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ʇʈɽɼʀʉʃʆɺʀɽ 

ʇʨʦʪʦʪʠʧʳ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʙʳʣʠ, ʦʯʝʚʠʜʥʦ, ʧʝʨʚʳʤʠ 

ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʠʟʦʙʨʝʣʦ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦ 

ʯʝʣʦʚʝʯʝʩʪʚʦ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʯʪʝʥʥʳʡ ʚʦʟʨʘʩʪ, ʢʦʤʧʨʝʩʩʦʨʥʘʷ 

ʪʝʭʥʠʢʘ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ï ʧʥʝʚʤʘʪʠʢʘ 

(ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʛʦʨʥʦʤ ʜʝʣʝ), ʤʝʪʘʣʣʫʨʛʠʷ, ʭʠʤʠʷ, ʵʥʝʨʛʝʪʠʢʘ (ʢʦʤʧʨʝʩʩʦʨʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʜʜʫʚ ɼɺʉ, 

ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ), ʭʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʈʦʣʴ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʚʝʣʠʢʘ ʚ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ. ɻʘʟʦʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ï ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʎʂ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʜʦʙʳʯʝ ʛʘʟʘ, ʜʣʷ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʨʠ ʭʨʘʥʝʥʠʠ. ɺ ʩʠʩʪʝʤʝ ʆɸʆ ñɻɸɿʇʈʆʄò ʨʘʙʦʪʘʝʪ 

ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʪʳʩʷʯ ʢʨʫʧʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 42 ʤʣʥ. ʢɺʪ, ʧʨʠʯʝʤ 92.5% ʤʘʰʠʥ ï ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʦʩʪʨʦʡʢʠ (ʥʘ 2007 ʛ.). ʊʦʣʴʢʦ ʵʪʘ ʯʘʩʪʴ ʨʦʩʩʠʡʩʢʦʛʦ ʧʘʨʢʘ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 20% ʦʪ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʤʠʨʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ (ɻʇɸ) ʠʤʝʝʪ ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʧʨʠʚʦʜ, ʘ ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ ʠʤʝʶʪ ʚ 

ʩʦʩʪʘʚʝ ʦʩʝʚʳʝ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʩ ʤʦʱʥʦʩʪʴʶ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ ʪʫʨʙʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʈʦʩʩʠʷ ï ʢʨʫʧʥʝʡʰʘʷ 

ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʜʝʨʞʘʚʘ. ɺ ʦʙʣʘʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʥʘʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘʰʘ ʩʪʨʘʥʘ ʪʘʢʞʝ ʠʤʝʝʪ 

ʚʥʫʰʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ (ʊʂ) ʚ ʨʘʟʚʠʪʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʨʘʥʘʭ ʨʘʩʪʝʪ ʥʘ 8 ï 

10% ʝʞʝʛʦʜʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ï ʵʪʦ 

ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʧʦʪʨʝʙʣʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʝʢʘʯʠʚʘʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ, ʮʝʥʪʨʦʙʝʞʥʳʝ 

ʢʦʤʧʨʝʩʩʦʨʳ ɻʘʟʧʨʦʤʘ ʪʨʝʙʫʶʪ ʜʣʷ ʠʭ ʧʨʠʚʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 3.5 ʤʣʨʜ. 

ʜʦʣʣʘʨʦʚ ʚ ʛʦʜ (ʮʝʥʳ 2007 ʛ.). ʇʨʷʤʦʡ ʧʫʪʴ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʠʟʜʝʨʞʝʢ ï 

ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ 
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ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ, ʪʦ ʝʩʪʴ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ. ʕʪʦ ʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʠʚʦʜʥʳʭ 

ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ. 

ʊʨʫʜʥʦʩʪʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ 

ʩʚʷʟʘʥʘ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʳʤ (ʚ ʦʩʥʦʚʥʦʤ ʜʠʬʬʫʟʦʨʥʳʤ) ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʆʙʳʯʥʘʷ ʧʨʘʢʪʠʢʘ ï ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʤʦʜʝʣʷʤʠ (ʪʦʯʥʳʤʠ ʫʤʝʥʴʰʝʥʥʳʤʠ ʢʦʧʠʷʤʠ), ʠʩʧʳʪʳʚʘʝʤʳʤʠ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʘʭ. ʊʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝʜʝʰʝʚʳ, ʘ 

ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʡ ʧʨʦʛʨʘʤʤʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ, ʥʘʠʣʫʯʰʝʛʦ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ. ʏʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʨʘʩʯʝʪʘ ʚʷʟʢʠʭ ʪʝʯʝʥʠʡ 

ʪʦʞʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʠ ʚ ʦʪʨʳʚʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʝʤʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʢʘ ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʂʘʢ ʨʘʥʝʝ, ʪʘʢ ʩʝʡʯʘʩ, ʠ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦ ʧʦʥʠʤʘʪʴ ʠʭ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, ʨʘʟʚʠʚʘʪʴ ʠ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʫʩʠʣʠʷʤʠ ʨʫʢʦʚʦʜʠʪʝʣʷ ʢʘʬʝʜʨʳ ʠ 

ʧʨʦʙʣʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʃʇʀ) ʧʨʦʬʝʩʩʦʨʘ ʂʦʥʩʪʘʥʪʠʥʘ ʇʘʚʣʦʚʠʯʘ 

ʉʝʣʝʟʥʝʚʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ 

ʢʦʤʧʨʝʩʩʦʨʱʠʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʛʣʫʙʦʢʠʤ ʚʥʠʤʘʥʠʝʤ ʢ 

ʦʩʥʦʚʘʤ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʤʦʜʝʣʴʥʳʝ ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʩʥʘʯʘʣʘ ʘʥʘʣʦʛʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʘ 

ʟʘʪʝʤ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʠʶ ʧʦʨʫ. ɹʳʣʘ ʠʟʦʙʨʝʪʝʥʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʘ ʚʥʫʪʨʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ.  

ʅʘʢʦʧʣʝʥʥʳʡ ʫʥʠʢʘʣʴʥʳʡ ʦʧʳʪ ʥʘʰʝʣ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʘʚʪʦʨʦʤ ʄʝʪʦʜʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʥʘʙʦʨʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘʚʪʦʨʦʤ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦ ʟʘʜʘʥʠʷʤ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʝʩʷʪʢʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʥʝʢʦʪʦʨʳʤʠ 

ʟʘʨʫʙʝʞʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚʳʧʫʱʝʥʦ ʦʢʦʣʦ 300 ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 3500 ʄɺʪ, ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʠ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ.   

ʅʘ ʩʦʜʝʨʞʘʥʠʝ ʢʥʠʛʠ ʧʦʚʣʠʷʣ ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʦʡ ʦʧʳʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʘ ʚ ʧʨʦʙʣʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ʃʇʀ ʠ ʥʘ ʢʘʬʝʜʨʝ ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ï ʢʘʬʝʜʨʝ 

ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʚʘʢʫʫʤʥʦʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʢʘʬʝʜʨʘ ʂɺʍʊ ʉʇʙɻʇʋ). 

ʅʘʰʝʣ ʦʪʨʘʞʝʥʠʝ ʠ ʧʦʯʪʠ ʩʪʦʣʴ ʞʝ ʜʣʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʢʥʠʛʘ ʥʝ ʧʦʩʚʷʱʝʥʘ ʠʟʣʦʞʝʥʠʶ ʦʧʳʪʘ ʠ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ʉʇʙɻʇʋ. ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʡ ʯʠʪʘʪʝʣʴ 

ʥʘʡʜʝʪ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʙʦʨʥʠʢʝ ʨʝʬʝʨʘʪʠʚʥʳʭ ʩʪʘʪʝʡ [20]. ɸʚʪʦʨ 

ʪʘʢʞʝ ʥʝ ʩʪʘʚʠʣ ʟʘʜʘʯʠ ʦʙʦʙʱʝʥʠʷ ʦʛʨʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʤ ʧʨʦʙʣʝʤʘʤ 

ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ 

[14] ʩʦ ʩʩʳʣʢʦʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 400 ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ 

ʧʝʨʠʦʜʠʢʠ.  

ʎʝʣʴ ʘʚʪʦʨʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʧʦʜʟʘʛʦʣʦʚʢʝ ʢʥʠʛʠ ï ʧʦʜʨʦʙʥʦʝ 

ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʣʦʞʝʥʠʷ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʛʨʘʤʤʝ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʦʚ ʚ ʉʘʥʢʪï ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʥʦ ʩʘʤʦ ʠʟʣʦʞʝʥʠʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦ. ʇʦʵʪʦʤʫ ʘʚʪʦʨ ʥʘʜʝʝʪʩʷ, ʯʪʦ ʢʥʠʛʘ ʥʝ ʪʦʣʴʢʦ ʦʢʘʞʝʪ ʧʦʤʦʱʴ 

ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʦʩʚʦʝʥʠʠ ʥʝʧʨʦʩʪʳʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʥʦ ʙʫʜʝʪ ʧʦʣʝʟʥʘ 

ʣʠʮ, ʧʨʝʧʦʜʘʶʱʠʭ ʵʪʠ ʜʠʩʮʠʧʣʠʥʳ ʠ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʴʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʤʠ ʠ ʩʤʝʞʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʪʝʭʥʠʢʠ.  ʍʘʨʘʢʪʝʨ ʠʟʣʦʞʝʥʠʷ ʯʘʩʪʝʡ 1 ï 3 ʨʘʩʩʯʠʪʘʥ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʥʘ ʪʝʭ, ʢʪʦ ʠʟʫʯʘʝʪ ʧʨʝʜʤʝʪ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʤʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʈʷʜ ʚʦʧʨʦʩʦʚ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ (ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʦʣʴ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ)  

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ. ʕʪʦ 

ʩʜʝʣʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʫʯʘʶʱʠʭʩʷ. ɸʚʪʦʨ ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʘ 

ʧʦʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʝʡ ï ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ. ɸʚʪʦʨ ʠʟʙʝʞʘʣ 

ʩʩʳʣʦʢ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʵʪʦ ʧʝʨʝʛʨʫʟʠʣʦ ʙʳ 

ʠʟʣʦʞʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʥʦʚ. ʊʘʢʠʝ ʩʩʳʣʢʠ ʝʩʪʴ ʚ ʢʥʠʛʘʭ [14], [20] ʠ 

ʜʨʫʛʠʭ, ʠʤʝʶʱʠʭʩʷ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʤ ʩʧʠʩʢʝ.  

ʇʨʠ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʝ ʥʝʟʘʤʝʥʠʤʫʶ ʧʦʤʦʱʴ ʦʢʘʟʘʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ ʂɺʍʊ 

ʜʦʮʝʥʪʳ ʃ.ʀ. ʂʦʟʘʯʝʥʢʦ ʠ ʂ.ɺ. ʉʦʣʜʘʪʦʚʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʯ. 6 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʛʠʩʪʨʦʤ ʘʩʧ. ʖ.ɸ. ʇʦʧʦʚʳʤ. ɼʦʮ. ʢ.ʪ.ʥ. ɺ.ʀ. 

ʊʠʪʝʥʩʢʠʡ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʯʝʣ ʪʝʢʩʪ ʠ ʩʜʝʣʘʣ ʨʷʜ ʮʝʥʥʳʭ ʟʘʤʝʯʘʥʠʡ, ʯʪʦ 

ʧʦʤʦʛʣʦ ʫʩʪʨʘʥʠʪʴ ʨʷʜ ʥʝʪʦʯʥʦʩʪʝʡ. ɸʚʪʦʨ ʧʨʠʥʦʩʠʪ ʚʩʝʤ ʠʤ ʛʣʫʙʦʢʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ.   

  



9 

 

ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

B  ð ʭʦʨʜʘ ʣʦʧʘʪʢʠ 

c ð ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ)   

pC ð ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ 

vC ð ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ 

ac  ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

wc  ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

fc  ð ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ 

f ð ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

dh ð ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ 

ih  ð ʚʥʫʪʨʝʥʥʠʡ ʥʘʧʦʨ 

Th  ðʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ 

wh  ð ʧʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ 

111 bb -= ʣi , 
2 2 2ʣi =a -a ð ʫʛʣʳ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠ ʚ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ (ʜʠʬʬʫʟʦʨ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʰk  ð ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

l  ð ʚʳʩʦʪʘ ʣʦʧʘʪʦʢ 

m ð ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

M  ð ʤʦʤʝʥʪ ʩʠʣʳ  

n ð ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʝʭN  ð ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

eN  ð ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ (çʵʬʬʝʢʪʠʚʥʘʷè) 

iN  ð ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʛʘʟʫ ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ (çʚʥʫʪʨʝʥʥʷʷè) 

p  ð ʜʘʚʣʝʥʠʝ 
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ap  ð ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

P  ð ʩʠʣʘ ɾʫʢʦʚʩʢʦʛʦ 

qð ʫʜʝʣʴʥʦʝ ʪʝʧʣʦ 

Rð ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ 

Re ð ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

s  - ʵʥʪʨʦʧʠʷ 

t  ð ʰʘʛ ʨʝʰʝʪʢʠ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ) 

u  ð ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

w ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ),  

w ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

Vð ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ 

z ð ʯʠʩʣʦ ʣʦʧʘʪʦʢ, ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ, ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ  

a ð ʫʛʦʣ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʢʨʫʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʣa ð ʫʛʦʣ ʣʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ (ʜʠʬʬʫʟʦʨʘ) 

b ð ʫʛʦʣ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʢʨʫʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

 ð ʫʛʦʣ ʣʦʧʘʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

d ð ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʣd ð ʪʦʣʱʠʥʘ ʣʦʧʘʪʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

e ð ʦʪʢʣʦʥʝʥʠʝ (ʧʦʚʦʨʦʪ) ʧʦʪʦʢʘ 

ʌð ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ  

j ð ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ 

h ð ʧʦʣʠʪʨʦʧʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

l ð ʩʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

pð ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ  

q ð ʫʛʦʣ ʠʟʦʛʥʫʪʦʩʪʠ ʧʨʦʬʠʣʝʡ 

r ð ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ 

ʣb
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z ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ  

Ty  ð ʢʦɻʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 

Tʥy  ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʥʘ ʥʘʨʫʞʥʦʤ ʨʘʜʠʫʩʝ ʦʩʝʚʦʛʦ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

W ð ʩʪʝʧʝʥʴ ʨʝʘʢʪʠʚʥʦʩʪʠ 

ʉʆʂʈɸʑɽʅʀʗ 

ɹʃɼ ï ʙʝʟʣʦʧʘʪʦʯʥʳʡ ʜʠʬʬʫʟʦʨ 

ɺʅɸ ï ʚʭʦʜʥʦʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 

ɺʇ ï ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 

ɺʋ ï ʚʳʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ɺʨʅɸ ï ʚʨʘʱʘʶʱʠʡʩʷ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 

ɺʭʇʅɸ ï ʚʭʦʜʥʦʡ ʧʦʚʦʨʦʪʥʳʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 

ɻʊɼ ï ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ɻʊʋ ï ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɼɺʉ ï ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʂɺʍʊ ï ʢʘʬʝʜʨʘ ʢʦʤʧʨʝʩʩʦʨʥʦʡ, ʚʘʢʫʫʤʥʦʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʉʇʙɻʇʋ 

ʂʇɼ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʃɸ ï ʣʦʧʘʪʦʯʥʳʡ ʘʧʧʘʨʘʪ 

ʃɼ ï ʣʦʧʘʪʦʯʥʳʡ ʜʠʬʬʫʟʦʨ 

ʃʇʀ ï ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʅɸ ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 

ʅʇ ï ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ ʧʘʪʨʫʙʦʢ 

ʆʂ ï ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ 

ʆʅɸ ï ʦʙʨʘʪʥʦ - ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ 

ʆʇʂ ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʚʦʨʦʪʥʦʝ ʢʦʣʝʥʦ 

ʈʂ ï ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 

ʉɸ ï ʩʧʨʷʤʣʷʶʱʠʡ ʘʧʧʘʨʘʪ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʉɸʇʈ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʉʇʙɻʇʋ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

ʊʂ ï ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ 

ʊʂʈ ï ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ ʨʘʜʠʘʣʴʥʳʡ 

ʊʈɼ ï ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʊʇɼ ï ʪʨʫʙʢʘ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʎɹʅ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ 

ʎɺ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʚʝʥʪʠʣʷʪʦʨ 

ʎʂ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ 
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ʎʂʋ ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʏʇʋ ï ʯʠʩʣʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʇʆɼʉʊʈʆʏʅʓɽ ʀʅɼɽʂʉʓ 

1, 2, 3 ð ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 

ʘʜ ð ʘʜʠʘʙʘʪʥʳʡ 

ʅɸ ð ʨʝʰʝʪʢʘ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 

ʨ ð ʧʘʨʘʤʝʪʨʳ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʘʜʠʫʩʝ ʦʩʝʚʦʡ ʩʪʫʧʝʥʠ, ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ, 

ʧʨʦʬʠʣʴʥʳʝ ʧʦʪʝʨʠ          

ʨʘʩʯ ð ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʘʩʯʝʪʥʦʤʫ ʨʝʞʠʤʫ (ʧʦ ʨʘʩʭʦʜʫ)  

ʈʂ ð ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 

rð ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

u ð ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʦʢʨʫʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ  

z ð ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʝʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʅɸɼʉʊʈʆʏʅʓɽ ʀʅɼɽʂʉʓ 

* ð ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʧʘʨʘʤʝʪʨʘʤ ʪʦʨʤʦʞʝʥʠʷ) 

2, 2/ /c c u b b D= = ð ʥʘʜʩʪʨʦʯʥʘʷ ʯʝʨʪʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʪʥʝʩʝʥʘ ʢ 

ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʦʪʥʝʩʝʥ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ 

ʣʠʥʝʡʥʦʤʫ ʨʘʟʤʝʨʫ (ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ). 
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1. ɺɺʆɼʅɸʗ ʏɸʉʊʔ 

1.1. ʆʇʈɽɼɽʃɽʅʀɽ 

ʂʦʤʧʨʝʩʩʦʨʳ ï ʵʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʘʰʠʥʳ-ʦʨʫʜʠʷ, ʩʣʫʞʘʱʠʝ ʜʣʷ 

ʩʞʘʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʦʚ. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʜʣʷ 

ʨʫʩʩʢʦʡ ʠ ʠʥʦʩʪʨʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɽʛʦ ʩʣʝʜʫʝʪ ʧʦʷʩʥʠʪʴ. 

ʊʝʨʤʠʥ çʩʞʘʪʠʝè, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʲʝʤʘ, ʟʘʥʠʤʘʝʤʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʘ, ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ï ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ n ʤ
3
/ʢʛ. ʇʦ 

ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʨʘʚʝʥ  = zRT/pn , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʞʘʪʠʝ ʚ ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʣʠʙʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʜʥʘʢʦ 

ʬʘʢʪʠʯʝʩʢʠ ʢʦʤʧʨʝʩʩʦʨʳ ʩʣʫʞʘʪ ʠʤʝʥʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ. ʆʥʠ 

ʩʦʟʜʘʶʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ: 

ï ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥʘʭ,  

 ï ʧʝʨʝʜʘʯʠ  ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ,  

ï ʧʦʜʘʯʠ ʩʤʝʩʠ ʛʘʟʦʚ ʚ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ,  

ï ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ,  

ï ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʫʨʙʦʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ,  

ï ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ.  

ɺ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʢʦʤʧʨʝʩʩʦʨʳ ʨʝʰʘʶʪ 

ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʥʝ ʫʤʝʥʴʰʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ (ʩʞʘʪʠʷ), ʘ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʩʞʘʪʠʝè ʚʤʝʩʪʦ ʪʝʨʤʠʥʘ 

çʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷè ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ: 

ï ʥʘʟʚʘʥʠʝ çʢʦʤʧʨʝʩʩʦʨè ʚ ʨʫʩʩʢʦʤ ʠ ʨʷʜʝ ʝʚʨʦʧʝʡʩʢʠʭ ʷʟʳʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ, ʚ ʙʫʢʚʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʶʱʝʛʦ 

çʩʞʠʤʘʶʱʠʡè; 

ï ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʙʲʝʤʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʦʪʜʝʣʴʥʳʝ ʧʦʨʮʠʠ ʛʘʟʘ 

ʧʦʚʳʰʘʶʪ ʩʚʦʝ ʜʘʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʩʞʘʪʠʷ - ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʟʘʤʢʥʫʪʦʡ 

ʧʦʣʦʩʪʠ, ʚ ʢʦʪʦʨʫʶ ʦʥʠ ʧʦʤʝʱʝʥʳ; 

ï ʪʝʨʤʠʥ çʩʞʘʪʠʝè ʢʦʨʦʯʝ, ʯʝʤ çʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷè, ʯʪʦ ʠʤʝʝʪ 

ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʷʟʳʢʘ. 
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ʉʦʜʝʨʞʘʱʝʝʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʨʝʩʩʦʨʘ ʫʢʘʟʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʤʧʨʝʩʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʥʦ ʠ 

ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ. ʇʝʨʝʤʝʱʝʥʠʝ ʛʘʟʦʚ ï 

ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ ï ʚʝʥʪʠʣʷʪʦʨʦʚ. ʉʦʟʜʘʚʘʝʤʦʝ 

ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠʣʠ ʦʯʝʥʴ ʥʝʚʝʣʠʢʦ, ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʚʩʝ (ʚʝʥʪʠʣʷʪʦʨʳ ʜʣʷ ʦʙʜʫʚʘ ʦʪʢʨʳʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, 

ʦʪʢʨʳʪʳʝ ʢʦʤʥʘʪʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ). ʋ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʩʦʚʝʨʰʘʝʤʘʷ ʨʘʙʦʪʘ ʨʘʩʭʦʜʫʝʪʩʷ ʢʘʢ ʥʘ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠʟ ʦʙʣʘʩʪʠ ʥʠʟʢʦʛʦ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʦʚ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʘʰʠʥʘʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʫʱʥʦʩʪʴʶ ʠʭ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ 

ʩʦʚʝʨʰʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʛʘʟʫ. ɿʘ ʩʯʝʪ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʨʝʥʠʝ ʚ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʷʭ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʘʚʣʝʥʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ, 

ʩʦʚʝʨʰʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ.  

ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨ (ʊʂ) ï ʢʦʤʧʨʝʩʩʦʨ, ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʢʦʪʦʨʦʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʛʘʟʘ ʩ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ï ʣʦʧʘʪʢʘʤʠ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. ʇʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʘʨʦʚʳʤ ʠ ʛʘʟʦʚʳʤ ʪʫʨʙʠʥʘʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ-ʜʚʠʛʘʪʝʣʷʤʠ. ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʰʠʥ-ʜʚʠʛʘʪʝʣʝʡ, ʦʜʠʥʘʢʦʚʳ. ʀʜʝʥʪʠʯʥʳ ʠ ʫʨʘʚʥʝʥʠʷ, ʠʭ 

ʦʧʠʩʳʚʘʶʱʠʝ. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

ʜʝʣʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʶ, ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʵʪʠʭ 

ʤʘʰʠʥ. 

1.2. ʇʈʀʅʎʀʇ ɼɽʁʉʊɺʀʗ ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈʆɺ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʦʷʩʥʝʥ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʛʦ ʦʩʝʚʦʛʦ ʢʦʤ-

ʧʨʝʩʩʦʨʘ (ʆʂ), ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.2.1. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 

(ʩʪʘʪʦʨʘ) 1 ʠ ʨʦʪʦʨʘ 2, ʧʨʠʚʦʜʠʤʦʛʦ ʚʦ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʤʫʬʪʫ 3 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʠʣʠ ʯʝʨʝʟ ʧʦʚʳʰʘʶʱʫʶ ʦʙʦʨʦʪʳ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ 

(ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ), ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʧʘʨʦʚʦʡ ʠʣʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ. 

ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʨʦʪʦʨʘ ʦʙʨʘʟʫʶʪ 

ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ, ʦʤʳʚʘʝʤʫʶ ʩʞʠʤʘʝʤʳʤ ʛʘʟʦʤ ï 

ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ. 
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ʇʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʩʴ ʨʦʪʦʨʘ ï ʵʪʦ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ 

ʧʣʦʩʢʦʩʪʴ. ʋ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩʞʠʤʘʝʤʳʡ ʛʘʟ ï ʨʘʙʦʯʝʝ ʪʝʣʦ ï 

ʜʚʠʞʝʪʩʷ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ  ʦʩʠ ʨʦʪʦʨʘ. 

ɺʦʦʙʨʘʞʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʩʝʯʝʥʠʷʤʠ H, l, 2, 3, 4, K (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 4), ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʜʝʣʠʪʩʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʆʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ï ʵʪʦ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ (ʈʂ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʣʦʧʘʩʪʝʡ ʩʧʝʮʠʘʣʴʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ ï ʣʦʧʘʪʦʢ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʨʦʪʦʨʘ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ 1 ʠ 2. ʅʘ ʨʠʩʫʥʢʝ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʳ 

ʪʦʣʴʢʦ ʪʨʠ ʣʦʧʘʪʢʠ: ʜʚʝ ʚ ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ, ʠ ʦʜʥʘ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʡ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ. 

 

 

 

ʈʠʩ. 1.2.1. ʉʭʝʤʘ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʦʜʥʦʡ ʩʪʫʧʝʥʴʶ. 

 

ɽʩʣʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʦʚʝʩʪʠ ʚʦʦʙʨʘʞʘʝʤʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʜʠʫʩʘ r, ʪʦ ʯʘʩʪʠʮʳ ʛʘʟʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʯʘʣʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚʝʩʴʤʘ ʙʣʠʟʢʠʤʠ ʢ 

ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ, ʪ.ʝ. ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʠʥʷʪʴ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʢʘ. ʇʝʨʝʩʝʯʝʥʠʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʦʧʘʪʢʠ ʦʙʨʘʟʫʝʪ 

ʧʨʦʬʠʣʴ ʣʦʧʘʪʢʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʬʠʣʝʡ ʚʩʝʭ ʣʦʧʘʪʦʢ ʥʘ ʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ï ʵʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʢʦʣʴʮʝʚʘʷ ʣʦʧʘʪʦʯʥʘʷ  ʨʝʰʝʪʢʘ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʘ  ʨʠʩ. 1.2.2.   

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠ ʦʧʳʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩ ʣʦʧʘʪʢʘʤʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ 
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ʪʘʢʦʡ ʞʝ, ʢʘʢ ʚ ʧʣʦʩʢʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʨʘʟʚʝʨʥʫʪʘ ʢʦʣʴʮʝʚʘʷ ʨʝʰʝʪʢʘ. ʊʘʢʘʷ 

ʨʘʟʚʝʨʪʢʘ ʦʙʨʘʟʫʝʪ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʨʷʤʫʶ ʨʝʰʝʪʢʫ (ʨʠʩ. 1.2.2), ʚ ʢʦʪʦʨʦʡ 

ʙʝʩʢʦʥʝʯʥʳʡ ʨʷʜ ʣʦʧʘʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʰʘʛʘ 

ʨʝʰʝʪʢʠ t = 2 r/z,p  ʛʜʝ r  ï ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ, a z ï 

ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʢʦʣʝʩʘ. ʇʨʦʬʠʣʠ ʣʦʧʘʪʦʢ ʠʤʝʶʪ ʫʜʦʙʦʦʙʪʝʢʘʝʤʫʶ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʪʦʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ, ʪ.ʝ. ʦʪ ʫʛʣʘ ʚʭʦʜʘ 1ʣb  ʠ ʚʳʭʦʜʘ 2ʣb . ʕʪʦ ʫʛʣʳ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʳʤʠ 

ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʠ ʧʝʨʝʜʥʠʤ ʠ ʟʘʜʥʠʤ ʬʨʦʥʪʘʤʠ ʨʝʰʝʪʢʠ (ʵʪʦ 

ʣʠʥʠʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʚʭʦʜʥʫʶ ʠ ʚʳʭʦʜʥʫʶ ʢʨʦʤʢʠ ʣʦʧʘʪʦʢ).  

ɺ ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ ʨʝʰʝʪʢʘ ʢʦʣʝʩʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʴʶ u, ʨʘʚʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʦʧʘʪʦʢ ru ³=w  ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ï ʨʠʩ. 1.2.3. 

 

 

 

 

ʈʠʩ. 1.2.2. ʕʣʝʤʝʥʪʘʨʥʘʷ ʢʦʣʴʮʝʚʘʷ ʠ ʧʨʷʤʘʷ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʸʪʢʠ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

 

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʦʪʦʨ ʥʝ ʚʨʘʱʘʝʪʩʷ: w= 

0. ʊʦʛʜʘ ʚʩʷ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʩ ʫʯʝʪʦʤ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ-

ʧʦʣʥʝʥʘ ʥʝʧʦʜʚʠʞʥʳʤ ʛʘʟʦʤ. ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʜʠʥʘʢʦʚʦ ʠ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ap . ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʜʚʠʛʘʪʝʣʷ 

ʣʦʧʘʪʢʠ ʥʘʯʥʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ, 

ʦʙʨʘʱʝʥʥʦʡ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ, ʚʦʟʥʠʢʥʝʪ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʩʦʟʜʘʜʫʪ ʩʠʣʳ ʠʥʝʨʮʠʠ ʯʘʩʪʠʮ (ʵʣʝʤʝʥʪʘʨʥʦ ʤʘʣʳʭ ʦʙʲʝʤʦʚ) ʛʘʟʘ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ, ʚʳʚʦʜʠʤʳʭ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ 

ʣʦʧʘʪʢʦʡ. 

ɽʩʣʠ ʙʳ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ, ʥʝ ʧʦʩʣʝʜʦʚʘʣʠ ʟʘ ʥʝʡ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ 

ʨʦʪʦʨʘ, ʪʦ ʟʜʝʩʴ ʦʙʨʘʟʦʚʘʣʘʩʴ ʙʳ ʟʦʥʘ ʘʙʩʦʣʶʪʥʦʛʦ ʚʘʢʫʫʤʘ, ʯʝʛʦ ʙʳʪʴ ʥʝ 

ʤʦʞʝʪ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʧʦʥʠʞʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʜʘʣʠ ʦʪ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʛʘʟʘ ʚʳʭʦʜʷʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʠ ʩʣʝʜʫʶʪ ʟʘ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʦʧʘʪʦʢ. ʆʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 

1.2.3 ʘ)) ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʢʘʤʠ ʧʣʶʩ ʠ ʤʠʥʫʩ. 

 

 

 

ʘ                                   ʙ 

 

ʈʠʩ. 1.2.3. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʸʪʢʝ (ʨʝʰʝʪʢʝ 

ʧʨʦʬʠʣʝʡ): (ʘ) ï ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, (ʙ) ï ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʚʥʝʰʥʠʭ ʩʠʣ: 

ï ʩʠʣʘ ʦʪ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʯʘʩʪʠʮʳ, 

ï ʩʠʣʘ ʪʨʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʯʘʩʪʠʮʳ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ʉʠʣʳ ʪʨʝʥʠʷ ï ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʛʘʟʘ. ʇʨʝʦʜʦʣʝʥʠʝ ʵʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʙʫʝʪ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʪ.ʝ. ʚʝʜʸʪ ʢ ʧʦʪʝʨʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʚ ʩʫʤʤʘʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʦʧʘʪʦʢ ʩ 

ʛʘʟʦʤ ʜʦʣʷ ʩʠʣ ʚʷʟʢʦʩʪʠ ʥʝʚʝʣʠʢʘ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʩʠʣʘʤʠ ʚʷʟʢʦʩʪʠ, ʪʦ 

ʧʦʣʫʯʘʝʤʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʜʘʚʣʝʥʠʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʩʠʣʘ 

P  ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ, ʠʣʠ ʩʠʣʦʡ ɾʫʢʦʚʩʢʦʛʦ (ʘʢʘʜʝʤʠʢ ʅ.ɽ. 

ɾʫʢʦʚʩʢʠʡ ï çʦʪʝʮ ʨʫʩʩʢʦʡ ʘʚʠʘʮʠʠè). ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʘ 

ʩʠʣʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʣʦʧʘʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ (ʚʳʩʦʪʘ). ʊʘʢ ʢʘʢ ʫ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʨʝʰʝʪʢʠ ʣʦʧʘʪʢʘ ʚʳʩʦʪʳ ʥʝ ʠʤʝʝʪ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʣʦʧʘʪʢʫ ʩ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʜʝʡʩʪʚʫʝʪ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʬʠʣʷ, ʩʠʣʘ P  ʥʘʧʨʘʚʣʝʥʘ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2.3 ʘ ï 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʭʦʨʜʝ ʧʨʦʬʠʣʷ. ʇʦʜʲʝʤʥʘʷ ʩʠʣʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ u  ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ z, ʩʦʚʧʘʜʘʶʱʝʤ ʩ ʦʩʴʶ ʨʦʪʦʨʘ. 

ʅʘ ʨʦʪʦʨ ʜʝʡʩʪʚʫʝʪ ʦʩʝʚʘʷ ʩʠʣʘ zlPz ÖÖ , ʛʜʝ l  ï ʚʳʩʦʪʘ ʣʦʧʘʪʦʢ, a z ï 

ʠʭ ʯʠʩʣʦ. ʋ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ ʩʘʤʦʣʝʪʦʚ ʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʢʦʨʘʙʣʝʡ ʵʪʦ 

ʩʠʣʘ ʪʷʛʠ, ʨʘʜʠ ʢʦʪʦʨʦʡ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʭ ʠ ʪʫʨʙʠʥʘʭ ʵʪʘ ʩʠʣʘ ʯʝʨʝʟ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʪʘʪʦʨ ʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ.  

ʉʠʣʘ uP  ʩʦʟʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ z ʤʦʤʝʥʪ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʡ ʝʛʦ 

ʚʨʘʱʝʥʠʶ. ʕʪʦʪ ʤʦʤʝʥʪ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ 

ʨʘʟʚʠʚʘʝʪ ʤʦʱʥʦʩʪʴ T z u

l

N M z P rdlw w= = ñ . ʄʦʱʥʦʩʪʴ TN  ʧʝʨʝʜʘʝʪʩʷ 

ʣʦʧʘʪʢʘʤʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʛʘʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ 

ʩʞʘʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʚʝʥʩʪʚʘ ʜʝʡʩʪʚʠʷ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, 

ʣʦʧʘʪʢʠ ʢʦʣʝʩʘ ʜʝʡʩʪʚʫʶʪ ʥʘ ʛʘʟ ʩ ʩʠʣʦʡ /P P=-. ɻʘʟ, ʥʘʭʦʜʠʚʰʠʡʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʜʦ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʣʦʧʘʪʦʢ, ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʛʦ ʩʠʣʳ /P . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʯʝʥʠʠ 2 ʛʘʟ 
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ʧʨʠʦʙʨʝʪʘʝʪ ʘʙʩʦʣʶʪʥʫʶ ʩʢʦʨʦʩʪʴ 2c  (ʩʢʦʨʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʧʫʩʦʤ ʢʦʤʧʨʝʩʩʦʨʘ), ʪʘʢʞʝ ʠʤʝʶʱʫʶ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

ʨʘʩʭʦʜʥʫʶ ʩʢʦʨʦʩʪʴ zc  ʠ ʟʘʢʨʫʪʢʫ uc .  

ʏʝʨʝʟ ʢʦʥʪʨʦʣʴʥʦʝ ʩʝʯʝʥʠʝ 2 ʧʨʦʭʦʜʠʪ ʛʘʟ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 2 2zm f cr= , 

ʛʜʝ 2r ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʚ ʩʝʯʝʥʠʠ 2, 2f  ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ. ʄʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ ʚʦ ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ (ʫʩʣʦʚʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʝʯʝʥʠʠ 1 ʚʦʟʥʠʢʘʝʪ ʜʚʠʞʝʥʠʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʩʦ ʩʢʦʨʦʩʪʴʶ 
2 2

1 2

1 1 1 1

z z

m f
c c

f f

r

r r
= = . ʋ ʨʘʙʦʯʠʭ ʢʦʣʝʩ 

ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʦʠʟʚʝʜʝʥʠʝ fr³  ʚ ʩʝʯʝʥʠʷʭ ʧʝʨʝʜ, ʠ ʟʘ ʣʦʧʘʪʢʘʤʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʠ ʨʘʜʠ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʠʝ 

zzz ccc == 21 . ɺ ʩʝʯʝʥʠʠ 1 ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚʦʟʥʠʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʨʝʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʣʦʧʘʪʢʘʤʠ ʢʦʣʝʩʘ, ʦʪʙʨʘʩʳʚʘʶʱʠʤʠ ʛʘʟ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ z ʠ u. ɼʘʚʣʝʥʠʝ 1p  ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ 

ʢʦʤʧʨʝʩʩʦʨʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʥʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ap . ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ 1ppa-  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʦʜʚʦʜʘ ʛʘʟʘ ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ. 

ɺ ʢʦʤʧʨʝʩʩʦʨʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩ. 1.2.1, ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʟʘʩʪʘʚʣʷʝʪ 

ʛʘʟ ʜʚʠʛʘʪʴʩʷ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ.ʝ. zz ccc == 11  ʠ ʧʝʨʝʜ ʨʘʙʦʯʠʤ 

ʢʦʣʝʩʦʤ ʛʘʟ ʟʘʢʨʫʪʢʠ ʥʝ ʠʤʝʝʪ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ ʛʘʟ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʢʨʫʪʢʫ 
2uc .  ʇʨʠ zcc =1  ʠ 

2 2

2 z uc c c= + , 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʛʘʟʘ ʚ ʢʦʣʝʩʝ ʚʦʟʨʘʩʪʘʝʪ: 

( ) 2
2

2
1

2
2 5,05,0 uccc =- . ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʠʩ. 1.2.3 ʧʦʢʘʟʘʥʳ ʣʦʧʘʪʦʯʥʳʝ 

ʨʝʰʝʪʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘ ʚʭʦʜʝ ʚ ʈʂ ʛʘʟ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʟʘʢʨʫʪʢʫ, ʪ.ʝ. 

1 1 1z uc c c= +. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʛʠʭ ʪʠʧʦʚ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʣʦʧʘʪʢʠ ʢʦʣʝʩʘ ʫʚʝʣʠʯʠʚʘʶʪ ʟʘʢʨʫʪʢʫ: 
2 1u uc c , ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ.    

ʅʘ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʘ ʚ ʢʦʣʝʩʝ ʪʨʘʪʠʪʩʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ TN , 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘʷ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʠʜʝʪ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʢʦʣʝʩʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʚ ʢʦʥʝʯʥʦʤ ʩʝʯʝʥʠʠ K  ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʪʠ ʩʦʟʜʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ak ppp -=D . ɽʩʣʠ ʙʳ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʥʝ ʙʳʣ 

ʩʦʝʜʠʥʝʥ ʩ ʩʝʪʴʶ, ʘ ʩʚʷʟʳʚʘʣ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʪʦ ʧʨʠ 0=Dp  
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ʚʩʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʟʘʪʨʘʯʠʚʘʣʘʩʴ ʙʳ ʥʘ ʨʘʟʛʦʥ ʛʘʟʘ ʠ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ.  

ʇʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʚʣʝʥʠʝ ʚ ʦʙʩʣʫʞʠʚʘʝʤʦʡ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʩʠʩʪʝʤʝ (ʩʝʪʠ) ʙʦʣʴʰʝ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ: 

ak pp X . ʇʦʵʪʦʤʫ ʟʘ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʜʘʚʣʝʥʠʝ 

12 ppp aXX . ʇʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ ʠʟ ʦʙʣʘʩʪʠ ʤʝʥʴʰʝʛʦ ʜʘʚʣʝʥʠʷ 1p  ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʝʛʦ 2p  ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʝʛʦ ʩʞʘʪʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʩʠʣʳ /P  ʥʘ ʛʘʟ ʩʦ ʩʪʦʨʦʥʳ ʣʦʧʘʪʦʢ. 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. ʆʥʦ ʧʝʨʝʜʘʝʪ ʛʘʟʫ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʦʪ ʜʚʠʛʘʪʝʣʷ, ʠ 

ʪʦʛʜʘ ʩʦʟʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʛʘʟʘ, ʚ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚʦʟʨʘʩʪʘʝʪ. 

ʀʟʙʳʪʦʯʥʘʷ ʞʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʛʘʟʦʤ ʚ ʢʦʣʝʩʝ, ʨʘʚʥʘ 

( )2 2

2 10,5 u uc c-  ʠ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ ʢʦʣʝʩʘ, ʥʦ ʩʘʤʘ ʧʦ 

ʩʝʙʝ ʥʝ ʥʫʞʥʘ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ ʠʟ ʦʙʣʘʩʪʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 1p , ʚ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 2p  ʠ ʜʘʣʝʝ ʧʦ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʦʩʪʘʪʦʯʥʘ 

ʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ zc .  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ 

ʜʘʚʣʝʥʠʷ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ ʢʘʥʘʣʘʭ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ï 

ʜʠʬʬʫʟʦʨʘʭ. ʋ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʫʧʝʥʠ ʜʠʬʬʫʟʦʨʳ ʦʙʨʘʟʦʚʘʥʳ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʥʝʧʦʜʚʠʞʥʳʭ ʣʦʧʘʪʦʢ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ (ʅɸ) 

(ʩʝʯʝʥʠʷ 2, 3 ʥʘ ʨʠʩ. 1.2.1, ʨʠʩ. 1.2.3 ʙ).  

ʃʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠʟʦʛʥʫʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʚʭʦʜʷʱʠʡ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 2c  ʧʦʪʦʢ ʦʪʢʣʦʥʷʝʪʩʷ ʢ 

ʦʩʝʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʝʛʦ ʟʘʢʨʫʪʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʥʘ ʚʳʭʦʜʝ ʩʢʦʨʦʩʪʴ 3c  

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ 1c, ʘ ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ: 23 pp X . ʊʘʢ ʢʘʢ ʚ 

ʩʝʯʝʥʠʷʭ 1 ʠ 3 ʩʢʦʨʦʩʪʠ 1 3c c=  ʨʘʚʥʳ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʪʫʧʝʥʠ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʥʘ ʚʭʦʜʝ ʚ ʩʪʫʧʝʥʴ. ɹʣʘʛʦʜʘʨʷ ʥʘʧʨʘʚʣʷʶʱʝʤʫ 

ʘʧʧʘʨʘʪʫ ʧʦʪʦʢ ʚʳʭʦʜʠʪ ʠʟ ʩʪʫʧʝʥʠ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ, 

ʥʦ ʠ ʩ ʪʝʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʘʢ ʥʘ ʚʭʦʜʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʘʚʠʪʴ ʚʩʣʝʜ ʟʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ  ʚʪʦʨʫʶ, ʪʨʝʪʴʶ ʠ ʪ.ʜ. 

ʩʪʫʧʝʥʠ. 

ʋ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʩʪʫʧʝʥʝʡ ʜʦʩʪʠʛʘʝʪ 15 ï 25 ʠ ʙʦʣʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʝʯʥʦʝ 

ʜʘʚʣʝʥʠʝ kp  ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʥʘʯʘʣʴʥʦʝ ʥp  ʚ ʜʝʩʷʪʴ ï ʪʨʠʜʮʘʪʴ (ʠ ʙʦʣʝʝ) 
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ʨʘʟ ʧʨʠ ʦʙʳʯʥʦʤ ʜʣʷ ʦʜʥʦʡ ʩʪʫʧʝʥʠ  ʦʪʥʦʰʝʥʠʠ ʜʘʚʣʝʥʠʡ 35,115,1
1

3 -º=
p

p
p

.  

ɺʳʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɺʋ) (ʩʝʯʝʥʠʷ 3 ï ʂ) ʦʪʚʦʜʠʪ ʛʘʟ ʦʪ ʩʪʫʧʝʥʠ (ʦʪ 

ʧʦʩʣʝʜʥʝʡ ʩʪʫʧʝʥʠ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ) ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʩʝʪʠ. ʉʢʦʨʦʩʪʴ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʦʡ, ʠʥʘʯʝ ʧʦ ʧʫʪʠ ʢ 

ʧʦʪʨʝʙʠʪʝʣʶ ʙʫʜʝʪ ʧʦʪʝʨʷʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʳʭʦʜʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʜʠʬʬʫʟʦʨʘ (ʩʝʯʝʥʠʝ 3 ï 

ʢʦʥʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ 4) ʠ ʧʘʪʨʫʙʢʘ (ʩʝʯʝʥʠʷ 4 ï ʂ), ʩʦʙʠʨʘʶʱʝʛʦ ʛʘʟ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʚʳʭʦʜʘ ʠʟ ʜʠʬʬʫʟʦʨʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʝʛʦ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ. 

ʀʪʘʢ, ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1.2.1): 

- ʢʦʥʬʫʟʦʨʥʦʛʦ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ (ʩʝʯʝʥʠʷ ʅ ï 1), ʚ ʢʦʪʦʨʳʡ ʛʘʟ 

ʟʘʩʘʩʳʚʘʝʪʩʷ ʠ ʛʜʝ ʦʥ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʩʢʦʨʦʩʪʠ 1ʩ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʝʞʝʥʠʶ, 

ʩʦʟʜʘʚʘʝʤʦʤʫ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ; 

- ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʫʧʝʥʝʡ (ʩʝʯʝʥʠʷ 1 ï 3), ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ; 

- ʚʳʭʦʜʥʦʛʦ ʜʠʬʬʫʟʦʨʘ (ʩʝʯʝʥʠʷ 3 ï 4); 

- ʚʳʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ (ʩʝʯʝʥʠʷ 4 ï ʂ). 

ʅʘ ʨʠʩ. 1.2.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ (ʎʂ), ʢʦʪʦʨʳʡ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ. ʃʦʧʘʪʢʠ 1 ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʪʦʨʘ, ʢʘʢ ʫ ʦʩʝʚʦʛʦ, ʘ ʥʘ ʨʘʜʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʜʠʩʢʘ 2 ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ɺʳʩʦʪʘ ʣʦʧʘʪʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʧʦʵʪʦʤʫ ʧʨʦʪʝʯʢʠ ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʳʤ ʢʦʨʧʫʩʦʤ ʠ 

ʦʪʢʨʳʪʳʤʠ ʪʦʨʮʘʤʠ ʣʦʧʘʪʦʢ, ʢʘʢ ʫ ʆʂ, ʙʳʣʠ ʙʳ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ. ʇʦʵʪʦʤʫ 

ʪʦʨʮʳ ʣʦʧʘʪʦʢ ʟʘʢʨʳʪʳ ʧʦʢʨʳʚʘʶʱʠʤ ʜʠʩʢʦʤ 3. ʃʦʧʘʪʢʠ 1 ʠ ʜʠʩʢʠ 2 ʠ 3 

ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʦʙʝʞʥʦʝ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ. ʀʥʦʛʜʘ 

ʧʦʢʨʳʚʘʶʱʠʡ ʜʠʩʢ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦʛʜʘ ʢʦʣʝʩʦ ʥʘʟʳʚʘʶʪ ʧʦʣʫʦʪʢʨʳʪʳʤ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʦʣʝʩʘ ʝʛʦ ʣʦʧʘʪʢʠ ʟʘʢʨʫʯʠʚʘʶʪ ʧʦʪʦʢ, ʪ.ʝ. ʧʨʠʜʘʶʪ ʝʤʫ 

ʦʢʨʫʞʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʢʦʨʦʩʪʠ uc  ʠ ʧʝʨʝʤʝʱʘʶʪ ʛʘʟ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʦʩʠ ʤʘʰʠʥʳ ʢ ʧʝʨʠʬʝʨʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ rc , ʯʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʟʚʘʥʠʝ 

ʤʘʰʠʥʳ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʯʝʨʝʟ 

ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʢʦʣʝʩʘ ʠ ʧʦʪʦʤ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʝ ʣʦʧʘʪʢʠ 

ʩʣʝʜʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʫʧʝʥʠ, ʣʦʧʘʪʦʯʥʦʛʦ ʜʠʬʬʫʟʦʨʘ 4 (ʃɼ), ʟʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʠʥʷʪʴ ʨʘʜʠʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ. ʅʘ 
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ʨʠʩ. 1.2.4 ʙ ʧʦʢʘʟʘʥʦ ʩʝʯʝʥʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. 

ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʣʦʧʘʪʢʘʤʠ ʢʦʣʝʩʘ ʠ ʣʦʧʘʪʦʯʥʦʛʦ ʜʠʬʬʫʟʦʨʘ 

ʦʙʨʘʟʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʢʨʫʛʦʚʳʝ ʨʝʰʝʪʢʠ, ʬʦʨʤʘ 

ʢʦʪʦʨʳʭ ʷʩʥʘ ʠʟ ʨʠʩ. 1.2.4 ʙ. 

ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʦʧʘʪʦʢ ʢʦʣʝʩʘ ʩ ʧʦʪʦʢʦʤ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʫ 

ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ P  ʩʦʟʜʘʝʪ ʥʘ ʣʦʧʘʪʢʘʭ ʢʦʣʝʩʘ 

ʤʦʤʝʥʪ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤ ʧʨʠʚʦʜʥʦʡ ʜʚʠʛʘʪʝʣʴ. ʉʠʣʘ 
'P , 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʛʘʟ ʩʦ ʩʪʦʨʦʥʳ ʣʦʧʘʪʦʢ, ʟʘʩʪʘʚʣʷʝʪ ʛʘʟ ʜʚʠʛʘʪʴʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ c  ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ u  ʠ r. ʉʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ uc ï çʟʘʢʨʫʪʢʘè, 

ʩʦʩʪʘʚʣʷʶʱʘʷ rc  ï ʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ. ɺʦʟʥʠʢʘʶʱʝʝ ʧʝʨʝʜ ʣʦʧʘʪʢʘʤʠ 

ʨʘʟʨʝʞʝʥʠʝ ʟʘʩʪʘʚʣʷʝʪ ʛʘʟ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʛʘʪʴʩʷ ʢ ʢʦʣʝʩʫ, ʩʥʘʯʘʣʘ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʧʦʪʦʤ ï ʚ ʨʘʜʠʘʣʴʥʦʤ (ʨʠʩ. 1.2.4 ʘ). ʃʦʧʘʪʢʠ ʜʠʬʬʫʟʦʨʘ 4 

ʩʜʝʣʘʥʳ ʪʘʢ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘ ʝʛʦ ʚʳʭʦʜʝ 4c  ʤʝʥʴʰʝ, ʯʝʤ 2c , ʢʘʢ ʟʘ ʩʯʝʪ 

ʨʘʜʠʘʣʴʥʦʡ, ʪʘʢ ʠ ʟʘ ʩʯʸʪ ʦʢʨʫʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺʳʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï 

ʫʣʠʪʢʘ 5 ï ʩʦʙʠʨʘʝʪ ʛʘʟ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʣʦʧʘʪʦʯʥʦʛʦ ʜʠʬʬʫʟʦʨʘ 4 ʠ ʚʳʚʦʜʠʪ 

ʝʛʦ ʠʟ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʉʢʦʨʦʩʪʴ 4cck b , ʪ.ʝ. ʫʣʠʪʢʘ ï ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʜʠʬʬʫʟʦʨ. 

ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1.2.4 ʩʭʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʤʫ 

ʢʦʤʧʨʝʩʩʦʨʫ. ɽʩʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʫʧʝʥʷʭ, ʚʤʝʩʪʦ ʫʣʠʪʢʠ ʧʨʠʤʝʥʷʶʪ 

ʦʙʨʘʪʥʦ-ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ (ʆʅɸ). ʌʦʨʤʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʷʩʥʘ ʠʟ 

ʨʠʩ. 1.2.5, ʛʜʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʦʜʥʦʤ ʚʘʣʫ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʜʦ 6 ï 8 ʩʪʫʧʝʥʝʡ ʠ 

ʩʞʠʤʘʪʴ ʛʘʟ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʦʨʧʫʩʘʭ ʩʞʘʪʠʷ,  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ. 
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ʈʠʩ.1.2.4. ʉʭʝʤʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

(ʘ) ï ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ, (ʙ) ï ʨʘʜʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ  

 

 

 

 

 

ʈʠʩ. 1.2.5. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

 

 ɺ ʦʩʥʦʚʥʦʤ ʵʣʝʤʝʥʪʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ï ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ï ʚ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʘʟ ʜʚʠʞʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ɹʦʣʝʝ ʦʙʱʝʝ 

ʠ ʨʝʞʝ ʧʨʠʤʝʥʷʝʤʦʝ ʥʘʟʚʘʥʠʝ ï ʨʘʜʠʘʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʠʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʈʂ ï ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ. ʕʪʦ ʥʝʵʬʬʝʢʪʠʚʥʦ ʩ ʧʦʟʠʮʠʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʫ ʥʝʢʦʪʦʨʳʭ ʥʝʪʠʧʠʯʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʧʦʜ ʪʝʨʤʠʥ çʨʘʜʠʘʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨè ʧʦʜʧʘʜʘʶʪ ʠ 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʥʘʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʥʘ ʧʨʠʤʝʨʝ 
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ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʆʂ, ʭʦʪʷ ʬʦʨʤʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʷ ʨʘʟʥʳʝ. 

ʕʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʆʂ, ʷʚʣʷʝʪʩʷ ʆʅɸ ʜʣʷ ʧʦʜʚʦʜʘ 

ʛʘʟʘ ʢ ʈʂ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ ʠʟ ʜʠʬʬʫʟʦʨʘ ʧʨʝʜʳʜʫʱʝʡ. 

1.3. ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʂʆʄʇʈɽʉʉʆʈʆɺ 

ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʙʘʟʦʚʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʝ, ʪʨʘʥʩʧʦʨʪʝ. ʆʩʥʦʚʥʳʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ: 

ï ʮʠʢʣʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʜʘʶʱʠʝ 

ʚʦʟʜʫʭ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʫ ʢʨʫʧʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ ʪʳʩʷʯ ʢʠʣʦʚʘʪʪ. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ɻʊɼ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ  ʢʛ/ʩ ʧʨʠ 

ʦʪʥʦʰʝʥʠʠ ʜʘʚʣʝʥʠʡ ʜʦ ʜʚʫʭ ï  ʪʨʝʭ ʜʝʩʷʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʩʭʝʤʳ 

ɻʊʋ. ʋ ɻʊʋ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʩʝʚʳʝ 

ʢʦʤʧʨʝʩʩʦʨʳ, ʫ ɻʊʋ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʜʥʦ ï 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʠʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʦʩʝʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ 

ʩ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʴʶ ʥʘ ʚʳʭʦʜʝ. ʊʨʘʜʠʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ ʦʙʰʠʨʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ɻʊɼ ï ʵʪʦ ʜʚʠʛʘʪʝʣʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʪʘʢʞʝ  ʧʨʠʚʦʜʥʳʝ ʜʚʠʛʘʪʝʣʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʡʯʘʩ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʝʨʝʦʨʠʝʥʪʠʨʫʝʪʩʷ 

ʥʘ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʝ ʧʘʨʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ɻʊɼ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 
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ʈʠʩ.1.3.1. ʇʝʨʚʳʝ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʦʚ ʩ ʦʩʝʚʳʤʠ 

ʢʦʤʧʨʝʩʩʦʨʘʤʠ (1940-ʝ ʛʛ. ɻʝʨʤʘʥʠʷ). 

 

 

 

 

ʈʠʩ. 1.3.2. ʉʦʚʨʝʤʝʥʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʜʚʫʭʢʘʩʢʘʜʥʳʤ (ʜʚʘ ʩʦʦʩʥʳʭ ʨʦʪʦʨʘ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ) ʦʩʝʚʳʤ 

ʢʦʤʧʨʝʩʩʦʨʦʤ 

 

 

 

ʈʠʩ. 1.3.3. ɼʚʫʭʢʦʥʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʣʘʡʥʝʨʘ ʩ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʦʤ, ʩʦʟʜʘʶʱʠʤ ʦʩʥʦʚʥʫʶ ʪʷʛʫ ʜʚʠʛʘʪʝʣʷ, ʠ 

ʦʩʝʚʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ 
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ʈʠʩ. 1.3.4. ʈʦʪʦʨ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ɻʊʋ  

ʤʦʱʥʦʩʪʴʶ 280 ʤʝʛʘʚʘʪʪ 

 

ï ʪʫʨʙʦʥʘʜʜʫʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺʳʭʣʦʧʥʳʝ ʛʘʟʳ 

ɼɺʉ ʧʨʠʚʦʜʷʪ ʚ ʜʝʡʩʪʚʠʝ ʪʫʨʙʠʥʫ, ʚʨʘʱʘʶʱʫʶ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʩʠʜʷʱʠʡ ʩ ʥʝʡ ʥʘ ʦʜʥʦʤ ʚʘʣʫ.  

 

 

 



27 

 

 

ʈʠʩ. 1.3.5. ɺʚʝʨʭʫ ï ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʘʛʨʝʛʘʪʘ ʪʫʨʙʦʥʘʜʜʫʚʘ 

ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʪʠʧʘ ʊʂʈ (ʨʘʜʠʘʣʴʥʘʷ ʪʫʨʙʠʥʘ, 

ʚʨʘʱʘʶʱʘʷʩʷ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʜʚʠʛʘʪʝʣʷ ï ʩʣʝʚʘ) 

ɺʥʠʟʫ ï ʚʥʝʰʥʠʡ ʚʠʜ ʘʛʨʝʛʘʪʦʚ ʪʫʨʙʦʥʘʜʜʫʚʘ ʩ ʨʘʜʠʘʣʴʥʦʡ ʠ ʦʩʝʚʦʡ 

ʪʫʨʙʠʥʘʤʠ. 

 

 ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʩʩʫ ʚʦʟʜʫʭʘ ʚ ʮʠʣʠʥʜʨʘʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʞʠʛʘʪʴ ʙʦʣʴʰʝ ʪʦʧʣʠʚʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʣʠʪʨʦʚʫʶ ʤʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʫʨʙʦʥʘʜʜʫʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ. 

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʫʨʙʦʥʘʜʜʫʚʘ ʫ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʊʫʨʙʦʥʘʜʜʫʚ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʫ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,25 ʜʦ 3,5. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʜʣʷ ʩʞʠʛʘʥʠʷ 

ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʪʦʧʣʠʚʘ (ʧʨʠʤʝʨʥʦ 15 ʢʛ ʚʦʟʜʫʭʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʫ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ʋ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʜʚʠʛʘʪʝʣʝʡ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠʟʤʝʨʷʝʪʩʷ ʤʘʣʳʤʠ ʜʦʣʷʤʠ 

ʢʠʣʦʛʨʘʤʤʘ ʚ ʩʝʢʫʥʜʫ, ʧʨʠ ʵʪʦʤ ʜʠʘʤʝʪʨ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʷʜʢʘ 

50 ʤʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʚ ʤʠʥʫʪʫ. ʅʘʦʙʦʨʦʪ, ʫ ʢʨʫʧʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʪʫʨʙʦʥʘʜʜʫʚʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʭʦʜ, 

ʠʟʤʝʨʷʝʤʳʡ ʤʥʦʛʠʤʠ ʢʛ/ʩ ʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ; 

ï ʪʷʛʦʜʫʪʴʝʚʳʝ ʤʘʰʠʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʪʦʧʢʠ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ, ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʕʪʦ ʦʯʝʥʴ ʢʨʫʧʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʦʩʝʚʳʝ ʠʣʠ 

ʮʝʥʪʨʦʙʝʞʥʳʝ ʤʘʰʠʥʳ ʩ ʤʦʱʥʦʩʪʴʶ, ʠʟʤʝʨʷʝʤʦʡ ʪʳʩʷʯʘʤʠ ʢʠʣʦʚʘʪʪ, ʠ 

ʥʝʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ ʧʦʨʷʜʢʘ 1,1 ï 1,2. ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ  

ʩʫʜʦʚʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʩʦʟʜʘʶʪ ʚ ʥʠʭ ʜʘʚʣʝʥʠʝ ʜʦ ʜʘʚʣʝʥʠʷ 3,5 ʙʘʨ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʰʠʨʝʥʠʝʤ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʚ ʪʫʨʙʠʥʝ, ʚʨʘʱʘʶʱʝʡ 

ʢʦʤʧʨʝʩʩʦʨ. ʊʘʢʘʷ ʩʭʝʤʘ ʪʘʢ ʞʝ ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʩʠʨʫʝʪ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, 

ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʶʪ ʘʛʨʝʛʘʪʳ ʥʘʜʜʫʚʘ ɼɺʉ;  
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ʈʠʩ. 1.3.6 ʘ. ʊʠʧʠʯʥʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʩ ʥʝʙʦʣʴʰʠʤ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʪʷʛʦʜʫʪʴʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ 

(ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʢʦʨʧʫʩ ʩʚʘʨʥʦʡ), ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ ʠ ʧʨ. 
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ʈʠʩ. 1.3.6 ʙ. ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʴ, 

ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʨʝʛʫʣʠʨʫʝʤʳʤ ʚʭʦʜʥʳʤ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ 
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ʈʠʩ. 1.3.7. ɸʛʨʝʛʘʪ ʥʘʜʜʫʚʘ ʩʫʜʦʚʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʦʩʝʚʳʤ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʆɸʆ çʂʠʨʦʚ ï ʕʥʝʨʛʦʤʘʰè 

(ʪʘʢ ʞʝ ʜʣʷ ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʣʝʜʦʢʦʣʦʚ, ʠ ʧʨ.) 

 

ï ʚʝʥʪʠʣʷʪʦʨʳ ï ʦʩʝʚʳʝ ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ 

ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʞʠʤʘʶʱʠʝ ʝʛʦ. ʀʭ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʚʦʟʜʫʭʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ.  

 

  

 

ʈʠʩ. 1.3.8. ʉʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʝʚʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʩʧʨʘʚʘ) 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʙʳʪʦʚʳʝ ʚʝʥʪʠʣʷʪʦʨʳ, ʚʝʥʪʠʣʷʪʦʨʳ ʜʣʷ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʘʰʠʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʧʦʤʝʱʝʥʠʡ ʠ ʪʦʥʥʝʣʝʡ ʤʝʪʨʦ ʠ ʰʘʭʪ. ɺʝʥʪʠʣʷʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ï ʦʙʜʫʚ ʨʘʜʠʘʪʦʨʦʚ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ɼɺʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʕɺʄ ʠ ʪ.ʧ. ʈʘʟʤʝʨʳ ʠ ʤʦʱʥʦʩʪʴ ʚʝʥʪʠʣʷʪʦʨʦʚ ʣʝʞʘʪ ʚ ʦʯʝʥʴ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

(ʦʙʳʯʥʦ ʤʝʥʝʝ ʩʪʘ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ) ʠ ʫʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʰʠʥ. 

ʆʙʘɦʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʤʦʱʥʦʩʪʴ ʦʯʝʥʴ ʚʝʣʠʢʘ; 

ï ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʜʨ. ʜʦ 40% ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʚʠʜʝ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʜʚʦʜʠʪ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʢ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ, ʛʜʝ ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʷʭ, ʰʪʘʤʧʘʭ, ʧʨʝʩʩʘʭ, 
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ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʨʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ. 

ʆʙʩʣʫʞʠʚʘʶʱʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8 ʜʦ 12 ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʦʚ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʦʪ 30 ʜʦ 500 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ 

ʤʠʥʫʪʫ. ʇʥʝʚʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʙʩʣʫʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʠ ʨʝʟʝʨʚʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ; 

 

 

 

ʈʠʩ. 1.3.9 ʘ. ɼʚʫʭʚʘʣʴʥʳʡ ʯʝʪʳʨʝʭʩʪʫʧʝʥʯʘʪʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ ʆɸʆ çɼʘʣʴʵʥʝʨʛʦʤʘʰè ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ (ʢʦʨʧʫʩʘ ʩʪʫʧʝʥʝʡ ʠ ʚʝʨʭʥʷʷ ʢʨʳʰʢʘ ʢʦʨʧʫʩʘ ʧʦʚʳʰʘʶʱʝʡ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩʥʷʪʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ) 
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ʈʠʩ. 1.3.9 ʙ. ɺʠʜ ʥʘ ʙʳʩʪʨʦʭʦʜʥʳʡ ʠ ʪʠʭʦʭʦʜʥʳʡ ʨʦʪʦʨʳ 

ʤʥʦʛʦʚʘʣʴʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ (ʢʦʨʧʫʩʘ ʩʪʫʧʝʥʝʡ ʠ ʚʝʨʭʥʷʷ 

ʢʨʳʰʢʘ ʢʦʨʧʫʩʘ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩʥʷʪʳ)  

 

ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʫʛʫʥʘ. ɼʣʷ ʚʳʧʣʘʚʢʠ ʯʫʛʫʥʘ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ 

ʧʦʜʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʦʙʦʛʘʱʝʥʥʳʡ ʢʠʩʣʦʨʦʜʦʤ.  

 

 

ʈʠʩ. 1.3.10. ɼʚʫʭʢʘʩʢʘʜʥʳʡ ʜʦʤʝʥʥʳʡ ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʩ ʚʩʪʨʝʯʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ʚʘʣʦʚ ʤʦʱʥʦʩʪʴʶ 30 ʤɺʪ (çʅʝʚʩʢʠʡ ʟʘʚʦʜè) 

 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʝʚʳʝ, ʘ ʠʥʦʛʜʘ, ʮʝʥʪʨʦʙʝʞʥʳʝ 

ʢʦʤʧʨʝʩʩʦʨʳ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ ʧʦʨʷʜʢʘ 3,4 ï 5,5. ʆʙʲʝʤʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʠ ʣʝʞʠʪ ʚ 
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ʧʨʝʜʝʣʘʭ 1500 ï 7200 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʤʠʥʫʪʫ. ʋ ʢʨʫʧʥʳʭ ʤʘʰʠʥ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 30 ʪʳʩʷʯ ʢʠʣʦʚʘʪʪ; 

ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢʦʥʚʝʨʪʦʨʥʳʤ ʩʧʦʩʦʙʦʤ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʯʫʛʫʥ 

ʟʘʣʠʚʘʝʪʩʷ ʚ ʦʛʥʝʫʧʦʨʥʫʶ ʝʤʢʦʩʪʴ ï ʢʦʥʚʝʨʪʦʨ, ʯʝʨʝʟ ʩʦʧʣʘ ʚ ʜʥʝ ʢʦʥʚʝʨʪʦʨʘ 

ʧʦʜʘʝʪʩʷ ʢʠʩʣʦʨʦʜ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʝʦʜʦʣʝʪʴ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʩʪʦʣʙʘ ʞʠʜʢʦʛʦ ʯʫʛʫʥʘ. ʂʠʩʣʦʨʦʜ ʚʳʞʠʛʘʝʪ ʠʟʙʳʪʦʢ ʫʛʣʝʨʦʜʘ, 

ʧʨʝʚʨʘʱʘʷ ʯʫʛʫʥ ʚ ʩʪʘʣʴ. ʇʦʜʘʯʘ ʢʠʩʣʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ 

ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʩ ʢʦʥʝʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 4 ʄʇʘ ʠ ʤʦʱʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

2000 ʢɺʪ; 

 

 

 

ʈʠʩ. 1.3.11. ʂʦʤʧʦʥʦʚʢʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʎʎʂ-500 ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ (ʅʀʀʊʂ ï ʂʂɿ). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 500 

ʤ
3
/ʤʠʥ, ʢʦʥʝʯʥʦʝ ʜʘʚʣʝʥʠʝ 4,0 ʄʇʘ, ʪʨʠ ʢʦʨʧʫʩʘ, ʧʷʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʦʭʣʘʞʜʝʥʠʡ 

 

ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʜʦʙʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʠʟ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʘʤʤʠʘʢʘ (ʩʦʝʜʠʥʝʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ). ʀʩʪʦʯʥʠʢʦʤ ʚʦʜʦʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʢʦʢʩʦʚʳʡ ʛʘʟ, ʘ ʘʟʦʪ ʙʝʨʝʪʩʷ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʜʣʷ ʩʞʘʪʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ ʧʦʨʷʜʢʘ 35 ʠ ʤʦʱʥʦʩʪʴʶ 

10000 ʢɺʪ ʠ ʢʦʤʧʨʝʩʩʦʨʳ ʘʟʦʪʦʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ ʩ ʢʦʥʝʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 32 

ʄʇʘ; 

 

ï ʭʠʤʠʷ ʠ ʥʝʬʪʝʭʠʤʠʷ. ʇʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʚʳʩʦʢʦʩʦʨʪʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ, ʧʦʣʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʘʢʮʠʷʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʧʦʜ ʙʦʣʴʰʠʤ 

ʜʘʚʣʝʥʠʝʤ. ɺ ʵʪʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

 

 

ʈʠʩ. 1.3.12. ʉʝʤʠʩʪʫʧʝʥʯʘʪʳʡ ʦʜʥʦʚʘʣʴʥʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ 

ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʩʥʷʪʘ) 

 

ï ʭʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ. ʇʦʣʫʯʝʥʠʝ ʫʤʝʨʝʥʥʦʛʦ ʭʦʣʦʜʘ ʚ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ ʪ.ʧ. ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʤ ʮʠʢʣʝ. ʉʧʝʮʠʘʣʴʥʳʝ ʛʘʟʳ ï ʭʣʘʜʘʛʝʥʪʳ ʩʞʠʤʘʶʪʩʷ ʚ 

ʮʝʥʪʨʦʙʝʞʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ, ʦʭʣʘʞʜʘʶʪʩʷ  ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ï ʢʦʥʜʝʥʩʘʪʦʨʝ, 

ʧʝʨʝʭʦʜʷ ʚ ʞʠʜʢʫʶ ʬʘʟʫ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴʥʳʡ ʢʣʘʧʘʥ 

ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʭʣʘʜʘʛʝʥʪʘ ʚ ʧʘʨʦʦʙʨʘʟʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʥʠʞʘʝʪʩʷ ʜʦ ʥʫʞʥʦʛʦ ʧʨʝʜʝʣʘ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʪʳ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʎʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʛʫʪ ʠʤʝʪʴ ʤʦʱʥʦʩʪʴ ʜʦ 4-5 ʪʳʩʷʯ ʢʠʣʦʚʘʪʪ, 

ʨʘʟʚʠʚʘʷ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʮʠʨʢʫʣʷʮʠʠ ʭʣʘʜʘʛʝʥʪʘ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ 

ʦʢʦʣʦ 10 - 15. ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʦʜʝʥ ʚʦʟʜʫʰʥʳʡ 

ʮʠʢʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʪʘʥʦʚʢʘʭ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʦʩʝʚʳʝ 

ʢʦʤʧʨʝʩʩʦʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

ʎʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʢʨʫʧʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʙʣʠʟʢʠ ʢ ʜʨʫʛʠʤ ʧʨʦʤʳʰʣʝʥʥʳʤ  ʢʦʤʧʨʝʩʩʦʨʘʤ. ʅʘ ʨʠʩ. 

1.3.13 ʘ ʧʦʢʘʟʘʥ ʜʚʫʭʢʦʨʧʫʩʥʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʭʦʣʦʜʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʅʘ ʟʘʜʥʝʤ ʧʣʘʥʝ ʚʠʜʝʥ ʢʦʨʧʫʩ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

(ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ). ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʭʦʣʦʜʠʣʴʥʳʭ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʫʧʣʦʪʥʝʥʠʡ, ʪʘʢ ʢʘʢ 
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ʭʣʘʜʘʛʝʥʪʳ ʦʯʝʥʴ ʪʝʢʫʯʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ʅʘ 

ʨʠʩ. 1.3.13 ʙ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʢʦʤʧʘʢʪʥʦʛʦ ʛʝʨʤʝʪʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʎʂ 

ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʡ ʭʣʘʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʨʘʚʥʦʡ 32 ʢɺʪ. ɺʩʪʨʦʝʥʥʳʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 45 000 

ʦʙ/ʤʠʥ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ ʥʝ ʪʨʝʙʫʶʪ ʩʤʘʟʢʠ; 

 

 

 

 

        

 

ʈʠʩ. 1.3.13 ʘ. ʌʨʝʦʥʦʚʳʡ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʨʝʛʘʪ ɸʎ44.2-2-5  

 

 

 

ʈʠʩ. 1.3.13 ʙ. ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʦʜʰʠʧʥʠʢʘʤʠ (ɺʅʀʀʍʦʣʦʜʤʘʰʭʦʣʜʠʥʛ, ʛ. ʄʦʩʢʚʘ) 
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ï ʙʣʦʢʠ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ. ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʞʠʤʘʝʪʩʷ ʦʩʝʚʳʤʠ 

ʠʣʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʠ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʪʫʨʙʠʥʫ ï 

ʜʝʪʘʥʜʝʨ, ʚ ʢʦʪʦʨʦʡ ʜʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʥʘʯʘʣʴʥʦʡ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʞʠʞʝʥʠʷ 

ʘʟʦʪʘ ʚʦʟʜʫʭ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʛʘʟʦʦʙʨʘʟʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʞʠʜʢʠʡ ʘʟʦʪ. ʆʩʥʦʚʥʦʡ 

ʧʦʪʨʝʙʠʪʝʣʴ ʢʠʩʣʦʨʦʜʘ ï ʥʘʟʚʘʥʥʳʝ ʚʳʰʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʠʩʣʦʨʦʜ ʠ ʘʟʦʪ ʥʘʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʠʤʝʥʝʥʠʷ. ʆʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʪ 6 ʜʦ 30, ʤʦʱʥʦʩʪʴ ʦʪ 360 

ʜʦ 2400 ʢɺʪ; 

 

 

ʈʠʩ. 1.3.14. ɼʚʫʭʩʝʢʮʠʦʥʥʳʡ ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʩʥʷʪʘ) 

 

ï ʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʢʨʫʧʥʝʡʰʠʡ ʧʦʪʨʝʙʠʪʝʣʴ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ. ɼʦʞʠʤʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ ʜʦ 1,7 ï 3,5 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʦʣʦ ʩʢʚʘʞʠʥ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʚ ʧʣʘʩʪʝ 

ʩʠʣʴʥʦ ʧʘʜʘʝʪ. ʀʭ ʟʘʜʘʯʘ ï ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʧʦ ʤʝʨʝ ʠʩʪʦʱʝʥʠʷ ʧʣʘʩʪʘ. ʃʠʥʝʡʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ (ʪʘʢ ʞʝ 

ʫʧʦʪʨʝʙʠʪʝʣʝʥ ʪʝʨʤʠʥ çʥʘʛʥʝʪʘʪʝʣʴè) ʤʦʱʥʦʩʪʴʶ 6,3, 10, 16 ʠ 25  ʄɺʪ  (50 

ʄɺʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ) ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʛʘʟ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʧʨʠ ʜʘʚʣʝʥʠʠ 5,5 

ï 7,6 ʄʇʘ, ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ 10 ʠ ʙʦʣʝʝ ʄʇʘ,  ʧʨʠ ʦʪʥʦʰʝʥʠʠ 

ʜʘʚʣʝʥʠʡ 1,35 ï 1,5 (ʧʝʨʝʯʠʩʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ 



37 

 

ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ 

ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ï 120 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

 

ʈʠʩ. 1.3.15 ʘ. ʂʦʨʧʫʩ ʥʘʛʥʝʪʘʪʝʣʷ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʦʨʢʠ 

 

 

 

ʈʠʩ. 1.3.15 ʙ. ʃʠʥʝʡʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʥʘʛʥʝʪʘʪʝʣʴ 16 ʤɺʪ, (ʅʇʆ 

çʀʩʢʨʘè ʧʦ ʛ/ʜ ʧʨʦʝʢʪʫ ʢʘʬʝʜʨʳ ʂɺʍʊ ʉʇʙɻʇʋ)  
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ʈʠʩ. 1.3.16. ʅʘʛʥʝʪʘʪʝʣʴ ʪʠʧʘ 108 ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱ ʛʘʟʘ ʩ 

ʢʦʥʝʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 12,3 ʄʇʘ. ʉʤʝʥʥʳʝ ʧʨʦʪʦʯʥʳʝ ʯʘʩʪʠ ʩ 5 ï 8 ʩʪʫʧʝʥʷʤʠ 

(ʆɸʆ çʂʦʤʧʨʝʩʩʦʨʥʳʡ ʢʦʤʧʣʝʢʩè ʧʦ ʛ/ʜ ʧʨʦʝʢʪʫ ʢʘʬʝʜʨʳ ʂɺʍʊ ʉʇʙɻʇʋ) 

 

ʢʦʤʧʨʝʩʩʦʨʳ ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱ ʛʘʟʘ (ʨʠʩ. 1.3.15) ʩ ʢʦʥʝʯʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʜʦ 125 ï 150 ʙʘʨ ʟʘʢʘʯʠʚʘʶʪ ʛʘʟ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʜʟʝʤʥʳʝ 

ʝʤʢʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʛʘʟʘ. ɻʘʟ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʘ 

ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ï ʟʠʤʦʡ.  

ɺʩʝʛʦ ʦʨʛʘʥʠʟʘʮʠʠ ʈɸʆ çɻʘʟʧʨʦʤè ʠʩʧʦʣʴʟʫʶʪ ʦʢʦʣʦ 4500 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ (ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ) 

ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 10 ʄɺʪ; 

ï ʜʦʙʳʯʘ ʥʝʬʪʠ. ʇʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʩ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʭʦʜʘ ʥʝʬʪʠ ʯʝʨʝʟ ʩʢʚʘʞʠʥʫ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ 

ʦʪʙʠʨʘʝʪʩʷ ʦʪ ʥʝʬʪʠ, ʩʞʠʤʘʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʠ 

ʟʘʢʘʯʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʧʣʘʩʪ. ʕʪʠʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʘ 

ʧʦʜʥʠʤʘʶʱʠʡʩʷ ʚʤʝʩʪʝ ʩ ʥʝʬʪʴʶ ʧʦʧʫʪʥʳʡ ʛʘʟ, ʫʤʝʥʴʰʘʷ ʚʷʟʢʦʩʪʴ ʠ 

ʧʣʦʪʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʥʝʬʪʠ ʠʟ ʩʢʚʘʞʠʥʳ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ, ʨʘʟʚʠʚʘʝʤʦʝ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50 ï 80 

ʄʇʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʩʢʚʘʞʠʥʳ ʠ ʪʦʣʱʠ ʚʦʜʳ ʥʘ ʤʦʨʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ.  
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ʈʠʩ. 1.3.17. ʋʩʪʘʥʦʚʢʘ ʩ ʪʨʝʭʚʘʣʴʥʳʤ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʣʷ ʛʘʟʣʠʬʪʘ ʥʝʬʪʠ (ʅʀʀʊʂ ï ʂʂɿ) 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʨʠʤʝʨʳ ʥʝ ʠʩʯʝʨʧʳʚʘʶʪ ʚʩʝʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ. ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʦʙʦʨʦʥʥʦʡ ʪʝʭʥʠʢʝ, ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʪ.ʜ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ 

ʦʩʥʦʚʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚʩʝʭ ʵʪʠʭ ʤʘʰʠʥ ʦʜʠʥʘʢʦʚʳ ʠ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ.  
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2. ʆʉʅʆɺʓ ʈɸɹʆʏɽɻʆ ʇʈʆʎɽʉʉɸ 

2.1. ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ʕʅɽʈɻʀʀ ɺ ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈɽ. 

ʆʉʅʆɺʅʓɽ ʋʈɸɺʅɽʅʀʗ 

ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (çʵʬʬʝʢʪʠʚʥʘʷè) eN  ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʝʭN  (ʪʨʝʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʘʭ, ʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ï ʚ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝ, ʚ ʢʦʥʪʘʢʪʥʳʭ ʠʣʠ 

ʤʘʩʣʷʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʚʘʣʘ), ʘ ʙʦʣʴʰʘʷ ʝʝ ʯʘʩʪʴ iN  (çʚʥʫʪʨʝʥʥʷʷè) 

ʧʨʝʜʘʝʪʩʷ ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ ʊʂ ʩʞʠʤʘʝʤʦʤʫ ʛʘʟʫ: 

 

                                           ʤʝʭie NNN += .                                      (2.1.1) 

 

ɼʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʂʇɼ:  

 

/ʤʝʭ i eN Nh = .                                                         (2.1.2) 

 

ʇʨʠ ʧʨʷʤʦʤ ʧʨʠʚʦʜʝ ʢʦʤʧʨʝʩʩʦʨʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ  ʠʤʝʶʪ ʤʝʩʪʦ 

ʪʦʣʴʢʦ ʚ ʧʦʜʰʠʧʥʠʢʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ ʜʦʩʪʠʛʘʝʪ 98 ï 

99%. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤ ʧʨʠʚʦʜ ʯʝʨʝʟ ʧʦʚʳʰʘʶʱʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ, ʵʪʦ 

ʩʥʠʞʘʝʪ ʂʇɼ  ʝʱʝ ʥʘ 2 ï 3%. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʚʘʣʦʚ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɺʥʫʪʨʝʥʥʷʷ ʤʦʱʥʦʩʪʴ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʦ ʨʘʙʦʪʫ ʩʞʘʪʠʷ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ (pN ), ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (
dN ) ʠ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ (rN ). 

ʀʟʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʧʦʣʦʞʝʥʠʷ ʛʘʟʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʧʨʠʥʷʪʦ ʧʨʝʥʝʙʨʝʛʘʪʴ: 

 

                                          
i p d rN N N N= + +.                                (2.1.3) 

 

ɼʝʣʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʢʦʤʧʨʝʩʩʦʨʘ m 

ʧʨʠʚʦʜʠʪ ʢ ʫʨʘʚʥʝʥʠʶ ɹʝʨʥʫʣʣʠ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 
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ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʥʘʧʦʨʦʚ /H N m=  (ʥʘʧʦʨ ɼʞ/ʢʛ ï 

ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʪ.ʝ. ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʛʘʟʘ). 

  

                                           i ʧ d rH H ʅ ʅ= + + .                                (2.1.4) 

 

ʅʘʧʦʨʳ H  ʝʩʪʴ ʩʫʤʤʘ ʥʘʧʦʨʦʚ ʩʪʫʧʝʥʝʡ h  ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʞʘʪʠʝ: 

 

                                                 
1

z

H h=ä .                                           (2.1.5) 

 

ɼʣʷ ʦʪʜʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ: 

 

                                          i p d rh h h h= + +,                                        (2.1.6) 

 

 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʥʠʞʝ ʚ ʫʨʘʚʥʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘʧʦʨʦʚ h , 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʜʥʦʡ ʩʪʫʧʝʥʠ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʪ.ʝ. ʚ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ 

ʟʥʘʯʝʥʠʷ  
1

z

H h=ä . 

ʈʘʩʩʤʦʪʨʠʤ ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʥʘʧʦʨʳ. 

ɺʥʫʪʨʝʥʥʠʡ ʥʘʧʦʨ ih  ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʝʜʠʥʠʮʝ 

ʤʘʩʩʳ ʛʘʟʘ ʧʨʠ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʝʨʝʜʘʝʪʩʷ ʣʦʧʘʪʢʘʤʠ ʟʘ ʩʯʝʪ 

ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.2,  

ʧʨʦʝʢʮʠʷ uP  (ʥ/1 ʤ.) ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʚʳʩʦʪʳ ʣʦʧʘʪʢʠ ʩʦʟʜʘʝʪ ʥʘ 

ʚʩʝʭ ʣʦʧʘʪʢʘʭ ʈʂ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ   ʨʦʪʦʨʘ, 

ʧʨʝʦʜʦʣʝʚʘʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʱʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ: 
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( / , ),T zN M ʜʞ ʩ ʚʪw=    ( )z u

l

M z r P dl ʥ ʤ= ³ñ .       (2.1.7) 

ɼʝʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ 

ʩʪʫʧʝʥʴ m(ʢʛ/ʩ) ʜʘʝʪ ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ï 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ T
T

N
h

m
=  (ɼʞ/ʢʛ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (2.1.8) ʪʨʝʙʫʝʪ 

ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʣʫ 
u zP P P= +. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʚʦʟʤʦʞʝʥ, ʥʦ ʥʝʫʜʦʙʝʥ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ. ʇʨʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʩʯʝʪʝ ʊʂ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʥʦʚʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʪʫʨʙʦʤʘʰʠʥ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʶʪ ʪʘʢ ʞʝ ʧʦ ʠʤʝʥʠ ʝʛʦ ʘʚʪʦʨʘ 

ʫʨʘʚʥʝʥʠʝʤ ʕʡʣʝʨʘ:  

 

                                      1122 ucuch uuT -= ,                                     (2.1.8) 

 

ʛʜʝ ʧʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ 2 ʠ 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ 

ʠ ʥʘ ʚʭʦʜʝ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʈʂ. 

ʋʨʘʚʥʝʥʠʝ (2.1.9) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʯʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ɽʝ 

ʩʣʦʚʝʩʥʘʷ  ʬʦʨʤʫʣʠʨʦʚʢʘ: ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʝʜʠʥʠʮʝ 

ʤʘʩʩʳ ʛʘʟʘ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ, ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʦʢʨʫʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʦʢʨʫʞʥʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ, ʟʘ ʚʳʯʝʪʦʤ ʪʘʢʦʛʦ ʞʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ. 

ʋʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ ʦʧʠʩʳʚʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʫ ʛʘʟʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʨʘʟʚʠʚʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ. ʇʨʠ 

ʵʪʦʤ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʩʦʟʜʘʝʪʩʷ ʧʨʠʨʘʱʝʥʠʝ ʚʝʣʠʯʠʥʳ ucu³  ʟʘ ʩʯʝʪ 

ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ ʜʚʠʞʫʱʠʤʠʩʷ ʣʦʧʘʪʢʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʥʘ ʠʭ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʣʠ ʩʦʟʜʘʥʠʝ ʟʘʢʨʫʪʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ 

ʜʠʩʢʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʨʫʞʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʠʩʢʦʚ ʫ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʎʂ. 

ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʥʘʧʦʨʦʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʪʫ ʯʘʩʪʴ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʜʘʝʪʩʷ ʠʤʝʥʥʦ ʣʦʧʘʪʢʘʤʠ ʈʂ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ m, ʧʨʦʭʦʜʷʱʝʤʫ ʯʝʨʝʟ 

ʩʪʫʧʝʥʴ. 
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ɼʣʷ ʨʘʩʯʝʪʘ Th  ʧʦ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʘʙʩʦʣʶʪʥʳʭ ʩʢʦʨʦʩʪʝʡ 1uc  ʠ 2uc , ʪʘʢ ʢʘʢ ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʠʟʚʝʩʪʥʳ ʠʟ 

ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ.  ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.1.1 

ʧʦʢʘʟʘʥʳ ʩʦʚʤʝʱʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʆʂ: 

 

 

 

ʈʠʩ. 2.1.1. ʋʚʝʣʠʯʝʥʠʝ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ 
uc  ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʧʘʪʦʯʥʦʡ 

ʨʝʰʝʪʢʝ ʆʂ  

 

ʀʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʥʝʧʦʜʚʠʞʥʦʡ ʣʦʧʘʪʦʯʥʦʡ 

ʨʝʰʝʪʢʠ ʧʦʪʦʢ ʚʳʭʦʜʠʪ ʩ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʴʶ 1 1 1u zc c c= + . ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʣʦʧʘʪʦʢ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 1 1w c u= -. ʇʨʦʬʠʣʠ ʣʦʧʘʪʦʢ ʈʂ ʠʟʦʛʥʫʪʳ ʪʘʢ, ʯʪʦʙʳ ʦʪʢʣʦʥʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 2w  ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ 2 1u uc c , ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʕʡʣʝʨʘ, ʧʝʨʝʜʘʝʪ ʛʘʟʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ( )2 1T u uh c c u= - . ʇʨʠ ʧʨʠʙʣʠʞʝʥʥʦʤ ʘʥʘʣʠʟʝ ʦʩʝʚʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ ʨʘʚʥʳ. ɺ ʩʣʫʯʘʝ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ 2 2 1 1u r u rw w= ³ = ³.  

ɼʚʝ ʜʨʫʛʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʦʨʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩ. ʅʘ ʨʠʩ. 7.2.1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʞʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʦʚ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʟʘʩʪʘʚʣʷʶʪ ʧʦʪʦʢ 



44 

 

ʚʨʘʱʘʪʴʩʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪʳ  ʤʦʱʥʦʩʪʠ ʪʜN . ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʜʝʣʴʥʘʷ 

ʨʘʙʦʪʘ ï ʥʘʧʦʨ ʪʨʝʥʠʷ ʜʠʩʢʦʚ, ʨʘʚʝʥ: 

 

ʪʜ
ʪʜ

N
h

m
.                            (2.1.9) 

 

ʅʘʧʦʨ ʪʨʝʥʠʷ ʜʠʩʢʦʚ ï ʵʪʦ ʚʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʦʨʘ. 

ʀʟ ʪʦʛʦ ʞʝ ʨʠʩ. 7.2.1 ʷʩʥʦ, ʯʪʦ ʧʦʣʦʩʪʠ ʚʩʘʩʳʚʘʥʠʷ ʠ ʥʘʛʥʝʪʘʥʠʷ ʢʦʣʝʩʘ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʫʧʣʦʪʥʝʥʠʝʤ ʧʦʢʨʳʚʘʶʱʝʛʦ ʜʠʩʢʘ. ɹʦʣʴʰʘʷ 

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʠʩʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʣʘʙʠʨʠʥʪʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ï ʵʪʦ ʩʠʩʪʝʤʘ ʢʦʣʴʮʝʚʳʭ ʢʘʤʝʨ, 

ʦʙʨʘʟʫʝʤʳʭ ʩʧʝʮʠʘʣʴʥʳʤʠ ʛʨʝʙʥʷʤʠ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʢʨʳʚʘʶʱʝʛʦ ʜʠʩʢʘ. ʀʭ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʢʘʟʘʥʘ ʚ ʯ. 7 ʥʘ ʨʠʩ. 7.2.8, 7.2.9. 

ɻʨʝʙʥʠ ʥʝ ʜʦʭʦʜʷʪ ʜʦ ʫʧʣʦʪʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ) 

ʠ ʭʦʪʷ ʩʠʩʪʝʤʘ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʘʩʪʴ 

ʩʞʘʪʦʛʦ ʚ ʈʂ ʛʘʟʘ ʧʝʨʝʪʝʢʘʝʪ ʦʙʨʘʪʥʦ ʥʘ ʚʩʘʩʳʚʘʥʠʝ. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

ʧʨʦʪʝʯʝʢ 
ʧʨm  ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠ ʧʦʣʫʯʘʝʪ ʚ ʥʝʤ ʤʦʱʥʦʩʪʴ 

ʧʨʦʪʝʯʝʢ  
ʧʨ ʧʨ TN m h= .  ʌʘʢʪʠʯʝʩʢʠ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʙʦʣʴʰʝ 

ʨʘʩʭʦʜʘ ʛʘʟʘ ʯʝʨʝʟ ʩʪʫʧʝʥʴ, ʪʘʢ ʢʘʢ ʨʘʩʭʦʜ ʧʨʦʪʝʯʝʢ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʩʘʩʳʚʘʥʠʝ: 

ʨʢ ʧʨm m m= + . ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʨʘʩʭʦʜ ʧʨʦʪʝʯʝʢ ʩʦʩʪʘʚʣʷʝʪ 1-

2% ʦʪ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʩʪʫʧʝʥʴ, ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʦʚ ʈʂ ʝʛʦ ʥʝ 

ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ. ʅʦ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ. ʃʦʧʘʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩʦʦʙʱʘʶʪ ʛʘʟʫ 

ʤʦʱʥʦʩʪʴ ( )T ʧʨ ʧʨ T T ʧʨ TN N m m h mh m h+ = + = +. ʅʘʧʦʨ ʧʨʦʪʝʯʝʢ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʧʨʦʪʝʯʝʢ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ: 

  

ʧʨ ʧʨ T ʧʨ

ʧʨ

T T

N m h m
h

N mh m
= = = .                      (2.1.10) 

 

ʀʪʘʢ, ʚʥʫʪʨʝʥʥʠʡ ʥʘʧʦʨ ʝʩʪʴ ʩʫʤʤʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ, ʥʘʧʦʨʘ 

ʪʨʝʥʠʷ ʜʠʩʢʦʚ ʠ ʥʘʧʦʨʘ ʧʨʦʪʝʯʝʢ: 

 

 

i T ʪʜ ʧʨh h h h= + +.                  (2.1.11) 
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ʅʘʧʦʨʳ ʪʜh  ʠ ʧʨh  ʫ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ. ʋ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʫʤʤʘ ʧʨʪʜ hh +  ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 2 ï 4% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ, ʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʨʷʜʦʢ  10% ʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʤʘʣʦʨʘʩʭʦʜʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʘʧʦʨʘ ʪʨʝʥʠʷ ʜʠʩʢʦʚ ʠ 

ʧʨʦʪʝʯʝʢ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʯ. 7. 

ʇʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ ph ï ʨʘʙʦʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ (ʩʞʘʪʠʷ) ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʛʘʟʘ ʠʟ ʦʙʣʘʩʪʠ ʩ 

ʜʘʚʣʝʥʠʝʤ 1p  ʚ ʦʙʣʘʩʪʴ ʩ ʜʘʚʣʝʥʠʝʤ 2p . ʀʟ ʢʫʨʩʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ ʨʘʚʝʥ ʠʥʪʝʛʨʘʣʫ:  

 

          

2 2

1 1

ʧ

dp
h vdp= =ñ ñr.                                          (2.1.12) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʙʦʪʳ ʩʞʘʪʠʷ-ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʚʣʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʩʚʷʟʳʚʘʝʪ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ: 

 

                                          
p

pv zRT= =
r

,                                    (2.1.13) 

 

ʛʜʝ 1Xb=z  ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʛʘʟʘ ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ (ʜʘʚʣʝʥʠʷ ʠ  

ʪʝʤʧʝʨʘʪʫʨʳ). ʇʨʠ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʘʟʘ ʤʘʣ ʠ ʦʙʲʝʤ 

ʩʦʙʩʪʚʝʥʥʦ ʤʦʣʝʢʫʣ ʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ ʟʘʤʝʪʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʝʤʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, 1z . ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʣʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʟʘʤʝʪʥʫʶ ʚʝʣʠʯʠʥʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʠʣʘʤʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʞʠʤʘʝʤʦʩʪʴ ʛʘʟʦʚ, 1z .  

ʕʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ( )Tpfz ,=  ʜʣʷ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ 

ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʩʪʨʦʛʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.1.13). ɼʣʷ 

ʚʦʟʜʫʭʘ ʠ ʤʥʦʛʠʭ ʛʘʟʦʚ ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʩʦʚʝʨʰʝʥʥʳʝ ʛʘʟʳ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʣʠʰʝʥʳ 

ʦʙʲʝʤʘ ʠ ʩʠʣ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʩʦʚʝʨʰʝʥʥʳʭ ʛʘʟʦʚ 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

 

p
pv RT= =

r
,                                    (2.1.13 ʘ) 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʨʝʘʣʴʥʦʩʪʠ ʛʘʟʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʩʣʦʞʥʷʝʪ ʨʘʩʯʝʪ ʧʦʣʠʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ ʠ ʨʝʰʝʥʠʝ 

ʜʨʫʛʠʭ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʦʩʪʴ ʛʘʟʦʚ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʝʨʴ ʥʘʧʦʨʘ. ʋʯʝʪʫ ʨʝʘʣʴʥʦʩʪʠ ʛʘʟʦʚ ʧʦʩʚʷʱʝʥʘ  

ʩʧʝʮʠʘʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʝʨʰʝʥʥʳʝ ʛʘʟʳ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʯʝʥʠʷ.    

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (2.1.13 ʘ) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʚʷʟʴ 

ʤʝʞʜʫ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ: 

 

  

2 2 2

1 1 1

ʧ

dp dp dp
h R T

p p

RT

= = =ñ ñ ñr .               (2.1.14) 

 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʩʞʘʪʠʷ ï ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ s 

[15]:  

 

dq
ds

T
= ,     2 1

2 1

ln ln
1 k k

R p p
s s

k

è øå õ å õ
- = -é ùæ ö æ ö

- r rç ÷ ç ÷ê ú
.              (2.1.15) 

 ʛʜʝ qï ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʨʠʪʦʢ ʪʝʧʣʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ. 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʤʘʰʠʥʳ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʨʠʪʦʢ ʪʝʧʣʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʝʰʥʠʤ 

ʪʝʧʣʦʦʙʤʝʥʦʤ ʠ ʧʦʪʝʨʷʤʠ ʥʘʧʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ, ʨʘʩʩʝʠʚʘʶʱʝʝʩʷ ʚ ʤʘʩʩʝ ʛʘʟʘ:    
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ʚʥ rdq dq dq= + .                                         (2.1.16) 

 

ʇʨʠ ʦʙʳʯʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʚʥʝʰʥʠʤ ʪʝʧʣʦʦʙʤʝʥʦʤ 

0ʚʥdq º  ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ, ʪʘʢ 

ʢʘʢ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʥʘʨʘʩʪʘʶʪ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʛʘʟʘ ʧʦ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ: 

 

 

0r rdq dh
ds

T T
= = .                                (2.1.17) 

 

 

ɺʚʝʜʝʥʠʷ ʧʦʥʷʪʠʷ ʵʥʪʨʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʤʘʰʠʥ, ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ.  ɺ 

ʢʦʦʨʜʠʥʘʪʘʭ  i s- , ʠʣʠ T s-  (
pi C T= , ʛʜʝ ʚ ʩʣʫʯʘʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ 

pC const= ) ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʠʟʦʙʘʨʳ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʨʘʩʭʦʜʷʱʠʭʩʷ ʢʨʠʚʳʭ (ʨʠʩ. 2.1.2).  

 

 

 

ʈʠʩ. 2.1.2. ɼʠʘʛʨʘʤʤʳ i s-  ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʫʨʙʦʤʘʰʠʥʘʭ  
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ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ï ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʠʜʝʘʣʴʥʦʤ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʝ. ʕʪʦ ʚʦʦʙʨʘʞʘʝʤʳʡ ʊʂ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʚʥʝʰʥʠʡ ʪʝʧʣʦʦʙʤʝʥ. ʈʘʙʦʯʠʡ 

ʧʨʦʮʝʩʩ ʠʜʝʘʣʴʥʦʛʦ ʊʂ ï ʠʟʦʵʥʪʨʦʧʥʳʡ
¶
, ʪʘʢ ʢʘʢ 

ʚʥ rdq dq dq= + =0.  

ʀʟʦʵʥʪʨʦʧʥʳʡ ʧʨʦʮʝʩʩ ʠʜʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠʣʠ ʨʘʩʰʠʨʝʥʠʷ ʚ 

ʠʜʝʘʣʴʥʦʡ ʪʫʨʙʠʥʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʨʷʤʦʡ ʘʜ21- , ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ( )i T . 

ʉʞʘʪʠʝ ʠʟ ʪʦʯʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 1p , 1T  ʠʜʝʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩʞʘʪʠʷ, ʩʦʦʙʱʘʝʤʘʷ ʛʘʟʫ, ʧʦʚʳʰʘʝʪ ʝʛʦ 

ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ (ʩʤ. ʬʦʨʤʫʣʫ (2.1.19) ʠ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʦʪʦʢʝ ʛʘʟʘ 

ʥʠʞʝ). ʇʨʦʮʝʩʩ ʠʟʦʵʥʪʨʦʧʥʦʛʦ (ʘʜʠʘʙʘʪʥʦʛʦ) ʨʘʩʰʠʨʝʥʠʷ ʠʜʝʪ ʚ ʦʙʨʘʪʥʦʤ 

ʧʦʨʷʜʢʝ. 

ʀʟʦʵʥʪʨʦʧʥʘʷ ʨʘʙʦʪʘ ʠʜʝʘʣʴʥʦʛʦ ʊʂ, ʩʞʠʤʘʶʱʝʛʦ ʩʦʚʝʨʰʝʥʥʳʡ ʛʘʟ, 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʘ:   

 

1 2

k k k

p p p
const= = =

r r r
,                              (2.1.18) 

ʛʜʝ 
p

v

C
k

C
=  ï ʧʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ  (ʘʜʠʘʙʘʪʳ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʩʦʚʝʨʰʝʥʥʳʭ ʛʘʟʦʚ. 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʟʦʵʥʪʦʨʧʥʦʤ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

1

2 2

1 1

k

kT p

T p

-

å õ
=æ ö
ç ÷

, 

1

1

1

k

kp
T T

p

-

å õ
= æ ö
ç ÷

,                (2.1.19) 

 

ʦʪʢʫʜʘ: 

 

                                           
¶
 ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʪʦʯʥʳʡ ʪʝʨʤʠʥ çʘʜʠʘʙʘʪʥʳʡè. 
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1 1
2

2
1 1

1 11

1
1

k k

k k

ʘʜ

pp dp k
h RT RT

p p k p

- -è ø
å õ å õé ù= = -æ ö æ öé ù-ç ÷ ç ÷

é ùê ú

ñ ,         (2.1.20) 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (2.1.19) ʠ ʪʘʢ ʢʘʢ 
1

p

k
C R

k
=
-

 

 

[ ]2 1ʘʜ p ʘʜh C T T= - .                                  (2.1.20 ʘ) 

 

ʋʨʘʚʥʝʥʠʝ (2.1.20) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʩʞʘʪʠʷ ï ʧʝʨʝʤʝʱʝʥʠʷ 

ʝʜʠʥʠʮʳ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ï ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ 2

1

p

p
p= . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʨʘʙʦʪʘ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴ ʢʦʤʧʨʝʩʩʦʨ,  

ï ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 
1T. ʊʝʤʧʝʨʘʪʫʨʘ ï ʵʪʦ ʤʝʨʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʝʛʦ ʫʧʨʫʛʦʩʪʴ. ʏʝʤ ʙʦʣʴʰʝ ʥʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʪʨʫʜʥʝʝ ʩʞʘʪʴ ʛʘʟ, 

ï ʛʘʟʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ R. ɼʣʷ ʨʘʟʥʳʭ ʛʘʟʦʚ ʵʪʘ ʚʝʣʠʯʠʥʘ ʨʘʟʣʠʯʥʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʘʟʳ ʩ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ R - ʵʪʦ ʣʝʛʢʠʝ ʛʘʟʳ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʭ ʧʣʦʪʥʦʩʪʴ ʤʝʥʴʰʝ: 
p

RT
r= . ʉʘʤʳʡ 

ʣʝʛʢʠʡ ʛʘʟ ï ʵʪʦ ʚʦʜʦʨʦʜ ʩ ( )4124 /R ʜʞ ʢʛ ʂ= ³ . ʆʥ ʧʦʯʪʠ ʚ 15 ʨʘʟ ʣʝʛʯʝ 

ʚʦʟʜʫʭʘ (( )287 /R ʜʞ ʢʛ ʂ= ³ ), ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʯʪʠ ʚ 5 ʨʘʟ ʣʝʛʯʝ 

ʬʨʝʦʥʘ ï 11 ( ( )60,5 /R ʜʞ ʢʛ ʂ= ³ ). ʃʝʛʢʠʝ ʛʘʟʳ ʫʧʨʫʛʠ, ʠ ʜʣʷ ʠʭ ʩʞʘʪʠʷ ï 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʡ ʥʘʧʦʨ, 

ï ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʦʵʥʪʨʦʧʳ (ʘʜʠʘʙʘʪʳ) 
p

v

C
k

C
= , ʢʦʪʦʨʳʡ ʜʣʷ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʭʥʠʢʝ ʛʘʟʦʚ ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ 1,074 ï 1,68 [17]. ʏʝʤ 

ʤʝʥʴʰʝ ʧʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ, ʪʝʤ ʤʝʥʴʰʝ ʥʘʛʨʝʚʘʝʪʩʷ ʛʘʟ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ï ʫʨʘʚʥʝʥʠʝ (2.1.19), ʪʝʤ ʤʝʥʴʰʝ ʨʘʩʪʝʪ ʝʛʦ ʫʧʨʫʛʦʩʪʴ, 

ʠ ʤʝʥʴʰʝ ʟʘʪʨʘʪʘ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ.    

ʉʚʦʡʩʪʚʦʤ ( )i T s-  ʜʠʘʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʠʟʦʙʘʨʦʡ 
2p , ʘʙʩʮʠʩʩʦʡ sʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠʟ ʪʦʯʢʠ  (2ʘʜ) ʠ ʠʟ 
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ʪʦʯʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʘ 
2 1,p T  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʟʦʵʥʪʨʦʧʥʦʤʫ 

(ʘʜʠʘʙʘʪʥʦʤʫ) ʥʘʧʦʨʫ.  

ʀʟʦʵʥʪʨʦʧʥʳʡ (ʘʜʠʘʙʘʪʥʳʡ) ʧʨʦʮʝʩʩ ï ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʧʦʣʠʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʭ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʠʜʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʵʥʪʨʦʧʠʠ, 0
dq

ds
T
= ¸.  ɺ ʨʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʩʞʘʪʠʝ ï ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʡ ʟʘʪʨʘʪʳ ʨʘʙʦʪʳ, ʯʝʤ ʧʨʠ ʠʟʦʵʥʪʨʦʧʥʦʤ ʩʞʘʪʠʠ. 

ʇʦʜʚʦʜʠʤʘʷ ʢ ʛʘʟʫ ʨʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ. ʇʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ 
rh  ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ 

r rh q= . ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʵʥʪʨʦʧʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ 

ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʧʦʣʠʪʨʦʧʥʦʤ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʙʦʣʴʰʝ, ʘ ʵʥʪʨʦʧʠʷ ʛʘʟʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

2

2 1

1

/rs s dh T- =ñ .  

ʇʦʜʦʙʥʦ ʠʜʝʘʣʴʥʦʤʫ ʢʦʤʧʨʝʩʩʦʨʫ, ʚʥʝʰʥʠʡ ʪʝʧʣʦʦʙʤʝʥ ʤʦʞʝʪ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʥʫʣʶ 0ʚʥdq º  ʙʝʟ ʟʘʤʝʪʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʩʞʠʤʘʝʤʳʡ ʛʘʟ ʥʘʛʨʝʚʘʝʪ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʠ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʘʪʤʦʩʬʝʨʫ: 

0ʚʥq . ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʤʦʞʝʪ ʧʦʜʦʛʨʝʚʘʪʴ ʩʞʠʤʘʝʤʳʡ ʛʘʟ. 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ 
ʚʥq  ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ.  

ʅʘ ( )i T s-  ï ʜʠʘʛʨʘʤʤʝ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʘʝʪʩʷ 

ʣʠʥʠʝʡ, ʦʪʢʣʦʥʷʶʱʝʡʩʷ ʚʧʨʘʚʦ ʦʪ ʣʠʥʠʠ ʠʟʦʵʥʪʨʦʧʳ ʚ ʩʪʦʨʦʥʫ ʨʦʩʪʘ 

ʵʥʪʨʦʧʠʠ ï ʵʪʦ ʣʠʥʠʷ 1ï2.  ʇʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʟʦʙʘʨʦʡ 
2p , ʘʙʩʮʠʩʩʦʡ 

s ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠʟ ʪʦʯʢʠ  (2) ʠ ʠʟ ʪʦʯʢʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʘ 

2 1,p T, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʝ ʧʦʣʠʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ ʨʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʠ ʧʦʪʝʨʷʤ ʥʘʧʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʪ.ʝ. ʩʫʤʤʝ 
p rh h+ .  

ʇʣʦʱʘʜʴ ʧʦʜ ʣʠʥʠʝʡ ʧʨʦʮʝʩʩʘ 1-2 ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʪʝʨʷʥʥʦʤʫ ʥʘʧʦʨʫ 
rh .  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʭʦʜ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʩʝʯʝʥʠʷʤʠ, ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʛʘʟʘ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦʪʝʨʷ ʥʘʧʦʨʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʪʝʧʣʦ) ʨʘʟʣʠʯʥʦ ʥʘ 

ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʛʘʟʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʫʧʝʥʷʭ ʊʂ ʧʦʪʨʠ 

ʥʘʧʦʨʘ ʚ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʨʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʧʦʣʠʪʨʦʧʥʦʛʦ 
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ʧʨʦʮʝʩʩʘ, ʘʥʘʣʦʛʠʯʥʳʤ ʫʨʘʚʥʝʥʠʶ ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʩʘ (2.1.18), ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʮʝʩʩʘ n ķ : 

 

1 2

n n n

p p p
const= = =

r r r
,           (2.1.21) 

 

ʇʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ ʨʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ  ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʘʥʘʣʦʛʠʯʥʦ ʠʟʦʵʥʪʨʦʧʥʦʤʫ ʥʘʧʦʨʫ: 

 

1

2
1

1

1
1

n

n

p

pn
h RT

n p

-è ø
å õé ù= -æ öé ù- ç ÷
é ùê ú

,                  (2.1.22) 

 

ʠʣʠ 

 

[ ]2 1
1

p

n
h R T T

n
= -
-

.                              (2.1.22 ʘ) 

 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʪʨʦʧʳ ʨʝʘʣʴʥʦʛʦ ʊʂ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ.  ʇʣʦʱʘʜʴ ʧʦʜ ʠʟʦʙʘʨʦʡ ʢʦʥʮʘ ʩʞʘʪʠʷ 
2p  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʤʤʫ ʧʦʣʠʪʨʦʧʥʦʛʦ ʠ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʦʚ, ʥʦ ʪʘʢ ʞʝ ʠ 

ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ ʩ ʜʘʚʣʝʥʠʝʤ ʢʦʥʮʘ ʩʞʘʪʠʷ 
2p , ʧʨʠ ʢʦʪʦʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʤʝʥʷʝʪʩʷ  ʦʪ 
1T  ʜʦ 

2T : 

 

[ ]2 1
1

n
R T T

n
-

-
  + 

rh = [ ]2 1
1

k
R T T

k
-

-
. 

ʆʪʩʶʜʘ:  

 

( )2 11 1

rhn k

n k R T T
= -

- - -
,                       (2.1.23)  
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ʠʣʠ  

( )

( )

2 1

2 1

1

1
1

r

r

hk

k R T T
n

hk

k R T T

-
- -

=
å õ

- -æ ö
- -ç ÷

.                      (2.1.23 ʘ) 

 

ʇʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ ʩʚʷʟʘʥ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʦʵʥʪʨʦʧʳ k  ʪʘʢʞʝ ʯʝʨʝʟ 

ʂʇɼ ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ.  

ʊʘʢ ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʞʘʪʦʛʦ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ 

ʦʙʳʯʥʦ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʘ ʯʘʱʝ ʥʝʞʝʣʘʪʝʣʴʥʘ ʠʣʠ ʥʝʜʦʧʫʩʪʠʤʘ, ʟʘʤʘʥʯʠʚʳʤ 

ʢʘʞʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʠʟʦʪʝʨʤʥʳʡ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʛʦ ʪʝʧʣʦ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʜʚʝʜʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ, ʜʦʣʞʥʦ ʪʫʪ ʞʝ ʦʪʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ: iʚʥ hq -=  

ʧʨʠ 21 TT = .  

ʇʨʠ  ʠʟʦʪʝʨʤʥʦʤ ʧʨʦʮʝʩʩʝ ʵʥʪʨʦʧʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʦʪ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. ʆʙʳʯʥʦ ʨʝʯʴ ʠʜʝʪ ʦ ʩʞʘʪʠʠ ʛʘʟʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʞʠʤʘʝʤʳʡ ʛʘʟ 

ʤʦʞʝʪ ʦʭʣʘʞʜʘʪʴʩʷ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ ʠʣʠ ʚʦʜʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʙʣʠʟʢʦʡ ʢ ʘʪʤʦʩʬʝʨʥʦʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ. ʊʦ ʝʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚ ʢʦʥʮʝ ʩʞʘʪʠʷ 

ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʟʦʪʝʨʤʥʦʛʦ ʩʞʘʪʠʷ 

ʥʝʚʦʟʤʦʞʥʘ. ʀʟʦʪʝʨʤʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʝʜʝʣʴʥʳʡ 

ʠʜʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ, ʩʞʠʤʘʶʱʠʭ ʛʘʟ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʧʨʠ ʩʞʘʪʠʠ. ʀʟʦʪʝʨʤʥʘʷ ʨʘʙʦʪʘ ʩʞʘʪʠʷ-ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʥʘ 

ʜʣʷ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ: 

 

           
2 2

1
1

1 1

lnʠʟ

RT
h vdp dp RT

p
= = = pñ ñ .                                    (2.1.28) 

 

ʀʟʦʪʝʨʤʥʳʡ ʥʘʧʦʨ ʪʝʤ ʩʠʣʴʥʝʝ ʦʪʣʠʯʘʝʪʩʷ (ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ) ʦʪ 

ʧʦʣʠʪʨʦʧʥʦʛʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʚʦʜʘ ʪʝʧʣʘ, ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ 

12 / pʨ=p . 

ʅʘ ʨʠʩ. 2.1.2 ʧʦʢʘʟʘʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʧʦʣʠʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʮʝʩʩʘ n: 
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- ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʧʦʣʠʪʨʦʧʥʦʛʦ ʩʞʘʪʠʷ ï ʨʘʩʰʠʨʝʥʠʷ ʩ n k=  ʚ 

ʠʜʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʚ ʪʫʨʙʠʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʣʠʥʠʷ ç1 ï 2 ʘʜè, 

- ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʚ ʨʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʧʨʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʤ 

ʚʥʝʰʥʝʤ ʪʝʧʣʦʦʙʤʝʥʝ ʩ n k. ʕʪʦ ʣʠʥʠʷ ç1 ï 2è. ɺ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʠ ʪʝʨʤʠʥ ʧʦʣʠʪʨʦʧʥʳʡ 

ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʢʦʤʫ ʧʨʦʮʝʩʩʫ, 

- ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʪʫʨʙʠʥʝ ʧʨʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʤ 

ʚʥʝʰʥʝʤ ʪʝʧʣʦʦʙʤʝʥʝ ʩ n k. ʕʪʦ ʣʠʥʠʷ ç2 ï 1 ʧʦʣè. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʥʘʧʦʨ 
rh , ʟʘʪʨʘʯʝʥʥʳʡ ʥʘ ʧʦʣʠʪʨʦʧʥʦʝ ʩʞʘʪʠʝ ʠ ʧʦʚʳʰʘʶʱʠʡ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ  ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʠʪʨʦʧʥʫʶ ʨʘʙʦʪʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ  ʨʘʙʦʪʦʡ ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

- ʧʨʦʮʝʩʩ ʨʝʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ ʠ ʯʘʩʪʠʯʥʳʤ ʦʪʚʦʜʦʤ ʪʝʧʣʘ 

ʩʞʘʪʠʷ ʩ n k. ʕʪʦ ʣʠʥʠʷ ç1-2'è. ʊʘʢʦʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʙʳʪʴ ʫ 

ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʚʧʨʳʩʢʦʤ ʚʦʜʳ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ, ʠʩʧʘʨʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʛʣʦʱʘʝʪ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, 

- ʠʟʦʪʝʨʤʥʳʡ ʧʨʦʮʝʩʩ ʠʜʝʘʣʴʥʦʛʦ ʦʭʣʘʞʜʘʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʠʟʦʙʘʨʳ 
1pʠ  2p .  

ʉʣʝʜʫʶʱʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ï ʵʪʦ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ dh ï ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʝʜʠʥʠʮʳ ʤʘʩʩʳ 

ʛʘʟʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʞʜʫ ʢʦʥʪʨʦʣʴʥʳʤʠ ʩʝʯʝʥʠʷʤʠ ç1è ʠ ç2è;  

 

                                ( )2 2

2 10,5dh ʩ ʩ= -                                  (2.1.29) 

 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ: 

 

                                 m V c f constr r= = = ,                (2.1.30) 

 

ʪ.ʝ. ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʥʳʝ ʩʝʯʝʥʠʷ ʚ ʇʏ ʦʜʠʥʘʢʦʚ, ʝʩʣʠ 

ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʩʝʯʝʥʠʷʤʠ ʥʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʦʜʚʦʜʘ ʠʣʠ ʦʪʚʦʜʘ ʛʘʟʘ. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ï ʵʪʦ ʦʜʥʘ ʠʟ ʬʦʨʤ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ.  
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 ʆʙʲʝʤʥʳʡ ʨʘʩʭʦʜ V c f=  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʝʡ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ. ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʆʂ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʫʜʦʙʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʦʩʝʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ,  

 

2z z ʩʨV c t l z c r lp= = ,                                 (2.1.31) 

 

ʛʜʝ l  - ʚʳʩʦʪʘ ʣʦʧʘʪʢʠ, z  - ʯʠʩʣʦ ʣʦʧʘʪʦʢ, 
2 ʩʨr

t
z

p
=  - ʰʘʛ ʨʝʰʝʪʢʠ (ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ)  

 ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ ʎʂ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ: 

 

2zV c rbp= ,                                        (2.1.32) 

ʛʜʝ b  ʨʘʟʤʝʨ ʢʘʥʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z . 

 

ɺ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʠ ʜʠʬʬʫʟʦʨʘʭ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ 

ʚʦʟʨʘʩʪʘʝʪ, ʧʦʵʪʦʤʫ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ V c f= ³  ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʧʦ ʤʝʨʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʦʭʦʜʥʳʝ ʩʝʯʝʥʠʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʜʠʬʬʫʟʦʨʘʭ ʩʪʫʧʝʥʝʡ ï ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 
2 2

2 1 0
2

dʜʠʬ

c c
h

-
= . ʃʦʧʘʪʦʯʥʳʝ ʘʧʧʘʨʘʪʳ ʈʂ ʪʘʢʞʝ ʜʠʬʬʫʟʦʨʥʳʝ, ʧʦʵʪʦʤʫ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʥʠʭ ʫʤʝʥʴʰʘʝʪʩʷ: 
2 2

2 1 0
2

dʨʢ

w w
h

-
= . ʅʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 2.1.1, 

ʥʘʧʨʠʤʝʨ, ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʈʂ ʚʦʟʨʘʩʪʘʝʪ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ 

ɹʝʨʥʫʣʣʠ ʦʧʠʩʳʚʘʝʪ ʪʝʯʝʥʠʝ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ 

ʩʦʟʜʘʚʘʝʤʳʡ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ: 
2 2

2 1 0
2

dʨʢ

c c
h

-
= .  

ʇʦʩʣʝʜʥʠʡ ʯʣʝʥ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ï ʵʪʦ ʧʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ rh ï 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʛʘʟʘ ʚ ʇʏ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ ç1è ʠ ç2è. ɺ ʨʘʙʦʯʝʤ 

ʢʦʣʝʩʝ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʚ 
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ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ wh , ʧʦʪʝʨʴ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʠʩʢʦʚ ʈʂ 

ʪʜh  ʠ ʧʨʦʪʝʯʝʢ ʚ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʧʨh .  

ʅʘʧʦʨʳ ʪʜh  ʠ ʧʨh  ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʦʨʘ 

i T ʪʜ ʧʨh h h h= + + ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ.  

ɺ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʆʂ ʠ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ  

ʪʜh  ʠ ʧʨh  ʠʣʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ, ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ. ʀʪʘʢ, ʜʣʷ ʈʂ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ:  

 

                                        ʧʨʪʜwr hhhh ++= .                                 (2.1.33) 

 

ɼʣʷ ʈʂ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ: 

 

                                                r wh h= .                                              (2.1.34) 

 

ɺʦʧʨʦʩʳ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʥʘ ʠʭ 

ʧʦʢʨʳʪʠʝ ʠʜʝʪ 10 ï 20% ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʘ ʠʥʦʛʜʘ ʠ 

ʙʦʣʝʝ. ɼʘʣʴʥʝʡʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʥʠʛʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʩʚʷʱʝʥʦ 

ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʚ 

ʬʦʨʤʫʣʘʭ (2.1.1 ï 2.1.4, 2.1.6) ʦʧʫʱʝʥ ʯʣʝʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʨʘʙʦʪʫ ʤʘʩʩʦʚʳʭ 

ʩʠʣ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʊʂ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʝʥʝʙʨʝʞʝʥʠʠ  ʩʠʣʦʡ ʟʝʤʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ, ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʥʘʧʦʨʘʤʠ. 

ʉʣʦʚʝʩʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, 

ʩʦʦʙʱʘʝʤʘʷ ʛʘʟʫ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʩʞʘʪʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ, ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ. 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʧʦʣʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ɽʩʣʠ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʧʨʠʨʘʱʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ: 
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rr

ppp
hʧ

D
=

-
= 12

;                                   (2.1.35) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ                     

( ) ri hcc
pp

h +-+
-

= 2
1

2
2

12 5,0
r

,   ʠʣʠ: 

                               ri h
pp

h +
-

=
r

*
1

*
2 ,                                       (2.1.36) 

ʛʜʝ: 

 

 
25,0* cpp r+=                                   (2.1.37) 

ï ʜʘʚʣʝʥʠʝ ʪʦʨʤʦʞʝʥʠʷ, ʠʣʠ ʟʘʪʦʨʤʦʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʠʣʠ ʧʦʣʥʦʝ 

ʜʘʚʣʝʥʠʝ. 

 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʩʠʥʦʥʠʤʦʚ çʜʘʚʣʝʥʠʝ ʪʦʨʤʦʞʝʥʠʷè, çʟʘʪʦʨʤʦʞʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝè, çʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝè ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʛʘʟʘ *p , 

ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ c,  ʠʤʝʣʦ ʙʳ ʤʝʩʪʦ ʧʨʠ ʝʛʦ ʪʦʨʤʦʞʝʥʠʠ ʜʦ 

ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʧʦʜʚʦʜʘ (ʦʪʚʦʜʘ) 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ.  

ʋʨʘʚʥʝʥʠʝ (2.1.36) ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ, ʝʩʣʠ ʚ 

ʥʝʤ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʝʩʪʴ ʥʝʢʦʪʦʨʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʠʪʨʦʧʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʮʝʩʩʦʚ ʪʦʨʤʦʞʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʚʠʜʝ 
* *

2 1
i r

ʩʨ

p p
h h

r

-
= +  ʥʝ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʥʦ ʦʥʦ ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʝʜʫʶʱʝʝ: 

- ʫ ʠʜʝʘʣʴʥʦʛʦ ʊʂ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʠʜʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʤʝʨʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ,  

- ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʘʣʴʥʳʭ ʊʂ ʧʦʣʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʝʠʟʙʝʞʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʘʟʘ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ: * *

2 1 ʩʨ wp p hr= - , 
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- ʚ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʨʝʘʣʴʥʳʭ ʊʂ ʧʦʪʝʨʷ ʥʘʧʦʨʘ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʴʥʳʤ ʊʂ: * *

2 1ʨʢ ʩʨ i ʩʨ wp p h hr r= + - . 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (2.1.11) ʠ (2.1.33) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʧʦʨʳ 

ʪʨʝʥʠʷ ʜʠʩʢʦʚ ʠ ʧʦʪʝʨʴ ʚ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʚʭʦʜʷʪ ʚ ʣʝʚʫʶ ʠ 

ʧʨʘʚʫʶ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʳ, ʝʩʣʠ ʧʨʦʮʝʩʩʳ 

ʪʨʝʥʠʷ ʜʠʩʢʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʠʣʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʘ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ: 

 

T p d wh h h h= + +.                                         (2.1.38) 

 

ɺ ʪʘʢʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʦʧʠʩʳʚʘʝʪ ʪʝʯʝʥʠʝ ʚ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ 

ʦʩʝʚʳʭ ʩʪʫʧʝʥʝʡ. ʀʥʦʛʜʘ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʢ ʮʝʥʪʨʦʙʝʞʥʳʤ ʩʪʫʧʝʥʷʤ, ʝʩʣʠ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʥʦ ʥʝ ʚ ʟʘʟʦʨʘʭ 

çʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ï ʢʦʨʧʫʩè.  

ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ  ʚ ʧʦʪʦʢʝ ʛʘʟʘ, ʢʘʢ ʠ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ, ʧʦ ʩʫʪʠ, 

ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʦ ʩʚʷʟʳʚʘʝʪ ʧʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ (ʵʥʪʘʣʴʧʠʠ) pi C T=

: 

 

                                       2 1i ʚʥ dh q i i h+ = - +,                                   (2.1.39) 

 

ʛʜʝ ʚʥq  ï ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʚʰʝʝʩʷ ʚʳʰʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʦʣʫʯʝʥʥʦʝ 

ʠʣʠ ʧʦʪʝʨʷʥʥʦʝ ʝʜʠʥʠʮʝʡ ʤʘʩʩʳ ʛʘʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʯʝʨʝʟ ʩʪʝʥʢʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʊʂ 

ʩʧʨʘʚʝʜʣʠʚʦ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʤʦʝ  ʫʩʣʦʚʠʝ, ʯʪʦ ʚʥʝʰʥʠʡ ʪʝʧʣʦʦʙʤʝʥ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʊʂ ʧʦʜʚʦʜʠʤʘʷ ʢ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ 0ʚʥq = : 

 

                                  ( )2
1

2
212 5,0 cciih i -+-= .                                (2.1.40) 
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ʋ ʩʦʚʝʨʰʝʥʥʳʭ ʛʘʟʦʚ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʧʦʪʦʢʝ ʛʘʟʘ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʚʠʜʝ: 

 

                              ( ) ( )2
1

2
212 5,0 ccTTCh pi -+-= .                        (2.1.41) 

 

ʉʫʤʤʘ ʵʥʪʘʣʴʧʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʧʦʣʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ʠ ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ ʪʦʨʤʦʞʝʥʠʷ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʪʝʤʧʝʨʘʪʫʨʘ - ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʦʨʤʦʞʝʥʠʷ: 

 

                                     25,0** ciTCi p +== .                                 (2.1.42) 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʵʪʠʤ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʦʪʦʢʝ ʛʘʟʘ ʠʥʦʛʜʘ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʝ: 

 

                                  ( )*1*
2

*
1

*
2 TTCiih pi -=-= .                              (2.1.43) 

 

ʕʥʪʘʣʴʧʠʷ ʪʦʨʤʦʞʝʥʠʷ, ʨʘʚʥʦ ʢʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ (ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʜʘʚʣʝʥʠʝʤ, ʦʥʘ ʞʝ ʧʦʣʥʘʷ, ʠʣʠ ʟʘʪʦʨʤʦʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ)  

ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪ ʛʘʟ ï ʪʝʧʣʦʚʫʶ ʠ 

ʢʠʥʝʪʠʯʝʩʢʫʶ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʊʂ ʯʘʩʪʦ ʠʟʤʝʨʷʶʪ ʩʦʦʙʱʘʝʤʳʡ ʛʘʟʫ 

ʚʥʫʪʨʝʥʥʠʡ ʥʘʧʦʨ ʩʪʫʧʝʥʠ ih, ʠʣʠ ʢʦʤʧʨʝʩʩʦʨʘ iH  ʧʦ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʝʨʝʜ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʴʶ ʠ ʟʘ ʥʝʡ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʧʦʪʦʢʝ ʛʘʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʚʦʜʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʜʚʠʛʘʪʝʣʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦ ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʙʦʪʳ ʚʦ ʚʩʝʡ ʟʘʪʨʘʯʝʥʥʦʡ 

ʨʘʙʦʪʝ. ʊʦ ʝʩʪʴ, ʂʇɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʩʪʝʧʝʥʴ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʠʜʝʘʣʴʥʦʤʫ ʢʦʤʧʨʝʩʩʦʨʫ, ʚ ʢʦʪʦʨʦʤ ʧʦʪʝʨʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʊʂ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: 
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ï ʜʣʷ ʫʧʦʤʷʥʫʪʦʡ ʦʮʝʥʢʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʊʂ. ɺ ʪʦʤ ʯʠʩʣʝ ï ʩʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʠʣʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʋʨʦʚʝʥʴ ʂʇɼ ʯʘʩʪʦ ʨʝʰʘʝʪ ʚʦʧʨʦʩ ʧʨʠʦʙʨʝʪʝʥʠʷ ʊʂ ʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, 

ï ʟʥʘʥʠʝ ʂʇɼ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʊʂ.  

ʆʙʲʝʢʪʠʚʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʦʟʤʦʞʥʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʠʩʧʳʪʘʥʠʡ. ʉʨʘʚʥʝʥʠʝ ʞʝ ʧʦ ʂʇɼ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʊʂ ʚ 

ʧʨʦʮʝʩʩʝ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʨʘʩʯʝʪ ʂʇɼ. 

ʌʦʨʤʫʣʘ ʂʇɼ ʜʣʷ ʩʪʫʧʝʥʠ (ʘʥʘʣʦʛʠʯʥʦ ʠ ʜʣʷ ʥʝʦʭʣʘʞʜʘʝʤʦʛʦ ʊʂ ʚ 

ʮʝʣʦʤ) ʚʳʪʝʢʘʝʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ 
i p d rh h h h= + +. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʚʠʜʦʚ ʂʇɼ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʠʪʨʦʧʳ n. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʧʦʣʠʪʨʦʧʥʳʤ ʂʇɼ ʧʦ 

ʩʪʘʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʨʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʠ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʛʘʟʘ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. ʅʠʞʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʂʇɼ ʪʝʨʤʠʥ ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ. ʅʘʟʥʘʯʝʥʠʝ ʣʶʙʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ ï ʵʪʦ ʩʞʘʪʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ, ʧʦʵʪʦʤʫ ʧʦʣʝʟʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ 
ph . ʅʝʦʙʨʘʪʠʤʦ ʪʝʨʷʝʪʩʷ ʫʜʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 

rh , ʧʦʵʪʦʤʫ ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ ʢʘʢ  ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʢ 

ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʚʝʥ: 

 

p

p r

h

h h
h=

+
, ʠʣʠ p

i d

h

h h
h=

-
.                             (2.1.44) 

   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2.1.22 ʘ)  [ ]2 1
1

p

n
h R T T

n
= -
-

, ʘ 

ʟʘʪʨʘʯʝʥʥʘʷ ʨʘʙʦʪʘ 
p rh h+  ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʠʟʦʙʘʨʦʡ 2p  ʤʝʞʜʫ 

ʪʦʯʢʦʡ ç2è ʠ ʪʦʯʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1T. ʕʪʘ 

ʧʣʦʱʘʜʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʙʦʪʝ ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʩʞʘʪʠʷ   
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2 1

1
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k
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+ = .  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
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+ , ʠʣʠ: 
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.                                   (2.1.45) 

ʉʦʦʪʥʦʰʝʥʠʝ (2.1.45) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʈʘʩʯʝʪʯʠʢ ʦʮʝʥʠʚʘʝʪ ʦʞʠʜʘʝʤʳʡ ʂʇɼ 

ʩʪʫʧʝʥʠ (ʢʦʤʧʨʝʩʩʦʨʘ) ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦ (2.1.45) ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʮʝʩʩʘ n. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʣʦʪʥʦʩʪʝʡ ʚ 

ʩʝʯʝʥʠʷʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʨʘʟʤʝʨʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʯʝʪʦʤ 

ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʮʝʥʠʚʘʝʪʩʷ ʦʞʠʜʘʝʤʳʡ ʂʇɼ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʟʘʣʦʞʝʥʥʦʡ ʚ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ, ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʚʪʦʨʝʥʘ. 

ʇʦʣʠʪʨʦʧʥʳʡ ʂʇɼ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʶ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʂʇɼ h= 0,85 ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʣʷ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

15% ʦʪ ʧʦʣʝʟʥʦʛʦ ʥʘʧʦʨʘ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʊʂ ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʝʪ: 
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ʦʪʢʫʜʘ ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (2.1.45): 
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ɿʜʝʩʴ ʠ ʨʘʥʝʝ ʠʥʜʝʢʩʘʤʠ ç1è ʠ ç2è ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ 

ʦʙʲʝʢʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʂʇɼ (ʥʘʧʨʠʤʝʨ, ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ, ʩʪʫʧʝʥʴ, 

ʛʨʫʧʧʘ ʩʪʫʧʝʥʝʡ).  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʩʯʝʪ ʂʇɼ ʧʦ ʬʦʨʤʫʣʝ (2.1.47) ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʪʦʨʳʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʂ. ɺʥʝʰʥʠʡ ʪʝʧʣʦʦʙʤʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʠ ʠʤ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʨʘʩʯʝʪʝ ʝʝ ʨʘʟʤʝʨʦʚ, ʠʣʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʚ 

ʩʫʱʝʩʪʚʫʶʱʝʤ ʢʦʤʧʨʝʩʩʦʨʝ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʂʇɼ ʧʦ 

ʬʦʨʤʫʣʝ (2.1.47) ʥʝ ʫʯʝʪ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʝ ʚ 

0,5 ï 1,5% (ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ). ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʵʪʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʝʚʨʦʧʝʡʩʢʦʤ ʩʪʘʥʜʘʨʪʝ ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

(ʝʚʨʦʧʝʡʩʢʦʤ) ʩʪʘʥʜʘʨʪʝ ISO 5389 : 1991 (E) ñʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ - ʧʨʘʚʠʣʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢò. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂʇɼ, ʚ ʢʦʪʦʨʦʤ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʝ: * p d

i

h h

h
h

+
= . ɽʛʦ ʥʘʟʳʚʘʶʪ 

ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ ʧʦ ʧʦʣʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ 

ʜʘʚʣʝʥʠʶ. ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʧʨʠʥʷʪʦ ʫʯʠʪʳʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʜʘʚʣʝʥʠʝ ʚ 

ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ɽʩʣʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ  ʩʪʫʧʝʥʠ 

(ʢʦʤʧʨʝʩʩʦʨʘ)  ʩʢʦʨʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ,  ʂʇɼ ʧʦ ʧʦʣʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʂʇɼ ʧʦ ʩʪʘʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʂʦʨʨʝʢʪʥʳʡ ʨʘʩʯʝʪ ʂʇɼ ʧʦ ʧʦʣʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʩʦʦʪʥʦʰʝʥʠʶ: 
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ʇʨʠ ʨʘʩʯʝʪʝ ʂʇɼ ʩʪʫʧʝʥʠ (ʢʦʤʧʨʝʩʩʦʨʘ) ʜʦʧʫʩʪʠʤʦ  ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʙʣʠʞʝʥʥʫʶ ʬʦʨʤʫʣʫ: 
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ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʟʘʪʦʨʤʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʷʶʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ʂʇɼ ʩʪʫʧʝʥʝʡ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦ 

ʧʦʣʥʳʤ ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʙʳʯʥʦ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ, ʪʘʢ ʢʘʢ 2 1c c  ʠ 

ʜʦʩʪʠʛʘʶʪ 90 - 91% ʫ ʣʫʯʰʠʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʠ 86 ï 87% ʫ ʣʫʯʰʠʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ. 

ɺ ʜʦʢʦʤʧʴʶʪʝʨʥʫʶ ʵʧʦʭʫ ʧʨʠ ʨʘʩʯʝʪʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʩʷ 

ʘʜʠʘʙʘʪʥʳʡ ʂʇɼ ʧʦ ʧʦʣʥʳʤ ʧʘʨʘʤʝʪʨʘʤ:  
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 ʊʘʢʦʡ ʂʇɼ ʚʧʦʣʥʝ ʫʜʦʙʝʥ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʅʝʫʜʦʙʩʪʚʦ ʘʜʠʘʙʘʪʥʦʛʦ ʂʇɼ 

ʜʣʷ ʦʮʝʥʢʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʜʠʘʙʘʪʥʳʡ 

ʥʘʧʦʨ ʤʝʥʴʰʝ ʧʦʣʠʪʨʦʧʥʦʡ ʨʘʙʦʪʳ ʩʞʘʪʠʷ ï ʧʝʨʝʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʠ 

ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʦʡ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ.  

ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ʚ ʩʪʫʧʝʥʠ 

(ʢʦʤʧʨʝʩʩʦʨʝ), ʯʪʦ ʦʙʳʯʥʦ ʠ ʠʤʝʝʪ ʤʝʩʪʦ, ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ ʦʜʥʦʟʥʘʯʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʣʶ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʥʘʧʦʨʫ: 
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ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʧʦʣʠʪʨʦʧʥʦʛʦ ʂʇɼ ʢʦʤʧʨʝʩʩʦʨʘ, ʨʘʚʥʦʝ, ʥʘʧʨʠʤʝʨ, 0,86 

ʪʦʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 14% ʧʨʦʮʝʥʪʦʚ ʧʦʜʚʦʜʠʤʦʡ ʨʘʙʦʪʳ ʠʜʝʪ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʧʦʪʝʨʴ, ʪʦ ʠʟ ʟʥʘʯʝʥʠʷ ʘʜʠʘʙʘʪʥʦʛʦ ʂʇɼ ʥʝʷʩʥʦ, ʢʘʢʘʷ ʯʘʩʪʴ 

ʧʦʜʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʥʝʧʨʘʚʦʤʝʨʥʦ ʦʪʥʝʩʝʥʘ ʢ ʧʦʪʝʨʷʤ ʥʘʧʦʨʘ. ʈʘʟʥʠʮʘ 

ʧʦʣʠʪʨʦʧʥʦʛʦ ʠ ʘʜʠʘʙʘʪʥʦʛʦ ʂʇɼ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʮʘ ʩʞʘʪʠʷ, ʩʠʣʴʥʦ ʟʘʚʠʩʷ ʦʪ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ. ʉʢʘʞʝʤ, ʘʜʠʘʙʘʪʥʳʡ 
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ʂʇɼ ʚʦʟʜʫʰʥʦʛʦ ʆʂ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ pº4,0 ʤʝʥʴʰʝ ʧʦʣʠʪʨʦʧʥʦʛʦ 

ʧʨʠʤʝʨʥʦ ʥʘ 1,5%. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʠʘʙʘʪʥʦʛʦ ʂʇɼ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ 

ʨʘʟʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ, ʊʂ ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ ʤʦʞʝʪ 

ʠʤʝʪʴ ʤʝʥʴʰʠʡ ʘʜʠʘʙʘʪʥʳʡ ʂʇɼ, ʠʤʝʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʣʠʪʨʦʧʥʳʡ ʂʇɼ. 

ɸʜʠʘʙʘʪʥʳʡ ʂʇɼ ʥʝʣʴʟʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʨʘʟʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʊʂ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʦʪʝʨʤʥʳʡ ʂʇɼ, ʚ ʯʠʩʣʠʪʝʣʝ ʢʦʪʦʨʦʛʦ ï ʥʘʧʦʨ ʠʟʦʪʝʨʤʥʦʛʦ ʩʞʘʪʠʷ 

ʠʜʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʙʝʟ ʧʦʪʝʨʴ: 
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ʆʭʣʘʞʜʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʦʪʥʦʰʝʥʠʷʭ ʜʘʚʣʝʥʠʡ. 

ʀʟʦʪʝʨʤʥʳʡ ʂʇɼ ʫʯʠʪʳʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʦʪʝʨʠ ʥʘʧʦʨʘ, ʠ ʩʪʝʧʝʥʴ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʞʘʪʠʶ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʈʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʩʞʘʪʠʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚʝʩʴʤʘ ʜʘʣʝʢ ʦʪ ʠʟʦʪʝʨʤʥʦʛʦ, ʧʦʵʪʦʤʫ ʠʟʦʪʝʨʤʥʳʡ 

ʂʇɼ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦʣʠʪʨʦʧʥʦʛʦ ʂʇɼ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʊʂ. ɿʥʘʯʝʥʠʷ 

ʠʟh =0,70 ï 0,72 ʩʯʠʪʘʶʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ. 

2.2. ʉʀʉʊɽʄɸ ʂʆʆʈɼʀʅɸʊ. ʊʈɽʋɻʆʃʔʅʀʂʀ ʉʂʆʈʆʉʊɽʁ 

ɼʣʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʥʘʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʧʦʪʦʢʘ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ 

ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʚʝʩʴʤʘ 

ʚʝʣʠʢʠ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ 

ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 2 2*u rw=  (ʧʨʦʠʟʚʝʜʝʥʠʡ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʨʦʪʦʨʘ). ʅʘ ʧʝʨʠʬʝʨʠʠ ʣʦʧʘʪʦʢ  

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʫ ʊʂ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʦʙʳʯʥʦ 

ʨʘʚʥʷʝʪʩʷ 240 ï 320 ʤ/ʩ, ʘ ʫ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʠʧʦʚ ʤʘʰʠʥ 

ʜʦʩʪʠʛʘʝʪ 420 ʤ/ʩ. ʋ ʊʂ ʥʝʢʦʪʦʨʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʦʢʨʫʞʥʳʝ 

ʩʢʦʨʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʰʝ 600 ʤ/ʩ.  

ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ, ʜʣʷ ʟʘʜʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʘʟʦʚʦʡ ʯʘʩʪʠʮʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ.  
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ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʚʝʢʪʦʨʦʚ 

ʩʢʦʨʦʩʪʝʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.2.1. ʂʦʦʨʜʠʥʘʪʘ z ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 

ʥʝʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʠ ʥʘ ʦʩʠ ʨʦʪʦʨʘ ʜʦ ʨʘʜʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʚʳʙʨʘʥʥʘʷ ʪʦʯʢʘ. ʂʦʦʨʜʠʥʘʪʘ r  ï ʵʪʦ ʨʘʜʠʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʨʦʪʦʨʘ ʜʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ. ʋʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚ 

ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ - ʵʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ q. ʋʛʦʣ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤ ʥʘʯʘʣʴʥʳʤ ʨʘʜʠʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʨʘʜʠʫʩʦʤ, ʠʜʫʱʠʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʪʦʯʢʫ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʙʦ ʚ ʘʙʩʦʣʶʪʥʦʡ (ʥʝʧʦʜʚʠʞʥʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʢʦʨʧʫʩʦʤ ʢʦʤʧʨʝʩʩʦʨʘ), ʣʠʙʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ (ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ ʩ 

ʨʦʪʦʨʦʤ) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘʟʳʚʘʝʪʩʷ 

ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʪʨʦʯʥʦʡ ʣʘʪʠʥʩʢʦʡ ʙʫʢʚʦʡ c. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʪʨʦʯʥʦʡ ʣʘʪʠʥʩʢʦʡ 

ʙʫʢʚʦʡ w. 

ʇʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʙʫʢʚʘʤʠ ʩ ʧʦʜʩʪʨʦʯʥʳʤʠ ʠʥʜʝʢʩʘʤʠ z, r , u. ɺʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʪʨʝʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

 

                                          u z rc c c c= + + ,                                        (2.2.1) 

 

ʇʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 
m r zʩ ʩ ʩ= + ʠ 

m r zw w w= +  ʥʘʟʳʚʘʝʪʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɽʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

r rc w= ʠ 
z zc w= - ʵʪʦ ʨʘʜʠʘʣʴʥʘʷ ʠ ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ u r= ³w  ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʢʦʨʦʩʪʴ u  ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʧʝʨʝʥʦʩʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɺʝʢʪʦʨʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʷʤʠ:  

 

c w u= +, u uc w u= +, z zc w= , rr wc = , mm wc = .    (2.2.2) 
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r  

r  

 

ʈʠʩ. 2.2.1. ɿʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʚ ʨʘʙʦʯʝʤ 

ʢʦʣʝʩʝ 

 

 

ʉʢʘʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʠ ʠʭ ʧʨʦʝʢʮʠʷʤʠ: 

 

( ) ( )
0,5 0,5

2 2 2 2 2

m u z r uc c c c c c= + = + +,         

( ) ( )
0,5 0,5

2 2 2 2 2

m u z r uw w w w w w= + = + + .                      (2.2.3) 

 

ɼʣʷ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʫʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʧʨʦʝʢʮʠʷʤʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. ʇʨʦʝʢʮʠʠ ʥʘ 
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ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ mʩ= mw  ʦʙʨʘʟʫʶʪ ʩ ʦʩʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ z ʫʛʦʣ 

g. ʉʚʷʟʴ ʤʝʞʜʫ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʨʦʝʢʮʠʷʤʠ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ:  

 

( )5,022
rzm ccc += , cosz mc c= g, sinr mc c= g,  

( )5,022
rzm www += , cosz mw w= g, sinz mw w= g.                (2.2.3) 

 

ʋʛʦʣ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ c ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ u  ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ a. ɺ 

ʵʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ ʣʝʞʠʪ ʩʢʦʨʦʩʪʴ w ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʳ uw  ʠ mw . ʋʛʦʣ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ w ʠ ʦʙʨʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ u  ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ b (ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʠ ʫʛʣʳ ʯʘʩʪʦ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ ʫʜʦʙʥʝʝ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʦʚ a ʠ b 

ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

           acos/ucc= , asin/mcc= , /cosuw w= b, /sinmw w= b.     (2.2.4) 

 

 ɸʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʪʝʯʝʥʠʷ ʚ 

ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ  - ʚ ʨʘʙʦʯʠʭ 

ʢʦʣʝʩʘʭ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʩʯʝʪʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʦʪ ʚʭʦʜʘ ʚ 

ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʜʦ ʩʝʯʝʥʠʷ ç1è ʧʝʨʚʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ. ʊʝʯʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚʝʢʪʦʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ c w u= + ʠʟʦʙʨʘʞʘʶʪ 

ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʦ ʩʪʦʨʦʥʘʤʠ c, w, u. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ, ʠʛʨʘʶʱʠʝ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʠ 

ʘʥʘʣʠʟʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʙʱʝʝ ʧʨʘʚʠʣʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ: 

1. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʢʘʥʘʣʝ, ʠʣʠ ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʢʘʥʘʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʟʘ 

ʚʳʯʝʪʦʤ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ 
ʣDb=b -b (ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ), aaa -=D ʣ  

(ʥʝʧʦʜʚʠʞʥʳʝ ʣʦʧʘʪʦʯʥʳʝ ʘʧʧʘʨʘʪʳ). ʇʨʠʨʦʜʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʧʦʪʦʢʘ, 

ʦʪʢʣʦʥʷʝʤʦʛʦ ʦʪ ʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʥ ʠʤʝʣ ʥʘ ʚʭʦʜʝ ʚ 
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ʢʘʥʘʣʳ. ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʠʟʣʘʛʘʶʪʩʷ ʥʠʞʝ. 

2. ɺʝʣʠʯʠʥʘ ʨʘʩʭʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ fmwʩ mm r/== , ʛʜʝ f  ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ. 

3. ɸʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʭ 

ʨʘʩʭʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʫʛʣʦʤ ʧʦʪʦʢʘ asin/mcc=  ʠʣʠ bsin/mww= . 

4. ʇʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʢʦʨʦʩʪʠ ʧʦ ʧʨʘʚʠʣʫ ʩʣʦʞʝʥʠʷ (

uwc
ddd
+= ) ʠʣʠ ʚʳʯʠʪʘʥʠʷ (ucw

ddd
-= ) ʚʝʢʪʦʨʦʚ ʥʘʭʦʜʠʪʩʷ ʠʩʢʦʤʘʷ (c ʠʣʠ w ) 

ʩʢʦʨʦʩʪʴ, ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ u r=w ʠʟʚʝʩʪʥʘ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ c, w ʠ u  ʣʝʛʢʦ ʚʳʨʘʞʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʘʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ (ʝʩʣʠ ʵʪʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʘʥʘʣʠʟʘ). 

ʇʫʩʪʴ ʟʘʜʘʥʳ: 

ï ʨʘʩʭʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ mc , 

ï ʫʛʦʣ a, 

ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ u . 

ʊʦʛʜʘ: asin/mcc= , cosuc c a=  ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ actgcc mu = , 

ucw uu -= .  ʋ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʦʙʳʯʥʦ ucu b , ʧʦʵʪʦʤʫ  ʥʘʧʨʘʚʣʝʥʠʝ 
uw  

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʈʂ. ʊʦ ʝʩʪʴ 0uw , ʥʘ ʯʪʦ ʥʝ 

ʧʨʠʥʷʪʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʢʨʦʤʝ ʦʩʦʙʳʭ ʩʣʫʯʘʝʚ.  

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ: 
2222 )( mumu cucwww +-=+= . ʋʛʦʣ 

ʧʦʪʦʢʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( )wwm /arcsin=b . 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚʩʝ ʩʢʦʨʦʩʪʠ, ʠʭ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʫʛʣʳ ʧʦʪʦʢʘ ʧʨʠ ʣʶʙʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʪ.ʝ. ʧʨʠ ʣʶʙʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʠʩʭʦʜʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʂ ʫʩʣʦʚʠʷ ʝʛʦ ʨʘʙʦʪʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ, ʘ ʠʤʝʥʥʦ: 

1. ʀʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ. 

2. ɺʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ (ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʘʭ 

ʧʨʠʚʦʜʘ ʵʪʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʩʧʝʮʠʘʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ). 
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3. ʄʦʛʫʪ ʤʝʥʷʪʴʩʷ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ, ʥʘʧʨʠʤʝʨ, aT  ʠ ap  

(ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ) ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʅʘ ʨʠʩ. 2.2.2 ʩʦʧʦʩʪʘʚʣʝʥʳ ʚʭʦʜʥʳʝ, ʘ ʥʘ ʨʠʩ. 2.2.3 ï ʚʳʭʦʜʥʳʝ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠ ʨʘʟʥʦʡ 

ʦʙʲʝʤʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɼʣʷ 

ʦʙʱʥʦʩʪʠ ʥʘ ʥʠʭ ʧʦʢʘʟʘʥʳ ʚʭʦʜʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ 

ʩʢʦʨʦʩʪʠ 1c , ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ a901¸a . ʕʪʦ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʘ ʚʭʦʜʝ ʚ 

ʈʂ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʠ ʠʥʦʛʜʘ ʜʝʣʘʝʪʩʷ ʫ ʮʝʥʪʨʦʙʝʞʥʳʭ. 

ʇʫʩʪʴ 
ab901a ; ʪʦʛʜʘ 01Xuc , ʪ.ʝ. ʟʘʢʨʫʪʢʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʠʤʝʤ, ʯʪʦ ʫʛʦʣ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ 1 1  1 = ʣ-Da a a 

ʦʩʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʧʨʠ ʨʘʟʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 1V , ʭʦʪʷ 

ʫʛʦʣ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʦʪ ʥʘʧʨʘʚʣʷʶʱʠʭ ʝʛʦ ʣʦʧʘʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪʩʷ. ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ  1 aD ʚʦʦʙʱʝ 

ʥʝʚʝʣʠʢʘ, ʝʝ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠ ʥʘʰʝʤ ʧʨʠʙʣʠʞʝʥʥʦʤ ʘʥʘʣʠʟʝ ʧʨʝʥʝʙʨʝʞʝʤ. 

 

 

ʈʠʩ. 2.2.2. ɺʭʦʜʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ var1=V  (a1 < 90̄ ) 
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ʈʠʩ. 2.2.3. ɺʳʭʦʜʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ  ʧʨʠ var1=V   

 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠ var1=V  ʠ ʧʨʠʥʷʪʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʷʩʥʷʝʪ ʨʠʩ. 2.2.2. ɺʝʣʠʯʠʥʘ 1c  ʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʨʘʩʭʦʜʫ: 
1 1 1 1c = V  /(f *sin ),a  ʥʦ ʥʘʧʨʘʚʣʝʥʘ ʦʜʠʥʘʢʦʚʦ. ʉʢʦʨʦʩʪʴ 1w , ʤʝʥʷʝʪ ʠ 

ʚʝʣʠʯʠʥʫ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ï ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʢʦʨʦʩʪʠ 1mc : 
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ʀʪʘʢ, ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ w ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʭʦʜʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʲʝʤʥʦʤʫ ʨʘʩʭʦʜʫ 1111 /sin fVccm == a

. 

ʀʟ ʚʳʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʦʩʪʝʡ ʩʣʝʜʫʝʪ (ʨʠʩ. 2.2.3): 

 

                             
,                                    (2.2.7) 

 

 

                                     222 sin/ bmww = ,                                         (2.2.8) 
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ʀʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʦʩʪʝʡ, ʠ ʧʨʠʚʝʜʸʥʥʳʭ 

ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʭʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, ʪʝʤ 

ʙʦʣʴʰʝ ʫʛʣʳ ʧʦʪʦʢʘ ʠ ʚ ʘʙʩʦʣʶʪʥʦʤ, ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʦʧʘʪʦʯʥʳʝ ʘʧʧʘʨʘʪʳ ʪʫʨʙʦʤʘʰʠʥ ʷʚʣʷʶʪʩʷ 

ʫʜʦʙʦʦʙʪʝʢʘʝʤʳʤʠ ʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ 

z ʪʦʣʴʢʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʪʝʢʘʶʱʝʛʦ ʧʦʪʦʢʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʫʛʣʦʤ ʘʪʘʢʠ: 111 bb -= ʣi  ʠ 333 aa -= ʣi , 

ʛʜʝ 1i  ï ʫʛʦʣ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʈʂ, 3i  ï ʫʛʦʣ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʃɼ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (0bi ) ʫʛʣʳ ʘʪʘʢʠ, ʘ ʤʝʥʴʰʠʤ ʨʘʩʭʦʜʘʤ ï 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ( 0Xi ). 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʫʛʣʳ 

ʘʪʘʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, ʚʧʨʦʯʝʤ, ʚʩʝʛʜʘ ʜʦʚʦʣʴʥʦ 

ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʂʇɼ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ: m mʦʧʪʩ c= . 

2.3. ɼɽʁʉʊɺʀʊɽʃʔʅʓʁ ʍɸʈɸʂʊɽʈ ʊɽʏɽʅʀʗ ʀ ɽɻʆ 

ʉʍɽʄɸʊʀɿɸʎʀʗ 

ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ  ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʣʶʙʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʶʙʦʛʦ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʡ ï ʪ.ʝ. ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ. ʆʯʝʚʠʜʥʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʝʱʝ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ï ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʛʘʟʘ ʦʪ ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʢ 

ʜʨʫʛʦʤʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʷ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʩʝʭ ʪʨʝʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ, ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʠʣʠ ʪʨʝʭʤʝʨʥʳʤ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ, ʪʦ ʝʩʪʴ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʇʏ ʝʛʦ 

ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʊʂ ʦʯʝʚʠʜʥʦ ʚʝʜʫʪ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʦʪ 

ʚʨʝʤʝʥʠ. ʈʷʜ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʚʳʟʳʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʳʟʚʘʥʘ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ ʢʦʣʝʩ ʠ 

ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʪʘʢ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ, ʪ.ʝ. 

ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʠ ʦʪ ʚʨʝʤʝʥʠ: 

 

                                c
d

, ()w , p , ( )t,,, urzfT= .                            (2.3.1) 

 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦ ʚʩʝʡ ʝʛʦ ʩʣʦʞʥʦʩʪʠ ʧʨʠ 

ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ, ʨʝʰʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʚʩʝʛʜʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʷʜ 

ʫʧʨʦʱʘʶʱʠʭ ʧʨʠʝʤʦʚ. ʅʘʧʨʠʤʝʨ, ʚʳʰʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʜʥʦʤʝʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

(ʧʦʷʩʥʝʥʠʝ ʪʝʨʤʠʥʦʚ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ).  

ʀʪʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʧʨʦʱʘʶʱʠʝ ʧʨʠʝʤʳ: 

1. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ
¶
 ʧʦʪʦʢ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ 

(ʩʪʘʮʠʦʥʘʨʥʳʡ) ʨʝʞʠʤ, ʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. ʇʦʜ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʨʝʞʠʤʦʤ ʧʦʥʠʤʘʝʪʩʷ ʨʘʙʦʪʘ 

ʊʂ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʧʦʩʪʦʷʥʥʳʤʠ ʜʘʚʣʝʥʠʝʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ, ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ: 

 

                                         c
d

, ()w , p , ( )urzfT ,,= .                           (2.3.2) 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʚʷʟʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʝʯʝʥʠʡ ʯʘʩʪʦ  ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʫʶ ʩʭʝʤʘʪʠʟʘʮʠʶ. 

ʇʨʦʛʨʘʤʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʷ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʬʦʨʤʳ ʇʏ ʠ 

ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

                                           
¶
 ʂʚʘʟʠ ï ʩ ʣʘʪʠʥʩʢʦʛʦ ï çʧʦʯʪʠè. 
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2. ʆʜʥʦʤʝʨʥʳʡ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʦʢ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʩʯʝʪʘ 

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ, ʥʘ ʚʭʦʜʝ ʚ ʈʂ, ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʈʂ, ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʡ, ʠ ʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢ 

ʜʨʫʛʦʤʫ: 

 

                                          c
d

, ()w , p , ()lfT =                                    (2.3.3) 

 

ɿʜʝʩʴ l  ï ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ 

ʩʦʩʝʜʥʠʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʩʝʯʝʥʠʷʤʠ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʠʤʠ 

ʵʣʝʤʝʥʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ). ʇʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʩʨʝʜʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʠʟʤʝʨʝʥʥʳʤ ʠʣʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦʣʷʤ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʝʯʝʥʠʷʭ ʦʧʠʩʘʥ ʚ [19]. 

3. ɼʚʫʭʤʝʨʥʳʡ ʧʦʪʦʢ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʣʦʧʘʪʦʯʥʳʭ 

ʨʝʰʝʪʦʢ ʚʘʞʝʥ  ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʣʦʧʘʪʦʢ. 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʦʙʪʝʢʘʥʠʷ 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ (ʆʇʊ), ʩʦʦʩʥʳʤ ʩ ʨʦʪʦʨʦʤ. ʊʝʯʝʥʠʝ ʥʘ ʢʘʞʜʦʡ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʣʦʧʘʪʢʫ, ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʝʨʥʳʤ. ɽʩʣʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʝʥ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʦʜʥʦʡ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʢʘ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʚʳʩʦʪʝ 

ʣʦʧʘʪʢʠ), ʪʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʚʫʭʤʝʨʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ, ʘ ʫʩʣʦʚʥʳʝ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʸʪʝ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʢ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ʷʚʣʷʶʪʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ, ʭʦʪʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʘʩʪʠʮʳ ʛʘʟʘ ʚ ʦʩʝʚʦʡ ʩʪʫʧʝʥʠ 

ʜʚʠʞʫʪʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʨʘʱʝʥʠʷ. 

4. ʂʚʘʟʠʪʨʝʭʤʝʨʥʳʡ ʧʦʪʦʢ. ʉʫʤʤʘ ʜʚʫʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʨʷʜʝ ʆʇʊ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʢʦʝ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʝ ʪʝʯʝʥʠʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʪʨʝʭʤʝʨʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʪʝʯʝʥʠʷ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʦʙʳʯʥʦ ʩʯʠʪʘʶʪ ʧʦʪʦʢ ʥʝʚʷʟʢʠʤ, ʯʪʦ ʥʝ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʯʠʪʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʠ ʟʦʥʳ ʠʭ 

ʦʪʨʳʚʘ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʫʧʨʦʱʘʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ. 

2.4. ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈʆɺ 
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ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʊʂ ʚʝʜʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ,ʥ ʥp T  ʠ ʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ k , 

R ʙʳʣ ʦʙʝʩʧʝʯʝʥ ʟʘʜʘʥʥʳʡ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ 
ʨʘʩʯm  ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʢʦʥʝʯʥʦʤ ʜʘʚʣʝʥʠʠ ʢʨʘʩʯp . ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʚ 

ʨʘʟʜʝʣʝ 2.2 ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʊʂ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ, ʪ.ʝ. ʥʝ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʥʳʤ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ï ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʩʝʪʠ, ʚ ʢʦʪʦʨʫʶ ʊʂ ʧʦʜʘʝʪ ʩʞʠʤʘʝʤʳʡ ʛʘʟ. ʇʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʜʘʚʣʝʥʠʝ ʚ 

ʩʝʪʠ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʊʂ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʢʦʤʧʨʝʩʩʦʨ ʦʙʩʣʫʞʠʚʘʝʪ ʧʥʝʚʤʘʪʠʯʝʩʢʫʶ ʩʝʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʜʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʧʨʝʩʩʳ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʫʯʥʦʡ ʠʥʩʪʨʫʤʝʥʪ), ʫʤʝʥʴʰʘʷʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʥʘʛʥʝʪʘʥʠʠ ʊʂ ʚʝʜʝʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʘ: ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʨʘʩʭʦʜ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʦʥʢʨʝʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ  ()ʢp f m=  ʢʦʤʧʨʝʩʩʦʨʘ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʝʪʴʶ, ʠ ʝʝ ʩʣʝʜʫʝʪ ʟʥʘʪʴ.  

ʈʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʂ. ʅʘ ʟʘʚʠʩʠʤʦʩʪʴ ()ʢp f m=  ʜʘʥʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ ʚʣʠʷʶʪ: 

ï ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ ʛʘʟʘ ,ʥ ʥp T , k , R, 

ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ()ʢp f m=  ʠʟʤʝʨʷʶʪ ʠʣʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʨʠ  ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ, ʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʅʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʊʂ (ʩʪʫʧʝʥʠ ʊʂ) 

ʥʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʨʘʩʭʦʜʘ ʧʨʠ  ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʘ ʪʘʢ ʞʝ ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʠ ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ.  

 ʇʨʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥ ʩ 

ʦʙʲʝʤʥʳʤ ʨʘʩʭʦʜʦʤ ʥʘ ʚʭʦʜʝ ʥ
ʥ

ʥ ʥ

m RT
V m

p
= =
r

, ʘ ʢʦʥʝʯʥʦʝ ʜʘʚʣʝʥʠʝ ï ʩ 

ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ *ʢ ʥp p= p. ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʢʦʥʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʪʦʪ ʨʘʩʭʦʜ, ʢʦʪʦʨʳʡ ʫʜʦʙʥʝʝ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

 

()f mp=  ʠʣʠ ( )  ʥf Vp= ʧʨʠ , , , , (1/ )ʥ ʥp T k R n ʤʠʥ idem= .        (2.4.1) 
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ɺ ʨʘʟʜʝʣʝ 2.2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʤʝʥʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ. ʕʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ, ʪ.ʝ. ʥʘ ʂʇɼ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʂʇɼ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ  (ʩʪʫʧʝʥʠ) 

ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʭʦʜʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʘ ʪʘʢ ʞʝ ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ 

ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ.  

   

  ()f mh=  ʠʣʠ ( )ʥf Vh=  ʧʨʠ , , , , (1/ )ʥ ʥp T k R n ʤʠʥ idem= .         (2.4.2) 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʂ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʪʨʦʛʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʙʦ ʥʘʙʦʨ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ 

ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ, ʣʠʙʦ ʥʘʙʦʨ ʪʦʯʝʢ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʦʪʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. ʋʢʘʞʝʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʩʪʠ, ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʩʪʫʧʝʥʝʡ ʎʂ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʂɺʍʊ ʠʟʤʝʨʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʥʘ ʰʝʩʪʠ 

ʨʝʞʠʤʘʭ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎʂ ʄʝʪʦʜʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʂɺʍʊ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 150 ï 250 ʨʝʞʠʤʦʚ ʧʦ ʨʘʩʭʦʜʫ. 

ʍʦʪʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (2.4.1), (2.4.2) ʚʢʣʶʯʘʶʪ ʢʘʢ ʨʘʟʤʝʨʥʫʶ 

ʚʝʣʠʯʠʥʫ ʨʘʩʭʦʜʘ, ʪʘʢ ʠ ʙʝʟʨʘʟʤʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʠ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʭ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʘʟʤʝʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʊʂ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʊʂ ʜʘʝʪ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʡ ʩʝʤʝʡʩʪʚʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʫʯʪʝʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʝʡ ʊʂ. ʈʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʂ ʠ ʦʥʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʲʷʚʣʝʥʳ ʟʘʢʘʟʯʠʢʫ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ 

ʮʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ (2.4.1), (2.4.2) ʫʜʦʙʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ, 

ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʭʦʜʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʧʦʨʘ. 

ʈʘʟʤʝʨʥʳʝ ʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʩʣʝʜʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳ, ʙʫʜʫʯʠ 

ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʊʂ ʚ ʮʝʣʦʤ, ʥʦ ʦʙʳʯʥʦ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʪʜʝʣʴʥʳʤ 

ʩʪʫʧʝʥʷʤ. ʌʦʨʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʫʧʝʥʠ  ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ ʚ ʫʧʨʦʱʝʥʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 
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ʟʘʚʠʩʠʤʦʩʪʠ. ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʫʧʝʥʷʤ 

ʆʂ ʠ ʎʂ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʤʝʨʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ.  

ʇʨʠʥʷʪʳʝ ʥʠʞʝ ʫʧʨʦʱʘʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

ï ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʩʪʫʧʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʫʨʘʚʥʝʥʠʠ ɹʝʨʥʫʣʣʠ ʦʧʫʱʝʥ, 

ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ ʠ ʧʨʦʪʝʯʝʢ ʚ 

ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ: 
T p wh h h= +  ʠ ʧʦʣʠʪʨʦʧʥʳʡ 

ʂʇɼ ʙʝʟ ʫʯʝʪʘ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ ʠ ʧʨʦʪʝʯʝʢ ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ ï 

/w p Th hh = .  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʟʤʝʨʥʳʭ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʤʝʤ 

ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʝʝ. ʇʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ ʨʘʚʝʥ 

1

1 1
1

k

k

p

k
h RT

k
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h
å õ

=h p -æ öæ ö- ç ÷

, ʠʣʠ:  

 

                   
1 1
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2

1 1

1 1
1 1
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k k

k k

T T

k k
h u

k RT k RT

h h
- -å õ å õ- -

p= + = + yæ ö æ ö
ç ÷ ç ÷

.              (2.4.3) 

 

 

ɿʜʝʩʴ 2

2

2 2

T u
T

h c

u u
y = =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠ ʦʙʳʯʥʦʤ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʩʪʫʧʝʥʝʡ 

ʦʪʩʫʪʩʪʚʠʷ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ 1( 0)uc = . 

ʀʟ (2.4.3) ʚʳʪʝʢʘʝʪ ʦʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ p ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷ, ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʂʇɼ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʚʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʭʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ 
2

2

2

rc

u
j = .  

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʩʪʫʧʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʨʘʚʝʥ: 
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22 2 2
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r

p p b
m V c D b D u

RT RT D
=r = p =j p ,             (2.4.4) 

 

ʛʜʝ 2

2

b

D
 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ (ʦʜʠʥ ʠʟ 

ʭʘʨʘʢʪʝʨʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʈʂ) ï ʨʠʩ. 2.4.1. 

ʆʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʧʦʨʘ, ʘ 

ʨʘʩʭʦʜʘ ï ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʭʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʚʤʝʩʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʜʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʬʦʨʤʫʣʘʤʠ (2.4.2), ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ: 

 

                                    2( )T fy j= ,    2( )fh j= .                                (2.4.5)  

 

 

 

ʈʠʩ. 2.4.1. ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʥʘ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʚʣʠʷʶʪ ʨʘʟʤʝʨʥʳʝ 

ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. ʈʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʢʘʟʳʚʘʶʪ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ ʯʝʨʝʟ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, ʯʝʤʫ 

ʧʦʩʚʷʱʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 

2( )T fy j=  ʨʘʩʩʤʦʪʨʠʤ ʠʜʝʘʣʴʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʦʪʝʨʠ ʥʘʧʦʨʘ, ʘ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʭ ʣʦʧʘʪʦʢ (ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ).  

ʀʟ-ʟʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʯʠʩʣʘ ʣʦʧʘʪʦʢ ʧʦʪʦʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʠʤʝʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ:  

 

                                               22 ʣbb =¤ .                                           (2.4.6) 

 

ʅʘ ʨʠʩ. 2.4.2 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʨʘʟʥʳʭ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʈʂ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʳʭʦʜʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ 

ʯʠʩʣʝ ʣʦʧʘʪʦʢ. 

 

 

  

ʈʠʩ. 2.4.2. ɺʳʭʦʜʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʧʦʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʜʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩ: ʚʚʝʨʭʫ ï ab902ʣb , ʚ ʩʝʨʝʜʠʥʝ ï 
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2 90ʣb = , ʚʥʠʟʫ ï aX902ʣb . ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʣʦʧʘʪʦʢ, 

ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʣʦʧʘʪʦʢ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʢʨʫʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʦʤ 

ʚʳʪʝʢʘʝʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ ʚʳʭʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʩʢʦʨʦʩʪʝʡ 2 2 2 2u r ʣc u c ctgb¤= - , ʠʣʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ: 

   

                                2 21T ʣctg¤= -y j b.                                     (2.4.7) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʣʦʧʘʪʦʢ 

ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʥʝʡʥʘʷ, ʠ ʝʝ ʧʨʦʪʝʢʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʚʳʭʦʜʥʦʛʦ ʫʛʣʘ ʣʦʧʘʪʦʢ:  

1. ab902ʣb . ʈʘʙʦʯʠʝ ʢʦʣʝʩʘ ʩ ʚʳʭʦʜʥʳʤʠ ʫʛʣʘʤʠ ʤʝʥʝʝ 90
0
 ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʧʦʨʘ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ ʚ 

ʧʨʝʜʝʣʘʭ: 1T¤y = ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ 02=j , ʠ 0T¤y = ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʪʠʞʠʤʦʤ ʨʘʩʭʦʜʝ 22 ʣtgbj= . 

ʇʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ ʧʦʪʦʢ ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʣʝʩʦ ʠ ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ 

ʠʤ ʜʦ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 2u  ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʜʣʷ 

ʜʘʥʥʦʛʦ ʈʂ ʨʘʩʭʦʜʝ, ʧʦʪʦʢ ʢʘʢ ʙʳ çʫʙʝʛʘʝʪè ʦʪ ʟʘʛʥʫʪʳʭ ʥʘʟʘʜ ʣʦʧʘʪʦʢ, ʥʝ 

ʧʨʠʦʙʨʝʪʘʷ ʟʘʢʨʫʪʢʠ ʚ ʢʦʣʝʩʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʢ ʛʘʟʫ ʥʝ ʧʦʜʚʦʜʠʪʩʷ, 

ʜʚʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ  ʩʠʣʫ ʠʥʝʨʮʠʠ ʛʘʟʘ, ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʟʘ ʩʯʝʪ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʨʘʩʭʦʜʝ ʤʦʤʝʥʪ ʦʪ ʈʂ ʛʘʟʫ ʥʝ ʧʝʨʝʜʘʝʪʩʷ, ʣʦʧʘʪʢʠ ʩʪʘʥʦʚʷʪʩʷ çʥʝʨʘʙʦʯʠʤʠè. 

ɺ ʯʝʪʚʝʨʪʦʤ ʢʚʘʜʨʘʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 22 ʣtgbj X  ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʢʦʣʝʩʦ ʩʪʘʥʦʚʠʪʩʷ ʪʫʨʙʠʥʥʳʤ, 

ʨʘʙʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʛʘʟʘ ʥʘ ʣʦʧʘʪʢʠ ʢʦʣʝʩʘ. 

2. a902 =ʣb . ʂʦʣʝʩʘ ʩ ʪʘʢʠʤʠ ʚʳʭʦʜʥʳʤʠ ʫʛʣʘʤʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷʭ ɼɺʉ, ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʠʥʦʛʜʘ ʚ ʎʂ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʋ ʠʜʝʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 1T¤y = ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ. 

3. aX902ʣb . ʇʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ 1T¤y =, ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʷ ʩ ʨʦʩʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ. ɺ ʠʜʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʙʝʟ ʧʦʪʝʨʴ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʦʣʫʯʠʪʴ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ ʥʘʧʦʨ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʭʦʜʝ ʯʝʨʝʟ 
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ʪʘʢʦʝ ʢʦʣʝʩʦ. ɺ ʨʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ 

ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʩʭʦʜʘ. ʈʘʙʦʯʠʝ ʢʦʣʝʩʘ ʩ aX902ʣb  ʠʤʝʶʪ 

ʥʝʜʦʩʪʘʪʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʠʭ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʢʦʤʧʨʝʩʩʦʨʘʭ. ʆʥʠ ʥʘʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʩʦʙʳʭ ʪʠʧʘʭ 

ʚʝʥʪʠʣʷʪʦʨʦʚ.  

ʉʦʧʦʩʪʘʚʣʷʷ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʚʳʭʦʜʥʦʡ ʫʛʦʣ ʣʦʧʘʪʦʢ, ʪʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʩʭʦʜʘ. ʕʪʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʣʝʩ ʩ ʙʦʣʴʰʠʤʠ ʚʳʭʦʜʥʳʤʠ ʫʛʣʘʤʠ. ʆʜʠʥ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ 

ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʈʂ ʦʯʝʚʠʜʝʥ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ: 

ʯʝʤ ʙʦʣʴʰʝ 2ʣb  ʠ Ty , ʪʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ 22 /uʩ  ʟʘ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ. ʕʪʦ 

ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ ʩʪʫʧʝʥʝʡ. 

ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʚʷʟʘʥ ʩ ʩʘʤʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ Ty , ʯʪʦ ʧʦʷʩʥʷʝʪʩʷ 

ʥʠʞʝ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʨʝʘʣʴʥʳʭ ʊʂ. ʀʟ-ʟʘ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʨʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ 

ʫʛʦʣ 2ʣb  ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʫʛʣʘ 2ʣb  ʥʘ ʚʝʣʠʯʠʥʫ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ. ʇʨʦʷʚʣʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʝʱʝ ʫʚʝʣʠʯʠʚʘʝʪ ʫʛʦʣ ʦʪʩʪʘʚʘʥʠʷ. ʈʦʣʴ ʚʷʟʢʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʙʦʣʝʝ ʪʦʣʩʪʳʡ, ʯʝʤ ʥʘ 

ʧʝʨʝʜʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʳʡ ʧʦʪʦʢ ʢʘʢ ʙʳ ʦʪʪʝʩʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʚʨʘʱʝʥʠʶ. ʋʩʫʛʫʙʣʷʝʪ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʚʦʟʤʦʞʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥʳ ʦʪʨʳʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ. 

ʇʦʤʠʤʦ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ ʚʳʭʦʜʘ ʧʦʪʦʢʘ 2ʣb  ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʠ ʦʪʨʳʚʥʳʝ 

ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ 
2w  ʚ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʦʪʦʢʘ. ʇʨʠ 

ab902ʣb  ʵʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʨʝʘʣʴʥʦʛʦ ʊʂ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʴʥʳʤ ʈʂ, ʠʤʝʶʱʠʤ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʣʦʧʘʪʦʢ. 

ɺ ʨʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʫʛʦʣ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ  

2 2 5...8ʣDb=b -b = ʫ ʆʂ ʠ a25...10  ʫ ʎʂ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ 

ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ). ʕʪʦʪ ʫʛʦʣ ʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʨʘʩʭʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʚʠʩʠʤʦʩʪʴ 2( )T fy j=  ʚ ʙʦʣʴʰʦʡ ʯʘʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠʜʫʪ ʥʠʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʜʝʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʪʝʤʠ ʞʝ 2ʣb , ʥʦ ʧʦʚʪʦʨʷʶʪ ʠʭ ʭʘʨʘʢʪʝʨʥʫʶ 

ʬʦʨʤʫ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 2.4.2.  

ʍʦʪʷ ʧʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʢʘʩʘʣʠʩʴ ʮʝʥʪʨʦʙʝʞʥʳʭ ʈʂ, ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʠ 2( )T fy j=  ʜʣʷ ʢʦʣʝʩ ʦʩʝʚʳʭ ʩʪʫʧʝʥʝʡ ʠʜʝʥʪʠʯʝʥ ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩ. 2.4.2 ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠ ab902ʣb . 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʇɼ ʠ ʧʦʣʝʟʥʦʛʦ ʥʘʧʦʨʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʜʝʘʣʴʥʦʛʦ, 

ʚ ʨʝʘʣʴʥʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʪʝʨʠ ʥʘʧʦʨʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ.  

ʊʘʢ ʢʘʢ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʩʪʫʧʝʥʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʧʦʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʧʦʣʝʟʥʳʡ (ʧʦʣʠʪʨʦʧʥʳʡ) ʥʘʧʦʨ ʨʘʚʝʥ ʧʦʜʚʝʜʝʥʥʦʤʫ 

(ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ) ʥʘʧʦʨʫ ʟʘ ʚʳʯʝʪʦʤ ʥʘʧʦʨʦʚ, ʧʦʪʝʨʷʥʥʳʭ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 

ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ: 

 

 ʧ T wʨʢ wʥʵh h h h= - - ,                                (2.4.8) 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʘ ʦʪ ʨʘʩʭʦʜʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʪʝʨʴ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 
wʨʢh . ʇʦʪʝʨʠ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʇʏ ʟʘʚʠʩʷʪ 

ʦʪ ʨʘʩʭʦʜʘ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʵʪʦʤʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ ʚ ʮʝʣʦʤ 

ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʠ ʫ ʈʂ.  

ʉʭʝʤʘ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʈʂ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ 

ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʭʦʜʘʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.4.3. 

 

 

 

ʈʠʩ. 2.4.3. ʉʭʝʤʘ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ 

ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʭʦʜʘʭ 

 

ʇʨʝʜʧʨʠʤʝʤ ʫʧʨʦʱʝʥʥʳʡ, ʥʦ ʦʪʨʘʞʘʶʱʠʡ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʘʥʘʣʠʟ. ʇʦʪʝʨʠ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʧʦʜʝʣʠʤ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʤʝʩʪʫ ʠʭ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʧʦʪʝʨʠ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ ʠ ʧʦʪʝʨʠ ʥʘ ʚʭʦʜʝ 

ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ: 

 

wʨʢ wʢʘʥ wʚʭh h h= + ,                                             (2.4.9 ʘ) 

ʠʣʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2

2u : 

wʨʢ wʢʘʥ wʚʭy =y +y.                                          (2.4.9 ʙ) 

 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʜʚʝʜʝʥʥʳʤ ʥʘʧʦʨʦʤ ʠ ʜʚʫʤʷ ʚʠʜʘʤʠ 

ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.4.4. 

 

 

ʈʠʩ.2.4.4. ɺʠʜʳ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʥʘʣʴʥʳʭ ʧʦʪʝʨʴ ʦʪ ʨʘʩʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. ʇʦʩʣʝ ʚʭʦʜʘ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʣʦʧʘʪʦʢ, ʠʤʝʷ ʩʢʦʨʦʩʪʴ ʚ ʥʘʯʘʣʴʥʦʤ ʩʝʯʝʥʠʠ kw , 
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ʩʦʚʧʘʜʘʶʱʫʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʚʭʦʜʥʳʤ ʫʛʣʦʤ ʣʦʧʘʪʦʢ 1ʣb . ɺʝʣʠʯʠʥʘ 

ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ 
1 1* *

k

k

m
w

F z
=
r

 (
1kF  ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ 

ʢʘʥʘʣʘ ʥʘ ʚʭʦʜʝ) ʠ ʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʭʦʜʫ ʛʘʟʘ, ʪʘʢ 

ʢʘʢ ʧʣʦʪʥʦʩʪʴ 1r ʥʘ ʚʭʦʜʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʭʦʜʘ ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʢʘʥʘʣʘ 20,5

wk

k

k

h

w
z= , ʢʘʢ ʯʠʩʣʦ ʧʦʜʦʙʠʷ, ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʢʘʥʘʣʘ ʠ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ k , M , eR . ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʪʫʧʝʥʠ, ʘ ʚʪʦʨʳʝ ʜʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ kw  

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʦʣʴ ʢʨʠʪʝʨʠʷ eR  ʧʨʦ̫ʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʦʯʝʥʴ ʩʠʣʴʥʦʤ ʝʛʦ ʠʟʤʝʥʝʥʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʭʦʜ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʴ kw , ʤʝʥʷʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ 2,5 ʨʘʟʘ. 

ʊʘʢʦʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ eR  ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʀʟʤʝʥʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʩʞʠʤʘʝʤʦʩʪʠ M  ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ. ʆʜʥʘʢʦ 

ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʦʩʪʘʶʪʩʷ ʜʦʟʚʫʢʦʚʳʤʠ, ʪʦ ʚʣʠʷʥʠʝʤ ʠ ʵʪʦʛʦ 

ʢʨʠʪʝʨʠʷ  ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʫʧʨʦʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚʳʪʝʢʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚ ʥʘʯʘʣʝ ʢʘʥʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʭʦʜʘ 

1 2 2 2 2 2ʢ ʢm zw F D b u=r =rp j: 

 

2
2

2 1 2 2

ʢ ʢ
ʢ

w zF
w

u D b

r
= = j

r p
.                       (2.4.10) 

 

 

ʇʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ 
2

2

wk
wk

h

u
=y  ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ 

2j 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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2 22
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0,5 0,5 ʢ
wk k k k

zF
w

D b

å õ
= = æ ö

ç ÷

r
y z z j

r p
.                                    (2.4.11) 
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ʇʨʠ ʫʧʨʦʱʝʥʥʦʤ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʥʘ 

ʚʳʭʦʜʝ ʠ ʚʭʦʜʝ ʢʘʥʘʣʘ 2

1

r

r
 ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ  

( )2wʢ fy = j - ʵʪʦ ʢʚʘʜʨʘʪʠʯʥʘʷ ʧʘʨʘʙʦʣʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2.4.4. 

ʋʜʘʨʥʳʝ ʧʦʪʝʨʠ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 

2.4.3, ʪʦʣʴʢʦ ʧʨʠ ʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩʭʦʜʘ 1 1 1ʙʫ ʙʫm Fc=r  ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 
1w  ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ kw . 

ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ.  

ɺ ʨʘʟʜʝʣʝ 2.2 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʨʘʩʭʦʜʘ ʫʛʣʳ ʧʦʪʦʢʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 
2 2ʙʫj j  ʧʦʪʦʢ ʚʭʦʜʠʪ ʚ 

ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ 
1 1 0ʣi=b -b, ʘ ʧʨʠ 

ʨʘʩʭʦʜʝ ʙʦʣʴʰʝ ʙʝʟʫʜʘʨʥʦʛʦ ï ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ.    

ʅʘ ʨʠʩ. 2.4.3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 
2 2ʙʫj j  ʧʦʪʦʢ ʦʪʢʣʦʥʷʝʪʩʷ ʣʦʧʘʪʢʘʤʠ 

ʜʦ  ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʚʭʦʜʝ, ʪ.ʝ. ʜʦ ʫʛʣʘ 1ʣb . ʉʢʦʨʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʟʘʢʨʫʪʢʫ ʠ ʫʤʝʥʴʰʘʝʪʩʷ: 
1kw w. ʇʨʠ ʙʦʣʴʰʝʤ ʨʘʩʭʦʜʝ 

ʩʢʦʨʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʟʘʢʨʫʪʢʫ ʠ ʚʦʟʨʘʩʪʘʝʪ: 
1kw w. 

ɺʝʢʪʦʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʥʘ ʚʭʦʜʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʝ 

ʢʘʥʘʣʳ ʠ ʧʝʨʝʜ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʦʡ: 

  

                                            1 1k uw w c= +D.                                                             (2.4.12) 

 

ʇʨʦʮʝʩʩ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ. ʅʠʞʝ ʧʨʦʮʝʩʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʙʦʣʝʝ ʩʪʨʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʩʪʘʷ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʨʨʝʢʪʥʘʷ ʘʥʘʣʦʛʠʷ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ð ʚʥʝʟʘʧʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠ 

ʝʛʦ ʧʝʨʝʭʦʜʝ ʠʟ ʪʨʫʙʳ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʚ ʪʨʫʙʫ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ð ʨʠʩ. 

2.4.5. ʇʦʪʝʨʠ ʚʥʝʟʘʧʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʬʦʨʤʫʣʘ ɹʦʨʜʘ ð ʂʘʨʥʦ, ʚʳʚʦʜʠʤʘʷ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʠʤʧʫʣʴʩʦʚ: 
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2 2

1 2
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2 2
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h

- D
= = ,    (2.4.13 ʘ) 
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  (2.4.13 ʙ) 

 

 

 
 

ʈʠʩ. 2.4.5. ʉʭʝʤʘ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʨʘʩʯʝʪʫ ʧʦʪʝʨʴ ʚʥʝʟʘʧʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʫʞʝʥʠʷ 

 

ʌʦʨʤʫʣʳ (2.4.13 ʘ, ʙ ) ʧʨʠʛʦʜʥʳ ʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʚʥʝʟʘʧʥʦʛʦ ʩʫʞʝʥʠʷ.  

  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʬʦʨʤʫʣʦʡ ɹʦʨʜʘ ï ʂʘʨʥʦ  ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʜʘʨʥʳʝ ʧʦʪʝʨʠ ʚ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʝ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤʠ: 

 

( )
2 2

1 1

2 2

k u
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- D
= = ,    (2.4.14 ʘ) 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʧʦʣʥʝ ʪʦʯʥʦʡ ʬʦʨʤʫʣʳ ɹʦʨʜʘ ð ʂʘʨʥʦ, ʬʦʨʤʫʣʳ 

(2.4.14) ʦʪʨʘʞʘʶʪ ʚʝʣʠʯʠʥʫ ʚʭʦʜʥʳʭ  ʧʦʪʝʨʴ ʧʨʠʙʣʠʞʝʥʥʦ, ʥʦ ʚʧʦʣʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ, ʘ ʠʤʝʥʥʦ: 

ï ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʨʘʩʭʦʜʝ ʧʦʪʦʢ ʚʭʦʜʠʪ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʭʦʜʥʳʝ ʧʦʪʝʨʠ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ. ʅʘ ʨʠʩ. 2.4.4 ʵʪʦʪ ʨʝʞʠʤ ʦʙʦʟʥʘʯʝʥ 

ʩʠʤʚʦʣʦʤ 
ʙʫj  ( = 0).  

ï ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʫʜʘʨʥʳʝ ʧʦʪʝʨʠ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʚʘʜʨʘʪʫ ʧʨʠʦʙʨʝʪʝʥʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ, 

  ï ʧʨʠ ʙʦʣʴʰʝʤ ʨʘʩʭʦʜʝ ʠʤʝʶʪ ʤʝʩʪʦ ʫʜʘʨʥʳʝ ʧʦʪʝʨʠ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʚʘʜʨʘʪʫ ʧʨʠʦʙʨʝʪʝʥʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʘ.  

i
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ʅʘ ʨʠʩ. 2.4.4 ʟʘʚʠʩʠʤʦʩʪʴ 
wʫʜy  ʠʤʝʝʪ ʚʠʜ ʧʘʨʘʙʦʣʳ ʩ ʥʫʣʝʚʳʤ 

ʟʥʘʯʝʥʠʝʤ ʧʨʠ 
2ʙʫj .  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʠʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ. ɻʨʘʬʠʢʠ ʥʘ ʨʠʩ. 2.4.4 

ʧʦʷʩʥʷʶʪ ʬʦʨʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʝʟʥʦʛʦ ʥʘʧʦʨʘ ( )*

2p fy = j(ʠʥʜʝʢʩ 
*
 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ). ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʭʦʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ  ʨʘʩʭʦʜʝ ʙʦʣʴʰʝ 

ʙʝʟʫʜʘʨʥʦʛʦ 
2 2ʙʫj j  ʧʦʣʝʟʥʳʡ ʥʘʧʦʨ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ, ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʧʦʪʝʨʴ wky  ʠ wʫʜy . ʇʨʠ ʨʘʩʭʦʜʝ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʧʦʣʝʟʥʳʡ ʥʘʧʦʨ ʩʥʘʯʘʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ,  ʪʘʢ ʢʘʢ ʨʘʩʪʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ, ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʚ ʢʘʥʘʣʝ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ, ʘ ʫʜʘʨʥʳʝ ʧʦʪʝʨʠ ʚʦʟʨʘʩʪʘʶʪ 

ʧʦʩʪʝʧʝʥʥʦ. ʅʦ ʩ ʨʦʩʪʦʤ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʩʭʦʜʘ ʨʦʩʪ ʧʦʣʝʟʥʦʛʦ ʥʘʧʦʨʘ ʟʘʤʝʜʣʷʝʪʩʷ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʘ ʟʘʪʝʤ 

ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʇɼ. ɿʘʚʠʩʠʤʦʩʪʴ ( )2fh= jʚʳʪʝʢʘʝʪ ʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʦʪʝʨʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʧʦʨʘ 
Ty  ʠ 

w wk wʫʜh h h= + . ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʠ ʥʫʣʝʚʦʤ ʧʦʣʝʟʥʦʤ ʥʘʧʦʨʝ ʂʇɼ 

ʨʘʚʝʥ ʥʫʣʶ.  ʄʘʢʩʠʤʫʤ ʂʇɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʚʝʜʝʥʥʦʛʦ ʠ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʥʦʛʦ 

ʣʝʚʝʝ ʨʝʞʠʤʘ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ 2 2opt ʙʫj j, ʥʝʤʥʦʛʦ ʧʨʘʚʝʝ ʝʛʦ ï 

2 2opt ʙʫj j, ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʪʴ ʩ ʥʠʤ 2 2opt ʙʫºj j . 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʩʪʫʧʝʥʠ ʦʪ ʨʘʩʭʦʜʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʫ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʇʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ, ʠ ʦʩʝʚʳʭ ʩʪʫʧʝʥʝʡ ʠʜʝʥʪʠʯʥʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 

2.4.4.  

 

2.5. ʉʆɺʄɽʉʊʅɸʗ ʈɸɹʆʊɸ ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈɸ ʉ ʉɽʊʔʖ. 

ʇʆʄʇɸɾ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʨʝʩʩʦʨʘ ʠʣʠ ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤʳ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʭ ʨʘʙʦʪʘ ʚʦʟʤʦʞʥʘ ʚ ʧʨʠʥʮʠʧʝ. ʅʘ ʢʘʢʦʤ ʠʤʝʥʥʦ ʨʝʞʠʤʝ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʢʦʤʧʨʝʩʩʦʨ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʟʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʝʪʠ. ʋʩʣʦʚʠʝ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ: ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʭʦʜʝ ʩ ʩʝʪʴʶ ʢʦʤʧʨʝʩʩʦʨ 

ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʩʝʪʴ. ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʩʝʪʠ 

ʤʦʞʝʪ ʠʜʪʠ: 
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-  ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. ʊʠʧʠʯʥʳʡ ʩʣʫʯʘʡ ï 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʘʟʘ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, 

- ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʠʷ. 

(ʇʨʠʤʝʨʳ: ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʮʠʢʣʦʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ).  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʦʪ ʨʘʩʭʦʜʘ ʫ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʝʪʠ, ʫ ʢʦʪʦʨʳʭ ʪʘʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʙʣʠʟʢʘ ʢ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʘʨʘʙʦʣʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʪʨʫʙʳ ʛʘʟʦʧʨʦʚʦʜʦʚ:  
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.              (2.5.1) 

ɿʜʝʩʴ ʩʝʪʠV  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʨʫʙʳ, m  ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 

ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʩʝʪʠ, ʪʨf  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ. ʊʘʢ ʢʘʢ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʘʚʣʝʥʠʝ ʟʘʤʝʪʥʦ ʧʘʜʘʝʪ, ʧʣʦʪʥʦʩʪʴ ʪʘʢ ʞʝ 

ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚ (2.5.1) ʧʦʜ ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ 

c  ʠ ʧʣʦʪʥʦʩʪʠ r ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝʢʦʪʦʨʳʝ  ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʝ (2.5.1) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ: ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʦʪ ʨʘʩʭʦʜʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʪʝʡ, ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʤʠ. 

ʅʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʂ, ʠ ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʧʨʠ ʨʘʟʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʚ ʩʝʪʠ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ. 2.5.1. ɼʣʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʚ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ 

ʩʦʦʪʥʦʰʝʥʠʠ (2.5.1) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʪʨf . ʆʥʦ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 
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ʈʠʩ. 2.5.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ 

ʧʨʠ ʨʘʟʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʚ ʩʝʪʠ 

 

ʈʘʙʦʯʘʷ ʪʦʯʢʘ ʥʘ ʨʘʟʤʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʤʧʨʝʩʩʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʢʨʠʚʳʭ k ʥ ʢ ʩʝʪʠp p p pD = - =D. ɽʩʣʠ ʵʪʦ ʧʝʨʝʩʝʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨmmX , ʛʜʝ ʢʨm  ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ kpD  

ʤʘʢʩʠʤʘʣʴʥʦ, ʨʘʙʦʪʘ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʩʝʪʠ ʫʩʪʦʡʯʠʚʘ. ɽʩʣʠ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʝʪʠ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʢʨʫʪʦ, ʠ ʧʝʨʝʩʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨmmb , ʨʘʙʦʪʘ 

ʩʠʩʪʝʤʳ ʥʝʫʩʪʦʡʯʠʚʘ. ʅʘʩʪʫʧʘʝʪ ʷʚʣʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʧʦʤʧʘʞʝʤ. ʕʪʦ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʧʨʦʮʝʩʩ (ʦʜʠʥ ʧʝʨʠʦʜ  ʚ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ), 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʞʠʤʘʝʤʳʡ ʛʘʟ, ʧʦʩʪʫʧʘʷ ʚ ʩʝʪʴ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʨʳʚʘʝʪʩʷ ʠʟ 

ʩʝʪʠ ʥʘ ʚʩʘʩʳʚʘʥʠʝ.  

ʅʝ ʧʨʠʙʝʛʘʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʝʤ 

ʧʨʦʩʪʝʡʰʝʝ ʦʙʲʷʩʥʝʥʠʝ. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʫʩʪʦʡʯʠʚʦʡ ʦʙʣʘʩʪʠ ʢʨmmX  ʢ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʢʨmmb  ï ʵʪʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʢʘʢʦʡ-

ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʘʚʣʝʥʠʝ ʚ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ, 

ʨʘʟʚʠʚʘʝʤʦʤʫ ʢʦʤʧʨʝʩʩʦʨʦʤ ʚ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ, ʘ ʜʘʚʣʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ 

ʫʞʝ ʩʪʘʣʦ ʤʝʥʴʰʝ. ʇʨʠ ʧʨʦʨʳʚʝ ʯʘʩʪʠ ʛʘʟʘ ʥʘ ʚʩʘʩʳʚʘʥʠʝ ʯʝʨʝʟ ʢʦʤʧʨʝʩʩʦʨ, 

ʜʘʚʣʝʥʠʝ ʚ ʩʝʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʂʦʤʧʨʝʩʩʦʨ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʢʨmmX , ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷ ʜʘʚʣʝʥʠʝ ʚ ʩʝʪʠ ʠ ʧʦʧʘʜʘʷ ʩʥʦʚʘ ʥʘ 

ʥʝʫʩʪʦʡʯʠʚʫʶ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʨʠ ʧʦʤʧʘʞʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʥʷʝʪ ʩʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʇʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ. ʄʦʞʥʦ ʧʨʦʩʪʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʤʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʨʦʪʦʨʘ 
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ʪʨʝʙʫʝʪ ʜʣʷ ʚʨʘʱʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ eN , ʠʟʤʝʨʷʝʤʦʡ ʩʦʪʥʷʤʠ, ʪʳʩʷʯʘʤʠ ʠ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʢɺʪ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʣʦʧʘʪʢʠ ʆʂ, ʚʘʣ, ʧʦʜʰʠʧʥʠʢʠ, ʜʠʘʬʨʘʛʤʳ ʠ 

ʢʦʨʧʫʩ ʊʂ ʚ ʮʝʣʦʤ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʚʝʣʠʯʠʥʳ. ʇʨʘʢʪʠʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʥʘʝʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʜʘʞʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘ ʨʝʞʠʤʝ 

ʧʦʤʧʘʞʘ ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʤʧʨʝʩʩʦʨʘ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʘʙʦʪʘ ʢʦʤʧʨʝʩʩʦʨʘ ʦʛʨʘʥʠʯʝʥʘ ʟʦʥʦʡ ʢʨm . ʇʨʠʯʝʤ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʪʠʧʠʯʥʳʝ ʨʘʙʦʯʠʝ ʨʝʞʠʤʳ ʣʝʞʘʪ ʚ 

ʧʨʝʜʝʣʘʭ ʢʨʨʘʩʯmm - . ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʩʯʠʪʘʝʪʩʷ ʪʝʤ ʣʫʯʰʝʡ, ʯʝʤ ʤʝʥʴʰʝ ʦʪʥʦʰʝʥʠʝ  
ʨʘʩʯ

ʢʨ

m

m
.  

ʆʩʦʙʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.5.2). ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʂ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʝʛʦ ʨʘʙʦʪʳ: 

ï ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ( , ,opt ʥopt optm V j ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ 

ʂʇɼ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʂ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʦʥ ʨʘʙʦʪʘʣ ʥʘ ʵʪʦʤ ʨʘʩʭʦʜʝ, 

ï ʨʘʩʯʝʪʥʳʡ ʨʘʩʭʦʜ ( , ,ʨ ʥʨ ʨm V j) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʊɿ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʪʠʤʘʣʴʥʳʤ, ʥʦ ʤʦʞʝʪ ʠ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʥʝʛʦ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ,  

ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ( max max max, ,ʥm V j ). ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʨʘʩʭʦʜʝ ʊʂ ʥʝ ʩʦʟʜʘʝʪ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɺʩʷ ʧʦʜʚʦʜʠʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʜʚʠʛʘʪʝʣʷ ʠʜʝʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ɽʛʦ 

ʚʝʣʠʯʠʥʘ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʨʘʥʠʮʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʂ ʧʨʠ ʨʘʩʭʦʜʝ 

ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʛʦ, 

ï ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ( , ,ʢʨ ʥʢʨ ʢʨm V j )ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ 

ʨʘʟʚʠʚʘʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʘʚʣʝʥʠʷ (ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʠʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ ʩʪʫʧʝʥʠ). ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʧʨʠ ʨʘʩʭʦʜʝ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʧʦʤʧʘʞ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ. ɿʥʘʯʝʥʠʷ , ,ʢʨ ʥʢʨ ʢʨm V j  ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʝ ʧʦʤʧʘʞʘ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 2.5.2. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʙʦʯʝʡ ʪʦʯʢʠ (ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʂ ʠ ʦʙʩʣʫʞʠʚʘʝʤʦʡ ʩʝʪʠ) ʢ ʛʨʘʥʠʮʝ ʧʦʤʧʘʞʘ, 

ʚʢʣʶʯʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʦʡ ʟʘʱʠʪʳ. ʆʥʘ 

ʧʝʨʝʧʫʩʢʘʝʪ ʯʘʩʪʴ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʥʘ ʚʩʘʩʳʚʘʥʠʝ ʊʂ (ʫ ʚʦʟʜʫʰʥʳʭ ʊʂ ʯʘʩʪʴ 

ʩʞʠʤʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ). ʇʦʥʷʪʥʦ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ 
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ʘʥʪʠʧʦʤʧʘʞʥʦʡ ʟʘʱʠʪʳ ʚʝʜʝʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʊʂ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʨʘʩʭʦʜʘʭ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʷʚʣʷʝʪʩʷ ʠʭ 

ʢʨʫʧʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ.      

 

2.6. ɿɸʂʃʖʏɽʅʀɽ ï ʎɽʃʀ ʀ ʄɽʊʆɼʓ 

ɻɸɿʆɼʀʅɸʄʀʏɽʉʂʆʁ ʊɽʆʈʀʀ ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈʆɺ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʊʂ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʨʘʟʤʝʨʳ ʠ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʟʘʜʘʥʥʳʝ  

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʦʥʝʯʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʪʨʘʯʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʪ.ʝ. ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʂʇɼ. ʀʟ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʝʩʪʴ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ 

ʧʦʜʚʝʜʝʥʥʦʛʦ ʥʘʧʦʨʘ 
ih  ʠ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʘ 

rh . ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ 

ʩʪʨʦʛʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʨʫʛʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʳ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚʦ ʚʩʝʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʊʨʝʙʫʝʤʳʡ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʨʝʟʫʣʴʪʘʪ ï ʦʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(), f mph=  ï ʵʪʦ ʯʘʩʪʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʙʱʝʛʦ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʚʷʟʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʪʦʢʘ (ʈɺʇ) ʨʝʘʣʠʟʫʶʪ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ. ʇʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈɺʇ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʨʘʩʯʝʪʝ ʨʘʟʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʥʘʧʦʨʘ ʠ ʨʘʩʭʦʜʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʬʦʨʤʦʡ 

ʇʏ ʜʣʷ ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ. ɺʝʨʦʷʪʥʦ, ʟʘʜʘʯʫ ʧʝʨʝʙʦʨʘ ʚʘʨʠʘʥʪʦʚ 

ʤʦʞʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʧʦʨʫʯʠʪʴ ʢʦʤʧʴʶʪʝʨʫ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʊʂ ʙʳʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʷ ʩʘʤʳʭ ʦʙʱʠʭ 

ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ, ʙʝʟ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʫʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʢʘ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʈɺʇ ʧʨʠ ʚʩʝʤ ʩʦʚʝʨʰʝʥʩʪʚʝ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜ - ʠ 

ʧʦʩʪʧʨʦʮʝʩʩʦʨʦʚ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʠ ï ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ï ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʦʪʥʶʜʴ ʥʝ ʠʤʝʶʱʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʈʝʰʝʥʠʷ ʪʨʝʙʫʶʪ ʧʨʦʚʝʨʢʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʈɺʇ 

ʦʯʝʥʴ ʚʥʫʰʠʪʝʣʝʥ, ʥʦ ʜʦʚʝʨʠʪʴ ʵʪʠʤ ʧʨʦʛʨʘʤʤʘʤ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʂ ʠ 

ʦʪʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʢʘ ʥʝʣʴʟʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʳʩʪʨʳʡ ʧʨʦʛʨʝʩʩ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʈɺʇ ʚʩʝ ʝʱʝ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʦʝʤʢʠ ʠ ʥʝʜʝʰʝʚʳ. 

ʂʘʢ ʠ ʨʘʥʝʝ, ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʊʂ ï ʵʪʦ ʟʘʜʘʯʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʨʝʰʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʫʧʨʦʱʝʥʥʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ. ɼʣʷ ʠʭ ʛʨʘʤʦʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʇʏ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʩʫʪʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʧʨʠʢʣʘʜʥʘʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʊʂ ʜʦʣʞʥʘ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʘ: 

ï ʢʘʢʦʚʘ ʚʝʣʠʯʠʥʘ ʧʦʜʚʦʜʠʤʦʡ ʢ ʛʘʟʫ ʫʜʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 

i T ʧʨ ʪʜh h h h= + + , 

ï ʢʘʢʦʚ ʧʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ 
rh . 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ ʥʘʧʦʨʘ, ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʷʥʥʦʛʦ ʥʘʧʦʨʘ. ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʪʝʨʴ 

ʨʘʩʩʤʦʪʨʝʥ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʢʘʥʘʣʘʭ ʧʨʦʩʪʦʡ ʬʦʨʤʳ.  
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3. ɼɺʀɾɽʅʀɽ ɻɸɿɸ ɺ ʂɸʅɸʃɸʍ ʇʈʆʉʊʆʁ ʌʆʈʄʓ 

3.1. ʂɸʅɸʃʓ ʇʈʆʉʊʆʁ ʌʆʈʄʓ ʂɸʂ ʄʆɼɽʃʀ ɼʃʗ 

ʈɸʉʉʄʆʊʈɽʅʀʗ ʇʈʆʎɽʉʉʆɺ ɺ ʇʈʆʊʆʏʅʆʁ ʏɸʉʊʀ 

ʊʋʈɹʆʄɸʐʀʅ 

ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʪʫʨʙʦʤʘʰʠʥ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ ʢʘʥʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ: 

ï ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʙʝʟʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ. ʂ ʪʘʢʠʤ ʢʘʥʘʣʘʤ 

ʦʪʥʦʩʷʪʩʷ ʚʭʦʜʥʳʝ ʫʯʘʩʪʢʠ ʨʘʙʦʯʠʭ ʢʦʣʸʩ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ʙʝʟʣʦʧʘʪʦʯʥʳʝ ʜʠʬʬʫʟʦʨʳ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʧʦʚʦʨʦʪʥʳʝ ʢʦʣʝʥʘ 

ʤʝʞʜʫ ʜʠʬʬʫʟʦʨʦʤ ʠ ʦʙʨʘʪʥʦ-ʥʘʧʨʘʚʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ, ʧʝʨʝʭʦʜʳ ʦʪ 

ʦʙʨʘʪʥʦ-ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʠ 

(ʨʠʩ. 1.2.5). ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʢʘʥʘʣʦʚ ʦʪʥʦʩʷʪʩʷ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʭʦʜʥʳʝ 

ʧʘʪʨʫʙʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʠ ʧʦʜʚʦʜʝ ʛʘʟʘ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʢ ʪʘʢʠʤ ʫʯʘʩʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʥʠʯʝʩʢʠʝ 

ʜʠʬʬʫʟʦʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʪʫʧʝʥʠ (ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ ç3è ʠ ç4è ï ʨʠʩ. 1.2.1). 

ï ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʘʥʘʣʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʦʩʝʚʦʡ 

ʩʠʤʤʝʪʨʠʝʡ - ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʦʩʝʚʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ. ɺʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʢʦʤʧʨʝʩʩʦʨʘ  ʧʨʠ ʧʦʜʚʦʜʝ ʛʘʟʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʩʦʚʧʘʜʘʶʱʝʤ ʩ ʦʩʴʶ ʨʦʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʘʥʘʣ, ʠʤʝʶʱʠʡ ʦʙʳʯʥʦ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ, 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʦʩʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ɺʳʭʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ï ʩʙʦʨʥʘʷ ʢʘʤʝʨʘ ʠʣʠ ʫʣʠʪʢʘ, ʪʘʢʞʝ ʠʤʝʶʪ ʩʣʦʞʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʬʦʨʤʫ. 

ï ʨʘʜʠʘʣʴʥʳʝ ʠ ʢʦʣʴʮʝʚʳʝ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʸʪʢʠ. ɺ ʮʝʥʪʨʦʙʝʞʥʦʤ 

ʢʦʤʧʨʝʩʩʦʨʝ ʵʪʦ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʸʪʢʠ ʨʘʙʦʯʠʭ ʢʦʣʸʩ, ʣʦʧʘʪʦʯʥʳʭ 

ʜʠʬʬʫʟʦʨʦʚ ʠ ʦʙʨʘʪʥʦ-ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʦʩʝʚʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʵʪʦ 

ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʸʪʢʠ ʨʘʙʦʯʠʭ ʢʦʣʸʩ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʩʪʫʧʝʥʠ, ʘ ʪʘʢ ʞʝ ʚʭʦʜʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʩʧʨʷʤʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʊʂ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʜʚʠʞʝʥʠʝʤ ʛʘʟʘ ʚ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʢʘʭ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʣʦʧʘʪʦʯʥʳʝ ʘʧʧʘʨʘʪʳ ʪʫʨʙʦʤʘʰʠʥ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʬʠʣʝʡ, ʠʣʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʘʥʘʣʦʚ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʣʦʧʘʪʦʯʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.1.1 ʩʣʝʚʘ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʧʨʦʬʠʣʷ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʣʠʥʠʷʤʠ ʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʠʤʠ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʪʫʨʙʦʤʘʰʠʥ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ 
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ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʨʘʙʦʯʝʤʫ ʪʝʣʫ, ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ ʠ 

ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ.  ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʝʞʣʦʧʘʪʦʯʥʳʭ 

ʢʘʥʘʣʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.1.1 ʩʧʨʘʚʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ ʚ 

ʢʘʥʘʣʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʦʩʝʜʥʠʭ ʣʦʧʘʪʦʢ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʘʩʧʝʢʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʪʝʨʴ ʥʘʧʦʨʘ (ʢʨʦʤʝ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ). ʈʘʩʩʤʦʪʨʝʥʠʝ ʢʘʥʘʣʦʚ ʧʨʦʩʪʦʡ 

ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʩʭʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʥʘʧʦʨʘ, ʧʦʷʩʥʠʪʴ ʩʫʪʴ ʠʥʞʝʥʝʨʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʦʮʝʥʢʠ.  

ʂʘʥʘʣʳ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ï ʪʨʫʙʳ, ʜʠʬʬʫʟʦʨʳ, ʢʦʥʬʫʟʦʨʳ, ʧʦʚʦʨʦʪʥʳʝ 

ʢʦʣʝʥʘ ï ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʥʦʛʠʭ 

ʚʘʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʉʧʝʮʠʘʣʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʫʪʴ 

ʧʨʦʮʝʩʩʦʚ ʪʝʯʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ. 

 

 

ʈʠʩ. 3.1.1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ: ʩʣʝʚʘ ï ʢʘʢ ʩʠʩʪʝʤʳ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ, ʩʧʨʘʚʘ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʬʠʣʝʡ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ ʯ. 3 ʜʦʣʞʥʦ ʦʙʣʝʛʯʠʪʴ ʧʦʥʠʤʘʥʠʝ ʩʣʦʞʥʳʭ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʷʭ ʊʂ, ʚʝʜʫʱʠʭ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʝʨʴ. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʥʮʠʧʳ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ.  
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3.2. ɼɺʀɾɽʅʀɽ ɻɸɿɸ ɺ ʊʈʋɹɸʍ  

ʅʘʯʘʣʴʥʳʡ ʠ ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʢʠ ʪʨʫʙʳ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʇʨʦʩʪʝʡʰʠʡ ʭʘʨʘʢʪʝʨ ʥʦʩʠʪ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʢʘʥʘʣʝ ï ʨʠʩ. 3.2.1. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʥʘʯʘʣʴʥʳʡ (ʨʘʟʛʦʥʥʳʡ) 

ʫʯʘʩʪʦʢ ʪʝʯʝʥʠʷ ʠ ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʦʢ (ʫʯʘʩʪʦʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʪʝʯʝʥʠʷ). 

 

 

 

ʈʠʩ. 3.2.1. ʕʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʠ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʘʭ ʚ 

ʧʨʷʤʦʡ ʪʨʫʙʝ: 1 ï ʥʘʯʘʣʴʥʳʡ (ʨʘʟʛʦʥʥʳʡ) ʫʯʘʩʪʦʢ, 2 ï ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʦʢ  

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʝʚʷʟʢʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʢʘʥʘʣʦʤ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʥʝʨʮʠʘʣʴʥʳʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝ ʚʦʟʥʠʢʘʶʪ, ʪʘʢ ʢʘʢ ʧʨʷʤʦʡ ʢʘʥʘʣ ʥʝ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. 

ʉʠʣʳ ʚʷʟʢʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʫʯʘʷʭ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ ʨʝʘʣʴʥʳʡ 

ʚʷʟʢʠʡ ʧʦʪʦʢ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ï ʚʦ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʧʦʣʝ 

ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʨʘʚʥʦʤʝʨʥʦʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʛʘʟʘ 

ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ çʧʨʠʣʠʧʘʪʴè ʢ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʅʘ ʩʪʝʥʢʘʭ ʢʘʥʘʣʘ 

ʯʘʩʪʠʮʳ ʥʝʧʦʜʚʠʞʥʳ, ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ ʜʚʠʞʫʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɺ ʥʘʯʘʣʝ ʢʘʥʘʣʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪ ʥʫʣʷ ʜʦ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʤ ʩʣʦʝ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʦʛʦ ʧʦʣʝ 

ʩʢʦʨʦʩʪʝʡ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʳʤ. ɺ ʧʨʠʩʪʝʥʦʯʥʦʤ ʩʣʦʝ, 

ʥʘʟʳʚʘʝʤʦʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 

ʚʦʟʥʠʢʘʝʪ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ, ʢʦʪʦʨʦʝ  ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʥʘ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ:  

 

                                         
c

n

µ
t=m

µ
 )/( 2ʤʥ ,                                      (3.2.1) 
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ʅʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ ʜʣʠʥʦʡ dl  ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʪʨʝʥʠʷ 

wdR dl U=t³ ³(ʥ), ʛʜʝ Uï ʩʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʘ, ʨʘʚʥʳʡ dp  (ʤ) 

ʜʣʷ ʢʨʫʛʣʦʡ ʪʨʫʙʳ. ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ.  

ʊʘʢ ʢʘʢ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʢʦʨʦʩʪʠ ʦʩʪʘʶʪʩʷ 

ʨʘʚʥʦʤʝʨʥʳʤʠ, ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʪʘʤ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʪʦʢ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʷʟʢʠʡ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʠ ʥʝʚʷʟʢʦʝ ʷʜʨʦ ʧʦʪʦʢʘ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʣʝ 

ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ ʦʩʪʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʦʢ ʥʝ 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʷʜʨʝ ʧʦʪʦʢʘ 
* 2 2 *0,5 0,5ʧʩ ʷp p c p C p= + + = ï ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʩʢʦʨʦʩʪʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʩʪʨʦʯʥʳʤʠ, ʘ ʚ ʷʜʨʝ ï ʧʨʦʧʠʩʥʳʤʠ ʙʫʢʚʘʤʠ.  

ʇʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʘʜʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʊʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ 

ʚʛʣʫʙʴ ʢʘʥʘʣʘ ʧʦʪʝʨʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘʨʘʩʪʘʝʪ 

( )
0

l

w w l
N c R U c dl= ³ = ³t³ñ  )(ɺʪ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʩʘ ʛʘʟʘ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ, ʪ.ʝ. ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚʛʣʫʙʴ ʢʘʥʘʣʘ ʟʘʥʠʤʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ. ʊʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ï ʵʪʦ ʫʩʣʦʚʥʘʷ ʚʝʣʠʯʠʥʘ. ɼʦʧʫʩʪʠʤʦ 

ʧʨʠʥʠʤʘʪʴ ʝʝ ʨʘʚʥʦʡ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʜʦ ʪʦʯʢʠ ʚ ʧʦʪʦʢʝ, ʚ 

ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ (ʷʜʨʘ) ʧʦʪʦʢʘ 

ʥʘ %1 . ɹʦʣʝʝ ʩʪʨʦʛʠʤ ʩʯʠʪʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ï ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ [15]: 

 

                                     

( )
*

* 0

C c dn
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.                                      (3.2.2) 

 

ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʥʘʯʘʣʘ ʢʘʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʦʩʪʝʧʝʥʥʦ ʥʝʚʷʟʢʦʝ ʷʜʨʦ ʧʦʪʦʢʘ ʧʝʨʝʩʪʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩʤʳʢʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ. ʇʦʜ 

ʥʘʯʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʫʯʘʩʪʦʢ ʪʨʫʙʳ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʧʨʦʬʠʣʶ 

ʨʘʟʚʠʪʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝʚʷʟʢʦʝ ʷʜʨʦ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ɺʪʦʨʦʝ ʥʘʟʚʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ï ʨʘʟʛʦʥʥʳʡ ʫʯʘʩʪʦʢ ï ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʚʳʪʝʩʥʝʥʠʷ. ʇʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʥʘ ʦʩʥʦʚʥʦʤ 

ʫʯʘʩʪʢʝ ʩʢʦʨʦʩʪʴ ʚ ʩʝʨʝʜʠʥʝ ʪʨʫʙʳ ʚʜʚʦʝ ʙʦʣʴʰʝ  ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 

ʚʭʦʜʝ ʚ ʢʘʥʘʣ. 

ʅʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ.  

ɼʝʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ ʷʜʨʦ ʠ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʟʜʝʩʴ ʥʝʧʨʘʚʦʤʝʨʥʦ. ɺ 

ʪʫʨʙʦʤʘʰʠʥʘʭ  ʜʣʠʥʘ ʢʘʥʘʣʦʚ ʦʙʳʯʥʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʨʘʟʛʦʥʥʦʛʦ ʫʯʘʩʪʢʘ. ɺ 

ʠʭ ʢʘʥʘʣʘʭ ʦʙʳʯʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʷʜʨʦ ʧʦʪʦʢʘ ʠ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʥʘ 

ʩʪʝʥʢʘʭ. ʇʦʪʦʤʫ ʧʨʦʩʪʝʡʰʝʡ ʩʭʝʤʦʡ ʢʘʥʘʣʦʚ ʊʂ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʤʝʥʥʦ 

ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʳ. ʀʟ ʘʥʘʣʦʛʠʠ ʩ ʜʚʠʞʝʥʠʝʤ ʛʘʟʘ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ʪʨʫʙʳ ʩʣʝʜʫʝʪ: 

ï ʚ ʢʘʥʘʣʘʭ ʪʫʨʙʦʤʘʰʠʥ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʝʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʦ ʩʪʝʥʢʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, 

ï ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ 

ʷʜʨʘ, çʟʘʛʨʦʤʦʞʜʘʷè ʧʨʦʭʦʜʥʳʝ ʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʘʣʴʰʝ ʦʪ 

ʚʭʦʜʘ ʚ ʢʘʥʘʣ ʥʘʭʦʜʠʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, 

ï ʚ ʦʩʦʙʦ ʫʟʢʠʭ ʢʘʥʘʣʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʥʷʪʴ 

ʨʘʟʚʠʪʳʡ ʭʘʨʘʢʪʝʨ. 

ʃʘʤʠʥʘʨʥʳʡ ʠ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʚ 

ʧʨʷʤʦʡ ʪʨʫʙʝ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ: 

ï ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪ ʥʫʣʷ ʜʦ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 

ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʩʪʨʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦ. ʆʪʜʝʣʴʥʳʝ ʩʣʦʠ ʛʘʟʘ 

ʜʚʠʞʫʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʦ ʥʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ 

ʣʘʤʠʥʘʨʥʳʡ (ʩʣʦʠʩʪʳʡ) ʨʝʞʠʤ ʪʝʯʝʥʠʷ, 

ï ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʭʘʦʪʠʯʝʩʢʠʤ. ɺʝʣʠʯʠʥʘ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ, ʚʳʟʳʚʘʶʱʠʝ ʚʟʘʠʤʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʜʨʫʛʦʡ. ʕʪʦ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʨʝʞʠʤ ʪʝʯʝʥʠʷ.  

ʍʘʦʪʠʯʝʩʢʠʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʫʜʦʙʥʦ ʩʭʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʚ ʚʠʜʝ ʥʘʣʦʞʝʥʠʷ ʥʘ ʚʝʢʪʦʨ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ï ʨʠʩ. 3.2.2.  
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ʈʠʩ. 3.2.2. ʉʭʝʤʘʪʠʟʘʮʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ  

ʦʩʨʝʜʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʧʫʣʴʩʘʮʠʝʡ  

 

ɺ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʞʝ ʚ ʥʝʚʷʟʢʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʷʜʨʝ 

ʯʘʩʪʠʮʳ ʩʦʩʝʜʥʠʭ ʩʣʦʝʚ ʧʦʩʪʦʷʥʥʦ ʩʤʝʱʘʶʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, 

ʚʳʟʳʚʘʷ ʧʦʪʝʨʠ ʪʨʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʪʫʨʙʦʤʘʰʠʥ ʵʪʠ ʧʦʪʝʨʠ ʤʘʣʳ. ʅʘʣʠʯʠʝ ʧʨʦʜʦʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ 

ʥʝʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚʥʦʩʠʪ ʥʘʣʠʯʠʝ ʧʦʧʝʨʝʯʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʠʣʠ ʚ ʨʘʟʚʠʪʦʤ ʧʦʪʦʢʝ ʙʝʟ 

ʥʝʚʷʟʢʦʛʦ ʷʜʨʘ, ʣʘʤʠʥʘʨʥʳʝ ʠ ʪʫʨʙʫʣʝʥʪʥʳʝ ʨʝʞʠʤʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ.  

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ /c nµ µ ʫ ʩʪʝʥʦʢ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʯʘʩʪʠʮʳ ʙʳʩʪʨʦʜʚʠʞʫʱʠʭʩʷ ʩʣʦʝʚ, ʧʦʧʘʜʘʷ ʚ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ, ʦʪʜʘʶʪ ʝʛʦ 

ʯʘʩʪʠʮʘʤ ʯʘʩʪʴ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʀ ʥʘʦʙʦʨʦʪ, ʯʘʩʪʠʮʳ ʠʟ ʙʦʣʝʝ 

ʙʣʠʟʢʠʭ ʢ ʩʪʝʥʢʘʤ ʢʘʥʘʣʘ ʩʣʦʝʚ, ʧʦʧʘʜʘʷ ʚ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʝʩʷ ʩʣʦʠ, 

ʧʨʠʦʙʨʝʪʘʶʪ ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʝʛʦ ʯʘʩʪʠʮ.  

ʃʘʤʠʥʘʨʥʳʡ ʠʣʠ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʠ ʚʷʟʢʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ 

ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʛʘʟʦʚʳʭ 

ʧʦʪʦʢʦʚ, ʥʦʩʷʱʠʡ ʠʤʷ ʘʥʛʣʠʡʩʢʦʛʦ ʫʯʝʥʦʛʦ ʈʝʡʥʦʣʴʜʩʘ. ʂʨʠʪʝʨʠʡ 

ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʘʭ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʚ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

 

                                 ʛ ʛ
e

c d c d
R

³ ³
= = r
n m

,                                         (3.2.3) 

 

ʛʜʝ c ï ʩʨʝʜʥʝʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʝʯʝʥʠʠ ʢʘʥʘʣʘ, 4 /ʛd f U=  (f ï 

ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, U  ï ʩʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʘ) ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 
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ʜʠʘʤʝʪʨ; v ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, mï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ,rï 

ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ  ʠʤʝʝʪ ʤʝʩʪʦ  ʙʝʩʧʦʨʷʜʦʯʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʯʘʩʪʠʮ, ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ: 
dy

dc

dy

dc
l

dy

dc 2rmt += , ʛʜʝ lï ʜʣʠʥʘ ʧʫʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʠʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ  ʩʣʦʸʚ ʛʘʟʘ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʨʘʟʛʦʥʥʦʤ 

ʫʯʘʩʪʢʝ ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʴʰʝ. ʈʘʟʣʠʯʘʶʪʩʷ ʠ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʥʦʤ 

ʫʯʘʩʪʢʝ ʪʝʯʝʥʠʷ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ï ʨʠʩ. 3.2.3. ʇʨʠ 

ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ï ʧʨʠʙʣʠʞʝʥʥʦ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʠʣʠ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ. 

ʈʘʩʯʸʪ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ. ʅʘ ʦʩʥʦʚʥʦʤ 

ʫʯʘʩʪʢʝ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʥʝ ʤʝʥʷʶʪʩʷ ʧʦ ʜʣʠʥʝ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ
¶
. 

ʕʪʦ ʜʝʣʘʝʪ ʦʯʝʥʴ ʧʨʦʩʪʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʨʘʟʤʝʨʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ: 

 

                                            

2

1
2

ʩʨc
t=l ³rt,                                         (3.2.4)  

 

ʛʜʝ t ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʢʘʥʘʣʘ; 

ñ³=

f

ʩʨ dfc
f

c
1

 ï ʩʨʝʜʥʝʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ (ʠʥʜʝʢʩ çʩʨè ʦʙʳʯʥʦ ʦʧʫʩʢʘʶʪ); 

1l ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

 

 

                                           
¶ ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʤ  ʚʣʠʷʥʠʠ ʩʞʠʤʘʝʤʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʧʦ ʦʯʝʥʴ 

ʜʣʠʥʥʦʡ ʪʨʫʙʝ (ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʛʘʟʦʧʨʦʚʦʜ) ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʤʝʪʥʦ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʨʘʩʪʝʪ 

- ʚʧʣʦʪʴ ʜʦ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ.   
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ʈʠʩ. 3.2.3. ʇʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʳ:  

1 ï ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ, 2 ï ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 

 

ʊʘʢ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʦʚ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʥʝ ʤʝʥʷʶʪʩʷ ʧʦ 

ʜʣʠʥʝ, ʪʦ ʚʝʟʜʝ ʦʜʥʦ ʠ ʪʦ ʞʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʥʘ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ 

ʜʣʠʥʦʡ l  ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʩʤʦʯʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʥʘ 

ʧʝʨʠʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ: 

2

1
2

ʩʨ

ʪʨ

c
R U l U l=t³ ³ =l ³r ³ ³. 

ʉʠʣʘ ʪʨʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʩʠʣʦʡ ʜʘʚʣʝʥʠʷ ï ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ pD  ʥʘ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ F : 
ʪʨ ʜʘʚR R= , ʪ.ʝ. 

2

1
2

ʩʨc
U l p Fl ³r ³ ³ =D ³ ʦʪʢʫʜʘ ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ ʜʣʠʥʦʡ l  

ʨʘʚʥʘ: 

                                     

2

1
2 /

ʩʨc l
p

F U
D =l ³r ³.                                  (3.2.5) 

 

 ʆʪʥʦʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢ ʝʛʦ ʧʝʨʠʤʝʪʨʫ ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʜʠʫʩʦʤ /ʛr F U= . ʋʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʝʪʚʝʨʝʥʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʜʠʘʤʝʪʨʦʤ 4 /ʛd F U= , ʪʘʢ ʢʘʢ ʜʣʷ ʢʘʥʘʣʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʨʘʚʝʥ ʝʛʦ ʜʠʘʤʝʪʨʫ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʦʩʥʦʚʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʥʘʣʘ ʨʘʚʥʳ: 
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2

2

ʩʨ

ʛ

c l
p

d
D =l³r ³,                                    (3.2.6 ʘ) 

 

       2

2

ʪʨ

ʩʨ ʛ

p l

c d

D
z = =l

r

,                                   (3.2.6 ʙ) 

 

ʛʜʝ 14l= l ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

  

ʀʪʘʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʨʫʙʳ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʙʝʟʨʘʟʤʝʨʥʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ, ʜʣʠʥʝ ʪʨʫʙʳ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ. ʇʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʪʝʨʴ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ 2/2cr .  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʧʦʜʦʙʠʷ 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ  ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ  ʬʦʨʤʳ ʢʘʥʘʣʘ F  ʠ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ: ( , , ,Re)f F k Ml= . 

ʌʦʨʤʫ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʘ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʆʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʭʦʜʷʱʝʝ ʚ ʫʨʘʚʥʝʥʠʷ (3.2.6 ʘ, ʙ) ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʣʠʥʳ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʞʘʷ  

ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʥʘ ʧʦʪʝʨʠ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ l. ʆʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʫ ʢʘʥʘʣʦʚ ʩ ʢʨʫʛʣʳʤ, ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠ ʜʨʫʛʠʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ.  ʅʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʠʞʝ 

ʫʩʣʦʚʠʷʭ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʰ
ʰ

ʛ

k
k

d
=  ï ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ. ɼʣʷ 

ʧʨʷʤʦʡ ʪʨʫʙʳ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ï ʵʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʬʦʨʤʘ ʨʘʟʥʳʭ ʪʨʫʙ. 

ʂʨʠʪʝʨʠʠ ʩʞʠʤʘʝʤʦʩʪʠ ,k Mʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʝ ʚʣʠʷʶʪ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʪʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʥʘʣʳ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ. ɺ ʥʠʭ 

ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʘ, ʯʪʦʙʳ ʟʘʤʝʪʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʘʜʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʧʦʜʦʙʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ, ʢʨʠʪʝʨʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʈʝʡʥʦʣʴʜʩʘ: 
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ʂʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʠʣʘʤʠ 

ʠʥʝʨʮʠʠ ʠ ʚʷʟʢʦʩʪʠ ʚ ʧʦʪʦʢʝ. ʇʝʨʚʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ʭʘʨʘʢʪʝʨʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʚʪʦʨʳʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʚʠʪʦʤʫ 

ʪʝʯʝʥʠʶ ʚ ʧʨʷʤʦʤ ʢʘʥʘʣʝ ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ï ʵʪʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ï ʩʨʝʜʥʝʨʘʩʭʦʜʥʘʷ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʊʂ ʚʤʝʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ 
n

m=
r

. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʝ ʚʳʟʳʚʘʝʪ 

ʪʨʫʜʥʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 

ʪʨʫʙʳ ʩ ʨʘʟʚʠʪʳʤ ʪʝʯʝʥʠʝʤ ʜʣʠʥʦʡ l  ʩ ʠʟʚʝʩʪʥʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 

ʜʠʘʤʝʪʨʦʤ ʛd . ʀʟʚʝʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ (ʞʠʜʢʦʩʪʠ) ʠ ʠʟʤʝʨʝʥʥʳʡ ʤʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʧʦ ʬʦʨʤʫʣʘʤ (3.2.6 ʘ, ʙ) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʘʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʚʝʣʠʯʠʥʫ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʧʦ 

ʬʦʨʤʫʣʝ (3.2.7). 

ʅʘ ʨʠʩ. 3.2.4 ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ 

ʜʘʥʥʳʤ ʅʠʢʫʨʘʜʟʝ. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʯʝʥʠʷ ʚ 

ʪʫʨʙʦʤʘʰʠʥʘʭ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʦʙʳʯʥʦ ʚʝʣʠʢʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ. ɺʣʠʷʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʚʝʣʠʯʠʥʳ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʛʨʘʬʠʢʦʚ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʪʝʯʝʥʠʷ (2300beR ) ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʨʫʙ ʠ 

ʩʚʷʟʘʥ ʪʦʣʴʢʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠ Re 2300 ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

64/Rel= .                                         (3.2.8) 
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ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʢʨʳʪʳ ʩʣʦʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʛʘʟʘ 

(ʞʠʜʢʦʩʪʠ). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʥʠʝʤ ʜʚʠʞʫʱʝʛʦʩʷ ʛʘʟʘ ʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʥʳʡ ʧʨʠʩʪʝʥʦʯʥʳʡ ʩʣʦʡ. 

ɺ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʧʦʧʝʨʝʯʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ  

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʨʘʩʪʘʥʠʶ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʫ ʩʪʝʥʦʢ ʢʘʥʘʣʘ (ʨʠʩ. 3.2.3). 

ʇʨʠ ʵʪʦʤ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ '
c

n

µ
t=m r

µ
 ʚʦʟʨʘʩʪʘʝʪ. ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, 

ʦʜʥʘʢʦ, ʯʪʦ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ l ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ Re ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʥʘʣʝ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ.  

 

 

 

ʈʠʩ. 3.2.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ l ʜʣʷ ʢʨʫʛʣʦʡ ʪʨʫʙʳ ʦʪ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʅʠʢʫʨʘʜʟʝ [15] 

 

ɼʘʞʝ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, 

ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʥʠʭ ʥʝ ʧʨʦʥʠʮʘʝʤʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʝʪ ʣʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ.  ʇʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 
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ʛʣʘʜʢʦʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʦʪ ʧʦʜʩʣʦʡ ʧʦʢʨʳʚʘʝʪ  ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʣʴʞʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦ 

ʣʘʤʠʥʘʨʥʦʤʫ ʧʦʜʩʣʦʶ, ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ɼʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʝ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʛʣʘʜʢʠʤʠ ʩʪʝʥʢʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʶʪ ʧʦ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʦʡ ʬʦʨʤʫʣʝ ɹʣʘʟʠʫʩʘ: 

 

                                              
1

4

0,3164

Re
l= .                                           (3.2.9) 

 

ɺ [15] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʬʦʨʤʫʣʘ (3.2.9) ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʘ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʨʠʪʝʨʠʷ Re ʠ ʧʨʠʚʦʜʷʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ. 

ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʪʦʣʱʠʥʘ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʜʩʣʦʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʃʶʙʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʰʝʨʦʭʦʚʘʪʦʡ, ʢʦʛʜʘ ʚʝʨʰʠʥʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʠʥʘʶʪ ʚʳʩʪʫʧʘʪʴ 

ʟʘ ʧʨʝʜʝʣʳ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʜʩʣʦʷ. ʇʨʠ ʵʪʦʤ ʚʝʨʰʠʥʳ ʥʝʨʦʚʥʦʩʪʝʡ 

ʦʙʪʝʢʘʶʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ ʧʦʪʦʢʦʤ. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʨʳʚ ʧʦʪʦʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ 

ʙʝʟʚʦʟʚʨʘʪʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʆʙʣʘʩʪʴ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ 

ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʧʦ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ l ʰʝʨʦʭʦʚʘʪʳʭ ʢʘʥʘʣʦʚ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ: 

 

                                             
ʰ

ʰ

ʛ

K
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d
= ,                                           (3.2.10) 

 

ʛʜʝ hK  ï ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʥʘʣʘ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʝʢʦʤʝʥʜʫʶʪ ʬʦʨʤʫʣʫ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʅʠʢʫʨʘʜʟʝ [15]:  
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.                                 (3.2.11) 

 

ʏʝʤ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʪʝʤ ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ 

ʈʝʡʥʦʣʴʜʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʰʝʨʦʭʦʚʘʪʦʡ. 

ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʢ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʈʝʡʥʦʣʴʜʩʘ 0R : 

                                       0
ʰc K

R
³

= r
m

=100.                                    (3.2.12) 

 

ʋ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʚ ʬʦʨʤʝ (3.2.12) ʟʘ ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ 

ʨʘʟʤʝʨ ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ 

çʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʠʤè ʠ çʰʝʨʦʭʦʚʘʪʳʤè ʨʝʞʠʤʘʤʠ ʦʙʪʝʢʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 1000=R . ɽʩʣʠ 1000bR  ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʪʝʢʘʝʪʩʷ ʢʘʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʘʷ. ʇʨʠ 1000XR  ʥʘʩʪʫʧʘʝʪ ʦʙʣʘʩʪʴ 

ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ.  

ɿʥʘʯʝʥʠʝ 1000=R  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ 

ʜʦʧʫʩʪʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʦʚʳʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ 

ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 5020-=ʂh ʤʢʤ, ʯʫʛʫʥʥʳʭ ï 100 · 200 ʤʢʤ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʭʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 
3/2,1 ʤʢʛ , ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠʤʝʨʥʦ 61,8 10 ʇʘ ʩ-³ ³. ʇʨʠ ʭʘʨʘʢʪʝʨʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 15 ï 30 ʤ/ʩ  ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ 0R  ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠʟ ʩʪʘʣʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 30 ï 130. ʇʨʠ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠ ʤʝʥʴʰʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʠʡ ʠ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʚ ʯʫʛʫʥʥʳʭ ʪʨʫʙʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʦʝ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ɺʳʚʦʜʳ ʧʦ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʝʯʝʥʠʷ: 

1. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʷʟʢʦʛʦ 

ʛʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ ï ʧʦʪʝʨʠ ʪʨʝʥʠʷ ï ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 
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ʪʫʨʙʦʤʘʰʠʥ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦ 

ʤʝʪʦʜʦʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʂʇɼ, ʨʘʚʥʳʡ 100%, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ. 

2. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʢʘʥʘʣʘʭ ʪʫʨʙʦʤʘʰʠʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʥʘʣʦʛʠʯʥʦ 

ʪʝʯʝʥʠʶ ʚ ʥʘʯʘʣʴʥʦʤ (ʨʘʟʛʦʥʥʦʤ) ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʚʷʟʢʦʛʦ 

ʷʜʨʘ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʥʘʣʦʚ 

ʪʫʨʙʦʤʘʰʠʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʧʨʠʝʤʳ ʨʘʩʯʝʪʘ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ. 

3. ʇʨʦʩʪʦʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʛʘʟʘ (ʞʠʜʢʦʩʪʠ) ʥʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ ʧʦʟʚʦʣʠʣ ʭʦʨʦʰʦ ʠʟʫʯʠʪʴ ʧʨʠʨʦʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

( )Re, ʰf Kl= . ɺ ʩʦʩʪʘʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʩ ʙʦʣʴʰʠʤʠ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʨʘʩʯʝʪ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ ʚ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ 

ʬʦʨʤʫʣʘʤ. 

4. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʘʥʘʣʳ ʪʫʨʙʦʤʘʰʠʥ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʠ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʧʦ ʜʣʠʥʝ ʩʝʯʝʥʠʝʤ, ʘ ʪʝʯʝʥʠʝ ʚ ʥʠʭ ʥʝʨʘʟʚʠʪʦʝ, ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʦʚ. ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (3.2.6 ʘ, ʙ) ʷʩʥʦ, ʢʘʥʘʣʳ 

ʪʫʨʙʦʤʘʰʠʥ ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ. ɺ ʥʠʭ ʥʝʠʟʙʝʞʥʳ  ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʪʨʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʵʪʦ ʢʘʥʘʣʳ ʩʦ ʩʣʠʰʢʦʤ ʤʘʣʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ. 

ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ, ʫʤʝʥʴʰʘʷ ʧʦʪʝʨʠ ʪʨʝʥʠʷ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʨʦʩʪʫ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʜʨʫʛʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ. ʕʪʠ ʧʦʪʝʨʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

 

3.3. ʊɽʏɽʅʀɽ ɺ ʇʈʗʄʆʆʉʅʓʍ ɼʀʌʌʋɿʆʈɸʍ  

ʆʪʨʳʚ ʧʦʪʦʢʘ ʚ ʜʠʬʬʫʟʦʨʘʭ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʟʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚ 

ʜʠʬʬʫʟʦʨʘʭ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʥʘʣʦʚ ʠʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʠʬʬʫʟʦʨʥʳʝ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʊʂ ï ʵʪʦ ʧʨʷʤʦʦʩʥʳʡ ʜʠʬʬʫʟʦʨ 

ʢʨʫʛʣʦʛʦ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʦʙʨʘʟʫʶʱʠʤʠ 

ʩʪʝʥʦʢ ï ʨʠʩ. 3.3.1. ʊʘʢʠʝ ʜʠʬʬʫʟʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʆʥʠ ʩʦʝʜʠʥʷʶʪ 

ʫʯʘʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʨʘʟʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ. 
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ʈʠʩ. 3.3.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦ ʜʣʠʥʝ ʜʠʬʬʫʟʦʨʘ ʩʝʯʝʥʠʷʭ: 1w  ï ʩʢʦʨʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ (ʷʜʨʘ) ʥʘ 

ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ; y  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʝʥʢʠ ʢʘʥʘʣʘ [18] 

 

ʌʦʨʤʘ ʜʠʬʬʫʟʦʨʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʜʣʠʥʦʡ ʠ ʫʛʣʦʤ 

ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ï ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ v. ʋ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʬʬʫʟʦʨʦʚ  

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ 

v ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʣʦʩʢʠʝ ʜʠʬʬʫʟʦʨʳ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɹʝʨʥʫʣʣʠ ʚ ʥʝʚʷʟʢʦʤ ʷʜʨʝ ʧʦʪʦʢʘ 

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʜʠʬʬʫʟʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ, ʜʣʷ ʯʝʛʦ 

ʜʠʬʬʫʟʦʨʳ ʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ: 

                              

2

0,
2

dp c dp
d cdc
å õ

+ = =-æ ö
r rç ÷

                         (3.3.1) 

 

ɺ ʷʜʨʝ ʧʦʪʦʢʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʙʦʣʝʝ ʙʳʩʪʨʦ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʘʣʴʰʝ ʦʪ ʩʪʝʥʢʠ.  

ʊʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʜʠʬʬʫʟʦʨʘʭ ʥʘʨʘʩʪʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʨʘʟʛʦʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʷʤʦʡ ʪʨʫʙʳ. ɺ ʢʘʥʘʣʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʝʯʝʥʠʷ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʯʘʩʪʠʮʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʩʝ ʜʘʣʴʰʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ.  ɺ 

ʜʠʬʬʫʟʦʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʣʱʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʷʜʨʦʤ ʧʦʪʦʢʘ.  
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ' '
c c

n
t m m

d

µ
=
µ

. ʊʦ ʝʩʪʴ, ʯʝʤ ʪʦʣʱʝ ʧʦʛʨʘʥʠʯʥʳʡ 

ʩʣʦʡ, ʪʝʤ ʤʝʥʴʰʝ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ ʫʚʣʝʢʘʪʴ ʟʘ ʩʦʙʦʡ 

ʯʘʩʪʠʮʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʙʣʠʞʝ ʢ ʩʪʝʥʢʝ ʜʠʬʬʫʟʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʪʨʫʙʳ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʤʝʥʷʝʪ 

ʬʦʨʤʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3.1 ʘ. ɺʙʣʠʟʠ ʩʪʝʥʢʠ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʚʩʝ 

ʤʝʜʣʝʥʥʝʝ. ʇʨʦʬʠʣʴ ʫ ʩʪʝʥʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʛʥʫʪʫʶ ʬʦʨʤʫ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ 

ʩʥʠʞʘʝʪ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʦ 

ʥʦʨʤʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʠʩʯʝʟʘʝʪ 0=
µ

µ

n

c
, ʯʘʩʪʠʮʳ 

ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʫʞʝ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʫʚʝʣʠʯʠʚʘʶʱʝʤʫʩʷ ʧʦ ʜʣʠʥʝ ʜʠʬʬʫʟʦʨʘ ʜʘʚʣʝʥʠʶ. ɼʘʣʝʝ ʫ 

ʩʪʝʥʢʠ ʚʦʟʥʠʢʘʝʪ ʦʙʨʘʪʥʦʝ ʜʚʠʞʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ. ʊʦʯʥʝʝ ʥʫʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʨʳʚʝ ʧʦʪʦʢʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʠ ʧʨʠ ʨʘʟʚʠʪʦʤ ʜʚʠʞʝʥʠʠ ʚ ʜʠʬʬʫʟʦʨʝ, ʛʜʝ ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ 

ʥʝʚʷʟʢʦʝ ʷʜʨʦ ʠ ʚʷʟʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʪʝʨʷʝʪ ʩʤʳʩʣ.  

ʆʪʨʳʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʭʨʝʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʭʨʝʚʫʶ ʬʦʨʤʫ. ʕʪʘ ʵʥʝʨʛʠʷ ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʪʝʨʷʥʘ ï ʧʦʷʚʣʷʶʪʩʷ ʚʠʭʨʝʚʳʝ ʧʦʪʝʨʠ ï ʠʥʘʯʝ ï 

ʧʦʪʝʨʠ ʦʪʨʳʚʘ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʚʠʭʨʝʚʦʡ ʬʦʨʤʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʜʘʚʣʝʥʠʝ. ʆʥʘ ʪʦʨʤʦʟʠʪʩʷ ʩʠʣʘʤʠ ʪʨʝʥʠʷ ʯʘʩʪʠʮ ʚʠʭʨʝʚʦʡ 

ʟʦʥʳ, ʧʨʝʦʙʨʘʟʫʷʩʴ ʚ ʪʝʧʣʦ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʬʬʫʟʦʨʦʚ, ʚ ʢʦʥʬʫʟʦʨʘʭ ʯʘʩʪʠʮʳ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ 

ʜʚʠʛʘʶʪʩʷ ʫʩʢʦʨʝʥʥʦ ʠ ʤʦʛʫʪ ʧʝʨʝʜʘʪʴ ʯʘʩʪʠʮʘʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʙʦʣʴʰʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ 

ʢʦʥʬʫʟʦʨʘʭ ʥʝʙʦʣʴʰʘʷ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʨʳʚʘ ʚ ʢʘʥʘʣʘʭ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʢʦʥʬʫʟʦʨʘʭ 

ʠʩʢʣʶʯʘʝʪʩʷ (ʝʩʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʩʪʥʳʝ  ʜʠʬʬʫʟʦʨʥʳʝ ʟʦʥʳ, ʦ ʯʝʤ 

ʛʦʚʦʨʠʪʩʷ ʥʠʞʝ), ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʘ ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ. 

ɺ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʘʭ ʪʫʨʙʦʤʘʰʠʥ ʧʦʪʝʨʠ ʦʪʨʳʚʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʧʘʜʝʥʠʶ ʂʇɼ. ʅʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʚ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʢʘʭ 

ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʪʨʳʚʳ ʧʦʪʦʢʘ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. ʋ  ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʟʦʥ 

ʦʪʨʳʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ.  
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ʏʝʤ ʙʣʠʞʝ ʢ ʥʘʯʘʣʫ ʜʠʬʬʫʟʦʨʘ ʚʦʟʥʠʢʘʝʪ ʦʪʨʳʚ, ʪʝʤ ʙʦʣʴʰʝ ʚʠʭʨʝʚʳʝ 

ʧʦʪʝʨʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʚ ʪʦʤ ʩʝʯʝʥʠʠ 

ʜʠʬʬʫʟʦʨʘ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʦʪʨʳʚ. ɿʥʘʥʠʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʳʚʘ ï 

ʥʫʣʝʚʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʝʥʢʝ ʜʠʬʬʫʟʦʨʘ 0t=  ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʪʨʳʚʘ: 

ï ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʤʝʥʝʝ ʟʘʧʦʣʥʝʥʥʳʝ, ʯʝʤ ʚ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ. ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ 

ʤʝʥʴʰʝ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ ʦʪʨʳʚ ʚʦʟʥʠʢʘʝʪ 

ʨʘʥʴʰʝ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʊʂ ʪʝʯʝʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʝ. ʆʜʥʘʢʦ ʧʨʠ ʤʘʣʳʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʧʨʠ ʨʘʙʦʪʝ ʛʘʟʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ, ʜʝʣʘʶʪ ʧʨʦʚʝʨʢʫ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʣʘʤʠʥʘʨʠʟʘʮʠʠ ʧʦʪʦʢʘ, ʧʨʠʥʠʤʘʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʦʪʨʳʚʘ, 

ï ʝʩʣʠ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨʥʳʡ ʢʘʥʘʣ ʪʝʯʝʥʠʝ ʨʘʟʚʠʪʦʝ (ʨʠʩ. 3.2.1), ʪʦ 

ʥʦʨʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʩʘʤʦʤ ʜʠʬʬʫʟʦʨʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʦʪʨʳʚ ʚʦʟʥʠʢʥʝʪ ʨʘʥʴʰʝ, ʠ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ, 

ï ʜʝʬʦʨʤʘʮʠʷ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʫ ʩʪʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʤʝʜʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ ʦʪʨʳʚ ʥʝʜʦʧʫʩʪʠʤ, ʪʦ ʜʣʠʥʫ 

ʜʠʬʬʫʟʦʨʘ ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʪʴ ʝʛʦ ʜʦ-ʦʪʨʳʚʥʦʡ ʯʘʩʪʴʶ. ʕʪʦʪ ʧʨʠʥʮʠʧ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʢʘʥʘʣʦʚ ʪʫʨʙʦʤʘʰʠʥ. ɺ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʭʥʠʢʝ ʧʨʷʤʦʦʩʥʳʭ ʜʠʬʬʫʟʦʨʘʭ ʟʘʤʝʜʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʝʯʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʜʠʬʬʫʟʦʨ ʩʦʝʜʠʥʷʝʪ 

2 1

1 2

c F
c

c F
= º . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʙʦʨʦʤ ʫʛʣʘ 

ʨʘʩʢʨʳʪʠʷ, ʦ ʯʝʤ ʛʦʚʦʨʠʪʩʷ ʥʠʞʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʯʝʥʠʶ ʚ ʜʠʬʬʫʟʦʨʘʭ. 

ʇʨʷʤʦʦʩʥʳʤ ʜʠʬʬʫʟʦʨʘʤ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï [13] ʠ ʜʨ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ 

ʩʪʝʥʦʢ ʜʠʬʬʫʟʦʨʦʚ ʩ ʫʛʣʘʤʠ ʨʘʩʰʠʨʝʥʠʷ ɜ 40¢  ̄ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʩʝʯʝʥʠʷ, ʘ ʚ ʪʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʠʯʠʥʘʤ  ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʚ ʧʨʠʩʪʝʥʦʯʥʦʤ ʩʣʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʩʝʯʝʥʠʷ. ʊʘʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʜʠʬʬʫʟʦʨʦʚ ʠʟ-ʟʘ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʲ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʚʭʦʜʝ. ʂʘʢ ʪʦʣʴʢʦ ʦʪʨʳʚ ʧʨʦʠʟʦʰʝʣ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʜʠʬʬʫʟʦʨʘ, 

ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʜʠʬʬʫʟʦʨʘ 

ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʬʬʫʟʦʨʘ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʫʞʝ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 
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ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʷʤ 

ʜʠʬʬʫʟʦʨʦʚ.  

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʨʳʚʘ ʪʝʯʝʥʠʝ ʚ ʜʠʬʬʫʟʦʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʠʣʴʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʚʦʟʥʠʢʰʘʷ 

ʚʠʭʨʝʚʘʷ ʟʦʥʘ ʩʥʦʩʠʪʩʷ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ, ʥʘ ʝʝ ʤʝʩʪʝ 

ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʠ ʪ.ʜ. ɺ ʩʠʤʤʝʪʨʠʯʥʦʤ ʜʠʬʬʫʟʦʨʝ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʨʦʬʠʣʝʤ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʩʪʝʥʢʠ ʚʦʟʥʠʢʘʝʪ ʧʦʧʝʨʝʤʝʥʥʦ 

ʪʦ ʥʘ ʦʜʥʦʡ, ʪʦ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʜʠʬʬʫʟʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʧʦʪʦʢʘ ʚ ʮʝʣʦʤ. ʇʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 3.3.1 ʩʭʝʤʫ ʪʝʯʝʥʠʷ ʥʘʜʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʩʨʝʜʥʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʢʘʨʪʠʥʫ. 

ʆʙʣʘʩʪʴ ʙʝʟʦʪʨʳʚʥʳʭ ʜʠʬʬʫʟʦʨʦʚ, ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ 

ʧʣʦʩʢʠʭ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʢʨʠʚʳʤ ʥʘ ʨʠʩ. 3.3.2.  

 

 

 

ʈʠʩ. 3.3.2. ʆʙʣʘʩʪʠ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʚ ʜʠʬʬʫʟʦʨʘʭ [13]. 

1 ï 
*

1 1 0Dd º ; 2 ï 1 1ŭ 0D*
  

ʂʨʠʚʳʝ ʨʘʟʜʝʣʷʶʪ ʚʩʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ v ʠ 
1

xF

F
 ( xF  ï ʧʣʦʱʘʜʴ 

ʜʠʬʬʫʟʦʨʘ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x) ʥʘ ʜʚʝ ʯʘʩʪʠ:  

- ʙʝʟʦʪʨʳʚʥʳʭ ʜʠʬʬʫʟʦʨʦʚ (ʦʙʣʘʩʪʴ I ), 

- ʦʪʨʳʚʥʳʭ ʜʠʬʬʫʟʦʨʦʚ (ʦʙʣʘʩʪʴ II ). 

ʂʨʠʚʘʷ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʚʭʦʜʘ (ʪʦʣʱʠʥʘ 

ʚʳʪʝʩʥʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʭʦʜʝ 1ŭ 0*º ). ʂʨʠʚʘʷ 2 ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʣʫʯʘʶ ʫʩʪʘʥʦʚʢʠ ʜʠʬʬʫʟʦʨʘ ʟʘ ʜʣʠʥʥʳʤ ʚʭʦʜʥʳʤ ʫʯʘʩʪʢʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ  

1 1ŭ 0D*
. 
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ʅʘ ʨʠʩ. 3.3.3. ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʤ ʜʠʬʬʫʟʦʨʝ. ʇʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʦʚ 

ʪʝʯʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 1/ ll  ï v.  

 

 

 

ʈʠʩ. 3.3.3. ʍʘʨʘʢʪʝʨʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʤ ʜʠʬʬʫʟʦʨʝ: 

1 ï ʦʪʨʳʚʘ ʥʝ ʚʦʟʥʠʢʘʝʪ; 2 ï ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʦʪʨʳʚ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʝʥʦʢ; 

3 ï ʦʪʨʳʚ ʥʘ ʦʜʥʦʡ ʩʪʝʥʢʝ; 4 ï ʦʪʨʳʚ ʥʘ ʜʚʫʭ ʩʪʝʥʢʘʭ 

 

ɿʜʝʩʴ ʧʘʨʘʤʝʪʨ 1/ ll  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʣʠʥʫ 

ʜʠʬʬʫʟʦʨʘ (l  ï ʜʣʠʥʘ ʜʠʬʬʫʟʦʨʘ, 1l  ï ʰʠʨʠʥʘ ʜʠʬʬʫʟʦʨʘ ʥʘ ʚʭʦʜʝ). 

ʉʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʝ ʟʦʥʳ ʪʝʯʝʥʠʷ: 

ï ʚ ʟʦʥʝ 1 ʦʪʨʳʚ ʧʦʪʦʢʘ ʚ ʜʠʬʬʫʟʦʨʝ ʥʝ ʚʦʟʥʠʢʘʝʪ, 

ï ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʝ 

ʜʠʬʬʫʟʦʨʘ ʚʝʜʝʪ ʢ ʧʝʨʝʭʦʜʫ ʚ ʟʦʥʫ 2 ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʠʤ ʦʪʨʳʚʦʤ 

ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʝʥʦʢ ʜʠʬʬʫʟʦʨʘ, 

ï ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʚ ʟʦʥʫ 3, 

ʢʦʛʜʘ ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʝʥʦʢ ʜʠʬʬʫʟʦʨʘ ʦʪʨʳʚ ʧʦʪʦʢʘ  ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦ, 

ï ʧʨʠ ʝʱʝ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʦʪʨʳʚʳ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʦʙʝʠʭ 

ʩʪʝʥʢʘʭ ʜʠʬʬʫʟʦʨʘ ï ʟʦʥʘ 4. 
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ʅʘ ʨʠʩ. 3.3.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʜ 2

1

ɠ
/ 2

wh

c
=  ʢʦʥʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʦʨʘ ʦʪ ʯʠʩʣʘ 

1 1
e

c d
R = r

m
 ʧʨʠ ʦʪʥʦʰʝʥʠʠ 2 1 4F F = , ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ 

ʜʠʬʬʫʟʦʨʘ ɜ ʠ ʜʚʫʭ ʦʪʥʦʰʝʥʠʷʭ  ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ (0l ) ʢ 

ʚʭʦʜʥʦʤʫ ʜʠʘʤʝʪʨʫ ʜʠʬʬʫʟʦʨʘ 0 1l D .  

 

 

 

ʈʠʩ. 3.3.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɠ ʢʦʥʠʯʝʩʢʦrʦ 

ʜʠʬʬʫʟʦʨʘ ʦʪ ʯʠʩʣʘ 1 1ʛ
e

c d
R =

n
 ʧʨʠ 1 0 4F F = .  1 ï 

04=v ; 2 ï 
010=v ; 3 ï 

030=v   [13] 

 

ʇʨʠ 10/ 10 =Dl  ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʡ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʇʨʠ 0/ 10 =Dl  ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ 

ʫʞʝ ʚ ʩʘʤʦʤ ʜʠʬʬʫʟʦʨʝ.. 
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ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ (

0/ 10 =Dl ) ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʫ ʜʠʬʬʫʟʦʨʘ ʩ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ 010 . ɺʣʠʷʥʠʝ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʥʘ ʪʝʯʝʥʠʝ ʚ ʢʘʥʘʣʘʭ ʨʘʟʥʦʡ ʬʦʨʤʳ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʢʦʥʮʝ  

ʵʪʦʛʦ ʨʘʟʜʝʣʘ. ʆʪʤʝʪʠʤ ʧʦʢʘ, ʯʪʦ ʜʣʷ ʜʠʬʬʫʟʦʨʦʚ ʩ ʫʤʝʨʝʥʥʳʤʠ ʫʛʣʘʤʠ 

ʨʘʩʢʨʳʪʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʟʦʥʘ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ ʈʝʡʥʦʣʴʜʩʘ, 

ʧʦʜʦʙʥʘʷ ʟʦʥʝ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʫ ʪʨʫʙ. ɺ ʟʦʥʝ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʫ ʣʫʯʰʝʛʦ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʠʬʬʫʟʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 0,065, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʘʚʣʝʥʠʝ. 

ɿʘʩʣʫʞʠʚʘʝʪ ʩʘʤʦʛʦ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʥʘʯʘʣʴʥʦʤ ʩʝʯʝʥʠʠ. ʋ ʪʦʛʦ ʞʝ 

ʜʠʬʬʫʟʦʨʘ ʩ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ 10
0
, ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʯʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚʦʟʨʘʩʪʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦ, ʜʦ ʟʥʘʯʝʥʠʷ ʧʨʠʤʝʨʥʦ 

0,26.   ɼʠʬʬʫʟʦʨ ʩ ʪʘʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ ʫʞʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ 

ʜʠʬʬʫʟʦʨ ʩ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ 4
0
. ɽʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʧʦʨʷʜʢʘ 0,18 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

 ɼʠʬʬʫʟʦʨʳ ʩ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ 030  ʦʙʳʯʥʦ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʧʦʪʝʨʴ ʦʪ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʥʝʪʠʧʠʯʥʘ. ɼʠʬʬʫʟʦʨʳ ʩ 

ʫʛʣʘʤʠ ʨʘʩʢʨʳʪʠʷ 02=v  ʠ 010=v  ʧʨʠ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʙʦʣʴʰʝ 5103³  

ʨʘʙʦʪʘʶʪ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʧʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʧʦʜʦʙʠʷ. ʇʨʠ 

ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ eR  ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʦʣʴ ʧʝʨʝʭʦʜʘ ʢ ʣʘʤʠʥʘʨʥʦʤʫ ʪʝʯʝʥʠʶ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʛʣʳ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ. 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ  ʧʦʪʝʨʴ ʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʠʬʬʫʟʦʨʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʙʰʠʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʥʷʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʪʝʯʝʥʠʷ ʠ ʩʦʩʪʦʷʪ ʠʟ ʩʠʩʪʝʤʳ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. 

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʘʭ 

ʫʩʣʦʚʥʦ ʜʝʣʷʪ ʥʘ ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʠ ʧʦʪʝʨʠ ʨʘʩʰʠʨʝʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤʠ 

ʧʦʥʠʤʘʶʪʩʷ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʨʳʚʦʚ. 

ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʨʘʩʰʠʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʥʳʭ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ, ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʳʰʝ ʧʨʷʤʳʤʠ ʪʨʫʙʘʤʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ. ʊʦ ʝʩʪʴ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʥʘʷ ʩʭʝʤʘ ʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʚʘ ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ: 

wʜ wʪʨ wʨʘʩʰh h h= + , ʠʣʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ: 
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                                      ʜ ʪʨ ʨʘʩʰz z z= + .                                         (3.3.2) 

 

ʇʦʪʝʨʠ ʪʨʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʫʧʨʦʱʝʥʥʦ, ʧʨʠʥʠʤʘʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʨʤʫʣʫ ʜʣʷ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʚ ʪʨʫʙʝ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʜʣʠʥʳ 

2

2
ʪʨ

ʛ

dl c
dh

d
l= ³ , ʠʣʠ: 

 

                                        

2 2

1
2

ʪʨ

ʛ

dl c
h

d
= ³ñl .                                      (3.3.3) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ l ʚʳʥʦʩʷʪ ʠʟ-ʧʦʜ ʟʥʘʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʣʘʛʘʷ 

ʝʛʦ ʨʘʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʪʨʫʙ.  

ʉʣʝʜʫʝʪ ʯʝʪʢʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʩʣʦʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʝʤʘ. ʅʘ ʦʩʥʦʚʥʳʭ 

ʫʯʘʩʪʢʘʭ ʪʨʫʙ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʥʝ 

ʤʝʥʷʶʪʩʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦʜʠʥʘʢʦʚʳʡ 

ʚʝʟʜʝ ʥʘ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʳ. ɺ ʜʠʬʬʫʟʦʨʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ ʫʤʝʥʴʰʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ 2 / 2c

t
l
r
=  

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʜʣʠʥʝ ʜʠʬʬʫʟʦʨʘ. ʊʘʢ ʯʪʦ ʧʨʠʥʷʪʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʚ ʪʨʫʙʝ ï ʵʪʦ 

ʫʩʣʦʚʥʳʡ ʧʨʠʝʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʞʝ ʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʪʝʨʴ ʚ ʜʠʬʬʫʟʦʨʝ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.3.3) ʜʣʷ ʢʦʥʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʦʨʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ: 

ï ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʚʣʠ̫ʥʠʝʤ ʦʪʨʳʚʘ ʧʦʪʦʢʘ, ʟʘʛʨʦʤʦʞʜʘʶʱʝʛʦ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ, ʧʨʠʥʷʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʶ ʧʨʦʭʦʜʥʦʛʦ 

ʩʝʯʝʥʠʷ: 
1

1

x

F
c c

F
= , 

ï ʠʟʤʝʥʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʨʘʚʥʦ ʜʣʷ ʢʦʥʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʦʨʘ 

2

4 2
dF d D D dD

p på õ
= = ³æ ö
ç ÷

, ʛʜʝ  2
2

dD dx tg
n

= ³ , 
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ï ʜʣʠʥʘ ʧʫʪʠ ʛʘʟʘ ʚʜʦʣʴ ʩʪʝʥʢʠ 

cos
2

x
l =

n
 ( xï ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ ʦʩʠ 

ʜʠʬʬʫʟʦʨʘ).   

ʊʦʛʜʘ:  

 

                       

2

1

2

1
8sin( / 2)

ʪʨ

F

F

è øå õl
é ùz = -æ ö

n é ùç ÷ê ú

.                                  (3.3.4) 

 

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʨʘʩʰʠʨʝʥʠʷ ʨʘʩʰ ʠʟʤ ʪʨz =z -z ʧʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ [13]:  

 

                 

2 2

2 1
1 ʨʘʩʰ 1 ʨʘʩʰ

1 2

c
=K 1- K 1-

c
ʨʘʩʰ

F

F
z j j

å õ å õ
=æ ö æ ö

ç ÷ ç ÷
.                    (3.3.5) 

 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʯʣʝʥ  

2

2

1

c
1-

c

å õ
æ ö
ç ÷

 ï ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚʥʝʟʘʧʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʬʦʨʤʫʣʘ ɹʦʨʜʘ ï ʂʘʨʥʦ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʥʘ ʚʭʦʜʝ ʚ ʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

(2.3.13) ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʫʜʘʨʘ ʨʘʩʰj  ʨʘʚʝʥ 0,5. ʇʨʠ 

ʧʣʘʚʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʦʢʘ ʚ ʜʠʬʬʫʟʦʨʘʭ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰ0,5j , ʯʪʦ 

ʫʯʠʪʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ. ʇʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰj ʟʘʤʝʪʥʦ 

ʤʝʥʴʰʝ 0,5, ʯʪʦ ʠ ʜʝʣʘʝʪ ʜʠʬʬʫʟʦʨʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʝʟʘʧʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ,  

ʕʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂ1 ʫʯʠʪʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ. ʇʦ ʜʘʥʥʳʤ [13], ʧʨʠ 16,1/ 1max1 =pcc  

ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʚʥʦ22,11=K . ʇʨʠ 

ʦʯʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ, ʥʘʧʨʠʤʝʨ ʟʘ ʧʦʚʦʨʦʪʥʳʤ 

ʢʦʣʝʥʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʂ1 ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 6 ï 7.  
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 ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰj  ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ 

ʜʠʬʬʫʟʦʨʘ. ɼʣʷ ʫʛʣʦʚ n = 040...0  ʚ [13] ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʪʘʢʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ:  

 

                                 [ ]
1,25

23,2 ( / 2)ʨʘʩʰ ʂ tg vj º ,                              (3.3.6) 

 

ʛʜʝ 2K  ï  ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʦʨʤʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʜʠʬʬʫʟʦʨʘ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 2K  ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ 

ʜʠʬʬʫʟʦʨʦʚ, ʘ ʜʣʷ ʜʠʬʬʫʟʦʨʦʚ ʜʨʫʛʦʡ ʬʦʨʤʳ ʧʨʠʚʝʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʬʦʨʤʫʣʳ. 

ʆʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʬʬʫʟʦʨʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʜʘʚʣʝʥʠʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʫʛʣʘʭ 

ʨʘʩʢʨʳʪʠʷ. ʉʫʪʴ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʥʘ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʭʝʤʘ ʥʘ ʨʠʩ. 3.3.5. 

ʇʨʠ ʫʛʣʝ ʨʘʩʢʨʳʪʠʷ 0180  ʜʠʬʬʫʟʦʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚʦ ʚʥʝʟʘʧʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʨʘʩʰʠʨʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

ɹʦʨʜʘ ï ʂʘʨʥʦ ʨʘʚʝʥ 

2

1

2

0,5 1ʚʨ

F

F

å õ
z = -æ ö

ç ÷
.  ɿʘʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʦʪʝʨʠ ʪʨʝʥʠʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʫʜʘʨʘ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʜʠʬʬʫʟʦʨ ʩʪʘʥʦʚʠʪʩʷ ʜʣʠʥʥʝʝ, ʠ ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʨʘʩʪʫʪ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʥʘ ʨʠʩ. 3.3.3 ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʠ ʤʘʣʳʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʦʪʨʳʚ ʚʦʦʙʱʝ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʆʜʥʘʢʦ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʜʣʠʥʘ ʜʠʬʬʫʟʦʨʘ ʙʦʣʴʰʝ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʨʦʩʪʫ ʧʦʪʝʨʴ ʪʨʝʥʠʷ. ɺ ʧʨʝʜʝʣʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʫʶ ʪʨʫʙʫ, ʠ ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʩʪʨʝʤʷʪʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 
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ʈʠʩ. 3.3.5. ɺʣʠʷʥʠʝ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʥʘ ʜʣʠʥʫ ʜʠʬʬʫʟʦʨʘ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʩʝʯʝʥʠʷʭ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ  

 

ʆʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦʪʥʦʰʝʥʠʷʭ 

ʧʣʦʱʘʜʝʡ ʩʫʤʤʘ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʠʥʠʤʘʣʴʥʘ ʧʨʠ ʫʛʣʘʭ 

ʨʘʩʢʨʳʪʠʷ ʧʨʠʤʝʨʥʦ 086-  ʜʣʷ ʢʦʥʠʯʝʩʢʠʭ ʜʠʬʬʫʟʦʨʦʚ, ʠ 01210- ʜʣʷ 

ʧʣʦʩʢʠʭ ʜʠʬʬʫʟʦʨʦʚ. ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʪʝʨʴ ʤʠʥʠʤʘʣʴʥʳʡ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ. 

ʇʦʪʝʨʠ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʧʨʠ ʤʘʣʳʭ n ʥʝʚʝʣʠʢʠ, ʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʪʨʳʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʤʝʨʥʦ ʥʘʠʙʦʣʴʰʝʤʫ 

ʫʛʣʫ ʨʘʩʢʨʳʪʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʱʝ ʥʝ ʚʦʟʥʠʢ ʦʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 ʇʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʠʬʬʫʟʦʨʳ ʠʤʝʥʥʦ ʩ ʪʘʢʠʤʠ 

ʫʛʣʘʤʠ ʨʘʩʢʨʳʪʠʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʪʦʨʤʦʟʠʪʴ ʧʦʪʦʢ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʜʣʠʥʝ ʜʠʬʬʫʟʦʨʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʙʦʣʴʰʠʝ ʫʛʣʳ ʨʘʩʢʨʳʪʠʷ. 

ʉʚʷʟʘʥʥʳʡ ʩ ʵʪʠʤ ʨʦʩʪ ʧʦʪʝʨʴ ʩʣʝʜʫʝʪ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (3.3.2, 3.3.4, 

3.3.5). 

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʜʠʬʬʫʟʦʨʥʳʤʠ 

ʢʘʥʘʣʘʤʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ɼʣʷ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʦʙ 

ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʫʛʣʝ ʨʘʩʢʨʳʪʠʷ. ʕʪʦ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʢʦʥʠʯʝʩʢʦʛʦ 

ʜʠʬʬʫʟʦʨʘ ʩ ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʜʣʠʥʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʠ 

ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʣʦʱʘʜʷʤʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʡ: 

 

                 ʵʢʚl l= ,
2 2

1 1 1 2 2 2,ʵʢʚ ʵʢʚ ʵʢʚ ʵʢʚF r F F r F=p = =p =.             (3.3.7) 

 

ʊʦʛʜʘ: 

                            

2 1

2 1

2

ʵʢʚ ʵʢʚʵʢʚ

ʵʢʚ

F F
r r

tg
l l

-
-n p p= = .                    (3.3.8) 

 

ʇʦʪʝʨʠ ʚ ʢʘʥʘʣʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ 

ʜʣʷ ʢʦʥʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʦʨʘ, ʥʦ ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʪʘʢʦʚʳʤʠ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʙʫʜʫʪ ʙʦʣʴʰʝ, 

ʪʘʢ ʢʘʢ ʫʩʣʦʞʥʝʥʠʝ ʬʦʨʤʳ ʢʘʥʘʣʘ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ. ʉʤʳʩʣ ʦʮʝʥʢʠ 
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ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʠʬʬʫʟʦʨʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ. ɽʩʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʤʘʣ, ʪʦ ʚʝʣʠʢʠ ʧʦʪʝʨʠ ʪʨʝʥʠʷ. ɽʩʣʠ ʦʥ 

ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 086- , ʩʣʝʜʫʝʪ ʦʧʘʩʘʪʴʩʷ ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ 

ʨʘʩʰʠʨʝʥʠʷ (ʦʪʨʳʚʘ). ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʢʘʥʘʣʘʤ ʠʤʝʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʝʤʳ ʚʣʠʷʥʠʷ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ. 

ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.3.6. 

 

 

ʈʠʩ. 3.3.6. ʉʭʝʤʘ ʚʣʠʷʥʠʷ ʰʘʛʘ ʜʠʬʬʫʟʦʨʥʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʥʘ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ  

 

ʆʮʝʥʠʤ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ʊʘʢ ʢʘʢ ʫ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʨʝʰʝʪʢʠ ʚʳʩʦʪʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʝʝ ʧʣʦʩʢʠʡ ʢʘʥʘʣ ʣʦʛʠʯʥʝʝ ʦʮʝʥʠʪ 

ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ ʧʣʦʩʢʦʛʦ ʜʠʬʬʫʟʦʨʘ 01210- : 

 

                         2 1 2 1sin sin

2 2 2

ʵʢʚ ʣ ʣa a t
tg

B B

n - b - b
= = ³ .                      (3.3.9) 

 

ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʩʣʠʰʢʦʤ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ  ʧʦʪʝʨʠ 

ʪʨʝʥʠʷ ʩʪʘʥʫʪ ʥʝʜʦʧʫʩʪʠʤʦ ʚʝʣʠʢʠ, ʘ ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʣʦʧʘʪʢʘʤʠ ʚʦʟʨʘʩʪʫʪ ʧʦʪʝʨʠ ʦʪʨʳʚʘ. ʈʘʟʫʤʝʝʪʩʷ, ʪʘʢʠʝ ʚʘʞʥʳʝ ʜʣʷ ʪʝʦʨʠʠ ʠ 

ʧʨʘʢʪʠʢʠ ʪʫʨʙʦʤʘʰʠʥ ʦʙʲʝʢʪʳ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʠʩʧʳʪʘʥʳ, ʠ ʜʣʷ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʘʥʳ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʧʨʠʝʤʳ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʠʤʝʨ ʧʨʘʚʠʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ.  

ʉʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚ ʜʠʬʬʫʟʦʨʘʭ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʜʠʬʬʫʟʦʨʘ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ʇʨʠ ʟʘʜʘʥʥʳʭ ʧʣʦʱʘʜʷʭ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ, 

ʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʜʣʠʥʳ ʜʠʬʬʫʟʦʨʘ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʦʡʜʝʪ 

ʦʪʨʳʚ ʧʦʪʦʢʘ, ʠ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ.  

ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʩʝʚʳʭ ʨʘʟʤʝʨʘʭ ʜʠʬʬʫʟʦʨʘ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʦʩʪʠʯʴ ʙʝʟʦʪʨʳʚʥʦʛʦ ʪʝʯʝʥʠʷ) ʤʦʞʥʦ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ, ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʦʙʨʘʟʫʶʱʠʭ ʩʪʝʥʦʢ ʜʠʬʬʫʟʦʨʘ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʪʦʣʱʠʥʳ. ʎʝʣʴ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʦʚ ï 

ʩʤʝʩʪʠʪʴ ʪʦʯʢʫ ʦʪʨʳʚʘ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ.  

ʉʫʪʴ ʠʟʣʦʞʝʥʥʳʭ ʧʨʠʝʤʦʚ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙ ʨʘʩʯʸʪʘ 

ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ [13]. ʅʘ ʨʠʩ. 3.3.7 ʧʦʢʘʟʘʥʳ ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʪʝʨʴ ʦʪʨʳʚʘ ʫʩʪʘʥʦʚʢʦʡ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ (ʘ, ʙ) ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʣʦʧʘʪʦʢ ï ʜʝʬʣʝʢʪʦʨʦʚ (ʚ).  

ʈʘʟʜʝʣʠʪʝʣʴʥʳʝ ʨʸʙʨʘ ʧʨʝʚʨʘʱʘʶʪ ʜʠʬʬʫʟʦʨ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ 

ʨʘʩʢʨʳʪʠʷ ʚ ʨʷʜ ʜʠʬʬʫʟʦʨʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʫʛʣʘʤʠ ʨʘʩʢʨʳʪʠʷ, ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʳʚʘ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʪʨʳʚʥʫʶ ʟʦʥʫ. ʕʪʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʪʝʨʴ, ʪʘʢ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʦʙʱʠʡ 

ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ.  

ʇʦʩʢʦʣʴʢʫ ʚʚʝʜʝʥʠʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ (ʠʣʠ ʣʦʧʘʪʦʢ) ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʪʝʨʠ ʪʨʝʥʠʷ, ʪʦ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʫʛʣʘʭ ʨʘʩʢʨʳʪʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ 

ʩʪʝʥʢʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ ʚ ʜʠʬʬʫʟʦʨʝ.  
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ʈʠʩ. 3.3.7. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʫʩʪʘʥʦʚʢʦʡ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ: (ʘ) ï 

ʫʜʣʠʥʸʥʥʳʭ, (ʙ) ï ʫʢʦʨʦʯʝʥʥʳʭ, (ʚ) ï ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ - ʜʝʬʣʝʢʪʦʨʦʚ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʣʠʥʸʥʥʳʭ ʩʪʝʥʦʢ (ʨʠʩ. 3.3.7 ʘ) ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʯʠʩʣʦ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 030=a ʯʠʩʣʦ 

ʩʪʝʥʦʢ 2=z , ʧʨʠ 060=a ï 4=z , ʧʨʠ 090=a  ï 6=z , ʧʨʠ 0120=a  ʯʠʩʣʦ 

ʩʪʝʥʦʢ 8=z . ʉʪʝʥʢʠ ʨʘʩʧʦʣʘʛʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ 0a  ʤʝʞʜʫ ʥʠʤʠ ʥʘ 

ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ ʙʳʣʦ ʩʪʨʦʛʦ ʦʜʠʥʘʢʦʚʳʤ, ʨʘʩʩʪʦʷʥʠʝ 1a  ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ 

ï ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʦʨʦʯʝʥʥʳʭ ʩʪʝʥʦʢ (ʨʠʩ. 3.3.7 ʙ) ʫʛʦʣ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʩʪʝʥʢʘʤʠ ʚʳʙʠʨʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 010...7ºb , ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʜʣʠʥʘ ʩʪʝʥʦʢ \
0

\ /al  ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ b. ʉ ʨʦʩʪʦʤ ʫʛʣʘ b 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʩʪʝʥʦʢ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 07=b  

ʧʨʠʥʠʤʘʝʪʩʷ 20/ \
0

\ =al , ʧʨʠ 010=b - 10/ \
0

\ =al . 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ (ʜʝʬʣʝʢʪʦʨʳ) (3.3.7 ʚ) ʦʪʢʣʦʥʷʶʪ ʯʘʩʪʴ ʧʦʪʦʢʘ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ ʜʠʬʬʫʟʦʨʘ ʢ ʝʛʦ ʩʪʝʥʢʘʤ, ʚ 

ʟʦʥʫ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʨʳʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʦʥʘ ʦʪʨʳʚʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪʩʷ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʪʝʥʦʢ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ 

ʨʘʩʢʨʳʪʠʷ. ʊʘʢ, ʧʨʠ ʫʛʣʝ ʨʘʩʢʨʳʪʠʷ 090Xa ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʜʠʬʬʫʟʦʨʘ 

ʟʘ ʩʯʸʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. ʏʠʩʣʦ 

ʣʦʧʘʪʦʢ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʵʪʦʪ ʫʛʦʣ, 

ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʞʥʦ ʙʳʪʴ ʯʠʩʣʦ ʣʦʧʘʪʦʢ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʬʫʟʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʸʪ 

ʦʪʩʘʩʳʚʘʥʠʷ ʠʣʠ ʩʜʫʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ï ʨʠʩ. 3.3.8. ʇʨʠ 

ʦʪʩʘʩʳʚʘʥʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 3.3.8 ʘ) ʥʘ ʤʝʩʪʦ ʫʜʘʣʸʥʥʦʡ ʤʘʩʩʳ ʛʘʟʘ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʯʘʩʪʠʮʳ. ɿʦʥʘ ʦʪʨʳʚʘ ʦʪʦʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʧʦʪʦʢʫ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʩʘʩʳʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʦʪʩʘʩʳʚʘʝʤʦʛʦ ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʱʝʣʠ ʛʘʟʘ ʢ ʟʥʘʯʝʥʠʶ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʜʠʬʬʫʟʦʨ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʩʭʦʜʝ 

ʦʪʩʘʩʳʚʘʝʤʦʛʦ ʛʘʟʘ ʚ ʜʠʘʧʘʟʦʥʝ %32-  ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʬʬʫʟʦʨʘ ʩʥʠʞʘʝʪʩʷ 

ʥʘ %4030- . 

ʉʜʫʚʘʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 3.3.8 ʙ) ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʚʙʣʠʟʠ ʩʪʝʥʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʦʥʘ ʦʪʨʳʚʘ ʪʘʢʞʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʧʦʪʦʢʫ. 
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ʈʠʩ. 3.3.8. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʟʘ ʩʯʸʪ: (ʘ) ï ʦʪʩʘʩʳʚʘʥʠʷ, (ʙ) ï ʩʜʫʚʘʥʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

 

ɿʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ (ʚ 2 ʨʘʟʘ ʠ ʙʦʣʝʝ) 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʥʦʢ ʩ ʧʦʧʝʨʝʯʥʳʤ ʦʨʝʙʨʝʥʠʝʤ ï ʨʠʩ. 3.3.9.  

 

 

 

ʈʠʩ. 3.3.9. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʟʘ ʩʯʸʪ ʧʦʧʝʨʝʯʥʦʛʦ ʦʨʝʙʨʝʥʠʷ ʩʪʝʥʢʠ 

ʜʠʬʬʫʟʦʨʘ: (ʘ) ï ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʝʙʨʝʥʠʷ; (ʙ) ï ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ 

ʧʨʠ ʛʣʘʜʢʦʡ ʩʪʝʥʢʝ, (ʚ) ï ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʧʨʠ ʦʨʝʙʨʸʥʥʦʡ ʩʪʝʥʢʝ 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʨʦʬʠʣʴ 

ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ ʜʠʬʬʫʟʦʨʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʪʨʳʚʥʘʷ ʟʦʥʘ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʨʝʙʨʝʥʠʷ (ʨʠʩ. 3.3.9 ʙ), ʧʨʠ ʦʨʝʙʨʸʥʥʦʡ ʩʪʝʥʢʝ 

ʟʘʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʤʝʣʢʠʭ ʦʪʨʳʚʦʚ (ʨʠʩ. 3.3.9 ʚ). ʅʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʜʣʷ 
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ʜʠʬʬʫʟʦʨʦʚ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ 
04540- . 

ɺʳʚʦʜʳ ʧʦ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʧʨʷʤʦʦʩʥʳʭ ʜʠʬʬʫʟʦʨʘʭ: 

1. ɺ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʜʠʬʬʫʟʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ, ʢ ʥʝʠʟʙʝʞʥʳʤ ʚ ʣʶʙʦʤ  ʩʣʫʯʘʝ ʧʦʪʝʨʷʤ 

ʪʨʝʥʠʷ ʤʦʛʫʪ ʧʨʠʙʘʚʠʪʴʩʷ ʧʦʪʝʨʠ ʜʨʫʛʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ï ʚʠʭʨʝʚʳʝ 

ʧʦʪʝʨʠ, ʦʥʠ ʞʝ ʧʦʪʝʨʠ ʦʪʨʳʚʘ, ʠʣʠ ʧʦʪʝʨʠ ʨʘʩʰʠʨʝʥʠʷ. ʉʫʤʤʘʨʥʳʝ 

ʧʦʪʝʨʠ ʧʨʠ ʵʪʦʤ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ.  

2. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʨʳʚʘ ʜʝʣʘʝʪ ʧʦʪʦʢ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ. ʀʟʤʝʥʝʥʠʝ 

ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʦʧʘʩʥʳʝ ʚʠʙʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ 

ʫʩʪʘʣʦʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ.  

3. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʩʣʝʜʫʝʪ ʠʟʙʝʞʘʪʴ ʫʩʣʦʚʠʷ ʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʪ.ʝ. ʠʟʙʝʞʘʪʴ ʫʤʝʥʴʰʝʥʠʷ ʜʦ ʥʫʣʷ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ '
c

n
t m

µ
=
µ
. ɺ ʧʨʷʤʦʦʩʥʳʭ ʜʠʬʬʫʟʦʨʘʭ ʜʣʷ ʵʪʦʛʦ 

ʥʫʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠ ʪʦʤ ʠʣʠ ʠʥʦʤ ʫʛʣʝ ʝʛʦ 

ʨʘʩʢʨʳʪʠʷ (ʨʠʩ. 3.3.3). ʇʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʊʂ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʫʪʠ ʧʨʠʝʤʳ ʢʦʥʪʨʦʣʷ ʟʘʤʝʜʣʝʥʠʷ ʧʦʪʦʢʘ. 

4. ʇʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʝʞʘʪʴ ʦʪʨʳʚʘ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʪʦʤʫ, 

ʯʪʦʙʳ ʪʦʯʢʘ ʦʪʨʳʚʘ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʘ ʦʪ ʥʘʯʘʣʘ ʜʠʬʬʫʟʦʨʥʦʛʦ 

ʢʘʥʘʣʘ. ʄʝʥʴʰʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ ʦʟʥʘʯʘʝʪ ʤʝʥʴʰʠʝ 

ʚʠʭʨʝʚʳʝ ʧʦʪʝʨʠ. ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ çʪʨʝʥʠʝ + ʦʪʨʳʚè ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʤʠʥʠʤʘʣʴʥʳʤʠ. ɺ ʜʠʬʬʫʟʦʨʘʭ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 

ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ. ɼʣʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʧʨʠʝʤʳ, ʪʘʢ ʞʝ ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ. 

5. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʬʫʟʦʨʦʚ ʩ ʫʛʣʘʤʠ ʨʘʩʢʨʳʪʠʷ 

ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠʝʤʦʚ. ɺ ʪʦʤ ʠʣʠ 

ʠʥʦʤ ʚʠʜʝ ʵʪʠ ʧʨʠʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʪʫʨʙʦʤʘʰʠʥ. 

6. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʬʫʟʦʨʦʚ ʦʢʘʟʳʚʘʝʪ 

ʥʘʣʠʯʠʝ ʪʦʣʩʪʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʭʦʜʝ, ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʪʦʢʘ. ʀ 

ʪʦ ʠ ʜʨʫʛʦʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʪʨʳʚʫ.  

7. ʇʦ ʧʨʠʯʠʥʝ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʤʝʥʴʰʠʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʜʠʬʬʫʟʦʨʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʙʦʣʝʝ ʨʘʥʥʠʤ ʦʪʨʳʚʦʤ ʠ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ 
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ʧʦʪʝʨʠ ʦʪʨʳʚʘ ʩʯʠʪʘʶʪʩʷ ʘʚʪʦʤʦʜʝʣʴʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʪʝʨʠʶ 

ʈʝʡʥʦʣʴʜʩʘ, ʪ.ʝ. ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʟʥʘʯʝʥʠʷ. 

3.4. ʊɽʏɽʅʀɽ ɺ ʂʈʀɺʆʃʀʅɽʁʅʓʍ ʂɸʅɸʃɸʍ  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʫʨʙʦʤʘʰʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʢʣʦʥʝʥʠʠ ʣʦʧʘʪʢʘʤʠ 

ʧʦʪʦʢʘ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʞʠʤʘʶʱʠʝ ʠ ʧʝʨʝʤʝʱʘʶʱʠʝ ʛʘʟ (ʊʂ), ʠʣʠ ʧʨʝʦʙʨʘʟʫʶʱʠʝ 

ʝʛʦ ʵʥʝʨʛʠʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ (ʪʫʨʙʠʥʳ). ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʛʘʟʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳ.  

ʇʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʘʥʘʣʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʦʚʦʨʦʪʥʦʝ ʢʦʣʝʥʦ, ʩʦʝʜʠʥʷʶʱʝʝ ʜʚʘ ʧʨʷʤʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ï ʨʠʩ. 

3.4.1. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʷʚʣʷʷʩʴ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʧʨʠʥʮʠʧʦʤ ʨʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʥʝʚʷʟʢʦʝ 

ʪʝʯʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʛʣʘʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɹʫʜʝʤ ʠʤʝʪʴ ʚ ʚʠʜʫ 

ʪʘʢʞʝ, ʯʪʦ ʷʜʨʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʊʂ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʝʛʦ ʢʘʥʘʣʦʚ ï 

ʥʝʚʷʟʢʦʝ,  ʧʦʪʝʥʮʠʘʣʴʥʦʝ. ʇʦʩʣʝʜʥʝʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

2
*

2

c
p p constr= + = .  

ɺ ʧʦʚʦʨʦʪʥʦʤ ʢʦʣʝʥʝ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʯʘʩʪʠʮʘ ʩ ʨʘʟʤʝʨʘʤʠ , ,ds dn db (ʧʦʩʣʝʜʥʝʝ ï 

ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʯʝʨʪʝʞʫ) ʠʩʧʳʪʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

2c
dP dm

R
= , ʛʜʝ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʨʘʚʥʘʷ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʥʘ ʦʙʲʝʤ ʯʘʩʪʠʮʳ dm ds dn dbr= ³ ³ ³. 
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ʈʠʩ. 3.4.1. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʥʝʚʷʟʢʦʛʦ ʛʘʟʘ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʦʣʝʥʝ  

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʘʟʦʚʘʷ ʯʘʩʪʠʮʘ ʤʦʛʣʘ ʜʚʠʛʘʪʴʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʤʘʩʩʦʚʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʜʦʣʞʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴʩʷ ʩʠʣʦʡ 

ʨʝʘʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʰʥʠʭ ʩʠʣ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʫ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʚʥʝʰʥʠʝ ʩʠʣʳ ï ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʧʦ 

ʥʦʨʤʘʣʠ, ʠ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ. ɺ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ ʩʠʣʘ ʪʨʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. ʆʜʥʘʢʦ ʠ ʚ ʚʷʟʢʦʤ ʧʦʪʦʢʝ ʦʥʘ ʩʣʠʰʢʦʤ ʤʘʣʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʤʝʪʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ.  

ʀʪʘʢ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʜʦʣʞʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴʩʷ ʚʥʝʰʥʝʡ ʩʠʣʦʡ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʛʨʘʥʷʭ ʯʘʩʪʠʮʳ, ʮ ʜdP dP= , 

2c p
dm ds db dn

R n

µ
= ³ ³

µ
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʦʡ ʯʘʩʪʠʮʳ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʥʘ ʝʝ ʛʨʘʥʠ, ʦʙʨʘʱʝʥʥʦʡ ʢ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʥʘ ʤʝʥʴʰʝ, ʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ï ʙʦʣʴʰʝ. 

ʇʦʚʦʨʦʪ ʧʦʪʦʢʘ ʥʝʠʟʙʝʞʥʦ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʦʪ 

ʚʳʧʫʢʣʦʡ ʢ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

 

                                               

2p c

n R
r

µ
=

µ
.                                           (3.4.1) 

 

ʅʘ ʨʠʩ. 3.4.1 ʧʦʢʘʟʘʥʘ ʵʧʶʨʘ ʜʘʚʣʝʥʠʷ ()p f n= , ʠʤʝʶʱʘʷ ʥʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɺʙʣʠʟʠ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ 

ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʟʜʝʩʴ ʤʝʥʴʰʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʫ ʚʩʝʭ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʝ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ  

(3.4.1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 
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*

22

c
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r

r

å õ
µ -æ ö
ç ÷=
µ

, ʠʣʠ: 

 

                                             
c c

n R

µ
=-

µ
.                                             (3.4.2) 
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ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʅʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ, ʘ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʝ ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʝʯʝʥʠʶ, ʥʘ ʚʦʛʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ï ʥʘʦʙʦʨʦʪ.  

 ʀʟ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʢʘʥʘʣʝ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʪʝʯʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦ 

ʥʦʨʤʘʣʠ. ʀʪʘʢ, ʨʘʚʥʦʤʝʨʥʳʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢ ʚ ʧʨʷʤʦʡ ʪʨʫʙʝ 

ʧʦʜʭʦʜʠʪ ʢ ʧʦʚʦʨʦʪʥʦʤʫ ʢʦʣʝʥʫ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʨʝʞʝʥʠʷ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʢ ʥʝʡ ʯʘʩʪʠʮʳ ʥʘʯʠʥʘʶʪ ʫʩʢʦʨʷʪʴʩʷ ʝʱʝ ʚ 

ʧʨʷʤʦʡ ʪʨʫʙʝ, ʘ ʚʙʣʠʟʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʪʦʨʤʦʟʠʪʴʩʷ. ʅʘ ʚʳʭʦʜʝ ʠʟ 

ʢʦʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ï ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʥʘʯʠʥʘʶʪ 

ʚʳʨʘʚʥʠʚʘʪʴ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ. 

ʊʨʘʝʢʪʦʨʠʠ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʢʦʣʝʥʝ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.4.2. 

 

 

 

 

ʈʠʩ. 3.4.2. ʊʨʘʝʢʪʦʨʠʠ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʢʦʣʝʥʝ ʠ ʩʦʧʨʷʞʝʥʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʜʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 
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ʈʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʡ ʚʙʣʠʟʠ ʚʳʧʫʢʣʦʡ ʠ ʚʦʛʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʦʣʴʰʝ ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʥʘ sR  ʠ hR , ʪʘʢ 

ʢʘʢ ʠʩʢʨʠʚʣʝʥʠʝ ʠʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ. ɼʣʷ ʩʪʨʫʝʢ ʫ ʩʪʝʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ. ɺʜʦʣʴ ʚʳʧʫʢʣʦʡ ʩʪʝʥʢʠ ʩʥʘʯʘʣʘ ʥʘʩʪʫʧʘʝʪ ʫʩʢʦʨʝʥʥʦʝ 

(ʢʦʥʬʫʟʦʨʥʦʝ) ʪʝʯʝʥʠʝ (ʨʠʩ. 3.4.2), ʘ ʟʘʪʝʤ ï ʜʠʬʬʫʟʦʨʥʦʝ. ʋ ʚʥʝʰʥʝʡ 

(ʚʦʛʥʫʪʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ: ʩʥʘʯʘʣʘ 

ʜʠʬʬʫʟʦʨʥʦʝ, ʘ ʟʘʪʝʤ ʢʦʥʬʫʟʦʨʥʦʝ ʪʝʯʝʥʠʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʪʝʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘʣʠʯʠʝ ʤʝʩʪʥʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʟʦʥ 

ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʫʩʣʦʚʠʝ ʦʪʨʳʚʘ, ʧʦʜʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʜʠʬʬʫʟʦʨʘʤ. ʇʨʠ ʩʠʣʴʥʦʤ 

ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʦʪʨʳʚʳ ʠ ʚʦʟʥʠʢʘʶʪ. ʇʦʥʷʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʝʥ ʦʪʨʳʚ ʚ 

ʜʠʬʬʫʟʦʨʥʦʡ ʟʦʥʝ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʜʠʬʬʫʟʦʨʥʦʡ ʟʦʥʝ ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦ ʢʘʥʘʣʫ ʙʫʜʝʪ ʣʠʙʦ 

ʩʦʜʝʡʩʪʚʦʚʘʪʴ, ʣʠʙʦ ʦʩʣʘʙʣʷʪʴ ʤʝʩʪʥʫʶ ʜʠʬʬʫʟʦʨʥʦʩʪʴ ʠʣʠ ʤʝʩʪʥʫʶ 

ʢʦʥʬʫʟʦʨʥʦʩʪʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 3.4.3 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʚʦʨʦʪʥʦʤ ʢʦʣʝʥʝ ʧʝʨʝʭʦʜʘ 

ʠʟ ʜʠʬʬʫʟʦʨʘ ʚ ʦʙʨʘʪʥʦïʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ (ʢʘʬʝʜʨʘ ʂɺʍʊ). ʈʘʩʯʝʪ ʫʩʣʦʚʥʳʡ, ʪʘʢ ʢʘʢ ʚ ʧʦʢʘʟʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʦʪʦʢ ʥʝ ʠʤʝʝʪ ʦʢʨʫʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ mc c= , ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʨʝʘʣʴʥʦʡ ʩʪʫʧʝʥʠ.  
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ʈʠʩ. 3.4.3. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʚʦʨʦʪʥʦʤ ʢʦʣʝʥʝ 

çʜʠʬʬʫʟʦʨ ï ʦʙʨʘʪʥʦ-ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪè ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʳʭʦʜʝ ʧʦʪʦʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʝʥʘ. ɺ ʜʠʬʬʫʟʦʨʥʦʡ ʟʦʥʝ ʥʘ 

ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʳʚʘ ʥʝʪ, ʥʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʠʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ.  

ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ. ʅʘʧʨʠʤʝʨ, ʥʘ 

ʚʭʦʜʝ ʚ ʮʝʥʪʨʦʙʝʞʥʦʝ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʪʦʢ 

ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ 090 , ʠʣʠ ʥʘ 0180  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚʭʦʜʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʥʝʚʷʟʢʦʤ 

ʷʜʨʝ ʧʦʪʦʢʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʦʢʘ ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.4.4. 

 ʆʧʘʩʥʦʩʪʴ ʦʪʨʳʚʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʠ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝʝ 

ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ., ʯʝʤ ʙʦʣʴʰʝ 

ʧʠʢ ʩʢʦʨʦʩʪʠ ʚ ʝʝ ʩʝʨʝʜʠʥʝ. ʈʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʚ ʥʝʚʷʟʢʦʤ ʷʜʨʝ ʥʘ ʚʳʧʫʢʣʦʡ 

ʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʚʥʘ 

s

s h

h

c
c c dn

R
- =ñ . ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨ ʢʘʥʘʣʘ ʧʦ ʥʦʨʤʘʣʠ, ʠ 

ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʦʚʦʨʦʪʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʬʦʨʤʳ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʦʣʝʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʘ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
s

n

R
. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʧʠʢ ʩʢʦʨʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʚ ʢʦʣʝʥʝ.  

 ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʢʘʥʘʣʦʤ ʩ ʪʝʤ ʞʝ ʧʦʧʝʨʝʯʥʳʤ 

ʩʝʯʝʥʠʝʤ ʠ ʜʣʠʥʦʡ, ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʚ ʧʦʚʦʨʦʪʥʦʤ ʢʦʣʝʥʝ ʙʦʣʴʰʝ ʠʟ-ʟʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʧʦ ʥʦʨʤʘʣʠ. ʇʦʪʝʨʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʪʦʢʝ.  
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ʈʠʩ. 3.4.4. ʉʭʝʤʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩ ʦʩʝʚʳʤ ʚʭʦʜʦʤ ʠ ʠʟʤʝʥʝʥʠʝ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʥʝʚʷʟʢʦʤ ʷʜʨʝ ʧʦʪʦʢʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʦʢʘ ʧʝʨʝʜ ʈʂ ʠ ʚʥʫʪʨʠ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ (ʧʨʦʛʨʘʤʤʘ 

3ɼʄ.023, ʢʘʬʝʜʨʘ ʂɺʍʊ) 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʠʢʘ ʩʢʦʨʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʩʣʝʜʫʝʪ 

ʫʤʝʥʴʰʘʪʴ ʦʪʥʦʰʝʥʠʝ 
s

n

R
. ʆʙʱʘʷ ʜʠʬʬʫʟʦʨʥʦʩʪʴ ʠʣʠ ʢʦʥʬʫʟʦʨʥʦʩʪʴ ʢʦʣʝʥʘ 

ʚʣʠʷʝʪ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʜʣʝʥʠʝ ʠ ʥʘ ʧʦʪʝʨʠ ʦʪʨʳʚʘ ï ʨʠʩ. 3.4.5. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦ ʜʣʠʥʝ (ʨʠʩ. 3.4.5. ʙ) ʤʝʩʪʥʘʷ 

ʜʠʬʬʫʟʦʨʥʦʩʪʴ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʠʣʠʚʘʝʪʩʷ ʩʨʝʜʥʠʤ ʟʘʤʝʜʣʝʥʠʝʤ 

ʧʦʪʦʢʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʦʚ ʊʂ. ɼʣʷ 

ʫʜʝʨʞʘʥʠʷ ʤʝʩʪʥʦʡ ʜʠʬʬʫʟʦʨʥʦʩʪʠ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʪʘʢʠʝ ʢʘʥʘʣʳ 

ʜʝʣʘʶʪ ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ. ʅʘʧʨʠʤʝʨ, ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ 

ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠʟʦʛʥʫʪʳ ʚʩʝʛʦ ʥʘ 020 35- . 

ʄʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʪʫʨʙʠʥ ʢʦʥʬʫʟʦʨʥʳʝ (ʨʠʩ. 3.4.5 ʚ). ʊʘʤ ʜʦʧʫʩʪʠʤʳʝ 

ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ. 

 

  

          ʘ                                                 ʙ                                             ʚ 
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ʈʠʩ. 3.4.5. ʇʦʚʦʨʦʪʥʳʝ ʢʘʥʘʣʳ ʩ ʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦ ʜʣʠʥʝ ʠ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ 

(ʘ) ï F const= , (ʙ) ï
2 1F F, (ʚ) ï

2 1F F  

 

ɺ [13] ʠʟʣʦʞʝʥ ʩʧʦʩʦʙ ʨʘʩʯʸʪʘ ʧʦʪʝʨʴ ʚ ʢʘʥʘʣʘʭ ʩ ʠʟʦʛʥʫʪʦʡ ʦʩʴʶ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʬʦʨʤʳ ʧʦ ʪʘʢʦʡ ʩʭʝʤʝ: 

 

                                     1 2 3ʧʦʚ K K Kz = ³ ³,                                       (3.4.3)  

 

ʛʜʝ: 1K  ï ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, 2K ï ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʦʩʠ ʢʘʥʘʣʘ ʢ ʨʘʟʤʝʨʫ ʧʦ ʥʦʨʤʘʣʠ /ʩʨR n, 3K  ï 

ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʢʘʥʘʣʘ ʢ ʨʘʟʤʝʨʫ ʧʦ ʥʦʨʤʘʣʠ.  

 ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ K  ʚ [13] ʧʨʠʚʝʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʢʦʣʝʥʘ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ʤʝʥʝʝ 070bd  

ʩʦʦʪʥʦʰʝʥʠʝ (3.4.3) ʧʨʠʚʦʜʠʪʩʷ ʢ ʪʘʢʦʤʫ ʚʠʜʫ: 

                                 0.25

0.21
0.9sin

( / )
ʧʦʚ

ʩʨR n
z d= .                               (3.4.4) 

 

ʅʘ ʨʠʩ. 3.4.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʦʪ ʯʠʩʣʘ 

Re ʜʣʷ ʢʦʣʝʥʘ ʩ 090=d . ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʠʧʠʯʥʫʶ 

ʢʘʨʪʠʥʫ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ, ʠ ʨʦʩʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʣʘʤʠʥʘʨʠʟʘʮʠʠ ʧʦʪʦʢʘ. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʢʦʣʝʥʝ. ɿʥʘʯʝʥʠʝ ʧʦʚz , ʨʘʚʥʦʝ 1,4 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʚ ʢʦʣʝʥʝ ʥʘ 40% ʙʦʣʴʰʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ 

ʢʦʣʝʥʦ. 
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ʈʠʩ. 3.4.6. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʦʪ ʯʠʩʣʘ eR  ʜʣʷ ʦʪʚʦʜʘ ʩ 

090=d ʠ ʛʣʘʜʢʠʤʠ ʩʪʝʥʢʘʤʠ (0,00003D= ), [13] 

 

ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʚ ʢʦʣʝʥʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ 

ʪʝʯʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.4.7. 

 

 

 

ʈʠʩ. 3.4.7. ʉʭʝʤʘ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʩʝʯʝʥʠʷ ʦʪʚʦʜʘ ʩ ʛʣʘʜʢʠʤʠ ʩʪʝʥʢʘʤʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ, [13] 

 

ʅʘ ʨʠʩ. 3.4.7: 1 ï ʪʦʯʢʘ ʣʘʤʠʥʘʨʥʦʛʦ ʦʪʨʳʚʘ; 2 ï çʤʸʨʪʚʘʷè ʟʦʥʘ ʦʪʨʳʚʘ; 3 ï 

ʪʦʯʢʘ ʧʝʨʝʭʦʜʘ; 4 ï ʪʦʯʢʘ ʧʨʠʣʠʧʘʥʠʷ ʦʪʦʨʚʘʚʰʝʛʦʩʷ ʩʣʦʷ; 5 ï ʪʫʨʙʫʣʝʥʪʥʦʝ 
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ʨʘʩʰʠʨʝʥʠʝ ʦʪʦʨʚʘʚʰʝʛʦʩʷ ʩʣʦʷ; 6 ʠ 7 ïʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʪʦʨʚʘʚʰʠʭʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʩʣʦʸʚ; 8 ï ʪʦʯʢʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʪʨʳʚʘ. 

ɺ ʩʣʦʞʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʭʦʜʠʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʚʦʨʦʪʳ ʥʘ 090  ʧʨʠ ʤʘʣʦʡ ʜʣʠʥʝ ʢʦʣʝʥʘ, ʯʪʦ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʤʘʣʳʝ ʦʪʥʦʰʝʥʠʷ / sn R. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ,  ʜʝʣʷʱʠʝ ʨʘʟʤʝʨ ʢʦʣʝʥʘ n ʥʘ ʤʝʥʴʰʠʝ ʯʘʩʪʠ, ʨʠʩ. 

3.4.8 (ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʢʘʢ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʠʩʪʦʯʥʠʢʝ [13]). 

 

 

 

ʈʠʩ. 3.4.8. ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ ʚ ʢʦʣʝʥʘʭ ʠ ʦʪʚʦʜʘʭ [13]: 

(ʘ)ï ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ; (ʙ) ï ʪʦʥʢʠʝ, ʧʦ ʜʫʛʝ 095 ; (ʚ) ï ʪʦʥʢʠʝ, ʧʦ ʜʫʛʝ 
0107 ; (ʛ) ï ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ; (ʜ) ï ʨʘʟʨʝʟʥʳʝ 

 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʪʢʠ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʨʘʟʤʝʨʦʚ, ʯʠʩʣʘ ʠ 

ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʪʨʳʚ ʧʦʪʦʢʘʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʣʫʯʰʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʝʯʝʥʠʶ ʟʘ 

ʧʦʚʦʨʦʪʦʤ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʝʥʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʥʘ ʧʦʚʦʨʦʪʘʭ 018090-  ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 3.4.1 [10], ʛʜʝ ʢʨʦʤʝ ʩʭʝʤ ʧʦʚʦʨʦʪʘ 

ʧʦʪʦʢʘ, ʘ ʪʘʢ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʚz  ʚʥʠʟʫ ʧʦʢʘʟʘʥʳ ʪʨʠ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ 

ʣʦʧʘʪʦʢ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʢʘʥʘʣʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 
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ʩʝʯʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ 1a  ï ʚʭʦʜʥʦʡ ʨʘʟʤʝʨ, 2a ï ʚʳʭʦʜʥʦʡ ʨʘʟʤʝʨ, 1r  ï ʨʘʜʠʫʩ 

ʚʥʫʪʨʝʥʥʝʛʦ (ʚʳʧʫʢʣʦʛʦ) ʦʙʚʦʜʘ ʢʘʥʘʣʘ, ar ï ʨʘʜʠʫʩ ʚʥʝʰʥʝʛʦ (ʚʦʛʥʫʪʦʛʦ) 

ʦʙʚʦʜʘ ʢʘʥʘʣʘ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʢʦʣʦʥʢʘʭ ʪʘʙʣʠʮʳ 

ʧʦʢʘʟʳʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ 

ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʠ ʤʘʣʳʭ ʨʘʜʠʫʩʘʭ (ʚʧʣʦʪʴ ʜʦ ʥʫʣʷ) ʟʘʢʨʫʛʣʝʥʠʷ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 3.4.1 

 ɺʣʠʷʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʧʦʚʦʨʦʪʥʳʭ 

ʢʦʣʝʥ [10] 
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ɺ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʦʩʦʙʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ (ʦʪʩʦʩ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʠ ʪ.ʧ.). 

ɼʚʠʞʝʥʠʝ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʢʘʥʘʣʦʚ. ɺʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ. ʋʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʷʜʨʝ 

ʧʦʪʦʢʘ ʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʢʦʣʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 3.4.9. 

 

 

 

ʈʠʩ. 3.4.9. ʋʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

 

ɺ ʷʜʨʝ ʧʦʪʦʢʘ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ  ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʷ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʠʟʤʝʥʝʥʠʝʤ ʚʝʢʪʦʨʦʚ 

ʩʢʦʨʦʩʪʠ ʚ ʷʜʨʝ, ʜʝʡʩʪʚʫʶʪ ʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʊʦʛʜʘ ʨʘʚʥʦʚʝʩʠʝ ʛʘʟʦʚʳʭ 

ʯʘʩʪʠʮ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʜʦʣʞʥʦ ʧʦʜʯʠʥʷʪʴʩʷ ʫʩʣʦʚʠʶ (ʩʠʣʳ ʚʷʟʢʦʩʪʠ 

ʤʘʣʳ): 
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ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʷʜʨʝ, ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʦ ʙʦʣʝʝ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ʏʝʤ ʙʣʠʞʝ ʢ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʘʷ ʯʘʩʪʠʮʘ, ʪʝʤ ʤʝʥʴʰʝ 

ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ, ʠ ʪʝʤ ʩʠʣʴʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʯʘʩʪʠʮ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʚ ʷʜʨʝ. ʅʘ ʨʠʩ. 3.4.10 
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ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʷʜʨʘ. 

  

 

 

ʈʠʩ. 3.4.10 . ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʣʝʚʘ) ʠ ʚʪʦʨʠʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (ʩʧʨʘʚʘ) 

 

ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚ ʷʜʨʝ ʫ ʩʘʤʳʭ ʙʣʠʟʢʠʭ ʢ ʩʪʝʥʢʝ ʯʘʩʪʠʮ ï ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʜʦʥʥʦʡ ʣʠʥʠʠ ʪʦʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʦʩʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ ʩʣʫʯʘʷʭ (ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʪʝʥʢʠ, ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʪʘʢʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ. 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʰʣʦʤ ʧʨʠʝʤʳ ʪʝʦʨʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʤʳ ʚ ʦʪʥʦʰʝʥʠʠ ʪʘʢʠʭ ʪʝʯʝʥʠʡ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ. 

ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

ï ʧʨʦʝʢʮʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʙʳ 

ʦʙʳʯʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, 

ï ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ,  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʦʩʥʦʚʥʦʤʫ 

ʧʦʪʦʢʫ, ʵʪʦ ʚʪʦʨʠʯʥʦʝ ʪʝʯʝʥʠʝ. ʕʪʦ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʚʪw  ʥʘ ʨʠʩ. 3.4.10.    

ɺʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʪʝʯʝʥʠʷ ʩ 

ʦʪʢʣʦʥʝʥʠʝʤ ʧʦʪʦʢʘ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 3.4.11 ʧʦʢʘʟʘʥʳ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʝʤʦʤ ʜʦʥʥʳʝ ʣʠʥʠʠ ʪʦʢʘ ʥʘ ʦʩʥʦʚʥʦʤ 

ʜʠʩʢʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ. ɽʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ, ʦʪʢʣʦʥʷʶʱʝʤ ʧʦʪʦʢ ʦʪ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʦʥʥʳʝ ʣʠʥʠʠ ʪʦʢʘ ʩʤʝʱʘʶʪʩʷ ʦʪ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʚ ʩʪʦʨʦʥʫ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ. 
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ʈʠʩ. 3.4.11. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʦʥʥʳʭ ʣʠʥʠʡ ʪʦʢʘ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʜʠʩʢʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ (ʢʘʬʝʜʨʘ ʂɺʍʊ) 

 

ʅʘ ʨʠʩ. 3.4.10 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʚ ʢʦʣʝʥʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʩ ʦʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ ʧʦʢʘʟʳʚʘʝʪ 

ʩʭʝʤʘ ʩʧʨʘʚʘ. ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʘʢ ʙʳ 

çʩʪʝʢʘʝʪè ʢ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʴʰʝ, ʘ ʥʘ ʩʪʦʨʦʥʝ ʨʘʟʨʝʞʝʥʠʷ ï 

ʪʦʣʱʝ. ʗʜʨʦ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʜʚʠʛʘʝʪʩʷ ʢ ʩʪʦʨʦʥʝ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 

3.4.12 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʢʘʥʘʣʘ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʚ 

ʫʛʣʘʭ ʩʚʦʨʘʯʠʚʘʶʪʩʷ ʚ ʚʠʭʨʠ. ɽʩʣʠ ʪʝʯʝʥʠʝ ʚ ʢʘʥʘʣʝ ʨʘʟʚʠʪʦʝ, ʪ.ʝ. ʚʷʟʢʦʩʪʴ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʩʝʤ ʧʦʧʝʨʝʯʥʠʢʝ ʩʝʯʝʥʠʷ, ʪʦ ʢʘʨʪʠʥʘ ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʭʝʤʝ ʥʘ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ.  
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ʈʠʩ. 3.4.12. ʉʭʝʤʘ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʘʥʘʣʝ [13] 

 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʪʫ. ʇʦʵʪʦʤʫ ʚʪʦʨʠʯʥʦʝ ʪʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʚʪʦʨʠʯʥʳʭ ʧʦʪʝʨʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʪʦʨʠʯʥʦʝ ʪʝʯʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ 

ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʪʝʥʢʘʭ. ʋʪʦʣʱʝʥʠʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʪʨʳʚʫ ʠ ʚʦʟʨʘʩʪʘʥʠʶ 

ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʟʦʥʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʳʧʫʢʣʦʡ 

ʩʪʝʥʢʝ. ʂpoʤe ʪʦʛʦ, ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ï ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʢʘʥʘʣʘʭ. ʏʠʩʣʦ ʈʦʩʩʙʠ. ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʷʜʨʦ ʧʦʪʦʢʘ ʚ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʢʘʥʘʣʝ ʨʘʚʥʦʤʝʨʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʥʦʨʤʘʣʠ ï 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʛʨʘʜʠʝʥʪʳ 

ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʝʧʦʜʚʠʞʥʳʭ ʢʦʣʝʥʘʭ ʥʦʨʤʘʣʴʥʘʷ 

ʩʠʣʘ ʠʥʝʨʮʠʠ ï ʵʪʦ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʪʦʢʘ ʚʥʫʪʨʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʩʠʣʫ ʂʦʨʠʦʣʠʩʘ (ʚʦʧʨʦʩ ʦʙʩʫʞʜʘʝʪʩʷ 

ʜʘʣʝʝ). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʪʦʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʥʦʨʤʘʣʠ. ʉʣʦʠ ʛʘʟʘ ʜʚʠʞʫʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, 
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ʩʜʚʠʛʘʷʩʴ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɼʚʠʞʝʥʠʝ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʩʜʚʠʛʦʚʳʤ ʪʝʯʝʥʠʝʤ. 

ɺʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʩʣʦʝʚ ʛʘʟʘ ʚ ʷʜʨʝ, ʢʦʪʦʨʦʝ ʤʳ ʩʯʠʪʘʝʤ ʥʝʚʷʟʢʠʤ, 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
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cc

n R

µ
t =m m

µ
 ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʪʝʨʴ  ʪʨʝʥʠʷ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʛʨʘʜʠʝʥʪ 

ʩʢʦʨʦʩʪʠ ʚ ʷʜʨʝ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʧʦʪʝʨʷʤʠ ʪʨʝʥʠʷ ʚ 

ʷʜʨʝ ʧʨʠʥʷʪʦ ʧʨʝʥʝʙʨʝʛʘʪʴ. ʆʜʥʘʢʦ ʩʜʚʠʛʦʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʩʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʩʪʥʦʛʦ  

ʟʘʤʝʜʣʝʥʠʷ ʦʪʨʳʚ ʧʦʪʦʢʘ ʧʨʦʠʟʦʡʜʝʪ ʨʘʥʴʰʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ï 

ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʥʘ. ʇʨʦʩʪʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʜʝʣʘʶʪ ʵʪʫ ʢʘʨʪʠʥʫ 

ʧʦʥʷʪʥʦʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʚ ʥʘʯʘʣʝ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʩʪʘʚʣʷʝʪ ʧʦʪʦʢ ʩʠʣʴʥʝʝ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʦʥʝ ʦʪʨʳʚʘ ʩʣʠʰʢʦʤ ʤʘʣʘ, ʯʪʦʙʳ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʘʚʣʝʥʠʶ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʠ ʚʠʭʨʝʚʘʷ ʟʦʥʘ ʧʦʜʘʚʣʷʝʪʩʷ. 

ʇʨʠ ʦʪʨʳʚʝ ʚ ʢʦʥʮʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʚʠʭʨʝʚʘʷ ʟʦʥʘ 

ʫʤʝʥʴʰʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʧʦʪʦʢʘ. ʇʦʪʦʢ ʜʚʠʞʝʪʩʷ ʢʘʢ ʙʳ ʧʦ ʠʥʝʨʮʠʠ, ʯʪʦ 

ʫʙʳʩʪʨʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʨʳʚʘ.  

ɿʘʤʝʯʝʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʧʦʪʦʢʘ ʧʨʠ ʩʜʚʠʛʦʚʦʤ ʪʝʯʝʥʠʠ 

ʥʘʭʦʜʠʪ ʦʙʲʷʩʥʝʥʠʝ ʠ ʩ ʜʨʫʛʦʡ ʧʦʟʠʮʠʠ. ʊʱʘʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ: 

ï ʥʘ ʩʪʦʨʦʥʝ ʜʘʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ 

ʫʩʠʣʠʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʯʘʩʪʠʮ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʘʣʴʰʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʟʘʪʦʨʤʦʞʝʥʥʳʝ ʧʨʠʩʪʝʥʦʯʥʳʝ ʩʣʦʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʋʩʣʦʚʠʝ ʦʪʨʳʚʘ t=0 

ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʩʠʣʴʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʦʢʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ï ʥʘ ʩʪʦʨʦʥʝ ʨʘʟʨʝʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʝ ʧʫʣʴʩʘʮʠʠ ʙʦʣʝʝ ʙʳʩʪʨʦ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʧʨʝʦʜʦʣʝʪʴ 

ʥʦʨʤʘʣʴʥʫʶ ʩʠʣʫ ʠʥʝʨʮʠʠ. ʕʪʘ ʩʠʣʘ ʧʦʜʘʚʣʷʝʪ ʧʦʧʝʨʝʯʥʳʝ ʧʫʣʴʩʘʮʠʠ. 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʢʘʢ ʙʳ ʣʘʤʠʥʘʨʥʳʤ, ʫʪʦʣʱʘʝʪʩʷ ʠ ʣʝʛʢʦ 

ʦʪʨʳʚʘʝʪʩʷ. ʇʨʦʜʦʣʴʥʳʝ ʧʫʣʴʩʘʮʠʠ ʦʩʪʘʶʪʩʷ, ʥʦ ʦʥʠ ʥʝ ʚʝʜʫʪ ʢ ʦʙʤʝʥʫ 

ʠʤʧʫʣʴʩʘʤʠ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʇʨʦʮʝʩʩ ʫʩʠʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʝʯʝʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʷ ʭʘʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʣʘʤʠʥʘʨʥʳʤ 

ʪʝʯʝʥʠʝʤ. ʇʨʦʮʝʩʩ ʦʩʣʘʙʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ, 
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ʣʘʤʠʥʘʨʠʟʘʮʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 

ʪʝʯʝʥʠʷ. ʊʘʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʜʠʬʬʫʟʦʨʥʦʤ ʧʦʪʦʢʝ ʚʝʜʝʪ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ 

ʦʪʨʳʚʫ ʠ ʨʦʩʪʫ ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ. 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʦʚʦʨʦʪʘ ʥʘ 

ʚʳʧʫʢʣʦʡ ʠ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʘʨʘʤʝʪʨʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʅʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʷ) 

ʪʦʥʢʠʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʩʦʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ) ʩʠʪʫʘʮʠʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʥʘ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʚʚʝʜʝʥ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʨʠʪʝʨʠʡ, ʯʠʩʣʦ ʈʦʩʩʙʠ: 
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,                                         (3.4.6) 

 

ʛʜʝ W  ï ʩʢʦʨʦʩʪʴ ʚ ʷʜʨʝ ʧʦʪʦʢʘ; w ï ʩʢʦʨʦʩʪʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ;  

n ï ʥʦʨʤʘʣʴ (ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʚʦʛʥʫʪʦʡ ʢ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 

 

ʉʤʳʩʣ ʢʨʠʪʝʨʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʠʣʳ ʚʷʟʢʦʩʪʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ /w nµ µ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʣʠʙʦ ʧʦʜʘʚʣʷʶʪ ʧʦʧʝʨʝʯʥʳʝ ʧʫʣʴʩʘʮʠʠ ï ʩʪʘʙʠʣʠʟʘʮʠʷ 

(ʣʘʤʠʥʘʨʠʟʘʮʠʷ) ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʩʪʦʨʦʥʘ ʨʘʟʨʝʞʝʥʠʷ, 0XoR ), ʣʠʙʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʠʣʝʥʠʶ ʧʦʧʝʨʝʯʥʳʭ ʧʫʣʴʩʘʮʠʡ ï ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ (ʫʩʠʣʝʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ) ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʩʪʦʨʦʥʘ ʜʘʚʣʝʥʠʷ, 0boR ).  

ɿʥʘʢ ʤʠʥʫʩ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʯʠʩʣʘ ʈʦʩʩʙʠ ʚʳʙʨʘʥ ʩ ʪʝʤ, ʯʪʦʙʳ ʝʛʦ 

ʚʝʣʠʯʠʥʘ ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ, ʛʜʝ ʝʛʦ ʚʣʠʷʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦ.  

ɺʳʚʦʜʳ ʧʦ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ: 

1. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʦʪʦʢʘ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʥʦʨʤʘʣʠ ʢ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ  ʩʠʣʳ ʠʥʝʨʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʦʨʤʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. ɺ ʢʨʠʚʦʣʠʥʝʡʥʦʤ 

ʢʘʥʘʣʝ ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʩʢʦʨʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʝ ʧʦʥʠʞʝʥʥʦʝ, ʘ ʩʢʦʨʦʩʪʴ 



137 

 

ʙʦʣʴʰʝ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ ʩʣʦʝʚ ʚ ʥʝʚʷʟʢʦʤ 

ʷʜʨʝ ʧʦʪʦʢʘ ʥʘʟʳʚʘʶʪ ʩʜʚʠʛʦʚʳʤ ʪʝʯʝʥʠʝʤ. 

2. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʪʦʢʫ ʧʨʠʚʦʜʠʪ 

ʧʦʷʚʣʝʥʠʶ ʤʝʩʪʥʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʟʦʥ ʚ ʥʘʯʘʣʝ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʦʪʨʳʚʦʚ 

ʧʦʪʦʢʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʧʦʪʝʨʠ ʥʘʧʦʨʘ.  

3. ɺ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʦʛʥʫʪʦʡ ʩʪʦʨʦʥʝ ʛʘʟ ʜʚʠʞʝʪʩʷ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ, ʯʝʤ ʚ ʷʜʨʝ ʧʦʪʦʢʘ. ʇʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʥʘ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʘʥʦʚʷʪʩʷ ʪʨʝʭʤʝʨʥʳʤʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ 

ʘʥʘʣʠʟʘ ʚʚʦʜʠʪʩʷ ʩʭʝʤʘ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʦʝʢʮʠʷʤʠ 

ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʥʘ ʩʝʯʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʦʩʠ ʢʘʥʘʣʘ. ɺʪʦʨʠʯʥʦʝ 

ʪʝʯʝʥʠʝ ʥʦʩʠʪ ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ. ʀʟ-ʟʘ ʪʨʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʜʨʫʛ ʦ ʜʨʫʛʘ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʪʦʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ. 

ʇʦʪʝʨʠ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʚʪʦʨʠʯʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʧʨʦʩʪʦ ʧʨʦʜʦʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ʕʪʠ ʫʚʝʣʠʯʝʥʥʳʝ ʧʦʪʝʨʠ ʚʳʜʝʣʷʶʪ ʚ ʛʨʫʧʧʫ 

ʚʪʦʨʠʯʥʳʭ ʧʦʪʝʨʴ.  ɺʦʟʨʘʩʪʘʶʱʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʳʤʠ ʢʘʥʘʣʘʤʠ 

ʚʪʦʨʠʯʥʳʝ ʧʦʪʝʨʠ ʠ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʦʪʨʳʚʦʚ ʚ ʤʝʩʪʥʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʟʦʥʘʭ 

ʠʥʦʛʜʘ ʚʳʜʝʣʷʶʪ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʧʦʪʝʨʴ ʥʘ ʧʦʚʦʨʦʪ ʧʦʪʦʢʘ.  

4. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʦʥʳ ʦʪʨʳʚʘ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʨʠ ʥʘ ʧʦʚʦʨʦʪ ʧʦʪʦʢʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʦʯʢʘ 

ʦʪʨʳʚʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʥʘʠʙʦʣʴʰʠʭ ʤʝʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʢʘʥʘʣʝ. 

ʈʘʥʥʝʤʫ ʦʪʨʳʚʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʪʦʣʱʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚʪʦʨʠʯʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. ɺʪʦʨʦʝ ʚʘʞʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ï ʚʣʠʷʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʥʘ ʧʦʧʝʨʝʯʥʳʝ 

ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ. ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʘʤʠʥʘʨʠʟʠʨʫʝʪʩʷ ʠ ʫʪʦʣʱʘʝʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʪʨʳʚʫ. 

5. ʇʦʪʝʨʠ ʥʘ ʧʦʚʦʨʦʪ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʠʟʦʛʥʫʪʦʩʪʠ ʢʘʥʘʣʘ, ʠ ʯʝʤ ʙʦʣʴʰʝ ʝʛʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʢ 

ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ. ʆʩʦʙʦ ʦʧʘʩʥʘʷ ʤʝʩʪʥʘʷ ʜʠʬʬʫʟʦʨʥʦʩʪʴ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʦʙʱʝ, ʝʩʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʡ 

ʢʘʥʘʣ ʢʦʥʬʫʟʦʨʥʳʡ. ʋʤʝʥʴʰʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʢʘʥʘʣʘ ʧʦ ʜʣʠʥʝ ï ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʧʦʚʦʨʦʪʘ. 

ɼʠʬʬʫʟʦʨʥʦʩʪʴ ʢʘʥʘʣʘ ʫʩʠʣʠʚʘʝʪ ʦʧʘʩʥʦʩʪʴ ʦʪʨʳʚʘ. ɼʠʬʬʫʟʦʨʥʳʝ 

ʤʝʞʣʦʧʘʪʦʯʥʳʝ ʢʘʥʘʣʳ ʊʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ 

ʧʦʪʦʢʘ. ʂʦʥʬʫʟʦʨʥʳʝ ʢʘʥʘʣʳ ʪʫʨʙʠʥ ʤʦʛʫʪ ʦʪʢʣʦʥʷʪʴ ʧʦʪʦʢ ʥʘ ʦʯʝʥʴ 

ʙʦʣʴʰʠʝ ʫʛʣʳ. 

6. ʕʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʧʦʚʦʨʦʪʘ ʚ ʩʠʣʴʥʦ 

ʠʟʦʛʥʫʪʳʭ ʢʘʥʘʣʘʭ ï ʫʩʪʘʥʦʚʢʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʪʦʢ. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢ 
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ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʝ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ ʩ ʙʦʣʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ Rn/ , ʘ ʚ ʩʠʩʪʝʤʝ 

ʢʘʥʘʣʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʨʘʟʤʝʨʘ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ.  

7. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʪʫʨʙʦʤʘʰʠʥ ʠ ʦʢʘʟʳʚʘʶʪ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʠʝʤʳ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʧʦʚʦʨʦʪ 

ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʷʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʪʫʨʙʠʥ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʙʦʣʴʰʝʛʦ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʣʦʧʘʪʢʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ 

ʤʝʥʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

 

3.5. ɺʃʀʗʅʀɽ ʉɾʀʄɸɽʄʆʉʊʀ ʅɸ ɼɺʀɾɽʅʀɽ ɺ ʂɸʅɸʃɸʍ. 

ʂʈʀʊɽʈʀʀ ʇʆɼʆɹʀʗ 

ʇʨʠ ʘʥʘʣʠʟʝ ʪʝʯʝʥʠʷ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʢʘʥʘʣʘʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʧʦ ʠʭ ʜʣʠʥʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

()f l constr= =  ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ. ʅʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʤʘʰʠʥ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ. 

ʕʪʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʫʜʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʠʩʪʝʯʝʥʠʷ ʠʟ ʝʤʢʦʩʪʠ, ʛʜʝ ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʊʘʤ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʨʤʦʞʝʥʠʷ 

ï ʜʘʚʣʝʥʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʦʡ 
* *,p T , ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʤ ʧʣʦʪʥʦʩʪʴʶ ʛʘʟʘ 

*
*

*

p

RT
=r . ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʩʪʝʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʠ (ʙʝʟ 

ʧʦʪʝʨʴ ʥʘʧʦʨʘ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʩʷ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʘʚʣʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʊʦ ʝʩʪʴ, ʠʩʪʝʯʝʥʠʝ ʠʟ ʝʤʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʥʫʣʝʚʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʚ ʚʘʢʫʫʤ). 

ʆʪʥʦʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʢ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʧʦ 

ʤʝʨʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʘʚʥʦ 

* * *

/
p T

p T

r
=

r
. ʊʘʢ ʢʘʢ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʧʨʦʮʝʩʩʘ 
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p T

-å õ
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.                                          (3.5.1) 
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ʊʘʢ ʢʘʢ  
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k
=
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, ʪʦ ʦʪʥʦʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʨʤʦʞʝʥʠʷ ʢ ʝʝ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʨʘʚʥʦ 
* 2 21

1 1
2

2
1

T c k c

kT kRT
RT

k

-
= + = +

-

. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ kRT ʨʘʚʥʦ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʛʘʟʝ a. ʕʪʘ ʩʢʦʨʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʧʨʫʛʦʩʪʴ ʛʘʟʘ, ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʞʘʪʠʶ. ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʢ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚ ʧʨʦʩʪʦʨʝʯʠʠ ʠʤʝʥʫʝʤʘʷ ʩʢʦʨʦʩʪʴʶ 

ʟʚʫʢʘ, ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʄʘʭʘ 
c c

M
a kRT
= = . ʊʦʛʜʘ: 
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ʌʦʨʤʫʣʳ (3.5.2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʞʠʤʘʝʤʦʩʪʴ ʛʘʟʘ ï ʠʟʤʝʥʝʥʠʝ ʝʛʦ 

ʧʣʦʪʥʦʩʪʠ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʛʦʚʦʨʠʪʴ ʦ 

çʨʘʩʰʠʨʷʝʤʦʩʪʠè ʛʘʟʘ) ï ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï ʧʦʢʘʟʘʪʝʣʷ ʠʟʦʵʥʪʨʦʧʳ 
p

v

c
k

c
= , ʦʪʨʘʞʘʶʱʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʛʘʟʘ, 

ï ʯʠʩʣʘ ʄʘʭʘ 
c c

M
a kRT
= = , ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʝʞʠʤ ʪʝʯʝʥʠʷ. 

ʕʪʠ ʜʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ 

ʩʞʠʤʘʝʤʦʩʪʠ. ɽʩʣʠ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ ʜʚʠʞʝʥʠʷ ʵʪʠ ʢʨʠʪʝʨʠʠ  ʨʘʚʥʳ, ʪʦ 

ʩʞʠʤʘʝʤʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦ. ɽʩʣʠ ʥʝ ʨʘʚʝʥ ʣʶʙʦʡ ʠʟ ʜʚʫʭ, ʵʪʠ 

ʪʝʯʝʥʠʷ ʥʝ ʧʦʜʦʙʥʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʢʨʠʪʝʨʠʝʚ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (3.5.2 ʙ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ. ʊʨʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʠʟʦʵʥʪʨʦʧʳ ʚʳʙʨʘʥʳ ʨʘʚʥʳʤʠ 14,1=k  

(ʬʨʝʦʥ-12, 22ClCF ), 4,1=k  (ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ ï ʚʦʟʜʫʭ ʠ ʧʨ.), 68,1=k  

(ʥʝʦʥ), ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʨʘʙʦʯʠʭ ʩʨʝʜ ʊʂ. 

ɼʠʘʧʘʟʦʥ ʯʠʩʝʣ ʄʘʭʘ ʦʛʨʘʥʠʯʝʥ ʟʥʘʯʝʥʠʝʤ 1,75. ʕʪʦ ʟʥʘʯʝʥʠʝ ʨʝʜʢʦ 

ʧʨʝʚʳʰʘʝʪʩʷ ʥʘ ʚʭʦʜʝ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʝʪʢʠ ʜʘʞʝ ʩʘʤʳʭ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʊʂ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʊʂ, ʨʘʙʦʪʘʶʪ ʧʨʠ ʯʠʩʣʘʭ 
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ʄʘʭʘ ʥʘ ʚʭʦʜʝ ʚ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʝʪʢʠ ʥʝ ʙʦʣʝʝ 0,85 (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʜʦʟʚʫʢʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ). 

 

ʊʘʙʣʠʮʘ 3.5.1 

ɺʣʠʷʥʠʝ ʢʨʠʪʝʨʠʷ ʄʘʭʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ 

ʧʦʪʦʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʷ ʠʟʦʵʥʪʨʦʧʳ 

 

M  0 0,25 0,5 0,75 1,0 1,25 1,5 1,75 
*/r r 

k =1,14 

1 0,9692 0,8835 0,7589 0,6168 0,4764 0,3518 0,2497 

*/r r 

k =1,40 

1 0,9694 0,8852 0,7660 0,6339 0,5067 0,3950 0,3029 

*/r r 

k =1,68 

1 0,9696 0,8869 0,7731 0,6503 0,5344 0,4337 0,3502 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

ï ʚ ʜʦʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʠʟʦʵʥʪʨʦʧʳ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʘʚʪʦʤʦʜʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʪʝʨʠʶ k , 

ï ʫʞʝ ʧʨʠ 5,0=M  ʧʣʦʪʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʥʦ ʠ ʚʣʠʷʥʠʝ 

ʯʠʩʣʘ ʄʘʭʘ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ï ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʨʦʚ, 

ʨʘʙʦʪʳ ʩʞʘʪʠʷ, ʂʇɼ, ʪʦ ʩʞʠʤʘʝʤʦʩʪʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʠ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʄʘʭʘ0,25.   

ʇʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʢʘʥʘʣʘʭ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʝʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʨʠʪʝʨʠʝʚ ʩʞʠʤʘʝʤʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʢʘʥʘʣʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ ç1è ʠ  ç2è.  

ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ 

ʧʨʦʮʝʩʩʘ  ʨʘʚʥʦ 

1

1
2 2

1 1

kT

T

-å õr
=æ ö

r ç ÷
. ʆʪʩʶʜʘ: 

            

1
12 1

22 1

2 2*
1

12

2
211
1

*

1 1
12 11

1
11

1
2

1

k
k

c
k ck

RT k ck
kc

k k
RT

k

-
-

å õ
å õ- å õæ ö -
æ ö- læ öæ ö +r æ öç ÷-æ ö= =æ ö-r æ ö - l- æ öæ ö +æ ö

æ ö ç ÷
-ç ÷

,             (3.5.3) 

 

ʛʜʝ 
ʢʨ

c

a
l=  ï ʩʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ï ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʕʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʩʝʯʝʥʠʠ, ʛʜʝ ʩʢʦʨʦʩʪʴ 
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ʧʦʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʂʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʦʨʤʦʞʝʥʠʷ: 

 

                                      
*2

1
ʢʨ

k
a RT

k
=

+
.                                          (3.5.4) 

 

ʉʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʞʠʤʘʝʤʦʩʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʯʠʩʣʦ ʄʘʭʘ. ʊʦ ʝʩʪʴ, ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʷʚʣʝʥʠʷ ʩʞʠʤʘʝʤʦʩʪʠ ʪʝʯʝʥʠʷ 

ʧʦʜʦʙʥʳ, ʝʩʣʠ ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʳʝ ,k idem M idem= =  ʠʣʠ ,k idem ideml= =

. ʈʘʚʥʦʟʥʘʯʥʳʝ ʢʨʠʪʝʨʠʠ M  ʠ l ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

ʧʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ: 

 

           
2

1

2 1
1

2

k M

k
M

l
+

=
-

+

,   
2

2

1 1
1

1

M
k k

k

l

l

=
+ -

-
+

.                 (3.5.5) 

 

ɺ ʧʨʘʢʪʠʢʝ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ 

çʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭè ʢʨʠʪʝʨʠʝʚ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʪʦʤʫ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʥʝʝ ʛʨʦʤʦʟʜʢʠ. ʅʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʫʣʘʭ (3.5.2), 

ʩʚʷʟʳʚʘʶʱʠʭ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦ ʟʘʪʦʨʤʦʞʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚ 

ʪʦʤ ʞʝ ʩʝʯʝʥʠʠ,  ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʠʪʝʨʠʝʤ ʄʘʭʘ. ʌʦʨʤʫʣʘ (3.5.4) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʛʘʟʘ ʚ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ ʧʦʪʦʢʘ. ɿʜʝʩʴ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʢʦʨʦʩʪʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ.  

ɺ ʜʦʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ M  ʠ l ʤʝʥʷʶʪʩʷ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ, 

ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ ʩʠʪʫʘʮʠʷ 

ʤʝʥʷʝʪʩʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʠʩʪʝʯʝʥʠʠ  ʚ ʚʘʢʫʫʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʥʠʞʘʝʪʩʷ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʄʘʭʘ 
c

M
kRT

=  ʧʨʠ 0T  

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠ ʵʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ 

2
* * max

2
p

c
i c T= = , ʠʣʠ: 

 

                                    
*

max

2

1

k
c RT

k
=

-
.                                         (3.5.6) 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʚʥʦ: 
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max

max

*

1

12

1

c k

kk
RT

k

+
l = =

-

+

.                               (3.5.7) 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʧʨʦʮʝʩʩ ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʩ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʜʚʠʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʀʟ 

ʬʦʨʤʫʣʳ (3.5.3) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʟʘʤʝʜʣʝʥʠʠ 2

1

1
c

c
 ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʚ ʜʠʬʬʫʟʦʨʥʦʤ ʢʘʥʘʣʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʥʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʚʭʦʜʝ.  

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʝ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʨʘʚʥʦ 

1 1
2 1

2 2

F
c c

F

r
= ³

r
. ɼʠʬʬʫʟʦʨʥʦʩʪʴ ʢʘʥʘʣʦʚ ï ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

2 1 1

1 2 2

c F
c

c F

r
= = ³

r
 ï ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʣʠ ʯʠʩʣʦ ʄʘʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ. ʕʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʩʞʠʤʘʝʤʦʩʪʠ 

ʥʘ ʪʝʯʝʥʠʝ ʚ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʘʭ. ʉ ʨʦʩʪʦʤ 
1l (ʠʣʠ 

1M ) ʩʢʦʨʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ ʩʠʣʴʥʝʝ, ʚʝʨʦʷʪʥʝʝ ʦʪʨʳʚ ʧʦʪʦʢʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʦʩʪʦʤ 

ʧʦʪʝʨʴ.  ɺ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ ʚʣʠʷʥʠʝ ʩʞʠʤʘʝʤʦʩʪʠ ʫʩʠʣʠʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʤʝʩʪʥʳʭ ʢʦʥʬʫʟʦʨʥʳʭ ʠ ʜʠʬʬʫʟʦʨʥʳʭ ʟʦʥʘʭ.  

ʉʢʘʟʘʥʥʦʝ ʦʙʲʷʩʥʷʝʪ, ʧʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʦʙʳʯʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ ʤʘʰʠʥ ʚʳʥʫʞʜʘʝʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ, ʚʧʣʦʪʴ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ. ʇʨʠ ʵʪʦʤ ʧʨʦʷʚʣʷʶʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʪʝʯʝʥʠʡ. ʆʜʥʫ ʠʟ ʵʪʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʦʨʤʫʣʘ ɻʶʛʦʥʠʦ, ʩʚʷʟʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ 

m f c=r³ ³ ʠ ʨʘʟʜʝʣʠʤ ʧʦʣʫʯʝʥʥʦʝ ʥʘ f cr³ ³: 

 

0
dm df dc d

m f c

r
= + + =

r
.       (3.5.8) 

 

ʇʨʝʦʙʨʘʟʫʝʤ ʦʪʥʦʰʝʥʠʝ 
r

r

µ
 ʚ ʚʠʜ 

d d dp

dp

r r

r r

³
=
³

. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ 
dp

a
d

=
r
. ʊʦʛʜʘ 2

1d dp

a
=
r

r r
. 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ 
dp

r
 ʦʧʨʝʜʝʣʷʝʪ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʠʜʝ. ɼʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʠʟʦʵʥʪʨʦʧʥʦʤ 
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ʪʝʯʝʥʠʠ (ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʥʘʧʦʨʘ) 

2

0
2

c
dp d r

å õ
+ =æ ö
ç ÷

. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʩʚʷʟʴ ʧʦʣʠʪʨʦʧʥʦʛʦ ʥʘʧʦʨʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

2

2

dp c
d c dc

r
=- =- ³. ʉ 

ʫʯʝʪʦʤ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 
2

2

d c dc c dc
M

a c c

r

r

³ ³
=- =-

³
  ʠ ʨʘʚʝʥʩʪʚʦ (3.5.8)  

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

 

                                       
2( 1)

df dc
M

f c
= - .                             (3.5.9) 

 

ʀʟ ʬʦʨʤʫʣʳ ɻʶʛʦʥʠʦ ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

ï ʧʨʠ ʜʦʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ (1bM ) ʨʘʩʰʠʨʝʥʠʝ ʢʘʥʘʣʘ (0XdF ) 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ (0bdc ). ɺ ʜʦʟʚʫʢʦʚʦʤ ʧʦʪʦʢʝ 

ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʦʨʦʤ, ʩʫʞʘʶʱʠʡʩʷ ï ʢʦʥʬʫʟʦʨʦʤ, 

ï ʧʦʚʝʜʝʥʠʝ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʇʨʠ 

1XM  ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ (0Xdc ). 

ʈʘʩʰʠʨʷʶʱʠʡʩʷ ʢʘʥʘʣ ï ʵʪʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʢʦʥʬʫʟʦʨ. ʅʘʦʙʦʨʦʪ, ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ï 

ʩʚʨʝʭʟʚʫʢʦʚʦʡ ʜʠʬʬʫʟʦʨ. 

ʌʦʨʤʫʣʘ ɻʶʛʦʥʠʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʚʫʢʘ, ʢʘʥʘʣ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ 0=df . 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʵʪʦ ʚʝʣʠʯʠʥʘ c³r ( 2/
ʢʛ
ʤ

ʩ
), ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ 

ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʧʣʦʱʘʜʴʶ 21ʤ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʥʝʩʞʠʤʘʝʤʦʤ ʪʝʯʝʥʠʠ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʩ 

ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʧʘʜʘʝʪ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʄʘʭʘ ʠʣʠ 

ʩʢʦʨʦʩʪʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʈʦʩʪ ʩʢʦʨʦʩʪʠ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʧʦʪʦʢʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʦʣʴ ʩʠʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 

c³r  ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʦʛʥʘʪʴ ʧʦʪʦʢ ʜʦ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ɺ ʪʫʨʙʠʥʘʭ, ʥʘʧʨʠʤʝʨ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʩʢʦʨʦʩʪʴ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʢʘʥʘʣʘʭ ï ʩʦʧʣʘʭ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʚ ʨʘʙʦʯʠʭ 

ʢʦʣʝʩʘʭ ʪʫʨʙʠʥ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʨʘʟʚʠʚʘʝʤʦʡ ʪʫʨʙʠʥʥʦʡ 

ʩʪʫʧʝʥʴʶ, ʧʦʪʦʢ ʚ ʩʦʧʣʝ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʥʘʣʳ ʩ ʧʨʦʭʦʜʥʳʤʠ ʩʝʯʝʥʠʷʤʠ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʩʥʘʯʘʣʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ minf  (ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʜʦʩʪʠʛʘʝʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʢʨac=  ( 1ʄ=l=)), ʘ ʟʘʪʝʤ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ ʚʝʣʠʯʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʘʩX  (
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1Xʄ ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ. ʊʘʢʠʝ ʢʦʥʬʫʟʦʨʳ ʥʘʟʳʚʘʶʪ ʩʦʧʣʘʤʠ ʃʘʚʘʣʷ ʧʦ 

ʠʤʝʥʠ ʠʭ ʠʟʦʙʨʝʪʘʪʝʣʷ. ʅʘ ʨʠʩ. 3.5.1 ʩʭʝʤʘ ʩʦʧʣʘ ʃʘʚʘʣʷ ʧʦʢʘʟʘʥʘ 

ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ɻʶʛʦʥʠʦ, ʪʦʨʤʦʞʝʥʠʝ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ 

ʧʦʪʦʢʘ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʢʘʥʘʣʝ, ʚʭʦʜʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʫʞʘʶʱʝʡʩʷ, ʘ ʚʳʭʦʜʥʘʷ ï ʨʘʩʰʠʨʷʶʱʝʡʩʷ. ʇʝʨʝʭʦʜ ʦʪ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʢ ʜʦʟʚʫʢʦʚʦʡ ʧʨʦʠʟʦʡʜʝʪ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʜʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʢʘʥʘʣʘ ʠ ʜʘʥʥʳʭ ʨʘʩʭʦʜʘʭ ʠ ʧʘʨʘʤʝʪʨʘʭ 

ʛʘʟʘ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʫʩʣʦʚʠʝ 1=ʄ . ʊʦ ʝʩʪʴ, 

ʪʦʨʤʦʞʝʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʦʙʨʘʪʥʦʝ ʩʦʧʣʦ 

ʃʘʚʘʣʷ (ʨʠʩ. 3.5.1 ʩʣʝʚʘ). ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʪʝʨʴ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʝʯʝʥʠʠ, ʩʜʚʠʥʫʪʦʤ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʥʠʟ ʧʦ 

ʧʦʪʦʢʫ. 

 

 
 

ʈʠʩ. 3.5.1. ʉʭʝʤʘ ʩʦʧʣʘ ʃʘʚʘʣʷ ʠ ʦʙʨʘʪʥʦʛʦ ʩʦʧʣʘ ʃʘʚʘʣʷ (ʰʪʨʠʭʦʚʳʝ 

ʣʠʥʠʠ) 1ï 11 ï ʜʦʟʚʫʢʦʚʦʡ ʢʦʥʬʫʟʦʨ, 11 ï 111ïʩʚʝʨʭʟʚʫʢʦʚʦʡ ʢʦʥʬʫʟʦʨ [15] 

 

ʉʢʘʯʢʠ ʫʧʣʦʪʥʝʥʠʷ. ʅʘ ʨʠʩ. 3.5.1 ʦʙʨʘʪʥʦʝ ʩʦʧʣʦ ʃʘʚʘʣʷ ʧʦʢʘʟʘʥʦ 

ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʘʚʥʦʝ ʪʦʨʤʦʞʝʥʠʝ 

ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 1==lM , ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʚʥʳʝ 

ʟʥʘʯʝʥʠʷ c³r  ʧʨʠ ʜʦʟʚʫʢʦʚʦʤ ʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ. 

ʅʘ ʨʠʩ. 3.5.2 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢʠ: 

ï ʠʟʤʝʥʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʃʘʚʘʣʷ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ *
A

A
  

ʦʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ M  ( A  ï ʪʝʢʫʱʝʝ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ, *A  ï 

ʥʘʠʤʝʥʴʰʝʝ, ʢʨʠʪʠʯʝʩʢʦʝ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ, ʛʜʝ , 1ʢʨc a M= =), 

ï ʦʪʥʦʰʝʥʠʝ ʪʝʢʫʱʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʢʨʠʪʠʯʝʩʢʦʤ 

ʩʝʯʝʥʠʠ ( )
ʢʨ

c

c

r

r

³
Q=

³
. 
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ʈʠʩ. 3.5.2. ʀʟʤʝʥʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʃʘʚʘʣʷ ʠ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ ʚ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ M   ʧʨʠ 4,1=k [15] 

   

ʅʝʫʩʪʦʡʯʠʚʳʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʤʛʥʦʚʝʥʥʦ, ʩʢʘʯʢʦʦʙʨʘʟʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʟʚʫʢʦʚʳʤ, ʩʦʙʣʶʜʘʷ ʫʩʣʦʚʠʝ ( ) ( )
ʜʦʟʚ ʩʚʝʨʭʟʚ
ʩ ʩr r³ = ³ . ʕʪʦʪ 

ʧʝʨʝʭʦʜ ʥʘʟʳʚʘʝʪʩʷ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ (ʩʪʦʷʯʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ). ɺ ʦʯʝʥʴ 

ʪʦʥʢʦʤ ʩʣʦʝ ʛʘʟʘ ʤʝʥʷʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ. ɹʣʘʛʦʜʘʨʷ ʫʩʣʦʚʠʶ 

( ) ( )
ʜʦʟʚ ʩʚʝʨʭʟʚ
ʩ ʩr r³ = ³  ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʧʝʨʝʜ ʩʢʘʯʢʦʤ, ʠ ʟʘ ʩʢʘʯʢʦʤ 

ʩʚʷʟʘʥʳ ʩʪʨʦʛʠʤʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

- ʟʘʢʦʥ ʧʨʷʤʦʛʦ ʩʢʘʯʢʘ: 

 

                                               1 2 2 11, 1/³ = =l l l l,                  (3.5.10 ʘ) 

    

- ʧʘʜʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʘʯʢʝ: 

                                          

1
2

* 1
22

1*

1
2

1

1
1

1
1 1

1
1

k

kk
p k

kp

k

l
l

l

-å õ-
-æ ö
+æ ö=
-æ ö- ³æ ö+ç ÷

,

2

1
2

21
1

1

1
1

1
1

k
p k

kp

k

l

l

-
-
+=
-

-
+

,              (3.5.10 

ʙ) 

 

 - ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʩʢʘʯʢʝ: 

 

                                                          22
1

1

r
l

r
=                                           (3.5.10 

ʚ) 
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ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ: 

ï ʧʦʩʣʝ ʩʢʘʯʢʘ ʧʦʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʜʦʟʚʫʢʦʚʳʤ, ʧʨʠʯʝʤ ʧʦʩʣʝ ʩʢʘʯʢʘ 

ʩʢʦʨʦʩʪʴ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʦʥʘ ʙʦʣʴʰʝ ʜʦ ʩʢʘʯʢʘ, 

ï ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʩʢʘʯʢʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʚ ʪʝʧʣʦ, ʧʦʪʝʨʷʤʠ 

ʥʘʧʦʨʘ, ʪʘʢ ʢʘʢ ʧʨʠ ()1 1 1M l  ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ 

*

2

*

1

1
p

p
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ 

ʦʜʠʥ ʚʠʜ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʪʣʠʯʠʪʝʣʴʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʩʪʨʦʛʦʛʦ ʨʘʩʯʝʪʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ 
* *

2 1/p p  ʚ (3.5.10 ʙ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʨʠʪʝʨʠʝʚ 

ʩʞʠʤʘʝʤʦʩʪʠ  ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫʩʠʣʠʚʘʝʪʩʷ. ɼʣʷ ʫʯʝʪʘ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʧʨʠ 

ʨʘʩʯʝʪʝ ʊʂ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

2

1 / 2

wʚʦʣʥ

ʚʦʣʥ

h

c
=z

 
ɽʛʦ ʚʝʣʠʯʠʥʘ ʜʣʷ ʚʦʣʥʦʚʳʭ ʧʦʪʝʨʴ ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ, ʭʦʪʷ 

ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʛʨʦʤʦʟʜʢʠ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ 5,11¢M , ʢʦʪʦʨʳʝ ʨʝʜʢʦ ʧʨʝʚʳʰʘʶʪʩʷ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ, 

ʩʢʘʯʝʢ ʫʧʣʦʪʥʝʥʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʚ ʜʘʚʣʝʥʠʝ (ʚ ʯʝʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʊʂ). ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʚ ʢʘʥʘʣʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʧʦʷʚʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ, ʧʨʠʯʠʥʘ ʯʝʛʦ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʥʠʞʝʥʥʳʡ 

ʂʇɼ, ʩʚʝʨʭʟʚʫʢʦʚʳʝ ʊʂ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʩʪʘʚʝ 

ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ, ʪʘʢ ʢʘʢ ʪʘʤ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʠ 

ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʝʡ. 

 

3.6. ʇʆɼʆɹʀɽ ʋʉʃʆɺʀʁ ʊɽʏɽʅʀʗ ɺ ʇʈʆʊʆʏʅʆʁ ʏɸʉʊʀ 

ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʊʂ ʚʩʪʨʝʯʘʝʪ ʜʚʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ: 

ï ʚ ʦʩʥʦʚʥʦʤ ʫʨʘʚʥʝʥʠʠ ʪʫʨʙʦʤʘʰʠʥ  ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʜʚʦʜʠʤʦʡ ʢ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ 2 2 1 1T u uh c u c u= -  ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʢʨʫʞʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ 
uc  ʥʫʞʥʦ ʟʥʘʪʴ ʫʛʦʣ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʠʟ ʣʦʧʘʪʦʯʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ (1uʩ), ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ (2 2 2u uc w u= + ), 

ï ʚ ʫʨʘʚʥʝʥʠʠ ɹʝʨʥʫʣʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʠʪʨʦʧʥʦʡ ʨʘʙʦʪʳ ʩʞʘʪʠʷ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ 
ʧ T ʜ wh h h h= - - ʥʫʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ 

wh . 
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Th  ʠ 

wh  ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʨʫʜʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʥʦʩʷʱʠʭ ʭʘʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʝʰʝʥʠʷ ʚʷʟʢʦʛʦ, ʩʞʠʤʘʝʤʦʛʦ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʪʦʢʘ ʜʦʩʪʠʛʣʠ ʙʦʣʴʰʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʠʩʧʦʣʴʟʫʷ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ 

ʧʨʦʛʨʘʤʤʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ  ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ, ʠ ʣʠʰʴ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʝ ʫʩʧʝʭʠ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʂ ʧʦʢʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʊʂ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ 

ʫʧʨʦʱʝʥʥʳʭ ʩʭʝʤʘʭ, ʤʦʜʝʣʷʭ ʪʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ çʪʝʦʨʠʷ ʜʘʝʪ ʬʦʨʤʫʣʫ, ʧʨʘʢʪʠʢʘ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ) ï 

ʢʦʵʬʬʠʮʠʝʥʪʳè. ʇʨʠʤʝʨʳ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʬʦʨʤʫʣ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʦʣʞʘʶʪʩʷ 

ʜʦ ʩʠʭ ʧʦʨ. ʀʭ ʧʨʘʚʠʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʣʞʥʳ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʊʂ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. 

ʅʘ ʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʧʨʦʚʦʜʠʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ï ʠʩʧʳʪʘʥʠʝ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ʩʪʝʥʜʘʭ) 

ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ, ʠʣʠ ʛʨʫʧʧ ʩʪʫʧʝʥʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʥʳʤʠ 

ʢʦʧʠʷʤʠ (ʤʦʜʝʣʷʤʠ) ʩʪʫʧʝʥʝʡ ʨʝʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ (ʥʘʪʫʨʥʳʝ ʩʪʫʧʝʥʠ). 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʚʳʷʚʣʷʶʪʩʷ ʠ ʫʩʪʨʘʥʷʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʠ ʧʦʣʫʯʘʶʪʩʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʦʚʳʭ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ï ʠʩʧʳʪʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʠʭ ʟʘʢʘʟʯʠʢʘʤ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʨʠʝʤʦ ï ʩʜʘʪʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʇʉʀ).  ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ 

ʠʩʧʳʪʘʥʠʡ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʙʦʯʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʳʪʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʎʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʨʝʩʩʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʛʘʟʝ ʩ 

ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʧʨʠ ʜʨʫʛʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʝʦʨʠʷ ʧʦʜʦʙʠʷ 
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ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʢʘʢ ʥʫʞʥʦ ʠʩʧʳʪʳʚʘʪʴ ʊʂ ʥʘ ʚʦʟʜʫʭʝ, ʯʪʦʙʳ ʠʟʤʝʨʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʳʪʘʥʥʳʡ ʥʘ ʚʦʟʜʫʭʝ ʢʦʤʧʨʝʩʩʦʨ ï ʵʪʦ ʝʛʦ ʞʝ 

ʤʦʜʝʣʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʊʝʦʨʠʷ ʧʦʜʦʙʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʪʨʘʙʘʪʳʚʘʪʴ ʵʣʝʤʝʥʪʳ ʇʏ ʚ ʚʠʜʝ 

ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʦʜʝʣʷʤʠ ʩʪʫʧʝʥʝʡ ʧʨʦʚʦʜʷʪʩʷ 

çʚʧʨʦʢè, ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʤʧʨʝʩʩʦʨʫ. ʅʝʢʦʪʦʨʳʡ 

ʚʦʦʙʨʘʞʘʝʤʳʡ ʥʘʙʦʨ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʎʂ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʚʝʩʴ 

ʚʦʟʤʦʞʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʭʦʜʘ ʠ ʥʘʧʦʨʘ ʚ ʚʦʟʤʦʞʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʠ ʩ ʜʠʘʧʘʟʦʥʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ (ʚʪʫʣʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʠʘʤʝʪʨʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʪ.ʜ.), ʚ ʧʨʠʥʮʠʧʝ ʜʝʣʘʝʪ ʥʝʥʫʞʥʳʤʠ ʩʣʦʞʥʳʝ 

ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ  ʤʦʛʣʘ ʙʳ ʙʳʪʴ 

ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʥʘʙʦʨʘ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ. ɼʣʷ ʆʂ ʚʘʞʥʘ 

ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʫʧʝʥʝʡ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʝʜʝʪʩʷ ʥʝ ʥʘ ʦʩʥʦʚʝ ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ, ʘ ʠʭ ʛʨʫʧʧ, ʜʘʞʝ ʮʝʣʳʭ ʧʨʦʪʦʯʥʳʭ 

ʯʘʩʪʝʡ. 

ʅʘʙʦʨʳ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʩʫʱʝʩʪʚʫʶʪ, ʭʦʪʷ ʤʥʦʛʦʤʝʨʥʦʝ ʧʦʣʝ ʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʦ. ɺʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʪʘʢʠʝ 

ʢʦʤʧʨʝʩʩʦʨʳ, ʜʣʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʧʦʜʭʦʜʷʱʠʭ ʤʦʜʝʣʴʥʳʭ 

ʩʪʫʧʝʥʝʡ ʥʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʧʨʦʪʦʯʥʳʝ ʯʘʩʪʠ ʢʘʢ ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ʪʘʢ ʠ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʘʥʢʠ ʜʘʥʥʳʭ. 

ʇʦʵʪʦʤʫ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʧʨʦʜʦʣʞʘʶʪʩʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʫʩʣʦʚʠʡ ʧʦʜʦʙʠʷ ʫ ʤʦʜʝʣʠ ʠ ʫ ʥʘʪʫʨʥʦʛʦ ʊʂ (ʩʪʫʧʝʥʠ) ʦʜʠʥʘʢʦʚʳʤʠ 

ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, )(, jyh = . ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʤʦʜʝʣʴ ʠ ʥʘʪʫʨʘ ʙʳʣʠ ʧʦʜʦʙʥʳ, ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ: 

ï ʫʩʣʦʚʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, ʘ ʠʤʝʥʥʦ, ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʚ ʣʶʙʦʡ ʩʭʦʜʩʪʚʝʥʥʦʡ ʪʦʯʢʝ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ: / , /ʥ ʤ ʥ ʤc ʩ idem w w idem= = . ʕʪʦ 

ʫʩʣʦʚʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʢʘ ʚ ʩʭʦʜʩʪʚʝʥʥʳʭ ʪʦʯʢʘʭ ʫ ʤʦʜʝʣʠ ʠ 

ʥʘʪʫʨʳ ʦʜʠʥʘʢʦʚʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʪʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘ ʧʦʜʦʙʥʳʤʠ, 

ï ʫʩʣʦʚʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ï ʚʦ ʚʩʝʭ ʩʭʦʜʩʪʚʝʥʥʳʭ ʪʦʯʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʦʦʪʥʦʰʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʤʘʩʩʦʚʳʝ 
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ʩʠʣʳ, ʘ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʩʠʣ ï ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʩʠʣʳ ʚʷʟʢʦʩʪʠ. 

ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ. ɹʝʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʥʝʚʦʟʤʦʞʥʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ.  ɼʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʥʫʞʥʦ, ʯʪʦʙʳ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʩʝʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʫ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʙʳʣʦ ʦʜʠʥʘʢʦʚʦ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʦʜʠʥʘʢʦʚʳ ʦʪʥʦʰʝʥʠʷ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ ʨʘʟʤʝʨʫ. ʋ ʦʩʝʚʳʭ ʩʪʫʧʝʥʝʡ ʵʪʦ 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʣʦʧʘʪʦʢ ʢ ʭʦʨʜʝ, ʥʘʧʨʠʤʝʨ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʝ 

ʫʜʣʠʥʝʥʠʝ ʣʦʧʘʪʦʢ 
l

idem
a
= , ʦʜʠʥʘʢʦʚʦʝ ʚʪʫʣʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʚʪ

ʥ

D
idem

D
n= = . ʋ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ï ʥʘʨʫʞʥʳʡ 

ʜʠʘʤʝʪʨ ʈʂ 
2D , ʦʜʠʥʘʢʦʚʳʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʣʦʧʘʪʦʢ

2

2

b
idem

D
= , ʠ ʜʨ. ʇʨʦʪʦʯʥʳʝ ʯʘʩʪʠ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʬʦʨʤʫ, ʦʪʣʠʯʘʷʩʴ ʪʦʣʴʢʦ ʨʘʟʤʝʨʘʤʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʦʟʥʘʯʘʝʪ 

ʨʘʚʝʥʩʪʚʦ ʩʭʦʜʩʪʚʝʥʥʳʭ ʫʛʣʦʚ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʬʦʨʤʳ ʠ ʯʠʩʣʘ 

ʣʦʧʘʪʦʢ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʦʜʦʙʠʷ ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʩʣʝʜʫʶʱʠʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: 

ï ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʫ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʦʜʠʥʘʢʦʚʦ ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʝʯʝʥʠʷʭ: 

1

2 2

1 1

np
idem

p

å õr
= =æ ö

r ç ÷
. ʇʦʜʚʦʜ ʠʣʠ ʦʪʚʦʜ ʪʝʧʣʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʧʨʠʥʮʠʧʝ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ n ʠ ʦʪʥʦʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʝʡ. ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ ʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʩʪʦʣʴ ʤʘʣʦ, ʯʪʦ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʜʦʙʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʊʂ, 

ï ʤʘʩʩʦʚʘʷ ʩʠʣʘ ʛʨʘʚʠʪʘʮʠʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʠʣʘʤʠ ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʧʦʜʦʙʠʷ ʤʘʩʩʦʚʳʭ ʩʠʣ. ʋʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ 

ʢʨʠʪʝʨʠʷ ʌʨʫʜʘ 
2w

Fr idem
gL
= =  ( gï ʫʩʢʦʨʝʥʠʝ ʟʝʤʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, L  - 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ) ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʧʦʣʥʷʪʴ ʥʝ ʥʫʞʥʦ, 
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ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʂ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʞʠʤʦʚ ʩ 

ʨʘʟʥʳʤ ʨʘʩʭʦʜʦʤ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʩ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʜʨʫʛʦʡ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ 

ʢʘʞʜʦʤ ʠʟ ʨʝʞʠʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ. ʅʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʜʦʙʠʷ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʧʨʦʮʝʩʩʳ ʫ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜʦʙʥʳʤʠ, ʪ.ʝ. 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʢʨʠʪʝʨʠʷ ʉʪʨʫʭʘʣʷ 
L

Sh idem
w
= =
t

(tï 

ʚʨʝʤʷ). 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʠ ʥʘʪʫʨʥʦʛʦ ʊʂ ʜʦʩʪʘʪʦʯʥʦ: 

- ʯʪʦʙʳ ʠʭ ʧʨʦʪʦʯʥʳʝ ʯʘʩʪʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ ʬʦʨʤʫ,  

- ʦʜʠʥʘʢʦʚʳʤʠ ʙʳʣʠ ʢʨʠʪʝʨʠʠ ʩʞʠʤʘʝʤʦʩʪʠ ,k M , 

- ʦʜʠʥʘʢʦʚʳʤ ʙʳʣ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʚʷʟʢʦʩʪʠ Re.   

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʣʝʜʫʶʱʝʝ ʥʘʧʠʰʝʤ ʬʦʨʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ:  

 

                                     ( ), , , , , Ref F k Mhy= j .                            (3.6.1) 

 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ ʠʣʠ ʚʩʝʛʦ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ï ʬʦʨʤʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ï ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ F. ɼʣʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠ ʧʦʜʦʙʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʳʩʦʪʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
ʰk idem= , 

ï ʨʝʞʠʤʦʤ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʭʦʜʘ 

mc

u
j= , 

ï ʢʨʠʪʝʨʠʷʤʠ ʩʞʠʤʘʝʤʦʩʪʠ k  ʠ M , 

ï ʢʨʠʪʝʨʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ Re. 

ʏʠʩʣʘ ʧʦʜʦʙʠʷ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ k , )(lM , Re, ʦʜʠʥʘʢʦʚʦʩʪʴ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʚʝʥʩʪʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʚʣʷʶʪʩʷ 

ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ. ʋ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠʣʠ ʩʪʫʧʝʥʝʡ 
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ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʘʩʭʦʜʘ j ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʪʝʨʴ, ʥʘʧʦʨʘ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (2/uc , 2/uw  ʠ ʜʨʫʛʠʝ), ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ 

ʯʠʩʣʘʤʠ ʧʦʜʦʙʠʷ. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʧʦʜʦʙʠʝ, ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ. ʆʜʠʥʘʢʦʚʦʩʪʴ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʠʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ. ɼʣʷ ʩʪʫʧʝʥʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʫʩʣʦʚʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
2, ( )f idemhy= j = ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ k , )(lM , Re idem= . 

ʊʘʢ ʢʘʢ ʫ ʧʦʜʦʙʥʳʭ ʪʫʨʙʦʤʘʰʠʥ ʚ ʩʭʦʜʩʪʚʝʥʥʳʭ ʪʦʯʢʘʭ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʦʜʠʥʘʢʦʚʦ, ʪʦ ʨʘʚʝʥʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʚ 

ʦʜʥʦʡ ʠʟ ʩʭʦʜʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʦʟʥʘʯʘʝʪ ʨʘʚʝʥʩʪʚʦ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʠ ʚʦ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʠ 

ʧʦʜʦʙʠʷ )(lM  ʠ Re ʚ ʫʩʣʦʚʥʦʡ, ʥʦ ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʬʦʨʤʝ. ʅʘ ʧʨʠʤʝʨʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ: 

 

 ,           2 2 2 2Reu ʥ

ʥ ʥ

u D u D

v
= = r

m
,              (3.6.2) 

 

ʛʜʝ ʥv , ʥm  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʫʩʣʦʚʠʷ ʧʦʜʦʙʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

2, ( )f idemhy= j = ʧʨʠ k , )( uuM l , Reu idem= .  

ʆʙʝʩʧʝʯʝʥʠʝ ʚʩʝʭ ʫʩʣʦʚʠʡ ʧʦʜʦʙʠʷ ʥʘʪʫʨʥʦʤʫ ʢʦʤʧʨʝʩʩʦʨʫ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʝʛʦ ʤʦʜʝʣʠ ʯʘʱʝ ʚʩʝʛʦ ʥʝʚʳʧʦʣʥʠʤʦ. ʆʙʳʯʥʦ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ 

ʧʨʦʚʦʜʷʪ ʥʘ ʩʪʝʥʜʘʭ ʩ ʦʪʢʨʳʪʳʤ ʢʦʥʪʫʨʦʤ, ʪʦ ʝʩʪʴ, ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʡ 

ʩʪʫʧʝʥʠ ʠʣʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠʩʧʳʪʳʚʘʝʪʩʷ ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ. ʇʦʥʷʪʥʦ, 

ʯʪʦ ʫʩʣʦʚʠʝ idemk=  ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ, ʝʩʣʠ ʩʞʠʤʘʝʤʳʡ ʚ ʥʘʪʫʨʥʦʤ 

ʊʂ ʛʘʟ ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ, ʥʝ ʨʘʚʥʳʡ 4,1=k . ɼʣʷ ʩʪʨʦʛʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʠʷ ʠʩʧʳʪʘʥʠʷ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʝʥʜʝ ʩ 

ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʮʠʨʢʫʣʠʨʫʝʪ ʛʘʟ ʩ ʥʘʪʤʦʜkk = .  

ʆʙʳʯʥʦ ʤʘʩʰʪʘʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 1/ 22 XʤʦʜʥʘʪDD . ʆʯʝʚʠʜʥʦ, ʫʩʣʦʚʠʝ 

Reu idem=  ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ 2u , ʥr ʠ 

ʥm  ʫ ʥʠʭ ʨʘʚʥʳ. ɼʣʷ ʩʪʨʦʛʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʫʞʥʦ ʚʝʩʪʠ ʠʩʧʳʪʘʥʠʝ ʚ 

*
=

ʥ

u
kRT

u
M 2
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ʟʘʢʨʳʪʦʤ ʢʦʥʪʫʨʝ, ʧʦʜʙʠʨʘʷ ʪʘʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʩ ʤʦʜʝʣʴ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʥʘʪʥʤʦʜrr X  ʢʦʤʧʝʥʩʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʠʭ ʜʠʘʤʝʪʨʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʷ Reu idem=  ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʥʝʧʨʠʝʤʣʝʤʦ, ʪʘʢ ʢʘʢ ʤʝʰʘʝʪ ʚʳʧʦʣʥʝʥʠʶ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʛʦ ʫʩʣʦʚʠʷ 

idemM uu =)(l . 

ʉʪʝʥʜʘʤʠ ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪ ʥʝ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʳʪʘʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʫʨʝ ʩʣʦʞʥʝʝ, ʜʣʠʪʝʣʴʥʝʝ ʠ ʜʦʨʦʞʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʝʥʜʘʭ ʩ ʦʪʢʨʳʪʳʤ ʢʦʥʪʫʨʦʤ. ʇʦʵʪʦʤʫ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ 

ʯʘʱʝ ʚʝʜʫʪ ʥʘ ʩʪʝʥʜʘʭ ʩ ʦʪʢʨʳʪʳʤ ʢʦʥʪʫʨʦʤ, ʚʳʥʫʞʜʝʥʥʦ ʩʦʙʣʶʜʘʷ ʫʩʣʦʚʠʷ 

ʧʦʜʦʙʠʷ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ. ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʧʦʜʦʙʠʷ 

ʪʘʢʦʚʳ: 

1. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʦʪʜʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʚʳʧʦʣʥʠʪʴ 

ʫʩʣʦʚʠʝ idemMu= . ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʩʞʠʤʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʝʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 
2 1/( 1)

2 1/ (1 ( 1) ) n

T uk M -e=r r = + - y . ɽʩʣʠ ʯʠʩʣʦ ʧʦʜʦʙʠʷ idemȩ  ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʩʢʦʨʦʩʪʝʡ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʚ ʩʭʦʜʩʪʚʝʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʥʝ 

ʧʦʜʦʙʥʳ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʫʩʣʦʚʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʨʠʪʝʨʠʡ ʩʞʠʤʘʝʤʦʩʪʠ M ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʛʘʟʘ ï ʜʦʟʚʫʢʦʚʦʡ, 

ʦʢʦʣʦʟʚʫʢʦʚʦʡ, ʩʚʝʨʭʟʚʫʢʦʚʦʡ (ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʤʝʥʴʰʝ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ, 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ï ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ). ʀʟ 

ʫʩʣʦʚʠʷ  idemkRTuM ʥu == 5,0*
2 )/(  ʧʨʠ ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ: 

 

( )

( )

0,5
*

2 2 0,5
*

ʥ
ʤ ʥ

ʤ

kRT
u u

kRT
= .                      (3.6.3) 

 

2. ʇʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ k  ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ 

ʥʘʨʷʜʫ ʩ uM . ʈʘʩʯʝʪʳ ʠ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʦʜʥʘʢʦ, ʯʪʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʩʪʫʧʝʥʝʡ ʧʨʠ 1¢uM  ʚʣʠʷʥʠʝʤ k  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

3. ɼʣʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʊʂ ʩ ʙʦʣʴʰʠʤ, ʯʝʤ ʫ ʦʪʜʝʣʴʥʦʡ ʩʪʫʧʝʥʠ 

ʦʪʥʦʰʝʥʠʝʤ ʜʘʚʣʝʥʠʡ, ʚʘʞʥʝʝ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ idem== 12 /rre , ʯʝʤ 

idemMu= . ʀʟ ʫʩʣʦʚʠʷ idem=e  ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ uʤʦʜM   ʠ ʤʦʜu2 , ʧʨʠ 

ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ.  
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4. ɿʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ (ʊʂ ʩ ʛʣʫʙʦʢʠʤ ʨʘʟʨʝʞʝʥʠʝʤ ʥʘ ʚʩʘʩʳʚʘʥʠʠ, 

ʦʩʦʙʦ ʤʘʣʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ) ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʥʦʩʠʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʢ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʠʤʝʝʪ ʤʝʩʪʦ, ʝʩʣʠ çʬʠʟʠʯʝʩʢʦʝè ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

ʧʨʝʚʳʰʘʝʪ 510 :
510/ XvwBRew= , ʟʜʝʩʴ w ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚ ʣʦʧʘʪʦʯʥʦʡ 

ʨʝʰʝʪʢʝ, B  ï ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨ ʣʦʧʘʪʢʠ (ʭʦʨʜʘ), v ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʛʘʟʘ ʚ ʨʝʰʝʪʢʝ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʪʝʯʝʥʠʷ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʩʣʘʙʦ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ Re, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʏ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʠʝ, ʠʣʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʝʛʦ ʧʨʠ ʰʝʨʦʭʦʚʘʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʦʪ ʢʨʠʪʝʨʠʷ 

ʈʝʡʥʦʣʴʜʩʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʠ Re Reʤʦʜ ʥʘʪ
, ʝʩʣʠ ʚ 

ʤʦʜʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʪʝʯʝʥʠʝ ʦʩʪʘʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ.  

ʇʨʠ ʨʘʙʦʪʝ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʝʩʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʰʝʨʦʭʦʚʘʪʳʝ, ʥʝʨʘʚʝʥʩʪʚʦ 

ʢʨʠʪʝʨʠʝʚ ʈʝʡʥʦʣʴʜʩʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʪʫʨʥʦʡ ʤʘʰʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʛʣʘʜʢʠʝ, ʝʝ ʂʇɼ ʠ ʥʘʧʦʨ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʤʦʜʝʣʠ. ɺ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʤʥʦʛʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʝʨʝʩʯʝʪʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʘʤ ʤʝʪʦʜ ʧʝʨʝʩʯʝʪʘ ʠʟʣʦʞʝʥ ʚ 

ʝʚʨʦʧʝʡʩʢʦʤ ʩʪʘʥʜʘʨʪʝ ISO 5389:1991 (E) çʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ï ʧʨʘʚʠʣʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢè.  

 

3.7. ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʇʆʊɽʈʔ ʇʆ ʌʀɿʀʏɽʉʂʆʁ ʇʈʀʈʆɼɽ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʢʘʥʘʣʘʭ ʧʨʦʩʪʦʡ 

ʬʦʨʤʳ ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʥʦ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʢʘʢ ʤʦʜʝʣʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʷʭ ʪʫʨʙʦʤʘʰʠʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʪʝʨʴ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦ ʠʭ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʜʝʣʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʣʝʜʫʶʱʠʭ ʚʠʜʘʭ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ: 

ï ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʠʟ-ʟʘ ʚʷʟʢʦʩʪʠ ʛʘʟʘ. ʉʚʦʡʩʪʚʦ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ 

ʧʨʠʣʠʧʘʪʴ ʢ ʪʚʝʨʜʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʣʴʞʝʥʠʶ ʩʣʦʝʚ ʛʘʟʘ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ. ʇʦʪʝʨʠ ʪʨʝʥʠʷ ʠʤʝʶʪ 

ʤʝʩʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʥʘʣʘʭ ʣʶʙʦʡ ʬʦʨʤʳ, ʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʣʶʙʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ï ʧʨʠ ʜʠʬʬʫʟʦʨʥʦʤ ʪʝʯʝʥʠʠ ʚʦʟʤʦʞʝʥ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʦʙʪʝʢʘʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 
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ʵʥʝʨʛʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ ʠ ʪʝʨʷʝʪʩʷ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʛʘʟʦʚʳʭ 

ʯʘʩʪʠʮ ʜʨʫʛ ʦ ʜʨʫʛʘ. ʇʨʠ ʦʪʨʳʚʝ ʧʦʪʦʢʘ ʧʦʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʦʪʨʳʚʘ, 

ʥʘʟʳʚʘʝʤʳʝ ʪʘʢ ʞʝ ʚʠʭʨʝʚʳʤʠ ʧʦʪʝʨʷʤʠ. ʆʪʨʳʚ ʧʦʪʦʢʘ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ 

ʧʨʠ ʪʝʯʝʥʠʠ ʚ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʚ ʤʝʩʪʥʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʟʦʥʘʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʪʝʨʴ ʪʨʝʥʠʷ, ʧʦʪʝʨʠ ʦʪʨʳʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝ ʚʩʝʛʜʘ, ʥʘʧʨʠʤʝʨ, ʠʭ ʥʝ 

ʙʳʚʘʝʪ ʚ ʧʨʷʤʳʭ ʪʨʫʙʘʭ ʠ ʧʨʷʤʳʭ ʢʦʥʬʫʟʦʨʘʭ. ɺ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʠʥ 

ʪʝʯʝʥʠʝ ʫʩʢʦʨʝʥʥʦʝ, ʧʦʵʪʦʤʫ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʚʠʭʨʝʚʳʭ 

ʧʦʪʝʨʴ ʤʦʞʝʪ ʥʝ ʙʳʪʴ. ɺ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʟʘʤʝʜʣʝʥʠʝ ʠ ʧʦʚʦʨʦʪ ʧʦʪʦʢʘ 

ʪʱʘʪʝʣʴʥʦ ʜʦʟʠʨʫʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʦʪʨʳʚʘ. 

ɺ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʩʠʪʫʘʮʠʷ ʠʥʘʷ. ʉʧʝʮʠʬʠʢʘ ʠʭ ʧʨʦʪʦʯʥʳʭ 

ʯʘʩʪʝʡ ʪʘʢʦʚʘ, ʯʪʦ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʠ 

ʦʪʨʳʚʘ ʚ ʩʨʝʜʥʝʤ  7/3; 

ï ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʢʘʥʘʣʳ ʧʦ ʚʳʩʦʪʝ, ʚʦʟʥʠʢʘʶʪ ʚʪʦʨʠʯʥʳʝ ʧʦʪʝʨʠ. ʈʝʯʴ ʠʜʝʪ 

ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ. 

ɺʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ çʧʦʜʩʘʩʳʚʘʶʪʩʷè ʚ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ. ɺʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚʝʜʝʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʠʭ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʨʷʝʪʩʷ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ 

ʜʨʫʛ ʦ ʜʨʫʛʘ ï ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʘʭ ʦʪʨʳʚʘ ʧʦʪʦʢʘ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʪʦʨʠʯʥʳʭ ʧʦʪʝʨʴ; 

ï ʪʦʨʤʦʞʝʥʠʝ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʷʤʦʤ ʢʘʥʘʣʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʦʪʦʢ 

ʤʛʥʦʚʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ ʜʦʟʚʫʢʦʚʳʤ. ʇʨʠ ʵʪʦʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʤʝʥʷʶʪʩʷ ʚʩʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ. ʇʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ. ɺ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʦʣʥʦʚʳʝ ʧʦʪʝʨʠ. 

ʀʪʘʢ, ʠʩʭʦʜʷ ʠʟ ʨʘʟʣʠʯʠʷ ʚ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʚ ʢʘʥʘʣʝ, ʠʣʠ ʵʣʝʤʝʥʪʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʤʘʰʠʥʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

 

                                 w ʪʨ ʦʪʨ ʚʪ ʚʦʣʥh h h h h= + + +.                              (3.7.1) 

 

ʀʩʢʫʩʩʪʚʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʫ ʥʝʠʟʙʝʞʥʳʭ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʠ ʦʩʪʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ, ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ, ʥʦ ʩʣʝʜʫʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ.  
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ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʦʜʥʠʭ ʚʠʜʦʚ ʧʦʪʝʨʴ, ʫʚʝʣʠʯʠʚʘʶʪ ʜʨʫʛʠʝ.  ʇʨʠʤʝʨʦʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʠ ʦʪʨʳʚʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʜʠʬʬʫʟʦʨʘ. ʄʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʦʤʘʰʠʥ ʨʝʰʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʪʘʢʫʶ ʞʝ, ʭʦʪʷ ʠ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʪʝʨʴ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʧʦʣʝʟʥʘ, ʠ ʜʘʞʝ 

ʥʝʦʙʭʦʜʠʤʘ, ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʪʫʨʙʦʤʘʰʠʥ. ʕʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦʙ ʫʩʣʦʚʥʦʩʪʠ ʣʶʙʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʘʢ ʫʧʨʦʱʝʥʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʜʚʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: 

ï ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʦʙʷʟʘʪʝʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʦʪʝʨʴ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ. ʊʦ ʝʩʪʴ, 

ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʚʝʥʩʪʚʦ (3.7.1) ʚ ʚʠʜʝ w ʪʨ ʦʪʨ ʚʦʣʥh h h h= + + , 

ʛʜʝ ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʫʯʠʪʳʚʘʶʪ ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 

ï ʠʩʧʦʣʴʟʫʷ ʨʘʚʝʥʩʪʚʦ (3.7.1) ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ 

ʚʣʠʷʥʠʝ ʦʜʥʠʭ ʚʠʜʦʚ ʧʦʪʝʨʴ ʥʘ ʜʨʫʛʠʝ. ʅʘʧʨʠʤʝʨ, ʚʪʦʨʠʯʥʳʝ ʧʦʪʝʨʠ 

ʫʪʦʣʱʘʶʪ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʢʘʥʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʪʨʳʚʫ ʠ ʨʦʩʪʫ ʵʪʦʛʦ ʚʠʜʘ ʧʦʪʝʨʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʠʣʠ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʥʳʝ 

ʥʘ ʜʝʣʝʥʠʠ ʧʦʪʝʨʴ ʧʦ ʠʭ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ 

ʥʝʠʟʙʝʞʥʳʝ ʥʝʪʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʫʧʨʦʱʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. 

 

3.8. ʉʇɽʎʀʌʀʂɸ ʊɽʏɽʅʀʗ ɺ ʄɽɾʃʆʇɸʊʆʏʅʓʍ ʂɸʅɸʃɸʍ 

ʎɽʅʊʈʆɹɽɾʅʓʍ ʈɸɹʆʏʀʍ ʂʆʃɽʉ 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʤʘʪʠʢʠ ʧʦʪʦʢʘ. ɺ ʨʘʟʜʝʣʝ 1.2 ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʠ ʦʙ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʦʣʴʮʝʚʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʝ ʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʨʫʛʦʚʦʡ 

ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʝ.  

ʇʝʨʚʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʦʩʝʚʦʡ ʪʫʨʙʦʤʘʰʠʥʳ. ɽʝ ʨʘʟʚʝʨʪʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʣʦʧʘʪʦʯʥʘʷ 

ʨʝʰʝʪʢʘ ʝʜʠʥʠʯʥʦʡ ʚʳʩʦʪʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʣʦʧʘʪʦʯʥʦʤʫ ʘʧʧʘʨʘʪʫ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʆʂ ʵʪʘ ʨʝʰʝʪʢʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʢʘʥʘʣʦʚ. ʉʪʝʥʢʠ ʢʘʥʘʣʦʚ ʧʦʚʦʨʘʯʠʚʘʶʪ ʧʦʪʦʢ 
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ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ ʈʂ, ʩʦʦʙʱʘʷ ʛʘʟʫ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʛʘʪʝʣʷ. ʅʘ 

ʚʦʛʥʫʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʘʥʘʣʦʚ ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʥʦʝ, ʩʢʦʨʦʩʪʴ 

ʧʦʥʠʞʝʥʥʘʷ, ʥʘ ʚʳʧʫʢʣʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ï ʥʘʦʙʦʨʦʪ.  

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʚʝʜʝʪ ʩʝʙʷ ʧʦʪʦʢ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʢʨʠʚʦʣʠʥʝʡʥʦʤ 

ʢʦʣʝʥʝ. ɸʥʘʣʦʛʠʷ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʈʂ ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʢʘʥʘʣʘ ʚʳʪʝʢʘʝʪ ʠʟ ʦʜʠʥʘʢʦʚʦʩʪʠ ʭʘʨʘʢʪʝʨʘ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ  ʛʘʟʘ ʚ 

ʵʪʠʭ ʦʙʲʝʢʪʘʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʢʦʣʝʥʦ ʦʪʢʣʦʥʷʝʪ ʧʦʪʦʢ ʦʪ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʨʷʤʦʡ ʣʠʥʠʠ. ʅʘ ʨʠʩ. 3.8.1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʈʂ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʢʨʫʪʢʠ ʥʘ ʚʭʦʜʝ 
1 1zc c=  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

1w  

ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ 1
1

c
arctg

u
b = . ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 
2 1r r=  ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʦʜʠʥʘʢʦʚʘ u r const=w = . ʇʨʠʥʷʚ 

ʦʙʳʯʥʦʝ ʫʧʨʦʱʘʶʱʝʝ ʫʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ 

2 1`z z zc c c const= = =  ʧʦʣʫʯʠʤ, ʯʪʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʦʧʘʪʢʘʤʠ ʛʘʟ ʜʚʠʛʘʣʩʷ ʙʳ ʧʦ ʧʨʷʤʦʡ constb=  

ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ  ʚ ʘʙʩʦʣʶʪʥʦʤ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. 

ʈʝʰʝʪʢʘ  ʧʨʷʤʳʭ ʣʦʧʘʪʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʜ ʫʛʣʦʤ ʧʦʪʦʢʘ 1
1

c
arctg

u
b = , ʥʝ 

ʦʪʢʣʦʥʷʣʘ ʙʳ ʧʦʪʦʢ, 2 1 0u uc c= =. ɽʩʣʠ ʣʦʧʘʪʢʠ ʠʟʦʛʥʫʪʴ ʚ ʩʪʦʨʦʥʫ 

ʚʨʘʱʝʥʠʷ 
2 1b b, ʦʥʘ ʦʪʢʣʦʥʠʪ ʧʦʪʦʢ ʠ ʩʦʟʜʘʩʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʟʘʢʨʫʪʢʫ 

2 2 2 0u u zc u w u c ctg= + = + b. ʊʘʢʘʷ ʨʝʰʝʪʢʘ - ʤʦʜʝʣʴ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ʃʦʧʘʪʦʯʥʘʷ ʨʝʰʝʪʢʘ ʈʂ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ 

zc const=  ʜʦʣʞʥʘ ʠʤʝʪʴ ʥʝʢʦʪʦʨʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩ ʮʝʥʪʨʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʠʟʦʛʥʫʪʴ ʣʦʧʘʪʢʫ 

ʪʘʢ, ʯʪʦʙʳ ʫʛʦʣ ʧʦʪʦʢʘ ʫʤʝʥʴʰʠʣʩʷ 
2 1b b, ʧʦʣʫʯʠʪʩʷ ʤʦʜʝʣʴ ʦʩʝʚʦʡ 

ʪʫʨʙʠʥʳ. 
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ʈʠʩ. 3.8.1. ʉʭʝʤʘ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 

 

ʆʪʣʠʯʠʝ ʢʠʥʝʤʘʪʠʢʠ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʠ ʈʂ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʚ ʪʦʤ, ʯʪʦ ʠʥʝʨʮʠʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ï ʵʪʦ ʩʧʠʨʘʣʴ, 

ʩʠʣʴʥʦ ʠʟʦʛʥʫʪʘʷ ʧʨʦʪʠʚ ʚʨʘʱʝʥʠʷ ï ʨʠʩ. 3.8.2.   

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʣʦʧʘʪʦʢ, ʘʙʩʦʣʶʪʥʳʡ ʧʦʪʦʢ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ 

1 1rc c=  ʠ ʧʨʠ ʦʙʳʯʥʦʤ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʞʘʣ 

ʙʳ ʜʚʠʛʘʪʴʩʷ ʚ ʈʂ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 
1rc c ʩ const= = =

. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʧʦ ʨʘʜʠʫʩʫ, ʘ 

ʝʝ ʫʛʦʣ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʨʘʩʪʝʪ ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ru w= :  

 

                            
2 2 2

ʠʥʝʨʮw c r= +w , 
1

ʠʥʝʨʮ

c
arctg

r
b =

w
.              (3.8.1) 

 

ʉʧʠʨʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ  

ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʜʘʞʝ ʩʠʣʴʥʦ ʟʘʛʥʫʪʳʝ ʥʘʟʘʜ ʣʦʧʘʪʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ 

ʦʪʢʣʦʥʷʶʪ ʧʦʪʦʢ ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ,  ʩʦʦʙʱʘʷ ʝʤʫ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʦʜʚʠʞʥʳʭ ʢʘʥʘʣʦʚ ʠ ʢʘʥʘʣʦʚ 

ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʦʩʝʚʦʛʦ ʈʂ, ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʦʥʠʞʝʥʥʦʝ ï ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʈʠʩ. 3.8.2. ʉʭʝʤʘ ʨʝʰʝʪʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ  

 

ʇʨʷʤʳʝ ʣʦʧʘʪʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ ʦʪʢʣʦʥʷʶʪ ʧʦʪʦʢ ʩʠʣʴʥʝʝ ʟʘʛʥʫʪʳʭ 

ʥʘʟʘʜ ʠ ʩʦʟʜʘʶʪ ʥʘʛʨʫʟʢʫ ï ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʧ ʟp p pD = -, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʚ ʧʨʷʤʳʭ ʥʝʧʦʜʚʠʞʥʳʭ ʢʘʥʘʣʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʟʜʘʶʪ ʣʦʧʘʪʢʠ, 

ʟʘʛʥʫʪʳʝ ʚʧʝʨʝʜ. 

ʉʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʪʦʢ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ 

ʨʝʰʝʪʢʝ. ʈʘʟʣʠʯʠʝ ʚ ʢʠʥʝʤʘʪʠʢʝ ʧʦʪʦʢʘ ʧʣʦʩʢʦʡ ʠ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ 

ʨʝʰʝʪʢʘʭ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʠʝ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʪʦʢ ʩʠʣʘʭ ʠʥʝʨʮʠʠ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʯʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʛʘʟʦʚʦʡ ʯʘʩʪʠʮʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʝ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.8.3.   ɺʳʜʝʣʠʤ ʚ ʢʘʥʘʣʝ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ ʛʘʟʘ 

ʤʘʩʩʦʡ ɟdm dndsdb= , ʛʜʝ  db -  ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z.  

ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ ʯʝʪʳʨʝ ʚʠʜʘ ʩʠʣ ʠʥʝʨʮʠʠ: 

ï ʩʠʣʘ ʠʥʝʨʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʫʩʢʦʨʝʥʠʶ ʠʣʠ ʟʘʤʝʜʣʝʥʠʶ ʧʦʪʦʢʘ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ w

w w
dP dm dm w

st

µ µ
= =

µ µ
; 

ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʤʫ 

ʫʩʢʦʨʝʥʠʶ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʥʘʣʝ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 
2

ʢʢ

w
dP dm

R
= ; 

ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʤʫ 

ʫʩʢʦʨʝʥʠʶ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ 
2

2

ʮʙ

u
dP dm dm r

r
w= = ; 
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ï ʩʠʣʘ ʠʥʝʨʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʦʨʠʦʣʠʩʦʚʫ ʫʩʢʦʨʝʥʠʶ 

2ʢʨdP dm ww= . 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʢʦʨʠʦʣʠʩʦʚʦ ʫʩʢʦʨʝʥʠʝ ʝʩʪʴ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ. ʕʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʢʦʛʜʘ ʚʝʢʪʦʨʳ w  ʠ w ʥʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ, ʘ ʠʤʝʥʥʦ, ʢʦʛʜʘ ʚʝʢʪʦʨ w  ʥʘʭʦʜʠʪʩʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʧʨʠ 0rc = . 

 

 

ʈʠʩ. 3.8.3. ʈʘʚʥʦʚʝʩʠʝ ʛʘʟʦʚʦʡ ʯʘʩʪʠʮʳ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ 

ʢʨʫʛʦʚʦʡ ʨʝʰʸʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

 

ʈʘʚʥʦʚʝʩʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ. ʅʦʨʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 

ʜʘʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʯʝʥʠʝ ʚ ʢʨʫʛʦʚʦʡ 

ʨʝʰʝʪʢʝ ʈʂ ʧʦʣʫʯʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʫʤʤʘ ʩʠʣ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʛʘʟʦʚʫʶ ʯʘʩʪʠʮʫ, ʩʫʤʤʘʨʥʦʡ ʩʠʣʦʡ ʜʘʚʣʝʥʠʷ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ  ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʠʥʝʨʮʠʠ ʠ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ʜ ʢʢ ʮʙ ʢʨdP dP dP dP= + + .  
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ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʦʪ ʧʝʨʝʜʥʝʡ ʢ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ, ʦʙʨʘʟʫʶʱʠʭ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʫʩʣʦʚʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʠʪʩʷ ʪʘʢ:  

 

              

2 2

cos 2
p w u

dnds db ds dndb w
n R r

å õµ
= + -æ ö

µ ç ÷
r b w .             (3.8.2) 

 

ʇʦʷʩʥʠʤ ʩʣʝʜʫʶʱʝʝ: 

ï ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʯʣʝʥ 
p

dn
n

µ

µ
 ï ʵʪʦ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʯʘʩʪʠʮʳ ds db, 

ï ʩʠʣʘ ʠʥʝʨʮʠʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 
w

s

µ

µ
 ʥʝ ʜʘʝʪ 

ʧʨʦʝʢʮʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ, ʠ ʚ ʫʨʘʚʥʝʥʠʠ ʥʝ ʫʯʘʩʪʚʫʝʪ, 

ï ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘ ʨʠʩ. 3.8.3 ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʟʘʛʥʫʪʳʭ ʥʘʟʘʜ 

ʣʦʧʘʪʢʘʭ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʜʚʠʞʝʥʠʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ R  ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ, 

ï ʧʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʣʦʧʘʪʦʢ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʚʨʘʱʝʥʠʷ ʈʂ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʥʘ ʥʦʨʤʘʣʴ, 

ï ʢʦʨʠʦʣʠʩʦʚʘ ʩʠʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʢʪʦʨʫ w  ʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ.   

 ʀʟ (3.8.2) ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʨʘʚʝʥ: 

 

2 21
2 cos

p w u
w

n R r
w b

r

µ
=- + +

µ
.                              (3.8.3) 

 

ʇʨʠ ʬʦʨʤʝ ʣʦʧʘʪʦʢ, ʦʪʢʣʦʥʷʶʱʠʭ ʧʦʪʦʢ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ (ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ) ʢʦʨʠʦʣʠʩʦʚʘ 

ʩʠʣʘ ʧʨʝʚʦʩʭʦʜʠʪ ʩʫʤʤʫ ʜʚʫʭ ʜʨʫʛʠʭ ʩʠʣ ʠʥʝʨʮʠʠ, ʧʦʵʪʦʤʫ 0
p

n

µ

µ
 ï ʜʘʚʣʝʥʠʝ 

ʙʦʣʴʰʝ ʥʘ ʚʳʧʫʢʣʦʡ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʝ, ʠ ʤʝʥʴʰʝ ʥʘ ʚʦʛʥʫʪʦʡ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʋ ʣʦʧʘʪʦʢ, ʟʘʛʥʫʪʳʭ ʥʘʟʘʜ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʫʛʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ 

2w

R
. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʨʦʩʪʦʤ ʫʛʣʘ ʧʦʪʦʢʘ b ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚʣʠʷʥʠʝ  ʚʨʘʱʝʥʠʷ ʨʝʰʝʪʢʠ, 

ʫʤʝʥʴʰʘʶʱʝʝ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ ʚʳʭʦʜʥʦʛʦ ʫʛʣʘ ʣʦʧʘʪʦʢ 

ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʨʘʩʪʝʪ. 

ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʣʦʧʘʪʦʢ. ʋ ʧʨʷʤʳʭ ʣʦʧʘʪʦʢ 

2w

R
= 0, ʪʘʢ ʢʘʢ R=¤. ʋ ʣʦʧʘʪʦʢ, ʟʘʛʥʫʪʳʭ 

ʚʧʝʨʝʜ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ 0R . 

ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʘʥʘʣʝ 

ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʩʠʣʝ ʂʦʨʠʦʣʦʩʘ, ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ 090b  

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʚʨʘʱʝʥʠʷ ʨʝʰʝʪʢʠ ʪʘʢʞʝ ʤʝʥʷʝʪ ʟʥʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʥʘʠʙʦʣʴʰʠʡ.    

ʈʘʚʥʦʚʝʩʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʦʝʢʮʠʷ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 

s: 

 

21
ɤ sinɓ

ɟ

p dw
r w

ds ds

µ
= - .    (3.8.4) 

 

ʊʘʢ ʢʘʢ sin
dr

ds
b= , ʪʦ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ, 

ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ 

ʈʂ: 

 

21
ɤ

ɟ

dp dw
r w

dr dr
= - ,                                       (3.8.5) 

 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ: 
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ï 
1

ɟ
p

dp
dh

dr
=  ʵʪʦ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʞʘʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ 

(ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ) ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʯʘʩʪʠʮʳ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ dr , 

ï 
( )d w

dw
w dh

dr
=  ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ,  

ï 
( )22
0,5

ɤ u

d u
r dh

dr
= =  ï  ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʦʪ ʚʨʘʱʝʥʠʷ ʈʂ. 

 

ʀʟ (3.8.5) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʘʥʘʣʘ, ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʥʦ ʠ ʩ ʨʦʩʪʦʤ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʊʘʢ ʢʘʢ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ ʚʷʟʢʦʩʪʴ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ, ʚ ʫʨʘʚʥʝʥʠʠ ɹʝʨʥʫʣʣʠ ʜʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʝʨʷʥʥʳʡ ʥʘʧʦʨ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ: 

 

( )p d w u wdh dh dh dh=- + -.                                             (3.8.6) 

  

ʉʨʘʚʥʠʤ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ, ʢʦʪʦʨʦʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʝ ʧʨʝʜʩʪʘʝʪ ʚ ʚʠʜʝ: 

  

                            ( )T p d c wdh dh dh dh= + + .                              (3.8.7)  

 

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʫʨʘʚʥʝʥʠʠ ɹʝʨʥʫʣʣʠ 

ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʣʝʥʘ 
Tdh, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʦʜʚʦʜ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʪʦʢʘ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʢʘʢ ʙʳ ʥʝʧʦʜʚʠʞʥʳʡ. ʅʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʢʘʥʘʣʘ, ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʢʘʥʘʣʝ 

ʧʦʣʠʪʨʦʧʥʳʡ ʥʘʧʦʨ ʙʦʣʴʰʝ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ.  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʘ ʩʪʘʣʦ ʙʳʪʴ, ʠ ʧʦʣʠʪʨʦʧʥʳʡ 

ʥʘʧʦʨ ʦʜʠʥʘʢʦʚʳ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʀʟ ʨʘʚʝʥʩʪʚʘ 
pdh  ʚ ʫʨʘʚʥʝʥʠʷʭ 

(3.8.6) ʠ (3.8.7) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʜʚʦʜʠʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩʚʷʟʘʥʘ ʩ 
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ʠʟʤʝʥʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʝʡ: 

( ) ( )T d c d w udh dh dh dh= - +, ʠʣʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʚʠʜʝ 

2 2 2 2 2 2

2 1 1 2 2 1

2 2 2
T

c c w w u u
h

- - -
= + + . ʅʝʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʪʦ ʨʘʚʝʥʩʪʚʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ 2 2 1 1T u uh c u c u= - . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ 

ʫʨʘʚʥʝʥʠʷʤʠ ɹʝʨʥʫʣʣʠ ʜʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʪ 

ʧʨʦʪʠʚʦʨʝʯʠʷ. 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

 

2 2 2 2

2 1 1 2 2 1

2 2
w

ʩʨ

p p w w u u
h

r

- - -
= + -.                          (3.8.8) 

 

ɼʣʷ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ 2 2

2 1u u= : 

 

2 2

2 1 1 2

2
w

ʩʨ

p p w w
h

r

- -
= - ,                                 (3.8.9) 

 

ï ʘʥʘʣʦʛʠʯʥʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʜʠʬʬʫʟʦʨʫ. 

 

ʇʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʨʘʚʥʦ:  

 

2
*

2
ʩʨ

w
p p r= + ,                                       (3.8.10) 

 

ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦ ʧʦʣʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ: 

 

* * 2 2

2 1 2 1

2
w

ʩʨ

p p u u
h

r

- -
= - .                                (3.8.11) 
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ɼʣʷ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ 2 2

2 1u u= : 

 

* *

2 1
w

ʩʨ

p p
h

r

-
=- ,                                       (3.8.12) 

 

ï ʘʥʘʣʦʛʠʯʥʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʜʠʬʬʫʟʦʨʫ. 

 

ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʨʘʚʝʥʩʪʚʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʈʂ ʧʦʣʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ *p ʨʘʩʪʝʪ ʧʦ ʨʘʜʠʫʩʫ ʩ ʨʦʩʪʦʤ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʘ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʆʂ 

ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ.  

ʅʦʨʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʠʭʨʴ ʠ 

ʪʨʘʥʟʠʪʥʳʡ ʧʦʪʦʢ. ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (3.8.3) ʠ (3.8.4), 

ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ cos
dr

dn
b= , sin

dr

ds
b=  ʧʦʣʫʯʠʤ ʚʝʣʠʯʠʥʫ ʛʨʘʜʠʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ: 

 

2
w w

n R
w

µ
= -

µ
.                                        (3.8.13) 

 

ɹʣʘʛʦʜʘʨʷ ʚʨʘʱʝʥʠʶ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʝʨʝʜʥʝʡ ʢ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ. ʇʨʠ ʥʘʟʘʜ 

ʟʘʛʥʫʪʳʭ ʣʦʧʘʪʢʘʭ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʠʡ ʪʦʢʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʠ  ʜʚʠʞʝʥʠʝ 

ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʫʤʝʥʴʰʘʝʪ ʥʦʨʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ. 

ʇʨʠ ʚʧʝʨʝʜ ʟʘʛʥʫʪʳʭ ʣʦʧʘʪʢʘʭ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ ʧʦ ʥʦʨʤʘʣʠ (ʥʘʧʨʘʚʣʝʥʠʝ n) ʧʨʠʥʷʪʦ 

ʦʙʦʟʥʘʯʘʪʴ ʣʘʪʠʥʩʢʦʡ ʙʫʢʚʦʡ a:   

 

2
sin sinʣ ʣ ʣ ʣ

r

z
a t

p
d db b- = -= .                            (3.8.14) 
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ɽʩʣʠ ʧʨʠʥʷʪʴ ʧʨʠʙʣʠʞʝʥʥʦ, ʯʪʦ ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʚʩʝʭ ʩʪʨʫʝʢ ʪʦʢʘ 

ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʳ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʣʦʧʘʪʦʢ, ʪʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʨʘʚʝʥʩʪʚʘ (3.8.14) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʫʣʘʤ ʜʣʷ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʦʧʘʪʦʢ: 

 

1
2

ʧ ʩʨ

ʣ

a
w w a

R
w

å õ
º + -æ ö

ç ÷
,   1

2
ʟ ʩʨ

ʣ

a
w w a

R
w

å õ
º - +æ ö

ç ÷
.                  (3.8.15) 

 

ʀʟ ʬʦʨʤʫʣʳ ʜʣʷ ʩʢʦʨʦʩʪʠ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 
ʩʨw  ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʜʝʣʳ,  ʩʢʦʨʦʩʪʴ ʧw  

ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʉʢʦʨʦʩʪʴ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʠ ʫʩʣʦʚʠʠ 
1

2

ʩʨ

ʣ

a
w

a

R

w

å õ
+æ ö
ç ÷

, ʠʣʠ ʧʦʩʣʝ ʦʯʝʚʠʜʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ:  
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.               (3.8.16) 

 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʦʙʨʘʪʥʦʛʦ  

ʪʝʯʝʥʠʷ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦʙ ʦʪʨʳʚʝ ʧʦʪʦʢʘ, ʪʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʚʷʟʢʦʝ 

ʪʝʯʝʥʠʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʳ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʥʝʚʷʟʢʦʤ 

ʧʦʪʦʢʝ ï ʵʪʦ ʧʨʦʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ ʣʦʧʘʪʦʯʥʦʡ 

ʨʝʰʝʪʢʠ. ɺ ʜʨʫʛʠʭ ʢʘʥʘʣʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʪʘʢʦʝ ʥʝʚʦʟʤʦʞʥʦ.  

ɺ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʎʂ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʪʦʢ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ, ʠʥʘʯʝ ʟʦʥʘ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠʚʝʣʘ ʙʳ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʥʘʧʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʥʘʜʣʝʞʘʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ 
2

ʩʨw

u
 ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 
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ʨʘʟʤʝʨʘʤʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (3.8.15). ʄʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ ʠʤʝʶʪ ʚ ʚʠʜʫ ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʝʚʷʟʢʦʝ ʦʙʨʘʪʥʦʝ ʪʝʯʝʥʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʘʣʴʥʦʤ 

ʮʝʥʪʨʦʙʝʞʥʦʤ ʢʦʣʝʩʝ ʧʨʠ ʨʘʩʭʦʜʝ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 

3.8.4 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʣʦʧʘʪʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ  3ɼʄ.023, ʢʘʬʝʜʨʘ ʂɺʍʊ ʉʇʙɻʇʋ). ʅʘ ʨʝʞʠʤʝ ʨʘʩʯʝʪʥʦʛʦ 

ʨʘʩʭʦʜʘ ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʢʦʨʦʩʪʠ 
2

w

u
 ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʥʫʣʷ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʥʦʤ ʨʘʩʭʦʜʝ ʚ ʩʝʨʝʜʠʥʝ ʣʦʧʘʪʢʠ ʩʢʦʨʦʩʪʴ ʥʘ ʧʝʨʝʜʥʝʡ 

ʩʪʦʨʦʥʝ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚ ʩʝʨʝʜʠʥʝ ʣʦʧʘʪʢʠ. 

 ɺ ʨʝʘʣʴʥʦʤ ʧʦʪʦʢʝ ʧʨʠ ʨʘʩʭʦʜʘʭ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ 

ʚʦʟʥʠʢʘʝʪ ʦʪʨʳʚ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʧʨʦʭʦʜʥʳʝ ʩʝʯʝʥʠʷ, ʠ ʚʩʝ ʩʢʦʨʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʚʷʟʢʠʤ ʧʦʪʦʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʫʞʝ ʧʨʠ 

ʨʘʩʭʦʜʘʭ ʤʝʥʴʰʝ 40 -45% ʦʪ ʨʘʩʯʝʪʥʦʛʦ ʥʘʩʪʫʧʘʝʪ ʧʦʤʧʘʞ (ʵʪʦ ʥʘʠʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʧʦʤʧʘʞ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʠ ʧʨʠ ʨʘʩʭʦʜʝ 60 ï 85% ʦʪ 

ʨʘʩʯʝʪʥʦʛʦ), ʜʝʣʘʶʱʠʡ ʨʘʙʦʪʫ ʊʂ ʥʝʜʦʧʫʩʪʠʤʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʚʷʟʢʦʛʦ ʦʙʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʎʂ. 

 

 

ʈʠʩ. 3.8.4. ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ʉʣʝʚʘ 

ï ʨʘʩʯʝʪʥʳʡ ʨʝʞʠʤ, ʩʧʨʘʚʘ ï ʨʘʩʭʦʜ 29% ʦʪ ʨʘʩʯʝʪʥʦʛʦ. 

 

 ɺʝʨʥʝʤʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʳ ï ʥʝʚʷʟʢʦʝ ʪʝʯʝʥʠʝ ʚ 

ʧʣʦʩʢʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʝ. ɻʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ ï 
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ʫʨʘʚʥʝʥʠʝ (3.8.13) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʳ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʪʝʯʝʥʠʡ: 

ï ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʘʱʝʥʠʷ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ 
w w

n R

µ
=-

µ
. ʇʦʣʝ 

ʩʢʦʨʦʩʪʝʡ ʚ ʥʝ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʥʟʠʪʥʦʤʫ 

ʧʦʪʦʢʫ, 

 ï ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʭʦʜʘ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ 2
w

n
w

µ
=

µ
. ʇʦʣʝ 

ʩʢʦʨʦʩʪʝʡ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʢʨʫʛʦʚʦʡ ʨʝʰʝʪʢʝ ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʚʠʭʨʶ. 

ʇʦʣʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʢʘʥʘʣʝ ʢʦʣʝʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʤʤʫ ʩʢʦʨʦʩʪʝʡ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʦʩʝʚʦʛʦ ʚʠʭʨʷ. ʀʟ-ʟʘ ʦʩʝʚʦʛʦ ʚʠʭʨʷ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʙʦʣʴʰʝ ʫ ʟʘʜʥʝʡ ʩʪʦʨʦʥʳ ʣʦʧʘʪʢʠ, ʜʘʞʝ ʧʨʠ ʥʘʟʘʜ ʟʘʛʥʫʪʳʭ 

ʠʣʠ ʧʨʷʤʳʭ ʣʦʧʘʪʢʘʭ. ɻʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʨʘʥʟʠʪʥʦʤʫ ʧʦʪʦʢʫ, ʦʩʝʚʦʤʫ ʚʠʭʨʶ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʥʝʚʷʟʢʦʤʫ ʧʦʪʦʢʫ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.8.5. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʣʦʧʘʪʦʢ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʘ ʥʘ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʝ 

ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʂʘʨʪʠʥʘ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʈʂ ʧʨʠ 

ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.8.6. 

 

 

 

ʈʠʩ. 3.8.5. ɻʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʧʦ ʥʦʨʤʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʨʘʥʟʠʪʥʦʤʫ ʧʦʪʦʢʫ, ʦʩʝʚʦʤʫ ʚʠʭʨʶ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʥʝʚʷʟʢʦʤʫ ʧʦʪʦʢʫ: 

(ʘ) ï ʪʨʘʥʟʠʪʥʳʡ ʧʦʪʦʢ ( 0m , ɤ 0= ); (ʙ) ï ʦʩʝʚʦʡ ʚʠʭʨʴ (0m= , ɤ 0¸ ); (ʚ) ï 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʥʝʚʷʟʢʠʡ ʧʦʪʦʢ  (0m , ɤ 0¸ ) 
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ʈʠʩ. 3.8.6. ʃʠʥʠʠ ʪʦʢʘ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʧʨʠ ʥʫʣʝʚʦʤ ʨʘʩʭʦʜʝ 

(ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʠʭʨʴ) 

 

ʌʦʨʤʫʣʘ ʉʪʦʜʦʣʘ (ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʈʂ). ʉʭʝʤʘ ʪʝʯʝʥʠʷ çʪʨʘʥʟʠʪʥʳʡ ʧʦʪʦʢ + ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʠʭʨʴè ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʈʂ, ʥʦ ʦʥʘ 

ʧʦʣʝʟʥʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʯʝʥʠʷ. ʕʪʘ ʩʭʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʝʢʦʪʦʨʳʭ ʫʧʨʦʱʝʥʥʳʭ, ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʝʤʘʭ ʨʘʩʯʝʪʘ. ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʠʟʚʝʩʪʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʫʯʝʥʳʤ -  

ʪʝʧʣʦʪʝʭʥʠʢʦʤ ʠ ʪʫʨʙʦʤʘʰʠʥʠʩʪʦʤ ɸ. ʉʪʦʜʦʣʦʡ ʠ ʥʘʟʳʚʘʝʤʘʷ ʝʛʦ ʠʤʝʥʝʤ.  

ɺ ʯʘʩʪʠ 2 ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʩʠʣʫ ʩʚʦʝʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ, ʧʨʠ ʢʦʥʝʯʥʦʤ 

ʯʠʩʣʝ ʣʦʧʘʪʦʢ ʧʦʪʦʢ ʧʦʢʠʜʘʝʪ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʧʦʜ ʫʛʣʦʤ ʤʝʥʴʰʠʤ, ʯʝʤ 

ʥʘʧʨʘʚʣʝʥʠʝ ʣʦʧʘʪʦʢ: 2 2ʣb b. ʅʘ ʨʠʩ. 3.8.7 ʧʦʢʘʟʘʥʳ ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ ʧʨʠ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʣʦʧʘʪʦʢ, ʠ 

ʧʨʠ ʚʦʦʙʨʘʞʘʝʤʦʤ ʙʝʩʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʭ ʣʦʧʘʪʦʢ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʥʝʚʷʟʢʠʡ ʧʦʪʦʢ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʣʦʧʘʪʦʢ 

ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʙʳʣʠ ʙʳ ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʢʠ. 

 

 

ʈʠʩ. 3.8.7. ʊʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠ ʢʦʥʝʯʥʦʤ ʠ ʙʝʩʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʣʦʧʘʪʦʢ 
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ʉʦʧʦʩʪʘʚʣʝʥʠʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʜʝʣʘʝʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʨʘʩʭʦʜʘ 2j. ʇʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʣʦʧʘʪʦʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʨʘʚʝʥ 
2

2 2

2

1u
T ʣ

c
ctg

u
y j b¤
¤= = - . ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 

ʨʝʘʣʴʥʦʛʦ ʈʂ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ ʤʝʥʴʰʝ ʥʘ ʚʝʣʠʯʠʥʫ 

2 2 2u u uc c c¤D = - : 

 

2 2
2 2 2

2

1u u
T ʣ u

c c
ctg c

u
y j b¤-D= = - -D.                        (3.8.17) 

 

ɸ. ʉʪʦʜʦʣʘ ʧʨʝʜʣʦʞʠʣ ʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ 2ucD  ʨʘʚʥʦʡ ʩʨʝʜʥʝʡ 

ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʠʭʨʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʠʭʨʷ ʨʘʚʥʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʠʭʨʷ 2w, ʫʤʥʦʞʝʥʥʦʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ 20,5a . ʉʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʜʚʦʝ 

ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ 
2 22

2

sin
2

4

ʣ
u

ra
c

z

p b
w wD = =  ï ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʪʦʣʱʠʥʦʡ 

ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ. ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3.8.17) ʬʦʨʤʫʣʘ ʉʪʦʜʦʣʘ 

ʧʨʝʜʩʪʘʥʝʪ ʚ ʚʠʜʝ:   

 

2 2 21 sinT ʣ ʣctg
z

p
y j b b= - - . 

¶
                           (3.8.18) 

 

ʌʦʨʤʫʣʘ ʉʪʦʜʦʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʢʘʟʳʚʘʣʘ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʥʘʧʦʨʥʳʭ ʩʨʝʜʥʝʨʘʩʭʦʜʥʳʭ ʈʂ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʜʦ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʜʨʫʛʠʭ ʈʂ ʬʦʨʤʫʣʘ ʉʪʦʜʦʣʘ ʜʘʝʪ ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʫʶ 

ʦʰʠʙʢʫ.  

                                           
¶
 ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʨʘ ʧʦ ʬʦʨʤʫʣʝ ʉʪʦʜʦʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʧʨʠʥʷʪʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʟʘʥʷʪʦ ʣʦʧʘʪʢʘʤʠ 

ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ, ʪ.ʝ. ʚʤʝʩʪʦ 2j  ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ 
' 2
2

2

j
j
t
= , ʛʜʝ 2 1t  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʝʩʥʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʟʘʛʨʦʤʦʞʜʝʥʠʝ ʢʘʥʘʣʘ ʣʦʧʘʪʢʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʪʝʩʥʝʥʠʷ ï ʚ 

ʨʘʟʜʝʣʝ 7. 
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ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʦʪʦʨʦʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʩʣʦʚʥʦʩʪʴ ʩʭʝʤʳ ʪʝʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥʘ ʵʪʘ ʬʦʨʤʫʣʘ. ɸ ʠʤʝʥʥʦ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ (ʯʝʤ ʩʠʣʴʥʝʝ ʧʨʦʷʚʣʝʥʠʝ ʚʷʟʢʦʩʪʠ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʦʪʦʢ ʦʪʩʪʘʝʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ).  ʌʦʨʤʫʣʘ ʉʪʦʜʦʣʘ ʧʦʩʪʨʦʝʥʘ ʮʝʣʠʢʦʤ ʥʘ çʥʝʚʷʟʢʦʡè 

ʩʭʝʤʝ ʪʝʯʝʥʠʷ, ʠʛʥʦʨʠʨʫʷ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʨʝʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʪʦʢʘ. ɺ 

ʨʘʟʜʝʣʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʠʟʠʯʝʩʢʠ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʘʷ ʩʭʝʤʘ ʦʪʩʪʘʚʘʥʠʷ 

ʧʦʪʦʢʘ, ʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʪʦʯʥʳʝ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʈʂ. ʍʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ 

ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʠ ʠ ʚ ʩʠʣʫ ʚʘʞʥʦʩʪʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʥʝʩʣʘ ʢʘʬʝʜʨʘ ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ʃʇʀ ï 

ʢʘʬʝʜʨʘ ʂɺʍʊ ʉʇʙɻʇʋ [20]. ʊʝʯʝʥʠʝ ʚ ʈʂ ʠʟʫʯʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʪʦʢʘ. 

ʍʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʚ ʈʂ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʪʠʥʝ 

ʪʝʯʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ.  ɿʘʜʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʧʘʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ 

ʢʘʥʘʣʘ. ʊʘʤ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʨʳʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʦʚ, ʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʠʣʴʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʘ 

(ʣʘʤʠʥʘʨʠʟʘʮʠʷ ʠ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 

3.4).  ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ. 

ʉʭʝʤʘ ʪʝʯʝʥʠʷ çʩʣʝʜ ï ʩʪʨʫʷè. ʆʩʦʙʦ ʩʠʣʴʥʘʷ ʣʘʤʠʥʘʨʠʟʮʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʦʪʨʳʚʫ ʧʦʪʦʢʘ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʤʝʜʣʝʥʠʠ. ʅʘ ʨʠʩ. 3.8.8 ʩʦʧʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʠʟʤʝʥʝʥʠʷ (ʜʠʘʛʨʘʤʤʳ) ʙʝʟʨʘʟʤʝʨʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 2/uw  ʧʦ 

ʜʣʠʥʝ ʣʦʧʘʪʢʠ / ʧʦʣʥL L . ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʵʪʦ ʨʘʩʯʝʪ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ 

ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʠʟʤʝʨʝʥʥʳʝ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʟʦʥʳ ʦʪʨʳʚʘ 
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ʈʠʩ. 3.8.8. ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ 2/uw  ʥʘ ʣʦʧʘʪʢʝ ʪʠʧʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ (ʨʘʩʯʝʪʥʳʡ ʨʝʞʠʤ): 

ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʥʝʚʷʟʢʠʡ ʨʘʩʯʝʪ, ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ï ʠʟʤʝʨʝʥʠʷ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ çʥʝʚʷʟʢʘʷè ʜʠʘʛʨʘʤʤʳ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 75% ʜʣʠʥʳ ʣʦʧʘʪʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʘ. ɼʘʣʝʝ ʚ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʣʦʧʘʪʢʠ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʟʘʜʥʝʡ 

ʩʪʦʨʦʥʝ ʠ ʝʝ ʨʦʩʪʘ ʥʘ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʝ. ɺ ʨʝʘʣʴʥʦʤ ʈʂ ʧʦʪʦʢ ʥʘ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʳʚʘʝʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ ʟʦʥʳ ʦʪʨʳʚʘ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʶʙʳʭ ʜʠʬʬʫʟʦʨʥʳʭ ʪʝʯʝʥʠʡ ʩ 

ʦʪʨʳʚʦʤ). ʈʘʟʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʧʝʨʝʜʥʝʡ 

ʩʪʦʨʦʥʝ. ʈʝʘʣʴʥʳʡ ʧʦʪʦʢ ʧʦʢʠʜʘʝʪ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʩ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʘʩʪʴ 

ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʟʘʥʷʪʘ ʟʦʥʦʡ ʧʦʪʦʢʘ ʩ ʤʘʣʦʡ 

ʩʢʦʨʦʩʪʴʶ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʪʨʳʚʘ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʈʂ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʚʠʭʨʝʚʦʡ 

ʟʦʥʝ ʧʦʪʦʢ ʥʝ ʜʚʠʞʝʪʩʷ ʚʩʧʷʪʴ, ʥʦ ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʟʦʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʘ. ʉʢʦʨʦʩʪʴ ʚ ʥʝʡ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʤʝʥʷʝʪʩʷ ʦʢʦʣʦ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʫ ʟʦʥʫ, ʚʳʭʦʜʷʱʫʶ ʟʘ ʧʨʝʜʝʣʳ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʣʝʜʦʤ ʟʘ ʣʦʧʘʪʢʦʡ, ʠʣʠ ʧʨʦʩʪʦ ʩʣʝʜʦʤ.  ɸʢʪʠʚʥʘʷ ʯʘʩʪʴ 

ʧʦʪʦʢʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʝʡ.  

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʠ ʜʚʝ ʦʙʣʘʩʪʠ ʯʝʪʢʦ ʨʘʟʛʨʘʥʠʯʝʥʳ, 

ʧʦʵʪʦʤʫ ʧʦʪʦʢ ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʭʝʤʘʪʠʯʝʩʢʠ, ʢʘʢ 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ï ʨʠʩ. 3.8.9.  
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ʈʠʩ. 3.8.9. ʊʝʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʦ ʩʭʝʤʝ çʩʣʝʜ ï 

ʩʪʨʫʷè 

 

ʉʢʦʨʦʩʪʴ ʚ ʩʣʝʜʝ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 0,20 ï 0,25 ʦʪ ʩʢʦʨʦʩʪʠ ʚ ʩʪʨʫʝ. ʊʦ ʝʩʪʴ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʚ ʟʦʥʝ ʦʪʨʳʚʘ ʨʘʚʥʘ 4 ï 6% ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʪʨʫʝ (ʥʝʚʷʟʢʦʤ ʷʜʨʝ ʧʦʪʦʢʘ). ɺ ʩʣʝʜʫʶʱʝʤ ʟʘ ʈʂ ʵʣʝʤʝʥʪʝ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʠʭ 

ʟʦʥʘʭ ʟʘ ʩʯʝʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ ʩʪʨʫʠ ʠ 

ʤʝʜʣʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʣʝʜʘ. ʇʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ ʥʘʧʦʨʘ ï 

ʧʦʪʝʨʠ ʩʤʝʰʝʥʠʷ ʈʂ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʦʤ ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ 

(ʧʦʪʝʨʴ ʦʪʨʳʚʘ) ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʜʠʬʬʫʟʦʨʘʭ. 

ʅʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʝʜʘ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʥʠʟʢʦʥʘʧʦʨʥʳʭ ʈʂ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 
Tʨʘʩʯy ¢ 0,50. ɺ 

ʥʠʭ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʤʘʣʝʥʴʢʦʝ, ʠ çʥʝʚʷʟʢʘʷè ʜʠʘʛʨʘʤʤʘ ʤʦʞʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʤʝʜʣʝʥʠʷ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ 

ï ʢʘʢ ʥʘ ʨʠʩ. 3.8.4 ʩʣʝʚʘ. ɺ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʈʂ ʩʦ ʩʨʝʜʥʠʤʠ ʠ 

ʙʦʣʴʰʠʤʠ 
Tʨʘʩʯy = 0,55 ï 0,95 ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʥʝʠʟʙʝʞʥʦ ʠ ʜʠʘʛʨʘʤʤʳ 

ʩʢʦʨʦʩʪʝʡ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ ʢʘʢ ʥʘ ʨʠʩ. 3.8.8.  

ʇʨʠ ʨʘʩʭʦʜʘʭ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʟʦʥʘ ʩʣʝʜʘ ʚʦʟʥʠʢʘʝʪ ʚʦ ʚʩʝʭ ʈʂ. 

ʆʪʨʳʚ ʥʘʯʠʥʘʝʪʩʷ ʪʝʤ ʨʘʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ. ʇʦʷʚʣʝʥʠʝ 

ʩʠʣʴʥʦʡ ʜʠʬʬʫʟʦʨʥʦʩʪʠ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʣʦʧʘʪʦʢ ʧʨʠ 
1, 0ʨʘʩʯm m i  

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩ. 3.8.4 ʩʧʨʘʚʘ.  
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ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʢ ʈʂ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʘʥʘʣʦʛʝ 

ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʈʂ ï ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʦʣʝʥʝ ï ʦʪʨʳʚ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʠ ʥʘ ʩʪʦʨʦʥʝ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 3.4.8).   ʀʟʤʝʨʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʥʘ ʩʪʦʨʦʥʝ ʜʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʈʂ (ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ) ʩʢʦʣʴ ʥʠ ʙʫʜʴ 

ʟʘʤʝʪʥʳʝ ʟʦʥʳ ʦʪʨʳʚʘ ʥʝ ʚʦʟʥʠʢʘʶʪ ʥʠ ʥʘ ʨʘʩʯʝʪʥʦʤ, ʥʠ ʥʘ ʥʝʨʘʩʯʝʪʥʳʭ 

ʨʝʞʠʤʘʭ. ʅʘ ʨʠʩ. 3.8.10 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʚʚʝʜʝʥʠʝʤ ʚ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʨʘʩʠʪʝʣʷ. ʂʨʘʩʠʪʝʣʴ ʧʨʠʣʠʧʘʝʪ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩ ʤʘʣʳʤʠ ʢʘʩʘʪʝʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʫʩʣʦʚʠʝ ʦʪʨʳʚʘ ï ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ' 0
w

n

µ
t=m

µ
.  

 

 

 

ʈʠʩ. 3.8.10. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʥʘ ʣʦʧʘʪʢʘʭ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ (ʧʨʦʝʢʮʠʷ ʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ): ʩʣʝʚʘ ï ʟʘʜʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʧʘʪʢʠ, ʩʧʨʘʚʘ ï ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʧʘʪʢʠ 

 

ɿʦʥʘ ʥʘʧʳʣʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʧʦʢʘʟʳʚʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʣʝʜʘ ʥʘ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʠʩʪʦʪʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʨʳʚʘ ï ʪʘʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʥʝʨʘʩʯʝʪʥʳʭ ʨʘʩʭʦʜʘʭ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ  
1, 0ʨʘʩʯm m i . 

ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʨʠʩ. 3.8.8 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ 

ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʳʚ ʧʨʦʠʟʦʰʝʣ ʧʨʠ ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʦʢʘ ʚʩʝʛʦ ʥʘ 25 ï 

30%. ʅʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢ ʙʝʟʦʪʨʳʚʥʦ ʟʘʤʝʜʣʠʣʩʷ ʥʘ 55 ï 60%.  

ʉʢʣʦʥʥʦʩʪʴ ʧʦʪʦʢʘ ʢ ʦʪʨʳʚʫ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʥʘ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʝʟʦʪʨʳʚʥʦʛʦ 

ʟʘʤʝʜʣʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩ  

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʢ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʙʪʝʢʘʥʠʷ. ʇʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʈʂ ʵʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. ɺʳʙʨʘʪʴ ʨʘʟʤʝʨʳ ʈʂ ʠ 

ʬʦʨʤʫ ʣʦʧʘʪʦʢ ʩʪʘʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʥʘʠʣʫʯʰʝʛʦ ʚʦʟʤʦʞʥʦʛʦ 

ʦʙʪʝʢʘʥʠʷ ʠʤʝʥʥʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ.  
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4. ʆɹʊɽʂɸʅʀɽ ʇʈʆʌʀʃɽʁ ʀ ʈɽʐɽʊʆʂ ʇʈʆʌʀʃɽʁ.  

4.1. ʇʈʀʅʎʀʇʓ ɸʅɸʃʀɿɸ 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʪʘ ʩʪʫʧʝʥʠ ʦʯʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʝʰʝʪʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʣʦʧʘʪʦʢ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ 

ʜʦʧʫʩʪʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʣʴʮʝʚʳʭ ʠʣʠ ʢʨʫʛʦʚʳʭ ʨʝʰʝʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʛʦʤʦʛʝʥʥʘʷ ʩʪʫʧʝʥʴ, ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 

4.1.1. 

 

 

 

ʈʠʩ. 4.1.1. ʄʝʨʠʜʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ 

 

ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʦʛʨʘʥʠʯʝʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʦʪʦʨʘ (ʚʪʫʣʢʠ) ʠ ʢʦʨʧʫʩʘ  ʩ ʨʘʜʠʫʩʘʤʠ ʚʪr  ʠ ʥr  (ʚʪʫʣʦʯʥʳʡ 

ʠ ʥʘʨʫʞʥʳʡ ʨʘʜʠʫʩʳ). ɺʳʩʦʪʘ ʣʦʧʘʪʦʢ ʈʂ ʠ ʅɸ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ 

ʦʜʠʥʘʢʦʚʘʷ, ʦʜʠʥʘʢʦʚʳ ʠ ʧʣʦʱʘʜʠ ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʭʦʜʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʝ 

ʤʝʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z : 

 

2 2
( )

( )
z

ʥ ʚʪ

m
ʩ f z const

r rrp
= = =

-
.                     (4.1.1) 
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ʉʯʠʪʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʩʪʫʧʝʥʴ 

ʥʘ ʩʚʦʝʤ ʨʘʜʠʫʩʝ r , ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʧʨʠʦʙʨʝʪʘʷ 

ʨʘʟʥʫʶ ʟʘʢʨʫʪʢʫ uc
, ʥʦ ʦʩʪʘʚʘʷʩʴ ʥʘ ʨʘʜʠʫʩʝ r . ʊʦ ʝʩʪʴ, ʜʣʷ ʢʘʞʜʦʡ 

ʯʘʩʪʠʮʳ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʜʠʫʩʘ 
r . ʀʪʘʢ, ʛʦʤʦʛʝʥʥʘʷ ʩʪʫʧʝʥʴ ð ʵʪʦ ʩʪʫʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ 

ʜʚʠʞʫʪʩʷ ʧʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʭʦʜʥʦʡ 

ʩʢʦʨʦʩʪʴʶ zc
. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʩʭʝʤʘʪʠʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ 

ʩʪʫʧʝʥʠ ʧʨʦʭʦʜʥʳʝ ʩʝʯʝʥʠʷ ( )2 2

ʥ ʚʪf r rp= -  ʜʦʣʞʥʳ ʫʤʝʥʴʰʘʪʴʩʷ ʚʜʦʣʴ 

ʦʩʠ z  ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʠʣʠ ʚʪʫʣʦʯʥʦʛʦ ʨʘʜʠʫʩʘ, ʠʣʠ ʦʙʦʠʭ. 

ɼʘʞʝ ʝʩʣʠ ʙʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ʙʳʣʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʚʨʘʱʝʥʠʷ, ʵʪʦ ʙʳʣʠ ʙʳ ʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʘ ʢʦʥʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʦʥʝʯʥʦʝ ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʈʂ ʠ ʅɸ ʜʘʞʝ ʚ ʥʝʚʷʟʢʦʤ ʷʜʨʝ ʧʦʪʦʢʘ ʟʘʩʪʘʚʣʷʝʪ 

ʨʘʟʥʳʝ ʯʘʩʪʠʮʳ ʜʚʠʛʘʪʴʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. ɺ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʦʧʘʪʦʢ ʯʘʩʪʠʮʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʨʘʜʠʫʩʫ (ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ). ʌʘʢʪʠʯʝʩʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʘ ʚʦʦʙʱʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʛʦʤʦʛʝʥʥʦʡ ʩʪʫʧʝʥʠ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʀʟʣʦʞʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.8 çʉʧʝʮʠʬʠʢʘ ʪʝʯʝʥʠʷ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʭ 

ʢʘʥʘʣʘʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʨʘʙʦʯʠʭ ʢʦʣʝʩè ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʦʣʴʮʝʚʦʡ ʨʝʰʝʪʢʝ ʠʜʝʥʪʠʯʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʪʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʝ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ 

ʨʘʟʚʝʨʪʢʦʡ ʢʦʣʴʮʝʚʦʡ ʨʝʰʝʪʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ð ʨʠʩ. 4.1.2. ʋʩʣʦʚʠʷ 

ʦʙʪʝʢʘʥʠʷ ʚʩʝʭ ʧʨʦʬʠʣʝʡ ʢʦʣʴʮʝʚʦʡ ʨʝʰʝʪʢʠ ʦʜʠʥʘʢʦʚʳ, ʝʩʣʠ ʩʯʠʪʘʪʴ 

ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ɼʣʷ 

ʩʦʙʣʶʜʝʥʠʷ ʵʪʦʛʦ ʞʝ ʫʩʣʦʚʠʷ ʚ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʝ ʝʝ ʜʣʠʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʠ u  ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʙʝʩʢʦʥʝʯʥʦʡ. 

ʄʦʜʝʣʴʶ ʨʝʘʣʴʥʦʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʷʚʣʷʝʪʩʷ ʢʨʫʛʦʚʘʷ ʨʝʰʝʪʢʘ, ʧʦʣʫʯʘʝʤʘʷ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ð ʨʠʩ.4.1.3. 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʨʘʟʤʝʨʳ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ɸʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚ ʢʦʣʴʮʝʚʳʭ ʠ ʧʣʦʩʢʠʭ ʨʝʰʝʪʢʘʭ ʆʂ ʨʘʚʥʦʩʠʣʝʥ 

ʧʨʝʥʝʙʨʝʞʝʥʠʶ ʨʘʜʠʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 
rc , ʘ ʚ 

ʢʨʫʛʦʚʳʭ ʨʝʰʝʪʢʘʭ ʎʂ ʨʘʚʥʦʩʠʣʝʥ ʧʨʝʥʝʙʨʝʞʝʥʠʶ ʦʩʝʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 
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zc . ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʯʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʦʢʘ 

(ʆʇʊ) ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ ʫʯʠʪʳʚʘʶʪ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʪʦʢʘ 

ʚ ʩʪʫʧʝʥʠ. 

 

 

ʈʠʩ. 4.1.2. ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʣʦʩʢʠʝ ʨʝʰʝʪʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

 

 

ʈʠʩ. 4.1.3. ʕʣʝʤʝʥʪʘʨʥʘʷ ʢʨʫʛʦʚʘʷ ʨʝʰʝʪʢʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ 
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ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʢʘʢ ʤʦʜʝʣʠ 

ʨʝʘʣʴʥʳʭ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩʠʣʳ 

ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʚ ʨʝʘʣʴʥʦʡ ʨʝʰʝʪʢʝ ʠ ʚ ʝʝ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʣʴʮʝʚʳʭ ʨʝʰʝʪʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʣʳ 

ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʣʴʮʝʚʳʭ ʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʣʦʩʢʠʭ ʨʝʰʝʪʢʘʭ ʦʩʝʚʳʭ ʪʫʨʙʦʤʘʰʠʥ, ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʶʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ (çʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦʜʫʚʢʘè) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʮʝʣʝʡ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʆʂ (ʠ ʦʩʝʚʳʭ 

ʪʫʨʙʠʥ ʪʦʞʝ). ʇʨʦʜʫʚʢʠ ʚʳʧʦʣʥʝʥʳ ʚ ʤʘʩʩʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ, 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʨʘʩʯʝʪʥʳʭ ʜʠʘʛʨʘʤʤ ʠ 

ʬʦʨʤʫʣ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʠʞʝ. ʕʪʦʤʫ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʦʙʪʝʢʘʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʨʝʰʝʪʦʢ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʧʝʨʝʭʦʜʘ ʦʪ 

ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʝʡ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʚ 

ʯ.3. ʊʘʤ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʫʧʦʜʦʙʣʷʣʘʩʴ ʩʠʩʪʝʤʝ ʢʘʥʘʣʦʚ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʪʝʯʝʥʠʷ ʚ ʧʨʷʤʦʡ ʪʨʫʙʝ ʧʦʟʚʦʣʠʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʝʨʴ 

ʪʨʝʥʠʷ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɸʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚ ʧʨʷʤʦʦʩʥʦʤ ʜʠʬʬʫʟʦʨʝ ʧʦʢʘʟʘʣ ʧʨʠʯʠʥʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ ʠ ʧʨʠʥʮʠʧ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʧʦʪʝʨʴ 

ʪʨʝʥʠʷ ʠ ʚʠʭʨʝʚʳʭ ʧʦʪʝʨʴ. ɸʥʘʣʠʟ ʪʝʯʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʢʦʣʝʥʝ 

ʧʦʢʘʟʘʣ ʧʨʠʯʠʥʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʩʪʥʳʭ ʜʠʬʬʫʟʦʨʥʦʩʪʝʡ ʠ 

ʢʦʥʬʫʟʦʨʥʦʩʪʝʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ. ʊʘʢ ʢʘʢ ʣʦʧʘʪʦʯʥʳʝ 

ʘʧʧʘʨʘʪʳ ʊʂ ʝʩʪʴ ʩʫʤʤʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʜʠʬʬʫʟʦʨʦʚ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʷʚʣʝʥʠʷ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ʅʠʞʝ ʵʪʠ ʞʝ ʧʨʦʙʣʝʤʳ ʨʘʩʩʤʦʪʨʝʥʳ ʩ ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ ʨʝʰʝʪʦʢ. 

ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʢʘʢ ʩʫʤʤʘ ʢʘʥʘʣʦʚ, ʘ ʠʤʝʥʥʦ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʬʠʣʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʪʝʨʴ, ʥʦ ʠ 

ʫʩʣʦʚʠʷ ʪʝʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʋʩʪʘʥʦʚʣʷʶʪʩʷ ʧʨʠʯʠʥʳ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʦʢ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʣʦʧʘʪʢʘʤʠ ʈʂ ʩʞʠʤʘʝʤʦʤʫ ʛʘʟʫ. ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ ʧʦʢʘʟʳʚʘʝʪ, ʧʨʠ 

ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ ʣʦʧʘʪʢʠ ʦʙʪʝʢʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ, 

ʢʘʢʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ (ʵʪʦ ʨʘʚʥʦʟʥʘʯʥʦ ʘʥʘʣʠʟʫ ʨʘʙʦʪʳ 

ʊʂ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʘʩʭʦʜʝ ʛʘʟʘ), ʠ ʪ.ʜ. 
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ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ 

ʩʥʘʯʘʣʘ ʫʧʦʜʦʙʣʷʝʪʩʷ ʧʨʷʤʦʡ ʪʦʥʢʦʡ ʧʣʘʩʪʠʢʝ ï ʨʘʩʩʤʦʪʨʝʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʝʨʴ ʪʨʝʥʠʷ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʦʥʢʦʡ ʜʫʞʢʠ, ʟʘʪʝʤ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʪʝʣʝʩʥʦʩʪʠ ʧʨʦʬʠʣʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʪʝʢʘʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ.  

ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʭʦʪʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʠ ʜʨʫʛʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʦʩʢʦʡ 

ʨʝʰʝʪʢʝ, ʦʥʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʢʨʫʛʦʚʳʭ ʨʝʰʝʪʦʢ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʘʣʝʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʜʫʚʦʢ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʦʙʦʙʱʝʥʠʷ, ʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʢ ʵʣʝʤʝʥʪʘʤ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʦʢʘ ʈʂ ʚʦʟʜʝʡʩʪʚʫʝʪ ʂʦʨʠʦʣʠʩʦʚʘ ʩʠʣʘ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʦʪ ʚʨʘʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʯʪʦ ʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʠ ʧʨʦʜʫʚʢʘʭ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʨʫʙʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦʣʫʯʘʶʪ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʦʪʦʨʘʤʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ.  

 

4.2. ɸʅɸʃʆɻʀʗ ʄɽɾɼʋ ʊʈɽʋɻʆʃʔʅʀʂɸʄʀ ʉʂʆʈʆʉʊɽʁ 

ʊʋʈɹʆʂʆʄʇʈɽʉʉʆʈʆɺ ʀ ʋʉʃʆɺʀʗʄʀ ʆɹʊɽʂɸʅʀʗ 

ʕʃɽʄɽʅʊɸʈʅʓʍ ʃʆʇɸʊʆʏʅʓʍ ʈɽʐɽʊʆʂ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘ ʥʘʛʥʝʪʘʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʦʩʪʦʷʥʠʝʤ 

ʦʙʩʣʫʞʠʚʘʝʤʦʡ ʢʦʤʧʨʝʩʩʦʨʦʤ ʩʝʪʠ, ʊʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʫ ʠʣʠ ʠʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ) m (ʢʛ/ʩ)
¶
. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, 

ʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʈʂ. ʊʦ ʝʩʪʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʣʝʢʮʠʦʥʥʦʤ ʢʫʨʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʣʦʧʘʪʦʯʥʳʝ 

ʨʝʰʝʪʢʠ ʦʙʪʝʢʘʶʪʩʷ ʧʦʪʦʢʦʤ ʛʘʟʘ ʩ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʜ ʨʝʰʝʪʢʘʤʠ. 

ʅʘ ʨʠʩ. 4.2.1 ʧʦʢʘʟʘʥʳ ʩʦʚʤʝʱʝʥʥʳʝ (ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ) ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʩʢʦʨʦʩʪʝʡ ʦʩʝʚʦʡ ʩʪʫʧʝʥʠ ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʭʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʭʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʢʦʨʦʩʪʠ zc . ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʧʝʨʝʜ ʈʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʚʳʭʦʜʘ 

ʧʦʪʦʢʘ ʠʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʕʪʦʪ ʫʛʦʣ 1a  

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʚ ʪʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʶʪ ʊʂ. ʇʦʵʪʦʤʫ ʘʙʩʦʣʶʪʥʳʝ ʩʢʦʨʦʩʪʠ 1c  ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʝʝ 

                                           
¶
 ʊʝʨʤʠʥ çʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʨʝʙʠʪʝʣʶ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʊʝʨʤʠʥ  çʨʘʩʭʦʜè ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. 
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ʢʦʣʝʩʦ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʭʦʜʘʭ ʥʘʧʨʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦ ʠ ʤʝʥʷʶʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʘ, ʪ.ʝ. ʤʝʥʷʶʪʩʷ ʢʘʢ zc . ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʥʘ ʚʭʦʜʝ ʚ ʈʂ 1 1 1w c u= -  ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) 

ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʤʝʥʴʰʠʤ ʫʛʣʦʤ, ʯʪʦ ʚʳʪʝʢʘʝʪ ʠʟ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʈʠʩ. 4.2.1. ʉʦʚʤʝʱʝʥʥʳʝ (ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ) ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʩʢʦʨʦʩʪʝʡ ʦʩʝʚʦʡ ʩʪʫʧʝʥʠ ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

  

ɸʥʘʣʦʛʠʯʥʦ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʫʛʦʣ ʧʦʪʦʢʘ 2b  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʩʭʦʜʘ. ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 2c  ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ 

ʫʛʣʦʤ 2a, ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʭʦʜʘ:  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ ʧʦʪʦʢʘ 1b ʥʘ ʚʭʦʜʝ ʚ ʈʂ ʠ ʫʛʦʣ ʧʦʪʦʢʘ 2a  ʥʘ 

ʚʭʦʜʝ ʚ ʅɸ ʤʝʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ. ɸ ʠʤʝʥʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʭʦʜʘ ʫʛʣʳ 
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ʧʦʪʦʢʘ ʚʭʦʜʘ ʚ ʣʦʧʘʪʦʯʥʫʶ ʨʝʰʝʪʢʫ ʈʂ 1b ʠ ʚ ʣʦʧʘʪʦʯʥʫʶ ʨʝʰʝʪʢʫ ʅɸ 2a  

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ, ʠ ʥʘʦʙʦʨʦʪ.  

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʢ (ʪ.ʝ. ʥʘʠʤʝʥʴʰʠʝ 

ʧʦʪʝʨʠ ʥʘʧʦʨʘ) ʧʦʣʫʯʘʶʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʛʦʣ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʧʨʠʤʝʨʥʦ 

ʨʘʚʝʥ ʚʭʦʜʥʦʤʫ ʫʛʣʫ ʣʦʧʘʪʦʢ, ʪ.ʝ. ʧʨʠ 1 1ʣb bº  ʜʣʷ ʈʂ ʠ 2 2ʣa aº  ʜʣʷ ʅɸ. ɺ 

ʙʦʣʝʝ ʩʪʨʦʛʦʡ  ʧʦʩʪʘʥʦʚʢʝ ʫʩʣʦʚʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʦ ʥʠʞʝ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʠʭ ʫʛʣʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʛʣʳ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʈʂ ʠ ʚ ʅɸ: 

 

             1 1 1ʣi b b= -  (ʈʂ),       2 2 2ʣi a a= -   (ʅɸ).                      (4.2.3) 

 

ʆʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʊʂ, ʩ 

ʢʦʪʦʨʳʤʠ ʝʤʫ ʧʨʝʜʩʪʦʠʪ ʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʨʝʞʠʤʫ ʦʙʩʣʫʞʠʚʘʝʤʦʡ 

ʩʝʪʠ), ʟʘʜʘʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ. ʀʤʝʥʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ pʘʩʯm  ʠ ʨʘʩʯʝʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʜʘʚʣʝʥʠʡ pʘʩʯp  ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʤ ʂʇɼ ʚʳʙʠʨʘʶʪʩʷ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʅʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʊʂ ʫʛʣʳ ʘʪʘʢʠ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʳ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʊʂ ʩ ʨʘʟʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ: 

ï ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ ʫʛʣʘʤ ʘʪʘʢʠ 1 1 1 0ʣi b b= - º, 2 2 2 0ʣi a a= - º ʧʨʠ 

pʘʩʯm m= , 

ï ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʘʤ ʘʪʘʢʠ 1 1 1 0ʣi b b= - , 2 2 2 0ʣi a a= -  ʧʨʠ 

pʘʩʯm m , 

ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʫʛʣʘʤ ʘʪʘʢʠ 1 1 1 0ʣi b b= - , 2 2 2 0ʣi a a= -  ʧʨʠ 

pʘʩʯm m . 

ʀʪʘʢ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʊʂ ʩ ʨʘʩʯʝʪʥʳʤ ʨʘʩʭʦʜʦʤ ʘʥʘʣʦʛʠʯʝʥ ʨʝʞʠʤʫ 

ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʢ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʰʝʪʦʢ ʩ ʫʛʣʦʤ ʘʪʘʢʠ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ, ʩ 

ʨʘʩʭʦʜʦʤ ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ð ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʘʤ ʘʪʘʢʠ, ʩ ʨʘʩʭʦʜʦʤ 

ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ð ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʫʛʣʘʤ ʘʪʘʢʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʙʦʪʝ ʊʂ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ, ʩʣʝʜʫʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ʊʂ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʘʪʘʢʠ 0 0i¢ ¢. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ 
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ʆʂ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʦʣʫʯʘʶʪ ʠʭ ʠʩʧʳʪʘʥʠʝʤ (ʧʨʦʜʫʚʢʦʡ) ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. 

ʋ ʩʪʫʧʝʥʝʡ ʎʂ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʫʛʣʘʤʠ 

ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʈʂ 1 1 1ʣi b b= -  ʠ ʚ ʃɼ  3 3 3ʣi a a= -  ʪʘʢʘʷ ʞʝ ð ʨʠʩ. 4.2.2. 

 

 ʈʠʩ.4.2.2. ʊʨʝʫʛʦʣʴʥʠʢʠ ʩʢʦʨʦʩʪʝʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʥʘ ʚʭʦʜʝ ʚ 

ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠ ʚ ʜʠʬʬʫʟʦʨ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

 

4.3. ʆɹʊɽʂɸʅʀɽ ʊʆʅʂʆʁ ʇʃɸʉʊʀʅʂʀ 

ʇʨʠʯʠʥʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʚ ʣʦʧʘʪʦʯʥʳʭ 

ʨʝʰʝʪʢʘʭ ʥʘʯʥʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʩʘʤʦʡ ʧʨʦʩʪʦʡ ʘʥʘʣʦʛʠʠ, ʘ ʠʤʝʥʥʦ, 

ʫʧʦʜʦʙʠʤ ʨʝʘʣʴʥʳʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʪʦʥʢʦʡ ʧʣʘʩʪʠʢʝ, 

ʦʙʪʝʢʘʝʤʦʡ ʛʘʟʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ð ʨʠʩ. 4.3.1. ɺ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʯʝʨʪʝʞʫ, ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʥʝ ʤʝʥʷʶʪʩʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ï ʜʚʫʭʤʝʨʥʘʷ. ʊʘʢʦʝ ʪʝʯʝʥʠʝ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʧʣʦʩʢʠʤ. ʂʘʢ ʠ ʣʦʧʘʪʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʰʝʪʦʢ, ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ 

ʢʘʢ ʙʳ ʙʝʩʢʦʥʝʯʥʳʡ ʨʘʟʤʝʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ 

ʪʝʯʝʥʠʷ.  ʇʨʠ ʦʧʠʩʘʥʠʠ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʬʠʣʝʡ ʠ ʣʦʧʘʪʦʢ ʩ 

ʧʣʦʩʢʠʤ ʧʦʪʦʢʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʣʦʧʘʪʢʠ ʝʜʠʥʠʯʥʦʡ 

ʚʳʩʦʪʳ (1 ʤ). 

 

 

ʈʠʩ. 4.3.1. ʆʙʪʝʢʘʥʠʝ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ ʥʝʚʷʟʢʠʤ ʛʘʟʦʤ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ 

ʚʥʝʰʥʠʭ ʩʠʣ: 

ï ʩʠʣʳ ʜʘʚʣʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 
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ï ʩʠʣʳ ʚʷʟʢʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ w¤  ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ, ʧʦʪʦʢ ʥʝ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʜʘʚʣʝʥʠʝ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʜʠʥʘʢʦʚʦ. ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʥʝ 

ʚʦʟʥʠʢʘʝʪ. ʉʠʣ ʚʷʟʢʦʩʪʠ ʥʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ (ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʚʷʟʢʦʝ 

ʪʝʯʝʥʠʝ). ʊʦʥʢʘʷ ʧʣʘʩʪʠʥʢʘ ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʧʦʪʦʢ, ʠ ʥʘ ʥʝʝ ʥʝ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʦʪ ʦʙʪʝʢʘʥʠʷ ʛʘʟʦʤ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʨʝʘʣʴʥʦʛʦ ʚʷʟʢʦʛʦ ʛʘʟʘ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʧʨʠʣʠʧʘʶʪè ʢ ʥʝʡ, ʦʥʠ ʥʝʧʦʜʚʠʞʥʳ. ʉʠʣʘ 

ʚʷʟʢʦʩʪʠ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ w¤. ʊʦʥʢʘʷ ʦʙʣʘʩʪʴ, ʚ 

ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʫʣʷ ʜʦ 0,99w¤  (ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʚʷʟʢʦʡ ʠ ʥʝʚʷʟʢʦʡ ʦʙʣʘʩʪʷʤʠ ʪʝʯʝʥʠʷ) ð ʵʪʦ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʅʘ ʨʠʩ. 4.3.2 ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʤʝʪʥʦ ʧʨʦʷʚʣʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʧʦʪʦʢʘ ʚʳʜʝʣʝʥʘ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ (ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʫʚʝʣʠʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʣʴʥʦʡ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ). 

ʀʟ-ʟʘ ʩʢʦʣʴʞʝʥʠʷ ʩʣʦʝʚ ʛʘʟʘ ʦʙʨʘʟʫʝʪʩʷ ʩʠʣʘ ʚʷʟʢʦʩʪʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʘʩʘʪʝʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ, ʪ.ʝ. ʩʠʣʝ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ: 

 

                          ( ) 'ʧ

w w

n n
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µ µ
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.                            (4.3.1) 

 

ɿʜʝʩʴ: ʧtð ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ; m (ʤ
2
/ʥ) ð 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠ ʧʨʠʚʦʜʠʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ [17]; mD ð ʜʦʙʘʚʢʘ ʢ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʠʟ-ʟʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʙʤʝʥʘ 

ʠʤʧʫʣʴʩʘʤʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. 
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ʈʠʩ. 4.3.2. ʆʙʪʝʢʘʥʠʝ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ ʚʷʟʢʠʤ ʛʘʟʦʤ 

 

ʂʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʟʜʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ  ʛʘʟʘ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʧʣʦ) 

ʯʘʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ, ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ. ɺ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʜʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʚʣʝʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʦʵʪʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʇʦʪʝʨʷ ʥʘʧʦʨʘ ʨʘʩʪʝʪ ʧʦ ʜʣʠʥʝ ʧʣʘʩʪʠʥʢʠ, ʧʦʵʪʦʤʫ 

ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʨʘʩʪʝʪ ʦʪ ʝʝ ʥʘʯʘʣʘ ʢ ʢʦʥʮʫ. ʂʘʨʪʠʥʘ ʥʘʨʘʩʪʘʥʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʙʣʠʟʢʘ ʢ ʢʘʨʪʠʥʝ ʪʝʯʝʥʠʷ ʚ ʨʘʟʛʦʥʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ (ʨʘʟʜʝʣ 

3.2 çɼʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʪʨʫʙʘʭè).  

ʇʦʩʣʝ ʩʭʦʜʘ ʧʦʪʦʢʘ ʩ ʧʣʘʩʪʠʥʢʠ ʩʢʦʨʦʩʪʴ ʚ ʩʣʝʜʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʨʝʥʠʷ ʦ ʙʦʣʝʝ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʝʩʷ ʩʣʦʠ, ʠ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʣʘʩʪʠʥʢʠ ʵʧʶʨʘ ʩʢʦʨʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʳʨʘʚʥʠʚʘʝʪʩʷ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʧʣʘʩʪʠʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ 
fP  

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʢʠ ʚʳʩʦʪʦʡ 1 ʤ. ɹʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 
fC  ʧʦʣʫʯʘʝʪʩʷ ʜʝʣʝʥʠʝʤ ʩʠʣʳ 

fP  (ʥ/ʤ), ʦʪʥʝʩʝʥʥʦʡ ʢ ʧʣʦʱʘʜʠ 

ʧʣʘʩʪʠʥʢʠ 1B³  (ʤ
2
) ʠ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ 

2

2

w¤r  (ʥ/ʤ
2
): 
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ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʚʢʦʡ ʧʣʘʩʪʠʥʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʩʘʭ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 
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ʧʣʘʩʪʠʥʢʘʤʠ ʠʤʝʶʪ ʚ ʚʠʜʫ, ʯʪʦ ʢʨʠʪʝʨʠʠ ʩʞʠʤʘʝʤʦʩʪʠ ,M k  ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ, ʪʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʪʝʯʝʥʠʷ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

          Rew

w B w B¤ ¤= = r
n m

.                               (4.3.3) 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.3.3, 

ʟʘʠʤʩʪʚʦʚʘʥʥʦʤ ʠʟ [15]. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʠ ʣʘʤʠʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ. 

ʕʪʦ ʫʯʠʪʳʚʘʶʪ ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʢʨʳʣʴʝʚ ʩʘʤʦʣʝʪʦʚ, ʩʧʝʮʠʘʣʴʥʦ 

ʟʘʪʷʛʠʚʘʷ ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʪʫʨʙʫʣʝʥʪʥʳʡ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʚ ʩʣʫʯʘʝ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʊʂ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʦʢ 

ʩʠʣʴʥʦ ʪʫʨʙʫʣʠʟʠʨʦʚʘʥ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ (ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʯʘʣʴʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʙʪʝʢʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʛʣʘʜʢʦʡ, ʝʩʣʠ ʪʦʥʢʠʡ ʣʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ ʟʘʢʨʳʚʘʝʪ ʥʝʨʦʚʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 4.3.4). 
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ʈʠʩ. 4.3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʢʨʠʪʝʨʠʷ 

ʈʝʡʥʦʣʴʜʩʘ 

  

ʃʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʘʚʣʷʝʪ 

ʧʦʧʝʨʝʯʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ɺ [15] 

ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ:  
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ʈʠʩ. 4.3.4. ʉʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʦʡ (ʩʣʝʚʘ) ʠ ʰʝʨʦʭʦʚʘʪʦʡ 

(ʩʧʨʘʚʘ) ʧʦʚʝʨʭʥʦʩʪʝʡ 

  

ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʣʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʴʰʝ, 

ʚʧʣʦʪʴ ʜʦ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʩʪʘʝʪ ʟʘʢʨʳʚʘʪʴ ʧʠʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʩʣʦʷ ʧʦ ʣʘʤʠʥʘʨʥʦʤʫ ʧʦʜʩʣʦʶ, ʥʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʚʳʩʪʫʧʘʶʱʠʭ 

ʥʝʨʦʚʥʦʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʰʝʨʦʭʦʚʘʪʦʡ, ʠ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ 
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ð ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʘʚʪʦʤʦʜʝʣʴʥʦʩʪʴ ʧʦ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘè. ɺ [15] 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʪʦʯʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: 
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ɿʜʝʩʴ ʰk  ð ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʳ (4.3.4) ʠ (4.3.5) ʚʳʚʝʜʝʥʳ ʧʨʠʝʤʘʤʠ ʪʝʦʨʠʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪ.ʝ. 

ʬʦʨʤʫʣʳ ʥʦʩʷʪ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʌʦʨʤʫʣʳ (4.3.5) ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʡ çʧʝʩʦʯʥʦʡè 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʅʘ ʨʠʩ. 4.3.5 ʧʦʢʘʟʘʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʦʙʪʝʢʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʪʘʢʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʪʝʢʘʥʠʷ ʚʣʠʷʝʪ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.    

 

         

 

ʈʠʩ. 4.3.5. ʆʙʪʝʢʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ [3] 
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 ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʨʘʟʜʝʣʘ ʩʦʧʦʩʪʘʚʠʤ ʠʟʣʦʞʝʥʥʦʝ ʩ ʘʥʘʣʠʟʦʤ 

ʪʝʯʝʥʠʷ ʚ ʧʨʷʤʦʡ ʪʨʫʙʝ ʚ ʯ. 3.2, ʛʜʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ. ʉʫʪʴ ʷʚʣʝʥʠʷ ʠʜʝʥʪʠʯʥʘ, ʥʦ ʠʤʝʶʪʩʷ 

ʚʘʞʥʳʝ ʨʘʟʣʠʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʝʜʫʶʱʠʤ: 

1. ʊʝʯʝʥʠʝ ʚ ʪʨʫʙʝ ð ʵʪʦ ʚʥʫʪʨʝʥʥʷʷ ʟʘʜʘʯʘ, ʘ ʦʙʪʝʢʘʥʠʝ ʧʣʘʩʪʠʢʠ ð 

ʚʥʝʰʥʷʷ. 

2. ɺ ʜʣʠʥʥʦʡ ʪʨʫʙʝ ʠʤʝʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʨʘʟʚʠʪʦʝ ʪʝʯʝʥʠʝè, ʚ 

ʢʦʪʦʨʦʤ ʚʷʟʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʩʝʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʧʦʪʦʢ ʥʝʣʴʟʷ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʠ ʥʝʚʷʟʢʦʝ ʷʜʨʦ.  

3. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʧʣʘʩʪʠʥʢʠ (ʚʥʝʰʥʷʷ ʟʘʜʘʯʘ) ʚʷʟʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ. ɺ ʦʩʪʘʣʴʥʦʡ 

(ʬʦʨʤʘʣʴʥʦ ʙʝʩʢʦʥʝʯʥʦʡ) ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʝ ʥʝʚʷʟʢʦʝ. 

4. ɺ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʳ ʩ ʨʘʟʚʠʪʳʤ ʪʝʯʝʥʠʝʤ ʵʧʶʨʘ ʩʢʦʨʦʩʪʝʡ ʥʝ 

ʤʝʥʷʝʪʩʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʘʜʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʪʝʨʠ ʥʘʧʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ ʪʨ

ʛ

l

d
z l= , ʛʜʝ l ð ʵʤʧʠʨʠʯʝʩʢʠʡ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʨʠʪʝʨʠʷ  ʈʝʡʥʦʣʴʜʩʘ Re
ʩʨ ʛc d

n
=  ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ /ʰ ʛk d . 

5. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʚʥʝʰʥʠʤ ʧʦʪʦʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʧʦ ʜʣʠʥʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʚʥʝʰʥʝʡ ʟʘʜʘʯʠ ʧʦʥʷʪʠʝ ʥʘʧʦʨʦʚ (ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʛʘʟʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ) ʥʝʣʴʟʷ ʧʨʠʤʝʥʠʪʴ, ʪʘʢ ʢʘʢ ʜʚʠʞʫʱʘʷʩʷ ʤʘʩʩʘ ʛʘʟʘ 

ʙʝʩʢʦʥʝʯʥʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʠʣʳ ʪʨʝʥʠʷ 2
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w B¤=
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 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ /ʰk B.  

6. ɺ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʪʝʯʝʥʠʝ ʬʦʨʤʘʣʴʥʦ ʚʥʫʪʨʝʥʥʝʝ, ʥʦ ʜʣʠʥʘ 

ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʥʝʙʦʣʴʰʘʷ, ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʫʩʧʝʚʘʶʪ ʩʦʤʢʥʫʪʴʩʷ, ʥʦ ʟʘʥʠʤʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ, ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʪʦʢʘ ʩʠʣʘʤʠ ʪʨʝʥʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʷʜʨʦʤ ʠ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʣʝʜʦʤ ʟʘ ʣʦʧʘʪʢʘʤʠ ð ʨʠʩ. 4.3.6. ʇʦʵʪʦʤʫ ʧʨʠ 
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ʘʥʘʣʠʟʝ ʪʝʯʝʥʠʷ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤʳ 

ʚʥʝʰʥʝʛʦ ʪʝʯʝʥʠʷ.  

   

 

 

ʈʠʩ. 4.3.6. ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʪʦʢʘ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʨʷʤʦʡ ʨʝʰʝʪʢʠ  

 

ʀʪʘʢ, ʘʥʘʣʠʟ ʦʙʪʝʢʘʥʠʷ ʧʣʘʩʪʠʥʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʠʟʙʝʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ  ʚ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʊʂ (ʠ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʠʤʝʶʱʠʭ ʜʝʣʦ ʩ ʜʚʠʞʝʥʠʝʤ ʛʘʟʦʚ), ʠ ʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤʳ ʚʥʝʰʥʝʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʮʝʣʝʡ ʘʥʘʣʠʟʘ 

ʠ ʨʘʩʯʝʪʘ. ʈʘʟʚʠʪʦʝ ʪʝʯʝʥʠʝ ʙʝʟ ʥʝʚʷʟʢʦʛʦ ʷʜʨʘ ʧʦʪʦʢʘ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ 

ʤʘʣʦʨʘʩʭʦʜʥʳʭ ʩʪʫʧʝʥʷʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ 

ʚʳʩʦʪʦʡ ʣʦʧʘʪʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ.   

 

4.4. ɺʆɿʅʀʂʅʆɺɽʅʀɽ ʇʆɼʒɽʄʅʆʁ ʉʀʃʓ. ʇʆʉʊʋʃɸʊ 

ɾʋʂʆɺʉʂʆɻʆ-ʏɸʇʃʓɻʀʅɸ 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʧʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʧʨʦʬʠʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʨʝʰʝʪʢʠ ʚ ʚʠʜʝ ʧʨʷʤʦʡ ʧʣʘʩʪʠʥʢʠ ʦʙʲʷʩʥʠʣʘ ʧʨʠʨʦʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ, ʥʦ ʥʝ ʜʘʝʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʢʘʢ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʬʠʣʝʤ  ʠ ʧʦʪʦʢʦʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʜʘʪʴ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ (ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨ), ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʵʥʝʨʛʠʶ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ (ʪʫʨʙʠʥʘ). 

ɼʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ 

ʜʦʣʞʥʳ ʦʪʢʣʦʥʷʪʴ ʧʦʪʦʢ ʛʘʟʘ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ 
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ʩʨʝʜʥʠʝ ʣʠʥʠʠ ʧʨʦʬʠʣʝʡ ʥʝ ʧʨʷʤʳʝ. ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʠʟʦʛʥʫʪʦʛʦ ʧʨʦʬʠʣʷ 

ð ʪʦʥʢʘʷ ʠʟʦʛʥʫʪʘʷ ʜʫʞʢʘ. 

ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʜʫʞʢʠ ʥʝʚʷʟʢʠʤ ʧʦʪʦʢʦʤ ʧʦʣʫʯʘʝʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ 

ʢʘʨʪʠʥʘ ï ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʩ ʜʫʞʢʦʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʅʘ ʨʠʩ. 4.4.1 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʭʦʨʜʳ Bï ʧʨʷʤʦʡ ʣʠʥʠʠ, 
ʩʦʝʜʠʥʷʶʱʝʡ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʜʫʞʢʠ.  ʋʛʦʣ ʠʟʦʛʥʫʪʦʩʪʠ ʜʫʞʢʠ Qï ʵʪʦ 

ʫʛʦʣ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ʚ ʝʝ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ 

ʇʦʢʘʟʘʥʥʘʷ ʢʘʨʪʠʥʘ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʜʥʦʤ ʠʟ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʘʥʘʣʦʛʠʠ [20].  

   

 

 

ʈʠʩ. 4.4.1. ʉʭʝʤʘ ʥʝʚʷʟʢʦʛʦ ʙʝʩʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʪʦʥʢʦʡ 

ʜʫʞʢʠ (ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ) 

 

ʀʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʧʦ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ, ʥʘ 

ʥʠʭ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʫʨʘʚʥʦʚʝʰʠʚʘʝʤʘʷ ʨʘʟʥʦʩʪʴʶ ʜʘʚʣʝʥʠʡ 

ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʷʭ ʯʘʩʪʠʮ. ɺʦʟʥʠʢʘʶʱʠʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ 
2p w

n R
r

µ
=

µ
 ( Rð ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʠʠ ʪʦʢʘ) ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʨʘʟʨʝʞʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʠʝʩʷ ʚʳʰʝ ʭʦʨʜʳ, 

çʧʦʜʩʘʩʳʚʘʶʪʩʷè ʢ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  ʃʠʥʠʠ ʪʦʢʘ ʠʩʢʨʠʚʣʷʶʪʩʷ, ʧʨʠ 

ʵʪʦʤ ʦʜʥʘ ʠʟ ʥʠʭ, ʢʨʠʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʪʦʢʘ, ʧʦʜʭʦʜʠʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʦʙʨʘʟʫʷ ʧʝʨʝʜʥʶʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ. ʇʨʠ ʧʦʜʭʦʜʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʪʦʨʤʦʟʷʪʩʷ ʜʦ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 



190 

 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ. ʇʘʨʘʤʝʪʨʳ ʛʘʟʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ð ʵʪʦ ʧʘʨʘʤʝʪʨʳ 

ʪʦʨʤʦʞʝʥʠʷ 
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ɺ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʧʦʪʦʢ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ. ʏʘʩʪʠʮʳ, 

ʜʚʠʞʫʱʠʝʩʷ ʩʧʨʘʚʘ ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ, ʦʙʪʝʢʘʶʪ ʚʳʧʫʢʣʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʩʦʟʜʘʚʘʷ ʫʧʦʤʷʥʫʪʫʶ ʚʳʰʝ ʦʙʣʘʩʪʴ ʨʘʟʨʝʞʝʥʠʷ. ʏʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ 

ʣʝʚʝʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʠ ʜʚʠʞʫʪʩʷ ʚ ʩʪʦʨʦʥʫ  ʥʘʯʘʣʘ 

ʜʫʞʢʠ. ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ, ʧʦʵʪʦʤʫ ʣʝʚʝʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʚʦʟʥʠʢʘʝʪ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɿʘʪʝʤ ʵʪʠ 

ʯʘʩʪʠʮʳ ʦʛʠʙʘʶʪ ʚʭʦʜʥʫʶ ʢʨʦʤʢʫ, ʛʜʝ ʢʨʠʚʠʟʥʘ ʣʠʥʠʡ ʪʦʢʘ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ 

ʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʴʥʦʝ ʨʘʟʨʝʞʝʥʠʝ. ʅʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʘʷ 

ʩʠʣʘ ʧʨʠʞʠʤʘʝʪ ʯʘʩʪʠʮʳ ʢ ʜʫʞʢʝ, ʠ ʪʘʤ ʚʦʟʥʠʢʘʝʪ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ.  

ɺ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ ʬʦʨʤʘ ʣʠʥʠʡ ʪʦʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʘ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʜʫʞʢʠ. ɼʚʠʞʫʱʠʝʩʷ ʧʦ 

ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʦʛʠʙʘʶʪ ʚʳʭʦʜʥʫʶ ʢʨʦʤʢʫ ʠ ʜʚʠʞʫʪʩʷ 

ʥʘʚʩʪʨʝʯʫ ʯʘʩʪʠʮʘʤ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʨʤʦʞʝʥʠʝ ʧʨʠ ʚʩʪʨʝʯʥʦʤ 

ʜʚʠʞʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʡ ʧʦʪʦʢ ʫʭʦʜʠʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ.  

ʊʘʢ ʢʘʢ ʦʙʪʝʢʘʥʠʝ ʜʫʞʢʠ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʠ, ʪʦ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʥʝ ʦʙʨʘʟʫʶʪ ʥʘ ʜʫʞʢʝ ʩʫʤʤʘʨʥʦʡ ʩʠʣʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. ɺ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʪʘʢ ʞʝ ʥʝʪ. ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʫʯʘʩʪʢʘʭ ʜʫʞʢʠ ʦʪ ʢʨʦʤʦʢ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ 

ʨʘʟʨʝʞʝʥʠʝ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ ʠ ʥʘ 

ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʪʘʢ, ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʫʞʢʦʡ ʠ ʥʝʚʷʟʢʠʤ 

ʧʦʪʦʢʦʤ ʥʝ ʚʦʟʥʠʢʘʝʪ (ʚʧʨʦʯʝʤ, ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣʘ ʣʶʙʦʡ ʬʦʨʤʳ). ɿʘʤʘʥʯʠʚʳʡ ʧʫʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʫʶ ʩʭʝʤʫ ʥʝʚʷʟʢʦʛʦ ʦʙʪʝʢʘʥʠʷ ð ʢʘʞʝʪʩʷ ʥʝ ʨʝʘʣʠʟʫʝʤʳʤ. ɺ [15] 

ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʦʙʣʝʤʫ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʝʚʷʟʢʠʭ ʨʘʩʯʝʪʦʚ ʢ ʨʝʰʝʥʠʶ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʨʝʰʠʣʠ ʚ ʥʘʯʘʣʝ 20ïʛʦ ʩʪʦʣʝʪʠʷ ʅ.ɽ. ɾʫʢʦʚʩʢʠʡ ʠ ʝʛʦ 

ʫʯʝʥʠʢ ʉ.ɸ. ʏʘʧʣʳʛʠʥ ð ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʠ ʩʦʚʨʝʤʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ. 

ʕʪʠ ʨʘʩʯʝʪʳ ʠʤʝʶʪ ʧʨʷʤʦʝ ʢʘʩʘʪʝʣʴʩʪʚʦ ʢ ʪʫʨʙʦʤʘʰʠʥʘʤ, ʢ ʪʝʦʨʠʠ ʢʨʳʣʘ, 

ʚʠʥʪʘ ʠ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ.  
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ʇʦʩʪʫʣʘʪ ɾʫʢʦʚʩʢʦʛʦ ï ʏʘʧʣʳʛʠʥʘ ʦʩʥʦʚʘʥ ʥʘ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ 

ʨʝʘʣʴʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ. ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʬʠʣʝʡ ʥʝ ʚʦʟʥʠʢʘʝʪ ʦʪʨʳʚʦʚ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ 

ʪʦʯʢʘ ʩʭʦʜʘ ʧʦʪʦʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʜʥʝʡ ʢʨʦʤʢʝ ʧʨʦʬʠʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʢʠʜʘʶʱʝʡ ʧʨʦʬʠʣʴ ʩʪʨʫʡʢʠ ʪʦʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʚ ʟʘʜʥʝʡ ʢʨʦʤʢʝ ð ʪʘʢʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʦʩʪʫʣʘʪʘ ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʧʨʦʬʠʣʷ, ʦʧʝʨʠʨʫʷ ʧʦʥʷʪʠʝʤ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ. 

ʅʘ ʨʠʩ. 4.4.2 ʧʦʢʘʟʘʥʘ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʥʢʦʡ ʜʫʞʢʠ 

ʥʝʚʷʟʢʠʤ ʛʘʟʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʝ ʭʦʨʜʳ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʦʩʪʫʣʘʪʘ 

ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ. ɼʚʠʞʫʱʠʝʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ʛʘʟʦʚʳʝ 

ʯʘʩʪʠʮʳ ʧʦʢʠʜʘʶʪ ʟʘʜʥʶʶ ʢʨʦʤʢʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ.  ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʭʦʨʜʝ ʠ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʧʦʪʦʢʫ ʵʪʘ 

ʩʪʨʫʡʢʘ ʪʦʢʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ / 2Q  ð ʧʦʣʦʚʠʥʘ ʫʛʣʘ ʠʟʦʛʥʫʪʦʩʪʠ 

ʜʫʞʢʠ. ɻʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʚ ʩʭʦʜʷʱʝʡ ʩ ʜʫʞʢʠ ʩʪʨʫʡʢʝ ʠʩʧʳʪʳʚʘʶʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʷ ʜʘʚʣʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʜʫʞʢʠ. ʇʦʜ ʜʫʞʢʦʡ 

ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ çʦʪʞʠʤʘʝʪè ʯʘʩʪʠʮʳ ʩʪʨʫʡʢʠ ʪʦʢʘ ʚʚʝʨʭ, 

ʦʙʣʘʩʪʴ ʨʘʟʨʝʞʝʥʠʷ ʥʘʜ ʜʫʞʢʦʡ ʠʭ çʧʦʜʩʘʩʳʚʘʝʪè. ʉʪʨʫʡʢʘ ʪʦʢʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʬʦʨʤʫ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʱʫʶ ʚ ʧʨʷʤʫʶ, 

ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʫʞʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʥʦʤʝʨʥʳʤ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʪʢʣʦʥʠʪʴ 

ʧʦʪʦʢ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ.  

 

 

 

ʈʠʩ. 4.4.2. ʆʙʪʝʢʘʥʠʝ ʪʦʥʢʦʡ ʜʫʞʢʠ ʥʝʚʷʟʢʠʤ ʧʦʪʦʢʦʤ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʧʦʩʪʫʣʘʪʘ ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ  
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ɺ ʨʘʟʜʝʣʝ 2.4 ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʩʪʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʚʚʝʜʝʥʳ ʧʦʥʷʪʠʷ ʦʙ 

ʫʛʣʝ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ, ʠ ʦʙ ʫʛʣʝ ʘʪʘʢʠ 

ʥʘ ʚʭʦʜʝ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʧʨʦʬʠʣʝʡ. ɸʥʘʣʠʟ ʦʙʪʝʢʘʥʠʷ ʜʫʞʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʠ 

ʚʦʧʨʦʩʳ ʚ ʩʪʨʦʛʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʜʫʞʢʠ ʦʪʩʪʘʚʘʥʠʝ ʧʦʪʦʢʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʥʘ 

ʚʳʭʦʜʝ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ ʫʛʣʘ ʠʟʦʛʥʫʪʦʩʪʠ / 2Q . ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ 

ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ (ʬʦʨʤʘ ʣʠʥʠʡ ʪʦʢʘ, ʧʦʣʝ ʜʘʚʣʝʥʠʡ) ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ. ʇʦʵʪʦʤʫ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʜʫʞʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʪʝʯʝʥʠʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ ʩʭʦʜʘ ɾʫʢʦʚʩʢʦʛʦ 

ð ʏʘʧʣʳʛʠʥʘ ʩʪʨʫʡʢʘ ʪʦʢʘ, ʠʜʫʱʘʷ ʥʘ ʧʨʦʬʠʣʴ, ʧʦʧʘʜʘʝʪ ʥʘ ʧʝʨʝʜʥʶʶ 

ʢʨʦʤʢʫ ʠ ʧʨʠʥʠʤʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʨʦʬʠʣʶ ʥʘ ʚʭʦʜʝ. 

ʇʝʨʝʩʪʨʦʡʢʘ ʥʘ ʚʭʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʯʪʦ ʠ ʦʪʩʪʘʚʘʥʠʝ ʥʘ 

ʚʳʭʦʜʝ: ʠʜʫʱʘʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʥʠʞʝ ʜʫʞʢʠ ʩʪʨʫʡʢʘ ʪʦʢʘ çʦʪʞʠʤʘʝʪʩʷè 

ʚʚʝʨʭ ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʚʦʛʥʫʪʦʡ ʩʪʦʨʦʥʳ ʠ 

çʧʦʜʩʘʩʳʚʘʝʪʩʷè ʢ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʝ. 

ʇʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʨʫʡʢʠ ʪʦʢʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʨʦʬʠʣʶ ʦʙʪʝʢʘʥʠʝ 

ʥʦʩʠʪ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ʥʝʪ, ʥʝʪ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ: ʙʝʟʫʜʘʨʥʦʝ 

ʦʙʪʝʢʘʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʜʭʦʜʷʱʘʷ ʢ ʧʨʦʬʠʣʶ ʩʪʨʫʡʢʘ 

ʪʦʢʘ ʧʦʧʘʜʘʝʪ ʥʘ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ.  

ɼʣʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʜʫʞʢʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʧʨʠ ʙʝʟʫʜʘʨʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʭʦʨʜʳ. ʇʦʪʦʢ ʤʦʞʝʪ ʠʤʝʪʴ ʠ ʜʨʫʛʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʛʣʦʤ ʘʪʘʢʠ a ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʭʦʨʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ w¤ . ʅʘ ʨʠʩ. 4.4.2 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʫʞʢʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʪʨʫʡʢʠ ʪʦʢʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʙʣʠʟʠ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʨʫʡʢʠ ʪʦʢʘ ʚʳʰʝ ʜʫʞʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, çʧʦʜʩʘʩʳʚʘʷʩʴè ʦʙʣʘʩʪʴʶ ʨʘʟʨʝʞʝʥʠʷ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʨʫʡʢʠ ʪʦʢʘ ʩʦ ʩʪʦʨʦʥʳ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

çʦʪʞʠʤʘʶʪʩʷè ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ.  

 

4.5. ʎʀʈʂʋʃʗʎʀʗ ʉʂʆʈʆʉʊʀ. ʈɸɿɻʆʅʅʓʁ ʀ 

ʆʉʊɸʅʆɺʆʏʅʓʁ ɺʀʍʈʀ 
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʜʫʞʢʘ ʦʙʪʝʢʘʝʪʩʷ  

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ, ʚ ʢʦʪʦʨʦʤ ʛʘʟʦʚʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ, ʙʝʟ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ. ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ ʚʘʞʥʦ, ʯʪʦ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʪʦʢʝ ʧʦʣʥʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʭ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʘʷ, ʪ.ʝ. ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʘʷ 

ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ 

2
* *

2

w
p p p const¤

¤= = + =r . ʕʪʦ ʫʩʣʦʚʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʦʩʝʚʳʭ ʪʫʨʙʦʤʘʰʠʥ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ (ʠ ʦʙʣʘʩʪʝʡ ʦʪʨʳʚʘ 

ʧʦʪʦʢʘ, ʯʪʦ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʝʝ) ʩʫʱʝʩʪʚʫʝʪ ʥʝʚʷʟʢʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʷʜʨʦ ʧʦʪʦʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 

    ( )*2
w p p

r
¤= - .                                       (4.5.1) 

 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ: 

 ï ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ʧʨʠ p p¤(ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʟʨʝʞʝʥʠʷ) ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, 

ï ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ p p¤ (ʧʦʚʝʨʭʥʦʩʪʴ ʜʘʚʣʝʥʠʷ) 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ. 

ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʫʞʢʠ ʠ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ 

ʜʘʚʣʝʥʠʡ ʥʘ ʚʦʛʥʫʪʦʡ ʠ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʩʢʦʨʦʩʪʝʡ ʥʘ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʉʫʤʤʘʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʟʣʠʯʠʷ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʢʨʫʛʦʚʦʡ ʠʥʪʝʛʨʘʣ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ ð ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ: 

 

                              wdsG=ñ ,                                      (4.5.2) 

 

ʛʜʝ dsð ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʫʞʢʠ. 

ɺʳʙʝʨʝʤ ʥʘ ʨʠʩ. 4.4.2 ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʧʨʦʬʠʣʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, 0G , ʢʘʢ ʧʨʠʥʷʪʦ ʚ 

ʨʘʩʯʝʪʘʭ ʠ ʘʥʘʣʠʟʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʨʠ ʥʝʚʷʟʢʦʤ 

ʦʙʪʝʢʘʥʠʠ ʜʫʞʢʠ ʙʝʟ ʩʦʙʣʶʜʝʥʠʷ ʧʦʩʪʫʣʘʪʘ (ʫʩʣʦʚʠʷ ʩʭʦʜʘ) ɾʫʢʦʚʩʢʦʛʦ ð 
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ʏʘʧʣʳʛʠʥʘ (ʨʠʩ. 4.4.1) ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʦʝ ʦʙʪʝʢʘʥʠʝ 

ʥʘʟʳʚʘʶʪ ʙʝʩʮʠʨʢʫʣʷʮʠʦʥʥʳʤ.  

ʇʦʥʷʪʠʝ ʮʠʨʢʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʠʞʝ 

ʬʦʨʤʫʣʝ (ʪʝʦʨʝʤʝ) ɾʫʢʦʚʩʢʦʛʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʨʦʬʠʣʴ ʚ ʨʝʰʝʪʢʝ ʧʨʦʬʠʣʝʡ. ʇʨʠʤʝʨʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʛʨʘʤʤʘ 3ɼʄ.023 ʢʘʬʝʜʨʳ ʂɺʍʊ 

ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʝʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘʭ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʕʡʣʝʨʦʚʦʡ ʨʘʙʦʪʳ (ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ) 

22uch uT =  ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʦʛʨʘʤʤʘ ʚʚʦʜʠʪ ʥʝʢʦʪʦʨʦʝ 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  ʮʠʨʢʫʣʷʮʠʠ ʠ ʧʨʦʚʝʨʷʝʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩʭʦʜʘ ʧʦʪʦʢʘ 

ʩ ʣʦʧʘʪʢʠ. ɽʩʣʠ ʪʦʯʢʘ ʩʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ, ʮʠʨʢʫʣʷʮʠʷ 

ʠʪʝʨʘʮʠʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʯʢʘ ʩʭʦʜʘ ʩʦʚʧʘʜʘʝʪ 

ʩ ʟʘʜʥʝʡ ʢʨʦʤʢʦʡ ʣʦʧʘʪʢʠ. ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩʭʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʷ, ʮʠʨʢʫʣʷʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʞʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʥʷʪʠʝ ʦ ʮʠʨʢʫʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʚʷʟʢʦʛʦ 

ʦʙʪʝʢʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʇʦʥʷʪʥʦ, ʯʪʦ ʥʘ 

ʣʦʧʘʪʢʘʭ ʥʝʧʦʜʚʠʞʥʦʛʦ ʨʦʪʦʨʘ ʊʂ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʧʨʠ 

ʨʘʟʛʦʥʝ ʜʦ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʥʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ (ʝʩʣʠ ʝʝ ʥʝ ʙʳʣʦ), 

ʠʣʠ ʠʩʯʝʟʥʫʪʴ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʢʘʨʪʠʥʳ ʨʝʘʣʴʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʘʟʨʝʰʘʝʪ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ. 

ʅʘ ʨʠʩ. 4.5.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʪʝʢʘʥʠʷ ʧʨʦʬʠʣʷ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʜʚʠʞʝʥʠʝ, ʠ ʟʘʪʝʤ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ.  

 

 

 

ʈʠʩ. 4.5.1. ʈʘʟʛʦʥʥʳʡ ʠ ʦʩʪʘʥʦʚʦʯʥʳʡ ʚʠʭʨʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʥʘʯʘʣʝ 

ʜʚʠʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʩʪʘʥʦʚʢʝ ʧʨʦʬʠʣʷ [15] 
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ʀʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 4.5.1 ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ð 

ʩʭʝʤʘ ʥʘ ʨʠʩ. 4.5.2 ʧʦʤʦʛʘʝʪ ʦʙʲʷʩʥʠʪʴ ʧʨʦʠʩʭʦʜʷʱʝʝ: 

 

 

 

ʈʠʩ. 4.5.2. ʇʦʣʦʞʝʥʠʝ ʟʘʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ: ï ʚʚʝʨʭʫ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʙʪʝʢʘʥʠʷ, ï ʚ ʩʝʨʝʜʠʥʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʦʙʪʝʢʘʥʠʷ, ï ʚʥʠʟʫ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʦʩʪʫʣʘʪʘ 

ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ 

 

ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʫʩʣʦʚʠʝ ʩʭʦʜʘ ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ. ʆʙʪʝʢʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʉʪʨʫʡʢʘ ʪʦʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʛʠʙʘʝʪ ʦʩʪʨʫʶ ʟʘʜʥʶʶ ʢʨʦʤʢʫ ʠ ʜʚʠʞʝʪʩʷ ʧʨʦʪʠʚ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʢ ʟʘʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʥʘ ʩʪʦʨʦʥʝ 

ʨʘʟʨʝʞʝʥʠʷ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩ ʢʨʘʡʥʝ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʥʘ ʟʘʜʥʝʡ 

ʢʨʦʤʢʝ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʠ ʧʦʪʦʢ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. 

ʉʣʝʜʫʷ ʥʘʚʩʪʨʝʯʫ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 

ʥʫʣʶ, ʢʨʠʪʠʯʝʩʢʘʷ ʩʪʨʫʡʢʘ ʪʦʢʘ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʦʜʦʣʝʪʴ ʚʩʪʨʝʯʥʦʝ 

ʜʘʚʣʝʥʠʝ. ʆʥʘ ʦʪʨʳʚʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʦʪʯʝʪʣʠʚʦ ʚʠʜʠʤʳʡ ʥʘ ʨʠʩ. 4.5.1 ʚʠʭʨʴ ʩ 

ʚʨʘʱʝʥʠʝʤ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɿʘʪʝʤ ʚʠʭʨʴ ʩʥʦʩʠʪʩʷ ʧʦʪʦʢʦʤ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ.  

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʨʳʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʠʭʨʷ, ʪʦʯʢʘ ʩʭʦʜʘ ʟʘʥʠʤʘʝʪ 

ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʝ, ʚʳʧʦʣʥʷʷ ʫʩʣʦʚʠʝ ʩʭʦʜʘ ð ʥʠʞʥʷʷ 

ʯʘʩʪʴ ʨʠʩ. 4.5.2. ʅʘ ʧʨʦʬʠʣʝ ʚʦʟʥʠʢʘʝʪ ʮʠʨʢʫʣʷʮʠʷ, ʨʘʚʥʘʷ ʮʠʨʢʫʣʷʮʠʠ 

ʩʦʰʝʜʰʝʛʦ ʩ ʧʨʦʬʠʣʷ ʚʠʭʨʷ  ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ:  
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                    0ʧʨ ʚʠʭʨG=G +G =.                                      (4.5.3) 

 

ɽʩʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʦʙʨʘʟʫʝʪʩʷ ʠ ʩʥʦʩʠʪʩʷ ʧʦ 

ʧʦʪʦʢʫ ʥʦʚʳʡ ʚʠʭʨʴ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʧʨʦʬʠʣʝ. 

ʇʨʠ ʵʪʦʤ ʩʫʤʤʘ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʧʨʦʬʠʣʝ ʠ ʮʠʨʢʫʣʷʮʠʠ ʩʦʰʝʜʰʠʭ ʚʠʭʨʝʡ 

ʦʩʪʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ, ʢʘʢ ʪʦʛʦ ʠ ʪʨʝʙʫʶʪ ʟʘʢʦʥʳ ʘʵʨʦʜʠʥʘʤʠʢʠ.  

ʀʪʘʢ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʦʙʪʝʢʘʥʠʝ ʧʨʦʬʠʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʫʣʘʪʦʤ 

ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʭʦʜʘ ʩ ʧʨʦʬʠʣʷ ʨʷʜʘ 

ʨʘʟʛʦʥʥʳʭ ʚʠʭʨʝʡ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʪʝʢʘʥʠʷ.  

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʩʤʝʱʘʝʪʩʷ ʩ 

ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʥʘ ʚʦʛʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ ð ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʨʠʩ. 4.5.2. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʠ ʩʥʦʩʷʪʩʷ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ 

ʦʩʪʘʥʦʚʦʯʥʳʝ ʚʠʭʨʠ  ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʩʣʦʚʠʝ (4.5.3) ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʦʙʪʝʢʘʥʠʷ.  

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʛʦʥʥʳʭ ʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʚʠʭʨʝʡ ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʭʨʝʚʫʶ ʬʦʨʤʫ. ʇʨʦʜʦʣʞʘʷ 

ʜʚʠʞʝʥʠʝ ʚ ʚʷʟʢʦʡ ʩʨʝʜʝ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʠʭʨʝʡ ʪʦʨʤʦʟʠʪʩʷ 

ʪʨʝʥʠʝʤ ʦ ʯʘʩʪʠʮʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ. ʊʦ ʝʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʛʦʥʥʳʭ ʠ ʦʩʪʘʥʦʚʦʯʥʳʭ 

ʚʠʭʨʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʪʝʨʴ ʥʘʧʦʨʘ. ʊʘʢʠʝ 

ʧʦʪʝʨʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʫʩʢʝ ʠ ʦʩʪʘʥʦʚʢʝ ʊʂ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ, ʚʝʜʫʱʝʤʫ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʘ. ɺʦ 

ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʝʥʷʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ, ʠ 

ʚʦʟʥʠʢʘʶʪ ʵʪʠ ʚʠʭʨʠ. ʋ ʧʨʦʤʳʰʣʝʥʥʳʭ ʊʂ ʪʘʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʥʝ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʥʝ 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʷ. 

4.6. ʅɽɺʗɿʂʆɽ ʀ ɺʗɿʂʆɽ ʆɹʊɽʂɸʅʀɽ ʇʈʗʄʆɻʆ ʇʈʆʌʀʃʗ 

ʇʨʠʤʝʨ ʦʙʪʝʢʘʥʠʷ ʜʫʞʢʠ ʧʦʢʘʟʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʥʦ ʨʝʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʦʥʝʯʥʫʶ ʪʦʣʱʠʥʫ 

ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩʦ ʩʪʦʨʦʥʳ ʛʘʟʦʚʳʭ ʩʠʣ ʠ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ. ʇʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʧʨʦʬʠʣʷ ʜʦʣʞʥʘ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ 

ʜʣʠʥʝ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʛʘʟʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʳʭ ʤʦʤʝʥʪʘʭ ʠʥʝʨʮʠʠ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʀʩʪʦʨʠʯʝʩʢʘʷ ʪʨʘʜʠʮʠʷ ʦʪʨʘʙʦʪʢʠ ʬʦʨʤʳ ʧʨʦʬʠʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʩʥʘʯʘʣʘ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʬʦʨʤʘ ʧʨʦʬʠʣʷ ʩ ʧʨʷʤʦʡ ʩʨʝʜʥʝʡ ʣʠʥʠʝʡ ð ʨʠʩ. 
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4.6.1, ʘ ʟʘʪʝʤ ʩʨʝʜʥʷʷ ʣʠʥʠʷ ʠʟʛʠʙʘʝʪʩʷ ʜʣʷ ʥʫʞʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ. 

ʇʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʧʨʦʬʠʣʠ (ʦʙʪʝʢʘʥʠʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʦʙʪʝʢʘʥʠʷ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʉʢʨʫʛʣʝʥʥʘʷ 

ʚʭʦʜʥʘʷ ʢʨʦʤʢʘ ʠ ʩʤʝʱʝʥʥʘʷ ʢ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 

ʫʣʫʯʰʘʶʪ ʨʘʙʦʪʫ ʧʨʠ ʥʝʨʘʩʯʝʪʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ ʠ ʜʝʣʘʶʪ ʙʦʣʝʝ ʧʣʘʚʥʳʤ 

ʟʘʤʝʜʣʝʥʠʝ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʅʠʞʥʠʡ ʧʨʦʬʠʣʴ ʠʤʝʝʪ ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʅ.ɽ.ɾʫʢʦʚʩʢʠʤ ʟʘʦʩʪʨʝʥʥʫʶ ʬʦʨʤʫ ʟʘʜʥʝʡ ʢʨʦʤʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʭʦʜ 

ʧʦʪʦʢʘ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ  ʠ ʫʤʝʥʴʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʊʂ ʪʘʢʠʝ 

ʧʨʦʬʠʣʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʠʟ-ʟʘ ʥʝʧʨʠʝʤʣʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʝ ʧʨʠ ʠʟʛʠʙʥʦʡ ʥʘʛʨʫʟʢʝ ʦʪ ʛʘʟʦʚʳʭ ʩʠʣ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʨʫʛʣʷʪʴ ʠ ʟʘʜʥʶʶ ʢʨʦʤʢʫ.  

 

 

 

ʈʠʩ. 4.6.1. ʇʨʷʤʳʝ ʠʩʭʦʜʥʳʝ ʧʨʦʬʠʣʠ:  

ʘ ð ʧʨʦʬʠʣʴ ʉ-4; max1 12,0 dr = ; max2 06,0 dr = ; 
max / 0,12d Bº ; 3,0=sB ;  

ʙ ð ʧʨʦʬʠʣʴ NACA 65-010; 1,0/max ºBd ; %666,0/1 =Br  

 

ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦʛʦ 

ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.6.2. ʍʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ.  
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ʈʠʩ. 4.6.2. ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ (ʩʢʦʨʦʩʪʴ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ 

ʧʨʦʬʠʣʷ) 

 

ʇʨʠ ʧʦʜʭʦʜʝ ʢ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʢʨʠʪʠʯʝʩʢʘʷ  ʩʪʨʫʡʢʘ ʪʦʢʘ ʪʦʨʤʦʟʠʪʩʷ ʠ 

ʦʙʨʘʟʫʝʪ ʧʝʨʝʜʥʶʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ ʩ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʙʪʝʢʘʷ 

ʟʘʪʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʪʦʢ ʙʳʩʪʨʦ 

ʨʘʟʛʦʥʷʝʪʩʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʦʩʥʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ, ʢʨʠʚʠʟʥʘ 

ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ, ʧʦʪʦʢ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ. ɺʙʣʠʟʠ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʚʦʟʥʠʢʘʝʪ 

ʧʠʢ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʭʦʜʥʘʷ ʢʨʦʤʢʘ ʥʝ ʦʩʪʨʘʷ. ʇʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ w¤. ʅʘ ʩʢʨʫʛʣʝʥʥʦʡ 

ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʝ ʦʙʨʘʟʫʝʪʩʷ ʝʱʝ ʦʜʠʥ ʥʝʙʦʣʴʰʦʡ ʧʠʢ ʩʢʦʨʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʪʦʢ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʜʦ ʥʫʣʷ, ʦʙʨʘʟʫʷ ʟʘʜʥʶʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ. ɿʘ 

ʧʨʝʜʝʣʘʤʠ ʧʨʦʬʠʣʷ ʧʦʪʦʢ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʨʫʡʢʝ ʪʦʢʘ ʨʘʟʛʦʥʷʝʪʩʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ. 

ʂʘʢ ʠ ʧʦʣʘʛʘʝʪʩʷ, ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠ ʧʨʦʬʠʣʷ ʥʝ ʚʦʟʥʠʢʘʝʪ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʘʨʘʜʦʢʩ 

ɼʘʣʘʤʙʝʨʘ). ʇʦ ʥʦʨʤʘʣʠ ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʨʦʬʠʣʴ ʨʘʚʥʘ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʧʨʦʬʠʣʴ ʩʠʤʤʝʪʨʠʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ 

ʩʨʝʜʥʝʡ ʣʠʥʠʠ. ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʪʘʢ ʞʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʚʝʝ ʠ 

ʧʨʘʚʝʝ ʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ.  

ʇʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ, ʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʷʤʦʛʦ 

ʧʨʦʬʠʣʷ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʟʳʚʘʝʤʘʷ ʚʷʟʢʦʩʪʴʶ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ 
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ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʚʷʟʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ 

ʦʙʪʝʢʘʥʠʝʤ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ.  

ʅʘ ʟʘʠʤʩʪʚʦʚʘʥʥʦʤ ʠʟ [15] ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ 

ʦʪʪʝʩʥʷʝʪ ʚʥʝʰʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʦʪʦʢ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʬʠʣʷ, ʘ ʩ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ çʵʬʬʝʢʪʠʚʥʳʤ ʢʦʥʪʫʨʦʤè.  

 

 

 

ʈʠʩ. 4.6.3. ɺʣʠʷʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʨʦʬʠʣʝ ʥʘ ʚʥʝʰʥʠʡ ʧʦʪʦʢ 

(ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʫʨ ʧʦʢʘʟʘʥ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ)  

 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʣʦʙʦʚʦʡ, ʠ ʢ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʪʨʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 4.6.4 (ʜʘʥʥʳʝ ʪʘʢ ʞʝ ʠʟ [15]), ʧʦʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʨʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʪʦʣʱʠʥʳ ʧʨʦʬʠʣʷ ɾʫʢʦʚʩʢʦʛʦ (ʨʠʩ. 4.6.1 ʙ).  

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʦʣʴʰʝ ʫ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʧʨʦʬʠʣʝʡ. ʇʦʥʷʪʥʦ, ʯʪʦ ʫ ʪʦʥʢʦʡ 

ʧʣʘʩʪʠʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʨʦʬʠʣʷ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʪʘʢ ʞʝ ʙʦʣʴʰʝ ʫ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʧʨʦʬʠʣʝʡ ʧʦ 

ʜʚʫʤ ʧʨʠʯʠʥʘʤ: 

ï ʩʤʘʯʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʴʰʝ ʫ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʧʨʦʬʠʣʝʡ, 

ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʢʦʨʦʩʪʠ ʙʦʣʴʰʝ ʫ ʪʦʣʩʪʳʭ ʧʨʦʬʠʣʝʡ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʩʠʣʴʥʝʝ ʦʪʢʣʦʥʷʶʪ ʧʦʪʦʢ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʢʦʨʦʩʪʠ. ɺʩʝʛʜʘ 

ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʪʝʨʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
20,5w .  

ɺ [13] ʫʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʢʨʠʪʝʨʠʷ 

ʈʝʡʥʦʣʴʜʩʘ, ʪʘʢ ʢʘʢ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʩʪʘʥʦʚʷʪʩʷ ʪʦʥʴʰʝ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʥʪʫʨ ʤʝʥʴʰʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʣʴʥʦʛʦ. ʋʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʝʰʝʪʢʘʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʦʬʠʣʠ ʠʤʝʶʪ ʥʘ ʩʨʝʜʥʝʤ 
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ʨʘʜʠʫʩʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ 5%, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʣʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʘ.  

 

 

ʈʠʩ. 4.6.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʬʠʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ ʧʨʦʬʠʣʷ ɾʫʢʦʚʩʢʦʛʦ, ʠ ʜʦʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ, 
6104Re Ö=w  

 

ʅʘ ʨʠʩ. 4.6.4 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʨʦʬʠʣʝʡ 

ɾʫʢʦʚʩʢʦʛʦ ʩ ʟʘʦʩʪʨʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʥʝ ʦʙʨʘʟʫʝʪʩʷ 

ʟʘʜʥʷʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʜʘʞʝ ʧʨʠ ʚʦʦʙʨʘʞʘʝʤʦʤ ʥʝʚʷʟʢʦʤ ʪʝʯʝʥʠʠ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʩʢʦʨʦʩʪʝʡ ʨʠʩ. 4.6.2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʥʘ 

ʩʢʨʫʛʣʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʝ ʧʦʩʣʝ ʥʝʙʦʣʴʰʦʛʦ ʧʠʢʘ ʩʢʦʨʦʩʪʝʡ ʩʣʝʜʫʝʪ 

ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʜʦ ʥʫʣʷ. ʇʨʠ ʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʥʘ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʝ 

ʥʝʠʟʙʝʞʝʥ ʦʪʨʳʚ ʧʦʪʦʢʘ ʩʦ ʩʭʦʜʦʤ ʧʝʣʝʥʳ ʚʠʭʨʝʡ. ɺʤʝʩʪʦ ʜʘʚʣʝʥʠʷ 

ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ, ʚ ʨʝʘʣʴʥʦʤ ʧʦʪʦʢʝ ʥʘ ʢʨʦʤʢʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʘʚʣʝʥʠʝ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ, ʢʦʪʦʨʦʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʚʣʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʠ 

ʥʘʟʳʚʘʶʪ ʢʨʦʤʦʯʥʳʤʠ ʧʦʪʝʨʷʤʠ. ɺ ʪʫʨʙʠʥʥʳʭ ʩʪʫʧʝʥʷʭ, ʛʜʝ ʧʦʛʨʘʥʠʯʥʳʝ 

ʩʣʦʠ ʪʦʥʢʠʝ, ʢʨʦʤʦʯʥʳʝ ʧʦʪʝʨʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʪʜʝʣʴʥʦ. ɺ ʩʪʫʧʝʥʷʭ ʆʂ 

ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʪʦʣʱʝ, ʧʦʵʪʦʤʫ ʜʦʣʷ ʢʨʦʤʦʯʥʳʭ ʧʦʪʝʨʴ ʩʯʠʪʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʡ, ʠ ʠʭ ʦʪʜʝʣʴʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ. 

ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 4.6.2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ ʩʫʱʝʩʪʚʫʝʪ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ. ɼʘʞʝ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ 

ʧʨʦʬʠʣʝ ɾʫʢʦʚʩʢʦʛʦ ʩ ʟʘʦʩʪʨʝʥʥʦʡ ʟʘʜʥʝʡ ʢʨʦʤʢʦʡ, ʤʝʩʪʥʦʝ ʟʘʤʝʜʣʝʥʠʝ 
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max/ 1,0ʟw w w¤=  ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ. ʇʦʥʷʪʥʦ, ʯʪʦ ʤʝʩʪʥʘʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʤ ʩʠʣʴʥʝʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ 

ʧʦʪʦʢʘ, ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʨʦʬʠʣʷ 
max

max
B

d
d = . ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʤʝʜʣʝʥʠʠ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʫʪʦʣʱʘʝʪʩʷ, ʩʢʦʨʦʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʩʪʨʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʫʤʝʥʴʰʘʶʪʩʷ ʙʳʩʪʨʝʝ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ '
w

n
t m

µ
=
µ

 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʥʫʣʝʚʦʡ ʚʝʣʠʯʠʥʝ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʘʩʪʠʮʳ, 

ʧʦʪʝʨʷʚʰʠʝ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʚʩʧʷʪʴ ð ʨʠʩ. 4.6.5. 

 

 

ʈʠʩ. 4.6.5. ʇʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ /u yµ µ (uð ʩʢʦʨʦʩʪʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ) ʧʨʠ ʨʘʟʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʩʣʦʚʠʷ ʦʪʨʳʚʘ / 0u yµ µ = ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʨʠ 

ʜʠʬʬʫʟʦʨʥʦʤ ʪʝʯʝʥʠʠ  

 

ɿʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʦʣʩʪʳʭ ʧʨʷʤʳʭ ʧʨʦʬʠʣʝʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʳʚʫ, ʯʪʦ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ ʚʳʙʦʨʝ ʪʦʣʱʠʥʳ ʣʦʧʘʪʦʢ 

ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

4.7. ʅɽɺʗɿʂʆɽ ʀ ɺʗɿʂʆɽ ʆɹʊɽʂɸʅʀɽ ʀɿʆɻʅʋʊʆɻʆ 

ʇʈʆʌʀʃʗ  

ɽʩʣʠ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʧʨʠʜʘʪʴ ʬʦʨʤʫ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ 

ʜʫʞʢʠ, ʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʩʭʦʜʘ ɾʫʢʦʚʩʢʦʛʦ ð ʏʘʧʣʳʛʠʥʘ 

ʥʝʚʷʟʢʦʝ ʦʙʪʝʢʘʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʅʘ ʨʠʩ. 4.7.1 

ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ ʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʬʠʣʷ.  

 



202 

 

 

ʈʠʩ. 4.7.1 ʃʠʥʠʠ ʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ  ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʩʥʠʟʫ) 

 

ʇʨʠ ʧʣʦʩʢʦʤ ʪʝʯʝʥʠʠ ʥʝʩʞʠʤʘʝʤʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ʥʘʣʦʞʝʥʠʷ ʪʝʯʝʥʠʡ: ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʦʙʪʝʢʘʥʠʷ ʠʟʦʛʥʫʪʦʡ ʜʫʞʢʠ 

ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʧʦʣʝʤ ʩʢʦʨʦʩʪʝʡ ʦʙʪʝʢʘʥʠʷ ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ. ʇʦʵʪʦʤʫ 

ʙʝʟʫʜʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʦʥʢʦʡ ʜʫʞʢʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʦʜʭʦʜʷʱʘʷ ʢ ʧʨʦʬʠʣʶ ʩʪʨʫʡʢʘ ʪʦʢʘ ʧʦʧʘʜʘʝʪ ʥʘ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ. 

ʂʘʢ ʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʜʫʞʢʠ, ʙʝʟʫʜʘʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ð ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʭʦʨʜʳ, ʪ.ʝ. 0ʙʫa =. ʇʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ 

ʚʜʦʣʴ ʭʦʨʜʳ ʧʨʦʬʠʣʷ ʢʘʨʪʠʥʘ ʝʛʦ ʥʝʚʷʟʢʦʛʦ ʦʙʪʝʢʘʥʠʷ ʙʫʜʝʪ ʪʘʢʦʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.7.2. 

 

 

 

 

ʈʠʩ. 4.7.2. ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʙʝʟʫʜʘʨʥʦʤ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ  
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ʂʘʢ ʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣʝʩʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʝ 

ʧʨʦʬʠʣʷ ʚʦʟʥʠʢʘʝʪ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ. ɼʘʣʝʝ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ 

ʨʘʟʜʝʣʷʶʪʩʷ, ʙʫʜʫʯʠ ʨʘʟʣʠʯʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʘʚʣʝʥʠʷ ʠ 

ʨʘʟʨʝʞʝʥʠʷ.  

ʇʠʢʠ ʩʢʦʨʦʩʪʠ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ 

ʢʨʦʤʦʢ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʦ ʫʨʦʚʥʠ ʩʢʦʨʦʩʪʝʡ ʨʘʟʥʳʝ. ɺʜʦʣʴ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʠʤʝʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚʳʧ ʚʦʛʥw w wD = - . 

ʇʦʥʷʪʠʝ çʚʳʧʫʢʣʘʷè, çʚʦʛʥʫʪʘʷè ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ. ʀʟ-ʟʘ 

ʪʝʣʝʩʥʦʩʪʠ ʧʨʦʬʠʣʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʫʢʣʦʡ ʥʘ ʦʙʝʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʦ ʥʘ çʚʦʛʥʫʪʦʡè ʩʪʦʨʦʥʝ ʢʨʠʚʠʟʥʘ ʤʝʥʴʰʝ ʚ ʣʶʙʦʤ 

ʩʣʫʯʘʝ. 

  ʂʘʢ ʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ, ʥʘ ʩʢʨʫʛʣʝʥʥʦʡ ʟʘʜʥʝʡ 

ʢʨʦʤʢʝ ʚʦʟʥʠʢʥʝʪ ʦʪʨʳʚ ʩ ʧʦʷʚʣʝʥʠʝʤ ʢʨʦʤʦʯʥʳʭ ʧʦʪʝʨʴ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʠʟʦʛʥʫʪʦʩʪʴ ʧʨʦʬʠʣʷ. ɽʩʣʠ ʜʘʞʝ ʪʦʣʩʪʳʝ ʧʨʷʤʳʝ 

ʧʨʦʬʠʣʠ ʦʙʪʝʢʘʶʪʩʷ ʙʝʟʦʪʨʳʚʥʦ, ʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʛʠʙ ʩʨʝʜʥʝʡ ʣʠʥʠʠ 

ʧʨʦʬʠʣʷ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ ʦʪʨʳʚʫ ð ʨʠʩ. 4. 7.3. 

 

 

ʈʠʩ. 4.7.3. ʋʪʦʣʱʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʦʪʨʳʚ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʛʣʝ ʠʟʦʛʥʫʪʦʩʪʠ ʧʨʦʬʠʣʷ Q 

 

ʆʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʕʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʬʠʣʝʡ ʚ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʆʂ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʳʣʴʝʚ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʇʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʚʝʩʴʤʘ ʤʘʣʫʶ ʢʨʠʚʠʟʥʫ, ʠ ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʧʨʦʬʠʣʝʡ ʦʙʳʯʥʦ ʚʳʧʫʢʣʳʝ ï ʨʠʩ. 4.7.4 ʘ. ʇʦʜʲʝʤʥʘʷ ʩʠʣʘ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʦʛʦ, ʯʪʦ ʨʘʟʨʝʞʝʥʠʝ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʥʠʞʥʝʡ. 
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ʈʠʩ. 4.7.4 ʘ. ʃʠʥʠʠ ʪʦʢʘ ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʢʨʳʣʦʚʦʛʦ ʧʨʦʬʠʣʷ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ   

 

ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʦʬʠʣʷ ʩ 

ʬʦʨʤʦʡ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʣʦʧʘʪʦʢ ʆʂ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.7.4 ʙ. ʇʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʫʛʣʝ ʘʪʘʢʠ a 0 ʧʝʨʝʜʥʷʷ ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʥʠʞʥʝʡ (ʚʦʛʥʫʪʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʨʫʡʢʠ ʪʦʢʘ ʣʝʚʝʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʦʧʘʜʘʶʪ 

ʥʘ ʚʝʨʭʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ, ʦʙʪʝʢʘʷ ʚʭʦʜʥʫʶ ʢʨʦʤʢʫ. ʅʘ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʝ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʘ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʧʦ 

ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʳʤ ʣʠʥʠʷʤ ʪʦʢʘ. ʇʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʥʘ ʚʳʧʫʢʣʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʝʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʩʢʦʨʦʩʪʴ ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʚʭʦʜʥʦʡ 

ʢʨʦʤʢʝ ʚʦʟʥʠʢʘʝʪ ʧʠʢ ʩʢʦʨʦʩʪʠ ð ʦʙʣʘʩʪʴ ʩ ʨʝʟʢʠʤ ʝʝ ʫʚʝʣʠʯʝʥʠʝʤ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʝʜʣʝʥʠʝʤ.  

 

 

 

ʈʠʩ. 4.7.4 ʙ. ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ 

ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ   

 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʜʲʝʤʥʘʷ 
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ʩʠʣʘ ʢʨʳʣʘ, ʘ ʣʦʧʘʪʢʠ ʆʂ ʧʝʨʝʜʘʶʪ ʛʘʟʫ ʙʦʣʴʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

ʆʜʥʘʢʦ ʧʨʠ ʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʨʘʩʪʫʪ ʧʨʦʬʠʣʴʥʳʝ ʧʦʪʝʨʠ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ 

ʫʛʣʘʭ ʘʪʘʢʠ ʵʪʦʪ ʨʦʩʪ ʩʚʷʟʘʥ: 

ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ. ʕʪʘ ʵʥʝʨʛʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʙʝʟʫʜʘʨʥʦʤ 

ʦʙʪʝʢʘʥʠʠ ʠʟ-ʟʘ ʧʠʢʘ ʩʢʦʨʦʩʪʠ ʫ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ, 

ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʝʝ ʪʦʣʩʪʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʦʩʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʩʚʷʟʘʥ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

(ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʟʫʜʘʨʥʳʤ ʦʙʪʝʢʘʥʠʝʤ)  ʟʘʤʝʜʣʝʥʠʝʤ ʧʦʪʦʢʘ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʙʝʟʦʪʨʳʚʥʦʤ ʦʙʪʝʢʘʥʠʠ ʜʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʠʘʛʨʘʤʤʳ ʥʝʚʷʟʢʦʛʦ ʦʙʪʝʢʘʥʠʷ. ɺʦʟʤʫʱʝʥʠʝ ʧʦʪʦʢʘ ʯʫʪʴ 

ʙʦʣʝʝ ʩʠʣʴʥʦʝ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʫʨ (ʧʨʦʬʠʣʴ ʧʣʶʩ ʪʦʣʱʠʥʘ 

ʚʳʪʝʩʥʝʥʠʷ) ʪʦʣʱʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ.  

ʇʨʠ ʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ ʧʠʢ ʩʢʦʨʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʦʪʨʳʚ ʧʦʪʦʢʘ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʠʟʙʝʞʝʥ. ʇʨʠ 

ʦʪʨʳʚʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʧʦʩʣʝ ʪʦʯʢʠ ʦʪʨʳʚʘ ʠʟʤʝʥʷʝʪʩʷ 

ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.7.5 ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. 

 

 

 

ʈʠʩ. 4.7.5. ɺʣʠʷʥʠʝ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʥʘ ʜʠʘʛʨʘʤʤʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʢʦʨʦʩʪʝʡ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ð ʥʝʚʷʟʢʦʝ ʦʙʪʝʢʘʥʠʝ, ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ð 

ʜʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʨʳʚʘ) 

 

ʗʚʣʝʥʠʝ ʦʪʨʳʚʘ, ʧʦʜʦʙʥʦʛʦ ʧʦʢʘʟʘʥʥʦʤʫ ʚʳʰʝ ʥʘ ʨʠʩ. 4.7.3, ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʉʢʦʨʦʩʪʴ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʦʥʝ ʦʪʨʳʚʘ 

ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ. ʇʦʵʪʦʤʫ 
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ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʝ ʦʪʨʳʚʘ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ ʚ ʪʦʯʢʝ 

ʦʪʨʳʚʘ, ʘ ʩʢʦʨʦʩʪʴ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʦʪʨʳʚʘ ð ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ. ʅʘ 

ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢ ʨʘʟʛʦʥʷʝʪʩʷ, ʠ ʩʢʦʨʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 

ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʦʪʨw w¤.  ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʦʪʨʳʚʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘ 

ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʢʨʘʱʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʚʣʝʥʠʝ ʪʘʤ ʥʠʞʝ, ʯʝʤ ʚ ʣʦʙʦʚʦʡ ʯʘʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʪʘʢ ʢʘʢ ʧʦʪʦʢ ʨʘʟʛʦʥʷʝʪʩʷ ʥʘ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʜʦ ʩʢʦʨʦʩʪʠ ʦʪʨw  ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʘʜʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ. ʆ ʩʥʠʞʝʥʠʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʨʳʚʘ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʦʬʠʣʝ.  

ʇʨʠ ʨʘʩʭʦʜʝ ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʬʠʣʠ ʣʦʧʘʪʦʢ ʆʂ ʦʙʪʝʢʘʶʪʩʷ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ  ʫʛʣʦʤ ʘʪʘʢʠ. ʋ ʢʨʳʣʴʝʚ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʝʙʦʣʴʰʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʫʛʣʳ ʘʪʘʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ  ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

(ʧʨʠ ʩʥʠʞʝʥʠʠ, ʥʘʧʨʠʤʝʨ) ð ʨʠʩ. 4.7.6.  

 

 

 

ʈʠʩ. 4.7.6. ʆʙʪʝʢʘʥʠʝ ʧʨʦʬʠʣʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ ð 

ʜʠʘʛʨʘʤʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ 

 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ ʧʠʢ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʟʘʤʝʜʣʝʥʠʶ ʥʘ ʥʠʞʥʝʡ (ʚʦʛʥʫʪʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ. 

ʅʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠʦʙʨʝʪʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʈʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ a 0 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʝʤ ʞʝ ʧʨʠʯʠʥʘʤ, ʯʪʦ 

ʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʯʘʣʝ 

ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʙʦʣʴʰʝ, ʘ ʜʘʚʣʝʥʠʝ ʥʠʞʝ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʧʨʦʬʠʣʷ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ  ʚ ʥʘʯʘʣʝ ʧʨʦʬʠʣʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

0ʚʳʧ ʚʦʛʥw w wD = - , ʯʪʦ ʠ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ 

ʧʨʦʬʠʣʝʡ ʟʘʚʠʩʠʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʫʛʣʦʤ a ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʠ ʭʦʨʜʳ 

ʧʨʦʬʠʣʷ ð ʫʛʣʦʤ ʘʪʘʢʠ. ʆʪ ʫʛʣʘ ʘʪʘʢʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʠ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʫʛʣʘ ʘʪʘʢʠ 

ʥʘʟʳʚʘʶʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʬʠʣʝʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

 

4.8. ʆɹʊɽʂɸʅʀɽ ʈɽʐɽʊʂʀ ʇʈʆʌʀʃɽʁ 

ʀʟʦʣʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʚʳʟʳʚʘʝʪ ʪʦʣʴʢʦ ʤʝʩʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʧʦʪʦʢʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʙʪʝʢʘʥʠʷ ʧʨʦʬʠʣʝʡ ʚ ʩʦʩʪʘʚʝ ʨʝʰʝʪʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʰʝʪʢʠ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ. ʂʦʣʴʮʝʚʘʷ ʨʝʰʝʪʢʘ ʜʝʣʠʪ ʦʙʣʘʩʪʴ 

ʪʝʯʝʥʠʷ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʢʘʢ ʠ ʝʝ ʤʦʜʝʣʴ ð ʧʣʦʩʢʘʷ ʨʝʰʝʪʢʘ ʙʝʩʢʦʥʝʯʥʦʡ 

ʜʣʠʥʳ. ʇʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ, ʠ ʟʘ ʨʝʰʝʪʢʦʡ ʨʘʟʥʳʝ. ʕʪʦ 

ʨʘʟʣʠʯʠʝ ʷʩʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʨʠʩʫʥʢʘ 4.7.1. 

ʅʘʟʥʘʯʝʥʠʝ ʨʝʰʝʪʢʠ ʢʦʣʝʩʘ ʢʦʤʧʨʝʩʩʦʨʘ ð ʧʝʨʝʜʘʪʴ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ, ʪʫʨʙʠʥʳ ï ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʛʘʟʘ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʧʦʪʦʢʘ 

ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ð 

ʧʨʷʤʘʷ ʨʝʰʝʪʢʘ ð ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ. ʅʝʧʦʜʚʠʞʥʳʝ 

ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʝʪʢʠ (ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ʆʂ, ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ 

ʪʫʨʙʠʥʳ) ʪʘʢ ʞʝ ʩʣʫʞʘʪ ʜʣʷ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ. 

ʅʘ ʩʭʝʤʝ ʨʠʩ. 4.8.1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʫʛʣʦʚ 

ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʠ ʟʘ ʨʝʰʝʪʢʦʡ ʪʝʯʝʥʠʝ ʚ ʥʝʡ ʥʦʩʠʪ ʜʠʬʬʫʟʦʨʥʳʡ, 

ʙʝʟʜʠʬʬʫʟʦʨʥʳʡ, ʠʣʠ ʢʦʥʬʫʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʇʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʨʘʚʥʦ ʰʘʛʫ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ, 

ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʩʠʥʫʩ ʫʛʣʘ ʧʦʪʦʢʘ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

sin 1m wt const=r b³ =  (ʝʜʠʥʠʮʘ ï ʚʳʩʦʪʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ) ʩʣʝʜʫʝʪ, 

ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʟʘ ʠ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʨʘʚʥʦ:  

 



208 

 

                                         
2 1

1 2

sin

sin

w
w

w

b

b
= = .                                     (4.8.1) 

 

 

                                 

        ʘ                                 ʙ                                     ʚ 

 

ʈʠʩ. 4.8.1. ʉʭʝʤʘ ʜʠʬʬʫʟʦʨʥʦʡ, ʙʝʟʜʠʬʬʫʟʦʨʥʦʡ ʠ ʢʦʥʬʫʟʦʨʥʦʡ 

ʧʨʷʤʳʭ ʨʝʰʝʪʦʢ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʛʣʝ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʠʟ ʨʝʰʝʪʢʠ 1 2b b ʠ 2b¢ 90
0
 

ʪʝʯʝʥʠʝ ʚ ʨʝʰʝʪʢʝ ʚʩʝʛʜʘ ʜʠʬʬʫʟʦʨʥʦʝ, ʪ.ʝ. 
2

1

1,0
w

w
w
= . ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʣʷ 

ʨʝʰʝʪʦʢ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 

ʧʦʪʦʢʘ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʧʦʜʚʠʞʥʳʭ  ʣʦʧʘʪʦʢ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʫʢʚʘ a). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʧʨʘʚʣʷʶʱʠʝ ʘʧʧʘʨʘʪʳ ʪʦʣʴʢʦ 

ʧʦʚʦʨʘʯʠʚʘʶʪ ʧʦʪʦʢ, ʙʝʟ ʝʛʦ ʟʘʤʝʜʣʝʥʠʷ ʠʣʠ ʫʩʢʦʨʝʥʠʷ ð ʨʠʩ. 4.8.1 ʙ. ʋ 

ʪʘʢʦʡ ʨʝʰʝʪʢʠ 
0

3 2180= -a a.  

ʉʦʧʣʦʚʳʝ ʘʧʧʘʨʘʪʳ ʪʫʨʙʠʥ ʩʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʨʘʙʦʪʫ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ. ʋ ʩʦʧʝʣ 
2

090a ʠ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʢʦʥʬʫʟʦʨʥʦʝ, 

2

1

1,0
c

c
c
= . ʃʦʧʘʪʦʯʥʳʝ ʨʝʰʝʪʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʩʭʝʤʝ  ʨʠʩ. 4.8.1 ʚ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʙʦʯʠʝ ʢʦʣʝʩʘ ʪʫʨʙʠʥ ʪʦʣʴʢʦ ʧʦʚʦʨʘʯʠʚʘʶʪ ʧʦʪʦʢ, ʙʝʟ 

ʝʛʦ ʟʘʤʝʜʣʝʥʠʷ ʠʣʠ ʫʩʢʦʨʝʥʠʷ, ʪ.ʝ. ʠʤʝʶʪ ʬʦʨʤʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʬʦʨʤʝ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʆʂ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 4.8.1 ʙ.  
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ʉʢʘʟʘʥʥʦʝ ʧʦʷʩʥʷʝʪ, ʯʪʦ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʫʩʣʦʚʠʡ ʦʙʪʝʢʘʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʧʨʦʬʠʣʝʡ ʚ ʩʦʩʪʘʚʝ ʨʝʰʝʪʢʠ ʚ ʪʦʤ, ʯʪʦ 

ʚʦʟʤʫʱʝʥʠʝ ʦʪ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ  ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ  ʧʦʩʪʦʷʥʥʫʶ 

ʩʢʦʨʦʩʪʴ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʧʨʦʬʠʣʷ ʚ ʩʦʩʪʘʚʝ ʨʝʰʝʪʢʠ ð ʥʘ ʜʠʬʬʫʟʦʨʥʦʝ 

ʪʝʯʝʥʠʝ ʚ ʊʂ, ʠʣʠ ʥʘ ʢʦʥʬʫʟʦʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʪʫʨʙʠʥʘʭ.  

ʅʘ ʨʠʩ. 4.8.2 ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ (ʥʝʚʷʟʢʦʝ 

ʦʙʪʝʢʘʥʠʝ) ʥʘ ʧʨʦʬʠʣʷʭ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʠ ʪʫʨʙʠʥʥʦʡ ʨʝʰʝʪʦʢ.  

ɺ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʬʠʣʷ, ʦʙʨʘʱʝʥʥʫʶ ʚ 

ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ, ʥʘʟʳʚʘʶʪ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʋ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʵʪʦ ʚʦʛʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʜʘʚʣʝʥʠʷ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʵʪʦ ʟʘʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʚʳʧʫʢʣʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʝʞʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ). 

ʋʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ 
sin 1

m
w

t
=
r b³

 ʧʦ ʜʣʠʥʝ 

ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʚ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʨʝʰʝʪʢʝ ʫʩʠʣʠʚʘʝʪ ʟʘʤʝʜʣʝʥʠʝ 

ʧʦʪʦʢʘ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʬʠʣʷ. 

 

 

                                   ʘ                                                                       ʙ 

 

ʈʠʩ. 4.8.2 ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ (ʥʝʚʷʟʢʦʝ ʦʙʪʝʢʘʥʠʝ) ʥʘ ʧʨʦʬʠʣʷʭ 

ʢʦʤʧʨʝʩʩʦʨʥʦʡ (ʘ) ʠ ʪʫʨʙʠʥʥʦʡ (ʙ) ʨʝʰʝʪʦʢ 

 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʪʝʢʘʥʠʷ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ ʘʥʘʣʦʛʠʠ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʢʘʥʘʣʘʤʠ (ʨʘʟʜʝʣ 3.4 çʊʝʯʝʥʠʝ 

ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʘʥʘʣʘʭè) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ ʚʦʟʤʦʞʥʳʡ ʦʪʨʳʚ ʧʦʜʘʚʣʷʝʪʩʷ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠ ʩʠʣʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 
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ʦʪʨʳʚʫ. ʂ ʪʦʤʫ ʞʝ ʧʦʪʝʨʠ ʦʪʨʳʚʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ 

ʦʪʨʳʚʘ, ʘ ʥʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʢʘʢ ʨʘʟ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʣʦʧʘʪʦʢ.  

ɿʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʚʜʦʣʴ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
2

max

ʟ

w
w

w
=  ʪʝʤ ʙʦʣʝʝ 

ʩʠʣʴʥʦ, ʯʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʢʠ 2w , ʠ ʙʦʣʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ maxw . ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ 

ʉ. ʃʠʙʣʷʡʥ (ʧʦʜʨʦʙʥʝʝ ʚ [14]) ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʠʤʝʥʥʦ ʚʝʣʠʯʠʥʘ 

ʜʠʬʬʫʟʦʨʥʦʩʪʠ ʟw  ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʦʪʨʳʚʘ ʧʦʪʦʢʘ. 

ʀʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʚʳʙʠʨʘʪʴ ʨʘʟʤʝʨʳ ʣʦʧʘʪʦʯʥʦʡ 

ʨʝʰʝʪʢʠ ʪʘʢ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʜʦʣʴ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ 

ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 45%. ʊ.ʝ. ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ  

ʚʝʣʠʯʠʥʫ ʬʘʢʪʦʨʘ ʜʠʬʬʫʟʦʨʥʦʩʪʠ:  

 

            
2

max

1 0,45D

w
F

w
= - = .                                     (4.8.2) 

 

ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ DF  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʟʘʤʝʜʣʝʥʠʶ, ʯʪʦ 

ʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʪʨʳʚ ʧʦʪʦʢʘ. ʅʘʦʙʦʨʦʪ, ʧʨʠ ʤʝʥʴʰʝʤ 

ʬʘʢʪʦʨʝ ʜʠʬʬʫʟʦʨʥʦʩʪʠ ʪʝʯʝʥʠʝ ʙʫʜʝʪ ʙʝʟʦʪʨʳʚʥʳʤ, ʥʦ ʥʝʙʦʣʴʰʦʡ ʧʦʚʦʨʦʪ 

ʧʦʪʦʢʘ ʥʝ ʧʦʟʚʦʣʠʪ ʧʝʨʝʜʘʪʴ ʛʘʟʫ ʥʫʞʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʝ ʧʣʶʩ ʧʦʣʦʚʠʥʘ ʥʘʛʨʫʟʢʠ 

ʚʳʧ ʚʦʛʥw w wD = - , ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʥʘ ʟʘʜʥʝʡ ʠ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʪʦʢ. ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʧʨʦʬʠʣʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʵʪʦ 

ʩʢʦʨʦʩʪʴ ʚ ʥʘʯʘʣʝ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ, ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 

max 1 10,5w w wº + D. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʘʤʝʜʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ 2 1

1 2

sin

sin

w

w

b
=

b
 ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʚʜʦʣʴ ʟʘʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦ: 

                                     

1

2 2

max 1 1

sin

sin

1 0,5 /

w

w w w

b

b
º
+ D

.                                (4.8.3)  
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ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʦʢ 

ʩʣʝʜʫʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ: 

ï ʩʨʝʜʥʝʝ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʠʟʣʠʰʥʝʡ ʠʟʦʛʥʫʪʦʩʪʠ 

ʧʨʦʬʠʣʝʡ, ʪ.ʝ. ʢʦʥʪʨʦʣʠʨʫʷ ʦʪʥʦʰʝʥʠʝ 1 2sin / sinb b, 

ï ʥʘʛʨʫʟʢʫ ʣʦʧʘʪʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʛʨʫʟʢʫ ʚʙʣʠʟʠ ʚʭʦʜʥʳʭ ʢʨʦʤʦʢ 1wD . 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʟʢʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ 

ʠʟʦʛʥʫʪʦʩʪʠ ʧʨʦʬʠʣʝʡ 
2 1ʣ ʣq=b -b, ʠ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʣʠʞʝ ʣʦʧʘʪʢʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʪ.ʝ. ʯʝʤ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʰʘʛ /t t B= . 

 ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʦʢ ʩ 

ʫʯʝʪʦʤ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ.  

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʢʦʥʬʫʟʦʨʥʳʭ ʪʫʨʙʠʥʥʳʭ ʨʝʰʝʪʦʢ ʪʘʢ 

ʞʝ ʦʯʝʥʴ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʪʘʤ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ɹʣʘʛʦʧʨʠʷʪʥʳʡ 

ʜʣʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʤ ʩʠʣʴʥʝʝ ʧʦʚʦʨʦʪ 

ʧʦʪʦʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ. ʅʘʛʨʫʟʢʘ ʧʨʦʬʠʣʝʡ ʧʨʠ ʵʪʦʤ 

ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʟʘʤʝʜʣʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʚʩʝ ʞʝ ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ ð ʨʠʩ. 4.8.2 ʙ.  

ʇʦʥʷʪʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʪʫʨʙʠʥʘʭ ʠʟ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʚ ʦʙʣʘʩʪʴ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʥʦʩʠʪ ʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ɼʚʠʞʝʥʠʝ ʛʘʟʘ 

ʚ ʊʂ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʛʜʘ ʛʨʦʟʠʪ ʧʨʦʨʳʚʦʤ ʛʘʟʘ ʠʟ ʧʦʣʦʩʪʠ 

ʥʘʛʥʝʪʘʥʠʷ ʥʘ ʚʩʘʩʳʚʘʥʠʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʬʦʨʤʳ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʂʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʙʣʝʤʥʦʩʪʠ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʧʨʠʚʝʜʝʤ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ. ʇʘʪʝʥʪʳ ʥʘ ʦʩʝʚʫʶ ʪʫʨʙʠʥʫ ʠ ʦʩʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ 

ʙʳʣʠ ʚʳʜʘʥʳ ʚ ʢʦʥʮʝ 19 ʚʝʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʫʨʙʠʥʳ ʩʨʘʟʫ ʞʝ 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʝ 

ʦʩʝʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʪʦʣʴʢʦ 40 ʣʝʪ ʩʧʫʩʪʷ, ʧʦʩʣʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

4.9. ʇɽʈɽʉʊʈʆʁʂɸ ʇʆʊʆʂɸ ʅɸ ɺʍʆɼɽ ʀ ɺʓʍʆɼɽ ʈɽʐɽʊʂʀ  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʪʝʢʘʥʠʷ ʠʟʦʛʥʫʪʦʡ ʜʫʞʢʠ ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʟʘʩʪʘʚʣʷʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʩʪʨʫʡʢʫ ʪʦʢʘ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʪʢʣʦʥʷʷʩʴ ʚ 

ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʘ ʩʪʨʫʡʢʘ 

ʧʦʧʘʜʘʝʪ ʥʘ ʧʝʨʝʜʥʶʶ ʢʨʦʤʢʫ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʥʝʚʦʟʤʫʱʝʥʥʳʡ ʧʦʪʦʢ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʭʦʨʜʳ ʧʨʦʬʠʣʷ. ʇʦʵʪʦʤʫ ʫʛʦʣ 

ʘʪʘʢʠ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ a ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ, 
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ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʭʦʨʜʳ ʧʨʦʬʠʣʷ. ɹʝʟʫʜʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ a= 0. 

 ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʫʩʣʦʚʠʝ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ ʚ 

ʨʝʰʝʪʢʫ ʧʨʦʬʠʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʨʠʪʠʯʝʩʢʘʷ ʩʪʨʫʡʢʘ ʥʘʧʨʘʚʣʝʥʘ 

ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʝʛʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, ʪ.ʝ. ʧʦʜ ʫʛʣʦʤ 1ʣb . ʆʜʥʘʢʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʝʟʫʜʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʦʪʦʢ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥ ʥʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʦʨʜʳ ʣʦʧʘʪʦʢ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʥʘʛʨʫʟʢʘ 

ʧʨʦʬʠʣʝʡ ʚ ʩʦʩʪʘʚʝ ʨʝʰʝʪʢʠ ʚʣʠʷʝʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʨʫʡʢʠ ʚ 

ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʦ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ.  

ʉʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʦʬʠʣʠ ʨʝʰʝʪʢʠ ʤʝʥʴʰʝ 

ʥʘʛʨʫʞʝʥʳ, ʯʝʤ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʬʠʣʠ ʩ ʪʝʤ ʞʝ ʫʛʣʦʤ ʠʟʦʛʥʫʪʦʩʪʠ. ʕʪʦ 

ʧʦʥʷʪʥʦ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʧʨʦʬʠʣʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ ʠ ʨʘʟʤʝʨʦʤ ʥʦʨʤʘʣʠ, ʪ.ʝ. ʰʘʛʦʤ ʨʝʰʝʪʢʠ:  

 

                   
0

a

ʚʳʧ ʚʦʛʥ

w
w w da

a

µ
- =

µñ
,                                  (4.9.1) 

ʛʜʝ sin ʣ ʣa t= b -d, 
2w w

a R

µ
=

µ
,   Rð ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʠʠ ʪʦʢʘ ʚ 

ʤʝʞʣʦʧʘʪʦʯʥʦʤ ʢʘʥʘʣʝ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʡ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ. 

 

ɼʨʫʛʦʝ ʦʪʣʠʯʠʝ ʪʝʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʫʞʢʦʡ 

ʠʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʣʝʩʥʳʝ ʧʨʦʬʠʣʠ 

ʟʘʥʠʤʘʶʪ ʯʘʩʪʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. ɺ ʮʝʣʦʤ ʜʠʬʬʫʟʦʨʥʳʡ ʤʝʞʣʦʧʘʪʦʯʥʳʡ 

ʢʘʥʘʣ ʚ ʩʚʦʝʤ ʥʘʯʘʣʝ ʠʤʝʝʪ ʢʦʥʬʫʟʦʨʥʳʡ ʫʯʘʩʪʦʢ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʯʝʤ ʪʦʣʱʝ ʧʨʦʬʠʣʠ, ʠ ʯʝʤ ʙʣʠʞʝ ʦʥʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʝʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʘʷ 

ʩʪʨʫʡʢʘ ʪʦʢʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ.  

ʋʯʝʪ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʧʦʪʦʢʘ ʣʦʧʘʪʢʘʤʠ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠʥʷʪʦ 

ʜʝʣʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʦʙʪʝʢʘʥʠʷ ʣʦʧʘʪʦʢ ʮʝʥʪʨʦʙʝʞʥʳʭ ʈʂ. ʅʘ ʨʠʩ. 4.9.1 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʟʘʛʨʦʤʦʞʜʝʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʈʂ, ʠ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʫʡʢʠ ʪʦʢʘ, ʠʜʫʱʝʡ ʚ ʧʝʨʝʜʥʶʶ ʢʨʠʪʠʯʝʩʢʫʶ 

ʪʦʯʢʫ ʣʦʧʘʪʢʠ. 
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ʈʠʩ. 4.9.1. ʉʪʝʩʥʝʥʠʝ ʧʦʪʦʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʪʨʫʡʢʠ ʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʮʝʥʪʨʦʙʝʞʥʦʝ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 

 

 

ʃʦʧʘʪʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʈʂ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʪʦʣʱʠʥʫ ʩ ʟʘʦʩʪʨʝʥʠʝʤ 

ʚʭʦʜʥʳʭ ʢʨʦʤʦʢ. ɿʘʛʨʦʤʦʞʜʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʫʯʠʪʳʚʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʩʥʝʥʠʷ: 

 

      
/

1 1
1

1 1 1

(2 / ) ( /sin )
1

(2 / ) sin

ʣ ʣ ʣ

ʣ

t r z K z
K

t r z D

p - ³d b d
t = = = -

p b
.             (4.9.2) 

 

ɿʜʝʩʴ:K = 0,5ï0,7 ð ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʭʦʜʥʳʝ ʢʨʦʤʢʠ ʣʦʧʘʪʦʢ ʟʘʦʩʪʨʝʥʳ, 2/ʣ ʣDd d=  

ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʣʦʧʘʪʦʢ ʈʂ, 1 1 2/D D D= ð ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ 

ʥʘʯʘʣʘ ʣʦʧʘʪʦʢ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʩʪʝʩʥʝʥʠʷ ʨʘʩʭʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 1 1 1' /r rc c t= . ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
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ʩʢʦʨʦʩʪʠ  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʝʩʥʝʥʠʷ: ' 1 1
1

1

c
tg

u

t
b = . ʅʘ  ʨʠʩ. 4.9.1 ʵʪʦ ʚʝʢʪʦʨ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʪʝʩʥʝʥʠʷ '

1w, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜ ʫʛʣʦʤ '

1b.  

ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʣʦʧʘʪʢʘʭ ʦʪʢʣʦʥʷʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʩʪʨʫʡʢʫ ʪʦʢʘ ʚ 

ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʚʨʘʱʝʥʠʶ. ʋ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʨʫʡʢʠ ʪʦʢʘ 

ʧʦʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʟʘʢʨʫʪʢʘ 1 0ucD , ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.9.1 ʚ.  ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʝʝ ʚʭʦʜʥʦʡ ʫʛʦʣ. ʅʦ ʠʟ-ʟʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʬʠʣʝʡ ʚ ʨʝʰʝʪʢʝ 

ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ 
1ʧʩw ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʪʨʫʡʢʠ ʪʦʢʘ 
1ʧʩb . ɸʥʘʣʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʜʥʷʷ 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʭʦʜʥʦʡ ʢʨʦʤʢʦʡ ʣʦʧʘʪʢʠ (ʫʩʣʦʚʠʝ 

ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ) ʧʨʠ 
1 1ʧʩ ʣb =b.  

ɺ ʪʝʦʨʠʠ ʨʝʰʝʪʦʢ ʥʝ ʧʨʠʥʷʪʦ ʦʧʝʨʠʨʦʚʘʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ 

ʧʦʥʷʪʠʝʤ ʩʪʝʩʥʝʥʠʷ ʧʦʪʦʢʘ ʣʦʧʘʪʢʘʤʠ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ, ʭʦʪʷ  ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ. 

ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʨʫʡʢʠ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʝʥʴʰʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʯʝʤ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʊʘʢ ʢʘʢ 
1 1ʧʩb b, ʪʦ ʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ 

ʫʛʣʘ ʘʪʘʢʠ, ʦʪʩʯʠʪʳʚʘʝʤʦʛʦ ʦʪ ʫʛʣʘ ʣʦʧʘʪʦʢ ʥʘ ʚʭʦʜʝ (ʘ ʥʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʭʦʨʜʳ, ʢʘʢ ʫ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ). ʋʛʣʳ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʪʫʧʝʥʠ ʆʂ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʣʘʪʠʥʩʢʦʡ ʙʫʢʚʦʡ i : 

 

                    1 1 1 ( )ʣi ʈʂ= -b b , 2 2 2 ( )ʣi ʅɸ= -a a .                 (4.9.3) 

 

ʀʪʘʢ, ʫʛʦʣ ʘʪʘʢʠ ʥʘ ʚʭʦʜʝ ʚ ʣʦʧʘʪʦʯʥʫʶ ʨʝʰʝʪʢʫ iʝʩʪʴ ʨʘʟʥʦʩʪʴ 

ʚʭʦʜʥʦʛʦ ʫʛʣʘ ʣʦʧʘʪʦʢ ʠ ʫʛʣʘ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ. ʇʦʚʪʦʨʠʤ 

ʝʱʝ ʨʘʟ, ʯʪʦ ʫʩʣʦʚʠʝ ʙʝʟʫʜʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʨʝʜʥʝʛʦ ʧʦ ʰʘʛʫ ʧʦʪʦʢʘ, ʘ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʨʫʡʢʠ ʪʦʢʘ, ʠʜʫʱʝʡ ʚ 

ʧʝʨʝʜʥʶʶ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ ʧʨʦʬʠʣʷ (ʧʦʩʣʝʜʥʷʷ ʜʦʣʞʥʘ ʩʦʚʧʘʜʘʪʴ ʩ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʦʡ ʧʨʠ ʙʝʟʫʜʘʨʥʦʤ ʦʙʪʝʢʘʥʠʠ). ʅʘʧʨʘʚʣʝʥʠʝ ʵʪʦʡ ʩʪʨʫʡʢʠ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʥʘʛʨʫʟʢʘ ʥʘ ʣʦʧʘʪʢʫ ʠ ʯʝʤ ʙʣʠʞʝ ʢ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʩʤʝʱʝʥʘ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʥʘʛʨʫʟʢʠ.  
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʢʠ. ʇʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʩ ʫʩʣʦʚʠʝʤ ʩʭʦʜʘ ʧʦʪʦʢʘ 

ɾʫʢʦʚʩʢʦʛʦ - ʏʘʧʣʳʛʠʥʘ ʢʘʨʪʠʥʘ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʘʥʘʣʦʛʠʯʥʘ ʢʘʨʪʠʥʝ ʥʘ 

ʚʭʦʜʝ ʧʨʠ ʙʝʟʫʜʘʨʥʦʤ ʚʭʦʜʝ ð ʨʠʩ. 4.7.1 ʚʳʰʝ. ʊʦ ʝʩʪʴ, ʥʘ ʚʳʭʦʜʝ 

ʢʨʠʪʠʯʝʩʢʠʝ ʩʪʨʫʡʢʠ ʪʦʢʘ ʧʦʢʠʜʘʶʪ ʧʨʦʬʠʣʠ ʨʝʰʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʳʭʦʜʥʦʛʦ ʫʛʣʘ ʣʦʧʘʪʦʢ 2ʣb . ɺ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ ʩʪʨʫʡʢʠ ʪʦʢʘ ʧʦʢʠʜʘʶʪ 

ʨʝʰʝʪʢʫ ʧʦʜ ʫʛʣʦʤ 2 2ʣb b. ʅʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʨʝʰʝʪʢʠ ʧʦʪʦʢ 

ʚʳʨʘʚʥʠʚʘʝʪʩʷ, ʠ ʩʨʝʜʥʠʡ ʧʦ ʰʘʛʫ ʨʝʰʝʪʢʠ ʫʛʦʣ ʚʳʭʦʜʘ ʧʦʪʦʢʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʫʛʣʘ ʣʦʧʘʪʦʢ. ʊʘʢ ʚʦʟʥʠʢʘʝʪ ʦʪʩʪʘʚʘʥʠʝ ʧʦʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʣʦʧʘʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ: 

 

                         2 2 0ʣD = -b b b , 3 3 3 0ʣD = -a a a .             (4.9.4) 

 

ʇʝʨʝʩʪʨʦʡʢʘ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʢʠ ð ʵʪʦ ʚʳʨʘʚʥʠʚʘʥʠʝ ʫʛʣʦʚ 

ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʜʠʥʘʢʦʚʳ ʧʦ ʰʘʛʫ ʤʝʞʜʫ ʣʦʧʘʪʢʘʤʠ ʚʜʦʣʴ ʟʘʜʥʝʛʦ 

ʬʨʦʥʪʘ ʨʝʰʝʪʢʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʣʝʛʢʦ ʧʦʥʷʪʴ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʦʙʨʘʱʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ï ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʥʘ ʨʠʩ. 4.7.1 

(ʥʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ ʬʦʨʤʘ ʣʠʥʠʡ ʪʦʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ð ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ ʚ ʨʝʰʝʪʢʝ, ʠʣʠ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʢʨʠʪʠʯʝʩʢʠʝ ʩʪʨʫʡʢʠ ʪʦʢʘ ʧʦʜʩʘʩʳʚʘʶʪʩʷ ʢ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʫʛʦʣ ʧʦʪʦʢʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʫʛʣʘ ʧʦʪʦʢʘ

2 2ʣb b.  

ʀʪʘʢ, ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ, ʫʛʦʣ 

ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʫʛʣʘ ʚʳʭʦʜʘ ʣʦʧʘʪʦʢ2ʣb . ʋʛʦʣ ʦʪʩʪʘʚʘʥʠʷ 

ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʥʘʛʨʫʟʢʘ ʣʦʧʘʪʦʢ, ʪ.ʝ. ʯʝʤ ʙʦʣʴʰʝ ʦʥʠ ʠʟʦʛʥʫʪʳ ʠ 

ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʧʘʪʦʢ ʥʘ ʚʳʭʦʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʨʝʘʣʴʥʦʤ ʚʷʟʢʦʤ ʧʦʪʦʢʝ. 

ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʚʝʜʫʪ ʢ ʫʩʠʣʝʥʠʶ 

ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ, ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 4.6.3 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʫʨ ʧʨʦʬʠʣʷ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʤʝʥʴʰʠʤ ʫʛʣʦʤ 

ʚʳʭʦʜʘ, ʯʝʤ ʩʘʤ ʧʨʦʬʠʣʴ. ʇʦʵʪʦʤʫ ʥʝʚʷʟʢʦʝ ʷʜʨʦ ʧʦʪʦʢʘ ʦʪʩʪʘʝʪ ʫʞʝ ʥʝ ʦʪ 

ʚʝʣʠʯʠʥʳ 2ʣb , ʘ ʦʪ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʳ 2( ) 2ʣ ʵʬ ʣb b.  
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ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪʩʪʘʚʘʥʠʝ ʧʦʪʦʢʘ ʧʨʠ ʦʪʨʳʚʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 4.7.3) ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ɿʦʥʘ ʦʪʨʳʚʘ ʦʪʪʝʩʥʷʝʪ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʪʦʢʘ 

ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ ʚʳʭʦʜʘ. 

4.10. ɼʀɸɻʈɸʄʄʓ çʅɽɺʗɿʂʀʍè ʉʂʆʈʆʉʊɽʁ ʂɸʂ 

ʀʉʊʆʏʅʀʂ ʀʅʌʆʈʄɸʎʀʀ ʆɹ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽʐɽʊʆʂ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʨʘʙʦʪʘʶʪ ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʳʙʠʨʘʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ. ʅʘ ʵʪʦʤ ʨʝʞʠʤʝ ʊʂ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ pʘʩʯm  (ʢʛ/ʩ) ʠ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ 
ʢ

ʨʘʩʯ

ʥ

p

p
=p  ʧʨʠ 

ʨʘʩʯʝʪʥʳʭ ʦʙʦʨʦʪʘʭ 
pʘʩʯn  (ʦʙ/ʤʠʥ) ʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʚʭʦʜʝ ʥP  (ʄʇʘ), 

ʥʊ  (ʂ), R (ɼʞ/ʢʛ/ʂ), ʥm  (ʥ*ʩ/ʤ
2
), /p vk C C= . ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʫʧʝʥʠ 

ʛʣʘʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ð ʦʙʝʩʧʝʯʠʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʟʘʪʨʘʪʝ 

ʵʥʝʨʛʠʠ, ʪ.ʝ. ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʂʇɼ. 

ɼʣʷ ʚʳʙʦʨʘ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʤʝʪʦʜʳ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʨʘʙʦʯʝʤ ʧʨʦʮʝʩʩʝ, ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʳʪʘʥʠʷ ʣʦʧʘʪʦʯʥʳʭ 

ʨʝʰʝʪʦʢ ʠ ʩʪʫʧʝʥʝʡ, ʠʩʧʳʪʘʥʠʷʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʂʦʛʜʘ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʊʂ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʭ, ʠʩʧʳʪʘʥʠʷ 

ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʨʘʩʯʝʪʥʳʡ ʨʘʩʭʦʜ 
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, ʥʫʞʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʟʘʜʘʥʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʦʙʝʩʧʝʯʝʥʳ. ʅʝ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʠ  

ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ  ʂʇɼ.  

ɺ çʜʦʢʦʤʧʴʶʪʝʨʥʫʶè ʵʧʦʭʫ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʨʢʠ 

ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʠʩʧʳʪʘʥʠʝ ʫʤʝʥʴʰʝʥʥʳʭ ʢʦʧʠʡ ʊʂ ð ʝʛʦ 

ʤʦʜʝʣʝʡ, ʠʣʠ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ (ʯʪʦ ʜʝʰʝʚʣʝ, ʥʦ ʤʝʥʝʝ ʥʘʜʝʞʥʦ). 

ʀʩʧʳʪʘʥʠʷ ʦʙʳʯʥʦ ʧʦʢʘʟʳʚʘʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʜʘʚʣʝʥʠʡ ʟʘʜʘʥʥʦʤʫ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʠʣʠ 

ʫʤʝʥʴʰʠʪʴ ʚʳʭʦʜʥʳʝ ʫʛʣʳ ʣʦʧʘʪʦʢ ʈʂ, ʠ ʜʨ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʜʘʯʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʳʚʘʣʠ, ʢʘʢ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʂʇɼ. ʇʨʦʮʝʩʩ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ð ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʦʚʦʜʢʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʊʂ. 
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ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʪʘʢʫʶ ʧʨʦʚʝʨʢʫ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʘʢʠʝ ʧʨʦʚʝʨʢʠ ʜʝʣʘʶʪʩʷ ʥʝ ʚʩʝʛʜʘ, ʠʣʠ 

ʜʝʣʘʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ. ʇʦʵʪʦʤʫ ʧʨʠʙʣʠʞʝʥʥʦʩʪʴ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʪ.ʝ. ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ 

ʟʘʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʘʢ ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

(ʝʚʨʦʧʝʡʩʢʠʡ) ʩʪʘʥʜʘʨʪ ISO 5389:1991, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʧʨʘʚʠʣʘ 

ʠʩʧʳʪʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʠ ʩʜʘʯʝ 

ʟʘʢʘʟʯʠʢʘʤ, ʪʨʝʙʫʝʪ ʙʝʟʫʩʣʦʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʜʘʚʣʝʥʠʡ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ, ʥʦ ʜʦʧʫʩʢʘʝʪ ʧʨʝʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 4%. 

ʕʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʧʫʱʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʥʝʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʂʇɼ. ɼʦ ʩʠʭ ʧʦʨ ʚ ʫʩʣʦʚʠʷ ʧʦʩʪʘʚʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʎʂ 

ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʢʣʶʯʘʶʪ ʧʫʥʢʪʳ ʪʠʧʘ çʤʘʢʩʠʤʘʣʴʥʳʡ 

ʂʇɼ ʨʘʚʝʥ 87ï4%è, ʠʣʠ çʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʨʘʚʝʥ 86 Ñ 3%è. 

ʀʜʝʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʳʣʘ ʙʳ ʧʨʦʮʝʜʫʨʘ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ 

ʊʂ ʠ ʘʥʘʣʠʟ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʧʨʦʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʨʝʰʘʶʪʩʷ ʤʥʦʛʠʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʧʨʠʢʣʘʜʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʝʭʤʝʨʥʦʛʦ, ʚʷʟʢʦʛʦ, ʩʞʠʤʘʝʤʦʛʦ ʠ, 

(ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ) ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʂ ʩ ʣʶʙʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʴʶ. ʅʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʠ 

ʵʪʠ ʧʨʦʛʨʘʤʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʨʘʩʯʝʪʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʦʜʝʣʷʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ð 

ʵʤʧʠʨʠʯʝʩʢʠʭ, ʘ ʩʪʘʣʦ ʙʳʪʴ, ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ. ɹʦʣʴʰʦʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ʚʷʟʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʢʘʬʝʜʨʝ ʂɺʍʊ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ɻʝʨʤʘʥʠʠ ʠ ʇʦʣʴʰʠ, ʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʠ ʪʨʫʜʦʝʤʢʠʝ 

ʨʘʩʯʝʪʳ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. 

ʆʜʥʘʢʦ ʵʪʠʤ ʧʨʦʛʨʘʤʤʘʤ ʧʦʢʘ ʥʝʣʴʟʷ ʜʦʚʝʨʠʪʴ ʨʘʩʯʝʪʥʫʶ ʧʨʦʚʝʨʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʂ.  

ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʙʲʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʚʦʜʢʠ, ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʝʝ ʩʦʚʩʝʤ. ʇʨʘʢʪʠʢʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʥʝʚʷʟʢʦʛʦ 

ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. ʅʝʚʷʟʢʠʡ ʧʦʪʦʢ ʥʝ ʚʩʪʨʝʯʘʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʦʝʤʫ ʜʚʠʞʝʥʠʶ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʂʇɼ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʠʣʠ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʟʚʝʜʝʥʘ. ɿʘʪʦ çʥʝʚʷʟʢʠʝè ʨʘʩʯʝʪʳ ʜʘʶʪ ʦʯʝʥʴ ʧʦʣʝʟʥʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʨʘʩʯʝʪʳ. 
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ʀʜʝʷ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʨʦʬ. ʏ.ʍ. ɺʫ ʚ 

ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʣʦʧʘʪʦʯʥʘʷ ʨʝʰʝʪʢʘ ʟʘʤʝʥʷʝʪʩʷ ʨʝʰʝʪʢʦʡ ʩ ʙʝʩʢʦʥʝʯʥʳʤ 

ʯʠʩʣʦʤ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʭ ʣʦʧʘʪʦʢ. ʇʨʠ ʵʪʦʤ ʪʝʯʝʥʠʝ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ 

ʚʷʟʢʦʩʪʴʶ ʨʝʟʢʦ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ ʟʘʤʝʥʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʚʫʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʥʘ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʦʢʘ (ʆʇʊ), ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ. ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʧʦʪʦʢ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʨʷʜʘ ʜʚʫʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʨʷʜʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʢʘ. ʆʧʨʝʜʝʣʝʥʥʘʷ ʫʩʣʦʚʥʦʩʪʴ ʪʘʢʦʡ ʩʭʝʤʳ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʘʟʚʘʥʠʝʤ: çʢʚʘʟʠʪʨʝʭʤʝʨʥʳʡè ʧʦʪʦʢ (çʧʦʯʪʠ ʪʨʝʭʤʝʨʥʳʡè 

ʩ ʫʯʝʪʦʤ ʣʘʪʠʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʦʚʘ çʢʚʘʟʠè). 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʚʷʟʢʦʛʦ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ 

ʧʦʪʦʢʘ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʢʘʬʝʜʨʦʡ ʢʦʤʧʨʝʩʩʦʨʦʩʪʨʦʝʥʠʷ ʃʇʀ (ʥʳʥʝ ʢʘʬʝʜʨʘ ʢʦʤʧʨʝʩʩʦʨʥʦʡ, 

ʚʘʢʫʫʤʥʦʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʉʇʙɻʇʋ), ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ ʩʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 1960ïʭ ʛʛ.  

ʉʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʙʣʠʟʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ 

ʠʟʤʝʨʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ çʥʝʚʷʟʢʠʝè 

ʨʘʩʯʝʪʳ ʜʣʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 4.10.1 ʧʦʢʘʟʘʥʘ 

ʩʭʝʤʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʜʚʫʭʲʷʨʫʩʥʦʡ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʘ ʣʦʧʘʪʢʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 4.10.1 

ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʥʘʯʘʣʘ ʣʦʧʘʪʦʢ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʧʨʠ 2/ 0,80r r º . ʇʠʢʠ 

ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʥʳʭ ʢʨʦʤʢʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʜʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ 

ʚʭʦʜʥʳʭ ʢʨʦʤʦʢ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʘʪʘʢʠ ʧʨʠ ʨʘʩʭʦʜʝ ʥʘ 

15% ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ. ʇʣʦʱʘʜʴ ʨʘʩʯʝʪʥʳʭ ʜʠʘʛʨʘʤʤ ʙʦʣʴʰʝ ʠʟʤʝʨʝʥʥʳʭ 

ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʟʘʤʝʜʣʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʝ ʣʦʧʘʪʦʢ ʚ ʠʭ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʫʪʦʣʱʘʶʱʠʭʩʷ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʣʦʝʚ ʠ ʛʜʝ ʧʦʷʚʣʷʝʪʩʷ ʚʠʭʨʝʚʘʷ ʟʦʥʘ ð ʩʣʝʜ. 
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ʈʠʩ. 4.10.1.  

ʘ. ɼʚʫʭʲʷʨʫʩʥʘʷ ʣʦʧʘʪʦʯʥʘʷ ʨʝʰʝʪʢʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʈʂ.  

ʙ. ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʣʦʧʘʪʢʘʭ ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ð ʠʟʤʝʨʝʥʠʷ, ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ ð 

ʢʚʘʟʠʪʨʝʭʤʝʨʥʳʡ ʨʘʩʯʝʪ [18] 

 

ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ çʥʝʚʷʟʢʦʛʦè ʨʘʩʯʝʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʥʝʙʦʣʴʰʦʛʦ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʠʩ. 4.10.2ï 4.10.4. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʈʂ 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ 3ɼʄ.023 [20]. 
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ʈʠʩ. 4.10.2 ʘ ï ʚʠʜ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʧʦʣʫʦʪʢʨʳʪʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʯp = 

4,2,  

ʙ ï ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʣʦʧʘʪʢʘʭ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʜʠʩʢʘ (ʩʣʝʚʘ), ʧʦʩʝʨʝʜʠʥʝ ʚʳʩʦʪʳ ʣʦʧʘʪʦʢ ʠ ʫ ʧʝʨʠʬʝʨʠʠ 

ʣʦʧʘʪʦʢ (ʩʧʨʘʚʘ)  

 

    

 

                          ʘ                                                                      ʙ 

 

ʈʠʩ. 4.10.3 ʘ ï ʦʙʨʘʟʫʶʱʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʢʘ ʠ 

ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʠ, ʙ ï ʠʟʤʝʥʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʆʇʊ  
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ʈʠʩ. 4.10.4. ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʩ ʧʦʣʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʣʦʧʘʪʢʘʤʠ 

ð ʘʣʴʪʝʨʥʘʪʠʚʘ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʥʘ ʨʠʩ. 4.10.2. 

ʘ ï  ʚʠʜ ʣʦʧʘʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ,  

ʙ ï ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʜʠʩʢʘ (ʩʣʝʚʘ), ʧʦʩʝʨʝʜʠʥʝ 

ʚʳʩʦʪʳ ʣʦʧʘʪʦʢ ʠ ʫ ʧʝʨʠʬʝʨʠʠ ʣʦʧʘʪʦʢ (ʩʧʨʘʚʘ) 

 

 

ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 4.10.3 ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʩʫʞʜʝʥʠʷ ʦ ʧʨʦʝʢʪʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

1. ɺʭʦʜʥʳʝ ʢʨʦʤʢʠ ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ ʦʙʪʝʢʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʫʜʘʨʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʨʝʞʠʤʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʠʢʠ 

ʩʢʦʨʦʩʪʝʡ ʫ ʦʩʥʦʚʥʦʛʦ ʜʠʩʢʘ ʠ ʧʦʩʝʨʝʜʠʥʝ ʣʦʧʘʪʢʠ ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʙʳ ʦʙʪʝʢʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʠʢʦʚ ʢʘʢ ʥʘ ʨʠʩ. 4.7.4, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʙʳ ʦʙ ʦʙʪʝʢʘʥʠʠ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʤ ʘʪʘʢʠ 1 1 1 0ʣi b b= - . ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʂʇɼ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʣʦʧʘʪʦʯʥʳʝ ʫʛʣʳ ʩʣʝʜʦʚʘʣʦ ʙʳ 

ʫʤʝʥʴʰʠʪʴ. ʆʙʪʝʢʘʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʨʠʩ.4.7.6, ʫʢʘʟʘʣʦ ʙʳ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʚʭʦʜʥʳʝ ʫʛʣʳ ʣʦʧʘʪʦʢ. 
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2. ʇʣʦʱʘʜʴ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ. ʀʟʚʝʩʪʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʠ ʦʞʠʜʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ 

ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ 2 2/T uc uy =  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʦʣʝ ʛʨʘʬʠʢʦʚ. ɽʩʣʠ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ, 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜʥʦʡ ʫʛʦʣ ʠ (ʠʣʠ) ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʧʘʪʦʢ, ʠ ʥʘʦʙʦʨʦʪ. 

3. ɼʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʜʠʩʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ. ʉʠʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ 

ʣʦʧʘʪʦʢ ʩʤʝʥʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝʤ ʧʦʪʦʢʘ ʥʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʡ 

ʯʘʩʪʠ, ʠ ʧʦʚʪʦʨʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʚ ʢʦʥʮʝ (ʵʪʦ ʦʙʣʘʩʪʴ ʨʘʟʛʨʫʟʢʠ ʣʦʧʘʪʦʢ, ʛʜʝ 

ʩʢʦʨʦʩʪʠ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʦʧʘʪʦʢ ʜʦʣʞʥʳ ʚʳʨʦʚʥʷʪʴʩʷ ʥʘ ʟʘʜʥʝʡ 

ʢʨʦʤʢʝ). ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʣʦʧʘʪʦʢ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʠʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʦʢ 

ʧʨʠʝʤʣʝʤʦ, ʪʘʢ ʢʘʢ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʣʦʧʘʪʦʢ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʪʦʥʢʠʝ, ʠ 

ʠʭ ʦʪʨʳʚ ʥʝ ʥʝʠʟʙʝʞʝʥ. 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩ. 4.10.2 ʠ 4.10.3 ʈʂ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʷʚʠʚʰʠʭʩʷ ʝʱʝ ʚ 1940-ʝ ʛʛ. (ʧʝʨʚʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ð ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʠʛʘʪʝʣʴ çʅʠʥè ʬʠʨʤʳ ʈʦʣʣʩïʈʦʡʩ ʜʣʷ ʠʩʪʨʝʙʠʪʝʣʷïʧʝʨʝʭʚʘʪʯʠʢʘ 

ʙʨʠʪʘʥʩʢʠʭ ɺɺʉ çɻʣʦʩʪʝʨ ï ʄʝʪʝʦʨè, 1943 ʛ.). ʅʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʧʣʦʩʢʠʝ, ʥʝʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʦʧʘʪʢʠ ʚ ʨʘʜʠʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʈʂ ʥʘ ʨʠʩ. 4.10.4 ʠʤʝʝʪ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʦʧʘʪʢʠ. ɼʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 4.10.4 ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ɿʘʢʘʟʯʠʢ ʧʨʠʥʷʣ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪ ʧʦ ʨʠʩ. 4.10.2, ʪʘʢ ʢʘʢ ʨʘʩʯʝʪ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʈʂ ʚʘʨʠʘʥʪʘ ʧʦ ʨʠʩ. 4.10.4 ʧʦʢʘʟʘʣ ʝʛʦ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 2u = 560 ʤ/ʩ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʝʨʝʯʠʩʣʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʥʝʚʷʟʢʦʛʦ 

ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ ʨʘʩʯʝʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʈʂ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʥʳʭ ʢʨʦʤʢʘʭ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʨʠ ʟʘʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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2. ʈʘʩʩʯʠʪʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʥʝʚʷʟʢʦʛʦ ʧʦʪʦʢʘ 

ʩ ʫʯʝʪʦʤ ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ 2 2/Tʨʘʩʯ uc u=y , 

3. ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʦʙʪʝʢʘʥʠʷ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʬʦʨʤʫ ʣʦʧʘʪʦʢ, ʜʦʙʠʚʘʷʩʴ ʦʪʩʫʪʩʪʚʠʷ ʥʝʥʫʞʥʳʭ ʧʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʠ 

ʢʦʥʪʨʦʣʠʨʫʷ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʦʧʘʪʦʢ ð ʚ ʧʨʝʜʝʣʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʠ ʜʦʧʫʩʢʘʝʤʳʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ.  

 

4.11. ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ʇʈʆʌʀʃɽʁ ʀ 

ʈɽʐɽʊʆʂ 

ʇʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʚ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʢʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʬʦʨʤʳ, ʢʘʢ ʩʘʤʠʭ 

ʨʝʰʝʪʦʢ, ʪʘʢ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʧʨʦʬʠʣʝʡ.  

ʊʠʧʠʯʥʘʷ ʬʦʨʤʘ ʧʨʷʤʦʛʦ ʠʩʭʦʜʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʘʭʦʜʷʱʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʢʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.6.1 ʚʚʝʨʭʫ. ɻʣʘʚʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʨʤʳ ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ: 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ max max/ ʠʩʭd d B= , 

ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʦʪ 

ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ /d d ʠʩʭB B B= . 

ʅʘ ʨʠʩ. 4.11.1 ʩʦʚʤʝʱʝʥʳ ʧʨʦʬʠʣʠ ʪʨʝʭ ʪʠʧʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ maxd = 0,20 [14]. ɹʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʧʨʦʬʠʣʝʡ ʥʘ 

ʨʠʩʫʥʢʝ ʚʳʙʨʘʥʘ ʫʩʣʦʚʥʦ, ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʳ. ʋ ʈʂ 

ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʪʦʣʱʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʚʪʫʣʢʝ ð ʜʣʷ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʦʪ ʠʟʛʠʙʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʝʨʚʠʯʥʳʡ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ 

ʦʩʝʚʳʭ ʨʝʰʝʪʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ. ʋ ʆʂ ʪʠʧʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʯʝʪʥʦʤ ʨʘʜʠʫʩʝ ʦʙʳʯʥʦ 

ʨʘʚʥʘ maxd = 0,05. ʋ ʧʝʨʠʬʝʨʠʠ ʣʦʧʘʪʦʢ ʈʂ ʦʥʘ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 0,02, 

ʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʫ ʢʦʨʥʷ ʜʦ 0,10 - 0,12.  
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ʈʠʩ. 4.11.1. ʌʦʨʤʳ ʪʨʝʭ ʧʨʦʬʠʣʝʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ maxd = 

0,20 

ʃʠʥʠʠ: ʩʧʣʦʰʥʘʷ ð NACA-65, ʰʪʨʠʭʦʚʘʷ ð ʉ-4, ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ 

ð ʜʚʫʭʜʫʛʦʚʦʡ [14] 

 

ʋ ʧʨʦʬʠʣʝʡ ʥʘ ʨʠʩ. 4.11.1 ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ: 

ï ʧʨʦʬʠʣʠ ʉ-4 ʦʪʨʘʙʦʪʘʥʳ ʜʣʷ ʥʠʟʢʠʭ ʯʠʩʝʣ ʄʘʭʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʧʨʠʙʣʠʞʝʥʘ ʢ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ dB =0,30. ʇʦʵʪʦʤʫ ʚʭʦʜʥʘʷ ʢʨʦʤʢʘ 

ʥʘʠʙʦʣʝʝ ʪʦʣʩʪʘʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʨʘʙʦʪʫ ʧʨʠ ʥʝʨʘʩʯʝʪʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ, 

 ï ʧʨʦʬʠʣʠ NACA-65 ʧʨʝʜʥʘʟʥʘʯʝʥʳ  ʜʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʦʟʚʫʢʦʚʳʭ 

ʯʠʩʝʣ ʄʘʭʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʜʘʣʴʰʝ ʦʪ ʚʭʦʜʥʦʡ 

ʢʨʦʤʢʠ dB =0,40. ɺʭʦʜʥʘʷ ʢʨʦʤʢʘ ʪʦʥʴʰʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʝʥʴʰʝʤʫ 

ʚʦʟʤʫʱʝʥʠʶ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, 

ï ʜʚʫʭʜʫʛʦʚʳʝ ʧʨʦʬʠʣʠ (DCA ʧʦ ʟʘʧʘʜʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ) 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʨʘʥʩʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ï ʯʠʩʣʘ ʄʘʭʘ ʦʢʦʣʦ ʝʜʠʥʠʮʳ. 

ʀʭ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʜʠʥʘʢʦʚʳ ʫ 

ʧʨʷʤʦʛʦ ʧʨʦʬʠʣʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʩʝʨʝʜʠʥʝ dB

=0,50. ɺʭʦʜʥʘʷ ʢʨʦʤʢʘ ʜʦʚʦʣʴʥʦ ʦʩʪʨʘʷ, ʚʳʟʳʚʘʶʱʘʷ ʥʘʠʤʝʥʴʰʝʝ 

ʚʦʟʤʫʱʝʥʠʝ ʧʦʪʦʢʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʟʚʫʢʦʚʳʭ ʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ 

ʧʨʦʬʠʣʝʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

ɻʣʘʚʥʳʡ ʧʘʨʘʤʝʪʨ ʠʟʦʛʥʫʪʳʭ ʧʨʦʬʠʣʝʡ ð ʵʪʦ ʠʭ ʫʛʦʣ ʠʟʦʛʥʫʪʦʩʪʠ 

q ð ʨʠʩ. 4.11.2. ɺ ʜʠʬʬʫʟʦʨʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʢʘʭ ʧʨʠ ʙʦʣʴʰʠʭ 

ʫʛʣʘʭ ʠʟʦʛʥʫʪʦʩʪʠ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʠʟʣʠʰʥʝʛʦ ʟʘʤʝʜʣʝʥʠʷ ʧʦʪʦʢʘ. ʅʘ 

ʩʨʝʜʥʝʤ ʨʘʩʯʝʪʥʦʤ ʨʘʜʠʫʩʝ ʫʛʣʳ ʠʟʦʛʥʫʪʦʩʪʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 25 ð 

35
0
. ɺ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʤʘʪʠʢʠ ʧʦʪʦʢʘ ʫ ʚʪʫʣʢʠ ʫʛʣʳ ʠʟʦʛʥʫʪʦʩʪʠ 
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ʙʦʣʴʰʝ, ʥʘ ʧʝʨʠʬʝʨʠʠ ï ʤʝʥʴʰʝ. ʉʧʦʩʦʙ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʠʟʦʛʥʫʪʦʩʪʠ 

ʧʨʦʬʠʣʝʡ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʦʢ (ʜʠʘʛʨʘʤʤʘ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʍʘʫʵʣʣʘ) ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. 

 

 

 

ʈʠʩ. 4.11.2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʦʛʥʫʪʦʛʦ ʧʨʦʬʠʣʷ 

 

ʉʣʝʜʩʪʚʠʝʤ ʠʟʦʛʥʫʪʦʩʪʠ ʧʨʦʬʠʣʷ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ maxf . ɽʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ max max/f f B=  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ.  

ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ /f fB B B=  ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʠʟʦʛʥʫʪʦʛʦ ʧʨʦʬʠʣʷ. ʇʨʠ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʚ ʚʠʜʝ ʜʫʛʠ 

ʦʢʨʫʞʥʦʩʪʠ fB = 0,50, ʧʨʠ ʠʟʛʠʙʝ ʧʦ ʧʘʨʘʙʦʣʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʦʛʥʫʪʦʩʪʴ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ. ʏʘʩʪʦ ʩʨʝʜʥʷʷ ʣʠʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʜʚʫʤʷ 

ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʠ. ʇʨʠ ʜʫʛʝ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʦʪ ʚʭʦʜʥʦʡ ʪʦʯʢʠ ʜʦ 

ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ fB  0,50. 

ʏʝʤ ʙʦʣʴʰʝ ʢʨʠʚʠʟʥʘ ʩʨʝʜʥʝʡ ʣʠʥʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ 

ʥʘ ʚʦʛʥʫʪʦʡ ʠ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʠ ʤʝʥʴʰʠʭ fB  ʢʨʠʚʠʟʥʘ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʠ ʚʦʟʨʘʩʪʘʝʪ  

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʥʘʯʘʣʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ 

ʚʣʠʷʝʪ ʠ ʫʪʦʣʱʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ dB . 

ʅʘ ʨʠʩ. 4.11.3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ 
1

*

1 1

p p
p

p p

-
=
-

 

(ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʧʨʦʬʠʣʝ ʠ ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʦʪʥʝʩʝʥʘ ʢ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘ ʚʭʦʜʝ) ʜʣʷ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʠʟ ʪʨʝʭ ʨʘʟʥʳʭ ʠʩʭʦʜʥʳʭ 

ʧʨʦʬʠʣʝʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 4.11.1. ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʚ ʥʘʯʘʣʝ 
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ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʫ 

ʧʨʦʬʠʣʷ ʉ-4 ʩ ʧʨʠʙʣʠʞʝʥʥʦʡ ʩ ʚʭʦʜʥʦʡ ʢʨʦʤʢʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ. 

 

 

 

ʈʠʩ. 4.11.3 ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ()p f B=  ʚ ʨʝʰʝʪʢʘʭ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʧʨʦʬʠʣʝʡ ʉ-4 ʩ dB =0,30 (ʰʪʨʠʭ-ʧʫʥʢʪʠʨ), NACA-65 c dB

=0,40 (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʜʚʫʭʜʫʛʦʚʳʭ ʩ dB =0,50 (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ð 

ʜʘʥʥʳʝ ʠʟ [14] 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʦʝ ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ (

dB ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʟʦʛʥʫʪʦʩʪʠ ( fB ), ʠ ʥʘ ʪʦ, ʯʪʦ ʨʷʜ ʠʩʧʳʪʘʥʠʡ 

ʧʨʦʬʠʣʝʡ ʩ ʨʘʟʥʦʡ ʬʦʨʤʦʡ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʣʠʷʥʠʝ ʵʪʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʩʯʠʪʘʶʪ ʨʦʣʴ ʬʦʨʤʳ ʩʨʝʜʥʝʡ ʧʨʦʬʠʣʷ ʚʪʦʨʠʯʥʦʡ ð ʩʪʨ. 204 ʩ 

ʧʦʜʩʪʨʦʯʥʳʤ ʧʨʠʤʝʯʘʥʠʝʤ ʨʝʜʘʢʮʠʠ ʚ ʤʦʥʦʛʨʘʬʠʠ [14].  ʇʦʜʨʦʙʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʬʠʣʷʭ ʩʝʤʝʡʩʪʚ NACA-65 (ʉʐɸ) ʠ ʉ-4 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʇʨʠʣʦʞʝʥʠʠ ʚ ʢʦʥʮʝ ʵʪʦʡ ʢʥʠʛʠ.  

ɹʦʣʝʝ ʚʘʞʥʳʤʠ (ʢʨʦʤʝ ʫʛʣʘ ʠʟʦʛʥʫʪʦʩʪʠ) ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʚ ʮʝʣʦʤ ð ʨʠʩ. 4.11.4: 

ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʰʘʛ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʦʢ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʙʠʨʘʪʴ ʚ ʧʨʝʜʝʣʘʭ /t t B= =0,70ï1,0. ʇʨʠ ʤʝʥʴʰʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʰʘʛʝ 

ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʝʨʠ ʥʘʧʦʨʘ. ɹʦʣʴʰʦʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʰʘʛ ʫʤʝʥʴʰʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ, ʯʪʦ ʨʘʚʥʦʟʥʘʯʥʦ ʫʤʝʥʴʰʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʩʦʦʙʱʘʝʤʦʡ ʣʦʧʘʪʢʘʤʠ ʈʂ ʩʞʠʤʘʝʤʦʤʫ 

ʛʘʟʫ. ɺʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚʤʝʩʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ð ʛʫʩʪʦʪʘ ʨʝʰʝʪʢʠ / 1/B t t= . ɹʦʣʝʝ ʛʫʩʪʳʝ ʨʝʰʝʪʢʠ 

ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ, 

ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʧʨʦʬʠʣʷ Bb  - ʫʛʦʣ ʤʝʞʜʫ ʭʦʨʜʦʡ ʧʨʦʬʠʣʷ ʠ 

ʬʨʦʥʪʦʤ ʨʝʰʝʪʢʠ - ʟʘʚʠʩʠʪ ʦʪ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʫʛʣʦʚ ʣʦʧʘʪʢʠ

1 2,ʣ ʣb b.  

 

 

 

ʈʠʩ. 4.11.4. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʭʦʜʥʦʡ ʫʛʦʣ 1ʣb  ʨʘʚʝʥ ʠʣʠ ʙʣʠʟʦʢ ʢ ʫʛʣʫ ʧʦʪʦʢʘ ʥʘ 

ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʤʝʩʪʘ ʩʪʫʧʝʥʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʪʨʝʙʫʝʪʩʷ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʠʡ, ʠʣʠ ʤʝʥʴʰʠʡ ʨʘʩʭʦʜ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ. ʇʦʥʷʪʥʦ, 

ʯʪʦ ʙʦʣʴʰʠʤ ʨʘʩʯʝʪʥʳʤ ʨʘʩʭʦʜʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʦʧʘʪʦʯʥʳʝ ʨʝʰʝʪʢʠ ʩ 

ʙʦʣʴʰʠʤ ʚʭʦʜʥʳʤ ʫʛʣʦʤ ʣʦʧʘʪʦʢ 1ʣb . ʋ ʪʘʢʠʭ ʨʝʰʝʪʦʢ ʫʛʣʳ ʫʩʪʘʥʦʚʢʠ Bb  

ʙʦʣʴʰʝ. ʊʘʢ ʯʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ Bb  ʥʝ ʚʳʙʠʨʘʶʪ, ʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʠʩʭʦʜʷ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ. ʋ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʩʪʫʧʝʥʝʡ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʚʝʥ 90
0
, ʢʘʢ ʥʘ ʨʠʩ. 4.8.1ʙ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Bb  ʜʣʷ ʨʝʰʝʪʦʢ 

ʆʂ ʧʨʠʤʝʨʥʦ 20ï25
0
. 

 

4.12. ʆʇʈɽɼɽʃɽʅʀɽ ʉʀʃʓ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʇʈʆʌʀʃʗ 

ʉ ʇʆʊʆʂʆʄ (ʊɽʆʈɽʄɸ ɾʋʂʆɺʉʂʆɻʆ) 

ʇʦʥʠʤʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʬʠʣʷ ʩ 

ʧʦʪʦʢʦʤ ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ, 
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ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʘʢʪʠʢʝ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ 

ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ z ʠ 

u  ð ʵʪʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʫʤʤʘʨʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ (ʨʠʩ. 4.12.1): 

 

            u zR R R= + .                                     (4.12.1) 

 

 

 

ʈʠʩ. 4.12.1. ʉʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʥʘ ʧʨʦʬʠʣʴ ʚ ʨʝʰʝʪʢʝ ʠ ʝʝ 

ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ 

 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʦʩʷʤ ʥʘ ʝʜʠʥʠʮʫ ʚʳʩʦʪʳ ʣʦʧʘʪʢʠ:  

 

  sin cos sin cosu s s s s

sct prs

R pds ds pds ds= b +t b + b +t bñ ñ ,       (4.12.2 ʘ) 

 

  cos sin cos sinz s s s s

sct prs

R pds ds pds ds= b +t b + b +t bñ ñ .     (4.12.2 ʙ) 

 

ɿʜʝʩʴ ʠʥʪʝʛʨʘʣʳ ʙʝʨʫʪʩʷ ʧʦ ʚʳʧʫʢʣʦʡ (çsctè) ʠ ʚʦʛʥʫʪʦʡ (çprsè) 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʦʬʠʣʷ, ds ð ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʪʨʝʟʦʢ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʧʨʦʬʠʣʷ, sb ð ʫʛʦʣ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʦʪʨʝʟʢʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʬʠʣʷ. ɿʥʘʥʠʝ ʩʠʣʳ R  ʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʫʞʥʦ ʜʣʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʛʘʟʦʚʦʤʫ ʧʦʪʦʢʫ ð ʧʨʦʝʢʮʠʷ uR : 
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N M z R dl r=w =w ³ñ ,                      (4.12.3) 

 

ʛʜʝ dl dr=  ð ʵʣʝʤʝʥʪʘʨʥʘʷ ʚʳʩʦʪʘ ʣʦʧʘʪʢʠ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʠ 

ʚʪʫʣʦʯʥʳʤ ʨʘʜʠʫʩʘʤʠ (ʥʘʨ ʚʪl r r= - ), z ð ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. 

2. ʆʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʨʦʪʦʨ ð 

ʧʨʦʝʢʮʠʷ zR  ʩʦʟʜʘʝʪ ʩʫʤʤʘʨʥʫʶ ʦʩʝʚʫʶ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʣʦʧʘʪʢʠ 

ʈʂ: 

 

                                 

ʥʘʨ

ʚʪ

r

z z

r

F z R dl= ñ .                             (4.12.4) 

 

ʆʩʝʚʳʝ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʦʪʦʨ ʆʂ, ʦʯʝʥʴ ʙʦʣʴʰʠʝ. ʀʭ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʙʣʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʦʯʥʳʡ ʨʘʩʯʝʪ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʚʘʞʝʥ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʷ ʠʟʛʠʙʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʫʤʤʘʨʥʦʡ ʩʠʣʳ R. ʀʟʛʠʙʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʠʟʤʝʨʠʤʳ ʩ 

ʥʘʛʨʫʟʢʦʡ ʦʪ ʧʦʣʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʆʂ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʰʝʪʦʢ 

ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʘʤʠ 

ʜʘʚʣʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʛʘʟʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʚʝʣʠʢʠ, ʠʤʝʷ ʧʦʨʷʜʦʢ 1ï2%. ɺ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʪʘʢʠʤʠ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʦʧʫʩʪʠʤʦ 

ʧʨʝʥʝʙʨʝʛʘʪʴ, ʪʦʛʜʘ: 

 

                        u zP P P= + ,                                       (4.12.5) 
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     sin sinu s s

sct prs

P pds pds= b + bñ ñ ,              (4.12.6 ʘ) 

 

              ññ +=

prs

s

sct

sz pdspdsP bb coscos ,             (4.12.6 ʙ) 

 

ʛʜʝ ʙʫʢʚʦʡ P  ʦʙʦʟʥʘʯʝʥʘ ʩʠʣʘ ʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʧʨʦʬʠʣʴ ʚ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʦʢʘ 

ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʠ ʧʦʩʣʝ ʨʝʰʝʪʢʠ. ʀʟʤʝʨʝʥʠʝ ʠʣʠ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʝʡ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ 

ʩ ʧʨʦʬʠʣʝʤ ʣʦʧʘʪʢʠ. ɺ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʝʦʨʝʤʦʡ ɾʫʢʦʚʩʢʦʛʦ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʵʪʫ ʩʠʣʫ ʩ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʧʦʪʦʢʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ, ʠ ʟʘ ʨʝʰʝʪʢʦʡ. ɼʣʷ ʝʝ ʚʳʚʦʜʘ ʩʚʷʞʝʤ 

ʩʥʘʯʘʣʘ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  ʮʠʨʢʫʣʷʮʠʶ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʦʬʠʣʝ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʘʵʨʦʜʠʥʘʤʠʢʠ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʥʘ 

ʧʨʦʬʠʣʝ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʪʦʢʝ ʨʘʚʥʘ ʮʠʨʢʫʣʷʮʠʠ ʧʦʪʦʢʘ ʧʦ ʣʶʙʦʤʫ 

ʢʦʥʪʫʨʫ, ʦʭʚʘʪʳʚʘʶʱʝʤʫ ʧʨʦʬʠʣʴ ï ʨʠʩ. 4.12.2.  
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ʈʠʩ. 4.12.2. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʬʠʣʷ ʩ ʥʝʚʷʟʢʠʤ ʧʦʪʦʢʦʤ 

 

ʅʘ ʨʠʩ. 4.12.2 ʢʦʥʪʫʨ abcd ʚʳʙʨʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʮʠʨʢʫʣʷʮʠʶ ʩʢʦʨʦʩʪʠ ʧʦ ʥʝʤʫ ʤʦʞʥʦ ʙʳʣʦ ʩʚʷʟʘʪʴ ʩ ʚʝʢʪʦʨʘʤʠ 

ʩʢʦʨʦʩʪʝʡ 1w
d

 ʠ 2w
d

 ʧʝʨʝʜ ʠ ʧʦʩʣʝ ʨʝʰʝʪʢʠ: 

ï ʦʪʨʝʟʢʠ ab ʠ cd  ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ u, ʨʘʚʥʳ ʰʘʛʫ 

ʨʝʰʝʪʢʠ t  ʠ ʫʜʘʣʝʥʳ ʦʪ ʨʝʰʝʪʢʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ u  

(ʪ.ʝ. ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʨʦʮʝʩʩ ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʪʦʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʘʛʨʫʟʢʠ ʣʦʧʘʪʦʢ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʝʥ), 

ï ʦʪʨʝʟʢʠ bc ʠ da ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʨʝʜʥʠʤʠ ʣʠʥʠʷʤʠ ʩʦʩʝʜʥʠʭ 

ʢʘʥʘʣʦʚ. 

ʇʨʠ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʧʦ 

ʢʦʥʪʫʨʫ, ʠ ʧʦ ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʥʝʤ ʧʨʦʬʠʣʶ ʨʘʚʥʘ 

ʧʨʦʬ abcda ab bc cd daɻ ɻ ɻ ɻ ɻ ɻ= = + + +. ʊʘʢ  ʢʘʢ ʚʜʦʣʴ ʫʯʘʩʪʢʦʚ ʢʦʥʪʫʨʘ bc ʠ 

da ʩʢʦʨʦʩʪʠ ʦʜʠʥʘʢʦʚʳ, ʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʪʦ 

bc daɻ ɻ=-  ʠ:  

 

( )1 2 1 2abcda ab cd u u u uɻ ɻ ɻ t w t w t w w= + = - = -,       (4.12.7) 

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʢʦʚ ʚ ʫʨʘʚʥʝʥʠʠ (4.12.7) ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ: 

ï ʦʢʨʫʞʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ w  ʥʘʧʨʘʚʣʝʥʳ 

ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʪ.ʝ. ʦʥʠ ʦʪʨʠʮʘʪʝʣʴʥʳ. ʇʦ ʪʨʘʜʠʮʠʠ ʧʨʠ 

ʚʳʚʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ, 

ï ʮʠʨʢʫʣʷʮʠʷ ʥʘ ʦʪʨʝʟʢʝ ab, ʨʘʚʥʘʷ 1ab uɻ t w=  ð ʧʦʣʦʞʠʪʝʣʴʥʘ, ʪʘʢ 

ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ ʦʪ ʪʦʯʢʠ a ʢ ʪʦʯʢʝ b ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ 1uw . ʇʨʠ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ ʦʪ ʪʦʯʢʠ c ʢ ʪʦʯʢʝ d  ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʙʭʦʜʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 2uw , ʪ.ʝ. ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʮʠʨʢʫʣʷʮʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ.  

ʀʟ ʩʦʚʤʝʱʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʠʩ. 4.12.2 ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ 1 2u uw w- = 2 1u u uw c cD = -, ʪʦ: 
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          1 2 2 1 2 1( ) ( ) ( )u u u u u uɻ t w w t w w t c c= - = - = -,                      (4.12.8) 

ʛʜʝ 2uw  ʠ 1uw  - ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʀʪʘʢ, ʮʠʨʢʫʣʷʮʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʧʨʦʬʠʣʶ ʚ ʨʝʰʝʪʢʝ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʦʢʨʫʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜ ʠ ʟʘ 

ʨʝʰʝʪʢʦʡ, ʠʣʠ ʦʢʨʫʞʥʳʭ  ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘ ʠ 

ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ ʰʘʛ ʨʝʰʝʪʢʠ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʣʦʧʘʪʢʘʤʠ).  

ʊʝʦʨʝʤʘ ɾʫʢʦʚʩʢʦʛʦ ʜʣʷ ʥʝʚʷʟʢʦʛʦ ʦʙʪʝʢʘʥʠʷ. ʅʘ ʩʭʝʤʝ ʨʠʩ. 

4.12.3 ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʪ ʞʝ ʢʦʥʪʫʨ abcda, ʯʪʦ ʠ ʥʘ ʨʠʩ. 4.12.2. 

ʉʠʣʘ P  ð ʵʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʦʬʠʣʴ ʝʜʠʥʠʯʥʦʡ 

ʚʳʩʦʪʳ, ʥʘʟʳʚʘʝʤʘʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ. ʊʝʦʨʝʤʘ ɾʫʢʦʚʩʢʦʛʦ ʦʧʨʝʜʝʣʷʝʪ 

ʝʝ ʯʝʨʝʟ ʜʚʝ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ uP  ʠ zP . ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʠʭ ʨʝʘʢʮʠʠ, 

', ', 'u zP P P  ʜʝʡʩʪʚʫʶʱʠʝ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʬʠʣʷ ʥʘ ʛʘʟ, ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ.   

 

 

ʈʠʩ. 4.12.3. ʉʭʝʤʘ ʢ ʚʳʚʦʜʫ ʪʝʦʨʝʤʳ ɾʫʢʦʚʩʢʦʛʦ ʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʠʣʳ P  

 

ɼʣʷ ʚʳʚʦʜʘ ʪʝʦʨʝʤʳ ɾʫʢʦʚʩʢʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʝʤʘ ʕʡʣʝʨʘ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʝʝ ʤʦʞʥʦ 
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ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʛʘʟʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʢʦʥʪʫʨ abcda ʨʘʚʥʦ ʩʫʤʤʝ ʩʠʣ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʳ ʢʦʥʪʫʨʘ ʠ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʛʘʟ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʬʠʣʷ.  

ʕʣʝʤʝʥʪʳ ʢʦʥʪʫʨʘ bc ʠ da ʧʨʦʚʝʜʝʥʳ ʧʦ ʣʠʥʠʷʤ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʠʤ ʧʦ 

ʩʝʨʝʜʠʥʘʤ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ. ʇʦʵʪʦʤʫ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ 

ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ bc ʠ da ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ 

ʧʦ ʟʥʘʢʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʝʢʮʠʠ ʵʪʠʭ ʩʠʣ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ u  ʠ z 

ʨʘʚʥʳ ʥʫʣʶ. 

ʇʨʠʤʝʥʠʚ ʪʝʦʨʝʤʫ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʢ ʛʘʟʫ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʦʪ ʩʝʯʝʥʠʷ a b-  ʢ ʩʝʯʝʥʠʶ c d- , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ: 

 

               /

2 1( )u u um w w P- = ,                           (4.12.9 ʘ) 

 

        /

2 1 1 2( ) ( ) 0z z zm w w P p p t- = + - =,                (4.12.9 ʙ) 

 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 
zm w t=r  ʠʤʝʝʤ 

/

2 1( )u u z u uP P w t w w=- =-r -, ʠ ʪʘʢ 

ʢʘʢ 
2 1( )u ut w w- =G, ʪʦ: 

 

           zu ɻwP r-= .                           (4.12.10 ʘ) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʨʦʬʠʣʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ u  ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʝʥʠʷ ʈʂ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʨʦʬʠʣʴ, ʚ 

ʫʨʘʚʥʝʥʠʠ (4.12.9 ʙ) ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ 

ʩʢʦʨʦʩʪʝʡ, ʜʣʷ ʯʝʛʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʦʙʪʝʢʘʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʨʝʰʝʪʢʫ 

ʥʝʧʦʜʚʠʞʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝ ʧʦʜʚʦʜʠʪʩʷ, ʪ.ʝ. 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʥʝʚʷʟʢʦʤ ʧʦʪʦʢʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʝʨʷʥʥʳʡ 

ʥʘʧʦʨ, ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʥʝʪ ʚ ʚʠʜʝ 
2 2

2 1 2 1 0
2

p p w w

r

- -
+ =. ʊʘʢ ʢʘʢ 

2 2 2

u zw w w= + , ʠ 2 1z zw w=  ʪʦ: 
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( )
2 2

1 2
2 1 1 2

2

u u
u u uʩʨ

w w
p p w w wr r

-
- = = - , ʛʜʝ 

2 1

2

u u
uʩʨ

w w
w

+
=  ð 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ.  

ʊʘʢ ʢʘʢ /

z zP P=- ʠʟ ʬʦʨʤʫʣʳ (4.12.9ʙ) ʩʣʝʜʫʝʪ, ʯʪʦ 

2 1 1 2( ) ( )z u u uʩʨP t p p t w w wr=- - =- - , ʪʦʛʜʘ: 

 

   uʩʨz ɻwP r= ,                                     (4.12.10 ʙ) 

 

ʛʜʝ 
2 1 0
2

u u
uʩʨ

w w
w

+
= , ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘʚʩʪʨʝʯʫ ʜʚʠʞʝʥʠʶ ʛʘʟʘ 

ʩʠʣʘ zP  ð ʦʪʨʠʮʘʪʝʣʴʥʘʷ.  

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʧʨʦʬʠʣʴ ʝʜʠʥʠʯʥʦʡ ʚʳʩʦʪʳ ʚ ʧʨʷʤʦʡ 

ʨʝʰʝʪʢʝ ʨʘʚʥʘ 
2

21222 uu
zzu

ww
wɻPPP

+
+=+= r , ʠʣʠ:  

 

                 ʩʨɻwP r= ,                                      (4.12.11) 

 

ʛʜʝ ʩʨʝʜʥʝʚʝʢʪʦʨʥʘʷ ʩʢʦʨʦʩʪʴ 
ʩʨw  ð ʵʪʦ ʩʢʦʨʦʩʪʴ ʩ ʩʦʩʪʘʚʣʷʶʱʠʤʠ zw  

ʠ 
1 2

2

u u
uʩʨ

w w
w

+
= , ʪ.ʝ. 

2

21 2

2
u u

ʩʨ z

w w
w w

å õ
æ ö
ç ÷

+
= + .  

ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ P
d

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʢʦʨʦʩʪʠ ʩʨw
d
, ʯʪʦ ʚʳʪʝʢʘʝʪ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ: 

 

                              
z

u

uʩʨ

z

uʩʨ

z
ʩʨ

P

P

wɻ

wɻ

w

w
tg ===

r

r
b .                     (4.12.12) 

 

ʋʨʘʚʥʝʥʠʷ (4.12.11) ʠ (4.12.12) ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ 

ʪʝʦʨʝʤʳ ɾʫʢʦʚʩʢʦʛʦ ʦ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ ʜʣʷ ʣʦʧʘʪʢʠ ʚ ʨʝʰʝʪʢʝ: ʧʦʜʲʝʤʥʘʷ 

ʩʠʣʘ P , ʩ ʢʦʪʦʨʦʡ ʧʦʪʦʢ ʜʝʡʩʪʚʫʝʪ ʥʘ ʣʦʧʘʪʢʫ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ, ʨʘʚʥʘ 
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ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ r, ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʦʬʠʣʝ ɻ ʠ 

ʩʨʝʜʥʝʡ ʚʝʢʪʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʩʨw ; ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʠʣʳ P  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʦʨʦʪʦʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩʨw  ʥʘ 90Á ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʮʠʨʢʫʣʷʮʠʠ (ʧʨʠ ɻ> 0 ʥʘʧʨʘʚʣʝʥʠʝ 

ʮʠʨʢʫʣʷʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ).  

ʊʝʦʨʝʤʘ ɾʫʢʦʚʩʢʦʛʦ ʦʪʥʦʩʠʪʩʷ, ʚ ʨʘʚʥʦʡ ʤʝʨʝ, ʢʘʢ ʢ ʥʝʧʦʜʚʠʞʥʦʡ, 

ʪʘʢ ʠ ʢ ʚʨʘʱʘʶʱʝʡʩʷ ʨʝʰʝʪʢʝ. 

ʋʯʝʪ ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʘ. ɼʣʷ ʩʣʫʯʘʷ ʦʙʪʝʢʘʥʠʷ ʨʝʰʝʪʢʠ ʩʞʠʤʘʝʤʳʤ 

ʛʘʟʦʤ ʧʦʜ ʧʣʦʪʥʦʩʪʴʶ ʚ ʬʦʨʤʫʣʝ (4.12.10) ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʩʨʝʜʥʶʶ 

ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ 2/)( 21 rrr +=ʩʨ  ʠʣʠ ʩʨʝʜʥʶʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ 

)/(2 2121
' rrrrr +=ʩʨ  [18]. 

ʊʝʦʨʝʤʘ ɾʫʢʦʚʩʢʦʛʦ ʜʣʷ ʚʷʟʢʦʛʦ ʦʙʪʝʢʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʚʷʟʢʦʛʦ 

ʦʙʪʝʢʘʥʠʷ ʜʣʷ ʦʢʨʫʞʥʦʡ ʠ ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʜʝʡʩʪʚʠʷ ʣʦʧʘʪʢʠ 

ʥʘ ʧʦʪʦʢ ʜʘʶʪ ʚʳʨʘʞʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʣʫʯʝʥʥʳʤ ʚʳʰʝ ʜʣʷ ʥʝʚʷʟʢʦʛʦ 

ʧʦʪʦʢʘ:  

 

                                             
/

2 1( ) uu um w w R- = ,                      (4.12.13 ʘ) 

 

                                /
2 1 1 2( ) ( ) 0zz zm w w R p p t- = + - =.        (4.12.13 ʙ) 

 

ʀʟ ʬʦʨʤʫʣʳ (4.12.13 ʘ): 

 

                     /

2 1( )u u z u u zR R t w w w ɻwr r=- = - =-.          (4.12.13 ʚ) 

 

ʌʦʨʤʫʣʘ (4.12.13 ʚ) ʘʥʘʣʦʛʠʯʥʘ ʬʦʨʤʫʣʝ (4.12.10 ʘ) ʜʣʷ ʧʨʦʝʢʮʠʠ ʩʠʣʳ 

uP  ʧʨʠ ʥʝʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ. ʉʨʘʚʥʠʚʘʪʴ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩ 

ʧʨʦʬʠʣʝʤ ʧʨʠʥʷʪʦ ʧʨʠ ʫʩʣʦʚʠʠ u uP R= . ʊʦ ʝʩʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʨʝʘʣʴʥʦʝ ʚʷʟʢʦʝ 

ʪʝʯʝʥʠʝ, ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʚʘʪʴ ʝʛʦ ʩ ʪʘʢʠʤ ʥʝʚʷʟʢʠʤ ʪʝʯʝʥʠʝʤ, ʫ ʢʦʪʦʨʦʛʦ ʪʘʢʠʝ 

ʞʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʨʝʰʝʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʜʠʥʘʢʦʚʳʝ 1uw  

ʠ 2uw .  
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ɺʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘ ʦʩʝʚʫʶ ʧʨʦʝʢʮʠʶ ʩʠʣʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠʨʘʱʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʝʰʝʪʢʝ ʤʝʥʴʰʝ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ: 

 

                                   

2 2

1 2
2 1

2
w

w w
p p pr

-
- = -D.                          (4.12.14) 

 

ʊʦʛʜʘ ʠʟ /

2 1 1 2( ) ( )z z u u uʩʨ wR R t p p t w w w p tr=- =- - =- - +D, ʪ.ʝ.  

 

                                /RPtpɻwR zwuʩʨz +=D+=r .                      (4.12.15) 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʠʣʘ zP  ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʚʳʭʦʜʘ ʢ ʚʭʦʜʫ ʨʝʰʝʪʢʠ, ʪ.ʝ. ʦʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ (0uʩʨw ). ʉʠʣʘ ʦʪ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ /R  ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ 

ʜʚʠʞʝʥʠʷ , ʪ.ʝ. ʧʦʣʦʞʠʪʝʣʴʥʘʷ. ʊʘʢ ʢʘʢ ʠʟ-ʟʘ ʚʷʟʢʦʩʪʠ ʧʨʠʨʘʱʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʡ ʨʝʰʝʪʢʝ  ʤʝʥʴʰʝ, ʪʦ  
z zR P . 

ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʧʨʠ ʚʷʟʢʦʤ ʦʙʪʝʢʘʥʠʠ ʨʘʚʥʘ  

'u z u zR P R P P R= + = + +, ʪ.ʝ. 

 

                          'R P R= + ,                                     (4.12.16) 

ʛʜʝ 0, 0,R P ' 0R . 

 

ɻʨʘʬʠʯʝʩʢʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 4.12.4. ʉʠʣʘ R ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʚʷʟʢʦʛʦ ʛʘʟʘ ʩ ʧʨʦʬʠʣʝʤ 

ʨʝʰʝʪʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʩʠʣʳ ɾʫʢʦʚʩʢʦʛʦ P  ʠ ʩʠʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ tpR wD=
/

, ʨʘʚʥʦʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʦʪʝʨʷʥʥʦʛʦ ʚ ʨʝʰʝʪʢʝ 

ʜʘʚʣʝʥʠʷ ʥʘ ʰʘʛ ʨʝʰʝʪʢʠ, ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦ ʦʩʠ z. 
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ʈʠʩ. 4.12.4. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʣʳ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ 

ʚʷʟʢʦʛʦ ʛʘʟʘ ʩ ʧʨʦʬʠʣʝʤ ʨʝʰʝʪʢʠ   

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʩʢʦʨʦʩʪʠ ʠ 

ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʬʠʣʷ ʩ ʧʦʪʦʢʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʘʭ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʷ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. ʋʯʝʪ ʚʣʠʷʥʠʷ 

ʚʷʟʢʦʩʪʠ (ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ wpD ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

4.13. ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀɽ ʂʆʕʌʌʀʎʀɽʅʊʓ. ʂʇɼ 

ɼʀʌʌʋɿʆʈʅʆʁ ʈɽʐɽʊʂʀ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʩ 

ʧʦʪʦʢʦʤ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. ʊʘʢ ʢʘʢ ʛʣʘʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʳʟʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʜʘʚʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʝʡ, ʪʦ ʵʪʠ ʩʠʣʳ ʣʦʛʠʯʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʥʫʶ ʧʣʦʱʘʜʴ. ɺ ʢʘʯʝʩʪʚʝ 

ʭʘʨʘʢʪʝʨʥʦʡ ʧʣʦʱʘʜʠ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʦ ʠ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʤʫʶ 

ʚʝʣʠʯʠʥʫ lBS ³= , ʠʣʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʝ ʤBS 1³= . ɿʘ 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʥʠʤʘʶʪ ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ 
21

2
ʩʨq wr= . ʊʦʛʜʘ 

ʧʦʣʥʘʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩ ʧʨʦʬʠʣʝʤ ʨʝʰʝʪʢʠ ʚʳʨʘʟʠʪʩʷ 

ʬʦʨʤʫʣʦʡ S
w

cR
ʩʨ

R
2

2

r= , ʛʜʝ Rc  ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ. ɺʝʣʠʯʠʥʘ Rc  
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ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʨʦʬʠʣʷ, ʫʛʣʘ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʰʝʪʢʝ Bb , ʰʘʛʘ t , ʫʛʣʘ 

ʘʪʘʢʠ i  ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʧʦʜʦʙʠʷ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʘ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʯʝʨʝʟ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ 
kRT

w
M = , 

/p wk C C= , r
m

wB
=Re .  

ʉʠʣʫ R
d

 ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ:  

ï ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ aR
d

, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʨʝʜʥʝʚʝʢʪʦʨʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʨw
d

,  

ï ʧʨʦʬʠʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʩʨw
d

. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʶʱʠʝ aR  ʠ wR  ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʣʷ ʣʦʧʘʪʢʠ 

ʝʜʠʥʠʯʥʦʡ ʚʳʩʦʪʳ ʚ ʚʠʜʝ: 

 

                      

2

2

ʩʨ

a a

w
R c Br= , 

2

2

ʩʨ

w w

w
R c Br= ,                             (4.13.1) 

 

ʛʜʝ ac  ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ; wc  ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʬʠʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʂʘʯʝʩʪʚʦʤ ʧʨʦʬʠʣʷ ʥʘʟʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
w

a

c

c
. ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʢʘʯʝʩʪʚʫ ʧʨʦʬʠʣʷ, ʵʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝʥʠʷ 
a

w

c

c
=m . ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝʥʠʷ 

ʨʘʚʝʥ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʤʝʞʜʫ ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
wR  ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ 

aR
d

.  

ʉʚʷʟʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʣʦʧʘʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ u  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ 

(ʨʠʩ. 4.13.1): 
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ʈʠʩ. 4.13.1. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʚʷʟʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ          

                   

  

   ʩʨwʩʨaʩʨu RRPR bbb cossinsin +== .                 (4.13.2) 

 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ uR , P , aR  ʠ wR  ʠʟ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ 

ʬʦʨʤʫʣ (4.12.12ʚ), (4.13.1):  

 

                    
2 2

sin cos
2 2

ʩʨ ʩʨ

z a ʩʨ w ʩʨ

w w
ɻw c B c Br r b r b= + .                  (4.13.3) 

 

ɺ ʬʦʨʤʫʣʝ (4.13.3) ʧʨʠʥʷʪʦ ʧʨʝʥʝʙʨʝʛʘʪʴ ʧʦʩʣʝʜʥʠʤ ʩʣʘʛʘʝʤʳʤ ʚ 

ʩʠʣʫ ʝʛʦ ʤʘʣʦʩʪʠ, ʠ ʪʘʢ ʢʘʢ / 1/sinʩʨ z ʩʨw w b= , ʩʚʷʟʴ ʮʠʨʢʫʣʷʮʠʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

    
1

2
a ʩʨɻ ʩ Bw= .                                    (4.13.4 ʘ) 
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ʊʘʢ ʢʘʢ 1 2

2 1( ) ( )
u u

u u z

z

w w
ɻ t w w tw

w

-
= - = , ʪʦ ʮʠʨʢʫʣʷʮʠʶ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ: 

 

1 2( )zɻ tw ctg ctgb b= - ,                       (4.13.4 ʙ) 

 

 

ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʩʚʷʟʘʪʴ ʩ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

 

                        ʩʨa ctgctg
B

t
c bbb sin)(2 21-= .                           (4.13.5) 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʧʳʪʘʥʠʡ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ 

ʫʛʣʳ ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʠ ʟʘ ʨʝʰʝʪʢʦʡ ʠʟʤʝʨʷʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ʇʨʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ 

ʚʭʦʜʷʱʠʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʚʝʩʪʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʛʠʙʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʢʦʨʥʝʚʦʤ ʩʝʯʝʥʠʠ ʣʦʧʘʪʢʠ. 

ʂʇɼ ʨʝʰʝʪʢʠ. ʂʇɼ ʜʠʬʬʫʟʦʨʥʦʡ ʨʝʰʝʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ.  

ʌʦʨʤʫʣʘ ʜʣʷ ʂʇɼ ʣʶʙʦʛʦ ʜʠʬʬʫʟʦʨʘ ʚʳʪʝʢʘʝʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ 

T p d wh h h h= + +. ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʜʚʠʞʝʥʠʠ, ʪʦ ʧʦʜʚʦʜʠʤʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʫʨʘʚʥʝʥʠʠ, 

0Th = , ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʪʢʠ ʈʂ ʂʇɼ ʘʥʘʣʦʛʠʯʝʥ ʂʇɼ ʣʶʙʦʛʦ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʜʠʬʬʫʟʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʪʨʘʯʝʥʥʘʷ ʨʘʙʦʪʘ ï ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ( )2 2

1 20,5 dw w h- =-: 

 

                       2 2

1 2

2
1

p d w w
ʜ

d d

h h h h

h h w w
h

- -
= = = -
- - -

.                    (4.13.6) 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʂʇɼ ʜʠʬʬʫʟʦʨʥʦʡ ʨʝʰʝʪʢʠ ʩ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ 
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ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʢ ʧʨʠʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʚ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ ʧʨʠ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ 1w  ʠ 2w . ʊʦʛʜʘ ʂʇɼ ʜʠʬʬʫʟʦʨʥʦʡ 

ʨʝʰʝʪʢʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ ʛʘʟʘ ʩ constrº  ʙʫʜʝʪ 

ʨʘʚʝʥ  

2 1

2 1

2 1 2 1

( )

( ) '
/

p p z
ʨʜ

d p w w z
w

p p

h h p p t R

p ph h h p p t p t R R
p

r
h

r
r

-

-
= = = = =

-- + - +D +
+D

, ʠʣʠ  

 

       

z
ʨʜ

z

R

P
h = .                                                                                        

(4.13.7) 

 

ʉʭʝʤʘ ʥʘ ʨʠʩ. 4.13.1 ʧʦʷʩʥʷʝʪ, ʢʘʢ ʬʦʨʤʫʣʫ (4.13.7) ʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ, ʚʚʝʜʷ ʪʫʜʘ ʟʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

( sin cos )z u a wP P ctg R R ctgb b b b= = + , cos sinz a wR R Rb b= - . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
cos sin

( sin cos )

a w
ʨʜ

a w z

R R
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b b
h

b b b

-
=

+  ʠ ʂʇɼ ʜʠʬʬʫʟʦʨʥʦʡ ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʥʝʪ ʚ 

ʚʠʜʝ: 
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ʀʟ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 
w

ʩʨ

a

c
ctg

c
m b= =  ʂʇɼ ʜʠʬʬʫʟʦʨʥʦʡ 

ʨʝʰʝʪʢʠ ʨʘʚʝʥ ʥʫʣʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, 

ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʧʦʣʥʦʩʪʴʶ ʠʜʝʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚ ʨʝʰʝʪʢʝ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʫʩʪʘʥʦʚʢʠ, ʢʦʛʜʘ ʨʝʰʝʪʢʘ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʪʢʣʦʥʷʝʪ ʧʦʪʦʢ, ʥʝ ʩʦʟʜʘʚʘʷ ʟʘʤʝʪʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣʳ (4.13.8) ʥʝ ʦʧʨʘʚʜʘʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʡ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʨʝʰʝʪʦʢ ʣʶʙʦʡ ʬʦʨʤʳ ð  ʜʠʬʬʫʟʦʨʥʳʭ, ʠʣʠ 

ʪʦʣʴʢʦ ʦʪʢʣʦʥʷʶʱʠʭ ʧʦʪʦʢ:  
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4.14. ʆʉʅʆɺʓ ʄɽʊʆɼʀʂʀ ʀʉʇʓʊɸʅʀʁ ʇʃʆʉʂʀʍ ʈɽʐɽʊʆʂ 

ɺ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʊʈʋɹɸʍ 

ɿʥʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʬʠʣʷ ʠʣʠ ʢʦʥʢʨʝʪʥʦʡ ʨʝʰʝʪʢʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʷʟʢʠʡ ʩʞʠʤʘʝʤʳʡ 

ʜʚʫʭʤʝʨʥʳʡ ʧʦʪʦʢ, ʦʙʪʝʢʘʶʱʠʡ ʧʨʦʬʠʣʴ ʠʣʠ ʨʝʰʝʪʢʫ ʝʜʠʥʠʯʥʦʡ ʚʳʩʦʪʳ 

ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʯʝʪʘ. 

ʆʜʥʘʢʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʨʳʣʴʝʚ ʩʘʤʦʣʝʪʦʚ, ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ʪʫʨʙʦʤʘʰʠʥ ʠ ʪ.ʧ. ʚʦʟʥʠʢʣʘ ʝʱʝ ʥʘ 

ʨʫʙʝʞʝ 19ï20 ʚʚ., ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʤʦʱʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʦʩʥʦʚʝ. ʊʦʤʫ, ʯʪʦ ʠʤʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʪʝʦʨʠʠ ʦʩʝʚʳʭ ʪʫʨʙʦʤʘʰʠʥ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: 

ï ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʦʢʘ ʚ ʨʝʘʣʴʥʦʡ ʩʪʫʧʝʥʠ ʆʂ ʠʜʝʥʪʠʯʥʳ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʯʘʩʪʠʮ ʚ 

ʧʣʦʩʢʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʨʝʰʝʪʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʘʥʠʝʤ ʨʝʰʝʪʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʪʨʫʙʘʭ: ʥʝʧʦʜʚʠʞʥʳʝ ʨʝʰʝʪʢʠ ʦʙʜʫʚʘʶʪʩʷ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ (ʛʘʟʘ), 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠʣʠ ʢʦʤʧʨʝʩʩʦʨʦʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ 

ʈʂ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ ʥʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʤʦʜʝʣʷʭ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʤʦʜʝʣʝʡ 

ʩʪʫʧʝʥʝʡ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ,  

ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʬʠʣʝʡ ʠ ʨʝʰʝʪʦʢ ʟʘʚʠʩʷʪ ʦʪ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʧʣʦʩʢʠʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʨʝʰʝʪʦʢ ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʰʘʛ Bt /  

(ʛʫʩʪʦʪʘ tB/ ), ʚʳʭʦʜʥʦʡ ʣʦʧʘʪʦʯʥʳʡ ʫʛʦʣ 2ʣb , ʫʛʦʣ ʠʟʦʛʥʫʪʦʩʪʠ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ 2 1ʣ ʣ= -q b b. ʌʦʨʤʘ ʠʟʦʛʥʫʪʦʩʪʠ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʠ ʬʦʨʤʘ ʧʨʦʬʠʣʷ 

ʠʤʝʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ  ʧʨʦʬʠʣʷ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʯʠʩʣʘʭ ʄʘʭʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʦʨʤʫ 

ʨʝʰʝʪʦʢ, ʦʙʲʝʤ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʭʦʪʷ ʠ ʚʝʣʠʢ, ʥʦ ʥʝ ʙʝʩʧʨʝʜʝʣʝʥ 

(ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʪʫʧʝʥʝʡ, ʥʘʧʨʠʤʝʨ). ʊʘʢʘʷ 
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ʠʥʬʦʨʤʘʮʠʷ ʥʘʢʦʧʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʧʝʨʠʦʜ 1930ï1960 ʛʛ., ʦʙʦʙʱʝʥʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʅʘ ʨʠʩ. 4.14.1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ 

ʢʘʬʝʜʨʳ ʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʫʩʪʘʥʦʚʦʢ ʉʇʙɻʇʋ ʜʣʷ ʧʨʦʜʫʚʢʠ ʧʣʦʩʢʠʭ 

ʨʝʰʝʪʦʢ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ. ɺʦʟʜʫʭ ʦʪ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʙʦʯʫʶ 

ʯʘʩʪʴ ʩʧʨʘʚʘ ʠ, ʦʙʪʝʢʘʷ ʧʣʦʩʢʫʶ ʨʝʰʝʪʢʫ, ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʝʰʝʪʢʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʦʚʦʨʦʪʥʦʤ ʩʪʦʣʝ. ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʝʝ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʜ 

ʫʛʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʫʞʥʦʤʫ ʫʛʣʫ ʘʪʘʢʠ. ʇʦʢʘʟʘʥʥʳʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʨʠʩʫʥʢʘ ʚʳʜʚʠʞʥʳʝ ʩʪʝʥʢʠ ʟʘʤʳʢʘʶʪ ʨʘʙʦʯʫʶ ʯʘʩʪʴ ʪʨʫʙʳ ʧʨʠ ʣʶʙʦʤ ʫʛʣʝ 

ʫʩʪʘʥʦʚʢʠ ʨʝʰʝʪʢʠ. 

 

 

 

ʈʠʩ. 4.14.1. ʉʭʝʤʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʜʣʷ ʧʨʦʜʫʚʢʠ 

ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ. ɺʚʝʨʭʫ ð ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ, ʚʥʠʟʫ 

ð ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ 
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ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

, ( )a wc c f i=  ʠʣʠ 2 1, ( )wc f ie b b= - = . ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʤʝʨʝʥʳ: 

ï ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ap ; 

ï ʧʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ 
* *

1T T=  ï  ʝʝ ʧʨʠʥʠʤʘʶʪ 

ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʚ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʚʦʜʘ ʠʣʠ ʦʪʚʦʜʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʨʝʰʝʪʢʝ, ʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʦʡ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɿʘʤʝʪʠʤ, ʯʪʦ 
*

1 ʘT T, ʪʘʢ ʢʘʢ ʚ 

ʚʝʥʪʠʣʷʪʦʨʝ, ʧʦʜʘʶʱʝʤʫ ʚʦʟʜʫʭ ʚ ʨʘʙʦʯʫʶ ʯʘʩʪʴ ʪʨʫʙʳ, ʧʦʜʚʝʜʝʥʘ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ;  

ï ʩʪʘʪʠʯʝʩʢʦʝ ʠ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ 
*

1, 1p p ; 

ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘ ʨʝʰʝʪʢʦʡ 
*

2p ; 

ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʟʘ ʨʝʰʝʪʢʦʡ ï ʫʛʦʣ 2a  (ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʧʝʨʝʜ 

ʨʝʰʝʪʢʦʡ ï ʫʛʦʣ 1a  ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ ʨʝʰʝʪʢʠ ʥʘ ʧʦʚʦʨʦʪʥʦʤ 

ʩʪʦʣʝ). 

ɹʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʪʦʯʥʳʤ ʙʘʨʦʤʝʪʨʦʤ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʘʨʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʠʝʤʥʠʢʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʠʝʤʥʠʢ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʠʩ. 4.14.2 ʙ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩʧʘʡ ʪʝʨʤʦʧʘʨʳ, ʛʜʝ ʦʥ ʟʘʬʠʢʩʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʨʤʦʞʝʥʠʷ. ʇʨʠ 

ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʪʫʪʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʪʝʨʤʦʤʝʪʨʳ 

ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ Ca1,0 , ʚʚʦʜʷ ʧʦʧʨʘʚʢʫ ʥʘ ʪʦ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ð ʩʨʝʜʥʷʷ ʤʝʞʜʫ ʧʦʣʥʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʘʤʠ.  
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ʈʠʩ. 4.14.2. ʇʨʠʙʦʨʳ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ: ʘ) ï 

ʪʨʝʭʢʘʥʘʣʴʥʳʡ ʟʦʥʜ, ʙ) ï ʪʨʫʙʢʘ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ) ï ʪʨʫʙʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʛ) ï ʬʣʘʞʢʦʚʳʡ ʫʛʣʦʤʝʨ, ʜ) ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʫʛʣʦʤʝʨ [7]  

 

ʇʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 4.14.2 ʧʨʠʝʤʥʠʢʠ ʜʘʚʣʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʢʦʦʨʜʠʥʘʪʥʠʢʘʭ. ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʧʝʨʝʤʝʱʘʪʴ ʧʨʠʝʤʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʝʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʚʦʨʘʯʠʚʘʪʴ 

ʚʦʢʨʫʛ ʦʩʠ.  

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʩʨʝʜʥʝʡ ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʠ ʧʣʦʩʢʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʥʝʪ. ɽʩʣʠ ʥʫʞʥʦ ʠʟʫʯʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ ʠ ʟʘ ʥʝʡ, ʪʦ ʧʨʠʝʤʥʠʢʠ ʥʫʞʥʦ ʧʝʨʝʤʝʱʘʪʴ 

ʧʘʨʘʣʣʝʣʴʥʦ ʬʨʦʥʪʫ ʨʝʰʝʪʢʠ ʥʘ ʥʫʞʥʦʤ ʦʪ ʨʝʰʝʪʢʠ ʨʘʩʩʪʦʷʥʠʠ. ɽʩʣʠ ʨʝʯʴ 

ʠʜʝʪ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʤʤʘʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʪʢʠ aʩ, e, wc  ʪʦ ʧʨʠʙʦʨʳ 

ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʨʝʰʝʪʢʠ: ʥʘ ʚʭʦʜʝ ʜʦ ʪʦʛʦ, ʢʘʢ 

ʧʦʷʚʠʪʩʷ ʟʘʤʝʪʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʧʦʪʦʢʘ, ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʣʝʜʦʚ ʟʘ ʣʦʧʘʪʢʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʠʥʮʠʧʝ ʜʦʩʪʘʪʦʯʥʦ 
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ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʧʝʨʝʜ ʨʝʰʝʪʢʦʡ, ʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʟʘ ʥʝʡ. 

ʆʜʥʘʢʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʫʯʰʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ.  

ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 4.14.2 ʧʣʦʩʢʦʩʪʴ ʦʪʚʝʨʩʪʠʡ ʪʨʝʭʢʘʥʘʣʴʥʦʛʦ ʟʦʥʜʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʪʝʯʝʥʠʷ. ɼʨʝʥʘʞʥʳʝ ʪʨʫʙʢʠ ʩʦʝʜʠʥʷʶʪ ʦʪʚʝʨʩʪʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʪʝʢʘʝʤʦʛʦ ʚʦʟʜʫʭʦʤ ʮʠʣʠʥʜʨʘ ʩ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʧʨʠʙʦʨʦʤ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ð ʞʠʜʢʦʩʪʥʳʡ U  ð ʦʙʨʘʟʥʳʡ ʠʣʠ ʙʘʪʘʨʝʡʥʳʡ 

ʤʘʥʦʤʝʪʨ. ʉʝʡʯʘʩ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʚʦʨʦʪʦʤ ʟʦʥʜʘ 

ʚʦʢʨʫʛ ʦʩʠ ʩʣʝʜʫʝʪ ʜʦʙʠʪʴʩʷ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʚ ʙʦʢʦʚʳʭ ʦʪʚʝʨʩʪʠʷʭ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʩʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʧʦʪʦʢʫ, ʠ ʦʥʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʤʘʥʦʤʝʪʨ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ 
*p , ʘ ʧʦ 

ʠʤʝʶʱʝʤʫʩʷ ʫ ʢʦʦʨʜʠʥʘʪʥʠʢʘ ʣʠʤʙʫ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ. 

ɹʦʢʦʚʳʝ ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʝʭ ʪʦʯʢʘʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʛʜʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ. ʆʙʪʝʢʘʥʠʝ  

ʮʠʣʠʥʜʨʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ, ʧʦʵʪʦʤʫ ʨʘʚʝʥʩʪʚʦ ʜʘʚʣʝʥʠʷ ʚ ʙʦʢʦʚʳʭ ʦʪʚʝʨʩʪʠʷʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʦ ʨʘʚʥʦ ʩʪʘʪʠʯʝʩʢʦʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʟʦʥʜʦʤ ʚ ʧʨʠʥʮʠʧʝ ʜʘʝʪ ʚʩʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʫʞʥʫʶ ʜʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʪʢʠ 

(ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ð ʵʪʦ 

ʠʟʤʝʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ pp
c

q -== *

2

2

r . ʆʜʥʘʢʦ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʠʥʦʛʜʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʦʨʳ, 

ʠʟʤʝʨʷʶʱʠʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʣʥʦʝ ʠ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʪʦʢʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʪʨʫʙʢʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʇɼ) ð ʨʠʩ. 4.14.2 ʙ ʦʯʝʚʠʜʥʦ. 

ʇʦʚʦʨʦʪʦʤ ʧʨʠʝʤʥʠʢʘ ʚʦʢʨʫʛ ʦʩʠ ʥʫʞʥʦ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʚʧʘʜʝʥʠʝ ʦʙʨʘʱʝʥʥʦʛʦ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʦʪʚʝʨʩʪʠʷ ʩ 

ʧʝʨʝʜʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ.  

ʊʘʢ ʢʘʢ ʊʇɼ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʫʛʣʫ ʫʩʪʘʥʦʚʢʠ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʣʫʯʰʝ ʦʧʨʝʜʝʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʣʘʞʢʦʚʦʛʦ 

ʫʛʣʦʤʝʨʘ ð ʨʠʩ. 4.14.2 ʛ, ʠʣʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʦʤʝʨʘ ð ʨʠʩ. 4.14.2 ʜ. ɽʛʦ 

ʧʨʠʝʤʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʨʫʙʢʠ ʩʦ ʩʢʦʰʝʥʥʳʤʠ 

ʩʨʝʟʘʤʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʘʚʝʥʩʪʚʫ ʜʘʚʣʝʥʠʡ ʚ ʜʚʫʭ 

ʪʨʫʙʢʘʭ.  

ʇʨʝʝʤʥʠʢ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ð ʨʠʩ. 4.14.2 ʚ ð ʠʤʝʝʪ ʙʦʢʦʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ʥʘ ʮʠʣʠʥʜʨʝ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. 
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ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ 
a

a

p
const

RT
rº =  ʩʦʚʩʝʤ 

ʧʨʦʩʪʘ. ʉʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʨʝʰʝʪʢʠ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

2
*

2

c
q p pr= = -: 

 

                      
( )*

1 1

1

2 p p
c

r

-
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2

2

2 ap p
c
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= .                       (4.14.1) 

 

ʉʨʝʜʥʝʚʝʢʪʦʨʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ: 
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ʕʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʧʦ ʬʦʨʤʫʣʝ (4.13.5): 1 22 ( )sina ʩʨ

t
c ctg ctg

B
a a a= - . 

ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʨʘʚʥʘ tpR wD=
/

, ʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʨʝʜʥʝʚʝʢʪʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʩʨw RR bsin/= . ʂʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

 

                             
1 2

2

( )sin

2

ʩʨ

ʩʨ

p p

w c

t

B
c

* *-
=

b

r
.                          (4.14.4) 

 

ɿʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚ ʨʝʰʝʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

35,025,01
1 -= X

kRT

c
Mc . ʊʦʛʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʦʛʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʋʤʝʩʪʥʦ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʘ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʚʳʛʣʷʜʠʪ ʩʣʦʞʥʝʝ. ʉʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʧʨʦʜʫʚʢʫ ʨʝʰʝʪʦʢ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʠ ʰʫʤ 

ʠʩʢʣʶʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʩ ʦʪʢʨʳʪʦʡ ʩʭʝʤʦʡ (ʢʘʢ ʥʘ 

ʨʠʩ. 4.14.1), ʢʦʛʜʘ ʚʦʟʜʫʭ ʚʳʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʘʰʠʥʥʳʡ ʟʘʣ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʨʫʙʳ ð ʩʣʦʞʥʳʝ ʠ ʤʦʱʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʨʫʙʘ ʪʦʡ ʞʝ ʢʘʬʝʜʨʳ 

ʪʫʨʙʠʥʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʉʇʙɻʇʋ ʜʣʷ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʪʫʨʙʠʥʥʳʭ ʨʝʰʝʪʦʢ ʩʥʘʙʞʝʥʘ ʮʝʥʪʨʦʙʝʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 1500 

ʢɺʪ, ʨʘʟʚʠʚʘʶʱʠʤ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 0,8 ʄʇʘ, ʠ ʩʣʦʞʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ  ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ.  

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʧʝʨʝʜ ʠ ʟʘ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ 

ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʧʦʜʲʝʤʥʦʡ ʩʠʣʝ ʠ ʩʠʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʧʨʦʬʠʣʴ ʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʪʦʢ. 

ʇʨʦʬʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʩʳ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʚʫʤ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ, 

ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ac  

ʠ wc . 

4.15. ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʈʆʌʀʃʗ ʀ 

ʈɽʐɽʊʂʀ ʇʈʆʌʀʃɽʁ 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʦʙʪʝʢʘʥʠʷ ʧʨʦʬʠʣʝʡ ʠ ʨʝʰʝʪʦʢ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʭʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ, ʘ ʩʪʘʣʦ ʙʳʪʴ, ʠ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʪʝʢʘʶʱʝʛʦ 

ʧʦʪʦʢʘ. ʇʦʵʪʦʤʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʬʠʣʝʡ ï ʵʪʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ac  ʠ wc ʦʪ ʫʛʣʘ ʘʪʘʢʠ. ɼʣʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʫʛʦʣ ʘʪʘʢʠ a ï ʵʪʦ ʫʛʦʣ ʤʝʞʜʫ ʭʦʨʜʦʡ ʧʨʦʬʠʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ w¤. ʋʛʦʣ a ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʢʦʛʜʘ 

ʥʘʪʝʢʘʶʱʠʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʩʦ ʩʪʦʨʦʥʳ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʪʢʠ 

ʧʨʦʬʠʣʝʡ ʫʛʦʣ ʘʪʘʢʠ  ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ 

1 1ʣi b b= - : 

 

                  , ( )a wc c f= a ,   , ( )a wc c f i=            (4.15.1) 

 

ʧʨʠ , , Rek idem M idem idem= = = . 
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ɼʣʷ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʱʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ , ( )wc f ie = , ʛʜʝ 2 1e b b= -  - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʚ 

ʨʝʰʝʪʢʝ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʩʦʦʪʥʦʰʝʥʠʷ (4.15.1) 

ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ , ( )a wc c f a=  ʧʨʦʬʠʣʝʡ ʦʜʠʥʘʢʦʚʦʡ 

ʬʦʨʤʳ, ʥʦ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʦʙʪʝʢʘʝʤʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʜʘʚʣʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ, ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳ, ʝʩʣʠ 

ʦʜʠʥʘʢʦʚʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ð ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, 

 ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ , ( )a wc c f i=  ʠʣʠ , ( )wc f ie =  

ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ, ʥʦ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʦʙʪʝʢʘʝʤʳʭ ʧʨʠ 

ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʜʘʚʣʝʥʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʘʟʘ, 

ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳ, ʝʩʣʠ ʦʜʠʥʘʢʦʚʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ð ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ M  ʠ Re ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʠʩʧʳʪʘʥʠʡ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʪʨʫʙʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʪʦʢ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʪʝʨʠʠ 

ʧʦʜʦʙʠʷ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

  

              
kRT

w
M w

1
1= ,  

1

11Re
RT

pBw
w

m
= .                  (4.15.2) 

 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʬʠʣʝʡ ʠ ʨʝʰʝʪʦʢ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʧʨʦʚʦʜʷʪʩʷ 

ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʫ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʪʨʫʙʳ. 

ʇʨʠ ʧʨʦʜʫʚʢʝ ʨʝʰʝʪʦʢ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ, ʧʦʢʘʟʘʥʥʳʡ 

ʥʘ ʨʠʩ. 4.14.1. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʪʦʣʘ, ʫʛʦʣ 

ʫʩʪʘʥʦʚʢʠ ʤʝʥʷʝʪʩʷ. ʊʦ ʝʩʪʴ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʬʠʣʝʡ ʠ 

ʨʝʰʝʪʦʢ ï ʵʪʦ ʩʝʤʝʡʩʪʚʦ ʟʥʘʯʝʥʠʡ )(eac , wc  ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ. ʉʪʨʦʛʦ 

ʛʦʚʦʨʷ, ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʷʜʘ ʨʝʞʠʤʦʚ ʠʩʧʳʪʘʥʠʷ ʠ ʠʭ 

ʩʣʝʜʦʚʘʣʦ ʙʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ. ʆʜʥʘʢʦ ʨʘʜʠ ʥʘʛʣʷʜʥʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ.  

ʊʠʧʠʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.15.1 [18]. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʥʫʣʝʚʦʤʫ ʫʛʣʫ ʘʪʘʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤ ʧʨʦʬʠʣʴʥʳʭ ʧʦʪʝʨʴ, ʯʝʛʦ 
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ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʠʩʭʦʜʷ ʠʟ ʢʘʨʪʠʥʳ ʦʙʪʝʢʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ð ʚʝʣʠʯʠʥʘ ac = 0,60. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʬʠʣʴ 

ʩʦʟʜʘʝʪ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʨʘʚʥʫʶ ʤB
w

1
2

60,0
2

Ö¤r . ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠʤʝʨʥʦ ʚ 80 ʨʘʟ ʤʝʥʴʰʝ. 

ʋʛʦʣ ʘʪʘʢʠ a, ʧʨʠ ʢʦʪʦʨʦʤ 0=ac , ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ʥʫʣʝʚʦʡ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʫʛʣʘ ʟʘʚʠʩʠʪ ʦʪ ʠʟʦʛʥʫʪʦʩʪʠ ʧʨʦʬʠʣʷ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ -6
0
. ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚʳʰʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʫʣʝʚʘʷ ʧʦʜʲʝʤʥʘʷ 

ʩʠʣʘ ʧʦʣʫʯʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʦʩʪʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ. 

ʇʨʠ ʝʱʝ ʤʝʥʴʰʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʫʛʣʝ ʘʪʘʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʥʘʯʘʣʝ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪ ʨʘʟʨʝʞʝʥʠʝ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ 

ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ð ʦʪʨʠʮʘʪʝʣʴʥʘʷ.  

 

 

 

ʈʠʩ. 4.15.1. ʊʠʧʠʯʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ð ʢʨʠʚʳʝ 1 (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ( )ac f a=  ʜʣʷ ʪʦʛʦ 

ʞʝ ʧʨʦʬʠʣʷ ʚ ʨʝʰʝʪʢʝ ʥʝʙʦʣʴʰʦʡ ʛʫʩʪʦʪʳ ð ʢʨʠʚʘʷ 2)  

 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ maxac , ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ (
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ʢʨa ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʠʟʦʛʥʫʪʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ maxac = 1,0ï1,4.  

ɺ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ( )ac f a=  ʙʣʠʟʢʘ ʢ 

ʣʠʥʝʡʥʦʡ. ɺʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʘʪʘʢʠ ʨʦʩʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʢʨa a. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ 

ʭʘʨʘʢʪʝʨ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʨʦʩʪ ʧʠʢʘ ʩʢʦʨʦʩʪʠ ʫ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʧʨʦʬʠʣʷ. ʇʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʜʣʝʥʠʝ 

ʩ ʨʦʩʪʦʤ ʫʛʣʘ ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʠʥʪʝʥʩʠʚʥʝʝ, ʧʨʠʚʦʜʷ ʢ ʧʦʷʚʣʝʥʠʶ 

ʨʘʟʚʠʪʦʛʦ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʨʠʩ. 4.15.1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʨʳʚ ʧʦʪʦʢʘ ʥʘ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ aº 9
0
, ʘ 

ʟʥʘʯʝʥʠʝ ºʢʨa  11ï12
0
. 

ʄʠʥʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ a= 0, ʠ ʨʦʩʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʫʛʣʘʤʠ ʘʪʘʢʠ, ʪʘʢ ʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʫ ʚʭʦʜʥʳʭ 

ʢʨʦʤʦʢ ʧʨʦʬʠʣʝʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʬʠʣʝʡ ʚ ʨʝʰʝʪʢʝ ʠ ʜʠʬʬʫʟʦʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʦʪʦʢʘ ʚ ʥʝʡ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʧʨʦʬʠʣʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ (ʢʨʠʚʘʷ 2 ʥʘ ʨʠʩ. 4 15.1). ʕʪʦ ʨʘʟʣʠʯʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʰʘʛʘ ʨʝʰʝʪʢʠ.  

ɼʣʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʦʣʝʝ ʫʜʦʙʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʰʝʪʢʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ , ( )wc ie = . ʇʨʠʤʝʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ( )ac i=  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.15.2 [18]. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ e ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ac  ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ 

ʘʪʘʢʠ ʜʦ ʟʥʘʯʝʥʠʷ ʢʨi .  

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʘʪʘʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ maxe , 

maxac  ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ( ʢʨi ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʠʟʦʛʥʫʪʦʩʪʠ, 

ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʨʦʬʠʣʝʡ ʚ ʨʝʰʝʪʢʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʰʘʛʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʪʦʢʘ ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ.  
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ɺ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ( )f ie=  ʠ ( )ac f i= , 

ʙʣʠʟʢʠ ʢ ʣʠʥʝʡʥʳʤ. ɺʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʘʪʘʢʠ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ  ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʦʥ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʢʨi i . ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʨʦʩʪ ʫʛʣʘ ʘʪʘʢʠ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʧʠʢʘ 

ʩʢʦʨʦʩʪʠ ʫ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʧʨʦʬʠʣʷ. ʇʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʜʣʝʥʠʝ  ʩ ʨʦʩʪʦʤ 

ʫʛʣʘ ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʠʥʪʝʥʩʠʚʥʝʝ, ʧʨʠʚʦʜʷ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʚʠʪʦʛʦ 

ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʫʛʣʝ 

ʘʪʘʢʠ.  

ɺʠʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʠʩ. 4.15.2 ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʦʪʨʳʚʘ 

ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʨʠ ʫʛʣʝ ʘʪʘʢʠ iº 2
0
, ʘ ʟʥʘʯʝʥʠʝ ʢʨi º 

5ï6
0
. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʤʠʥʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʛʣʝ ʘʪʘʢʠ ʦʧʪi º-5
0
, ʘ 

ʥʝ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʘʪʘʢʠ a= 0, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ  ʠ ʫʩʣʦʚʠʝ 

ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʣʦʚʠʝ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ ʧʨʠ 0i ʜʦʩʪʘʪʦʯʥʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʰʝʪʦʢ ʆʂ.  

 

 

 

ʈʠʩ. 4.15.2. ʇʨʠʤʝʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʧʨʠ 

ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ 

 


