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ɺʚʝʜʝʥʠʝ 

ɺʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʝʬʪʝ- ʠ 

ʛʘʟʦʜʦʙʳʯʝ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦʚʳʰʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʩʦʙʦ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʪʝʢʫʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʤʩʷ ʨʝʰʝʥʠʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ [1, 2]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (ɺʆɼ) 

ʷʚʣʷʪʁʩʷ ʤʘʣʳʡ ʚʝʩ ʠ ʨʘʟʤʝʨ, ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ, 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ, 

ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʛʦʨʶʯʠʤʠ ʩʤʝʩʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ɺʆɼ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: ʜʘʚʣʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʶ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʣʠʥʝʡʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʫʩʢʦʨʝʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʘ ʠ 

ʜʨ. ʊʘʢʞʝ, ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʚ ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ [3]. 

 ɺʆɼ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʠʤʝʥʥʦ ʪʦʯʝʯʥʳʝ, ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ɺʆɼ (ʈʠʩ. 1). ʊʦʯʝʯʥʳʝ ʜʘʪʯʠʢʠ (ʈʠʩ. 

1ʘ) ʠʟʤʝʨʷʶʪ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʪʦʣʴʢʦ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʶʪ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʚʝʪʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʜʘʪʯʠʢʫ ʠ ʦʪ 

ʜʘʪʯʠʢʘ ʢ ʩʠʩʪʝʤʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʦʯʝʯʥʳʝ ʜʘʪʯʠʢʠ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʫʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦ ʠ ʪʦ 

ʞʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʦʯʝʯʥʳʝ ɺʆɼ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʜʨʫʛ ʜʨʫʛʫ, ʪʦ ʫʞʝ ʛʦʚʦʨʷʪ ʦ ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ (ʈʠʩ. 1ʙ). ɺ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʜʘʪʯʠʢʝ (ʈʠʩ. 1ʚ) ʩʘʤʦ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʠʟʤʝʨʷʝʪ ʬʠʟʠʯʝʩʢʫʶ 

ʚʝʣʠʯʠʥʫ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʚʜʦʣʴ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ [4]. 
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ʈʠʩʫʥʦʢ 1 ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ɺʆɼ ʘ) ʪʦʯʝʯʥʳʝ, ʙ) ʢʚʘʟʠ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ, ʚ) 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʯʫʩʚʪʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ɺʆɼ. 

 

ʊʘʢʞʝ ɺʆɼ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʤ, ʢʘʢʦʡ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ 

ʚʦʣʦʢʥʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʨʷʝʤʦʤ ʬʠʟʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ: ʘʤʧʣʠʪʫʜʥʳʝ, ʬʘʟʦʚʳʝ (ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ), ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ɺʆɼ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʘʤʧʣʠʪʫʜʥʦʤ ɺʆɼ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʦ ʚʩʪʨʦʝʥʥʦʝ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʪʨʘʢʪ ʤʦʜʫʣʠʨʫʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʣʠʙʦ ʚʚʝʜʝʥʥʫʶ ʚ ʚʦʣʦʢʦʥʥʫʶ ʣʠʥʠʶ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ (ʨʘʟʨʳʚ, ʠʟʛʠʙ 

ʠ ʪ.ʜ.). ʊʘʢʠʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴ ʘʤʧʣʠʪʫʜʥʫʶ 

ʧʝʨʝʜʘʪʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʦʣʦʢʥʘ. ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ 

ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʳʯʥʘʷ ʤʝʪʦʜʠʢʘ ʬʦʪʦʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʌʘʟʦʚʳʝ 

(ʠʣʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ) ɺʆɼ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ 

ʢʘʥʘʣʫ. ʀʟʤʝʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʪʝʨʠʘʣ ʢʘʥʘʣʘ ʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʩʠʛʥʘʣʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʦʚ. ʊʘʢʠʝ ɺʆɼ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʀʄʎ). ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʬʘʟʦʚʳʭ ɺʆɼ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʦʛʝʨʝʥʪʥʳʝ ʤʝʪʦʜʳ ð ʛʦʤʦ- ʠ 
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ʛʝʪʝʨʦʜʠʥʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ. ʂ ʧʨʠʤʝʨʫ, ʜʘʪʯʠʢʠ ʥʘ ʙʘʟʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʙʦʣʴʰʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ. 

ʀʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠ-ʇʝʨʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʝʛʦ ʧʨʦʩʪʦʪʳ, ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [6]. 

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʩʤʝʱʝʥʠʶ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʪʥʳʤ 

ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʪʦʨʮʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʯʘʩʪʝʡ 

ʤʝʤʙʨʘʥʳ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʀʄʎ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʧʣʝʯʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʩʨʝʜʫ, ʠ ʦʧʦʨʥʦʝ ʧʣʝʯʦ. ʅʘ ʬʦʪʦʜʝʪʝʢʪʦʨʝ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩ ʦʧʦʨʥʦʛʦ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʣʝʯʘ. 

ʕʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʤʝʝʪ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ [7] - ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʯʝʡ ʪʦʯʢʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʠ ʚʣʠʷʥʠʝ ʣʶʙʳʭ ʬʘʟʦʚʳʭ ʰʫʤʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʀʄʎ ʚ ʜʘʪʯʠʢʘʭ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ [8] ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʨʘʟʚʝʪʚʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʠ 

ʨʘʟʜʝʣʷʝʪ, ʠ ʩʦʝʜʠʥʷʝʪ ʧʨʦʭʦʜʷʱʝʝ ʠʟʣʫʯʝʥʠʝ. ʀʟʣʫʯʝʥʠʝ, ʧʨʠʭʦʜʷʱʝʝ ʦʪ 

ʠʩʪʦʯʥʠʢʘ, ʨʘʟʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʠ ʦʧʦʨʥʳʤ ʧʣʝʯʘʤʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʆʧʦʨʥʦʝ ʚʦʣʦʢʥʦ ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʦʧʦʨʥʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʚʦʣʦʢʥʘʭ. ʇʨʦʡʜʷ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʧʣʝʯ, ʠʟʣʫʯʝʥʠʝ ʦʪʨʘʞʘʝʪʩʷ ʨʝʬʣʝʢʪʦʨʦʤ ʠ ʧʨʦʭʦʜʠʪ ʦʙʨʘʪʥʦ ʯʝʨʝʟ ʪʝ ʞʝ 

ʧʣʝʯʠ. ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʚʦʣʦʢʥʦ ʧʨʠʢʨʝʧʣʝʥʦ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʣʝʜʫʝʪ ʟʘ ʚʩʝʤʠ ʝʝ ʜʝʬʦʨʤʘʮʠʷʤʠ [9]. ʇʨʦʡʜʷ ʧʦ ʚʦʣʦʢʥʘʤ, ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ 

ʟʝʨʢʘʣʘʤʠ ʥʘ ʢʦʥʮʘʭ ʚʦʣʦʢʦʥ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʦʪʨʘʞʘʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩ ʪʨʝʤʷ ʧʠʢʘʤʠ. ʎʝʥʪʨʘʣʴʥʳʡ ʧʠʢ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʨʘʚʥʦʚʝʩʠʠ ʜʚʫʭ ʧʣʝʯ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ, ʪ.ʝ. ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. ɹʦʢʦʚʳʝ ʧʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʟʝʨʢʘʣʘ, 

ʢʦʛʜʘ ʨʘʟʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʚ 

ʧʝʨʚʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʙʦʢʦʚʳʭ ʧʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʩʪʠ ʧʣʝʯ ʧʝʨʚʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʪ.ʝ. ʩʤʝʱʝʥʠʶ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 2 ʤʢʤ [10]. 
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ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʛʦ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʝ ʩʨʝʜʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʩʦ ʩʢʨʝʱʝʥʥʳʤʠ 

ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ. ɺ ʯʘʩʪʦʪʥʳʭ ʜʘʪʯʠʢʘʭ ʠʩʩʣʝʜʫʝʤʦʝ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʛʝʥʝʨʠʨʫʝʤʦʛʦ, ʦʪʨʘʞʝʥʥʦʛʦ ʠʣʠ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʩʚʝʪʘ [5]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ɺʆɼ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ, 

ʢʦʛʜʘ ʠʟʤʝʨʷʪʁʩʷ ʠʟʤʝʥʝʥʠ ̫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ɺʆɼ ʧʦʣʫʯʠʣʠ 

ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʝʪʢʠ (ɺɹʈ) [11]. ɺɹʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ 

ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ, ʚ ʩʝʨʜʮʝʚʠʥʝ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʤʦʜʫʣʷʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʝʨʠʦʜʦʤ Ώ (ʈʠʩ.2). ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʥʘ ʦʪʨʘʞʘʪʴ ʠʟʣʫʯʝʥʠʝ ʚ ʫʟʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʦ ʝʩʪʴ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʙʨʵʛʛʦʚʩʢʦʡ) ʜʣʠʥʝ ʚʦʣʥʳ [12]: 

 ‗ ςὲ Ώ,  (1) 

ʛʜʝ neff - ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʝʨʜʮʝʚʠʥʳ ʚʦʣʦʢʥʘ, ȿ ï ʧʝʨʠʦʜ 

ʩʪʨʫʢʪʫʨʳ.  

  

ʈʠʩʫʥʦʢ 2 ï ʀʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʚʦʣʦʢʦʥʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʝʪʢʠ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɺɹʈ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 0,1ï99,9%, 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʦʪʨʘʞʝʥʠʷ 0,01ï10 ʥʤ [11, 13 - 17]. ɺ ʩʠʣʫ ʤʘʣʦʛʦ 

ʧʝʨʠʦʜʘ ɺɹʈ (ȿ ~ 0.5 ʤʢʤ) ʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʟʘʧʠʩʠ ʥʝʦʙʭʦʜʠʤʦʡ ʨʝʰʝʪʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʨʝʰʝʪʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʣʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʭʝʤ ʟʘʧʠʩʠ ɺɹʈ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʧʠʩʠ ɺɹʈ ʚʳʜʝʣʷʶʪ 

ʧʦʪʦʯʝʯʥʳʡ ʤʝʪʦʜ [13], ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ [17] ʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [18]. ʌʦʨʤʠʨʦʚʘʥʠʝ ɺɹʈ ʤʝʪʦʜʦʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ɺ ʦʩʥʦʚʥʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʩʦʟʜʘʥʠʷ ʨʝʰʝʪʦʢ ʧʨʠʤʝʥʷʶʪʩʷ ʋʌ-ʵʢʩʠʤʝʨʥʳʝ ʣʘʟʝʨʳ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʩʪʴ ʠ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʚ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʜʣʠʥʫ ʚʦʣʥʳ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʚʩʣʝʜʩʪʚʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ ʬʘʟʦʚʦʡ ʤʘʩʢʠ. 

ʊʘʢʞʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʧʠʩʴ ɺɹʈ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʷʞʢʠ 

ʚʦʣʦʢʥʘ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʝʝ ʪʨʝʙʫʝʪ ʦʪʩʫʪʩʪʚʠʷ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʙʣʠʟʠ 

ʜʚʠʞʫʱʝʛʦʩʷ ʩʚʝʪʦʚʦʜʘ [17]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʋʌ ʩʚʝʪʘ ʥʫʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʩʥʷʪʠʷ ʟʘʱʠʪʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʠ ʚʦʣʦʢʥʘ ʧʝʨʝʜ 

ʟʘʧʠʩʴʶ ʨʝʰʝʪʢʠ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʥʝʦʙʭʦʜʠʤʘ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʣʦʯʢʠ ʚʦʣʦʢʥʘ, ʥʝʧʨʦʟʨʘʯʥʳ ʜʣʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ.  

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʭʝʤ ʟʘʧʠʩʠ ɺɹʈ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [18 - 20]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʨʘʟʣʠʯʘʶʪ ʩʭʝʤʳ ʟʘʧʠʩʠ 

ɺɹʈ ʩ ʘʤʧʣʠʪʫʜʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʫʯʢʘ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ɺ 

ʩʭʝʤʝ ʩ ʘʤʧʣʠʪʫʜʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʋʌ ʧʫʯʢʘ ʩ 

ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ. ɿʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʟʝʨʢʘʣ ʧʫʯʢʠ 

ʩʚʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʚʝʪʦʚʦʜʘ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ 

ʜʨʫʛʫ. ʕʪʦʪ ʫʛʦʣ ʟʘʜʘʝʪ ʧʝʨʠʦʜ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʝʨʠʦʜ ɺɹʈ. ʇʦʧʫʣʷʨʥʦʡ ʩʭʝʤʦʡ ʟʘʧʠʩʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʫʯʢʘ 

ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʃʣʦʡʜʘ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ ʜʝʣʠʪ 

ʬʨʦʥʪ ʧʫʯʢʘ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ, ʘ ʧʝʨʝʩʪʨʦʡʢʘ ʫʛʣʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʟʝʨʢʘʣʘ ʚʤʝʩʪʝ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʤ 
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ʩʚʝʪʦʚʦʜʦʤ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʧʠʩʠ ʷʚʣʷʝʪʩʷ 

ʛʠʙʢʦʩʪʴ ʚ ʚʳʙʦʨʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʧʝʨʠʦʜ ʠ ʜʣʠʥʘ ʟʘʧʠʩʳʚʘʝʤʳʭ ʨʝʰʝʪʦʢ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘ ̫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘ ̫ ʠ ʚʨʝʤʝʥʥʘʷ  ʢʦʛʝʨʝʥʪʥʦʩʪʴ 

ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢ ʢʘʢ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʟʘʧʠʩʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʧʫʯʢʘ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʫʶ ʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜ ʟʘʧʠʩʠ ï ʵʪʦ 

ʧʦʰʘʛʦʚʳʡ ʤʝʪʦʜ. ʌʦʨʤʠʨʦʚʘʥʠʝ ɺɹʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʝʨʜʮʝʚʠʥʫ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʟʦʚʦʡ 

ʤʘʩʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʳʚʘʪʴ ɺɹʈ ʩ ʙʨʵʛʛʦʚʩʢʠʤ ʨʝʟʦʥʘʥʩʦʤ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʜʣʠʥʝ ʚʦʣʥʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʨʦʬʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʰʪʨʠʭʘ ʨʝʰʝʪʢʠ ʠ ʚʩʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʷʪʴ ʧʝʨʠʦʜ ʧʦ ʜʣʠʥʝ ʨʝʰʝʪʢʠ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʚʘʪʴ ʯʠʨʧʠʨʦʚʘʥʥʳʝ ɺɹʈ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʤʘʩʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦ ʜʣʠʥʝ ʧʝʨʠʦʜʦʤ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ 

ʚʜʦʣʴ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [13]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɺɹʈ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʝ ʨʝʟʦʥʘʥʩʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ 

ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ ï ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ [12]: 

 ῳ‗ ςΏ ὲ ῳὰςΏ ὲ ῳὝȟ (2) 

ʛʜʝ ȹT - ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ȹl ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, n - ɻ ʬʬʝʢʪʠʚʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ. ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʘ ɺɹʈ ʜʝʡʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʨʘʞʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [3]: 

 ῳ‗ ‗ ὝῳὝȢ (3) 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʝʪ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʘ ɚBG ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ῳ‗ȾῳὝ~0,01 ʥʤ/ʂ [11, 12]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʦʩʥʦʚʘʥ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ɺʆɼ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ɺɹʈ ʤʘʣʘ (ʧʦʨʷʜʢʘ 1 ʩʤ), ʧʦʵʪʦʤʫ ɺɹʈ-ɺʆɼ ʠʟʤʝʨʷʝʪ ʣʦʢʘʣʴʥʦʝ 
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ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ (ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ), ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ɺɹʈ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʥʝʩʢʦʣʴʢʠʭ 

ɺɹʈ. ʂʦʣʠʯʝʩʪʚʦ ɺɹʈ ʚ ʦʜʥʦʡ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʝʜʠʥʠʮ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ ʩʣʫʯʘʝ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʦʩʝʜʥʠʭ ɺɹʈ ʚ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʩʝʥʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ɺʆɼ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʘʥʘʣʠʟʘʪʦʨʘʤʠ 

ʩʠʛʥʘʣʦʚ ʠʣʠ ʠʥʪʝʨʨʦʛʘʪʦʨʘʤʠ (ʦʪ ʘʥʛʣ interrogator ï ʦʧʨʘʰʠʚʘʪʴ). ɼʘʣʝʝ 

ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʠʜʳ ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʋʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ 

ʉʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠʟ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ 

ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʩʝʪʝʡ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ɺɹʈ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʩʜʚʠʛʦʚ ʙʨʵʛʛʦʚʩʢʠʭ ʧʠʢʦʚ ʩ ʙʦʣʴʰʦʡ 

ʪʦʯʥʦʩʪʴʶ [21]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɺɹʈ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʝʩʪʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʨʦʩʝ 

ʩʠʩʪʝʤʳ ʠʟ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʜʚʝ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʟʘʜʘʯʠ: 1) ʠʟʤʝʨʷʪʴ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠ 2) ʣʦʢʘʣʠʟʦʚʘʪʴ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʇʨʠ ʵʪʦʤ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʭʦʞʜʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʧʦʜʦʙʥʳʭ ɺʆɼ ʥʫʞʥʦ ʠʤʝʪʴ ʨʘʟʨʝʰʝʥʠʝ ʢʘʢ ʧʦ ʩʧʝʢʪʨʫ, ʪʘʢ ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʜʘʪʯʠʢʘ, ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ɺɹʈ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʩʩʠʚʘ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʠʭ ʦʧʨʦʩʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʪʴ ʩʝʥʩʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ. ʆʩʥʦʚʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʩʭʝʤ ʦʧʨʦʩʘ ʷʚʣʷʶʪʩʷ: ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʪʦʯʥʠʢʘ (ʥʤ); ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʘʰʠʚʘʝʤʳʭ 

ʜʘʪʯʠʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʥʘ ʢʘʥʘʣ; 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ (ʥʤ) ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ (ʥʤ); 
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ʯʘʩʪʦʪʘ ʦʧʨʦʩʘ (ɻʮ). ʂʚʘʟʠ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʭʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ɺɹʈ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʦʧʨʦʩʘ ʩʠʩʪʝʤʳ 

ʜʘʪʯʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʪʦʧʦʣʦʛʠʝʡ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʷʚʣʷʶʪʩʷ ʩʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɺɹʈ ʩ 

ʨʘʟʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ, (ʈʠʩʫʥʦʢ 3-ʘ) [22], ʬʦʨʤʠʨʫʶʱʠʝ ʣʠʥʠʶ ɺʆɼ. 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʠʟ ɺɹʈ ʟʘʥʠʤʘʝʪ ʩʚʦʡ ʦʪʜʝʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ɺɹʈ (ʠʣʠ ʛʨʫʧʧʳ ɺɹʈ) ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʈʠʩʫʥʦʢ 3-

ʙ) [23]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ɺɹʈ ʟʘʥʠʤʘʝʪ ʦʜʥʦ 

ʠ ʪʦ ʞʝ ʦʢʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʪ.ʝ. ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʳ ʠʩʪʦʯʥʠʢʘ. 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɺɹʈ ʘ) ʩ ʨʘʟʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ 

ʦʪʨʘʞʝʥʠʷ, ʙ) ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʝʩʢʦʣʴʢʦ 

ʣʠʥʠʡ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ [24] ʠʣʠ ʨʘʟʥʳʤʠ [25] ʜʣʠʥʘʤʠ ʚʦʣʥ 

ʦʪʨʘʞʝʥʠʷ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʜʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʧʨʦʩʘ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʪʘʢʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ [26], ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʚʳʙʦʨ ʪʝʢʫʱʝʛʦ ʢʘʥʘʣʘ ʦʧʨʦʩʘ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʨʘʰʠʚʘʝʤʳʭ ʜʘʪʯʠʢʦʚ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʩʭʝʤʳ ʪʨʝʙʫʶʪ 

ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʘ, ʚʳʙʠʨʘʶʱʝʛʦ ʜʝʡʩʪʚʫʶʱʠʡ ʢʘʥʘʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢʘʥʘʣʦʚ ʩ ʜʘʪʯʠʢʘʤʠ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ ɺɹʈ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʚ ʦʜʥʦʤ ʤʥʦʛʦʩʝʨʜʮʝʚʠʥʥʦʤ ʚʦʣʦʢʦʥʥʦʤ ʩʚʝʪʦʚʦʜʝ [27]. ʊʘʢʦʛʦ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ 

ʧʦʪʦʯʝʯʥʦʡ ʟʘʧʠʩʠ ɺɹʈ ʚ ʚʳʙʨʘʥʥʳʭ ʩʝʨʜʮʝʚʠʥʘʭ ʚʦʣʦʢʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʩʩʠʚ ɺɹʈ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʳʙʨʘʥʥʦʡ 

ʙʦʢʦʚʦʡ ʩʝʨʜʮʝʚʠʥʝ ʩʚʝʪʦʚʦʜʘ. ʆʜʥʘʢʦ ʜʣʷ ʦʧʨʦʩʘ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʪʨʝʙʫʪʁʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʥʠʢʠ ʩ ʦʙʳʯʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʤʥʦʛʦʩʝʨʮʝʚʠʥʥʳʝ ï ʫʩʪʨʦʡʩʪʚʦ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ [28]. ɼʘʣʴʥʝʡʰʠʡ ʦʧʨʦʩ ɺɹʈ ʦʩʫʱʝʩʪʚʣʷʣʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʡ ɺʆɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʦʧʨʦʩʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʡ ɺʆɼ ʨʝʰʘʝʪʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʝʝ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʟʘʜʘʯʫ ʦʙ ʦʧʨʦʩʝ ʦʜʥʦʡ ʣʠʥʠʠ ɺʆɼ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ 

ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʩʭʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʦʚ ʦʪ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʦʜʥʦʡ ʣʠʥʠʠ: ʩ ʚʨʝʤʝʥʥʳʤ ʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ.  

ɺʨʝʤʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ  

 

ʈʠʩʫʥʦʢ 4 ï ʊʠʧʠʯʥʘʷ ʩʠʩʪʝʤʘ ʦʧʨʦʩʘ ɺɹʈ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʦʪʢʣʠʢʦʚ. 

 

ʉʭʝʤʘ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ɺ ʦʩʥʦʚʝ 

ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʣʝʞʘʪ ʧʨʠʥʮʠʧʳ ʚʨʝʤʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ 

[29, 30]. ʆʧʨʦʩ ɺɹʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʢʦʨʦʪʢʠʤ ʠʤʧʫʣʴʩʦʤ ʩʚʝʪʘ, 

ʟʘʚʝʜʝʥʥʳʤ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ. ɺ ʫʩʪʨʦʡʩʪʚʝ ʦʧʨʦʩʘ ʜʝʪʝʢʪʠʨʫʝʪʩʷ 

ʦʪʨʘʞʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʨʘʟʥʳʭ ɺʆɼ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʣʠʥʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʪʨʘʞʘʪʝʣʷ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤ ʠ ʦʪʨʘʞʝʥʥʳʤ ʩʠʛʥʘʣʘʤʠ. ɼʣʷ ʚʨʝʤʝʥʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʨʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʣʠʥʥʳʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʩʦʙʳʪʠʷʤʠ ʦʪʨʘʞʝʥʠʷ, ʠ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʢ ʠʟʤʝʨʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ. ʋʚʝʣʠʯʝʥʠʝ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʛʨʘʥʠʯʝʥʦ ʥʝʣʠʥʝʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʚʦʣʦʢʥʝ [31], ʢʦʪʦʨʳʝ ʠʩʢʘʞʘʶʪ ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ. ɺ ʩʣʫʯʘʝ ʦʧʨʦʩʘ ɺʆɼ 

ʠʟʣʫʯʝʥʠʝ, ʦʪʨʘʞʝʥʥʦʝ ʦʪ ʢʘʞʜʦʡ ʠʟ ɺɹʈ, ʙʫʜʝʪ ʠʤʝʪʴ ʦʪʣʠʯʥʫʶ ʚʨʝʤʝʥʥʫʶ 

ʟʘʜʝʨʞʢʫ †, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʫʜʘʣʝʥʥʦʩʪʴʶ ʜʘʪʯʠʢʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ὒ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʣʠʯʘʪʴ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʜʘʪʯʠʢ [23]: 

 † ςὲ . (4) 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ɺɹʈ 

ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʦʢʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʪ.ʝ. ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʘʪʯʠʢʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ɺɹʈ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ, ʩʢʘʥʠʨʫʶʱʠʤʠ ʬʠʣʴʪʨʘʤʠ, ʥʘʢʣʦʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ 

(ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʝ ʧʨʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ). 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʜʘʪʯʠʢʦʚ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ. ʇʨʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɺɹʈ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʪʝʥʝʥʠʝ ʩʦʩʝʜʥʠʭ ʜʘʪʯʠʢʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ [23]. ʇʦɻʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟ-ʟʘ 

ʯʘʩʪʠʯʥʦʛʦ ʟʘʪʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʦʰʠʙʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʙʦʯʝʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʚ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʦ ʧʦʪʝʨʷʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʦ ʚʦʣʦʢʥʫ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ [23]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʤʦʞʝʪ ʩʪʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʶʱʝʛʦʩ ̫ʫʨʦʚʥʷ ʦʧʨʘʰʠʚʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ɺɹʈ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʘʙʦʦʪʨʘʞʘʶʱʠʝ ɺɹʈ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [32, 33] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʩʣʘʙʦʦʪʨʘʞʘʶʱʠʭ ɺɹʈ-

ʜʘʪʯʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʜʣʷ ʙʦʣʝʝ 80% ʜʘʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 20 ʧʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 2 ÁC.  
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ɼʨʫʛʘ ̫ʩʣʦʞʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʩʚʷʟʘʥʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʢʘʞʜʦʛʦ ʜʘʪʯʠʢʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʩʩʠʚʘ ɺɹʈ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʦʪʨʘʞʝʥʠʷ ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ ʩ 

ʠʥʪʝʨʚʘʣʘʤʠ ~ 20 ʥʩ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪʨʘʞʝʥʠʷ [34]. ʆʜʥʘʢʦ ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʄɻʮ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʰʫʤ ʩʠʛʥʘʣʘ [34]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʪʨʦʙʠʨʦʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ 

ʩʪʨʦʙʠʨʦʚʘʥʠʝ - ʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʦʣʴʢʦ 

ʦʪʨʘʞʝʥʠʡ ʜʣʷ ʦʜʥʦʡ ʨʝʰʝʪʢʠ ʚ ʤʘʩʩʠʚʝ. ʇʦʣʫʯʘʷ ʩʠʛʥʘʣ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʪʜʝʣʴʥʦʡ 

ʚʳʙʨʘʥʥʦʡ ʨʝʰʝʪʢʠ, ʤʦʞʥʦ ʠʟʚʣʝʢʘʪʴ ʠʟʤʝʨʝʥʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʜʘʪʯʠʢʘ. ɿʘʪʝʤ 

ʤʦʞʥʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʯʪʦʙʳ 

ʠʟʦʣʠʨʦʚʘʥʦ ʦʧʨʦʩʠʪʴ ʩʣʝʜʫʶʱʠʡ ʜʘʪʯʠʢ ʚ ʤʘʩʩʠʚʝ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʪʴ 

ʜʘʥʥʳʝ ʩʦ ʚʩʝʡ ʣʠʥʠʠ ɺɹʈ [22]. 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʦʧʨʦʩʘ ɺʆɼ ʦʩʥʦʚʘʥ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʢʘʥʘʣʦʚ 

(ʈʠʩ. 5). ɺ ʩʭʝʤʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ɺɹʈ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩ 

ʨʘʟʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ. ʆʧʨʦʩ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ, ʦʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʝʣʝʢʮʠʠ ʠʟʣʫʯʝʥʠʷ: ʜʦ (ʈʠʩ. 5ʘ) ʠʣʠ ʧʦʩʣʝ (ʈʠʩ. 5ʙ) 

ɺɹʈ. 
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ʈʠʩʫʥʦʢ 5 ï ʊʠʧʠʯʥʘʷ ʩʠʩʪʝʤʘ ʦʧʨʦʩʘ ɺɹʈ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ. 

 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʝʣʝʢʮʠʝʡ 

ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ɺɹʈ (ʈʠʩ. 5ʘ). ʃʦʙʦʚʳʤ ʨʝʰʝʥʠʝʤ ʪʘʢʦʡ ʩʝʣʝʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ [22]. ʂʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 1 ʧʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 1.5 ʤʢʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ɺɹʈ ʥʘ 0.1 Áʉ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʠʣʫ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʂ ʧʨʠʤʝʨʫ, 

ʚ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʣʷ ʣʠʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ɺɹʈ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʩʚʝʪʦʜʠʦʜʘ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1550 ʠ 1300 ʥʤ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦ ʚʦʣʦʢʥʦ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʚʝʪʚʠʪʝʣʷ WDM. ʉʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ɺɹʈ, ʯʝʨʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʟʚʝʪʚʠʪʝʣʴ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ. 

ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʩʭʝʤʳ ʦʧʨʦʩʘ ɺɹʈ, ʛʜʝ ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʀʄʎ [35 - 37]. ɺ ʣʠʥʠʶ ɺɹʈ ʜʘʪʯʠʢʦʚ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ʦʪ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʆʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʠʣʴʪʨʫʶʪʩʷ ʠ ʨʘʟʜʝʣʷʶʪʩʷ 

ʩʭʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʚʦʣʥʦʚʦʜʥʦʡ ʨʝʰʝʪʢʠ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦʣʦʩʘʤʠ 
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ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. ɼʘʣʝʝ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ 

ʦʪʨʘʞʝʥʠʷ ʧʦʧʘʜʘʶʪ ʥʘ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʀʄʎ. ʂʘʣʠʙʨʦʚʢʘ ʠ ʠʟʤʝʨʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʢʘʞʜʦʡ ɺɹʈ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʀʄʎ ʩ ʧʦʤʦʱʴʶ ɸʎʇ. ʉʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʦʣʠʨʦʚʘʪʴ ʀʄʎ ʦʪ ʚʠʙʨʘʮʠʠ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ 

ʤʝʞʜʫ ʧʣʝʯʘʤʠ ʚʦ ʚʨʝʤʷ ʪʝʧʣʦʚʦʡ ʥʘʩʪʨʦʡʢʠ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʦʧʨʦʩʘ ʧʦʢʘʟʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

20 ʧʤ (ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ~2 ÁC).  

ɺ ʨʘʙʦʪʝ [38] ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʦʧʨʦʩʘ ɺɹʈ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ 

ʬʠʣʴʪʨʘ ʌʘʙʨʠ-ʇʝʨʦ. ʉʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, 

ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʠʟ 4 ɺɹʈ, ʮʠʨʢʫʣʷʪʦʨʘ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ɺɹʈ 

ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʯʝʨʝʟ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʬʠʣʴʪʨ ʌʘʙʨʠ-ʇʝʨʦ. 

ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ 

ʧʠʣʦʦʙʨʘʟʥʦʡ ʚʦʣʥʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥ ʚʦʣʥ ɹʨʵʛʛʘ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ɻʘʫʩʩʘ. ɼʣʠʥʘ ʚʦʣʥʳ ʢʘʞʜʦʡ 

ɺɹʈ ʠʟ ʤʘʩʩʠʚʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʪʦʯʥʦʩʪʴ 12 ʧʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʝʤʳ ʦʧʨʦʩʘ 

ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʠʩʧʦʣʴʟʫ ̫ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʢʦʤʧʝʥʩʘʮʠʶ ʬʠʣʴʪʨʘ ʌʘʙʨʠ-

ʇʝʨʦ, ʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠ ʜʝʪʝʢʪʦʨʘ (ʈʠʩ. 5ʙ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʝʣʝʢʮʠʷ ʜʣʠʥʳ ʚʦʣʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ [39]. ʂʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʚ ʪʘʢʠʭ ʩʭʝʤʘʭ ʦʛʨʘʥʠʯʝʥʦ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʠʟ ʜʘʪʯʠʢʦʚ ʟʘʥʠʤʘʝʪ 

ʦʪʜʝʣʴʥʦʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʢʥʦ, ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʜʣʠʥʝ 

ʚʦʣʥʳ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʠ ʠʭ 

ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ. ɼʣ̫ ʦʧʨʦʩʘ ʢʘʞʜʦʡ ɺɹʈ ʪʨʝʙʫʝʪʩʷ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 0 ʜʦ 100 Áʉ ʠ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʜʚʠʛʘ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ 

ɺɹʈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ~0.01 ʥʤ/ʂ, ʜʣʷ ʦʧʨʦʩʘ 10 ɺɹʈ ʥʝʦʙʭʦʜʠʤ 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ 10 ʥʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʘʪʯʠʢʦʚ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠ ̫ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ 

ʠʩʪʦʯʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʳ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʘʢʦʚʳʭ ʣʠʥʠʡ ɺɹʈ [40]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʭʝʤʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʜʘʪʯʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʷʜʝ ʨʘʙʦʪ. ɺ 
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[41] ʢʘʯʝʩʪʚʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʦʢʦʥʥʳʡ ʵʨʙʠʝʚʳʡ 

ʢʦʣʴʮʝʚʦʡ ʣʘʟʝʨ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʷʞʝʥʠʷ ʬʠʣʴʪʨʦʤ ʌʘʙʨʠ-

ʇʝʨʦ. ʃʠʥʠʷ ʩʦʩʪʦʷʣʘ ʠʟ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ɺɹʈ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ 

1541.25 ʜʦ 1562.4 ʥʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ 80-99%. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʣʠʥʠʠ 

ʜʘʪʯʠʢʦʚ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʣ ʥʘ ʜʝʪʝʢʪʦʨ. ɹʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 1.19 ʧʤ/ɛŮ.  

ʂ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʤʦʞʥʦ ʪʘʢʞʝ 

ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʩ ʨʘʟʥʳʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ 

ʚʦʣʥ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʟʦʚʳʭ ʤʘʩʦʢ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʘ ʠʣʠ ʣʘʟʝʨʘ ʩ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʧʝʨʝʩʪʨʦʡʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʤʠʥʫʩʳ, ʤʝʪʦʜ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʨʷʜʝ ʨʘʙʦʪ ʜʣʷ ʦʧʨʦʩʘ 

ʩʠʩʪʝʤ ɺɹʈ ʜʘʪʯʠʢʦʚ [13, 23, 27, 28, 43]. 

ɻʠʙʨʠʜʥʳʝ ʩʭʝʤʳ 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʛʠʙʨʠʜʥʳʝ ʩʭʝʤʳ ʦʧʨʦʩʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʅʘʧʨʠʤʝʨ, 

ʚ ʨʘʙʦʪʝ [44] ʣʠʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʦʜʠʥʘʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ɺɹʈ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ 

ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ɺɹʈ ʩ ʨʘʟʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ. ɻʨʫʧʧʳ ʜʘʪʯʠʢʦʚ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʪʨʝʟʢʘʤʠ ʚʦʣʦʢʥʘ, 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ. ʃʠʥʠʷ ʦʧʨʘʰʠʚʘʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ 

ʠʤʧʫʣʴʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʦʜʠʪʩʷ ʚ ʣʠʥʠʶ. ʂʘʢ ʠ ʚ ʤʝʪʦʜʝ 

ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ, ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʦʪ ʢʘʞʜʦʡ ʠʟ ɺɹʈ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʣʠʥʠʠ 

ʠʤʧʫʣʴʩʳ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʚʩʝʭ ɺɹʈ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʦʪ ʢʘʢʦʡ ʠʟ ʛʨʫʧʧ ʜʘʪʯʠʢʦʚ ʧʦʣʫʯʝʥ ʩʠʛʥʘʣ, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʩʠʛʥʘʣʳ ʦʪ ʢʘʞʜʦʡ ʠʟ ɺɹʈ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ. 
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            ʘ)                   ʙ) 

ʈʠʩʫʥʦʢ 6 ï ʘ) ʩʭʝʤʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ, ʙ) ʩʠʛʥʘʣʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪ ʜʚʫʭ ʦʪʨʘʞʘʪʝʣʝʡ. 

 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʣʝʞʠʪ 

ʧʨʠʥʮʠʧ ʚʨʝʤʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʦʥʜʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʩʣʫʯʘʝʚ, 

ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜ ʢʦʛʝʨʝʥʪʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ (ʂʆʏʈ) (ʘʥʛʣ. Optical Frequency Domain 

Reflectometry ï OFDR) [45, 46]. ʂʆʏʈ ʙʣʠʟʢʘ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʢ ʩʭʝʤʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ. ʆʜʥʘʢʦ, ʂʆʏʈ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ɺɹʈ ʚ ʣʠʥʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʩʤʝʰʝʥʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʝʨʝʩʪʨʦʡʢʝ 

ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɸʥʘʣʠʟ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʦʪʨʘʞʘʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʠʩʩʣʝʜʫʝʤʦʡ 

ʣʠʥʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʤʘʢʩʠʤʫʤʦʚ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʦʪ 

ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʪʨʦʡʢʠ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʄʝʪʦʜ ʂʆʏʈ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ 

ʩʦʯʝʪʘʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʦʨʦʪʢʠʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʣʠʥ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ [47, 48, 49, 50]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʂʆʏʈ (ʈʠʩʫʥʦʢ 6ʘ) ʩʦʩʪʦʠʪ ʠʟ ʚʳʩʦʢʦʢʦʛʝʨʝʥʪʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, 
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ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩ ʪʝʩʪʠʨʫʝʤʦʡ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʝʡ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ. ʀʟʣʫʯʝʥʠʝ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʠ ʨʘʟʜʝʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʨʘʟʚʝʪʚʠʪʝʣʝʤ ʥʘ ʜʚʘ ʢʘʥʘʣʘ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʧʨʦʭʦʜʠʪ ʢ 

ʪʨʝʪʴʝʤʫ ʨʘʟʚʝʪʚʠʪʝʣʶ ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʧʦʨʥʦʡ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ 

ʪʝʩʪʠʨʫʝʤʦʝ ʚʦʣʦʢʥʦ, ʛʜʝ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʜʝʬʝʢʪʦʚ ʣʠʥʠʠ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʝʪʠʡ 

ʨʘʟʚʝʪʚʠʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ ʠʥʪʝʨʬʝʨʝʥʮʠʠ (ʈʠʩʫʥʦʢ 6ʙ), ʧʝʨʠʦʜ 

ʤʦʜʫʣʷʮʠʠ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪʨʘʞʘʪʝʣʷ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʘ 

ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʦʪʨʘʞʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ 

ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ŭl ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥʦʤ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ 

ʚʦʣʥʳ ȹɜ ʟʦʥʜʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ: 

 ŭl = c/2nȹɜ,  (5) 

ʛʜʝ n - ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʦʢʥʘ, c - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʣʠʥʠʠ Lʤʘʢʩ ʦʛʨʘʥʠʯʝʥʘ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ŭɜ 

ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʵʬʬʝʢʪʘ ʩʪʨʦʙʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ 

ʰʘʛ ʦʮʠʬʨʦʚʢʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʦʮʠʬʨʦʚʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, 

ʨʘʩʪʫʱʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʧʣʝʯ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʣʠʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

 Lʤʘʢʩ =ʩ/(2nהŭɜ).  (6) 

ɼʣʷ ʧʨʠʤʝʨʘ ʢʦʤʤʝʨʯʝʩʢʠʡ ʦʧʪʠʯʝʩʢʠʡ ʯʘʩʪʦʪʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ OBR 4600 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ LUNA ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 10 ʤʢʤ ʧʨʠ ʜʣʠʥʝ 

ʠʟʤʝʨʷʝʤʦʡ ʣʠʥʠʠ 30 ʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʆʏʈ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʦʩʪʦʠʥʩʪʚʘ ʚʨʝʤʝʥʥʦʛʦ ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʦʧʨʦʩʝ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ï ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʠ ʩʧʝʢʪʨ ɺɹʈ ʜʘʪʯʠʢʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʧʦʣʦʛʠʠ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ. 

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʪ.ʝ. ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʂʆʏʈ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʦʧʨʦʩʘ ɺʆɼ 

[51]. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʪʨʘʞʝʥʠʷ 

(ʣʫʯʰʝ, ʯʝʤ -120 ʜɹ/ʤʤ) ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʤʦʨʦʞʝʥʥʳʝ ʚ ʦʧʪʠʯʝʩʢʦʝ 

ʚʦʣʦʢʥʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʩʚʦʡʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʙʳʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʤʘʣʳʝ 

ʚʤʦʨʦʞʝʥʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʥʳʭ 
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ʟʘʜʘʯ [52, 53]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʙʳʯʥʦʝ ʚʦʣʦʢʥʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ɺʆɼ.  

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʨʘʙʦʪ, ʛʜʝ ʦʧʨʦʩ ɺɹʈ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʚʘʟʠ-

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʥʩʦʨʥʳʝ ʣʠʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʂʆʏʈ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʩʢʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳʭ ɺɹʈ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʦʜʥʦʤ ʚʦʣʦʢʥʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʦʩʘ [54, 55]. ʂʆʏʈ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʦʪʨʘʞʝʥʥʳʝ ʩʧʝʢʪʨʳ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ɺɹʈ ʠʟ 

ʤʘʩʩʠʚʘ, ʜʘʞʝ ʝʩʣʠ ʠʭ ʜʣʠʥʳ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ʩʦʚʧʘʜʘʶʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʪʴ 

ʨʘʙʦʪʳ, ʛʜʝ ʚ ʩʭʝʤʝ ʂʆʏʈ ʦʧʨʘʰʠʚʘʣʩʷ ʤʘʩʩʠʚ ʠʜʝʥʪʠʯʥʳʭ ɺɹʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʠʷʥʠ ̫ʦʩʝʚʦʡ ʜʝʬʦʨʤʘʮʠʠ [56] ʠʣʠ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ 

[57] ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʧʨʦʩ ʣʠʥʠʠ ʠʟ 10 ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ʚʙʣʠʟʠ 

1583.7 ʥʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʢʦʣʦ 10%. ɼʚʝ ɺɹʈ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʝʞʜʫ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 100 ÁC ʩ ʰʘʛʦʤ 

10 ÁC. ʆʩʪʘʣʴʥʳʝ ʚʦʩʝʤʴ ʨʝʰʝʪʦʢ ʦʩʪʘʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʵʪʘʣʦʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʘ ʦʢʦʣʦ 2 ÁC. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʠʟ ʜʘʥʥʳʭ 1000 ʚʳʙʦʨʦʢ, ʨʘʚʥʘ 14.2 

ʧʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʢʦʣʦ 1.4 ÁC. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʂʆʏʈ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʩ ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [58], ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ [59] ʚ ʦʜʥʦʤʦʜʦʚʳʭ ʚʦʣʦʢʥʘʭ ʠ ʚʦʣʦʢʦʥ, 

ʩʦʭʨʘʥʷʶʱʠʭ ʧʦʣʷʨʠʟʘʮʠʶ [60], ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʢʘʥʝʡ 

ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʦʢʦʣʦ 70 ʥʤ ʚ 

ʦʙʣʘʩʪʠ 1300 ʥʤ [61], ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʬʪʘʣʴʤʦʣʦʛʠʠ, 

ʨʘʙʦʪʘʶʱʝʡ ʚ ʦʙʣʘʩʪʠ 1050 ʥʤ [62]. 

ʀʩʭʦʜʷ ʠʟ ʦʙʟʦʨʘ ʤʝʪʦʜʦʚ ʦʧʨʦʩʘ ɺɹʈ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʧʦʜʭʦʜʦʚ 

ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʪʘʢʠʭ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʠ 

ʂʆʏʈ ʪʨʝʙʫʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʢʘʢ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʝ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʝ. 

ʃʘʟʝʨʳ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ 
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ʦʧʨʦʩʘ ɺʆɼ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪʩʷ 

ʣʠʙʦ ʚʨʫʯʥʫʶ, ʣʠʙʦ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʠʢʦʡ. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʚʦʣʦʢʦʥʥʳʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ ʌʘʙʨʠ-ʇʝʨʦ [63, 64, 65]. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤʠ ʚʥʦʩʠʤʳʤʠ ʧʦʪʝʨʷʤʠ. ʆʜʥʘʢʦ, ʩʪʦʠʪʴ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʦʞʥʦʩʦʩʪʘʚʥʦʡ ʢʦʣʴʮʝʚʦʡ ʩʭʝʤʝ, ʪʘʢ ʢʘʢ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʠʤʝʝʪ ʫʟʢʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʚ ʧʨʦʧʫʩʢʘʥʠʠ. ʀʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ɺɹʈ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ, ʦʜʥʘʢʦ ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʚ ʩʢʦʨʦʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ, 

ʪʘʢ ʢʘʢ ʧʝʨʝʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʘʩʪʷʞʝʥʠʷ/ʩʞʘʪʠʷ 

ʚʦʣʦʢʥʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʜʩʪʨʦʡʢʠ [66, 67, 68]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʝʨʝʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʜʠʬʨʘʢʮʠʦʥʥʳʤ 

ʨʝʰʝʪʢʘʤ [69] ʠʣʠ ʟʘ ʩʯʝʪ ʤʦʜʫʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʪʦʢʘ ʚ 

ʨʘʙʦʪʝ [70]. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʩʪʨʦʡʢʠ ʚʦʣʦʢʦʥʥʳʭ 

ʣʘʟʝʨʦʚ. 

ʌʠʣʴʪʨ ɼʠʘʧʘʟʦʥ 

ʧʝʨʝʩʪʨʦʡʢʠ, ʥʤ 

ʐʠʨʠʥʘ 

ʣʠʥʠʠ 

ʏʘʩʪʦʪʘ 

ʧʝʨʝʩʪʨʦʡʢʠ, ʢɻʮ 

ʀʥʪʝʨʬʝʨʦʤʝʪʨ 

ʌʘʙʨʠ-ʇʝʨʦ [65] 
>100 0.7 ʢɻʮ 100 

ʇʝʨʝʩʪʨʘʠʚʘʝʤʳʝ 

ɺɹʈ [66] 
40 0.07 ʥʤ ~2 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʨʝʰʝʪʢʠ [69] 
90 0.15 ʥʤ 18 

ʄʦʜʫʣʷʮʠʷ ʪʦʢʘ [70] 80 0.45 ʥʤ 10 

 

ʊʘʢʞʝ ʧʝʨʝʩʪʨʦʡʢʫ ʜʣʠʥʳ ʚʦʣʥʳ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʚ ʥʝ ʚʦʣʦʢʦʥʥʳʭ ʩʭʝʤʘʭ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʡ ʜʠʦʜ ʩ 

ʚʥʝʰʥʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʣʘʟʝʨʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ 

ʨʝʞʠʤʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʦʜʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ 

ʥʘʩʪʨʦʡʢʠ, ʚʳʟʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ɺɹʈ [71]. 
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ʊʘʢʞʝ, ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʬʘʟʳ ʩʠʛʥʘʣʘ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʜʩʪʨʦʯʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ [45]. 

 ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ 

ʫʧʨʘʚʣʷʶʱʠʡ ʜʨʘʡʚʝʨ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʧʨʘʚʣʷʶʱʠʡ ʜʨʘʡʚʝʨ ʩʦʚʤʝʩʪʥʦ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʬʠʣʴʪʨʦʤ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʢʘʢ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʣʘʟʝʨʘ, ʪʘʢ ʠ ʚʩʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ɺʆɼ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʜʣʷ ɺɹʈ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʩʭʝʤʳ, 

ʦʙʣʘʜʘʶʪ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 1 ʧʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 1.5 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ 0.1 Áʉ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ ʚ 

ʩʠʣʫ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ [21]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ ʪʨʝʙʫʝʪʩʷ ʜʨʘʡʚʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʛʝʥʝʨʘʮʠʠ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ. ʆʜʥʘʢʦ ʝʩʪʴ ʨʘʙʦʪʳ [72, 73, 74, 75, 76, 77, 78], ʚ ʢʦʪʦʨʳʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʩʪʨʦʡʢʘ ʣʘʟʝʨʥʦʡ ʯʘʩʪʦʪʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʜʨʘʡʚʝʨʘ. ʅʘʧʨʠʤʝʨ, ʧʦʜʦʙʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʘʟʝʨʘʭ ʩ 

ʩʘʤʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ (ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ) 

ʯʘʩʪʦʪʳ/ʜʣʠʥʳ ʚʦʣʥʳ. ʕʬʬʝʢʪ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʣʘʟʝʨʘ 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʧʝʨʚʳʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ ʨʫʙʠʥʦʚʦʛʦ 

ʣʘʟʝʨʘ [73]. ʀʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʦʢʦʣʦ 0.1 

ʥʤ) ʵʬʬʝʢʪ ʩʯʠʪʘʣʩʷ ʧʘʨʘʟʠʪʥʳʤ, ʧʦʵʪʦʤʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʜʣʷ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ [79]. ɺ ʚʦʣʦʢʦʥʥʳʭ ʞʝ ʣʘʟʝʨʘʭ ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ [74, 75]. ʉʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠʟ-ʟʘ 

ʵʬʬʝʢʪʘ ʚʳʞʠʛʘʥʠʷ ʜʳʨ ʩʪʦʷʯʝʡ ʚʦʣʥʦʡ ʚ ʣʠʥʝʡʥʦʤ ʨʝʟʦʥʘʪʦʨʝ [76]. 

ɼʦʣʛʦʞʠʚʫʱʠʝ ʨʝʰʝʪʢʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʤʦʜʘʤʠ, 

ʚʣʠʷʶʪ ʥʘ ʚʳʭʦʜ ʚ ʛʝʥʝʨʘʮʠʶ ʥʦʚʳʭ ʤʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʥʘʤʠʢʝ ʩʧʝʢʪʨʘ 

ʛʝʥʝʨʘʮʠʠ. ɼʠʥʘʤʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʢʦʛʜʘ 

ʢʘʞʜʳʡ ʠʤʧʫʣʴʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 

ʥʝ ʙʦʣʝʝ 1 ʄɻʮ [76]. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʥʘ ʰʠʨʠʥʫ ʣʠʥʠʠ ʩʚʷʟʘʥʘ ʩ 

ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʟʘ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ 

(ʪ.ʥ. ʯʘʩʪʦʪʥʳʡ ʯʠʨʧ). ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʤʛʥʦʚʝʥʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ʤʝʥʴʰʝ, 
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ʯʝʤ ʚʝʣʠʯʠʥʘ ʯʘʩʪʦʪʥʦʛʦ ʯʠʨʧʘ. ɼʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʣʘʟʝʨʘ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ~200 ʤʝʪʨʦʚ. ʆʧʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʣʘʟʝʨʘ ʠʟʤʝʥʷʝʪʩʷ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʦʙʣʘʩʪʠ ʩʚʦʙʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʆʉɼ) 

ʣʘʟʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ~ ʥʝʩʢʦʣʴʢʠʭ ʄɻʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄɻʮ. 

 

ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ. 

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʠʟʦʙʨʘʞʝʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ 

cʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ. ʂʘʢ ʚʠʜʥʦ, ʦʥʘ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʥʘʢʘʯʢʠ, ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ ʠ ʣʠʥʝʡʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʆʙʣʘʩʪʴ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ 

ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʠʪʪʝʨʙʠʝʚʳʝ ʣʘʟʝʨʳ 

ʩ ʛʝʥʝʨʘʮʠʝʡ ʚʙʣʠʟʠ 1 ʤʢʤ [74, 75, 76]. ʊʘʢʞʝ ʵʬʬʝʢʪ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʘʭ ʫʞʝ ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʚ ʚʠʩʤʫʪʦʚʦʤ ʣʘʟʝʨʝ ʚ ʦʙʣʘʩʪʠ 1.46 

ʤʢʤ [80], ʚ ʵʨʙʠʝʚʦʤ ʣʘʟʝʨʝ ʚ ʦʙʣʘʩʪʠ 1.55-1.6 ʤʢʤ [77, 81, 82], ʚ ʪʫʣʠʡ-ʛʦʣʴʤʠʝʚʦʤ 

ʣʘʟʝʨʝ ʚ ʦʙʣʘʩʪʠ 1.9 ʤʢʤ [83], ʚ ʛʦʣʴʤʠʝʚʦʤ ʣʘʟʝʨʘʭ ʚ ʦʙʣʘʩʪʠ 2.1 ʤʢʤ [84]. 

ʊʘʙʣʠʮʘ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ. 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʣʠʯʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. 

ʇʘʨʘʤʝʪʨ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʀʪʪʝʨʙʠʡ 

[76] 

ɺʠʩʤʫʪ 

[80] 

ʕʨʙʠʡ 

[81] 

ʊʫʣʠʡ- 

ʛʦʣʴʤʠʡ [83] 

ɻʦʣʴʤʠʡ 

[84] 

ʆʙʣʘʩʪʴ, ʤʢʤ 1 1.46 1.55-1.6 1.9 2.1 

ɼʠʘʧʘʟʦʥ, ʥʤ 20 10 2.8 17 10 

ʉʢʦʨʦʩʪʴ, ʥʤ/ʩ 1 0.36 0.8-6 0.4-1.5 0.7 

 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 8 ʠʟʦʙʨʘʞʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ 

ʠʪʪʝʨʙʠʝʚʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ɼʠʘʧʘʟʦʥ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʪʘʨʪʦʚʳʤ ʠ ʢʦʥʝʯʥʳʤ ʟʥʘʯʝʥʠʷʤʠ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ 

ʣʘʟʝʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 8 ʜʠʘʧʘʟʦʥ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20 ʥʤ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʡ ʣʘʟʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʢʦʛʝʨʝʥʪʥʳʡ (ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ <1 ʄɻʮ) ʰʠʨʦʢʦʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠ ʁʦʙʳʯʥʳʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤ 

ʣʘʟʝʨʘʤ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʬʠʣʴʪʨʦʚ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʜʨʘʡʚʝʨʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʦʩʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʵʪʦʪ 

ʚʦʧʨʦʩ ʙʳʣ ʦʪʢʨʳʪ. 

 

ʈʠʩʫʥʦʢ 8 ï ʍʘʨʘʢʪʝʨʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʠʪʪʝʨʙʠʝʚʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʘ.  

 

ʅʝʩʣʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ ʚ ʩʭʝʤʘʭ ʦʧʨʦʩʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʪʨʝʙʫʝʪʩʷ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ 

ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣ ~16 ʥʤ [75] ʠ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʦʙʣʘʩʪʠ 1 ʤʢʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʨʝʢʦʨʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 26 ʥʤ, ʜʦʩʪʠʛʥʫʪʳʡ ʚ 

ʪʫʣʠʝʚʦʤ ʣʘʟʝʨʝ [85]. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʦʧʨʦʩʘ ɺɹʈ ʜʘʪʯʠʢʦʚ ~1.55 ʤʢʤ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʡ ʜʠʘʧʘʟʦʥ ~3 ʥʤ. ɼʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʰʠʨʠʥʘ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʦʚ 

ʦʪʨʘʞʝʥʠʷ/ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʟʦʥʘʪʦʨʝ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨ 



25 
 

ʥʘʩʳʱʝʥʠʷ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʪ.ʜ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʣʘʟʝʨʝ ʵʣʝʤʝʥʪʘʤʠ. ʄ  ʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʟʦʥʘʪʦʨʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʠʘʧʘʟʦʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʣʫʢʪʫʠʨʫʶʪ ʦʪ ʦʜʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʢ ʜʨʫʛʦʤʫ (ʩʤ, ʥʘʧʨʠʤʝʨ, ʈʠʩ. 8). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦʪ ʬʘʢʪ ʫʩʣʦʞʥʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʣʘʟʝʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʟʘʜʘʯʠ ʦʧʨʦʩʘ ɺʆɼ 

ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʪʨʝʙʫʝʪʩʷ ʠʩʪʦʯʥʠʢ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ. ʀʤʧʫʣʴʩʳ ʣʘʟʝʨʘ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʪʨʦʛʦ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʪʘʢʞʝ ʠʤʝʶʪ ʬʣʫʢʪʫʘʮʠʠ 

ʤʦʱʥʦʩʪʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʠʟʤʝʨʷʝʤʳʭ ʜʘʥʥʳʭ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʧʦʤʠʤʦ ʝʛʦ ʧʨʦʩʪʦʪʳ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʜʠʥ ʠʤʧʫʣʴʩ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ, ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʚʩʝ ʠʤʧʫʣʴʩʳ ʷʚʣʷʶʪʩʷ 

ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʠʟʤʝʥʷʝʪʩʷ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʆʉɼ ʨʝʟʦʥʘʪʦʨʘ.  

ʀʩʭʦʜʷ ʠʟ ʧʨʦʙʣʝʤ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʝʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʦʧʨʦʩʘ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʣʘʟʝʨʘ ʥʘ ʜʠʘʧʘʟʦʥ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ; ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʠʘʧʘʟʦʥʦʤ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ;  

¶ ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʠʩʪʝʤʘʭ ʦʧʨʦʩʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ; ʦʧʨʝʜʝʣʠʪʴ 

ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʦʧʨʦʩʘ 

ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ.  
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ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ʠʪʪʝʨʙʠʝʚʦʛʦ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʕʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-

ʧʝʨʚʳʭ, ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʠʪʪʝʨʙʠʝʚʳʭ ʣʘʟʝʨʦʚ ʙʳʣ 

ʧʦʣʫʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʀ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʪʦʣʴʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ [85] ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ 

ʪʫʣʠʝʚʦʛʦ ʣʘʟʝʨ ʩ ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʤ 26 ʥʤ ʚ ʦʙʣʘʩʪʠ 1.92 

ʤʢʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ (ʚʦʣʦʢʥʘ 

ʠ ʢʦʤʧʦʥʝʥʪʳ) ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 1 ʤʢʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2 ʤʢʤ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʥʝʩʝʥʳ ʥʘ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʪʫʣʠʡ, ʵʨʙʠʡ).  

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʠʯʠʥʘʤʠ. ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʫ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦʡ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ï ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʣʘʟʝʨ ï ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʧʨʠʙʦʨʦʤ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʘʢʪʠʚʥʦʤ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʤ 

ʵʣʝʤʝʥʪʝ ʠ ʫʧʨʘʚʣʷʶʱʝʤ ʜʨʘʡʚʝʨʝ ʢ ʥʝʤʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʘʟʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ 

ʥʘ ʵʬʬʝʢʪʝ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʦʙʣʘʜʘʶʪ ʧʨʦʩʪʦʡ ʩʭʝʤʦʡ ʠ ʷʚʣʷʶʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʣʘʟʝʨʫ ʩ ʘʢʪʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʥʫʞʜʘʶʪʩʷ ʚ ʫʧʨʘʚʣʷʶʱʝʤ ʜʨʘʡʚʝʨʝ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʝʣʝʢʪʦʨʝ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʩʭʝʤʫ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʨʦʜʦʡ ʵʬʬʝʢʪʘ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʩʪʨʦʛʦʡ ʚʨʝʤʝʥʥʦʡ ʵʢʚʠʜʠʩʪʘʥʪʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 

ʛʝʥʝʨʘʮʠʠ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ. ɻʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ, ʯʪʦ ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʠ ʩʦʟʜʘʥʠʶ ʩʭʝʤ ʦʧʨʦʩʘ ɺʆɼ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʷʚʣʷʪʁʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

ʂ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: 

¶ ʇʨʝʜʣʦʞʝʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʢʘʥʠʨʦʚʘʥʠʷ (ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʬʣʫʢʪʫʘʮʠʡ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ) 

ʚʦʣʦʢʦʥʥʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. 
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¶ ʇʨʝʜʣʦʞʝʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʜʭʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʩʭʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʠʤʧʫʣʴʩʥʳʭ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ. 

¶ ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʩʭʝʤ ʦʧʨʦʩʘ ɺɹʈ ʢʘʢ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ, ʪʘʢ ʠ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤ ʦʧʨʦʩʘ ɺɹʈ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ 

ʣʘʟʝʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʣʘʶʪ ʚʳʩʦʢʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʦʧʨʦʩʝ ɺʆɼ ʥʘ ʦʩʥʦʚʝ 

ɺɹʈ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʄʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʫʩʠʣʝʥʠʷ ʚ ʚʦʣʦʢʦʥʥʦʤ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʤ ʣʘʟʝʨʝ 

ʩ ʦʜʥʦʨʦʜʥʳʤ ʩʧʝʢʪʨʦʤ ʧʦʪʝʨʴ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ 

ʜʣʠʥʳ ʚʦʣʥʳ. 

2. ʌʣʫʢʪʫʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʚ 

ʚʦʣʦʢʦʥʥʦʤ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʤ ʣʘʟʝʨʝ ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʣʠʙʦ ʚ ʚʠʜʝ ʩʣʘʙʦʦʪʨʘʞʘʶʱʝʛʦ ʩʝʣʝʢʪʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʦ 

ʩʪʦʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʣʘʟʝʨʘ, ʣʠʙʦ ʚ ʚʠʜʝ ʚʳʩʦʢʦʦʪʨʘʞʘʶʱʝʛʦ ʩʝʣʝʢʪʦʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʦ ʩʪʦʨʦʥʳ ʧʣʦʪʥʦʛʦ ʟʝʨʢʘʣʘ ʣʘʟʝʨʘ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥʥʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄɻʮ ʠ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʝ ʦʧʨʦʩʘ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʳʭ ʙʨʵʛʛʦʚʩʢʠʭ ʨʝʰʝʪʦʢ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ: ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʣʠʯʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʥʘ: 

1. ʈʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ ʧʦ ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʘʤ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2016;  

2. International Conference Laser Optics (ICLO), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2017; 

3. SPIE/COS Photonics Asia, ʇʝʢʠʥ, ʂʅʈ, 2018. 

4. 8th Optics and photonics international congress (OPIC), ʗʧʦʥʠʷ, ʀʦʢʦʛʘʤʘ, 2019; 

5. 7th European Workshop on Optical Fibre Sensors (EWOFS), ʃʠʤʘʩʦʣ, ʂʠʧʨ, 2019; 

6. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʝ, ʇʝʨʤʴ, ʈʦʩʩʠʷ, 2019. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ: ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʪʨʘʞʘʶʪ ʧʝʨʩʦʥʘʣʴʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʨʘʙʦʪʳ. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʚʢʣʘʜ ʜʠʩʩʝʨʪʘʥʪʘ ʙʳʣ ʦʧʨʝʜʝʣʷʶʱʠʤ. ɺʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ʇʫʙʣʠʢʘʮʠʠ: ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 8 

ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ, 6 ʠʟ ʢʦʪʦʨʳʭ ʠʟʜʘʥʳ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 2 

 ʚ ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ: ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ ʠ 

ʟʘʢʣʶʯʝʥʠʷ. ʇʦʣʥʳʡ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 104 ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ   50 

ʨʠʩʫʥʢʦʚ ʠ 5 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 105 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

ɻʣʘʚʘ 1 ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʣʘʟʝʨʘ 

(ʜʣʠʥʘ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʠ ʧʦʪʝʨʠ ʥʘ ʚʳʭʦʜʥʦʤ ʟʝʨʢʘʣʝ) ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ ʥʘ ʦʙʣʘʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʛʣʘʚʝ 2 ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ 

ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʚʦʣʦʢʦʥʥʳʭ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ ʚ ʛʣʘʚʝ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʦʛʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ 

ʩʠʩʪʝʤʘʭ ʦʧʨʦʩʘ ɺɹʈ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʩʠʩʪʝʤʳ: ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ ʠ ʥʘ ʦʩʥʦʚʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ 

ʨʝʬʣʝʢʪʦʤʝʪʨʘ.  

  



29 
 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 

1.1 ɺʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ (ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ) ʣʘʟʝʨʦʚ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 8). ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʦʧʨʦʩʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ ʪʨʝʙʫʝʪʩʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦ ʧʦʠʩʢʠ ʩʭʝʤ ʣʘʟʝʨʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ 

ʠʟʚʝʩʪʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʨʘʙʦʪʘ [86], ʚ ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʝʪʩʷ ʢʘʢ 

ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʝʟ ʠʭ ʦʙʲʷʩʥʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʦʧʠʩʘʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʣʘʟʝʨʘ (ʜʣʠʥʘ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʠ ʧʦʪʝʨʠ ʥʘ 

ʚʳʭʦʜʥʦʤ ʟʝʨʢʘʣʝ) ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ 

ʩʚʝʪʦʚʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

1.1.1 ɺʣʠʷʥʠʝ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 

 

ʈʠʩʫʥʦʢ 9 ï ʉʭʝʤʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʠʪʪʝʨʙʠʝʚʦʛʦ ʣʘʟʝʨʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʦʙʱʠʭ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʠʪʪʝʨʙʠʝʚʦʛʦ 

ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 9 

[87]. ʆʜʥʘ ʠʟ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʝ ʩʣʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʥʘ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʚʣʠʷʪʴ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʟʝʨʢʘʣ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʣʦʩʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʟʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʠ ʧʦʪʝʨʴ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʦʪʨʘʞʘʪʝʣʠ ʚ ʚʠʜʝ ʪʦʨʮʦʚ ʚʦʣʦʢʥʘ ʩ ʦʪʨʘʞʝʥʠʝʤ ʌʨʝʥʝʣʷ ʠʣʠ 

ʚʦʣʦʢʦʥʥʳʝ ʢʦʣʴʮʝʚʳʝ ʟʝʨʢʘʣʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʦʥʘʪʦʨ ʣʘʟʝʨʘ ʙʳʣ ʦʙʨʘʟʦʚʘʥ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʧʣʦʪʥʳʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ R2=64%) ʢʦʣʴʮʝʚʳʤ 

ʟʝʨʢʘʣʦʤ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ 80/20 ʠ ʢʦʥʮʘ ʚʦʣʦʢʥʘ, ʩʢʦʣʦʪʳʤ 

ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ (R1=4%), ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʪʪʝʨʙʠʝʚʦʝ ʚʦʣʦʢʥʦ ʩ ʜʚʦʡʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ 

ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʨʢʠ Nufern PM-YDF-5/130. ʅʘʢʘʯʢʘ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʦʙʦʣʦʯʢʫ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 9 ɺʪ ʯʝʨʝʟ ʦʙʲʝʜʠʥʠʪʝʣʴ ʥʘʢʘʯʢʠ ʪʠʧʘ (2+1)Ĭ1. ɼʣʠʥʘ ʘʢʪʠʚʥʦʛʦ 

ʚʦʣʦʢʥʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0.3 ʜʦ 4.3 ʤ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚʳʭʦʜʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʟʫʯʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ LSA (Laser Spectrum 

Analyzer, Angstrom/HighFinesse). ʊʘʢʞʝ ʠʟʤʝʨʷʣʘʩʴ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩ ʜʚʫʭ 

ʢʦʥʮʦʚ P1 ʠ P2. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ 

ʠʟʤʝʥʷʣʘʩʴ ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʡ 

ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʧʦʜʙʠʨʘʣʘʩʴ ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʠʩʴ 

ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, ʟʥʘʯʝʥʠʷ ʩʪʘʨʪʦʚʦʡ ʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʩʤ, ʜʣʷ 

ʧʨʠʤʝʨʘ, ʈʠʩ.8).  
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ʈʠʩʫʥʦʢ 10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ (ʘ) ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ. 

ʏʝʨʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʩʠʥʠʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʧʦʢʘʟʘʥʘ 

ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ 

ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʤʝʱʝʥʠʝ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʇʦʩʣʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ ʦ ʩʤʝʱʝʥʠʠ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʠʪʪʝʨʙʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʚ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ [88], ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ 

ʚʦʣʦʢʥʘ. ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 10 ʚʠʜʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʠʤ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʠʥʥʳʝ ʦʪʨʝʟʢʠ ʚʦʣʦʢʥʘ 

ʧʨʦʢʘʯʝʥʳ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʨʦʪʢʠʝ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ 

ʛʝʥʝʨʘʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʩʚʝʪʦʚʦʜʘ, ʦʙʣʘʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʥʷʝʪʩʷ ʩʣʘʙʦ, ʪʘʢ ʢʘʢ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʢʘʯʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩʫʥʢʝ 10 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ 

ʦʙʣʘʩʪʠ: ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ (ʜʦ 2-3 ʤʝʪʨʦʚ) ʠ ʦʙʣʘʩʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ (ʙʦʣʝʝ 3 ʤʝʪʨʦʚ). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʤʘʣʝʥʴʢʠʭ ʜʣʠʥ ʚʦʣʦʢʥʘ. ʕʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʝʤ, 

ʯʪʦ ʢʦʥʪʫʨ ʫʩʠʣʝʥʠʷ ʩʫʞʘʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʧʨʦʢʘʯʝʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ [88]. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ 2.6 ʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ 1060 ʜʦ 1072 

ʥʤ. 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʬʠʣʴ ʩʧʝʢʪʨʘ ʫʩʠʣʝʥʠʷ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ. ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚ ʜɹ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʣʦʱʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ Pa ʠ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ l [89, 90]: 

Ὣ τȢστ
‰ „ „ †ὖɜ

ὃὬ’
ὔ„ὰɜ ȟ (7) 

ʛʜʝ Pa - ʧʦʛʣʦʱʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, l - ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ, ůa ʠ ůe -

ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ [91,92]); 

pʟ = ɜs/ɜp ~ 1- ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ; Ű - ʚʨʝʤʷ ʞʠʟʥʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, 

A = 33 ʤʢʤ2 - ʧʣʦʱʘʜ ɹʩʝʨʜʮʝʚʠʥʳ, h - ʧʦʩʪʦʷʥʥʘ ̫ʇʣʘʥʢʘ, ɜp ʠ ɜs - ʯʘʩʪʦʪʘ ʥʘʢʘʯʢʠ 

ʠ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, N=1,12Ŀ1020 ʩʤī3 - ʦʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Yb3+ ʜʣʷ ʚʦʣʦʢʥʘ Nufern PM-YDF-5/130, ũs - ʠʥʪʝʛʨʘʣ 

ʧʝʨʝʢʨʳʪʠʷ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʦʜʳ ʩ 

ʠʦʥʘʤʠ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ.  

ʇʦ ʦʮʝʥʢʘʤ, ʦʙʱʠʝ ʧʦʪʝʨʠ ʚ ʨʝʟʦʥʘʪʦʨʝ ʟʘ ʦʜʠʥ ʦʙʭʦʜ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 

ï18 ʜɹ ʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ~ ï1.5 ʜɹ ʥʘ ʩʚʘʨʢʘʭ ʠ ʦʙʲʝʜʠʥʠʪʝʣʝ ʥʘʢʘʯʢʠ ʠ 

ʧʦʪʝʨʴ ʨʝʟʦʥʘʪʦʨʘ 10log(R1R2)=  ï16 ʜɹ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʪʝʨʴ ʥʘ ʚʳʭʦʜʥʦʤ ʟʝʨʢʘʣʝ 

(1ïR1), ʦʙʨʘʟʦʚʘʥʥʦʤ ʚʳʭʦʜʥʳʤ ʨʘʟʚʝʪʚʠʪʝʣʝʤ ʠ ʧʨʷʤʳʤ ʩʢʦʣʦʤ ʚʦʣʦʢʥʘ ʠ ʧʦʪʝʨʴ 

ʚ ʚʦʣʦʢʦʥʥʦʤ ʢʦʣʴʮʝʚʦʤ ʟʝʨʢʘʣʝ (1ïR2). ʈʘʩʯʝʪʥʳʝ ʧʨʦʬʠʣʠ ʫʩʠʣʝʥʠʷ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʜʣʠʥ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦʪʝʨʷʭ ʥʘ ʦʜʠʥ ʦʙʭʦʜ ʚ 

ʨʝʟʦʥʘʪʦʨʝ ï18 ʜɹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 11. ʀʟ ʨʠʩʫʥʢʘ 11 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʚʦʣʦʢʦʥ ʜʣʠʥʦʡ ʢʦʨʦʯʝ 1.3 ʤ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʝ ʧʠʢʠ ʚʙʣʠʟʠ 1025-

1040 ʥʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʦʣʦʢʦʥ ʜʣʠʥʥʝʝ 1.3 ʤ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʝ 

ʧʠʢʠ ʦʢʦʣʦ 1070 ʥʤ. ʅʘ ʜʣʠʥʝ 1.3 ʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʧʠʢʘʤʠ, ʢʦʛʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩ ʧʣʦʩʢʦʡ ʚʝʨʰʠʥʦʡ 

ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 1045 ʜʦ 1067 ʥʤ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʣʷ ʢʦʨʦʪʢʠʭ ʦʪʨʝʟʢʦʚ 

ʚʦʣʦʢʥʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʟʢʠʤ ʩʧʝʢʪʨʦʤ ʫʩʠʣʝʥʠʷ ʜʣʷ ʢʦʨʦʪʢʠʭ 

ʚʦʣʦʢʦʥ (ʈʠʩʫʥʦʢ 10, ʨʦʟʦʚr ʡ ʛʨʘʬʠʢ). 



33 
 

 

ʈʠʩʫʥʦʢ 11 ï ʈʘʩʯʝʪʥʳʡ ʧʨʦʬʠʣʴ ʫʩʠʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ ī18 ʜɹ. 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 10 ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʦʛʦ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʥʥʦ ʧʨʠ ʪʘʢʦʡ ʜʣʠʥʝ ʘʢʪʠʚʥʦʛʦ 

ʚʦʣʦʢʥʘ ~1.3 ʤʝʪʨʘ. ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʦʪʣʠʯʠ ̫ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʨʦʩʪʦʪʳ 

ʩʧʝʢʪʨʳ ʫʩʠʣʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʯʝʪʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʜʣʠʥʳ ʚʦʣʦʢʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʫ ʫʩʠʣʝʥʠʷ ʩ ʧʣʦʩʢʦʡ 

ʚʝʨʰʠʥʦʡ. ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʟʥʦʛʣʘʩʠʡ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʯʝʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʦʢʥʘ.  

 1.1.2 ɺʣʠʷʥʠʝ ʦʙʱʠʭ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ 

ɼʘʣʝʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʙʱʠʭ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ ʥʘ ʜʠʘʧʘʟʦʥ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʘʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 9. ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʚ ʨʝʟʦʥʘʪʦʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʩʣʘʙʦʦʪʨʘʞʘʶʱʠʤ ʩʢʦʣʦʤ ʚʦʣʦʢʥʘ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 
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ʜʦʙʨʦʪʥʦʩʪʴʶ ʨʝʟʦʥʘʪʦʨʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʩʢʦʣʘ ʚʦʣʦʢʥʘ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ, ʦʪʨʘʞʝʥʥʦʝ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʌʨʝʥʝʣʷ ʦʪ ʩʢʦʣʦʪʦʛʦ 

ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʪʦʨʮʘ ʚʦʣʦʢʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘʟʘʜ ʧʦ ʩʝʨʜʮʝʚʠʥʝ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʩʢʦʣʘ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʩʝʨʜʮʝʚʠʥʫ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ [92]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʭʦʜʥʦʡ ʪʦʨʝʮ ʚʦʣʦʢʥʘ 

ʩʢʘʣʳʚʘʣʩʷ, ʫʛʦʣ ʩʢʦʣʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʥʘ ʩʚʘʨʦʯʥʦʤ ʘʧʧʘʨʘʪʝ 

Fujikura FSM-45PM. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʚʳʭʦʜʥʳʝ ʤʦʱʥʦʩʪʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ P1 ʠ P2. ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʩʣʘʙʦʦʪʨʘʞʘʶʱʝʛʦ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ (R1<<1) ʚʳʯʠʩʣʷʣʩʷ ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ: 
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ʛʜʝ P1 ʠ P2 ʤʦʱʥʦʩʪʠ, ʚʳʭʦʜʷʱʠʝ ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʥʦʛʦ R1 ʠ ʧʣʦʪʥʦʛʦ R2 ʟʝʨʢʘʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʦʣʥʦʤ ʦʙʭʦʜʝ ʣʘʟʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʭʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʫʛʣʘ ʩʢʦʣʘ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ.  

 

ʈʠʩʫʥʦʢ 12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ 

(ʣʠʥʠʠ ï ʣʠʥʝʡʥʘʷ ʧʦʜʛʦʥʢʘ).  
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ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʟʝʨʢʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 12. ɼʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ ʩʢʦʣʘ ʠʟʤʝʨʷʣʩʷ ʜʠʘʧʘʟʦʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 12 ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ (ʪ.ʝ. ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʦʪʝʨʴ ʨʝʟʦʥʘʪʦʨʘ) ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. 

ʕʪʦ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ ʜʣʷ ʣʘʟʝʨʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʠ ʩʤʝʱʝʥʠʶ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʧʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ (> 30 ʜɹ) (ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʤʘʣʦʡ ʜʣʠʥʝ ʩʚʝʪʦʚʦʜʘ) ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ 

ʫʤʝʥʴʰʘʪʴʩʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ 

1048 ʜʦ 1069 ʥʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʪʝʨʷʭ ʦʢʦʣʦ -23 ʜɹ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʪʨʘʞʝʥʠʷ ʧʦʨʷʜʢʘ R = 0.5 %. 

 

ʈʠʩʫʥʦʢ 13 ï ʈʘʩʯʝʪʥʳʡ ʧʨʦʬʠʣʴ ʫʩʠʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʥʳʭ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 2.6 ʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʯʝʪʘʤʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 13. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ 

ʘʥʘʣʦʛʠʯʥʘ ʧʨʝʜʳʜʫʱʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʚ ʨʝʟʦʥʘʪʦʨʝ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʣʦʱʘʝʤʦʡ 
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ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ (ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤ), ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ ʩʧʝʢʪʨʘ ʫʩʠʣʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. 

ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ï ʜʣʠʥʘ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʦʪ 2 ʜʦ 4 ʤʝʪʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

0.1-1%, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ~20 ʥʤ. 

ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʦʡ ʦʙʥʘʨʫʞʠʣʩ ̫ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 1) 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʩʭʝʤʳ ʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʭʝʤʳ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʩʦʭʨʘʥʷʶʱʠʭ 

ʧʦʣʷʨʠʟʘʮʠʶ, 2) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʚ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʳʭ ʩʭʝʤʘʭ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʣʘʟʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 14.  

 

ʈʠʩʫʥʦʢ 14 ï ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. 

 

ɼʘʥʥʳʡ ʣʘʟʝʨ ʙʳʣ ʩʦʙʨʘʥ ʚ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʦʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [76, 78], 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʫʩʣʦʞʥʷʝʪ 

ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʣʦʢʦʥʥʳʭ ʩʭʝʤʘʭ, ʪ.ʢ. 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʤʥʦʡ ʦʧʪʠʢʠ ʜʣʷ ʝʛʦ ʟʘʚʝʜʝʥʠʷ ʚ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʩʢʦʣ ʚʦʣʦʢʥʘ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʟʝʨʢʘʣʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʦʣʦʢʦʥʥʦʛʦ 

ʨʘʟʚʝʪʚʠʪʝʣʷ, ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʠ ʠʟʦʣʷʪʦʨʘ ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ [75]. ʈʝʟʦʥʘʪʦʨ ʣʘʟʝʨʘ 

ʦʙʨʘʟʦʚʘʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʚʳʩʦʢʦʦʪʨʘʞʘʶʱʠʤ ʚʦʣʦʢʦʥʥʳʤ ʢʦʣʴʮʝʚʳʤ 

ʟʝʨʢʘʣʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ 50/50 ʠ ʨʘʟʚʝʪʚʠʪʝʣʝʤ 20/80 ʩʦ 

ʩʢʦʣʦʪʳʤ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ 20% ʧʦʨʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʠʷ ʧʦ 

ʬʦʨʤʫʣʝ ʌʨʝʥʝʣʷ. ʇʦʨʪ 80% ʨʘʟʚʝʪʚʠʪʝʣʷ 20/80 ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʦʣʷʪʦʨʦʤ ʩʣʫʞʠʪ 

ʜʣʷ ʚʳʚʦʜʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʝʟʦʥʘʪʦʨʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʚ ʚʠʜʝ 

ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʠʣ ~0.2%. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʚʦʣʦʢʥʝ ʠ ʤʦʛʣʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɼʣʠʥʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʪʪʝʨʙʠʝʤ Nufern PM-YDF-

5/130, ʩʦʩʪʘʚʣʷʣʘ 3 ʤʝʪʨʘ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. ɸʢʪʠʚʥʘʷ ʩʨʝʜʘ 

ʥʘʢʘʯʠʚʘʣʘʩʴ ʤʥʦʛʦʤʦʜʦʚʳʤ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ~970 ʥʤ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 9 ɺʪ ʯʝʨʝʟ ʦʙʲʝʜʠʥʠʪʝʣʴ ʥʘʢʘʯʢʠ. ʊʘʢʞʝ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʭʝʤʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [76], ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʩʚʝʪʦʚʦʜʘ ʚ ʨʝʟʦʥʘʪʦʨʝ. ʇʦʜʦʙʨʘʚ ʜʣʠʥʫ ʧʘʩʩʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ~10 ʤʝʪʨʦʚ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʤʝʞʜʫ ʦʙʲʝʜʠʥʠʪʝʣʝʤ ʥʘʢʘʯʢʠ ʠ ʧʣʦʪʥʳʤ ʟʝʨʢʘʣʦʤ, ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʝʞʠʤ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ [76, 78]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʠʥʘʤʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʣʘʟʝʨʥʘʷ ʯʘʩʪʦʪʘ ʤʝʥʷʝʪʩʷ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʦʜʥʫ ʆʉɼ ~5.5 ʄɻʮ (ʈʠʩʫʥʦʢ 

15ʘ), ʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʄɻʮ. ʇʨʠ 

ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ~2.6 ɺʪ ʣʘʟʝʨ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ 1058 ï 1082 ʥʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ~1 ʥʤ/ʩ, ʭʘʨʘʢʪʝʨʥʘʷ 

ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 30 ʤɺʪ, ʪʠʧʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʢʘʟʘʥʘ 

ʥʘ ʈʠʩʫʥʢʝ 15-ʙ. ɼʣʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʘʙʦʪʘ ʣʘʟʝʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ 

ʥʘʢʘʯʢʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 15 ï ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʪʪʝʨʙʠʝʚʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ: ʘ) ʜʠʥʘʤʠʢʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʙ) ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ. 
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1.2 ʋʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ  

ɺ ʧʨʝʜʳʜʫʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʣʘʟʝʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠ ̫ʜʠʘʧʘʟʦʥʦʤ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʩʭʝʤʘ 

ʣʘʟʝʨʘ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 16. ʆʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʚʳʭʦʜʥʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ ʠ ʟʘʤʝʥʝ ʚʦʣʦʢʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʟʝʨʢʘʣʘ ʥʘ ʚʦʣʦʢʦʥʥʦʝ ʧʣʦʪʥʦʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʟʝʨʢʘʣʦ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘ ʦʙʣʘʩʪʴ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʣʘʟʝʨʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ T1 ʠ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ T2 [87]. 

 

ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʠʪʪʝʨʙʠʝʚʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ. 

 

1.2.1 ʋʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦʝ ʚʦʣʦʢʥʦ ʙʳʣʦ ʥʘʤʦʪʘʥʦ ʥʘ 

ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʢʘʪʫʰʢʫ ʩ ʵʣʝʤʝʥʪʦʤ ʇʝʣʴʪʴʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʚʝʪʦʚʦʜʘ ʦʪ 10 ʜʦ 50 ÜC. ʅʘʛʨʝʚ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʊ2 ʨʘʚʥʦʡ 25 Üʉ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʷʣʠʩʴ ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 17 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ (ʜʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ). 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʢʪʠʚʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 17. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʥʘ 8 ʥʤ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʩ ʥʘʢʣʦʥʦʤ 0.2 ʥʤ/ÁC. ʇʨʠ ʵʪʦʤ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʩʢʦʨʦʩʪʴ ʠ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʠ ʠʭ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʪʁʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʠʟʤʝʥʷʝʪʩʷ ʚʩʝʛʦ ʥʘ 10 %. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʢʦʥʪʫʨ 

ʫʩʠʣʝʥʠʷ ʚ ʠʪʪʝʨʙʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʝ [92, 

93]. 

1.2.2 ʋʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ ʣʘʟʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 16. ʇʨʠ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʊ1 ʨʘʚʥʘ 25 Üʉ. ʍʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʣʘʟʝʨʥʦʛʦ 

ʜʠʦʜʘ ʥʘʢʘʯʢʠ (LUMICS) ʧʨʠ ʨʘʟʥʳʭ ʪʦʢʘʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 18. 
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ʈʠʩʫʥʦʢ 18 ï ʍʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ LUMICS ʧʨʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʦʢʘʭ: 

ʯʝʨʥʳʡ ï 1.2 ɸ; ʢʨʘʩʥʳʡ ï 2 ɸ (ʨʘʙʦʯʠʡ ʪʦʢ); ʩʠʥʠʡ ï 5.2 ɸ. 

 

 ʋʧʨʘʚʣʝʥʠʝ ʜʣʠʥʦʡ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʝʛʦ ʥʘʛʨʝʚʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 19. ʅʘ 

ʧʦʣʫʯʝʥʥʦʤ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʤʝʱʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ ʥʘʢʣʦʥʦʤ 0.2 ʥʤ/ÁC. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥ ̫ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʝʛʦ ʛʝʥʝʨʘʮʠʠ. ʊʝʤ 

ʩʘʤʳʤ ʜʣʠʥʘ ʚʦʣʥʳ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʪʪʝʨʙʠʠ (~975 ʥʤ), 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʚ ʘʢʪʠʚʥʦʤ 

ʩʚʝʪʦʚʦʜʝ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 30 ÜC. ʇʨʠ ʵʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ ï ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʯʘʩʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʥʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 34 ÜC ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʧʘʜʘʝʪ 

ʧʦʣʥʦʩʪʴʶ. 
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ʈʠʩʫʥʦʢ 19 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ (ʜʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ). 

 

ɿʘʢʣʶʯʝʥʠʝ ʢ ʛʣʘʚʝ 1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʩʚʝʪʦʚʦʜʘ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ, ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʠʭ ʧʦʪʝʨʴ ʚ 

ʨʝʟʦʥʘʪʦʨʝ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘʢʘʯʢʠ. ʇʨʠ ʵʪʦʤ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʣʦʩʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʚ ʣʘʟʝʨʝ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ. ɹʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ 21 ʥʤ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʥʘʢʘʯʢʠ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤʳʡ ʜʠʘʧʘʟʦʥ ʫʧʨʘʚʣʝʥʠʷ 

ʙʦʣʴʰʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ 



42 
 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʘ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʣʠʥʘ 

ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʜʠʦʜʘ ʙʫʜʝʪ ʜʘʣʝʢʘ ʦʪ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʠ 

ʧʦʵʪʦʤʫ ʧʦʛʣʦʱʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʠʥʘ ʚʦʣʥʳ ʜʠʦʜʘ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ 

ʠʪʪʝʨʙʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ, ʯʪʦ ʪʘʢʞʝ ʧʣʦʭʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʵʬʬʝʢʪʝ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ, ʧʦ ʩʫʪʠ, ʦʛʨʘʥʠʯʝʥʦ ʢʦʥʪʫʨʦʤ ʫʩʠʣʝʥʠ,̫ ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʜʣʷ ʠʪʪʝʨʙʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 100 ʥʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʣʘʟʝʨʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ ʫʩʠʣʝʥʠʷ 

ʠʪʪʝʨʙʠʷ. ɺ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʞʠʤ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʦʙʣʘʩʪʠ ʦʪ 1028 ʜʦ 1080 ʥʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʰʠʨʦʢʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʣʘʟʝʨʳ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʩ 

ʛʝʥʝʨʘʮʠʝʡ ʚ ʪʨʝʙʫʝʤʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. 
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2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʇʦʤʠʤʦ ʰʠʨʠʥʳ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ ʚʘʞʥʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʝ ʛʨʘʥʠʮ. ʆʜʥʘʢʦ ʠʟ-ʟʘ 

ʩʘʤʦʦʨʛʘʥʠʟʫʝʤʦʛʦ (ʪ.ʝ. ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ) ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ, ʟʥʘʯʝʥʠʷ 

ʩʪʘʨʪʦʚʦʡ ʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʣʫʢʪʫʠʨʫʶʪ ʦʪ ʦʜʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʣʘʟʝʨʦʚ. ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʦʪʨʘʞʘʪʝʣʠ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʛʦ 

ʟʝʨʢʘʣʘ ʠ ʩʢʦʣʘ ʚʦʣʦʢʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʟʦʥʘʪʦʨ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥ 

ʫʟʢʦʧʦʣʦʩʥʳʡ ʩʝʣʝʢʪʦʨ ʚ ʚʠʜʝ ɺɹʈ, ʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʨʘʥʠʮ.  

2.1 ʉʣʘʙʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ 

ʩʢʘʥʠʨʦʚʘʥʠʷ  

ʉʭʝʤʘ ʣʘʟʝʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʘʤ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 20. ʇʨʠ ʨʘʙʦʯʝʡ ʤʦʱʥʦʩʪʠ 2 ɺʪ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʣʘʟʝʨ 

ʩʢʘʥʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1058 ʜʦ 1081 ʥʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʣʦʩʴ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ɺɹʈ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ (1064, 1070, 1074, 

1080 ʥʤ), ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷʣʠʩʴ ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ. ʉ ʮʝʣʴʶ 

ʨʝʛʫʣʠʨʦʚʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʣʦʢʦʥʥʳʡ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʦʩʣʘʙʠʪʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ ʷʚʣʷʣʦʩʴ 

ʩʦʩʪʘʚʥʦʝ ʟʝʨʢʘʣʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ɺɹʈ (ʜʘʣʝʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ñɺɹʈ+ʦʩʣʘʙʠʪʝʣʴò). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 

ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ. 

 

ʈʠʩʫʥʦʢ 20 ï ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. 
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a) ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɺʥʘʯʘʣʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʣʘʟʝʨʘ ʩ ɺɹʈ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1064, 1070 ʠ 

1074 ʥʤ. ʈʝʛʫʣʠʨʦʚʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦʛʦ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʦʩʣʘʙʠʪʝʣʷ. ʉʨʘʟʫ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ɺɹʈ ʙʳʣʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʳʤ. ɼʘʣʝʝ ʜʣʷ ʧʨʦʩʪʦʪʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʘʤʦʡ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʦʪʨʘʞʝʥʠʷ 1064 ʥʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʣʦʢʦʥʥʦʛʦ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʩʝʣʝʢʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ɺɹʈ ʠ ʚʦʣʦʢʦʥʥʳʤ 

ʦʩʣʘʙʠʪʝʣʝʤ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʨʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪ ɺɹʈ (ʪʦ ʝʩʪʴ, ʢʦʛʜʘ 

ʦʩʣʘʙʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪ) ʜʣʠʥʘ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1058 ʜʦ 1081 ʥʤ, ʧʨʠ ʵʪʦʤ ʢʘʢ ʩʪʘʨʪʦʚʘʷ, ʪʘʢ ʠ ʢʦʥʝʯʥʘʷ ʛʨʘʥʠʮʘ 

ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʬʣʫʢʪʫʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʣʘʟʝʨʘ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 21.  

 

ʈʠʩʫʥʦʢ 21 ï ɼʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʝʣʝʢʪʦʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ. ʆʪ ʘ) ʢ ʛ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ. 
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ʇʨʠ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ɺɹʈ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʩ ʥʘʯʘʣʦʤ ʛʝʥʝʨʘʮʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɺɹʈ (ʨʠʩ. 21-ʘ), ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʩʪʘʨʪʦʚʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʠʤʝʝʪ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʚʦʣʦʢʦʥʥʦʤ ʣʘʟʝʨʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʣʥʳʤ 

ʧʨʠʚʷʟʳʚʘʥʠʝʤ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʨʠʩ. 21-ʙ). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ 

ʧʨʦʧʘʜʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʚ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʦʛʦ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɺɹʈ (ʨʠʩ. 21-ʚ). ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ʨʝʰʝʪʢʠ. ʇʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʤ ʚ ʩʭʝʤʝ ʵʬʬʝʢʪʠʚʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʪʨʘʞʝʥʠʷ 

ʛʝʥʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ɺɹʈ 

(ʨʠʩ. 21-ʛ).  

b) ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1080 ʥʤ. 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʣʘʩʴ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʅʘ ʨʠʩʫʥʢʝ 22 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʠʥʘʤʠʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʦʪʨʘʞʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʦʛʦ 

ʩʝʣʝʢʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ɺɹʈ ʠ ʚʦʣʦʢʦʥʥʳʤ ʦʩʣʘʙʠʪʝʣʝʤ. ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʦʙʨʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪ ɺɹʈ, ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 23 ʥʤ, 

ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ ʛʨʘʥʠʮ. 
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ʈʠʩʫʥʦʢ 22 - ɼʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʝʣʝʢʪʦʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1080 ʥʤ. ʆʪ ʘ) ʢ ʛ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ. 

 

ʇʨʠ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ɺɹʈ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʩ ʢʦʥʝʯʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɺɹʈ (ʨʠʩ. 22-ʘ), ʪʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʢʦʥʝʯʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʠʤʝʝʪ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʥʦʝ ʧʨʠʚʷʟʳʚʘʥʠʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʨʠʩ. 22-ʙ). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ 

ʧʨʦʧʘʜʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʚ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʨʠʩ. 22-ʚ). ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʤ ʚ ʩʭʝʤʝ ʵʬʬʝʢʪʠʚʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʪʨʘʞʝʥʠʷ ʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʨʠʩ. 22-ʛ). 

ɼʣʷ ʚʩʝʭ ɺɹʈ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʩʝʣʝʢʪʦʨʘ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚʪʦʨʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʡ ʣʘʟʝʨ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʦʜʠʣʦʩʴ 



47 
 

ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʧʦʨʪʦʚ ʨʘʟʚʝʪʚʠʪʝʣʷ 80/20 (ñʣʘʟʝʨ 2ò). ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 23. ʉʠʛʥʘʣ ʦʪʨʘʞʝʥʠʷ ʦʪ ʩʠʩʪʝʤʳ ñɺɹʈ+ʦʩʣʘʙʠʪʝʣʴò 

ʠʟʤʝʨʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʦʜʥʦʤ ʠʟ ʧʦʨʪʦʚ 

ʨʘʟʚʝʪʚʠʪʝʣʷ 50/50. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʙʳʣ ʠʟʤʝʨʝʥ ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʧʨʷʤʦʛʦ ʩʢʦʣʘ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʡ 

ʟʘʤʝʥʠʣ ʩʠʩʪʝʤʫ ñɺɹʈ+ʦʩʣʘʙʠʪʝʣʴò. ɺ ʨʘʩʯʝʪʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʳʣʠ ʫʯʪʝʥʳ ʧʦʪʝʨʠ ʥʘ ʨʘʟʚʝʪʚʠʪʝʣʷʭ ʠ ʥʘ ʠʟʦʣʷʪʦʨʝ. ʊʘʢʞʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʘʟʥʦʩʪʠ ʧʣʝʯ ʧʝʨʝʜ ɺɹʈ ʠ ʦʩʣʘʙʠʪʝʣʝʤ ʜʦʙʘʚʣʷʣʩʷ ʢʫʩʦʢ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. 

 

ʈʠʩʫʥʦʢ 23 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʪʨʘʞʝʥʠʷ. 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʤʝʨʷʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʝʣʝʢʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʦ (R2) ʠ ʦʢʦʥʯʘʥʠʝ (R1) ʧʨʦʮʝʩʩʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ R1, R2 ʜʣʷ ʨʘʟʥʳʭ ɺɹʈ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 24.  
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ʈʠʩʫʥʦʢ 24 ï ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʚʦʣʥ ɺɹʈ. 

ʇʨʷʤʳʝ ï ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

 

ʏʝʨʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ 

R2 ʜʣʷ ɺɹʈ 1064, 1070 ʠ 1074 ʥʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩ ɹʥʘʯʘʣʦ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʉʠʥʠʤ 

ʢʚʘʜʨʘʪʦʤ ʦʙʦʟʥʘʯʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ R2 ʜʣʷ ɺɹʈ 1080 ʥʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʯʘʣʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʂʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ R1 ʜʣʷ 

ɺɹʈ 1064, 1070 ʠ 1074 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʝ ʠ ʜʣʷ ɺɹʈ 1080 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ 

ʜʠʘʧʘʟʦʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ 

ʠʩʯʝʟʘʣ. ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʦʢ 24 ʜʦʙʘʚʣʝʥʳ ʣʠʥʝʡʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ. ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʥʦʩʪʴʶ (R1 - R2) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ɺɹʈ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚʩʝʭ ɺɹʈ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʩʠʩʪʝʤʳ ñɺɹʈ+ʦʩʣʘʙʠʪʝʣʴñ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ 
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ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ɺɹʈ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʞʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʥʘʢʣʦʥʘ ʣʠʥʠʡ. ʅʘʠʤʝʥʴʰʠʡ 

ʜʠʘʧʘʟʦʥ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ 1074 ʥʤ. 

ʃʠʥʝʡʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ~ 1077 ʥʤ, ʢʘʢ 

ʛʨʘʥʠʯʥʫʶ, ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʟʦʥʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʚ ʟʦʥʫ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ɺɹʈ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ɺɹʈ ʠ 

ʚʦʣʦʢʦʥʥʳʤ ʦʩʣʘʙʠʪʝʣʝʤ. ʅʘ ʛʨʘʥʠʮʘʭ ʜʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (R1, 

R2), ʧʨʠ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʨʝʞʠʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʤʝʞʜʫ R1 ʠ R2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ɺɹʈ ʠ ʚʦʣʦʢʦʥʥʳʤ 

ʦʩʣʘʙʠʪʝʣʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. 

c) ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥ ʚʦʣʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ɺɹʈ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ 

1064 ʠ 1080 ʥʤ. ɼʣʷ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ rʦʪʨʘʞʝʥʠʷ ʩʝʣʝʢʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʝʞʜʫ R1 ʠ R2 (ʩʤ. ʈʠʩ. 24). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ (~25 ʤʠʥʫʪ) 

ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ 

ʩʧʝʢʪʨʦʛʨʘʬʘ Laser Spectrum Analyzer (Angstrom/HighFinesse). ʊʘʢʞʝ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʣʘʙʦʡ 

ʩʝʣʝʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʀʟʤʝʨʷʣʦʩ ɹ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ȹ) 

ʟʥʘʯʝʥʠʡ ʩʪʘʨʪʦʚʦʡ ʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 25. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʣʘʙʦʡ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ 

ʬʣʫʢʪʫʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʠʝ 110 ʧʤ ʜʣʷ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʠ 1160 ʧʤ ʜʣʷ ʩʪʘʨʪʦʚʦʡ 

ʛʨʘʥʠʮʳ (ʈʠʩʫʥʦʢ. 25-ʘ), ʧʨʠ ʵʪʦʤ ʬʣʫʢʪʫʘʮʠʠ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʥʘ ʧʦʨʷʜʦʢ 

ʚʳʰʝ, ʯʝʤ ʜʣʷ ʢʦʥʝʯʥʦʡ.  
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ʈʠʩʫʥʦʢ 25 ï ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠ̫ ʭ ʩʝʣʝʢʪʦʨʦʚ: a) ʚ ʦʪʩʫʪʩʪʚʠʠ ɺɹʈ, b) ʧʨʠ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ, c) ʧʨʠ ɺɹʈ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1080 ʥʤ, d) ʩ ʜʚʫʤʷ ɺɹʈ. 

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1080 ʥʤ 

ʬʣʫʢʪʫʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 74 ʧʤ (ʈʠʩʫʥʦʢ 25-

ʙ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ 

ʬʣʫʢʪʫʘʮʠʠ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 11 ʧʤ (ʈʠʩʫʥʦʢ 25-

ʚ). ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʜʚʫʭ ɺɹʈ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʘʢ 

ʩʪʘʨʪʦʚʦʡ, ʪʘʢ ʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 25-ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʜʚʫʭ ɺɹʈ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʩʪʘʨʪʦʚʦʡ 

ʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʜʦ 13 ʧʤ ʠ 7 ʧʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 25-ʛ). ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ ʠ 

ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ɺɹʈ. 

ɻʨʘʥʠʮʘ ʜʠʘʧʘʟʦʥʘ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ 

ɺʝʣʠʯʠʥʘ ʬʣʫʢʪʫʘʮʠʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ɺɹʈ 

ɺʝʣʠʯʠʥʘ ʬʣʫʢʪʫʘʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʭʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ɺɹʈ 

ʉʪʘʨʪʦʚʘʷ 1100 ʧʤ 13 ʧʤ 

ʂʦʥʝʯʥʘʷ 110 ʧʤ 7 ʧʤ 
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ʗʚʣʷʷʩʴ ʩʝʣʝʢʪʠʚʥʳʤ ʦʪʨʘʞʘʪʝʣʝʤ, ɺɹʈ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʥʘʯʘʣʴʥʦʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʢʦʢʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʛʨʘʥʠʮʳ, ʧʨʠʚʷʟʳʚʘʷ ʝʸ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʝ 

ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʧʨʦʠʩʭʦʜʠʪ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʠʣʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉʪʘʙʠʣʠʟʘʮʠʷ 

ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʯʝʨʝʜʥʘʷ ʛʝʥʝʨʠʨʫʝʤʘʷ ʤʦʜʘ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʫʤʝʥʴʰʝʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʦʪʨʘʞʝʥʠʡ ʦʪ ʪʦʨʮʘ ʚʦʣʦʢʥʘ ʠ ʦʪ ɺɹʈ. ʇʨʠ ʨʝʟʢʦʤ 

ʧʝʨʝʩʢʦʢʝ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʛʝʥʝʨʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʚ ʫʟʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʚʪʦʨʦʡ ɺɹʈ. ʅʘʣʠʯʠʝ ʚʪʦʨʦʡ ɺɹʈ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʟʝʨʢʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.1-5% [74, 94], ʪʦ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ, ʜʦʣʞʝʥ 

ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 0.01-0.1% (ʩʤ. ʈʠʩ. 24). ʇʨʠ ʤʝʥʴʰʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʦʪʨʘʞʝʥʠʷʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ï ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ʉʦʟʜʘʥʠʝ 

ʩʣʘʙʦʦʪʨʘʞʘʶʱʠʭ ɺɹʈ ʩ ʤʘʣʦʡ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʦʪʨʘʞʝʥʠʷ ~0.1% ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ 

ʩʭʝʤʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʘʙʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ɺɹʈ (ʪ.ʝ. ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ~10-99%) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʛʫʣʠʨʫʝʤʳʡ ʚʦʣʦʢʦʥʥʳʡ 

ʦʩʣʘʙʠʪʝʣʴ. ʆʜʥʘʢʦ, ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʧʦʪʝʨʠ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʠ 

ʫʩʣʦʞʥʠʣʦ ʩʭʝʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦʛʦ 

ʦʩʣʘʙʠʪʝʣʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʜʨʫʛʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʘʟʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

2.2 ʂʦʣʴʮʝʚʦʝ ʟʝʨʢʘʣʦ ʩ ɺɹʈ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʧʦʣʘʛʘʪʴ ʩʝʣʝʢʪʠʚʥʳʝ ʦʪʨʘʞʘʪʝʣʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʣʦʪʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʟʝʨʢʘʣʘ (ɺʂɿ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʣʦʪʥʦʛʦ ʟʝʨʢʘʣʘ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50% 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ) ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ 

ʤʘʣʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʠʩʢʣʶʯʘʶʪʩʷ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʛʨʘʥʠʮ 
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ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʭʝʤʝ ʣʘʟʝʨʘ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 26, ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʦʪʨʘʞʘʶʱʝʡ ɺɹʈ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʚ 

ʩʪʦʨʦʥʫ ɺʂɿ. 

 

ʈʠʩʫʥʦʢ 26 ï ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʂɿ. 

 

ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣ ʥʘʛʨʝʚ 

ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʜʝʣʘ 1.2. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ɺɹʈ ʩ ʨʘʟʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ 1064 ʥʤ 

(R~27, 55, 85%) ʠ 1080 ʥʤ (R~8, 24, 34%) ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʚʦʣʦʢʥʝ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ɺɹʈ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʪʥʦʛʦ ɺʂɿ ʧʨʦʠʩʭʦʜʠʣʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʠʣʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. 

a) ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ɺʂɿ ʜʦʙʘʚʣʷʣʘʩʴ ɺɹʈ 

ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ʙʣʠʟʢʦʡ ʢ ʵʪʦʡ ʛʨʘʥʠʮʝ ʚ ʣʘʟʝʨʝ ʙʝʟ 

ʩʝʣʝʢʪʦʨʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [95] ʚ ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʠʷ ɺʂɿ ʧʦʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʚʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ɺɹʈ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʧʨʦʚʘʣʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʤʦʜʫʣʠʨʦʚʘʥʳ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ ʚ ɺʂɿ, ʘ ʧʝʨʠʦʜ 

ʤʦʜʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ɺɹʈ ʚʥʫʪʨʠ ɺʂɿ. ɼʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ɺɹʈ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʦʪʨʘʞʝʥʠʷ ɚ=1080.8 ʥʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ R~34%. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 25 Üʉ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʣʦ 

~1077 ʥʤ, ʠ ʚʣʠʷʥʠʷ ɺɹʈ ʥʘ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʈʠʩʫʥʦʢ 27-

ʘ,ʛ). ʆʪʩʫʪʩʪʚʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʝʤ, ʯʪʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʨʝʤʝʥʥʘʷ 
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ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ ʜʠʥʘʤʠʢʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ɺɹʈ, ʠ ʢʦʥʝʯʥʘʷ 

ʛʨʘʥʠʮʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʣʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ ~ 200 ʧʤ.  

 

ʈʠʩʫʥʦʢ 27 ï ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ: ʘ) ʩ ɺɹʈ (ɚ=1080.8 ʥʤ ʠ 

R~34%) ʧʨʠ 25 Üʉ; ʙ) ʩ ɺɹʈ (ɚ=1080.8 ʥʤ ʠ R~34 %) ʧʨʠ 45 Üʉ; ʚ) ʙʝʟ ɺɹʈ ʧʨʠ 45 Üʉ. ʅʘ ʨʠʩʫʥʢʘʭ 

ʛ,ʜ,ʝ) ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʅʘ ʨʠʩʫʥʢʝ 28 ʢʨʘʩʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ ʧʦʢʘʟʘʥʦ ʩʤʝʱʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ. ʄʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʯʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 35 Üʉ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʟʥʘʯʝʥʠʷ 

ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 35 Üʉ ʨʦʩʪ ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʘ 

ʟʥʘʯʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ (ʈʠʩ. 27-ʙ,ʜ). ʇʨʠ ʵʪʦʤ ʬʣʫʢʪʫʘʮʠʠ ʢʦʥʝʯʥʦʡ 

ʛʨʘʥʠʮʳ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ~ 9 ʧʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 27-ʚ,ʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45 Üʉ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ɺɹʈ. ʂʘʢ 

ʚʠʜʥʦ, ʢʦʥʝʯʥʘʷ ʛʨʘʥʠʮʘ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʠʝ ~ 110 

ʧʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɹʈ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 28 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʨʪʦʚʦʡ (ʢʚʘʜʨʘʪʳ) ʠ ʢʦʥʝʯʥʦʡ (ʢʨʫʛʠ) ʛʨʘʥʠʮʳ 

ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ɺɹʈʢʦʥ (ɚ=1080,8 ʥʤ ʠ R~34%) ʠʣʠ 

ɺɹʈʩʪʘʨʪ (ɚ=1064 ʥʤ ʠ R~27%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʐʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʳʭ ʜʣʠʥ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. 

 

ʊʘʢʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ 

ɺɹʈ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ R~8% ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ 

ʩʚʝʪʦʚʦʜʘ ʦʪ 20 ʜʦ 45 Üʉ ʚ ʦʪʣʠʯʠʝ ʦʪ ɺɹʈ ʩ R~24 ʠ 34%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ɺɹʈ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ ʥʝʢʦʪʦʨʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ, 

ʠʟʤʝʨʷʣʩʷ ʩʠʛʥʘʣ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ɺʂɿ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 29. 
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ʈʠʩʫʥʦʢ 29 ï ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʢʨʘʩʥʳʡ) ʠ ʩʠʛʥʘʣ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ɺʂɿ ʩ ɺɹʈ (ʯʝʨʥʳʡ) 

ʚ ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ɺɹʈ R= ʘ) 34 %, ʙ) 24 %, ʚ) 7.5 % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 45 Üʉ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [95] ʬʦʨʤʘ ʦʛʠʙʘʶʱʝʡ ʩʧʝʢʪʨʘ ʧʨʦʧʫʩʢʘʥʠʷ ɺʂɿ 

ʩ ɺɹʈ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʦʡ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ɺɹʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʚʨʝʤʝʥʥʦʡ 

ʩʠʛʥʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ɺʂɿ, ʠ ʜʠʥʘʤʠʢʫ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʘ, 

ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ɺɹʈ. ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʜʣʷ ɺɹʈ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ R~8, 24, 34 % (ʈʠʩ.29). ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ɺɹʈ ʩ R~ 34 ʠ 24 % (ʈʠʩ. 29-ʘ ʠ ʙ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʤʝʶʪ ʨʝʟʢʠʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʛʨʘʥʠʮʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʢʘʢ ʦ ʪʦʤ, ʯʪʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʙʨʳʚʘʝʪʩʷ, ʥʝ ʧʨʦʡʜʷ ʚʝʩʴ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, 

ʪʘʢ ʠ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʢʦʡ ʛʨʘʥʠʮʳ 

ʚ ʧʨʦʰʝʜʰʝʤ ʩʠʛʥʘʣʝ ʜʣʷ ɺɹʈ ʩ R~8 % ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ. ʇʦʣʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ Yokogawa AQ6370 (ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʥʘ 

ʨʠʩʫʥʢʝ 29). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ɺʂɿ ʩ ɺɹʈ ʩʠʛʥʘʣʘ ʠ ʩʧʝʢʪʨʘ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʳʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʪʨʘʞʝʥʠʷ ʧʦʨʷʜʢʘ 15 % (ʈʠʩ. 29). ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 45 Üʉ, ʘ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʤʦʞʝʪ ʟʘʚʠʩʝʪ ɹʪʘʢʞʝ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʣʦʢʥʘ. 

b) ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʝʣʝʢʪʠʚʥʦ 

ʩʦʟʜʘʪʴ ʦʙʣʘʩʪʴ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ 
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ʧʦʤʝʩʪʠʪʴ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ɺʂɿ (ʈʠʩ. 26), ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʚʣʦʞʝʥʥʳʡ ʚ ʨʝʟʦʥʘʪʦʨ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠ-ʇʝʨʦ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʪʨʘʞʝʥʠʷ R~27 %. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 30.  

 

ʈʠʩʫʥʦʢ 30 ï ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ: ʘ) ʩ ɺɹʈ (ɚ=1064 ʥʤ ʠ R~27 

%) ʧʨʠ 25 Üʉ; ʙ) ʩ ɺɹʈ (ɚ=1064 ʥʤ ʠ R~27 %) ʧʨʠ 45Üʉ; ʚ) ʙʝʟ ɺɹʈ ʧʨʠ 45 Üʉ. ʅʘ ʨʠʩʫʥʢʘʭ ʛ, ʜ, ʝ) 

ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʝʡ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 

25Üʉ ʚʣʠʷʥʠ ̫ ɺɹʈ ʥʘ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʈʠʩ. 30-ʘ,ʛ). 

ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ ʜʠʥʘʤʠʢʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ɺɹʈ, 

ʢʦʛʜʘ ʩʪʘʨʪʦʚʘʷ ʛʨʘʥʠʮʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ ~ 1.8 ʥʤ. ɼʣʷ 

ʩʤʝʱʝʥʠʷ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʥʘʛʨʝʚ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ, ʧʨʠ ʵʪʦʤ 

ʩʤʝʱʝʥʠʝ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ ʩʠʥʠʤʠ ʢʚʘʜʨʘʪʠʢʘʤʠ ʥʘ 

ʨʠʩʫʥʢʝ 28. ʄʦʞʥʦ ʫʚʠʜʝʪʴ (ʈʠʩ. 28), ʯʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 35Üʉ 

ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʟʥʘʯʝʥʠʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 

35Üʉ ʨʦʩʪ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʢʦʛʜʘ ʩʪʘʨʪʦʚʘʷ ʛʨʘʥʠʮʘ ʜʦʩʪʠʛʘʝʪ ʜʣʠʥʳ ʚʦʣʥʳ 
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ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʚʷʟʢʝ ʛʨʘʥʠʮʳ ʢ ɺɹʈ (ʈʠʩʫʥʦʢ 30-ʙ,ʜ). 

ʇʨʠ ʵʪʦʤ ʬʣʫʢʪʫʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ~ 15 ʧʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

(ʥʘ ʨʠʩʫʥʢʝ 30-ʚ,ʝ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

45 Üʉ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ɺɹʈ. ʂʘʢ ʚʠʜʥʦ, ʩʪʘʨʪʦʚʘʷ ʛʨʘʥʠʮʘ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʬʣʫʢʪʫʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʠʝ ~ 1.5 ʥʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ ʜʣʷ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʠ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ (ʦʪ 27 ʜʦ 85 %).  

c) ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʡ ʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥ ʚʦʣʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠʟ ʨʠʩʫʥʢʘ 28, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ɺɹʈ ʧʦʟʚʦʣʷʶʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʛʨʘʥʠʮʳ ʚ ʦʜʠʥʘʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 35 ʜʦ 45 Üʉ. ʕʪʦʪ 

ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ɺɹʈ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʚʫʭ 

ʛʨʘʥʠʮ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʭʝʤʫ ʣʘʟʝʨʘ ʙʳʣʦ ʚʩʪʘʚʣʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ɺɹʈ ʩ ɚ=1064 ʥʤ, 

R~27 % ʠ ɺɹʈ ɚ=1080.8 ʥʤ, R~34 % (ʈʠʩ. 31). 

 

ʈʠʩʫʥʦʢ 31 ï ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ: ʘ) ʙʝʟ ɺɹʈ, ʙ) ʩ ʜʚʫʤʷ ɺɹʈ. 

 

ʅʘ ʨʠʩʫʥʢʝ 31 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʜʠʥʘʤʠʢ ʜʣʠʥʳ ʚʦʣʥʳ 

ʣʘʟʝʨʘ ʚ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʙʝʟ ʠ ʩ ʜʚʫʤʷ ɺɹʈ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʩʝʣʝʢʪʦʨʦʚ (ʈʠʩ. 31-ʘ) ʢʦʥʝʯʥʘʷ ʛʨʘʥʠʮʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ 

ʬʣʫʢʪʫʘʮʠʠ ʧʦʨʷʜʢʘ 100 ʧʤ, ʘ ʩʪʘʨʪʦʚʘʷ ʛʨʘʥʠʮʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʬʣʫʢʪʫʘʮʠʠ 

ʧʦʨʷʜʢʘ 1500 ʧʤ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʜʚʫʭ ɺɹʈ ʬʣʫʢʪʫʘʮʠʠ ʢʦʥʝʯʥʦʡ 
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ʠ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ 9 ʧʤ ʠ 6 ʧʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 31-ʙ). 

ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 ï ɿʥʘʯʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ ʠ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ɺɹʈ 

ɻʨʘʥʠʮʘ ʜʠʘʧʘʟʦʥʘ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ 

ɺʝʣʠʯʠʥʘ ʬʣʫʢʪʫʘʮʠʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ɺɹʈ 

ɺʝʣʠʯʠʥʘ ʬʣʫʢʪʫʘʮʠʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ɺɹʈ 

ʉʪʘʨʪʦʚʘʷ 1500 ʧʤ 6 ʧʤ 

ʂʦʥʝʯʥʘʷ 100 ʧʤ 9 ʧʤ 

 

2.3 ʄʝʭʘʥʠʟʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ 

(ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 32). ʇʝʨʝʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʘʭ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʙʣʘʛʦʜʘʨʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʘʢʪʠʚʥʦʡ ʩʝʨʝʜʝ [3]. ɺʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʠʥʳ ʚʦʣʥʳ ʩ ʢʦʥʮʘ ʚ ʥʘʯʘʣʦ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʝʣʝʢʪʦʨʦʚ ʚ ʨʝʟʦʥʘʪʦʨʝ ʵʪʦʪ ʧʝʨʝʭʦʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʝʡ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʥʪʫʨ ʫʩʠʣʝʥʠʷ-

ʧʦʪʝʨʴ: ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʠʪʪʝʨʙʠʷ ʠ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʧʠʢʘ 

ʦʪʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [96]. ʇʨʦʬʠʣʴ ʦʙʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʠ ʧʦʪʝʨʴ ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʠʷ ʥʘ ʥʫʣʝʚʦʤ ʫʨʦʚʥʝ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ ʫʩʠʣʝʥʠʷ ʠ ʧʦʪʝʨʴ (ʈʠʩ. 32-a). ɺ ʵʪʦ ʚʨʝʤʷ 

ʩʪʦʷʯʘʷ ʚʦʣʥʘ ʬʦʨʤʠʨʫʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʚʳʟʳʚʘʶʱʫʶ ʦʪʨʘʞʝʥʠʝ ʩ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʧʦʨʷʜʢʘ 50 ʄɻʮ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʨʝʟʦʥʘʪʦʨʝ. ʇʠʢ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ 

ʫʟʢʦʧʦʣʦʩʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ 

ʢʦʥʪʫʨʦʤ ʫʩʠʣʝʥʠʷ-ʧʦʪʝʨʴ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 32-ʘ). ɺ 

ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʧʠʢʘ ʩ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʫʩʠʣʝʥʠʷ ʠʪʪʝʨʙʠʷ, ʠ ʚʝʣʠʯʠʥʘ ʫʩʠʣʝʥʠʷ ʚ 
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ʤʘʢʩʠʤʫʤʘʭ ʵʪʠʭ ʧʠʢʦʚ ʥʘʯʠʥʘʝʪ ʚʳʨʘʚʥʠʚʘʪʴʩʷ. ɺ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʫʩʠʣʝʥʠʝ ʚ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʤʘʢʩʠʤʫʤʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʠ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʟʘʥʦʚʦ. ʇʨʠ ʩʤʝʥʝ ʜʣʠʥʳ 

ʚʦʣʥʳ ʣʘʟʝʨ ʥʘʯʠʥʘʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʫʶ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʫʩʠʣʝʥʠʝʤ ʠ ʧʦʪʝʨʷʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʣʫʢʪʫʘʮʠʠ 

ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 1 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ.  

 

ʈʠʩʫʥʦʢ 32 ï ʂʘʯʝʩʪʚʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʝ-ʧʦʪʝʨʠ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ: ʘ) 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ɺɹʈ; ʙ) ʩ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʧʣʦʪʥʳʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʟʝʨʢʘʣʦʤ ʠ ʦʙʲʝʜʠʥʠʪʝʣʝʤ ʥʘʢʘʯʢʠ, ʚ) ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʚʥʫʪʨʠ ʧʣʦʪʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʟʝʨʢʘʣʘ. ɺʝʨʭʥʷʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ 

ʨʘʚʝʥʩʪʚʘ ʫʩʠʣʝʥʠʷ ʠ ʧʦʪʝʨʴ. ɼʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʘ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʢʦʨʦʪʢʦʡ (ʩʠʥʷʷ 

ʣʠʥʠʷ) ʜʦ ʜʣʠʥʥʦʡ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ). 



60 
 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʪʘʨʪʦʚʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ ʚʦʣʥʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʣʠʥʦʡ ʚʦʣʥʳ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, ʪʘʢ ʠ ʝʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʛʦ ʟʝʨʢʘʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʘʚʣʝʥʠʝ ɺɹʈ ʚ 

ʚʳʩʦʢʦʦʪʨʘʞʘʶʱʝʝ ʚʦʣʦʢʦʥʥʦʝ ʢʦʣʴʮʝʚʦʝ ʟʝʨʢʘʣʦ (ɺʂɿ) ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʳʤ 

ʧʦʪʝʨʷʤ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʦʥʝʯʥʫʶ ʛʨʘʥʠʮʫ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɼʦʙʘʚʣʝʥʠʝ ɺɹʈ ʧʝʨʝʜ ɺʂɿ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʝʣʝʢʪʠʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʘʨʪʦʚʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ. ɼʦʙʘʚʣʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ɺɹʈ ʤʝʞʜʫ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʟʝʨʢʘʣʦʤ ʠ 

ʦʙʲʝʜʠʥʠʪʝʣʝʤ ʥʘʢʘʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫʟʢʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʚʝʣʠʯʝʥʠʶ ʫʩʠʣʝʥʠʷ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʬʦʥʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʢʦʥʪʫʨʘ 

ʫʩʠʣʝʥʠʷ (ʈʠʩ. 32-ʙ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʩʢʦʢʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʩʝʣʝʢʪʦʨʘ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʦʨʘ ɺɹʈ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ 

ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ, ʪʦ ʠ ʨʘʟʙʨʦʩ ʩʪʘʨʪʦʚʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʫʤʝʥʴʰʠʪʩʷ. 

ɺ ʩʣʫʯʘʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ɺɹʈ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, 

ʥʦ ʤʝʭʘʥʠʟʤ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ɺɹʈ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ɺɹʈ ʚʥʫʪʨʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʟʝʨʢʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʤʝʥʴʰʝʥʠʶ ʦʪʨʘʞʝʥʠʷ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʬʦʥʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʢʦʥʪʫʨʘ ʫʩʠʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʫʟʢʠʡ ʧʨʦʚʘʣ 

(ʈʠʩ. 32-ʚ). ɺ ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʦʧʦʣʦʩʥʳʡ ʧʠʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʜʦʩʪʠʛʘʝʪ ʧʨʦʚʘʣʘ ʠ ʵʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʫʩʠʣʝʥʠʝ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʤʘʢʩʠʤʫʤʝ 

ʠʪʪʝʨʙʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ ʧʨʦʚʘʣʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʤʛʥʦʚʝʥʥʳʡ ʩʢʘʯʦʢ, ʠ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʟʘʥʦʚʦ. ʇʨʠ ʵʪʦʤ 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʝʣʝʢʪʦʨʘ. ɺɹʈ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚʥʫʪʨʠ ɺʂɿ, ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʝʣʝʢʪʠʚʥʳʤ ʧʦʪʝʨʷʤ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʠʮʠʘʮʠʠ ʧʝʨʝʩʢʦʢʘ ʜʣʠʥʳ ʚʦʣʥʳ (ʟʘʚʝʨʰʝʥʠʶ ʮʠʢʣʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣ 

ʠʟʤʝʨʝʥ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ɺʂɿ ʠ 

ʜʚʫʭ ɺɹʈ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 33. ʀʟ ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

ɺɹʈ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ɺʂɿ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʧʫʩʢʘʥʠʷ (ʪ.ʝ. 

ʫʚʝʣʠʯʝʥʠʶ ʦʪʨʘʞʝʥʠʷ), ʘ ʜʦʙʘʚʣʝʥʠʝ ɺɹʈ ʚʥʫʪʨʴ ɺʂɿ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʧʫʩʢʘʥʠʷ (ʪ.ʝ. ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʨʘʞʝʥʠʷ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ 
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ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʠʟʤʝʨʝʥʠʷʭ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ Yokogawa AQ6370 

(0.02 ʥʤ) ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʤʦʜʫʣʷʮʠʶ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʣʦʞʝʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʩʨʝʜʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʟʤʝʨʝʥʠʷʭ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʩʪʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ɺɹʈ ʩ ɚ=1064 ʥʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ 

R~85%, ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʝʠʭ ʛʨʘʥʠʮ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ɺɹʈ ʩ 

ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ R~27%. ʅʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʛʨʘʥʠʮʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ, ʘ ʚ 

ʫʩʨʝʜʥʸʥʥʦʤ ʩʧʝʢʪʨʝ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʧʨʦʚʘʣ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤ ʩ ʫʨʦʚʥʝʤ ʰʫʤʦʚ.  

 

ʈʠʩʫʥʦʢ 33 ï ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ɺʂɿ ʩ ʜʚʫʤʷ ɺɹʈ ɚ=1064 ʥʤ ʠ ɚ=1080.8 ʥʤ. 

 

ɺ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ɺɹʈ ʥʘ ʚʳʭʦʜʝ 

ʣʘʟʝʨʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʤʦʤʝʥʪ ʧʝʨʝʩʢʦʢʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʙʫʜʝʪ 

ʟʘʜʘʚʘʪʴʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʝʣʝʢʪʦʨʘ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ɺɹʈ 

ʤʝʭʘʥʠʟʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʷ ɺɹʈ ʚ ɺʂɿ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 
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ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʦʜʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʩʚʷʟʘʥʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ï ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ʄʘʡʢʝʣʴʩʦʥʘ. ɻʝʥʝʨʘʮʠʷ ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʝʚʳʰʝʥʠʷ 

ʥʘʜ ʧʦʨʦʛʦʤ. ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʧʦʨʦʛʦʤ (ʪʦ ʝʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʝʣʝʢʪʦʨʘ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ɺɹʈ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʨʘʩʩʦʛʣʘʩʦʚʘʪʴ ʤʦʜʳ ʩʦʩʪʘʚʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʊʦ ʝʩʪʴ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʧʦʩʣʝ ʤʛʥʦʚʝʥʥʦʛʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ, ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʩʦʩʝʜʥʠʝ ʣʘʟʝʨʥʳʝ 

ʤʦʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʤʘʢʩʠʤʫʤʘ ʧʠʢʘ ʦʪʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʩʦʚʧʘʜʘʶʪ ʩ ʤʠʥʠʤʫʤʘʤʠ ʦʪʨʘʞʝʥʠʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ʄʘʡʢʝʣʴʩʦʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʢʘʯʦʢ ʦʪ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʢ ʥʘʯʘʣʴʥʦʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʢ ʛʣʘʚʝ 2 

ɺ ʛʣʘʚʝ 2 ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ 

ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʚʦʣʦʢʦʥʥʳʭ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ.  

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʘʥʠʮ ʩ ʧʦʤʦʱʴʶ ʩʣʘʙʦʡ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʘʨʦʡ ɺɹʈ. ʇʦʜʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʩʝʣʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʛʨʘʥʠʮ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 1100 ʜʦ 13 ʧʤ 

ʜʣʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠ ʩʦ 110 ʜʦ 7 ʧʤ ʜʣʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʣʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ (~ 0.01-0.1%) 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ɺɹʈ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ. 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʝʣʝʢʪʦʨʦʚ ʚ ʚʠʜʝ ʚʳʩʦʢʦʦʪʨʘʞʘʶʱʠʭ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦ ʩʪʦʨʦʥʳ ʧʣʦʪʥʦʛʦ 

ʟʝʨʢʘʣʘ ʣʘʟʝʨʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʬʣʫʢʪʫʘʮʠʠ ʢʦʥʝʯʥʦʡ ʛʨʘʥʠʮʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦ 100 ʜʦ 9 ʧʤ ʠ ʩʪʘʨʪʦʚʦʡ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 1500 ʜʦ 6 ʧʤ, 

ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʭʝʤʝ. ʊʘʢʞʝ ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʠʤʝʝʪ ʥʝʦʩʧʦʨʠʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ɺɹʈ.  
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3. ʉʠʩʪʝʤʳ ʦʧʨʦʩʘ ɺɹʈ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ (ʨʘʟʜʝʣ 1) ʠ ʧʨʦʚʝʜʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʨʘʥʠʮ ʜʠʘʧʘʟʦʥʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ɺɹʈ (ʨʘʟʜʝʣ 2). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʢʘʯʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʜʦʙʥʳʝ ʣʘʟʝʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʩʢʘʥʠʨʫʶʱʠʭ ʣʘʟʝʨʦʚ ʜʣʷ ʟʘʜʘʯ 

ʦʧʨʦʩʘ ɺʆɼ ʥʘ ʦʩʥʦʚʝ ɺɹʈ.  

3.1 ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ. 

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʝ ʣʘʟʝʨʳ 

ʨʘʙʦʪʘʶʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʩ ʛʝʥʝʨʘʮʠʝʡ ʤʠʢʨʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ ʩ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʤʠ ʦʜʥʦʯʘʩʪʦʪʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ (ʈʠʩ. 15ʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʜʠʥ ʠʤʧʫʣʴʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʝ, ʘ ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʤʝʥʷʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʦʜʥʫ ʆʉɼ 

~ 5.5 ʄɻʮ. ʀʤʧʫʣʴʩʳ ʠʤʝʶʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʰʠʨʠʥʫ ʥʝ ʙʦʣʝʝ ~1 ʄɻʮ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ~200 ʤʝʪʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʦʜʠʥ 

ʠʤʧʫʣʴʩ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʠʥʜʫʮʠʨʦʚʘʥʥʳʤ, ʪʦ ʠʤʧʫʣʴʩʳ ʠʤʝʶʪ ʬʣʫʢʪʫʘʮʠʠ ʤʦʱʥʦʩʪʠ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʠʤʧʫʣʴʩʥʦʡ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʧʦʨʥʳʡ, 

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 34. 

 

ʈʠʩʫʥʦʢ 34 ï ʉʭʝʤʘ ʧʦʠʤʧʫʣʴʩʥʦʡ ʥʦʨʤʠʨʦʚʢʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ. 
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ɺ ʩʠʛʥʘʣʝ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʠʩʢ ʧʦʣʦʞʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʠ 

ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ (ʈʠʩ. 35-ʘ). ɼʘʣʝʝ, ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʦʣʦʞʝʥʠʷʤ ʚʝʨʰʠʥ ʠʤʧʫʣʴʩʦʚ ʚ ʧʦʣʝʟʥʦʤ ʩʠʛʥʘʣʝ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠʩʴ ʧʠʢʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʈʠʩ. 35-ʙ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʜʚʫʭ ʩʠʛʥʘʣʘʭ 

ʚʳʯʠʩʣʷʣʩʷ ʠʥʪʝʛʨʘʣ ʚʙʣʠʟʠ ʚʝʨʰʠʥʳ ʠʤʧʫʣʴʩʘ, ʪ.ʝ. ʧʦ ʩʫʪʠ, ʚʳʯʠʩʣʷʣʘʩʴ ʵʥʝʨʛʠʷ 

ʠʤʧʫʣʴʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʠʤʧʫʣʴʩʥʦʝ ʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʧʦʣʫʯʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʦʪ ʚʨʝʤʝʥʠ (ʈʠʩ. 35-

ʚ). ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʵʪʦ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʥʝʣʴʟʷ ʟʘʨʘʥʝʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʪʴ ʜʣʠʥʫ 

ʚʦʣʥʳ, ʪ.ʢ. ʦʥʘ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʝʨʝʚʦʜ ʚʨʝʤʝʥʠ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩ ̫ʜʚʫʤʷ ʧʦʜʭʦʜʘʤʠ: ʩ 

ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʚʳʩʪʫʧʘʝʪ, ʧʦ 

ʩʫʪʠ, ʨʝʟʦʥʘʪʦʨ ʩʘʤʦʛʦ ʣʘʟʝʨʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ ʦʧʨʦʩʘ. 

 

ʈʠʩʫʥʦʢ 35 ï ʂʘʯʝʩʪʚʝʥʥʘʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʤ 

ʣʘʟʝʨʝ.  
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3.2 ʋʩʪʨʦʡʩʪʚʦ ʦʧʨʦʩʘ ɺɹʈ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʦʧʨʦʩʘ ɺɹʈ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʠʟʤʝʥʝʥʠʷ 

ʜʣʠʥ r ʚʦʣʥʳ ʠʟʤʝʨʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-

ʎʝʥʜʝʨʘ. ʇʨʠʚʷʟʢʘ ʢ ʘʙʩʦʣʶʪʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʦʩʫʱʝʩʪʚʣʣ̫ʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʩʝʣʝʢʪʦʨʘ ʚ ʚʠʜʝ ɺɹʈ ʩ ʠʟʚʝʩʪʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ (ʜʘʣʝʝ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʝ ʨʝʧʝʨʥʦʡ ɺɹʈ). ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 36 [97].  

 

ʈʠʩʫʥʦʢ 36 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʦʩʘ ɺɹʈ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʢʘʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ.  

 

ʆʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʨʘʟʚʝʪʚʠʪʝʣʴ 20/80, ʠ 20 % ʤʦʱʥʦʩʪʠ ʧʦʜʘʝʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ 

ʨʝʧʝʨʥʫʶ ɺɹʈ ʠ ʩʝʥʩʦʨʥʫʶ ʣʠʥʠʶ; 80 % ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʜʝʣʠʪʩʷ 

ʚʪʦʨʳʤ ʨʘʟʚʝʪʚʠʪʝʣʝʤ 50/50. ɼʘʣʝʝ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʦʣʦʢʦʥʥʳʡ 

ʀʄʎ ʩ ʆʉɼ ~600 ʄɻʮ (ʈʠʩʫʥʦʢ 37-ʚ,ʛ) ʠ ʯʝʨʝʟ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʡ ʬʠʣʴʪʨ 

1045/1095 ʥʤ. ʉʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʪ 

ʘʤʧʣʠʪʫʜʥʫʶ ʤʦʜʫʣʷʮʠʶ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʩʢʘʯʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʚ 

ʩʠʛʥʘʣʝ. ʊʨʝʪʴʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʦʭʦʜʠʪ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʠ ʩʣʫʞʠʪ 

ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ (ʈʠʩʫʥʦʢ 37-ʘ, ʙ).  
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ʈʠʩʫʥʦʢ 37 ï ʉʠʛʥʘʣʳ ʚ ʩʭʝʤʝ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ : ʘ) ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʠʩʪʦʯʥʠʢʘ ʙ) ʫʚʝʣʠʯʝʥʥʳʡ 

ʤʘʩʰʪʘʙ; ʚ) ʩʠʛʥʘʣ ʧʦʩʣʝ ʀʄʎ ʩ ʦʙʣʘʩʪʴʶ ʩʚʦʙʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ ~600 ʄɻʮ; ʛ) ʫʚʝʣʠʯʝʥʥʳʡ 

ʤʘʩʰʪʘʙ. 

 

ʉʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ ʠ ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʠ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʨʝʤʷ ʙʳʩʪʨʳʤʠ InGaAs 

ʬʦʪʦʜʝʪʝʢʪʦʨʘʤʠ (ʧʦʣʦʩʘ ~1 ɻɻʮ). ɼʘʣʝʝ ʩʠʛʥʘʣʳ ʩ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ 

ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ɸʎʇ ʩ ʦʙʱʝʡ ʧʦʣʦʩʦʡ 10 ʄɻʮ (E20-10, LCard), ʧʦʩʪʫʧʘʶʪ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ USB2.0 

ʠ ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʙʦʪʢʠ, ʦʧʠʩʘʥʥʫʶ ʚ ʧʫʥʢʪʝ 3.1. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʣʦʩʴ ʜʚʘ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʘ: 1) ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʣʠʥʠʠ ʩ ɺɹʈ ʠ 2) ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ.  

ʉʠʛʥʘʣ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʠ , ʠ ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ 

ʨʝʧʝʨʥʦʡ ɺɹʈ, ʧʦʟʚʦʣʷʣʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʨʝʤʝʥʥʫ  ʁʜʠʥʘʤʠʢʫ ʜʣʠʥʳ ʚʦʣʥ,r ʪ.ʝ. 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʚʨʝʤʝʥʠ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ ʚ ʜʣʠʥʫ ʚʦʣʥʳ ʚ ʩʠʛʥʘʣʝ, ʦʪʨʘʞʝʥʥʦʤ ʦʪ ɺɹʈ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʜʚʠʛʘ ʜʣʠʥʳ ʚʦʣʥʳ, ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʣʘʟʝʨʘ ʠ ʪʨʝʙʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ -100Áʉ ʜʦ 100Áʉ) ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ, 

ʯʪʦ ʢʘʞʜʳʡ ɺɹʈ-ʩʝʥʩʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʟʘʧʘʩ Ñ1 ʥʤ. ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʨʦʩʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʝʥʩʦʨʥʘʷ ʣʠʥʠʷ ʠʟ 6 ɺɹʈ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1060, 1062, 

1064, 1068, 1072, 1074 ʥʤ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʧʝʨʥʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1066 ʥʤ. ʍʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ 

ʦʪʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʦʧʨʦʩʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 
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ʨʠʩʫʥʢʝ 38. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʥʘʣʦʞʝʥʦ 4 

ʨʝʘʣʠʟʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 38 ï ʘ) ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ, ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ, ʥʘ ʨʠʩʫʥʢʝ ʥʘʣʦʞʝʥʦ 4 ʨʝʘʣʠʟʘʮʠʠ; ʙ) ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʨʝʧʝʨʥʦʡ ɺɹʈ, 

ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ, ʥʘ ʨʠʩʫʥʢʝ ʥʘʣʦʞʝʥʦ 4 ʨʝʘʣʠʟʘʮʠʠ. 

 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʘʝʤʳʭ ʩ ɸʎʇ ʜʘʥʥʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ 

ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW. ʇʨʦʛʨʘʤʤʘ ʚ LabVIEW 

ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ (ʈʠʩʫʥʦʢ 39-ʘ), ʠ ʣʠʮʝʚʦʡ ʧʘʥʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (ʈʠʩʫʥʦʢ 39-ʙ). ɹʣʦʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʨʠʸʤʥʠʢʘʤʠ ʠʣʠ 

ʩʨʝʜʩʪʚʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʙʣʦʯʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʤʦʛʫʪ ʙʳʪʴ ʪʝʢʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʘʥʘʣʦʛʘʤʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʪʝʢʩʪʦʚʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʘʢ ʫʩʣʦʚʥʳʡ, ʦʧʝʨʘʪʦʨ çIFè, ʦʧʝʨʘʪʦʨʳ 

ʮʠʢʣʘ çFORè ʠ çWHILEè ʠ ʜʨ. ʤʝʞʜʫ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʠʘʛʨʘʤʤʳ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʩʭʝʤʫ ʣʠʥʠʷʤʠ ʩʚʷʟʝʡ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢʞʝ, 

LabVIEW ʦʩʥʦʚʘʥ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʧʦʨʷʜʢʦʤ ʠʭ 

ʩʣʝʜʦʚʘʥʠʷ, ʘ ʥʘʣʠʯʠʝʤ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʘʭ ʵʪʠʭ ʦʧʝʨʘʪʦʨʦʚ. ʇʦʵʪʦʤʫ, ʦʧʝʨʘʪʦʨʳ, 

ʥʝ ʩʚʷʟʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ, ʚʳʧʦʣʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ, 
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ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 39 ï ʇʨʦʛʨʘʤʤʘ ʚ LabVIEW ʘ) ʙʣʦʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʛʨʘʤʤʳ, ʙ) ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʦʜʥʘ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ 

ʚʙʣʠʟʠ 1074 ʥʤ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʚ ʪʝʨʤʦʩʪʘʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʘʛʨʝʚʘʪʴ ʚʦʣʦʢʥʦ 
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ʜʦ 90 Áʉ. ʅʘʛʨʝʚ ʧʨʠʚʦʜʠʣ ʢ ʩʤʝʱʝʥʠʶ ʩʧʝʢʪʨʘ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ɺʆɼ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʪʯʠʢʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ (AQ6370 Yokogawa). ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 40, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ, 

ʩʜʝʣʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʘ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

 

ʈʠʩʫʥʦʢ 40 ï ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʜʣʠʥ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ɺɹʈ-ʜʘʪʯʠʢʘ. 

 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʪʦʯʢʘ ʚ ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ, ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʦʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʠʩʳʚʘʪʴ ʩʧʝʢʪʨʳ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 5.5 ʄɻʮ (~20 ʬʤ), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʘʯʢʦʤ ʯʘʩʪʦʪʳ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʤʦʞʥʦ ʜʘʪʴ ʦʮʝʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʩʭʝʤʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ~10 ʧʤ, 

ʵʪʦ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʧʨʦʩʘ. ʊʦʯʥʦʩʪʴ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʦʪʨʘʞʝʥʠʷ ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʴʶ ʩʚʦʙʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ~2 ʧʤ (~600 ʄɻʮ), ʪʘʢ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʰʠʨʠʥʘʤʠ ɺɹʈ (~30 ɻɻʮ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʠʨʠʥʳ ʩʧʝʢʪʨʦʚ 

ʦʪʨʘʞʝʥʠʷ ʨʝʧʝʨʘ ʠ ʩʝʥʩʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʙʳʣʘ ʩʨʘʚʥʠʤʘ ʩ ʦʙʣʘʩʪʴʶ ʩʚʦʙʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʕʪʦ ʙʳʣʦ ʦʙʝʩʧʝʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʤʘʢʩʠʤʫʤʘ 

ʦʪʨʘʞʝʥʠʷ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʢʚʘʜʨʘʪʠʯʥʳʤ ʧʦʣʠʥʦʤʦʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ɺɹʈ ʜʘʪʯʠʢʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ~0.3 ÁC. 

ʉʢʦʨʦʩʪʴ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʩʦʩʪʘʚʠʣʘ ~0.05 ɻʮ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʘʥʠʨʦʚʘʥʠʷ 

~18 ʥʤ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʜʦ 9 ʜʘʪʯʠʢʦʚ ʚ ʦʜʥʦʢʘʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ 2 ʥʤ [3]. ʅʘ ʨʠʩʫʥʢʝ 41 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʪʦʛʨʘʬʠʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ.  
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ʈʠʩʫʥʦʢ 41 ï ʌʦʪʦʛʨʘʬʠʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. 
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ɿʘʢʣʶʯʝʥʠʝ ʢ ʨʘʟʜʝʣʫ 3.2 

ʋʩʪʨʦʡʩʪʚʦ ʦʧʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʙʳʣʦ ʘʧʨʦʙʠʨʦʚʘʥʦ 

ʥʘ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 6 ɺɹʈ-ʜʘʪʯʠʢʦʚ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ 

ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ʜʘʪʯʠʢʦʚ ʦʮʝʥʝʥʘ ʢʘʢ ~2 ʧʤ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʥʘ ʧʦʨʷʜʢʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɺɹʈ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʠʘʧʘʟʦʥʦʤ ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʆʜʥʘʢʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ (ʙʦʣʝʝ 400 ʤɺʪ) ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʨʦʩʘ ʤʥʦʞʝʩʪʚʘ ʩʝʥʩʦʨʥʳʭ ʣʠʥʠʡ. 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʡ ʩʭʝʤʳ. 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ 

ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʜʦ 200 ʢɻʮ ʚ [98]) ʠ/ʠʣʠ ʩʢʘʯʢʘ ʯʘʩʪʦʪʳ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ (ʜʦ 12 ʄɻʮ ʚ [76]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ ~10 ʥʤ/ʩ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʥʝʦʧʪʠʤʘʣʴʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ɺɹʈ-ʜʘʪʯʠʢʦʚ ʨʘʙʦʪʘʝʪ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ~1.5 ʤʢʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʦʙʣʘʩʪʴ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ ʩ ʛʝʥʝʨʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ 1.5 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʥʤ [77, 81], ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʘʣʦʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʦʚʦʡ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. ɺ ʨʘʙʦʪʝ [80] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʚʠʩʤʫʪʦʚʦʛʦ 

ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ, ʩ ʜʠʘʧʘʟʦʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 10 ʥʤ ʚ 

ʦʙʣʘʩʪʠ 1.46 ʤʢʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʦʢʥʫ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʧʪʦʚʦʣʦʢʥʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʤʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʚʦʣʦʢʥʘ ʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʦʙʣʝʤʳ ʩ ʨʘʙʦʪʦʡ ɸʎʇ, ʘ 

ʠʤʝʥʥʦ ʧʝʨʝʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ ʠ ʧʦʪʝʨʠ ʯʘʩʪʠ ʜʘʥʥʳʭ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʫʜʘʣʦʩʴ ʫʩʪʨʘʥʠʪʴ (ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 

3.3), ʠʩʧʦʣʴʟʫʷ ʦʪʣʘʜʦʯʥʫʶ ʧʣʘʪʫ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ɸʎʇ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʮʠʬʨʦʚʢʘ ʠ ʧʨʦʮʝʜʫʨʘ ʧʦʠʤʧʫʣʴʩʥʦʡ ʥʦʨʤʠʨʦʚʢʠ ʩʠʛʥʘʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. 

 



73 
 

3.3 ʂʦʛʝʨʝʥʪʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʯʘʩʪʦʪʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʜʣʷ ʦʧʨʦʩʘ ɺɹʈ 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʚʳʰʝ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ɺɹʈ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: 1) ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʯʠʩʣʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʪʯʠʢʦʚ ʚ ʣʠʥʠʠ ʠʟ-ʟʘ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, 2) ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ, 

3) ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʣ̫ʘʩʴ ʥʘ ʚʥʝʰʥʝʤ ʢʦʤʧʴʶʪʝʨʝ, ʯʪʦ ʪʨʝʙʦʚʘʣʦ 

ʧʝʨʝʜʘʯʫ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ (ʂʆʏʈ) ʥʘ 

ʦʩʥʦʚʝ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ɺɹʈ ʩ ʛʠʙʨʠʜʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʠʢʘ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ [17]. ɼʣʷ ʠʩʢʣʶʯʝʥʠ ̫

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʦʩʦʙʝʥʥʦʩʪʴ ʣʘʟʝʨʘ ï ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ ʦʙʨʘʟʦʤ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʘʤʠ. ɸ ʚʩʷ ʦʩʥʦʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 42. ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʂʆʏʈ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʦ ʚʚʝʜʝʥʠʠ. 

 

ʈʠʩʫʥʦʢ 42 ï ʉʭʝʤʘ ʂʆʏʈ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ. 
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ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʭʝʤʳ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 42, ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʩ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ 

ʯʘʩʪʦʪʳ (ʈʠʩʫʥʦʢ 14), ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʭʝʤʝ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʦʩʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʩʷ ʩʭʝʤʘ ʂʆʏʈ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʚʦʣʦʢʥʘʭ ʠ ʢʦʤʧʦʥʝʥʪʘʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʩʠʛʥʘʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ 

ʯʘʩʪʦʪʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʭʝʤʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.2. 80 % 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 25 ʤɺʪ ʧʦʩʪʫʧʘʝʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʯʝʨʝʟ 

ʠʟʦʣʷʪʦʨ. ɼʘʣʝʝ 10 % ʚʩʝʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪʚʦʜʠʣʦʩʴ ʯʝʨʝʟ 

ʨʘʟʚʝʪʚʠʪʝʣʴ 10/90 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʘ. ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʩ 

ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʀʄʎ, ʦʜʥʦ ʧʣʝʯʦ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʠʪ ʪʝʩʪʠʨʫʝʤʫʶ ʚʦʣʦʢʦʥʥʫʶ ʣʠʥʠʶ (ʊɺʃ). ʀʄʎ ʦʙʨʘʟʦʚʘʥ ʪʨʝʤʷ 

ʚʦʣʦʢʦʥʥʳʤʠ ʨʘʟʚʝʪʚʠʪʝʣʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʦʧʦʨʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣʳ. 

ʇʝʨʚʳʡ ʨʘʟʚʝʪʚʠʪʝʣʴ 99/1 ʜʝʣʠʪ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʝʞʜʫ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʠ 

ʦʧʦʨʥʳʤ ʢʘʥʘʣʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʧʦʨʮʠʠ. ʆʪʨʝʟʦʢ ʧʘʩʩʠʚʥʦʛʦ ʚʦʣʦʢʥʘ 

ʜʣʠʥʦʡ 4 ʤʝʪʨʘ ʜʦʙʘʚʣʝʥ ʚ ʦʧʦʨʥʳʡ ʢʘʥʘʣ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʜʣʠʥ ʚ 

ʜʚʫʭ ʧʣʝʯʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʘʣʦ ʊɺʃ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ, ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 

ʢʦʪʦʨʦʡ ʧʣʝʯʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʨʦʚʥʝʥʥʳʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʊɺʃ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʳʯʥʦʝ ʚʦʣʦʢʥʦ ʠʣʠ ʩʝʥʩʦʨʥʘʷ 

ʣʠʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʩʩʠʚʘ ɺɹʈ. ʂ ʢʦʥʮʫ ʣʠʥʠʠ ʙʳʣ ʧʨʠʚʘʨʝʥ PC/APC-

ʢʦʥʥʝʢʪʦʨ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʇʨʦʮʝʜʫʨʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʧʦʠʤʧʫʣʴʩʥʘʷ ʥʦʨʤʠʨʦʚʢʘ) ʩʠʛʥʘʣʦʚ 

ʘʥʘʣʦʛʠʯʥʘ ʧʨʦʮʝʜʫʨʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.1. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʠʥʘ 

ʚʦʣʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʝ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ ʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ɜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʨʦʩʪʳʤ ʫʤʥʦʞʝʥʠʝʤ ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ i ʥʘ ʚʝʣʠʯʠʥʫ 

ʆʉɼ ʨʝʟʦʥʘʪʦʨʘ dɜ: 

 ’  Ὠ’ Ὥ . (9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʘʷ ʪʦʯʢʘ ʚ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʩʠʛʥʘʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ. ʅʘ ʨʠʩʫʥʢʝ 43 ʧʨʝʜʩʪʘʚʣʝʥ r

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʜʣʷ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʪʦʯʝʯʥʳʭ 

ʦʪʨʘʞʘʪʝʣʝʡ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ ʠ ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ 

ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʣʩʷ 

ʦʜʠʥ ʩʠʛʥʘʣ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʝʞʜʫ ʩʘʤʠʤ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʩʠʛʥʘʣʦʤ, 
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ʦʪʨʘʞʝʥʥʳʤ ʦʪ ʣʠʥʠʠ (ʈʠʩ.43-ʘ). ʈʝʬʣʝʢʪʦʛʨʘʤʤʘ (ʈʠʩ. 43-ʙ), ʪ.ʝ. ʧʨʦʜʦʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʜʦʣʴ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ, ʧʦʣʫʯʘʣʘʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ (ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ). 

 

ʈʠʩʫʥʦʢ 43 ð ʘ) ʩʠʛʥʘʣ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʙ) ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ. 

 

ɼʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɼʇʌ) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʯʘʩʪʦʪʳ 

ʨʝʛʫʣʷʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ. ɼʇʌ ʧʨʝʦʙʨʘʟʫʝʪ ʩʠʛʥʘʣ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʝʛʦ ʘʥʘʣʦʛ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɽʩʣʠ xn - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʠʥʳ N 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʘʤ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ), ʪʦʛʜʘ ʧʦʩʣʝ ɼʇʌ ʙʫʜʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ Xk (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʘʤ ʩʠʛʥʘʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ/ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ), ʟʘʜʘʥʥʘʷ ʬʦʨʤʫʣʦʡ: 

ὢ ὼὩ ȟ Ὧ πȟȣȟὔ ρ ,(10) 

ɸʥʘʣʦʛʠʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʨʘʪʥʦʡ ʧʨʦʮʝʜʫʨʳ:  

ὼ
ρ

ὔ
ὢὩ ȟ ὲ πȟȣȟὔ ρ 

,(11) 

ʛʜʝ N - ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ, ʠʟʤʝʨʝʥʥʳʭ ʟʘ ʧʝʨʠʦʜ, ʨʘʚʥʳʡ ʦʜʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ ʨʘʟʣʦʞʝʥʠʷ; xn, n=0, é, N-1, - 

ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ (ʚ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʯʘʩʪʦʪ ʩ ʥʦʤʝʨʘʤʠ n=0, é, N-

1), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʚʳʭʦʜʥʳʤʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ; Xk, k=0,é, N-1 ï ʵʪʦ N ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ; ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʭʦʜʥʳʤʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ; ʧʦʩʢʦʣʴʢʫ 
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ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʣʝʢʩʥʳʝ, ʪʦ ʧʦ ʥʠʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʘʤʧʣʠʪʫʜʫ, 

ȿ ȿ
 ; ʠ ʬʘʟʫ ÁÒÇ ὢ ; k - ʯʘʩʪʦʪʘ k-ʛʦ ʩʠʛʥʘʣʘ.  

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʯʠʩʣʝʥʠʷ ɼʇʌ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʌ [100, 101], ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ 

ʯʘʩʪʦʪʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʮʝʜʫʨʘ ɹʇʌ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

Origin8 ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ FFT (Fast Fourier Transform). ɺʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʬʫʥʢʮʠʠ FFT ʷʚʣʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʦʤʝʨʘ ʠʤʧʫʣʴʩʘ (ʯʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪ r’  Ὠ’ Ὥ). ʇʦʩʣʝ FFT ʧʦʣʫʯʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʨʘʞʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ (ʜɹ) ʦʪ ʚʨʝʤʝʥʠ t (ʩʝʢ). ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 

ʩʦʩʪʦʠʪ ʚʦ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʚ ʜʚʫʭ ʧʣʝʯʘʭ ʀʄʎ. ɼʘʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʚʨʝʤʷ ʚ ʜʣʠʥʫ ʣʠʥʠʠ (ʤ): L =t2הʩ/n, ʛʜʝ c - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, 

n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʦʢʥʘ. ʂʦʵʬʬʠʮʠʝʥʪ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʦʡʥʦʤʫ 

ʦʙʭʦʜʫ ʧʦ ʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ (ʜɹ) ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ (ʤ).  

 

ʈʠʩʫʥʦʢ 44 ï ʈʝʬʣʝʢʪʦʛʨʘʤʤʳ ʊɺʃ ʜʣʠʥʦʡ 1.92 ʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʦʩʣʘʙʣʝʥʠʷ ʥʘ 

ʦʩʣʘʙʠʪʝʣʝ ʥʘ ʦʜʠʥ ʧʨʦʭʦʜ: (ʘ) 0 ʜɹ (ʙ) -16.7 ʜɹ (ʚ) -25.5 ʜɹ. 
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3.3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʂʆʏʈ 

ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʊɺʃ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʚʦʣʦʢʦʥʥʦʛʦ ʦʩʣʘʙʠʪʝʣʷ ʠ ʦʪʨʝʟʢʘ ʚʦʣʦʢʥʘ. ʉʦ ʩʚʦʙʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʚʦʣʦʢʥʦ 

ʩʢʘʣʳʚʘʣʦʩʴ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʠʷ ʌʨʝʥʝʣʷ. ʉ 

ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʦʩʣʘʙʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʦʩʣʘʙʠʪʝʣʷ, ʚʩʪʘʚʣʝʥʥʦʛʦ 

ʚ ʪʝʩʪʠʨʫʝʤʫʶ ʣʠʥʠʶ, ʠʟʤʝʨʷʣʠʩʴ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠ ̫

ʦʩʣʘʙʠʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʷʣʘʩʴ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦ ʩʪʦʨʦʥʳ ʩʚʦʙʦʜʥʦʛʦ 

ʢʦʥʮʘ ʪʝʩʪʠʨʫʝʤʦʡ ʣʠʥʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʦʩʣʘʙʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 44 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʬʣʝʢʪʦʛʨʘʤʤ ʜʣʷ ʪʨʝʭ ʧʦʣʦʞʝʥʠʡ ʦʩʣʘʙʠʪʝʣʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʜʣʷ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʣʘ ~ 200 ʤʢʤ. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (5) ŭl = ~ 200 ʤʢʤ, ʛʜʝ ȹɜ ~ 0,5 ʊɻʮ - ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ 2 ʩʝʢʫʥʜʳ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʜʦ ~ 20 ʤʢʤ, ʝʩʣʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʣʥʳʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ (~ 7 ʊɻʮ). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝʭ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʨʘʞʝʥʠʶ 

ʦʪ ʚʳʭʦʜʥʦʛʦ ʩʢʦʣʘ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʧʠʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʴ ʥʘ ʦʩʣʘʙʠʪʝʣʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʣʘʙʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪ, 

ʪ.ʝ. ʧʦʪʝʨʠ ʤʘʢʩʠʤʘʣʴʥʳ, ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʪʨʘʞʝʥʠʶ ʦʪ ʩʢʦʣʘ, ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʫʨʦʚʥʷ ʰʫʤʦʚ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʨʷʤʦʛʦ ʩʢʦʣʘ ʚʦʣʦʢʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʩ ʫʯʝʪʦʤ 

ʧʦʪʝʨʴ, ʚʳʟʚʘʥʥʳʭ ʦʩʣʘʙʠʪʝʣʝʤ, ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʤʦʱʥʦʩʪʠ, ʚʳʭʦʜʷʱʝʡ ʩʦ 

ʩʪʦʨʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʊɺʃ. ʇʨʦʰʝʜʰʘʷ ʠ ʦʪʨʘʞʝʥʥʘʷ ʤʦʱʥʦʩʪʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ PT = P0a (1-R) ʠ PR = P0a
2R ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ P0 - ʚʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚ ʊɺʃ, a ï ʧʦʪʝʨʠ ʚ ʦʩʣʘʙʠʪʝʣʝ, ʘ R - ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʚʳʭʦʜʥʦʛʦ ʪʦʨʮʘ ʚʦʣʦʢʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʨʷʝʤʦʡ ʩʦ ʩʪʦʨʦʥʳ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʪʝʩʪʠʨʫʝʤʦʡ 

ʣʠʥʠʠ ʤʦʱʥʦʩʪʠ: 

 Reff =a2R= RPT
2/((1-R)P0)

2 (12) 

ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʌʫʨʴʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʪʨʘʞʝʥʠʶ ʦʪ ʚʳʭʦʜʥʦʛʦ ʪʦʨʮʘ ʊɺʃ, ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʷ (11) ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 10 log(Reff) 
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ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 45. ʃʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʨʠʩʫʥʢʝ 45, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʦʥʝʥʪʳ ʌʫʨʴʝ ʦʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, 

ʦʮʝʥʝʥʥʦʛʦ ʧʦ ʚʳʨʘʞʝʥʠʶ (12). ʇʨʠ ʵʪʦʤ ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʩ ʫʨʦʚʥʝʤ ʰʫʤʦʚ ʜʘʝʪ ʥʘʤ ʦʮʝʥʢʫ ʤʠʥʠʤʘʣʴʥʦʡ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʦʪʨʘʞʝʥʠʷ 

ʚ ʊɺʃ ʧʦʨʷʜʢʘ -79 ʜɹ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʉ ʫʯʝʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ, ʢʘʢ ~ -86 ʜɹ/ʤʤ 

 

ʈʠʩʫʥʦʢ 45 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʧʠʢʘ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʦʩʣʘʙʠʪʝʣʷ ʠ ʧʨʷʤʦʛʦ ʩʢʦʣʘ ʚʦʣʦʢʥʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (11).  

 

3.3.2. ʆʧʨʦʩ ʤʘʩʩʠʚʘ ɺɹʈ ʩ ʧʦʤʦʱʴʶ ʂʆʏʈ 

ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʊɺʃ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʥʩʦʨʥʘʷ ʣʠʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʤʘʩʩʠʚʘ ɺɹʈ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʚʦʣʦʢʥʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ (Fujikura 

SM98-PS-U25D). ʄʘʩʩʠʚ ɺɹʈ ʩʦʩʪʦʷʣ ʠʟ ʦʜʥʦʡ ɺɹʈ ʩ ʧʠʢʦʤ ʦʪʨʘʞʝʥʠʷ ʚʙʣʠʟʠ 

1064 ʥʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ~27%) ʠ ʥʘʙʦʨʘ ʠʟ 28 ɺɹʈ ʩ ʧʠʢʦʤ ʦʪʨʘʞʝʥʠʷ 

ʚʙʣʠʟʠ 1092 ʥʤ. ʄʘʩʩʠʚ ɺɹʈ ʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ 1092 ʥʤ ʟʘʧʠʩʳʚʘʣʩʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʡ ʤʘʩʢʠ ʥʘ å1092 ʥʤ [99]. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʚʘʨʴʠʨʦʚʘʣʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ 

ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʝʰʝʪʦʢ ʩʦʩʪʘʚʠʣ ~30%. ɼʣʠʥʘ ʢʘʞʜʦʡ ɺɹʈ 

ʙʳʣʘ ʨʘʚʥʘ å 40 ʤʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʭ ʮʝʥʪʨʘʤʠ å 240 ʤʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʨʝʜʳʜʫʱʝʡ ʩʭʝʤʦʡ ɺɹʈ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ ʷʚʣʷʣʘʩʴ ʨʝʧʝʨʥʦʡ ʠ ʙʳʣʘ 

ʧʦʤʝʱʝʥʘ ʚ ʥʘʯʘʣʦ ʣʠʥʠʠ. ɽʝ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ɺɹʈ 

ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʝʝ 

ʙʫʜʝʤ ʨʘʟʜʝʣʷʪʴ ɺɹʈ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ (ʥʘ 1064 ʥʤ) ʠ ʥʝʨʝʟʦʥʘʥʩʥʳʝ (ʥʘ 1092 ʥʤ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʣʘʟʝʨʘ, ʪʦ ʯʘʩʪʦʪʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ, ʧʦ ʩʫʪʠ, ʙʫʜʝʪ ʘʥʘʣʦʛʠʯʝʥ 

ʦʙʳʯʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʧʨʦʩʘ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʦʚ ʦʪ ɺɹʈ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʜʣʠʥʘʤʠ ʚʦʣʥ. ʆʜʥʘʢʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ɺɹʈ ʩʦ 

ʦʜʠʥʘʢʦʚʳʤ ʩʧʝʢʪʨʦʤ ʦʪʨʘʞʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʧʝʢʪʨ 

ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚʥʝ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ. 

 

ʈʠʩʫʥʦʢ 46 ï ʈʝʬʣʝʢʪʦʛʨʘʤʤʳ ʠʟʫʯʘʝʤʦʡ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ: ʘ) ʦʙʱʠʡ ʚʠʜ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ, ʙ) 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ ʜʣʷ ɺɹʈ 1064 ʥʤ, ʚ) ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ ʜʣʷ ʪʨʝʭ ɺɹʈ 1093 ʥʤ ʠʟ ʤʘʩʩʠʚʘ. 

 

ʇʨʠʤʝʨ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 46. ʅʘ ʨʠʩʫʥʢʝ 46-ʘ ʚʠʜʥʦ, ʯʪʦ ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʧʠʢʦʚ. ʂʘʞʜʳʡ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦʡ ɺɹʈ. ʀʟ ʨʠʩʫʥʢʦʚ 46-ʙ ʠ 46-ʚ ʚʠʜʥʦ, 

ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʦʪʨʘʞʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ ʚʳʰʝ, ʯʝʤ ʫ ʥʝʨʝʟʦʥʘʥʩʥʳʭ 



80 
 

ɺɹʈ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ɺɹʈ 1064 ʥʤ ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʘʤʦʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ, ʘ ʦʪʨʘʞʝʥʠʝ ʥʝʨʝʟʦʥʘʥʩʥʳʭ ɺɹʈ ʩʠʣʴʥʦ ʧʦʜʘʚʣʝʥʦ. 

ʊʘʢʞʝ ʥʘ ʨʝʬʣʝʢʪʦʛʨʘʤʤʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ɺɹʈ 1064 ʤ 

ʩʦʩʪʘʚʣʷʝʪ ~1 ʩʤ, ʘ ʫ ɺɹʈ 1092 ʥʤ ʦʥʘ ~ 4 ʩʤ, ʯʪʦ ʜʣʷ ʥʝʨʝʟʦʥʘʥʩʥʳʭ ɺɹʈ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʟʘʧʠʩʠ.  

ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʞʝʥʠʶ 

ʣʠʥʝʡʢʠ ɺɹʈ ʮʝʣʠʢʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʦʡ 

ɺɹʈ ʚ ʣʠʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʥʝ ʜʣʷ ʚʩʝʡ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ, ʘ ʪʦʣʴʢʦ ʜʣʷ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ 

ɺɹʈ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚ ʚʳʨʘʞʝʥʠʠ (11) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʧʦ ʚʩʝʤ 

ʪʦʯʢʘʤ ʨʝʬʣʝʢʪʦʛʨʘʤʤ.r ʅʘ ʨʠʩʫʥʢʘʭ 47-a ʠ 47-ʙ ʧʨʠʚʝʜʝʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (1064 ʥʤ) ʠ ʯʝʪʚʝʨʪʦʡ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (1092 ʥʤ) ʜʣʷ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

  

ʈʠʩʫʥʦʢ 47 ï ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (1064 ʥʤ) ʠ ʯʝʪʚʝʨʪʦʡ ʥʝʨʝʟʦʥʘʥʩʥʦʡ 

ɺɹʈ (1092 ʥʤ) ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ.  

 

ʇʨʠʤʝʨ ʜʚʫʭ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʨʠʩʫʥʢʝ 47-ʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʧʝʢʪʨʳ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ɺɹʈ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʜʚʠʛʘ ʧʦ 

ʯʘʩʪʦʪʝ. ʕʪʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʛʨʘʥʠʮʳ 

ʦʙʣʘʩʪʠ ʩʘʤʦʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʣʘʟʝʨʝ ʬʣʫʢʪʫʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ (ʩʤ. 

ʈʠʩ. 8). ʕʪʦ ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʤ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʤʦʞʥʦ ʥʘʡʪʠ, ʧʨʠʤʝʥʷʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢ ʠʟʤʝʨʝʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 
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ʩʧʝʢʪʨʘʤ. ʂʦʨʨʝʣʷʮʠʝʡ ʥʘʟʳʚʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫ  ʁ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʣʠ ʩʠʛʥʘʣʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʩʠʛʥʘʣʦʚ 

x1 (k) ʠ x2 (k) (ʩʧʝʢʪʨʦʚ) ʚʳʨʘʞʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʚʝʨʪʢʠ: 

ώὲ ὼ Ὧὼ Ὧ ὲ  ,(13) 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ 

ʩʠʛʥʘʣʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ. ʅʘ ʨʠʩʫʥʢʝ 48 ʧʦʢʘʟʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ 

ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʡ ʠ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʦʠʭ ʩʧʝʢʪʨʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʫʟʢʦʤʫ ʧʠʢʫ. ɽʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʝʪ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʩʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʘʢʪʠʢʝ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʯʘʩʪʦʪʥʳʡ ʨʝʧʝʨ, ʥʘʧʨʠʤʝʨ, ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ɺɹʈ, ʢʘʢ ʚ ʨʘʟʜʝʣʝ 2.2 [97], 

ʠʣʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʛʨʘʥʠʮʳ ʣʘʟʝʨʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚ ʨʘʟʜʝʣʝ 2 [102, 103]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʯʘʩʪʦʪʥʳʡ ʨʝʧʝʨ.  

 

ʈʠʩʫʥʦʢ 48 ï ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (ʯʝʨʥʳʡ) ʠ 

ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (ʢʨʘʩʥʳʡ). 
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ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ (ʈʠʩʫʥʦʢ 47-ʙ) ʠʤʝʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ ʠ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʠʤʝʝʪ 

ʩʣʫʯʘʡʥʦʝ ʥʘʧʦʣʥʝʥʠʝ. ʆʜʥʘʢʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʫʟʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʘʢʦʤʫ ʞʝ ʩʤʝʱʝʥʠʶ, ʯʪʦ ʠ ʜʣʷ 

ʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʥʝʢʦʪʦʨʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʠʷ ɺɹʈ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʤʦʜʫʣʷʮʠʝʡ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʝʥʩʦʨʥʳʭ ʟʘʜʘʯ. 

ʇʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ ʜʣʷ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʡ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʴʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʜʣʠʥʦʡ 

ʥʝʨʝʟʦʥʘʥʩʥʳʭ ɺɹʈ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʯʘʩʪʦʪʥʦʛʦ ʨʝʧʝʨʘ ʦʜʥʫ ʠʟ ʥʝʨʝʟʦʥʘʥʩʥʳʭ ɺɹʈ (1092ɺɹʈ#5). 

ɼʘʣʝʝ ʥʘ ʧʨʠʤʝʨʝ ʩʝʥʩʦʨʥʦʡ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʩʩʠʚʘ ɺɹʈ ʩ ʙʣʠʟʢʠʤʠ 

ʥʝʨʝʟʦʥʘʥʩʥʳʤʠ ʜʣʷ ʩʢʘʥʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪʨʘʞʝʥʠʷ, ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʝʥʩʦʨʥʳʭ 

ʟʘʜʘʯ ʦʜʥʘ ʠʟ ɺɹʈ (1092ɺɹʈ#4) ʧʦʤʝʱʘʣʘʩʴ ʚ ʪʝʨʤʦʩʪʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʥʘʛʨʝʚ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100Áʉ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ɺɹʈ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(25Áʉ) ʠ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʤʝʱʝʥʠʝ ʧʠʢʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʢʘʢ ʩ ʥʘʛʨʝʚʦʤ, ʪʘʢ ʠ ʩʦ ʩʣʫʯʘʡʥʳʤ ʥʘʯʘʣʦʤ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʘ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚʢʣʘʜʘ ʧʨʦʚʦʜʠʣʩʷ ʫʯʝʪ ʩʜʚʠʛʘ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ ʧʠʢʫ 

ʨʝʧʝʨʥʦʡ ɺɹʈ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʵʪʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʩʧʝʢʪʨ ʜʣʷ ʪʝʩʪʦʚʦʡ 1092 ɺɹʈ#4 ʩʤʝʱʘʣʩʷ ʧʦ ʦʩʠ ʯʘʩʪʦʪ ʢʘʢ 

ʮʝʣʦʝ ʥʘ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ʧʠʢʘ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʩʧʝʢʪʨʝ ʨʝʧʝʨʥʦʡ 1092 

ɺɹʈ#5 (ʈʠʩ. 48). ɼʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (25, 50, 75, 100 Áʉ) ʠʟʤʝʨʷʣʠʩʴ ʜʚʝ 

ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʦʚ. ʈʠʩʫʥʦʢ 49 ʧʦʢʘʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʫʟʢʦʛʦ 

ʧʠʢʘ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ ʧʨʠ ʥʘʛʨʝʚʝ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ. 
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ʈʠʩʫʥʦʢ 49 ï ʌʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʦʪʨʘʞʝʥʠʷ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ɺɹʈ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (25Áʉ) ʠ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʧʝʨʥʦʡ ɺɹʈ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʧʠʢʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 50, 

ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩ ʥʘʢʣʦʥʦʤ 1.83 ɻɻʮ/Áʉ (~ 0.7 ʥʤ/100Áʉ), ʯʪʦ 

ʙʣʠʟʢʦ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʡ ɺɹʈ ʚ ʦʙʣʘʩʪʠ 1 ʤʢʤ. 


















