡ ʦʙ'ʻʤʥʠʡ ʩʪʨʫʤ, Zo ð ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʧʨʦʩʪʦʨʫ, ʱʦ 

ʦʪʦʯʫʻ ʪʽʣʦ, 2 /k p l=  ʽ g  ʚʠʟʥʘʯʘʻʪʴʩʷ  

 

(3.2) 

ʋ ʨʽʚʥʷʥʥʽ (2.1) ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʘʻ ʢʦʤʧʦʥʝʥʪʠ ʣʠʰʝ ʚ ʥʘʧʨʷʤʢʫ q  ̔f ʪʦ 

ʢʦʤʧʦʥʝʥʪʘ Er ʽʛʥʦʨʫʻʪʴʩʷ. 

3.2 ɯʥʪʝʛʨʘʣʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʪʨʠʢʫʪʥʦʛʦ ʬʘʩʝʪʫ 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʠʢʫʪʥʫ ʛʨʘʥʴ ʟ̔ ʜʦʚʽʣʴʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ, ʚʠʟʥʘʯʝʥʦʶ 

ʚʝʨʰʠʥʘʤʠ 1, 2 ʽ 3, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.2. 

 

ʈʠʩʫʥʦʢ 3.2 - ɼʦʚʽʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʬʘʩʝʪ 

 

ʊʦʯʢʦʶ ʽʥʪʝʛʨʘʮʽʾ ʟʘʨʘʟ ʻ P, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 
( ), ,p p px y z

, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʦʨʜʠʥʘʪʘʤ ( )', ', 'x y z
 ʪʦʯʢʠ ʽʥʪʝʛʨʘʮʽʾ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʪʽʣʘ, 

ʜʦʩʣʽʜʞʝʥʦʛʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. ɺʝʢʪʦʨ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ: 

 

(3.3) 

ʆʩʢʽʣʴʢʠ ʪʨʠʢʫʪʥʘ ʛʨʘʥʴ ʻ ʜʚʦʚʠʤʽʨʥʠʤ ʦʙ'ʻʢʪʦʤ, ʪʦ ʽʥʪʝʛʨʘʣ ʧʦ ʦʙôʻʤʫ ʚ 
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ʨ̔ ʚʥʷʥʥʷ ʩʪʘʻ ʽʥʪʝʛʨʘʣʦʤ ʧʦ ʧʦʚʝʨʭʥʽ. ʊʘʢ ʩʘʤʦ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʨʫʤ 

ʪʝʯʝ ʧʦ ʪʨʠʢʫʪʥʽʡ ʛʨʘʥʽ. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ ʩʪʘʻ: 

, 

(3.4) 

ʜʝ sJ  ð ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʨʫʤ, ɸ ð ʧʣʦʱʘ ʬʘʩʝʪʘ(ʪʨʠʢʫʪʥʦʾ ʛʨʘʥʽ), pds ð

ʜʠʬʝʨʝʥʮʽʘʣ ʧʣʦʱ̔ ʧʦʚʝʨʭʥʽ ʪʘ g ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 

(3.5) 

ʇʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʟ ʦʜʥʽʻʾ ʛʨʘʥʽ ʟʚʫʟʠʣʠʩʷ ʜʦ ʜʚʦʭ ʧʨʦʩʪʽʰʠʭ 

ʟʘʜʘʯ: ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʨʫʤʫ sJ  ʥʘ ʛʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʫ ʨʽʚʥʷʥʥʽ (3.4). 

ʅʘ ʨʠʩ 3.3 ʟʦʙʨʘʞʝʥʘ ʜʝʪʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʦʜʥʽʻʾ ʛʨʘʥʽ ʟ ʜʦʚʽʣʴʥʦʶ 

ʦʨʽʻʥʪʘʮʽʻʶ. 

ʌʘʩʝʪʥʽ ʚʝʨʰʠʥʠ ʚʽʜʦʤʽ ʟʘ ʾʭ ʜʝʢʘʨʪʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ( ), ,n n nx y z  ʜʣʷ n = 

1,2,3. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʝʨʰʠʥʠ ʤʘʨʢʫʶʪʴʩʷ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʪʘʢ 

ʱʦ ʚʝʣʠʢʠʡ ʧʘʣʝʮʴ ʧʨʘʚʦʾ ʨʫʢʠ ʥʘʜʘʻ ʟʦʚʥʽʰʥʽʡ ʥʦʨʤʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ.  

 

ʈʠʩʫʥʦʢ 3.3 - ɼʦʚʽʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʬʘʩʝʪ(ʘ), ʛʝʦʤʝʪʨʽʷ(b) ʬʘʩʝʪʘ. 

 

ɺʝʢʪʦʨʠ ʧʦʟʠʮʽʾ ʚʝʨʰʠʥ: 
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(3.6) 

ʈʝʙʨʘ ʚʝʢʪʦʨʽʚ  ʚʠʟʥʘʯʘʻʤʦ ʟ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

(3.7) 

ʅʦʨʤʘʣʴʥʠʡ ʚʝʢʪʦʨ ʜʦ ʛʨʘʥʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ, ̫ ʢ ʚʝʢʪʦʨʥʠʡ ʛʨʘʥʝʡ:  

 

 

(3.8) 

ʇʨʠ ʪʘʢʦʤʫ ʚʧʦʨʷʜʢʫʚʘʥʥʽ ʚʝʨʰʠʥ ʟʦʚʥʽʰʥʷ ʩʪʦʨʦʥʘ ʛʨʘʥʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʧʝʨʝʜʥʷ ʧʦʚʝʨʭʥʷ, ʘ ʧʨʦʪʠʣʝʞʥʘ ʩʪʦʨʦʥʘ ð ʟʘʜʥʷ. ʗʢʱʦ ʧʣʦʩʢʘ ʭʚʠʣʷ ʧʘʜʘʻ ʧʽʜ 

ʢʫʪʦʤ ( ),i iq f, ʧʦʰʠʨʶʶʯʠʩʴ ʫ ʥʘʧʨʷʤʢʫ ʧʦʯʘʪʢʫ, ʪʦ ʾʾ ʚʝʢʪʦʨ ʧʦʰʠʨʝʥʥʷ 

ʜʦʨʽʚʥʶʻ: 

 
(3.9) 

ʜʝ ( ), ,i i iu wu  ð ʥʘʧʨʷʤʢʠ ʢʦʩʠʥʫʩʽʚ ʽ r  ð ʨʘʜʽʘʣʴʥʠʡ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʚʽʜ 

ʜʞʝʨʝʣʘ ʧʨʠ ( ),̔ ʽq f. 

ʇʝʨʝʜʥʷ ʛʨʘʥʴ ʦʩʚʽʪʣʶʻʪʴʩʷ ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ: 

 
(3.10) 

ɺʠʨʘʭʫʻʤʦ ʟʘʛʘʣʴʥʫ ʧʣʦʱʘ ʛʨʘʥʽ ɸ: 

 

(3.11) 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʘʥʝʡ ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʦʨʤʦʚʘʥʽ 

ʜʽʣʷʥʢʠ. ɿʦʢʨʝʤʘ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʜ-ʧʣʦʱʽ A1,A2,A3, ʟ̔ ʷʢʠʭ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʥʦʨʤʦʚʘʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʣʦʱʽ: 

 

(3.12) 

ɯʟ ʫʤʦʚʠ 1 2 3A A A A+ + = ʤʘʻʤʦ 1z x h+ + =, ʽ ʚʠʟʥʘʯʠʤʦ 1z x h= - -. 

ʊʦʜʽ ʽʥʪʝʛʨʘʣ ʧʦ ʧʣʦʱʽ ʬʘʩʝʪʠ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ: 
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(3.13) 

3.3 ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʝ ʙʫʜʝ ʫʟʛʦʜʞʝʥʘ ʟ 

ʛʣʦʙʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ. ʋ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ( )'', '', ''x y z  

ʛʨʘʥʴ ʣʝʞʠʪʴ ʥʘ ʧʣʦʱʠʥʽ '' ''ʭ y, ʧʨʠ ʮʴʦʤʫ ''z  ð ʥʦʨʤʘʣʴʥʘ ʜʣʷ ʬʘʮʝʪʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʦʪʞʝ, Ĕ Ĕ''n z= , ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.4. 

 

 

ʈʠʩʫʥʦʢ 3.4 - ɻʣʦʙʘʣʴʥʽ ʡ ʣʦʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʩʠʩʪʝʤʠ 

 

ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʜʦʚʽʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʦʾ ʛʨʘʥʽ ʟ ʚʽʜʦʤʠʤʠ ʛʣʦʙʘʣʴʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʾʾ ʣʦʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʝʨʽʻʶ ʟ ʜʚʦʭ ʦʙʝʨʪʽʚ. 

ʉʧʦʯʘʪʢʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʫʪʠ a ʽ b (ʨʠʩ. 3.5). 

   

ɿ ,x yn n  ʷʢ ʚʠʟʥʘʯʝʥʦ ʚ ʨʽʚʥʷʥʥʽ:(3.8). 
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ʈʠʩʫʥʦʢ 3.5 - ʈʦʪʘʮʽʷ ʢʫʪʽʚ 

 

ʇʦʪʽʤ ʦʙʯʠʩʣʶʻʤʦ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʘʪʨʠʮʴ ʛʣʦʙʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ 

ʣʦʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ: 

 

ɿʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʪʦʙʪʦ ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ): 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʨʽʚʥʷʥʥʷʭ, ʪʘʢʦʞ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʦʜʠʥʠʯʥʠʭ 

ʚʝʢʪʦʨʽʚ ʪʘ ʢʦʩʠʥʫʩʥʠʭ ʥʘʧʨʷʤʢʽʚ. 
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3.4 ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ ʤʝʪʦʜʦʤ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ 

ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ, ʥʘ ʜʽʣʷʥʢʘʭ ʪʽʣʘ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʦʩʚʽʪʣʶʶʪʴʩʷ ʧʘʜʘʶʯʠʤ ʧʦʣʝʤ, ʽʥʜʫʢʦʚʘʥʠʡ ʩʪʨʫʤ ʧʨʦʩʪʦ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʘʜʘʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʟʘʪʽʥʝʥʽʡ ʯʘʩʪʠʥʽ ʮʽʣʽ ʩʪʨʫʤ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʥʫʣʴ. ɿʚʽʜʩʠ: 

Ĕ2
,

0
s

n H ʦʩʚʽʪʣʝʥʽʬʘʩʝʪʠ
J

ʬʘʩʝʪʠʚʪʽʥʽ

ë ³
=ì
í

 

(3.14) 

ʜʝ iH  ð ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʘʜʘʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʽ. 

ɿʘʛʘʣʦʤ, ʧʘʜʘʶʯʝ ʧʦʣʝ ʤʘʻ ʬʦʨʤʫ: 

 

(3.15) 

ɼʝ 
Ĕ Ĕi i ik kk kr= =-

, ʟ 2 /k p l= . 

ʊʘʢ ʷʢ Ĕ Ĕpr r=  ʜʣʷ ʪʦʯʢʠ ( ), ,p p px y z  ʥʘ ʧʦʚʝʨʭʥʽ, ʪʦ: 

 

(3.16) 

ʊʦʜʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʨʽʚʥʶʻ: 

 

(317) 

ʅʘʙʣʠʞʝʥʥʷ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ ʛʨʘʥʽ, 

ʩʪʘʥʦʚʠʪʴ: 

 

(3.18) 

ʜʝ h ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 

(3.19) 

ʊʝʧʝʨ ʨʽʚʥʷʥʥʷ (2.18) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 
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(3.20) 

ʆʜʥʘʢ ʫ ʬʘʩʝʪʥʠʭ ʣʦʢʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʨʫʤ ʥʝ ʤʘʻ 

ʢʦʤʧʦʥʝʥʪʠ Ĕ''z  ,ʦʩʢʽʣʴʢʠ ʬʘʩʝʪʢʘ ʣʝʞʠʪʴ ʥʘ ʧʣʦʱʠʥʽ '' ''ʭ y. ɿʚʽʜʩʠ: 

 

(3.21) 

ɿʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʨʫʤʫ 

 

 

 

ʜʝ 
''
iEq , ''

iEf ð ʩʢʣʘʜʦʚʽ 

ʧʘʜʘʶʯʦʛʦ ʧʦʣʷ ʚ ʣʦʢʘʣʴʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʛʨʘʥʝʡ ʽ ''q  , ''f  ð ʩʬʝʨʠʯʥʽ ʧʦʣʷʨʥʽ ʢʫʪʠ ʣʦʢʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʚʢʣʶʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ||ɻ ʽ ɻ̂ , 

ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ (ʊʄ) ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ (ʊɽ) ʧʦʣʽʚ 

ʚʽʜʧʦʚʽʜʥʦ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

 

ɯʟ Rs ʧʦʚʝʨʭʥʝʚʠʤ ʦʧʦʨʦʤ ʬʘʩʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʦʣʠ Rs=0, ʧʦʚʝʨʭʥʷ ʻ 

ʽʜʝʘʣʴʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ. ʗʢʱʦ sR ­¤ ʧʦʚʝʨʭʥʷ ʩʪʘʻ ʧʨʦʟʦʨʦʶ 

. 

3.5 ʆʙʯʠʩʣʝʥʥʷ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʧʨʦʩʪʦ ʟʘʤʽʥʽʪʴ ʨʽʚʥʷʥʥʷ (3.21) ʥʘ ʽʥʪʝʛʨʘʣ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʪʨʠʢʫʪʥʦʾ ʛʨʘʥʽ, ʚʠʟʥʘʯʝʥʦʾ ʚ ʨʽʚʥʷʥʥʽ (3.4), ʪʘʢ: 
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(3.21) 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʧʦʣʷ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʦʮʽʥʠʪʠ ʽʥʪʝʛʨʘʣ: 

 

(3.22) 

ʆʜʥʘʢ, ʦʪʨʠʤʘʪʠ ʪʦʯʥʝ ʨʽʰʝʥʥʷ ʟʘʢʨʠʪʦʾ ʬʦʨʤʠ ʜʣʷ ʮʴʦʛʦ ʽʥʪʝʛʨʘʣʘ 

ʥʝʤʦʞʣʠʚʦ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʭʚʠʣʷ ʬʨʦʥʪʫ ʧʘʜʘʶʯʦʾ ʚʚʘʞʘʻʪʴʩʷ ʧʣʦʩʢʦʶ ʽ 

ʱʦ ʧʘʜʘʶʯʝ ʧʦʣʝ ʚʽʜʦʤʝ ʫ ʛʨʘʥʷʭ ʚʝʨʰʠʥ, ʘʤʧʣʽʪʫʜʘ ʪʘ ʬʘʟʘ ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʊʦʜʽ ʽʥʪʝʛʨʘʣ ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʷʜʫ ʊʝʡʣʦʨʘ, ʽ ʢʦʞʝʥ ʜʦʜʘʪʦʢ ʽʥʪʝʛʨʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʟʘʢʨʠʪʦʾ ʬʦʨʤʠ. ɿʘʟʚʠʯʘʡ, ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʥʢʽʚ ʫ ʨʷʜʽ ʊʝʡʣʦʨʘ 

(ʧʦʨʷʜʢʫ 5) ʜʘʩʪʴ ʜʦʩʠʪʴ ʪʦʯʥʝ ʥʘʙʣʠʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʟʘʧʠʩʫʶʪʴ ʷʢ: 

 

(3.23) 

ɼʝ  

ɼʣʷ ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ ʧʣʦʩʢʦʾ ʭʚʠʣʽ: 

 

ɸʥʘʣʦʛʽʯʥʦ: 

 
(3.24) 

ɼʝ: 

 

ʊʝʧʝʨ ʽʥʪʝʛʨʘʣ ʫ ʨʽʚʥʷʥʥ ̔(2.23) ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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(3.25) 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʯʠʩʣʦʚʠʭ ʧʦʤʠʣʦʢ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʦʙʣʠʟʫ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ 

(ʪʦʙʪʦ ʜʣʷ ʟʥʘʤʝʥʥʠʢʽʚ ʧʦʙʣʠʟʫ ʥʫʣʷ), ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʥʘʩʪʫʧʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʚʠʧʘʜʢʠ: 

 

 

 

 

ɼʝ Lt  ð ʜʦʚʞʠʥʘ ʦʙʣʘʩʪʽ ʨʷʜʫ ʊʝʡʣʦʨʘ.  

ʌʫʥʢʮʽʷ G ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʪʝʛʨʘʣ: 

 

ʽ ʦʮʽʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʨʝʢʫʨʩʠʚʥʠʭ ʚʽʜʥʦʰʝʥʴ: 
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ɼʝ: 

 

3.6 ʆʙʯʠʩʣʝʥʥʷ ʜʠʬʫʟʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʣʷ 

ʇʨʦʚʝʜʝʥʽ ʚʠʢʣʘʜʠ ʦʧʠʩʫʶʪʴ ʧʦʚʥʽʩʪʶ ʛʣʘʜʢʽ ʛʨʘʥʽ. ɿʚʠʯʘʡʥʦ, ʮʽʣʽ ʨʽʜʢʦ 

ʤʘʶʪʴ ʽʜʝʘʣʴʥʦ ʛʣʘʜʢʽ ʧʦʚʝʨʭʥʽ, ʯʝʨʝʟ ʥʝʨʽʚʥʦʩʪʽ ʘʙʦ ʥʝʜʦʣʽʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥ̔  ʤʦʜʝʣʶʶʪʴʩʷ ʷʢ 

ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. ʈʦʟʩʽʷʥʝ ʧʦʣʝ ʽ RCS ð ʬʫʥʢʮʽʾ ʮʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ.  

ɺʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʥʘ ʨʝʟʫʣʴʪʫʶʯʫ ʩʭʝʤʫ RCS ʧʦʣʷʛʘʻ ʫ ʚʽʜʜʽʣʝʥʥʽ 

ʝʥʝʨʛʽʾ ʚʽʜ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʽ ʾʾ ʫ ʚʠʧʘʜʢʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ, 

ʷʢʝ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʝ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ  ̔ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʫʟʥʠʤ 

ʨʦʟʩʽʶʚʘʥʥʷʤ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʚʨʘʭʦʚʫʻʤʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʦʢ ʥʘ 

ʦʜʥʽʡ ʧʣʦʱʽ ʟʘʟʚʠʯʘʡ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʤ'ʷʪʠʥʘ 

ʚ ʪʘʨʽʣʮʽ ʤʘʪʠʤʝ ʧʨʠʙʣʠʟʥʦ ʧʽʚʩʬʝʨʠʯʥʫ ʬʦʨʤʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʚʤôʷʪʠʥʘ ʤʘʻ ʜʽʘʤʝʪʨ 1 ʩʤ, ʚʽʜʭʠʣʝʥʥʷ ʪʦʯʦʢ, ʚʽʜʩʪʘʥʴ ʷʢʠʭ ʤʝʥʰʝ 0,5 ʩʤ ʚʽʜ 

ʮʝʥʪʨʫ ʚʤôʷʪʠʥʠ, ʙʫʜʝ ʩʧʽʚʚʽʜʥʦʩʠʪʠʩʷ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʫ ʮʝʥʪʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʦʚʝʨʭʥʝʚʽ 

ʚʽʜʭʠʣʝʥʥʷ ʥʘʛʘʜʫʶʪʴ ɻʘʫʩʩʦʚʽ ʚʤ'ʷʪʠʥʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ. 

 

ʈʠʩʫʥʦʢ 3.6 - ɻʘʫʩʽʚʩʴʢʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʮʽʣʽ 
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ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʠ. ɯʥʪʝʨʚʘʣ ʢʦʨʝʣʷʮʽʾ C (ʫ ʤʝʪʨʘʭ) ð 

ʮʝ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʶʪʴ ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 3.6, ʚʝʣʠʢʘ ʚʽʜʩʪʘʥʴ ʢʦʨʝʣʷʮʽʾ ʛʦʚʦʨʠʪʴ ʧʨʦ ʧʦʚʽʣʴʥʫ ʤʽʥʣʠʚʫ 

ʧʦʚʝʨʭʥʝʚʫ ʧʦʭʠʙʢʫ, ʪʦʜʽ ʷʢ ʥʝʚʝʣʠʢʘ ʚʽʜʩʪʘʥʴ ʢʦʨʝʣʷʮʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʦ 

ʤʽʥʣʠʚʫ ʧʦʤʠʣʢʫ. ʉʘʤʘ ʜʠʩʧʝʨʩʽʷ ʥʝʨʽʚʥʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
2d, ʧʨʠ ʮʴʦʤʫ d 

ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʥʝʨʽʚʥʦʩʪʝʡ (ʨʠʩ. 3.7). 

 

ʈʠʩʫʥʦʢ 3.7 - ɺʝʣʠʢʘ ʚʽʜʩʪʘʥʴ ʢʦʨʝʣʷʮʽʾ(ʘ), ʤʘʣʘ ʚʽʜʩʪʘʥʴ ʢʦʨʝʣʷʮʽʾ(ʙ) 

 

ʋ ʧʨʦʛʨʘʤʽ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʜʘʪʠ ʚʽʜʩʪʘʥʴ ʢʦʨʝʣʷʮʽʾ ʪʘ ʜʠʩʧʝʨʩʽʶ. ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ɽʇʈ ʬʘʩʝʪʘ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 

ʇʨʠʯʦʤʫ A ð ʧʣʦʱʘ ʛʨʘʥʽ ʪʘ ''q  ʪʘʢ̔, ʷʢ ʚʠʟʥʘʯʝʥʦ ʨʘʥʽʰʝ. 

ʎʝ ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʨʘʥʽʰʝ ʧʦʣʷ. 

3.7 ɹʘʛʘʪʦʰʘʨʦʚʽ ʧʦʢʨʠʪʪʷ ʬʘʩʝʪ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʘ ʤʝʪʦʜʠ ʟʘʚʜʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʞʥʦʾ ʛʨʘʥʽ. 

ʇʝʨʰʠʡ. ʇʦ ʚʽʜʦʤʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʘʪʝʨʽʘʣʫ (ʚʽʜʥʦʩʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʫ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ) ʨʦʟʨʘʭʦʚʫʻʪʴʩ ̫ʦʧʽʨ ʧʦʚʝʨʭʥʽ 
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ʛʨʘʥʽ Rs. ʂʦʣʠ Rs=0, ʧʦʚʝʨʭʥʷ ʻ ʽʜʝʘʣʴʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ (Perfect 

electric conductor ð PEC). ʗʢʱʦ sR ­¤ ʧʦʚʝʨʭʥʷ ʩʪʘʻ ʧʨʦʟʦʨʦʶ. 

ɼʨʫʛʠʡ. ɯʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʽʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʦʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʝ ʧʨʦʧʠʩʘʥʘ ʥʘʟʚʘ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ, 

ʷʢʫ ʤʦʞʥʘ ʧʦʧʦʚʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ. 

ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ: 

ʽʜʝʘʣʴʥʠʡ ʤʝʪʘʣ PEC; 

ʢʦʤʧʦʟʠʪʥʠʡ ʤʘʪʝʨʽʘʣ; 

ʰʘʨ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ PEC;  

ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ( ʚ ʨʦʟʨʦʙʮʽ); 

ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ ʥʘ PEC( ʚ ʨʦʟʨʦʙʮʽ). 

ʊʝʦʨʝʪʠʯʥʽ ʨʘʤʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʚʠʧʘʜʢʽʚ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʥʠʞʯʝ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʨʽʘʣ ʛʨʘʥʽ ʩʢʣʘʜʝʥʠʭ ʽʟ ʜʝʢʽʣʴʢʦʭ ʰʘʨʽʚ ʰʘʨ ʢʦʨʧʫʩʫ ʟ PEC. 

ʌʦʨʤʫʣʠ ʜʣʷ ʜʚʦʭ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʚʠʚʦʜʷʪʴʩʷ ʷʢ ʦʩʦʙʣʠʚʽ ʚʠʧʘʜʢʠ ʬʦʨʤʫʣ 

ʧʝʨʰʠʭ ʜʚʦʭ ʚʠʧʘʜʢʽʚ. 

ʋ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʜʣʷ 

ʧʘʨʘʣʝʣʴʥʦʾ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʨʽʚʥʷʥʥʷʭ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʚʽʪʽ. ɽʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 

ɼʝ 0e ð ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, '
re ð ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʚʽʜʥʦʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ''
reð ʫʷʚʥʘ ʯʘʩʪʠʥʘ, tand ʪʘʥʛʝʥʩ 

ʚʪʨʘʪ. 

ɸʥʘʣʦʛʽʯʥʦ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 
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ɼʝ 0m ð ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, '
rmð ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʚʽʜʥʦʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ ''
rm  ð ʫʷʚʥʘ ʯʘʩʪʠʥʘ ʚʽʜʥʦʩʥʦʾ 

ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʧʘʜʦʢ 1: ʂʽʣʴʢʘ ʰʘʨʽʚ 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ.3.8. ʍʚʠʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ c1, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʚ ʧʦʟʠʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ z, ʧʘʜʘʻ ʥʘ ʪʽʣʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N ʨʽʟʥʠʭ 

ʰʘʨʽʚ. 

 

ʈʠʩʫʥʦʢ 3.8 - ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ 

 

ʄʘʪʝʨʽʘʣ ʧʝʨʝʜ ʰʘʨʦʤ 1 ð ʮʝ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ. ʉʢʣʘʜʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʰʘʨʫ n ʻ ne (ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ) ʽ nm  (ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ). ʊʦʚʱʠʥʘ 

ʢʦʞʥʦʛʦ ʰʘʨʫ ʩʪʘʥʦʚʠʪʴ tn. ʉʠʤʚʦʣʠ c ʽ b ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʭʚʠʣʽ, ʷʢʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʽ ʚʽʜʙʠʪʽ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʢʦʞʥʽʡ ʤʝʞʽ. ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʤʽʞ 

ʦʙʣʘʩʪʶ 0 (ʪʦʙʪʦ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ) ʪʘ ʦʙʣʘʩʪʶ 1 ʜʦʨʽʚʥʶʻ ɻ1, ʪʦʜʽ ʷʢ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʤʽʞ ʦʙʣʘʩʪʶ n-1 ʪʘ ʦʙʣʘʩʪʶ n ʜʦʨʽʚʥʶʻ ɻn. ɸʥʘʣʦʛʽʯʥʦ, 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʤʽʞ ʦʙʣʘʩʪʶ 0 (ʪʦʙʪʦ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ) ʽ ʦʙʣʘʩʪʶ 1 

ʜʦʨʽʚʥʶʻ t1, ʪʦʜʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʤʽʞ ʦʙʣʘʩʪʶ n-1 ʪʘ ʦʙʣʘʩʪʶ n ʜʦʨʽʚʥʶʻ 

tn. 

ʄʦʞʥʘ ʟʘʧʠʩʘʪʠ ʧʘʜʘʶʯʽ ʪʘ ʚʽʜʙʠʪʽ ʭʚʠʣʽ ʥʘ ʧʝʨʰʽʡ ʤʝʞʽ ʷʢ: 
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(3.26) 

 

ɼʝ: 

 

 

(3.27) 

 

ʇʨʠ ʮʴʦʤʫ nl ð ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚ ʰʘʨʽ n. ʊʝʧʝʨ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ ʻ: 

 

 

(2.28) 

 

ʂʦʣʠ ʦʩʪʘʥʥʽʡ ʰʘʨ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʢʽʣʴʢʦʭ ʰʘʨʘʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ̔ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ ʟ̔ ʦʙʦʭ ʩʪʦʨʽʥ, ʪʦʜʽ bN + 1 = 0, ʽ ʤʠ 

ʤʦʞʝʤʦ ʜʦʚʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 0NF = . 

ʌʦʨʤʫʣʠ (3.26) ʪʘ (3.28) ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʽʯʽ: ʦʜʠʥ ʨʘʟ ʜʣʷ 

ʚʠʧʘʜʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ Ĝ , ʪʘ ʦʜʠʥ ʨʘʟ ʜʣʷ ʚʠʧʘʜʢʫ ʧʘʨʘʣʝʣʴʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ||G ʅʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʜʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʥʘ ʤʝʞʽ n (ʤʝʞʘ 

ʤʽʞ ʰʘʨʦʤ n ï 1 ʽ ʰʘʨʦʤ n): 

 

(3.29) 

 

 

(3.30) 

ɼʝ: 
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ɯ: 

 

ʅʘ ʨʠʩ. 3.9 ʧʦʢʘʟʘʥʽ ʢʫʪʠ iq ʽ tq. 

 

ʈʠʩʫʥʦʢ 3.9 - ʂʫʪʠ ʥʘ ʛʨʘʥʠʮʽ ʜʚʦʭ ʰʘʨʽʚ 

 

ɺʠʧʘʜʦʢ 2: ʐʘʨ ʢʦʤʧʦʟʠʪʫ ʥʘ PEC 

ʅʘ ʨʠʩ. 3.10 ʟʦʙʨʘʞʝʥʦ ʢʦʤʧʦʟʠʪʥʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ t ʥʘ ʽʜʝʘʣʴʥʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʨʦʚʽʜʥʠʢʫ(PEC). ʅʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ ʜʘʻ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʷʢ 

ʜʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ, ʪʘʢ ʽ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ: 

 

(3.31) 

ɼʝ: 

 

(3.32) 

ʇʨʠ , ʽ f ʯʘʩʪʦʪʘ ʭʚʠʣʽ ʚ ɻʝʨʮ. ʋ ʨʽʚʥʷʥʥʽ (3.31) ʟʥʘʯʝʥʥʷ 

377 ð ʽʤʧʝʜʘʥʩ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʆʤ. ʍʦʯʘ ʨʽʚʥʷʥʥʷ (3.31) ʪʘ (3.32) ʜʽʡʩʥʽ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʽ ʷʢ ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʣʷ 

ʚʩʽʭ ʢʫʪʽʚ ʧʘʜʽʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.10 - ʐʘʨ ʢʦʤʧʦʟʠʪʫ ʥʘ PEC 

 

ɺʠʧʘʜʦʢ 3: ʂʦʤʧʦʟʠʪʥʠʡ ʰʘʨ 

ʆʢʨʝʤʠʡ ʰʘʨ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʩʦʙʣʠʚʠʡ 

ʚʠʧʘʜʦʢ ʟ̔ ʜʝʢʽʣʴʢʦʤʘ ʰʘʨʘʤʠ ʟ̔ N = 2 (ʜʨʫʛʠʡ ʰʘʨ - ʮʝ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ ʥʘ 

ʪʠʣʴʥʽʡ ʩʪʦʨʦʥʽ ʤʘʪʝʨʽʘʣʫ). ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ (3.26) ʪʘ (3.27) ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʜʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʪʘ 

ʧʘʨʘʣʝʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɺʠʧʘʜʦʢ 4: ɹʘʛʘʪʦʰʘʨʦʚʽ ʰʘʨʠ ʥʘ PEC 

ʎʝʡ ʚʠʧʘʜʦʢ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʻʜʥʘʥʥʷ ʚʠʧʘʜʢʽʚ (3.26) ʪʘ (3.27). 

ʇʨʠʧʫʩʢʘʶʯʠ ʥʘ PEC ʻ N ʰʘʨʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʧʝʨʰʠʭ ʰʘʨʽʚ N-1 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ 

(3.26) ʽ (3.28). ɺʠʟʥʘʯʠʤʦ  ʢʦʝʬʽʮʽʻʥʪ 
'G. ʆʩʢʽʣʴʢʠ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʝʞʽ ʤʽʞ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ ʪʘ ʧʨʦʩʪʦʨʦʤ ʧʝʨʰʠʭ ʰʘʨʽʚ N-1, 

ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ 
'Z ʧʝʨʰʠʭ ʰʘʨʽʚ N -1 ʟʛʽʜʥʦ: 

 

(3.33) 
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ɼʝ Zʦ - ʽʤʧʝʜʘʥʩ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, 377 ʆʤ. 

ɺʭʽʜʥʠʡ ʦʧʽʨ Zin ʢʦʤʙʽʥʘʮʽʾ ʦʩʪʘʥʥʴʦʛʦ ʰʘʨʫ ʪʘ PEC ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (7). 

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʥʘ ʤʝʞʽ ʤʽʞ ʢʦʤʙʽʥʘʮʽʻʶ ʧʝʨʰʠʭ ʰʘʨʽʚ N - 1 ʪʘ 

ʢʦʤʙʽʥʘʮʽʻʶ ʦʩʪʘʥʥʴʦʛʦ ʰʘʨʫ ʪʘ PEC ʩʪʘʥʦʚʠʪʴ: 

 

(3.34) 

ʊʝʧʝʨ NG  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʨʽʚʥʷʥʥʽ (3.26) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ. ɿʚʠʯʘʡʥʦ, ʮʝʡ ʧʨʦʮʝʩ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʠʥ ʨʘʟ ʜʣʷ 

ʚʠʧʘʜʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʦʜʠʥ ʨʘʟ ʜʣʷ ʚʠʧʘʜʢʫ ʧʘʨʘʣʝʣʴʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ. 
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4. ʇʈʆɻʈɸʄɸ ʈʆɿʈɸʍʋʅʂɯɺ ɼɿʈ 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚʠʨʽʰʫʻ ʟʘʜʘʯʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 3D ʤʦʜʝʣʽ 

ʦʙôʻʢʪʫ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʜʽʘʛʨʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ( ɼɿʈ). 

ʂʨʘʱʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 3D ʩʢʘʥʝʨʘ ʪʘ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʘʥʫʚʘʥʥʷ ʥʘ 

ʢʦʤʧôʶʪʝʨʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʢʘʥʝʨʘ ʽ ʟʙʝʨʝʞʝʥʥʶ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʽ STL.  

 ʇʦʧʝʨʝʜʥʻ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʧʨʦʛʨʘʤʽ MeshLab. ɺ 

ʦʩʥʦʚʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ ʮʝʥʪʨʫ ʢʦʦʨʜʠʥʘʪ ʪʘ 

ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʣʦʱʠʥʠ ʍʋ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢ ʟʝʤʣʽ 

ʤʦʜʝʣʽ ʽ ʜʝʮʠʤʘʮʽʾ ʜʣʷ ʚʠʙʦʨʫ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʪʦʯʥʽʩʪʶ ʪʘ 

ʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ɼɿʈ. ʄʦʜʝʣʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʫ ʬʦʨʤʘʪʽ 

STL. 

 ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʤʦʜʝʣʴ ʽʟ ʬʦʨʤʘʪʫ STL ʢʦʥʚʝʨʪʫʻʪʴʩʷ ʚ ʬʦʨʤʘʪ 

ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ *. mat.  

ʋ ʧʨʦʛʨʘʤʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ - ʮʝ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ 

ʛʨʘʥʝʡ ʤʦʜʝʣʽ. ʄʦʞʣʠʚʽ ʰʣʷʭʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ: 

ʤʘʪʝʨʽʘʣ ʛʨʘʥʝʡ ï ʤʝʪʘʣ ʟ̔ ʟʘʜʘʥʠʤ ʦʧʦʨʦʤ, ʢʦʣʠ ʦʧʽʨ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʮʝ 

ʽʜʝʘʣʴʥʠʡ ʤʝʪʘʣ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʧʦʨʫ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʙʠʪʪʷ ʭʚʠʣʴ ʟʛʘʩʘʻ ʽ ʧʨʠ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʦʧʦʨʫ ʛʨʘʥʽ ʩʪʘʶʪʴ ʧʨʦʟʦʨʠʤʠ; 

ʤʘʪʝʨʽʘʣ ʛʨʘʥʝʡ ʟʘʜʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ 

ʡʦʛʦ ʪʦʚʱʠʥʦʶ; 

ʤʘʪʝʨʽʘʣ ʛʨʘʥʝʡ ʟʘʜʘʻʪʴʩʷ ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʰʘʨʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ɼɿʈ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʬʽʟʠʯʥʦʾ ʦʧʪʠʢʠ. ɼʦʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ 

ʨʦʟʨʘʭʫʥʢʫ: 

¶ ʨʦʟʨʘʭʫʥʦʢ ʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʢʫʪʽʚ ʧʦ ʚʠʩʦʪʽ ʪʘ ʘʟʠʤʫʪʫ ʧʨʠ ʚʠʙʨʘʥʽʡ 

ʯʘʩʪʦʪʽ; 

¶ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠ ʟʘʜʘʥʠʭ ʢʫʪʘʭ ʚʠʩʦʪʠ ʪʘ ʘʟʠʤʫʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʫʶʪʴʩʷ ʛʨʘʬʽʢʠ ʚ ʜʝʢʘʨʪʦʚʽʡ ʪʘ ʧʦʣʷʨʥʽʡ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, 3D ʛʨʘʬʽʢʠ. 

4.1 ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʜʽʘʛʨʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɿʚʘʥʪʘʞʠʪʠ MatLab, ʚʠʩʪʘʚʠʪʠ ʧʦʪʦʯʥʦʶ ʧʘʧʢʫ ʚ ʷʢʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʛʨʘʤʘ, 

ʚ Command Window ʟʘʧʠʩʘʪʠ ʽʤôʷ ʧʨʦʛʨʘʤʠ RCS. 

 ʪʘ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰ ɽnter. 

 

ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʛʦʣʦʚʥʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ (ʨʠʩ. 4.1). 

 

ʈʠʩʫʥʦʢ 4.1 - ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ɼɿʈ 

ʇʨʠʟʥʘʯʝʥʥʷ ʢʥʦʧʦʢ ʚʽʢʥʘ: 

 

  ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʄeshlab. 

ʇʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʽ. ʌʣ̔ɹ ʪʨʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ, ʜʝʮʠʤʘʮʽʷ. 
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 ɿʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʤʦʜʝʣʽ ʚ 

ʬʦʨʤʘʪʽ stl ʽ ʢʦʥʚʝʨʪʘʮʽʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʬʦʨʤʘʪ mat. ɿʘʧʠʩ ʫ ʬʘʡʣ. 

 ɿʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʽ ʫ ʬʦʨʤʘʪʽ 

ʬʘʡʣʫ mat. ʇʝʨʝʛʣʷʜ ʤʦʜʝʣʽ, ʚʠʙʽʨ ʬʨʘʛʤʝʥʪʽʚ ʤʦʜʝʣʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʦʨʫ 

ʛʨʘʥʝʡ ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʧʝʨʝʛʣʷʜ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ ʚʠʙʨʘʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ, ʟʘʧʠʩ ʩʬʦʨʤʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚ ʬʘʡʣ. 

 ɿʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʤʦʜʝʣʽ, ʚʠʙʽʨ ʪʠʧʫ ʨʦʟʨʘʭʫʥʢʫ 

ï ʧʦʙʫʜʦʚʘ ɼɿʈ ʧʨʠ ʟʤʽʥʽ ʢʫʪʽʚ ʽ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʯʠ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʧʨʠ 

ʟʘʜʘʥʠʭ ʢʫʪʘʭ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʽʘʧʘʟʦʥʽʚ ʟʤʽʥʠ ʢʫʪʽʚ, ʯʘʩʪʦʪʠ, ʚʠʙʽʨ ʚʠʜʫ ʛʨʘʬʽʢʽʚ 

ʚʠʚʦʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ. 

 ʅʘʙʽʨ ʜʦʧʦʤʽʞʥʠʭ ʧʨʦʛʨʘʤ. ʂʦʨʠʩʪʫʚʘʯʫ ʚ 

ʦʩʥʦʚʥʦʤʫ ʥʝʦʙʭʽʜʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʦʨʠʛʫʚʘʥʥʷ, ʜʦʙʘʚʣʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

4.2 ʂʦʨʝʢʮʽʷ ʤʦʜʝʣʽ. ɼʝʮʠʤʘʮʽʷ. 

 

ɿʘʚʘʥʪʘʞʝʥʥ ̫MeshLab: ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ (ʨʠʩ.4.2) 

ʤʝʥʁ ʽ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜ ʥʠʤ ʧʦʢʘʟʘʥʘ ʥʘ (ʨʠʩ.4.3). 

 

ʈʠʩʫʥʦʢ 4.2. - ɺʽʢʥʦ ʧʨʦʛʨʘʤʠ 
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ʈʠʩʫʥʦʢ 4.3 - ʇʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ Meshlab 

 

ɼʣʷ ʽʤʧʦʨʪʫ ʬʘʡʣʫ ʥʘʪʠʩʥʽʪʴ: File / Import Mesh (ʌʘʡʣ / ɯʤʧʦʨʪʫʚʘʪʠ ʩʽʪʢʫ) 

(ʨʠʩ. 4.4,ʘ) 

 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.4 - ɺʠʙʽʨ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʤʦʜʝʣʽ 

 

ʅʘʪʠʩʥʫʚʰʠ çImport Meshè (ɯʤʧʦʨʪʫʚʘʪʠ ʩʽʪʢʫ), ʚʠʙʝʨʽʪʴ ʬʘʡʣ ʟ̔ 

ʨʦʟʰʠʨʝʥʥʷʤ STL, ʷʢʠʡ ʚʠ ʭʦʯʝʪʝ ʽʤʧʦʨʪʫʚʘʪʠ, ʘ ʧʦʪʽʤ ʥʘʪʠʩʥʽʪʴ çOpenè 

(ɺʽʜʢʨʠʪʠ) (ʨʠʩ. 4.4,ʙ). 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʬʘʡʣ ʙʫʚ ʽʤʧʦʨʪʦʚʘʥʠʡ, ʥʘ ʝʢʨʘʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʙôʻʢʪʘ (ʨʠʩ. 4.5). 

 

ʈʠʩʫʥʦʢ 4.5 - ʄʦʜʝʣʴ ɹʇʃɸ 
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ʄʦʞʥʘ ʦʙʨʘʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʘ, ʥʘʪʠʩʥʫʚʰʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʤʘʥʜʠ ʦʛʣʷʜʫ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ: . 

4.2 1 ʎʝʥʪʨʫʚʘʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ, ʧʦʚʝʨʪʘʥʥʷ ʦʙôʻʢʪʘ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʧʦʪʨʽʙʥʝ ʧʦʣʦʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʯʦʛʦ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʢʦʤʘʥʜʫ:  ʨʠʩ.4.6. 

 

ʈʠʩʫʥʦʢ 4.6 - ɺʽʩʽ ʢʦʦʨʜʠʥʘʪ 

 

ɼʣʷ ʦʙʝʨʪʘʥʥʷ ʦʙôʻʢʪʘ ʥʘʪʠʩʥʽʪʴ: Filters / Normals, Curvatures and Orientation / 

Transform: Rotate (ʌʽʣʴʪʨʠ / ʅʦʨʤʘʣʽ, ʂʨʠʚʠʟʥʠ ʪʘ ʆʨʽʻʥʪʘʮʽʷ / ʊʨʘʥʩʬʦʨʤʫʚʘʪʠ: 

ʆʙʝʨʪʘʪʠ) (ʨʠʩ. 4.6).  

 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.7 - ɺʠʙʽʨ ʢʦʤʘʥʜ ʦʙʝʨʪʘʥʥʷ 
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ʅʘʪʠʩʥʫʚʰʠ çTransform: Rotateè (ʊʨʘʥʩʬʦʨʤʫʚʘʪʠ: ʆʙʝʨʪʘʪʠ) ʚʽʜʢʨʠʻʪʴʩʷ 

ʚʽʢʥʦ ʦʙʝʨʪʘʥʥʷ ʦʙôʻʢʪʘ (ʨʠʩ.4.7,ʘ). 

ɼʣʷ ʦʙʝʨʪʘʥʥʷ ʦʙôʻʢʪʘ ʧʦʪʨʽʙʥʦ ʚ ʩʧʠʩʢʫ çRotation on:è (ʆʙʝʨʪʘʥʥʷ ʥʘ:) 

ʚʢʘʟʘʪʠ ʚʽʩʴ ʥʘʚʢʦʣʦ ʷʢʦʾ ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ ʦʙʝʨʪʘʥʥʷ. ʂʫʪ ʧʦʚʦʨʦʪʫ ʧʦʪʨʽʙʥʦ 

ʚʚʝʩʪʠ ʚ ʧʦʣʽ çRotation Angle:è (ʂʫʪ ʧʦʚʦʨʦʪʫ:) ʘʙʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʛʫʥʢʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʧʦʨʫʯ (ʨʠʩ.4.7,ʙ). ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʦʙôʻʢʪʫ ʧʦʪʨʽʙʥʦ ʧʦʩʪʘʚʠʪʠ ʚʥʠʟʫ ʟʣʽʚʘ ʚʽʢʥʘ ʛʘʣʦʯʢʫ çPreviewè (ʇʦʧʝʨʝʜʥʽʡ 

ʧʝʨʝʛʣʷʜ). ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʚʦʨʦʪʫ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ 

çApplyè (ʟʘʩʪʦʩʦʚʫʚʘʪʠ) ʪʘ çCloseè (ɿʘʢʨʠʪʠ) (ʨʠʩ. 4.7,ʙ). 

ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ ʥʘʪʠʩʥʽʪʴ: Filters / Normals, Curvatures and 

Orientation / Transform: Translate, Center, set Origin (ʌʽʣʴʪʨʠ ʅʦʨʤʘʣʽ, ʂʨʠʚʠʟʥʠ 

ʪʘ ʆʨʽʻʥʪʘʮʽʷ / ʊʨʘʥʩʬʦʨʤʫʚʘʪʠ: ʇʝʨʝʤʽʱʫʚʘʪʠ, ʎʝʥʪʨʫʚʘʪʠ, ʚʩʪʘʥʦʚʠʪʠ 

ʇʦʯʘʪʦʢ.) (ʨʠʩ.4.8,ʘ) 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.8 - ɺʠʙʽʨ ʢʦʤʘʥʜ ʧʝʨʝʤʽʱʝʥʥʷ 

 

ʅʘʪʠʩʥʫʚʰʠ çTransform: Translate, Center, set Originè (ʊʨʘʥʩʬʦʨʤʫʚʘʪʠ: 

ʇʝʨʝʤʽʱʫʚʘʪʠ, ʎʝʥʪʨʫʚʘʪʠ, ʚʩʪʘʥʦʚʠʪʠ ʇʦʯʘʪʦʢ) ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʙôʻʢʪʘ (ʨʠʩ. 4.8,ʙ). 

ɼʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ ʧʦʪʨʽʙʥʦ ʫ ʩʧʠʩʢʫ ʢʦʦʨʜʠʥʘʪ (X Axis, Y Axis, Z 

Axis) ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʘʙʦ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʩʪʘʥʴ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʽʛʫʥʢʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʧʦʨʫʯ (ʨʠʩ.4.8,ʙ). ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ 
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ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʫ ʧʦʪʨʽʙʥʦ ʧʦʩʪʘʚʠʪʠ ʚʥʠʟʫ ʟʣʽʚʘ ʚʽʢʥʘ ʛʘʣʦʯʢʫ çPreviewè 

(ʇʦʧʝʨʝʜʥʽʡ ʧʝʨʝʛʣʷʜ). ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʚʦʨʦʪʫ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ 

ʢʣʘʚʽʰʫ çApplyè (ʟʘʩʪʦʩʦʚʫʚʘʪʠ) ʪʘ çCloseè (ɿʘʢʨʠʪʠ)). 

4.2.1 ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ ʜʦʮʽʣʴʥʦ ʚʚʽʤʢʥʫʪʠ ʨʝʞʠʤ ʧʝʨʝʛʣʷʜʫ 

çVert + Wireframeè () 

  

ʈʠʩʫʥʦʢ 4.9 - ʄʦʜʝʣʴ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʛʦʥʽʚ 

 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ ʥʘʪʠʩʥʽʪʴ: Filters/Remeshing, simplification 

and construction/Simplification: Quadratic Edge Collapse Detection 

(ʌʽʣʴʪʨʠ/ʇʝʨʝʨʦʙʢʘ, ʩʧʨʦʱʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘ/ʉʧʨʦʱʝʥʥʷ) (ʨʠʩ. 4.10). 

 

ʈʠʩʫʥʦʢ 4.10 - ɺʠʙʽʨ ʢʦʤʘʥʜʠ ʜʝʮʠʤʘʮʽʾ 

 

ʅʘʪʠʩʥʫʚʰʠ çSimplification: Quadratic Edge Collapse Detectionè ʚʽʜʢʨʠʻʪʴʩʷ 

ʚʽʢʥʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ (ʨʠʩ.4.11). 
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ʈʠʩʫʥʦʢ 4.11 - ʇʘʥʝʣʴ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ 

 

ʋ ʧʦʣʽ çTarget number of facesè (ɿʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ) (ʨʠʩ. 4.11) 

ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʯʠʩʣʦ, ʧʨʠ ʷʢʦʤʫ ʦʙôʻʢʪ ʱʝ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʴ ʟ̔ ʧʨʠʡʥʷʪʥʦʶ 

ʪʦʯʥʽʩʪʶ (ʨʠʩ. 4.12). ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʯʠʩʣʘ ʧʦʪʨʽʙʥʦ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ çApplyè 

(ʟʘʩʪʦʩʦʚʫʚʘʪʠ) ʪʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʜʝʮʠʤʘʮʽʾ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ 

çCloseè (ɿʘʢʨʠʪʠ) (ʨʠʩ. 4.8). 

  

ʈʠʩʫʥʦʢ 4.12 - ʄʦʜʝʣʴ ʟ̔ ʟʘʜʘʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʛʦʥʽʚ 

4.2.3 ɿʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʽʜʨʝʜʘʛʦʚʘʥʦʾ 3D ʤʦʜʝʣʽ ʥʘʪʠʩʥʽʪʴ: File/Export Meshé 

(ʌʘʡʣ/ɽʢʩʧʦʨʪʫʚʘʪʠ ʩʽʪʢʫ) (ʨʠʩ. 4.13,ʘ). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.13 - ʇʘʥʝʣʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

 

ʅʘʪʠʩʥʫʚʰʠ çExport Meshéè ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʙʝʨʽʛʘʥʥʷ 

ʬʘʡʣʫ. ʋ ʯʘʩʪʠʥʽ çAdditional Parametersè (ɼʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ) ʧʦʪʨʽʙʥʦ ʟʥʷʪʠ 

ʛʘʣʦʯʢʠ ʙʽʣʷ çBinary Encodingè (ɼʚʽʡʢʦʚʝ ʢʦʜʫʚʘʥʥʷ) ʪʘ çMaterialise Color 

Encodingè (ʄʘʪʝʨʽʘʣʽʟʫʡʪʝ ʢʦʣʴʦʨʦʚʝ ʢʦʜʫʚʘʥʥʷ) ʪʘ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ çOKè 

(ɼʦʙʨʝ) (ʨʠʩ. 4.13,ʙ). 

ʅʦʚʠʡ ʬʘʡʣ ʙʫʜʝ ʟʘʧʠʩʘʥʦ ʟ ʪʘʢʠʤ ʞʝ ʽʤôʷʤ ʫ ʪʫ ʞ ʩʘʤʫ ʜʠʨʝʢʪʦʨʽʶ, ʜʝ ʙʫʚ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʯʘʪʢʦʚʠʡ ʬʘʡʣ. 

4.3 ʂʦʥʚʝʨʪʘʮʽʷ ʬʘʡʣʽʚ 

 ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʽʚ. ɺʠʙʨʘʪʠ 

(ʧʽʜʛʦʪʦʚʣʝʥʠʡ  ʚ  Meshlab) ʬʘʡʣ ʤʦʜʝʣʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ STL ʟʘʚʘʥʪʘʞʠʪʠ. ʋ 

Command Window Matlab ʙʫʜʝ ʚʠʚʝʜʝʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷ 

Importing STL model name: solid STL generated by MeshLab 

Working... 

CAD file ZIL20000.stl data is read  
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4.4 ʇʝʨʝʛʣʷʜ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ 

ɺ̔ ʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʈʝʜʘʛʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʨʠʩ.4.14. ɸʢʪʠʚʥʽ ʢʥʦʧʢʠ 

ʢʦʥʪʨʘʩʪʥʽ, ʘ ʥʝʘʢʪʠʚʥʽ ʤʘʶʪʴ ʙʣʽʜʠʡ ʚʠʛʣʷʜ. 

 

ʈʠʩʫʥʦʢ 4.14 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ 

ɺʠʢʦʥʘʥʥʷ ʜʽʡ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʦʢ ʚʽʢʥʘ ʈʝʜʘʛʫʚʘʥʥʷ ʤʦʜʝʣʝʡ 

4.4 1 ɿʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ 

ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʽʚ. ɺʠʙʨʘʪʠ ʬʘʡʣ 

ʤʦʜʝʣʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ mat ʽ ʟʘʚʘʥʪʘʞʠʪʠ. ʅʘ ʝʢʨʘʥ 

ʚʠʚʦʜʠʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʨʠʩ.4.15. 

 

ʈʠʩʫʥʦʢ 4.15 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʚʠʢʦʥʘʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʤʦʜʝʣʽ 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʙʦʨʫ ʚʠʢʦʥʫʻʪʴʩʷ ʘʙʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʚʫʟʣʽʚ ʪʘ 

ʛʨʘʥʝʡ ʤʦʜʝʣʽ. ʏʘʩ ʧʝʨʝʚʽʨʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʝʡ ʫ ʤʦʜʝʣʽ 

(ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʝʡ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʝʡ ʤʝʥʰʠʭ 500.) ʇʽʩʣʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ ʚʩʽ ʢʦʧʢʠ ʘʢʪʠʚʫʶʪʴʩʷ. 

4.4.2 ʇʝʨʝʛʣʷʜ ʤʦʜʝʣʽ 

 ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʚʠʚʦʜʠʪʴʩʷ 3D ʛʨʘʬʽʢ 

ʤʦʜʝʣʽ(ʨʠʩ.4.16). ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʚʠʜʽʣʝʥʽ ʯʝʨʚʦʥʠʤ 

ʧʽʜʧʫʥʢʪʠ ï ʚʦʥʠ ʥʝ ʚʠʙʨʘʥʽ. 

 

ʈʠʩʫʥʦʢ 4.16 - ʄʦʜʝʣʴ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ Matlab 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʥʶ ʽ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʨʠʩ. 4. 16.(ʚʠʜʽʣʝʥʦ 

ʯʝʨʚʦʥʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ) ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 4.17. 

 

ʈʠʩʫʥʦʢ 4.17 - ʇʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ 
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ɼʣʷ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʠʜʽʣʝʥʽ ʧʫʥʢʪʠ: 

 - ʦʙʝʨʪʘʥʥʷ ʤʦʜʝʣʽ. ʅʘ ʤʦʜʝʣʽ ʪʨʠʤʘʪʠ ʢʫʨʩʦʨ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʮʷ ʽ 

ʧʝʨʝʤʽʱʫʚʘʪʠ ʤʠʰʢʫ. 

 - ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʚʫʟʣʘ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ [x y z]. 

ʅʘ ʨʠʩ.4.18. ʧʦʢʘʟʘʥʦ ʧʦʚʝʨʥʫʪʫ ʤʦʜʝʣʴ ʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 

 

ʈʠʩʫʥʦʢ 4.18 - ʇʦʚʦʨʦʪ ʤʦʜʝʣʽ 

4.4.3 ʇʝʨʝʛʣʷʜ ʤʦʜʝʣʽ ʟ ʚʠʜʽʣʝʥʥʷʤ ʬʘʩʝʪ ʟ̔ ʦʧʦʨʦʤ ʙʽʣʴʰʝ ʥʫʣʷ 

ʇʨʠ ʚʽʜʤʽʪʮʽ ʚ ʧʫʥʢʪʽ ʇʦʢʘʟʘʪʠ Rs (ʚʠʜʽʣʝʥʦ 

ʯʝʨʚʦʥʠʤ) ʽ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʇʦʢʘʟʘʪʠ ʤʦʜʝʣʴ 

ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʤʦʜʝʣʽ ʟ ʚʠʜʽʣʝʥʠʤʠ ʢʦʣʴʦʨʦʤ 

ʛʨʘʥʷʤʠ, ʫ ʷʢʠʭ ʦʧʽʨ Rs>0 (ʨʠʩ.4.19.ʘ) ʽ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʚʽʢʥʦ ʚʠʙʦʨʫ ʪʘ ʟʤʽʥʠ ʦʧʦʨʫ ʛʨʘʥʝʡ(ʨʠʩ.4.19.ʙ). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.19 - ɺʽʢʥʦ ʜʣʷ ʟʤʽʥʠ ʦʧʦʨʫ ʛʨʘʥʝʡ ʤʦʜʝʣʽ 

 

ɸʣʛʦʨʠʪʤ ʜʽʡ ʧʦ ʟʤʽʥʽ Rs ʦʧʠʩʘʥʦ ʫ ʚʽʢʥʽ. ɿʘʜʘʻʤʦ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ Rs 

ʟʘʧʠʩʫʻʤʦ ʚʠʜʽʣʝʥʝ ʧʦʣʝ(ʥʘ ʨʠʩ.4.19.ʙ, ʥʘʧʨʠʢʣʘʜ, ʯʠʩʣʦ 1999). ʅʘ ʛʨʘʬʽʢʫ 

ʚʠʙʠʨʘʻʤʦ ʯʦʪʠʨʠ ʚʫʟʣʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫ ʚʠʙʨʘʥʠʡ ʦʙôʻʤ ʧʦʪʨʘʧʠʣʠ 

ʥʝʦʙʭʽʜʥʽ ʬʘʩʝʪʠ ʪʽʣʘ ʤʦʜʝʣʽ. ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ ɿʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ Rs, ʜʣʷ ʚʩʽʭ 

ʛʨʘʥʝʡ, ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʷʢʠʭ ʚʭʦʜʷʪʴ ʫ ʚʠʙʨʘʥʦʤʫ ʦʙôʻʤʽ, ʙʫʜʝ ʟʘʧʠʩʘʥʦ 

ʚʠʙʨʘʥʝ ʟʥʘʯʝʥʥʷ, ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ.4.20. (ʣʽʚʝ ʢʨʠʣʦ ɹʇʃɸ). 

 

ʈʠʩʫʥʦʢ 4.20 - ʄʦʜʝʣʴ ʟ̔ ʟʤʽʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʧʦʨʫ ʛʨʘʥʝʡ 
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ɿʘʧʠʩ Rs=0 ʜʣʷ ʚʩʽʭ ʛʨʘʥʝʡ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʆʯʠʩʪʠʪʠ 

Rs (ɺʩʽ Rs=0). 

4.4.4 ʇʝʨʝʛʣʷʜ ʤʦʜʝʣʝʡ ʬʘʩʝʪ ʤʘʪʝʨʽʘʣʦʤ 

ʇʨʠ ʚʽʜʤʽʪʮʽ ʚ ʧʫʥʢʪʽ ʇʦʢʘʟʘʪʴ ʤʘʪʝʨʽʘʣ (ʚʠʜʽʣʝʥʦ 

ʯʝʨʚʦʥʠʤ) ʽ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʇʦʢʘʟʘʪʠ ʤʦʜʝʣʴ 

ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʤʦʜʝʣʽ ʟ ʚʠʜʽʣʝʥʠʤʠ ʢʦʣʴʦʨʦʤ 

ʛʨʘʥʷʤʠ, ʜʣʷ ʷʢʠʭ ʚʠʙʨʘʥʦ ʤʘʪʝʨʽʘʣ ʽʟ ʙʘʟʠ ʤʘʪʝʨʽʘʣʽʚ 

(ʨʠʩ.4.21.ʘ ʚʠʙʨʘʥʦ ʤʘʪʝʨʽʘʣ ʜʣʷ ʩʢʣʘ) ʽ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʪʘ ʟʤʽʥʠ 

ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ(ʨʠʩ.4.21.ʙ). ɸʣʛʦʨʠʪʤ ʟʤʽʥʠ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʥʘ ʫ ʚʽʢʥʽ. 

 

 

 

 

 

 

a) ʙ) 

 

ʈʠʩʫʥʦʢ 4.21 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʪʘ ʟʤʽʥʠ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ ʤʦʜʝʣʽ 

4.4.5 ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʛʨʘʥʝʡ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʾ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ 

. ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʨʠʩ.4.22. ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ. 
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ʈʠʩʫʥʦʢ 4.22 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ 

 

ɺʠʙʽʨ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ. ʅʘʪʠʩʥʫʪʠ ʥʘ ʟʥʘʯʦʢ ʚʽʜʢʨʠʪʪʷ ʩʧʠʩʢʫ (ʚʠʜʽʣʝʥʦ 

ʯʝʨʚʦʥʠʤ) ʚʽʜʢʨʠʻʪʴʩʷ ʩʧʠʩʦʢ ʨʠʩ.4.23 ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʪʫʧʥʠʭ ʫ ʙʘʟʽ ʜʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɼʝ PEC ï ʽʜʝʘʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ (Perfect electric 

conductor ð PEC). ɼʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʜʘʥʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ʇʨʠ 

ʚʠʙʦʨʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʻ ʜʦʩʪʫʧʥʠʤ ʩʧʠʩʦʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʈʠʩʫʥʦʢ 4.23 - ʉʧʠʩʦʢ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʫ 

 

ɼʣʷ ʚʽʜʢʨʠʪʪʷ ʩʧʠʩʢʫ ʤʘʪʝʨʽʘʣʽ ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ ʟʥʘʯʦʢ ʚʽʜʢʨʠʪʪʷ ʩʧʠʩʢʫ 

(ʚʠʜʽʣʝʥʦ ʩʠʥʽʤ) ʽ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʨʠʩ. 4.24 
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ʈʠʩʫʥʦʢ 4.24 - ʉʧʠʩʦʢ ʤʘʪʝʨʽʘʣʽʚ 

 

ʇʽʩʣʷ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʪʦʚʱʠʥʠ  ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ 

ʟʘʧʠʩʘʪʠ ʽ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʴ ʫ ʚʽʢʥʽ ʨʠʩ. 4.25. 

 

ʈʠʩʫʥʦʢ 4.25 - ɺʽʢʥʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

 ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.4.23, ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʠʨʘʪʠ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʰʘʨʽʚ ʪʘ 

ʢʦʤʙʽʥʘʮʽʶ ʰʘʨʫ ʥʘ PEC. 

 ʅʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ʜʣʷ ʟʘʧʠʩʫ ʚʠʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʜʦ ʚʠʙʨʘʥʠʭ ʬʘʩʝʪ. 

  ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʜʣʷ ʚʩʽ ʬʘʩʝʪ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʪʝʨʽʘʣ PEC. 

ʅʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʢʨʠʪʪʷ 

ʚʽʢʥʘ ʧʝʨʝʛʣʷʜʫ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ ʨʠʩ.4.26. 
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ʈʠʩʫʥʦʢ 4.26 - ɺʽʢʥʦ ʧʝʨʝʛʣʷʜʫ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ 

 

ɼʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʝʨʝʛʣʷʜʫ ʧʦʩʪʘʚʠʪʠ ʢʫʨʩʦʨ ʥʘ ʩʣʘʡʜʝʨ  

ʽ ʢʣʽʢʥʫʪʠ ʣʽʚʦʶ ʢʣʘʚʽʰʝʶ ʤʠʰʽ, ʥʘʜ ʩʣʘʡʜʝʨʦʤ ʟôʷʚʠʪʴʩʷ ʥʦʤʝʨ ʛʨʘʥʽ, ʘ ʚ 

ʪʘʙʣʠʮʽ ʥʠʞʯʝ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ ʨʠʩ.4.27. 

 

ʈʠʩʫʥʦʢ 4.27 - ʇʨʠʢʣʘʜ ʚʠʙʦʨʫ 200 ʬʘʩʝʪʠ 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʦʚʟʫʥʢʘ ʩʣʘʡʜʝʨʫ (ʩʪʨʽʣʦʯʢʘ ʟʣʽʚʘ ʪʘ ʩʧʨʘʚʘ ʥʘ ʢʽʥʮʷʭ 

ʩʣʘʡʜʝʨʫ, ʘʙʦ ʚʢʘʟʘʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʙʦʨʫ ʥʦʚʦʾ ʬʘʩʝʪʠ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ. 

4.4.6 ɿʘʧʠʩ ʪʘ ʧʝʨʝʛʣʷʜ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ 

ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʙʨʘʥʠʡ ʤʘʪʝʨʽʘʣ ʙʫʜʝ ʟʘʧʠʩʘʥʦ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʛʨʘʥʝʡ, ʚʢʘʟʘʥʠʭ ʫ ʩʧʠʩʢʫ 
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ʨʠʩ.4.28. ɿʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʫ ʚʽʢʥʘ ʇʝʨʰʘ ʬʘʩʝʪ ʪʘ ʂʽʥʮʝʚʘ ʬʘʩʝʪ ʽ ʥʘʪʠʩʥʫʪʠ  

ʢʥʦʧʢʫ ʉʧʠʩʦʢ. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʥʦ ʚʠʱʝ. 

 

ʈʠʩʫʥʦʢ 4.28 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʡ ʟʘʧʠʩʫ ʚ ʧʦʩʣʽʜʦʚʥʠʡ ʩʧʠʩʦʢ ʛʨʘʥʝʡ 

 

ʅʘʧʨʠʢʣʘʜ ʨʠʩ.4.28 ʚʢʘʟʘʥʦ ʽʥʪʝʨʚʘʣ ʛʨʘʥʝʡ ʚʽʜ 1000 ʜʦ 20000. ɼʣʷ ʟʘʧʠʩʫ 

ʤʘʪʝʨʽʘʣʫ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ɿʘʧʠʩʘʪʠ ʡ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʧʫʥʢʪ ʫ ʜʽʘʣʦʛʦʚʦʤʫ 

ʚʽʢʥʽ ʨʠʩ. 4.29. 

 

ʈʠʩʫʥʦʢ 4.29 - ɺʽʢʥʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

 

4.4.7 ʇʝʨʝʛʣʷʜ ʦʧʦʨʫ  ʛʨʘʥʝʡ 

ɺʽʜʢʨʠʚʘʻ ʜʚʘ ʚʽʢʥʘ (ʨʠʩ.4.30) ï ʚʽʢʥʦ ʟ 

3D ʛʨʘʬʽʢʦʤ ʪʘ ʚʽʢʥʦ ʜʣʷ ʚʠʚʦʜʫ ʜʣʷ ʢʦʞʥʦʾ ʛʨʘʥʽ ʚʝʢʪʦʨʫ 1-3 ʝʣʝʤʝʥʪ ʥʦʤʝʨʠ 

ʚʝʨʰʠʥ ʛʨʘʥʝʡ, 4 ð ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʠʜʠʤʽʩʪʴ ʛʨʘʥʽ( ʟʘʚʞʜʠ 1), 5 ï 

ʟʥʘʯʝʥʥʷ Rs ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʽ ʨʠʩ. 4.31. 
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ʈʠʩʫʥʦʢ 4.30 - ɺʽʢʥʦ ʦʛʣʷʜʫ ʦʧʦʨʫ ʛʨʘʥʝʡ ʫ ʚʠʙʨʘʥʦʤʫ ʦʙôʻʤʽ 

 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʦ ʫ ʚʽʢʥʽ ʚʠʚʦʜʫ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠʢʣʘʜ ʚʠʚʦʜʫ 

ʟʥʘʯʝʥʴ ʫ ʚʽʢʥʦ ʧʨʠ ʜʝʷʢʦʤʫ ʚʠʙʦʨʽ ʦʙʣʘʩʪʽ, ʽ ʥʘʪʠʩʢʘʥʥʶ ʢʥʦʧʢʠ ʇʦʢʘʟʘʪʠ 

ʤʘʪʝʨʽʘʣ Rs ʨʠʩ. 4.31. ʅʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ ʆʯʠʩʪʠ ʙʫʬʝʨ ʦʯʠʱʫʻ ʚʽʢʥʦ. 

 

ʈʠʩʫʥʦʢ 4.31 - ʇʨʠʢʣʘʜ ʚʠʚʦʜʫ ʦʧʦʨʫ ʛʨʘʥʝʡ 

4.4.8 ʇʝʨʝʛʣʷʜ ʤʘʪʝʨʽʘʣʫ ʛʨʘʥʝʡ 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʧʽʚʧʘʜʘʻ ʟ ʘʣʛʦʨʠʪʤʦʤ 

ʧʦʢʘʟʫ Rs ʛʨʘʥʝʡ. ʋ ʚʽʢʥʦ ʚʠʚʦʜʷʪʴʩʷ ʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʝʡ ʨʠʩ.4.32. 



60 

 

 

ʈʠʩʫʥʦʢ 4.32 - ɺʽʢʥʦ ʪʘ ʧʨʠʢʣʘʜ ʚʠʚʦʜʫ ʤʘʪʝʨʽʘʣʽʚ ʛʨʘʥʝʡ 

 

ɺʠʚʽʜ ʥʘ ʛʨʘʬʽʢ ʯʘʩʪʠʥʠ ʤʦʜʝʣʽ 

ʋ ʚʽʢʥʽ ʨʠʩ. 4.33 ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʜʽʘʧʘʟʦʥ ʛʨʘʥʝʡ, ʽ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ 

ʇʦʢʘʟʘʪʠ ʯʘʩʪʠʥʫ ʤʦʜʝʣʽ 

 

ʈʠʩʫʥʦʢ 4.33 - ɺʽʢʥʦ ʟʘʧʠʩʫ ʜʽʘʧʘʟʦʥʫ ʛʨʘʥʝʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʯʘʩʪʠʥʠ ʤʦʜʝʣʽ 

 

ʇʨʠʢʣʘʜ ʚʠʚʦʜʫ ʯʘʩʪʠʥʠ ʤʦʜʝʣʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.34. ɺʤʠʢʘʥʥʷ ʧʫʥʢʪʫ 

 ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʚʦʜʫ ʥʦʤʝʨʽʚ ʬʘʩʝʪ ʥʘ ʛʨʘʬʽʢ, ʜʦʮʽʣʴʥʦ ʪʽʣʴʢʠ 

ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʬʘʩʝʪ. 
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ʈʠʩʫʥʦʢ 4.34 - ʏʘʩʪʠʥʘ ʤʦʜʝʣʽ 

4.5 ɼ̔ ʘʛʨʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʇʨʠ ʚʠʙʦʨʽ ʢʥʦʧʢʠ ʈʦʟʨʘʭʫʥʦʢ ɼɿʈ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʪʠʧʫ ʨʦʟʨʘʭʫʥʢʫ 

ʨʠʩ. 4.35. ɺʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. ʇʨʠ ʚʠʙʦʨʽ ʢʥʦʧʢʠ ʂʫʪʠ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. (ʈʠʩ.4.36) 

 

ʈʠʩʫʥʦʢ 4.35 - ɺʠʙʽʨ ʪʠʧʫ ʨʦʟʨʘʭʫʥʢʫ 

 

ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʽʘʛʨʘʤʠ ʧʨʠ ʟʤʽʥʽ ʢʫʪʽʚ 

 

ʈʠʩʫʥʦʢ 4.36 - ɺʽʢʥʦ ʟʘʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʥʘʪʠʩʥʫʪʠ ʥʘ ʢʥʦʧʢʫ , 

ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʘʡʣʽʚ, ʚʠʙʨʘʪʠ ʬʘʡʣ ʤʦʜʝʣʽ. ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʨʠʩ.4.37, ʫ ʷʢʦʤʫ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʧʫʥʢʪ( ʢʨʘʱʝ No) 

 

ʈʠʩʫʥʦʢ 4.37 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʤʦʜʝʣʽ 

 

ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʽ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ, ʟʘʚʘʥʪʘʞʠʪʴʩʷ ʛʨʘʬʽʢ 

ʤʦʜʝʣʽ. ɿʘʢʨʠʪʠ ʚʽʢʥʦ ʤʦʜʝʣʽ. 

ʈʦʟʨʘʭʫʥʦʢ ɼɿʈ. ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʫ ï ʬʫʥʢʮʽʷ ɼɿʈ ʚʽʜ ʢʫʪʘ ʊɽʊɸ. 

ɺʩʪʘʥʦʚʠʪʠ ʯʘʩʪʦʪʫ, ʜʽʘʧʘʟʦʥ ʽ ʢʨʦʢ ʧʦ ʢʫʪʫ ʊɽʊɸ (ʢʫʪ ʚʠʩʦʪʠ), ʫʩʪʘʥʦʚʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ ʌɯ (ʘʟʠʤʫʪ). ɺʠʙʨʘʪʠ ʯʘʩʪʦʪʫ, ʪʠʧ ʧʦʣʷʨʠʟʘʮʽʾ. ʇʨʠʢʣʘʜ ʥʘ 

ʨʠʩ.4.38. 

 

ʈʠʩʫʥʦʢ 4.38 - ʇʘʥʝʣʽ ʟʘʧʠʩʫ ʤʝʞ ʟʤʽʥʠ ʪʘ ʢʨʦʢʽʚ ʧʦ ʢʫʪʘʭ, ʯʘʩʪʦʪʠ 

 

ʅʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ . ʋ ʚʽʢʥʽ ʨʠʩ. 4.38 ʚʠʙʨʘʪʠ ʤʦʜʝʣʴ ʽʟ 

ʟʘʜʘʥʠʤ ʦʧʦʨʦʤ Rs ʛʨʘʥʝʡ ʘʙʦ ʟʘʜʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʛʨʘʥʝʡ 

 

ʈʠʩʫʥʦʢ 4.38- ʚʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ 

 

ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʩʤʫʛʘ ʪʨʠʚʘʣʦʩʪʽ ʨʽʰʝʥʥʷ ʨʠʩ.4.39. 
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ʈʠʩʫʥʦʢ 4.39 - ʉʤʫʛʘ ʪʨʠʚʘʣʦʩʪʽ ʨʽʰʝʥʥʷ 

 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʠʪʴʩʷ ʛʨʘʬʽʢ(ʨʠʩ.4.40,ʘ) ʟ̔ ʚʽʢʥʦʤ ʟʘʧʠʪʫ 

ʧʦ ʥʘʩʪʫʧʥʠʭ ʜʽʷʭ, ʫ ʷʢʦʤʫ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʫ ʜʽʶ. ʉʣʘʡʜʝʨ (ʨʠʩ.4.40,ʘ ʚʠʜʽʣʝʥʦ 

ʯʝʨʚʦʥʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ) ʜʘʻ ʟʤʦʛʫ ʧʽʜʽʙʨʘʪʠ ʢʨʘʱʠʡ ʤʘʩʰʪʘʙ ʧʦ ʚʽʩʽ ɼɿʈ(ʨʠʩ 

4.40,ʚ)  

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.40 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ ʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʫ ʚʽʢʥʽ ʚʠʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʫ, 

ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ɼɿʈ ʫ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʨʠʩ.4. 41. 

 

ʈʠʩ.4.41 - ʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢ 
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ʗʢʱʦ ʚʠʙʨʘʪʠ ʤʝʞʽ ʪʘ ʢʨʦʢ ʧʦ ʢʫʪʘʭ ʊɽʊɽ ʪʘ ʌɯ ʽ ʢʣʽʢʥʫʪʠ ʥʘ ʧʦʟʠʮʽʾ  

 ʨʠʩ.4.42,ʘ ʪʦ ʦʪʨʠʤʘʻʤʦ 3D ʛʨʘʬʽʢ ɼɿʈ. ʇʨʠʢʣʘʜ ʚʠʙʦʨʫ ʢʫʪʽʚ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.42,ʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʨʠʩ.4. 42,ʙ. 

 

  

ʘ ʙ 

ʈʠʩ.4.42 - ʆʙ'ʻʢʪ box1000. ɿʘʚʜʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 3D ʛʨʘʬʽʢʫ(ʘ) ɼɿʈ ʪʘ 

ʛʨʘʬʽʢ (ʙ) 

 

ʊʘʢʦʞ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ  ʧʣʦʩʢʠʡ ʛʨʘʬʽʢ ʚ ʢʦʦʨʜʠʥʘʪʘʭ UV ʨʠʩ.4.43 

 

ʈʠʩ.4.43 - ɻʨʘʬʽʢ ʚ ʢʦʦʨʜʠʥʘʪʘʭ UV 
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ʗʢʱʦ  ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ.4.43 ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ  ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ  

ʛʨʘʬʽʢʫ (ʨʠʩ.4.44) ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟ ʚʠʙʦʨʦʤ ʢʫʪʽʚ ʊɽʊɸ ʪʘ ʌɯ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ɼɿʈ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʝʨʝʤʠʢʘʯ ʽ  ʥʘ ʩʣʘʡʜʝʨʘʭ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʘ. 

 

ʈʠʩ.4.44 - ʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʟ ʚʠʙʦʨʦʤ ʢʫʪʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ 

 

4.6 ʈʦʟʨʘʭʫʥʦʢ ɼɿʈ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

ɺʠʙʨʘʪʠ ʥʘ ʢʥʦʧʢʫ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ  ʽ ʚ ʚʽʢʥʽ ʚʠʙʦʨʫ 

ʨʠʩ.45 ʚʠʙʠʨʘʻʤʦ ʢʥʦʧʢʫ ʏʘʩʪʦʪʘ. ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʨʠʩ.4.45 ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ: ʟʘʚʘʥʪʘʞʠʪʠ ʬʘʡʣ ʤʦʜʝʣʽ (ʢʥʦʧʢʘ 

) ʚʩʪʘʥʦʚʠʪʠ ʜʽʘʧʘʟʦʥ ʪʘ ʢʨʦʢ ʟʤʽʥʠ  ʯʘʩʪʦʪʠ(ʚʠʜʽʣʝʥʦ 

ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ ʥʝʦʙʭʽʜʥʽ ʢʫʪʠ (ʩʣʘʡʜʝʨʠ ʚʠʜʽʣʝʥʽ ʩʠʥʽʤ 

ʧʨʷʤʦʢʫʪʥʠʢʦʤ), ʪʠʧ ʧʦʣʷʨʠʟʘʮʽʾ (ʚʠʜʽʣʝʥʦ ʟʝʣʝʥʠʤ ʧʨʷʤʦʢʫʪʥʠʢʦʤ). ɿʘʧʫʩʪʠʪʠ 

ʥʘ ʚʠʢʦʥʘʥʥʷ. 
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ʈʠʩ. 4.45 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʪʠʧʫ ʨʦʟʨʘʭʫʥʢʫ 

 

 

ʈʠʩ. 4. 46 - ɺʽʢʥʦ ʟʘʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʦʟʨʘʭʫʥʦʢ 

 

ʅʘ ʨʠʩ.4.47 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ, ʚ ʚʽʢʥʽ ʟʘʧʠʪʫ ʚʠʙʠʨʘʻʤʦ 

ʥʝʦʙʭʽʜʥʠʡ ʧʫʥʢʪ. 
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ʈʠʩ. 4.47 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

4.7 ɼʦʧʦʤʽʞʥʽ ʧʨʦʛʨʘʤʠ 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʥʦʧʢʫ  ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ 

ʨʠʩ.4.48. 

 

ʈʠʩ. 4.48. ɺʽʢʥʦ ʜʦʧʦʤʽʞʥʠʭ ʧʨʦʛʨʘʤ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʫʥʢʪ  ʈʝʜʘʛʫʚʘʥʥʷ ʙʘʟʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʧʠʩ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʝʜʘʛʫʚʘʥʥʷ. ɺʠʙʨʘʪʠ ʟ ʚʠʧʘʜʘʶʯʦʛʦ ʩʧʠʩʢʫ ʨʠʩ.4.49 ʥʝʦʙʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʢʥʘʭ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ʟʙʝʨʝʛʪʠ ʽ ʚʠʡʪʠ. 

 

ʈʠʩ. 4.49 - ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ 

 

ʇʨʠ  ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ  ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʨʠʩ.4.50. ʚʚʝʜʝʥʥʷ ʥʘʟʚʠ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ ɿʙʝʨʝʛʪʠ ʽ 

ʚʠʡʪʠ. 

 

ʈʠʩ.4.50 - ʇʘʥʝʣʴ ʟʘʧʠʩʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ 
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ʇʈʀʂʃɸɼʀ ʈʆɿʈɸʍʋʅʂɯɺ ɼɿʈ 

5.1 ʈʦʟʨʘʭʫʥʦʢ ɼʈɿ ʧʣʘʩʪʠʥʠ 

 

ʈʠʩ. 5.1 - ɻʨʘʬʽʢ ʧʣʘʩʪʠʥʠ 

 

 ɺʠʙʠʨʘʻʤʦ ʧʫʥʢʪ ʤʝʥʶ  ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʟʘʣʝʞʥʽʩʪʴ ɼʈɿ ʚʽʜ ʢʫʪʽʚ   

ɺ ʚʽʢʥʽ ʟʘʜʘʻʤʦ ʢʫʪʠ, ʯʘʩʪʦʪʫ ʪʘ ʧʦʣʷʨʠʟʘʮʽʶ (ʨʠʩ 5.2). 

 

ʈʠʩ 5.2 - ʄʝʥʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ɼʈɿ 

 

ɿʘʚʘʥʪʘʞʫʻʤʦ ʬʘʡ ʤʦʜʝʣʽ . ɺʠʙʨʘʪʠ ʬʘʡʣ ʟ ʙʽʙʣʽʦʪʝʢʠ ʪʘ 

ʟʘʚʘʥʪʘʞʠʪʠ. ɺʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ, ʚ ʷʢʦʤʫ ʚʠʙʨʘʪʠ ʧʫʥʢʪ No 
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ɹʫʜʝ ʚʠʚʝʜʝʥʦ ʛʨʘʬʽʢ ʦʙôʻʢʪʘ (ʨʠʩ. 5.1) ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ. ɼʣʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʢʨʠʪʠ ʛʨʘʬʽʢ ʤʦʜʝʣʽ ʽ ʚʠʙʨʘʪʠ ʧʫʥʢʪ 

 

 ɺʠʙʠʨʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ Rs (ʨʠʩ. 5.3) (ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

Rs=0). 

 

ʈʠʩ 5.3 - ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ 

 

ɹʫʜʝ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʽ ʚʠʚʝʜʝʥʦ ʛʨʘʬʽʢ (ʨʠʩ. 5.4ʘ), ʧʨʠ ʚʠʙʦʨʽ ʧʫʥʢʪʫ 

çʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢè ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ (ʨʠʩ.5.4ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ.5.4 - ɼʈɿ ʥʘ ʯʘʩʪʦʪʽ 1ɻɻʮ 

 

ʇʦʚʪʦʨʠʤʠʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʯʘʩʪʦʪʽ 10 ɻʛʮ (ʨʠʩ. 5.5). 

  

ʈʠʩ. 5.5 - ɼʈɿ ʥʘ ʯʘʩʪʦʪʽ 10ɻɻʮ 
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ʇʦʙʫʜʦʚʘ 3D ʛʨʘʬʽʢʫ. 

ɺ ʚʽʢʥʽ ʟʘʜʘʻʤʦ ʜʽʘʧʘʟʦʥ ʪʘ ʢʨʦʢ ʟʤʽʥʠ ʢʫʪʽʚ ʊɽʊɸ ʪʘ ʌɯ, ʚʠʙʠʨʘʻʤʦ ʧʫʥʢʪ 

3D ʛʨʘʬʽʢ (ʨʠʩ.5.6). 

 

ʈʠʩ. 5.6 - ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ 3D ʛʨʘʬʽʢʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʠʩ 5.5: ʛʨʘʬʽʢ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ UV ʪʘ 3D 

ʛʨʘʬʽʢʠ. 

 
  

a ʙ ʚ 

 

ʈʠʩ 5.7 - 3D ɻʨʘʬʽʢʠ. ʛʨʘʬʽʢ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ UV (ʘ)   ʪʘ  3D ʛʨʘʬʽʢʠ(ʙ,ʚ) 
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ʅʘ ʛʨʘʬʽʢʫ ʨʠʩ 5.7(ʘ) ʚʠʙʠʨʘʻʤʦ ʧʫʥʢʪ çʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢè ʽ ʧʝʨʝʭʦʜʠʤʦ ʚ 

ʚʽʢʥʦ ʧʦʙʫʜʦʚʠ ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʙʨʘʥʠʭ ʥʘ ʩʣʘʡʜʝʨʘʭ ʢʫʪʽʚ 

ʌʽ ʪʘ ʊʝʪʘ (ʨʠʩ. 5.9). 

 

ʈʠʩ.5.8 - ʇʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʧʦʙʫʜʦʚʠ ɼɿʈ ʜʣʷ ʨʽʟʥʠʭ ʢʫʪʽʚ ʊɽʊɸ ʪʘ ʌɯ 

 

ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʯʘʩʪʦʪʽ 0.5 ɻɻʎ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.9. 

   

 

   

ʈʠʩ. 5.9 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 3D ɼɿʈ ʥʘ ʯʘʩʪʦʪʽ 0.5ɻɻʎ ʧʨʠ ʨʽʟʥʽʡ 

ʧʦʣʷʨʠʟʘʮʽʾ 
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5.2 ʇʦʢʨʠʪʪʷ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʢʦʤʧʦʟʠʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ɺʠʙʠʨʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʢʥʽ , ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʨʠʩ. 

5.10. 

ɿʘʚʘʥʪʘʞʫʻʤʦ ʤʦʜʝʣʴ, ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʛʨʘʬʽʢ ʤʦʜʝʣʽ: ʧʫʥʢʪ 

 ʪʘ ʧʫʥʢʪʠ ʇʦʢʘʟʘʪʠ Rs ʪʘ ʇʦʢʘʟʘʪʠ ʤʘʪʝʨʘ̔ʣ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʚʠʜʽʣʝʥʽ ʬʝʩʝʪʠ, ʚ ʷʢʠʭ Rs ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʚ ʽʥʰʦʤʫ ð 

ʬʘʩʝʪʠ ʚʢʨʠʪʽ ʤʘʪʝʨʽʘʣʦʤ. 

 

ʈʠʩ. 5.10 - ɺʽʢʥʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʬʘʩʝʪ ʤʦʜʝʣʽ 

 

ɺʠʙʠʨʘʻʤʦ ʧʫʥʢʪ  ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ 

5.11). 

 

ʈʠʩ 5.11 - ɺʽʢʥʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ 
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ɺ ʚʽʢʥʽ ʚʠʙʠʨʘʻʤʦ ʧʦʩʣʽʜʦʚʥʠʡ ʩʧʠʩʦʢ ʬʘʩʝʪ (ʇʝʨʰʘ ʬʘʩʝʪʘ, ʂʽʥʮʝʚʘ 

ʬʘʩʝʪʘ)ʊʠʧ ʤʘʪʝʨʽʘʣʫ, ʤʘʪʝʨʽʘʣ ʪʘ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʜʝʣʴ ʤʘʻ ʜʚʽ ʬʘʩʝʪʠ ʨʠʩ. 5.1 ɺʠʢʦʥʫʻʤʦ ʦʥʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʬʘʩʝʪ 

 ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʬʘʡʣʫ . 

 

ʈʠʩ.5.12 - ʄʦʜʝʣʴ ʧʣʘʩʪʠʥʠ ʚʢʨʠʪʘ ʢʦʤʧʦʟʠʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

 

 ʇʦʚʪʦʨʶʻʤʦ ʨʦʟʨʘʭʫʥʢʠ ɼɿʈ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ ʧʦʢʨʠʪʪʷʤ, ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ.5. 13(ʘ), ʥʘ ʨʠʩ. 5.13(ʙ) ʚʠʢʦʥʘʥʦ (ʧʨʦʟʦʨʝ) ʥʘʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʽʚ 

ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʧʨʦʛʨʘʤʽ paint. 

 

ʘ 

 

ʙ 

ʈʠʩ5.13 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ɼʈɿ ʧʣʘʩʪʠʥʠ ʟ ʧʦʢʨʠʪʪʷʤ 

 



75 

 

ʇʦʚʪʦʨʠʤʦ ʨʦʟʨʘʭʫʥʢʠ ʪʽʣʴʢʠ ʚʠʢʦʥʘʻʤʦ ʧʦʢʨʠʪʪʷ ʦʜʥʽʻʾ ʬʘʩʝʪʠ ʤʘʪʝʨʽʘʣʦʤ 

(ʨʠʩ. 5.14). 

 

ʈʠʩ5.14 - ʇʦʢʨʠʪʪʷ ʦʜʥʽʻʾ ʬʘʩʝʪʠ ʤʘʪʝʨʽʘʣʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.5.15. 

1 

ʈʠʩ.5.15 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟ ʧʦʢʨʠʪʪʷʤ ʦʜʥʽʻʾ ʬʘʩʝʪʠ ʧʣʘʩʪʠʥʠ 

5.3 ʈʦʟʨʘʭʫʥʦʢ ɼʈɿ ʚʽʜ ʯʘʩʪʦʪ 

ɺʠʙʠʨʘʻʤʦ ʧʫʥʢʪ  ʪʘ ʚʠʙʠʨʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ çʏʘʩʪʦʪʘè. 
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ɺ ʚʽʢʥʽ (ʨʠʩ. 5.16) ʟʘʜʘʻʤʦ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʢʨʦʢ ʧʦ ʯʘʩʪʦʪʽ, ʧʦʣʷʨʠʟʘʮʽʶ ʪʘ 

ʢʫʪʠ ʊɽʊɸ ʽ ʌɯ ʟ ʜʦʧʦʤʦʛʦʶ ʩʣʘʡʜʝʨʽʚ. 

 

ʈʠʩ.5.16 - ɺʽʢʥʦ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ɼʈɿ ʚʽʜ ʯʘʩʪʦʪʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧʣʘʩʪʠʥʠ ʟ Rs=0 ʪʘ ʰʘʨʦʤ ʢʦʤʧʦʟʠʪʫ ʥʘ ʥʘ 

ʤʝʪʘʣʽ( ʈɽʉ) ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.5.17. 

 

ʘ 

 

ʙ 

ʈʠʩ.5.17 - ɿʘʣʝʞʥʽʩʪʴ ɼʈɿ ʚʽʜ ʯʘʩʪʦʪʠ ʜʣʷ Rs=0 (ʘ)  ʪʘ ʜʣʷ ʈɽʉ+Composite (ʙ) 
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5.4 ʈʦʟʨʘʭʫʥʦʢ ɼɿʈ ʷʱʠʢʘ 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 3D ʤʦʜʝʣʴ (ʨʠʩ. 5.18) ʷʱʠʢʘ, ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʷ 

ʙʦʢʦʚʘ ʧʦʚʝʨʭʥʷ (ʨʠʩ.5.18ʘ). ʅʘ ʨʠʩ. 5.18(ʘ,ʙ) ʧʦʢʘʟʘʥʽ ʥʦʨʤʘʣʽ (ʚʝʢʪʦʨʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʬʘʩʝʪ). ʗʢ ʚʠʜʥʦ, ʚ ʩʝʨʝʜʠʥʽ ʷʱʠʢʘ ʚʽʜʩʫʪʥʽ ʚʝʢʪʦʨʠ, ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʽ ʷʱʠʢʘ ʟ ʮʽʻʾ ʩʪʦʨʦʥʠ ʚʽʜʙʠʪʪʷ ʩʠʛʥʘʣʫ ʙʫʜʝ ʚʽʜʩʫʪʥʽʤ. ʊʘʢʘ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʥʘʧʨʷʤʢʠ ʦʙʭʦʜʫ ʤʦʜʝʣʽ ʧʨʠ ʟʤʽʥʽ ʢʫʪʽʚ ʟʤʽʥʽ ʢʫʪʽʚ ʊɽʊɸ ʪʘ 

ʌɯ. 

 

ʘ 

 

                    ʙ 

 

            ʚ 

ʈʠʩ.5.18 - ʄʦʜʝʣʴ ʷʱʠʢʘ ʙʝʟ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

 

ɿʘʜʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ɼʈɿ ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʊɽʊɸ ʥʘ ʯʘʩʪʦʪʽ 

10ɻɻʎ (ʨʠʩ. 5.19-5.20). 

 

 

 

ʈʠʩ.5.19 - ʇʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦ 

ʊɽʊɸ 

ʈʠʩ. 5.20 - ʅʘʧʨʷʤ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʊɽʊɸ ʚʽʜ 0 ʜʦ 360 
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ʅʘ ʛʨʘʬʽʢʘʭ ʚʠʜʥʦ, ʱʦ ʚ ʤʝʞʘʭ 60-10 ʛʨʘʜʫʩʽʚ ɼʈɿ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

(ʨʠʩ. 5.21). ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʩʪʦʨʦʥʽ ʷʱʠʢʘ ʜʝ ʚʽʜʩʫʪʥʷ ʙʦʢʦʚʘ ʧʦʚʝʨʭʥʷ. 

   

ʈʠʩ.5.21 - ɻʨʘʬʽʢʠ ɼɿʈ ʧʦ ʊɽʊɸ 

 

ʇʦʚʪʦʨʠʤʦ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʽʥʰʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ  

(ʨʠʩ.5.22-5.23). 

 

ʈʠʩ.5.22 - ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 
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ʈʠʩ.5.23 - ɻʨʘʬʽʢʠ ɼʈɿ ʧʨʠ ʧʦʣʷʨʠʟʘʮʽʾ ʊɽ-Z 

 

ɿʤʽʥʠʤʦ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʌɯ. ʌɯ=90 ʛʨʘʜʫʩʽʚ (ʨʠʩ.5.23-5.24)  ̔ ʚʠʢʦʥʘʻʤʦ 

ʨʦʟʨʘʭʫʥʢʠ ɼɿʈ. 

 
 

ʈʠʩ. 5.24 - ɼʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʈʠʩ.5.25 - ʅʘʧʨʷʤ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ 

ʟʤʽʥʽ ʢʫʪʘ ʊɽʊɸ ʚʽʜ 0 ʜʦ 360 ʧʨʠ 

ʌɯ=90 

 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ5.26) ʙʘʯʠʤʦ ʯʦʪʠʨʠ ʤʘʢʩʠʤʫʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʦʪʠʨʴʦʤ  

ʩʪʦʨʦʥʘʤ ʷʱʠʢʘ. 
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ʈʠʩ.5.26 - ɼɿʈ ʗʱʠʢʘ ʧʨʠ ʌɯ=90 ʛʨʘʜʫʩʽʚ 

 

ʅʘ ʨʠʩ.5.27 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ɼɿʈ ʥʘ ʯʘʩʪʦʪʽ 1 ɻɻʮ. 

  

ʈʠʩ.5.27 - ʈʦʟʨʘʭʫʥʢʠ ɼɿʈ ʥʘ ʯʘʩʪʦʪʽ 1ɻɻʮ 

 

ɺʠʢʦʥʘʻʤʦ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʠ ʤʦʜʝʣʽ ʢʦʤʧʦʟʠʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ɺʠʙʠʨʘʻʤʦ ʧʫʥʢʪ ʤʝʥʶ  ʚ ʛʦʣʦʚʥʦʤʫ ʚʽʢʥʽ. 

ʇʝʨʝʭʦʜʠʤʦ ʚ ʥʘʩʪʫʧʥʝ ʚʽʢʥʦ (ʨʠʩ.5.28). 
















