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ʄʦʜʝʨʥʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙ (ʣɻʝʢʪʨʦʥʥʳʭ ɸɼʊ). 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ɸɼʊ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʦʜʝʣʝʡ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʩʨʘʚʥʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʝʡ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʦʪʦʢʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʦʜʚʝʩʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʛʨʘʥʠʮ ʧʦʪʦʢʘ ʚ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦʛʦ ʟʘʜʝʣʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʰʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʭʝʤʳ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʦʪʦʢʝ ʧʨʠ 

ʨʘʟʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʊ-102 ʎɸɻʀ.  

 

ɺʚʝʜʝʥʠʝ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʠ ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʪʦʥʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʢ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʚʠʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢ, ʯʪʦ ʜʘʣʴʥʝʡʰʠʡ ʝʛʦ ʨʦʩʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʢʦʤʧʦʥʦʚʦʢ ʩʦʧʦʩʪʘʚʠʤ ʩ ʪʦʯʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. 

ɺ ʩʠʣʫ ʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. 

ʇʨʠʯʝʤ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʪʨʫʙʘʤ, ʧʨʠʤʝʥʷʶʱʠʤʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʝʡʩʝʨʩʢʠʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʪʘʢ ʠ ʢ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʘʪʘʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʦʚʦʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʦʣʝʪʘ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙ (ʣɻʝʢʪʨʦʥʥʳʭ ɸɼʊ) ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʤʦʜʝʣʝʡ ʚ ɸɼʊ; ʩʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʢ ʢ ʪʨʫʙʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ (ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʛʨʘʥʠʮ ʧʦʪʦʢʘ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʵʣʝʤʝʥʪʦʚ ɸɼʊ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ) 

ʠ  ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʛʦ ʟʘʜʝʣʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʰʠʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙ ʊ-102 ʠ ʊ-103 ʎɸɻʀ ʩ ʩʠʩʪʝʤʘʤʠ ʧʦʜʚʝʩʢʠ ʤʦʜʝʣʝʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʚ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʜʚʝʩʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʛʝʦʤʝʪʨʠʠ ʪʨʫʙʳ ʥʘ ʧʦʣʫʯʘʝʤʳʝ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʢʘʢ ʜʣʷ ʤʦʜʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʜʚʝʩʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʜʣʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʦʪʦʢʝ. ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʚʥʦʩʠʤʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʦʡ ʠ ʧʦʜʚʝʩʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ (ʤʘʣʳʝ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ, ʟʘʢʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ ʘʪʘʢʠ), ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ 

ʤʦʜʝʣʝʡ: ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ ʪʠʧʘ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè, ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ ʙʦʣʴʰʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʤʦʜʝʣʴ 

ʩʘʤʦʣʝʪʘ ʩ ʩʦʯʣʝʥʝʥʥʳʤ ʢʨʳʣʦʤ, ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʤʘʥʝʚʨʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʥʘ 

ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʘʪʘʢʠ. 



ʈʘʟʤʝʨʳ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʩ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʪʦʯʥʦʩʪʴʶ, ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʩʠʣʫ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʩʯʝʪʥʳʡ ʢʦʤʧʣʝʢʩ Flow Vision. 
 

ʆʙʲʝʢʪ ʠ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ çɸʤʘʣʠʷè, ʚʳʧʦʣʥʝʥʥʘʷ ʙʝʟ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʪʦʢʦʚ ʧʦ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʡ ʩʭʝʤʝ çʃʝʪʘʶʱʝʝ ʢʨʳʣʦè.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  ʤʦʜʝʣʠ  çɸʤʘʣʠʷè 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʝ 

ʈʘʟʤʘʭ ʢʨʳʣʘ, ʤ 1.457 

ʇʣʦʱʘʜʴ ʧʣʘʥʦʚʦʡ ʧʨʦʝʢʮʠʠ, ʤ
2
 0.59 

ʉʪʨʝʣʦʚʠʜʥʦʩʪʴ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ    45ę 

ɼʣʠʥʘ ʬʶʟʝʣʷʞʘ, ʤ 1.0 

ʉʨʝʜʥʷʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʦʨʜʘ, ʤ 0.594 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʢʨʳʣʘ, % ʉɸʍ 5 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʫʪʢʘ ʢʦʥʩʦʣʝʡ ʢʨʳʣʘ 3ę 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʫʤʤʘʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ (ɸɼʊ) ʊ-102 ʎɸɻʀ ʥʘ ʣʝʥʪʦʯʥʦʡ   ʧʦʜʚʝʩʢʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʰʝʩʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʚʝʩʦʚ. ɸɼʊ ʊ-102 ʷʚʣʷʝʪʩʷ ʪʨʫʙʦʡ ʟʘʤʢʥʫʪʦʛʦ ʪʠʧʘ ʩ 

ʜʚʫʤʷ ʦʙʨʘʪʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ ʩ ʦʪʢʨʳʪʦʡ ʨʘʙʦʯʝʡ 

ʯʘʩʪʴʶ. ɺʳʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʩʦʧʣʘ ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ ʩ ʨʘʟʤʝʨʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 4 ʤ, 

ʚʝʨʪʠʢʘʣʴʥʦʡ 2.33 ʤ. ɼʣʠʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 4 ʤ. ʉʪʝʧʝʥʴ ʧʦʜʞʘʪʠʷ ʧʦʪʦʢʘ ʨʘʚʥʘ 5.  ʇʦʪʦʢ ʚʦʟʜʫʭʘ ʚ 

ʪʨʫʙʝ ʩʦʟʜʘʝʪʩʷ ʜʚʫʤʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʢʘʞʜʳʡ  ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩʚʦʠʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʦʱʥʦʩʪʴʶ 250 ʢɺʪ. 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʦʪ 10 ʜʦ 55 ʤ/ʩ.  ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʩʢʦʨʦʩʪʥʳʭ 

ʥʘʧʦʨʦʚ ʠ ʩʢʦʩʦʚ ʧʦʪʦʢʘ ʚʥʫʪʨʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʠʤʝʶʱʝʛʦ ʨʘʟʤʝʨʳ  3.2x1.2 ʤʝʪʨʘ ʠ 

ʦʪʩʪʦʷʱʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.5 ʤʝʪʨʘ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʳʣʘ 

ʤʦʜʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ: 

ҍ ʧʦ ʩʢʦʨʦʩʪʥʳʤ ʥʘʧʦʨʘʤ Ñ1%; 

ҍ ʧʦ ʩʢʦʩʘʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Ñ 0.3Ü; 

ҍ ʧʦ ʩʢʦʩʘʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ Ñ 0.5Ü. 

ʀʟʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (dCʈ/dx 

=0.0008 1/ʤ). ɺʝʣʠʯʠʥʘ ʥʘʯʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ  0.4%. 

ʂʨʝʧʣʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʰʘʨʥʠʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʨʝʭ ʪʦʯʢʘʭ: ʜʚʫʭ 

ʧʝʨʝʜʥʠʭ (ʢʨʳʣʴʝʚʳʭ) ʠ ʦʜʥʦʡ ʟʘʜʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʬʶʟʝʣʷʞʝ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʤʦʜʝʣʠ. 

ʊʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʤʦʜʝʣʠ ʦʙʨʘʟʫʶʪ ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʦʩʥʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʦʧʝʨʝʯʥʘʷ ʙʘʟʘ Lz=0.6 ʤ, ʘ ʚʳʩʦʪʦʡ ï ʧʨʦʜʦʣʴʥʘʷ ʙʘʟʘ Lx=0.4 ʤ. ʄʦʜʝʣʴ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘʭʦʜʠʣʘʩʴ 

ʚ ʪʨʫʙʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1). ʋʛʣʳ ʘʪʘʢʠ ʦʪʩʯʠʪʳʚʘʣʠʩʴ ʦʪ ʩʪʨʦʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʠ 

ʬʶʟʝʣʷʞʘ. ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʦʩʪʘʚʣʷʣʘ V=50 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʯʠʩʣʘʤ Rʝå2.1...2.310
6
. ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʣ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʪʥʝʩʝʥʳ ʢ 

ʩʢʦʨʦʩʪʥʦʤʫ ʥʘʧʦʨʫ ʠ ʧʣʦʱʘʜʠ ʮʝʥʪʨʦʧʣʘʥʘ S=0.51 ʤ
2
, ʘ ʢʦʵʬʬʠʮʠʝʥʪ Mzʘ ʢ ʩʨʝʜʥʝʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʦʨʜʝ ʮʝʥʪʨʦʧʣʘʥʘ bʘ=0.667 ʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʤʝʥʪʦʚ ʚʳʯʠʩʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʣʦʚʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʠ ʬʶʟʝʣʷʞʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

Xʪ= 0.550 ʤ ʦʪ ʥʦʩʘ ʤʦʜʝʣʠ. 

Ö



 
ʈʠʩ 1 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʦʢʘ ʚ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʊ-102, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ çɸʤʘʣʠʷè.  

 ʊʘʢ ʢʘʢ ʊ-102 ʠʤʝʝʪ ʦʪʢʨʳʪʫʶ ʨʘʙʦʯʫʶ ʯʘʩʪʴ, ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʘʪʤʦʩʬʝʨʥʳʤ. ʈʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʚʷʟʢʦʛʦ ʥʝʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ, ʚʣʠʷʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʯʠʪʘʣʦʩʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ. ɼʣʷ 

ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ k-Ů 

ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʧʨʠʩʪʝʥʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠ ʧʦʜʚʝʩʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʨʘʩʯʝʪʘʭ ʥʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ; ʪʘʢʞʝ ʥʝ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʢʨʦʥʰʪʝʡʥʳ ʢʨʝʧʣʝʥʠʷ 

ʣʝʥʪʦʯʥʦʡ ʧʦʜʚʝʩʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʛʣʘʜʢʦʡ 

ʤʦʜʝʣʠ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʦʪʦʢʝ. ɽʝ ʛʝʦʤʝʪʨʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʜʦʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʧʦʣʦʚʠʥʳ 

ʤʦʜʝʣʠ.  

 
ʈʠʩ. 2 

ɻʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʪʩʪʦʷʣʠ ʦʪ ʤʦʜʝʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 20 ʢʦʨʥʝʚʳʭ ʭʦʨʜ. ʅʘ 

ʚʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʠʧʘ çʚʭʦʜ/ʚʳʭʦʜè ʩ ʟʘʜʘʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʦʨʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʟʘʜʘʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʚʭʦʜʝ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʟʘʜʘʚʘʣʦʩʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʜʣʷ ʚʥʝʰʥʠʭ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʢ 

ʤʦʣʝʢʫʣʷʨʥʦʡ Õ
+
 Ò 10, ʘ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʜʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʙʣʠʟʠ ʤʦʜʝʣʠ 

ʧʦʣʫʯʠʪʴ ʠʟʚʝʩʪʥʫʶ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ Tuå0.4%. 

ʅʘ ʚʳʭʦʜʝ, ʘ ʪʘʢʞʝ ʚʝʨʭʥʝʡ, ʥʠʞʥʝʡ ʠ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʘʭ ʟʘʜʘʚʘʣʦʩʴ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʠʧʘ 

çʩʚʦʙʦʜʥʳʡ ʚʳʭʦʜè ʩ ʟʘʜʘʥʥʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʅʘ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʠʧʘ çʩʠʤʤʝʪʨʠʷè. 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʣʘʩʴ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʢʘʢ ʧʦʜʚʠʞʥʦʝ ʪʝʣʦ. ʅʘ ʥʝʡ ʟʘʜʘʚʘʣʦʩʴ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ ʪʠʧʘ çʩʪʝʥʢʘè, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʨʘʚʥʦʚʝʩʥʳʝ 

ʧʨʠʩʪʝʥʦʯʥʳʝ ʬʫʥʢʮʠʠ. 

ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʷʚʥʘʷ ʩʭʝʤʘ. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ 

ʟʘʜʘʚʘʣʩʷ ʯʠʩʣʦʤ CFL, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ CFL = 20õ100, ʧʨʠ ʵʪʦʤ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ ʙʳʣʦ ʟʘʜʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ, 

ʩʦʩʪʘʚʣʷʚʰʝʝ ȹt = 0.002 ʩ. 


