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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʉʦʢʨʘʱʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʩʫʰʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʚ ʘʢʚʘʪʦʨʠʷʭ ʤʦʨʝʡ 

ʠ ʦʢʝʘʥʦʚ. ɼʣʷ ʜʦʙʳʯʠ ʚ ʘʢʚʘʪʦʨʠʷʭ ʩʦʦʨʫʞʘʶʪʩʷ ʢʨʫʧʥʳʝ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʚʘʨʠʡʥʦ-ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ: ʙʫʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʧʦʜʚʦʜʥʦ-ʜʦʙʳʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʇʨʦʝʢʪ r ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʝʬʪʷʥʳʭ ʠ 

ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʪʨʝʙʫʶʪ ʩʝʨʴʝʟʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʝʪ ʤʝʪʦʜ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʥʘ 

ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʛʣʫʙʠʥʫ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ.  

ɺ ʧʨʘʢʪʠʢʝ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʘʚʘʨʠʡ ʥʘ ʙʫʨʦʚʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʚ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʷʭ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ ʩʪʘʣʦ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʩʪʘʪʦʯʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʚʳʙʨʦʩʘ ʛʘʟʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʭʦʜʢʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʜʦ ʫʩʪʘʥʦʚʢʠ ʢʦʥʜʫʢʪʦʨʘ). ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʘʟʘ ʚ ʠʟʫʯʘʝʤʦʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʧʨʠʥʷʪʦ ʠʩʭʦʜʠʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʡ: ʛʘʟ ʧʨʦʥʠʢʘʝʪ ʚ 

ʚʳʰʝʣʝʞʘʱʠʝ ʧʦʨʦʜʳ ʧʦ ʥʘʨʫʰʝʥʠʷʤ ʠʣʠ ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ ʠ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʵʪʠ ʫʯʘʩʪʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʘʥʦʤʘʣʠʠ ʚʳʩʦʢʠʭ 

ʘʤʧʣʠʪʫʜ ʣʠʙʦ ʨʝʟʢʠʤ ʦʩʣʘʙʣʝʥʠʝʤ ʩʠʛʥʘʣʘ. ʈʝʟʢʦʝ ʟʘʪʫʭʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʟʘʧʠʩʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʛʘʟʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦ 

ʤʦʱʥʦʩʪʠ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ (ʧʨʦʛʠʙʘʥʠʝ 

ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ ʧʦʜ ʪʘʢʦʡ ʟʦʥʦʡ). ʆʙʦʟʥʘʯʝʥʥʳʝ ʷʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʝʟʘ (ʥʘʣʠʯʠʝ ʧʦʢʨʳʰʝʢ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪ.ʜ.) ʠ ʩʪʝʧʝʥʠ 

ʟʘʧʦʣʥʝʥʠʷ ʤʝʞʛʨʘʥʫʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʘʟʦʤ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʨʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʢʘʨʪʳ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʠ ʚ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʝ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʰʝʣʴʬ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

ʎʝʣʴ ʨʘʙʦʪ r

ɺʳʷʚʣʝʥʠʝ ʠ ʦʮʝʥʢʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʜʚʦʜʥʦ-ʜʦʙʳʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʪ 

ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ 

ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

ɺʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ 

ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʡ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʣʦʱʘʜʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʘʧʨʦʙʠʨʦʚʘʪʴ ʝʛʦ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʣʝʚʦʡ ʩʝʟʦʥ ʩ 2010 ʧʦ 2017 ʛʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʠʨʦʜʫ ʘʥʦʤʘʣʠʡ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʳʜʝʣʝʥʳ ʟʦʥʳ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʢʠ 

ʆʜʦʧʪʫ-ʤʦʨʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʚʳʧʘʭʠʚʘʥʠʝʤ ʩʪʘʤʫʭʘʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʢʝ ʉʝʚʝʨʦ-ɺʝʥʠʥʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʶʪ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 
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ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʝʜʠʥʳʡ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʣʦʱʘʜʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-

ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺʳʜʝʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʠ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʚʦʜʥʘʷ ʢʘʨʪʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʠ 

ʜʘʥʥʳʤʠ ʛʘʟʦʚʦʛʦ ʢʘʨʦʪʘʞʘ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʙʨʝʞʥʦʡ 

ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ʚʳʷʚʣʝʥʳ ʟʦʥr ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʣʫʙʠʥʳ 

ʚʳʧʘʭʠʚʘʥʠʷ ʩʪʘʤʫʭʘʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ. 

2. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʢʝ ʉʝʚʝʨʦ-

ɺʝʥʠʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʧʘʣʝʦʫʩʪʫʧʘʤʠ 

ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

3. ʂʦʤʧʣʝʢʩʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʛʘʟʦʚʦʛʦ ʢʘʨʦʪʘʞʘ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʨʦʜʫ ʘʥʦʤʘʣʠʡ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʟʦʥʘʩʳʱʝʥʠʝʤ. 

ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʦʪʜʝʣʝ 

ɸʆçʊʠʭʦʦʢʝʘʥʩʢʘʷ ʠʥʞʠʥʠʨʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷè ʠ ʫʧʨʘʚʣʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ 

ʠʟʳʩʢʘʥʠʡ ʆʆʆ çʉʘʭʘʣʠʥʅʀʇʀ ʥʝʬʪʠ ʠ ʛʘʟʘè. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʭʦʜʝ ʝʞʝʛʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ 8 ʣʝʪ ʤʝʪʦʜʦʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 2010 ʧʦ 2017 ʛʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʨʩʢʠʭ 
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ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʰʝʣʴʬʘ 

ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ 12 ʤʦʨʩʢʠʭ ʵʢʩʧʝʜʠʮʠʷʭ ʚ ʧʝʨʠʦʜ ʩ 2012 ʧʦ 2019 ʛʛ. 

ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ, ʊʘʪʘʨʩʢʦʤ ʧʨʦʣʠʚʝ, ʟʘʣʠʚʝ ʇʠʣʴʪʫʥ, ʙʫʭʪʝ ʉʫʭʦʜʦʣ ʠ 

ʖʞʥʦ-ʂʠʪʘʡʩʢʦʤ ʤʦʨʝ. ɸʚʪʦʨ ʚʳʧʦʣʥʷʣ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʛʠʜʨʦʤʘʛʥʠʪʥʘʷ ʩʲʸʤʢʘ, 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʳʭ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʘʥʦʤʘʣʠʡ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚʤʝʩʪʝ ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʙʘʟʦʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʭr ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʣʦʱʘʜʢʘʭ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʧʨʝʜʝʣʘʭ ʂʠʨʠʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʥʝʜʨ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺʳʷʚʣʝʥʥʳʝ ʦʧʘʩʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ ʧʨʠ 

ʦʙʫʩʪʨʦʡʩʪʚʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʢʣʶʯʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʠ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʳʝ 

ʩʦʦʨʫʞʝʥʠʷ. 

ɸʚʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʧʦʣʥʝʥʠʝ ʛʘʟʦʚʦʛʦ ʢʘʨʦʪʘʞʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʥʦʤʘʣʠʠ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʟʦʥʘʩʳʱʝʥʠʝʤ ʠ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʘʥʦʤʘʣʠʡ ʥʘ ʩʦʩʝʜʥʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʧʨʦʬʠʣʷʭ ʠʣʠ ʫʯʘʩʪʢʘʭ. 
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ʅʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜʭʦʜʘ ʧʦ ʠʟʫʯʝʥʠʶ ʦʧʘʩʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʝʞʝʛʦʜʥʦʝ ʛʣʫʙʦʢʦʚʦʜʥʦʝ 

ʙʫʨʝʥʠʝ ʥʘ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʤ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʠ ʦ ɿʝʤʣʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝè, ʛʝʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʣʠʛʦʥ çʐʠʨʘè, ʨʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ, 2018; ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘè, ʄʦʩʢʚʘ, 2018; XX ʋʨʘʣʴʩʢʘʷ 

ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʧʦ ʛʝʦʬʠʟʠʢʝ, ʇʝʨʤʴ, 2019; III ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʠ ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳè, ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ, 2019. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ, ʩʦʜʝʨʞʠʪ 107 

ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 49 ʨʠʩʫʥʢʦʚ, 1 ʪʘʙʣʠʮʫ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 125 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 1 ʧʨʠʣʦʞʝʥʠʝ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 7 ʩʪʘʪʝʡ ʚ 

ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ 4 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ï ʢ.ʛ.-ʤ.ʥ. ʆ.ɺ. ɺʝʩʝʣʦʚʫ ʠ ʟʘʚʝʜʫʶʱʝʡ ʘʩʧʠʨʘʥʪʫʨʦʡ ʢ.ʬ.-ʤ.ʥ. 

ï ʄ.ʖ. ɸʥʜʨʝʝʚʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ 

ʢʦʥʩʫʣʴʪʘʮʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ɸʆ 

çʊʠʭʦʦʢʝʘʥʩʢʘʷ ʠʥʞʠʥʠʨʠʥʛʦʚʘʷ ʢʦʤʧʘʥʠʷè ʟʘ ʟʥʘʥʠʷ ʠ ʦʧʳʪ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʚ ʢʦʤʧʘʥʠʠ (ʩ 2013 ʧʦ 2019 ʛʦʜʳ) ʠ ʢʦʣʣʝʛʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʆʆʆ çʉʘʭʘʣʠʥʅʀʇʀ ʥʝʬʪʠ ʠ ʛʘʟʘè. ɸʚʪʦʨ 

ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɻ.ʅ. ʌʝʪʠʩʢʠʥʫ, ɺ.ʀ. ʉʘʤʘʨʠʥʫ, ʄ.ʄ. ʏʫʤʘʢʦʚʫ 

ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  
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ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʚʦʶ ʩʫʧʨʫʛʫ ʉ.ɺ. ʃʝʢʩʠʥʫ ʟʘ ʙʝʩʢʦʥʝʯʥʦʝ ʪʝʨʧʝʥʠʝ 

ʠ ʚʜʦʭʥʦʚʝʥʠʝ ʢ ʨʘʙʦʪʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʦʜʛʦʪʦʚʢʠ 

ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 1. ʉɽʁʉʄʆɸʂʋʉʊʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ 

ʇʈɽɼɽʃɸʍ ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅʆɻʆ ʐɽʃʔʌɸ ʆʉʊʈʆɺɸ ʉɸʍɸʃʀʅ 

ʀ ɽɻʆ ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʂ ʟʥʘʯʠʤʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʥʘ 

ʢʦʪʦʨʳʭ ʫʞʝ ʚʝʜʸʪʩʷ ʜʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʆʜʦʧʪʫ, 

ʇʠʣʪɹʫʥ-ɸʩʪʦʭʩʢʦʝ, ɸʨʢʫʪʫʥ-ɼʘʛʠ, ʏʘʡʚʦ, ʃʫʥʩʢʦʝ ʠ ʂʠʨʠʥʩʢʦʝ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠ ʛʣʫʙʠʥʘʭ ʤʦʨʷ ʦʪ 18 ʜʦ 90 ʤ. ɿʘʣʝʞʠ ʋɺ 

ʥʘʡʜʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʦʣʠʛʦʮʝʥʘ ʜʦ ʧʣʠʦʮʝʥʘ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʨʦʜʘʤ ʜʘʛʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʂʦʣʣʝʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʤʠ ʧʣʘʩʪʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʣʴʪʳ, ʘʚʘʥʜʝʣʴʪʳ, ʚʝʨʭʥʝʡ ʩʫʙʣʠʪʦʨʘʣʠ [ɼʟʶʙʣʦ ʠ ʜʨ., 2013; 

ʅʠʢʠʪʠʥ ʠ ʜʨ., 2015; ʄʫʩʪʘʝʚ, ʀʩʤʘʠʣʦʚ, 2017]. 

ʂʣʠʤʘʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʩ ʧʨʠʣʝʛʘʶʱʝʡ 

ʘʢʚʘʪʦʨʠʝʡ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ɸʟʠʘʪʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɺʣʠʷʥʠʝ ʢʦʥʪʠʥʝʥʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʟʠʤʦʡ, ʢʦʛʜʘ ʩʫʭʦʡ ʠ ʩʠʣʴʥʦ ʦʭʣʘʞʜʝʥʥʳʡ ʥʘ ʢʦʥʪʠʥʝʥʪʝ ʚʦʟʜʫʭ 

ʧʨʦʥʠʢʘʝʪ ʥʘ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ ʚ ʚʠʜʝ ʤʫʩʩʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʠ ʩʝʚʝʨʥʳʡ ʧʦʪʦʢʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʚʦʟʜʫʭʘ. ɺʣʠʷʥʠʝ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʢʦʛʜʘ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʠ 

ʶʞʥʳʝ ʤʫʩʩʦʥʥʳʝ ʧʦʪʦʢʠ ʧʨʠʥʦʩʷʪ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ ʧʨʦʭʣʘʜʥʳʡ ʠ 

ʚʣʘʞʥʳʡ ʚʦʟʜʫʭ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʩʫʨʦʚʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʚʦʜʦʦʙʤʝʥʦʤ ʩ 

ʊʠʭʠʤ ʦʢʝʘʥʦʤ, ʘ ʪʘʢʞʝ ʨʝʣʴʝʬʦʤ ʜʥʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʦʟʜʘʝʪ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. 
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ɸʚʪʦʨʦʤ ʚ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʝ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʅɻʂʄ) ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʠ 

ʦʮʝʥʢʠ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʚʠʜʫ ʥʘʭʦʞʜʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʘʟʨʘʙʦʪʢʝ. 

1.1. ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʚʘʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʘʢʚʘʪʦʨʠʷʭ ʥʘʯʘʣʠʩ ɹʚ ʢʦʥʮʝ 50-ʭ 

ʛʦʜʦʚ XX ʚʝʢʘ ʚ ʉʐɸ. ʉʧʝʮʠʘʣʠʩʪʳ ʂʦʣʫʤʙʠʡʩʢʦʛʦ ʠ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ, 

ʙʫʢʩʠʨʫʝʤʫʶ ʧʴʝʟʦʢʦʩʫ ʠ ʨʝʛʠʩʪʨʘʪʦʨ, ʧʦʜʦʙʥʳʡ ʵʭʦʣʦʪʫ [Sheriff, Geldart, 

1982; ɻʘʡʥʘʥʦʚ, 2018]. ʕʪʦ ʙʳʣʠ ʦʜʥʦʢʘʥʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʚ ʪʘʢʦʡ 

ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʥʠ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʳʪʘʣʠʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʵʭʦʣʦʪ ʠ ʧʨʠʩʧʦʩʦʙʠʪʴ ʝʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʦʜʝ ʠʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʣʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʠʟʣʫʯʘʪʝʣʴ-ʧʨʠʝʤʥʠʢ, 

ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ï 5ï10 ʢɻʮ. ʆʜʥʘʢʦ ʛʣʫʙʠʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʧʦ ʛʨʫʥʪʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʙʦʪʳ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʧʨʝʢʨʘʱʘʣʠʩʴ ʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʜʦʥʥʳʭ 

ʦʩʘʜʢʦʚ, ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʬʠʣʦʛʨʘʬʘʤʠ.  

ɺ 60ï70 ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣʠ ʠʟʦʙʨʝʪʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʠʩʪʦʯʥʠʢʦʚ ʫʧʨʫʛʠʭ ʚʦʣʥ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʢʚʘʪʦʨʠʷʭ: 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠ ʪ.ʜ. ɹʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʢʚʘʪʦʨʠʷʭ ʚʥʝʩʣʠ 

ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʥʘʧʨʠʤʝʨ, [ʂʘʣʠʥʠʥ, 1965; ʂʘʣʠʥʠʥ ʠ ʜʨ., 1983; 

ʇʠʚʦʚʘʨʦʚ, 1970]. ʇʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 

ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʦʜʝ, ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ 
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ʧʨʦʠʟʦʰʣʦ ʨʘʟʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʢʚʘʪʦʨʠʷʭ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥ ʚ ʥʝʩʢʦʣʴʢʦ 

ʢʠʣʦʤʝʪʨʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʮʝʣʝʡ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥ ʚ ʧʝʨʚʳʝ ʩʦʪʥʠ 

ʤʝʪʨʦʚ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

3. ɸʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʜʥʘ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʠʩʢʠ 

ʟʘʪʦʥʫʚʰʠʭ ʦʙʲʝʢʪʦʚ, ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʨʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪ.ʜ. 

ʇʨʠʥʷʪʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʣʝʥʠʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘ ʨʘʟʚʝʜʦʯʥʫʶ, 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ 

ʛʣʫʙʠʥʥʦʩʪʠ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʦʨʩʢʠʭ 

ʘʢʚʘʪʦʨʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ 

ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʅʉʇ), ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʉʉɺʈ) ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

(ʉɺʈ) [ɹʝʟʨʦʜʥʳʭ ʠ ʜʨ., 2011; ʉʘʤʩʦʥʦʚ, ʉʘʤʩʦʥʦʚʘ, 2012; Rybalko et al., 

2015; ʐʤʘʪʢʦʚ ʠ ʜʨ., 2015; ʀʚʘʥʦʚ ʠ ʜʨ., 2016; ʀʩʤʘʛʠʣʦʚ ʠ ʜʨ., 2016; 

ʃʝʢʩʠʥ, 2019ʘ]. 

ɺ ʨʘʙʦʪʝ [ʂʦʙʦʣʝʚ ʠ ʜʨ., 2011; ɿʘʧʦʨʦʞʝʮ ʠ ʜʨ., 2012; ʂʘʟʘʥʠʥ ʠ ʜʨ., 

2016; ʏʘʩʥʠʢʦʚ, 2018] ʧʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʤʝʥʷʝʤʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʜʣʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʘʙʦʪʝ [Thomas et al., 2012; ʐʤʘʪʢʦʚ ʠ ʜʨ., 2015] ʩʦʜʝʨʞʘʪʩʷ 

ʦʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʩʝʭ ʚʠʜʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʲʝʤʦʢ (ʪʘʙʣʠʮʘ 1.1). 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [ʥʘʧʨʠʤʝʨ, Widess, 1973; Kallweit, Wood, 1982; ʂʘʣʠʥʠʥ 
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ʠ ʜʨ., 1992; Okaya, 1995; Vermeer, 1999]. ɺʦʧʨʦʩʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʪʨʫʜʘʭ [ʥʘʧʨʠʤʝʨ, Sheriff, 

1982; ʇʝʡʪʦʥ, 1982; Lindsey, 1989; Cordsen et al., 2000; Yilmaz, 2001]. 

ʅʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʦʪʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʥʦ ʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʘʥʦʚʢʠ: ʛʣʫʙʠʥ ʧʦʛʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ 

ʧʨʠʝʤʥʠʢʘ, ʚʳʥʦʩʘ, ʜʣʠʥʳ ʢʦʩʳ ʠ ʪ.ʜ. [Missiaen, 2005]. 

ʊʘʙʣʠʮʘ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʨʘʟʨʝʘhʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʨʘʟʨʝʘhʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ʅʝʬʪʝʛʘʟʦʚʦʝ 30ï75 ɻʮ ι 20 ʤ ι 5 ʤ 

ɺʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ 

80ï375 ɻʮ 19ï4 ʤ 4,5ï1 ʤ 

ʉʚʝʨʭʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ 

375ï1500 ɻʮ  ̓4 ʤ  ̓1 ʤ 

ʋʣʴʪʨʘʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ 

1,5ï13 ʢɻʮ  ̓1 ʤ  ̓25 ʩʤ 

 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʝʨʚʳʭ ʤʝʪʨʦʚ 

ʧʨʠʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚ ʤʦʨʩʢʦʛʦ ʜʥʘ. 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʩʪʳʢʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʠ ʘʢʫʩʪʠʢʠ. ʕʪʦ ʜʠʘʧʘʟʦʥ ʦʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʛʝʨʮ ʜʦ ʧʝʨʚʳʭ ʢʠʣʦʛʝʨʮ. 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʚ ʘʢʚʘʪʦʨʠʷʭ 

ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʦʤ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ ʚʘʨʠʘʥʪʘʭ. ɼʘʥʥʳʝ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʦʙʱʝʡ 

ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ (ʆɻʊ) ʠʣʠ, ʢʘʢ ʩʝʡʯʘʩ ʯʘʱʝ ʥʘʟʳʚʘʶʪ ï ʦʙʱʝʡ ʩʨʝʜʥʝʡ 

ʪʦʯʢʦʡ (ʆʉʊ). ʆʜʥʦʢʘʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ï 

ʤʝʪʦʜ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʅʉʇ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʡ ʅʉʇ ʧʨʠʤʝʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʰʠʨʝ, ʯʝʤ ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʤʝʪʦʜʝ ʅʉʇ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 
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ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʚ) ʠ ʦʜʥʦʛʦ 

ʧʨʠʝʤʥʠʢʘ (ʛʨʫʧʧʳ ʧʨʠʝʤʥʠʢʦʚ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʫʙʠʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʩʯʠʪʘʪʴ ʠʭ ʩʦʚʤʝʱʝʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 

ʩʫʱʥʦʩʪʠ, ʤʝʪʦʜ ʅʉʇ ï ʤʦʜʠʬʠʢʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʄʆɺ, 

ʥʘʟʳʚʘʝʤʘʷ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʝʪʦʜʦʤ t0, ʠʣʠ ʤʝʪʦʜʦʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʣʫʯʘ. ɺʦʟʙʫʞʜʝʥʠʝ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʯʝʨʝʟ ʪʘʢʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʧʠʩʴ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦ ʧʨʦʬʠʣʶ ʅʉʇ 

ʥʘʧʦʤʠʥʘʝʪ ʤʝʪʦʜ ʛʠʜʨʦʣʦʢʘʮʠʠ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʨʦʣʦʢʘʮʠʠ ʚ ʅʉʇ 

ʠʟʫʯʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʪʦʣʴʢʦ ʜʥʘ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʢʘʢ ʧʝʨʚʳʝ ʤʝʪʨʳ, ʪʘʢ ʠ 

ʩʦʪʥʠ ʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʠʩʪʦʯʥʠʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʄʆɺ ʚ ʅʉʇ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʙʤʝʥʥʳʝ, 

ʛʦʣʦʚʥʳʝ ʠ ʨʝʬʨʘʛʠʨʦʚʘʥʥʳʝ ʚʦʣʥʳ.  

ʄʝʪʦʜ ʅʉʇ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʩʨʝʜʝ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʛʣʫʙʠʥʫ 

ʜʦ 100 ʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʘʣʝʦʚʨʝʟʦʚ ʠ ʛʘʟʦʚʳʭ ʢʘʨʤʘʥʦʚ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʅʉʇ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʝʟʥʳʡ 

ʠʥʪʝʨʚʘʣ ʟʘʧʠʩʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥ ʚʨʝʤʝʥʝʤ ʧʨʠʭʦʜʘ ʧʝʨʚʦʡ ʢʨʘʪʥʦʡ 

ʚʦʣʥʳ ʚ ʚʦʜʥʦʤ ʩʣʦʝ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʥʦʢʨʘʪʥʳʭ ʠ ʥʝʧʦʣʥʦʢʨʘʪʥʳʭ ʚ 

ʚʦʜʥʦʤ ʩʣʦʝ ʚʦʣʥ, ʪ.ʢ. ʦʩʣʘʙʣʝʥʠʝ ʢʨʘʪʥʳʭ ʚʦʣʥ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʜʝʩʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ (ʨʠʩʫʥʦʢ 1.1), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʯʠʥʠʪʴ ʚʨʝʜ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

[Kvalstad, 2007; Guidelines, 2011; Calarco et al., 2014]. 
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ʈʠʩʫʥʦʢ 1 ï ʆʧʘʩʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ [Chiocci 

ʠ ʜʨ., 2011]. 

 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʘʩʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʭʦʨʦʰʦ 

ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [ʈʦʢʦʩ ʠ ʜʨ., 2001; Wood, Hamilton, 2002; ʂʦʟʣʦʚ, 2005; 

Judd, Hovland, 2007; Kvalstad, 2007; Chiocci et al., 2011; Dyer, 2011]. 

ʇʦʜ ʦʧʘʩʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʪʦʠʪ ʧʦʥʠʤʘʪʴ ï 

ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʠ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʚʳʟʚʘʪʴ ʠʭ 

ʨʘʟʨʫʰʝʥʠʝ [ʄʠʨʦʥʶʢ, 2013]. 

ʇʦʤʠʤʦ ʧʨʦʚʝʜʝʥʠʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʙʫʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʚʳʧʦʣʥʷʶʪʩʷ ʤʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʫʶ ʩʲʝʤʢʫ, ʛʠʜʨʦʣʦʢʘʮʠʶ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ (ɻʃɹʆ), 

ʛʠʜʨʦʤʘʛʥʠʪʥʫʶ ʩʲʝʤʢʫ (ɻʄʉ), ʦʪʙʦʨ ʧʨʦʙ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ (ʛʣʫʙʠʥʘ 

ʦʧʨʦʙʦʚʘʥʠʷ ʜʦ 4 ʤ), ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1.2), ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʫʨʝʥʠʝ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʨʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ. 

 

ʇʨʦʚʝʜʝʥʠʝ ʤʦʨʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [British Standard 5930, 1999; 

Guidance, 2000; ʉʇ 11-114-2004; Guidance, 2004; ʉʊʆ ɻʘʟʧʨʦʤ 2-3.7-050-

2006; Guidelines, 2011; ʉʇ 47.13330.2012; Guidance, 2014]. 

1.2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ 

ʩʢʣʘʜʢʠ ʧʦʣʫʯʝʥʳ ʚ 1972 ʛʦʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ [ʇʠʱʘʣʴʥʠʢ, ɹʦʙʢʦʚ, 2000]. ɺ ʜʘʣʴʥʝʡʰʝʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʠʢʣʠʥʘʣʝʡ ʠ ʢʨʳʣʴʝʚ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ 
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ʘʥʪʠʢʣʠʥʘʣʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʤʦʱʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ [ʂʨʦʧʧ ʠ ʜʨ., 2012]. 

ʖʞʥʦ-ʂʠʨʠʥʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ 

ʢ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʤʫ ʚʥʫʪʨʠʙʘʩʩʝʡʥʦʚʦʤʫ ʧʦʜʥʷʪʠʶ, ʨʘʟʜʝʣʷʶʱʝʤʫ ʉʝʚʝʨʦ-

ʉʘʭʘʣʠʥʩʢʠʡ ʠ ʄʳʥʛʠʥʩʢʠʡ ʧʨʦʛʠʙʳ (ʨʠʩʫʥʦʢ 1.3). 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʫʢʪʫʨ. 

ʇʦʜʥʷʪʠʝ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʙʝʥʥʳʤ ʚʳʩʪʫʧʦʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʨʘʟʤʝʨʦʤ 65ʭ15 ʢʤ, ʚ ʨʝʣʴʝʬʝ ʢʦʪʦʨʦʛʦ ʠʟʦʛʠʧʩʘʤʠ -3600 ʤ ʠ -4800 ʤ 

ʚʳʜʝʣʝʥʳ ʚʦʩʪʦʯʥʳʡ ʠ ʟʘʧʘʜʥʳʡ ʢʫʧʦʣʘ [ɻʦʨʯʘʢʦʚʘ, 2009; ʈʫʜʥʠʮʢʘʷ, 2013]. 

ɸʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦ ʬʦʨʤʝ ʧʦʜʥʷʪʠʝ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɽʛʦ ʢʫʧʦʣʦʚʠʜʥʳʡ ʩʚʦʜ ʩʤʝʱʝʥ ʥʘ ʚʦʩʪʦʢ. ɺʦʩʪʦʯʥʘʷ 

ʧʝʨʠʢʣʠʥʘʣʴ ʩʚʦʜʘ ʢʦʨʦʪʢʘʷ, ʟʘʧʘʜʥʘʷ ï ʧʦʣʦʛʘʷ ʫʜʣʠʥʝʥʥʘʷ, ʦʩʣʦʞʥʝʥʥʘʷ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʩʙʨʦʩʦʤ, ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʩ ʧʣʠʦʮʝʥʘ. ʕʪʦʪ ʩʙʨʦʩ 

ʨʘʟʜʝʣʷʝʪ ʖʞʥʦ-ʂʠʨʠʥʩʢʫʶ ʠ ʂʠʨʠʥʩʢʫʶ ʘʥʪʠʢʣʠʥʘʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ 
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ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʩʤʝʱʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ ʜʦ 2 ʢʤ. 

ʉʝʚʝʨʥʦʝ ʢʨʳʣʦ ʧʦʜʥʷʪʠʷ ʦʩʣʦʞʥʝʥʦ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʩʙʨʦʩʘʤʠ ʜʣʠʥʦʡ 

4ï10 ʢʤ. ʖʞʥʦʝ ʢʨʳʣʦ ʙʦʣʝʝ ʢʨʫʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʚʝʨʥʳʤ. ʅʦ ʚ ʮʝʣʦʤ 

ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʢʨʳʣʴʝʚ ʩʪʨʫʢʪʫʨʳ ʥʘ ʫʨʦʚʥʝ 

ʥʝʩʦʛʣʘʩʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʫʡʥʠʥʩʢʦʛʦ ʠ ʜʘʛʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 1,5Á-

2Á. ʐʘʨʥʠʨ ʩʢʣʘʜʢʠ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜ ʫʛʣʦʤ 1,5Á, ʚ 

ʟʘʧʘʜʥʦʤ ï ʧʦʜ ʫʛʣʦʤ 1Á. ʉʚʦʜ ʩʢʣʘʜʢʠ, ʟʘʧʘʜʥʘʷ ʧʝʨʠʢʣʠʥʘʣʴ, ʶʞʥʦʝ ʢʨʳʣʦ 

ʩʪʨʫʢʪʫʨʳ ʦʩʣʦʞʥʝʥʳ ʥʘʨʫʰʝʥʠʷʤʠ ʩʙʨʦʩʦʚʦʛʦ ʪʠʧʘ ʩʫʙʰʠʨʦʪʥʦʡ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʩʤʝʱʝʥʠʷ 10ï20 ʤ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʦʚʣʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʢʨʦʚʣʠ ʜʘʝʭʫʨʠʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʩʤʝʱʝʥʠʝ ʩʚʦʜʦʚ ʚʳʰʝʣʝʞʘʱʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʪʝʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ 

ʧʣʠʦʮʝʥʘ ʧʨʦʜʦʣʞʘʣʩʷ ʨʦʩʪ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʝʝ ʩʚʦʜ 

ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʜʳʤʘʣʩʷ, ʩʦʭʨʘʥʷʷ ʧʦʣʦʞʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ ʩʦʚʨʝʤʝʥʥʦʤʫ 

[ʇʘʨʘʩʳʥʘ ʠ ʜʨ., 2012; ʈʳʙʘʣʴʯʝʥʢʦ ʠ ʜʨ., 2014]. 

ʂ ʥʘʯʘʣʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʥʫʪʦʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʧʦʟʜʥʝʤʫ 

ʤʠʦʮʝʥʫ) ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-

ʂʠʨʠʥʩʢʦʡ ʠ ʄʳʥʛʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨ ʧʨʝʢʨʘʪʠʣʠʩʴ. ʕʪʦ ʦʪʣʠʯʘʝʪ ʫʧʦʤʷʥʫʪʳʝ 

ʩʪʨʫʢʪʫʨʳ ʦʪ ʩʪʨʫʢʪʫʨ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʉʘʭʘʣʠʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʛʣʘʚʥʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʢʨʫʧʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʦʭʦʜʠʣ ʚ ʢʦʥʮʝ ʤʠʦʮʝʥʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʧʣʠʦʮʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʬʦʥʝ ʩʪʨʫʢʪʫʨ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ 

ʉʘʭʘʣʠʥʘ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʝ ʠ ʄʳʥʛʠʥʩʢʦʝ ʧʦʜʥʷʪʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʜʨʝʚʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʨʘʥʥʠʤ ʧʝʨʠʦʜʘʤ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʙʘʩʩʝʡʥʘ [ʈʳʙʘʣʴʯʝʥʢʦ ʠ ʜʨ., 2014]. ʆʜʥʘʢʦ ʚ ʧʣʠʦʮʝʥʝ 

ʧʨʦʠʩʭʦʜʠʣʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʩʜʚʠʛʠ ʠ ʨʘʩʪʷʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʰʠʨʦʪʥʳʤ ʩʞʘʪʠʝʤ. ʇʨʠ ʵʪʠʭ ʜʚʠʞʝʥʠʷʭ ʦʪʜʝʣʴʥʳʝ ʨʘʟʨʳʚʳ ʚʩʧʦʨʦʣʠ 

ʚʝʨʭʥʝʥʫʪʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦ ʚʩʝʡ ʪʦʣʱʝ 

ʨʘʟʨʝʟʘ ï ʦʪ ʬʫʥʜʘʤʝʥʪʘ ʜʦ ʥʫʪʦʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 
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ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʟʦʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʉʘʭʘʣʠʥʘ, ʚʢʣʶʯʘʷ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʜʘʥʘ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʚ ʨʘʡʦʥʝ 

ʃʫʥʩʢʦʡ, ʂʠʨʠʥʩʢʦʡ, ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨ [ʍʘʨʘʭʠʥʦʚ, 2010; 

ʈʫʜʥʠʮʢʘʷ, 2013; ʏʝʨʝʧʘʥʦʚ ʠ ʜʨ., 2013; ʂʨʠʢʫʥʦʚ ʠ ʜʨ., 2015; ʍʦʰʪʘʨʠʷ ʠ 

ʜʨ., 2016; ɻʨʦʰʝʚ ʠ ʜʨ., 2017]. 

ɺ ʩʪʨʦʝʥʠʠ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʜʝʣʝʥ ʤʝʟʦʟʦʡʩʢʠʡ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʠ ʢʘʡʥʦʟʦʡʩʢʠʡ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ. ʌʫʥʜʘʤʝʥʪ 

ʩʣʦʞʝʥ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʩʢʨʳʪʳʤʠ ʥʘ ʇʦʣʷʨʥʠʥʩʢʦʡ ʠ ʅʘʤʧʠʥʩʢʦʡ 

ʧʣʦʱʘʜʷʭ. ʅʝʩʦʛʣʘʩʥʦʝ ʥʘʣʦʞʝʥʠʝ ʨʘʥʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʫʧʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʝ ʨʝʛʠʦʥʘ ʚ ʧʝʨʠʦʜ ʣʘʨʘʤʠʡʩʢʦʡ ʬʘʟʳ ʩʢʣʘʜʯʘʪʦʩʪʠ. 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʚʳʜʝʣʷʝʪʩʷ ʧʦ 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʦʤʫ ʜʚʫʭʬʘʟʥʦʤʫ ʦʪʨʘʞʝʥʠʶ ʩ ʥʘʣʝʛʘʥʠʝʤ ʥʘ ʥʝʛʦ 

ʚʳʰʝʟʘʣʝʛʘʶʱʠʭ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ (ʨʠʩʫʥʦʢ 1.4). 

 

 

ʈʠʩʫʥʦʢ 21.4 ï ʂʦʤʧʦʟʠʪʥʳʡ ʧʨʦʬʠʣʴ ʧʦ ʣʠʥʠʠ I-I ʯʝʨʝʟ ʟʘʧʘʜʥʳʡ ʠ 

ʚʦʩʪʦʯʥʳʡ ʢʫʧʦʣ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ [ʈʫʜʥʠʮʢʘʷ, 2013]. 
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ɺ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʠ ʥʘʠʙʦʣʝʝ 

ʜʨʝʚʥʠʤʠ ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʜʘʝʭʫʨʠʠʥʩʢʘʷ ʩʚʠʪʘ 

(ʵʦʮʝʥ-ʦʣʠʛʦʮʝʥ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʨʝʤʥʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ 

ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʛʨʘʚʠʷ, ʛʘʣʴʢʠ (ʩʣʝʜʘʤʠ ʣʝʜʦʚʦʛʦ ʨʘʟʥʦʩʘ) [ɻʣʘʜʝʥʢʦʚ ʠ ʜʨ., 2002; 

ʍʘʨʘʭʠʥʦʚ, 2010]. ɺʝʨʭʥʝʡ ʯʘʩʪʴʶ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʦʭʦʪʩʢʦ-ʜʝʨʶʛʠʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦʟʜʥʝʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʚ ʩʢʚʘʞʠʥʝ ʖʞʥʦ-ʂʠʨʠʥʩʢʘʷ-1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʯʢʦʡ 

ʘʣʝʚʨʠʪʦʧʝʩʯʘʥʳʭ, ʪʠʧʠʯʥʦ ʰʝʣʴʬʦʚʳʭ ʩʝʜʠʤʝʥʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʳʭʣʳʭ 

ʧʝʩʢʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʴʢʠ, ʛʨʘʚʠʷ, ʜʠʘʪʦʤʦʚʳʭ ʛʣʠʥ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʰʝʣʴʬʝ, ʧʝʨʝʭʦʜʷʱʠʤ ʚ ʧʦʜʚʦʜʥʳʡ ʩʢʣʦʥ 

ʚ ʫʩʣʦʚʠʷʭ ʥʦʚʝʡʰʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʧʦʟʜʥʝʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ ʩʢʣʘʜʯʘʪʳʤʠ ʜʚʠʞʝʥʠʷʤʠ. ʉʚʦʜʥʳʡ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥʩʢʦʛʦ ʰʝʣʴʬʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.5. 
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ʈʠʩʫʥʦʢ 1.5 ï ʉʚʦʜʥʳʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

ɺʦʩʪʦʯʥʦ-ʉʘʭʘʣʠʥʩʢʦʛʦ ʰʝʣʴʬʘ [ʍʦʰʪʘʨʠʷ ʠ ʜʨ., 2016]. 

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʄʆɻʊ 3D ʯʝʨʝʟ 

ʖʞʥʦ-ʃʫʥʩʢʦʝ ʠ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʝ ʧʦʜʥʷʪʠʷ [ʍʦʰʪʘʨʠʷ ʠ ʜʨ., 2016]. 
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ʈʠʩʫʥʦʢ 1.6 ï ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʄʆɻʊ 3D. 

 

ʉ 2013 ʧʦ 2015 ʛʛ. ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʤ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʨʦʙʫʨʝʥʦ ʧʦ ʜʚʝ ʩʢʚʘʞʠʥʳ ʚ ʛʦʜ. 

ɺ 2018, 2019 ʛʛ. ʧʨʦʙʫʨʝʥʳ ʧʦ ʯʝʪʳʨʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. 

1.5. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

1. ɺ ʛʣʘʚʝ 1 ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʧʦʠʩʢʦʚ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. 

2. ʈʘʩʩʤʦʪʨʝʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦ ʚʩʝʡ ʪʦʣʱʝ ʨʘʟʨʝʟʘ ï ʦʪ ʬʫʥʜʘʤʝʥʪʘ ʜʦ 

ʥʫʪʦʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 
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ɻʃɸɺɸ 2. ɸʅɸʃʀɿ ʆʇɸʉʅʓʍ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʇʆ 

ɼɸʅʅʓʄ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ 

ɹɸʊʀʄɽʊʈʀʏɽʉʂʆʁ ʉʒɪʄʂʀ 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʚ 

ʘʢʚʘʪʦʨʠʷʭ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʳʭ ʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʧʦʜʚʦʜʥʦ-ʜʦʙʳʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʣʝʜʦʚʳʭ ʵʢʟʘʨʘʮʠʡ, ʛʘʟʦʛʠʜʨʘʪʦʚ ʠ ʧʘʣʝʦʚʨʝʟʦʚ. 

2.1. ʃʝʜʦʚʳʝ ʵʢʟʘʨʘʮʠʠ ʤʦʨʩʢʦʛʦ ʜʥʘ 

ʅʘʣʠʯʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʰʝʣʴʬʝ ʤʦʨʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʘʩʥʳʭ ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʤʦʨʩʢʦʝ ʜʥʦ. ɸʚʪʦʨʦʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʠ ʩʧʫʪʥʠʢʦʚʳʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʥʘ ʧʣʦʱʘʜʢʝ 1Ĭ14 ʢʤ ʚ ʨʘʡʦʥʝ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʜʦʧʪʫ-ʤʦʨʝ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ (ʨʠʩʫʥʦʢ 2.1) [ʃʝʢʩʠʥ, ʈʦʤʘʥʶʢ, 2021]. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʆʙʟʦʨʥʘʷ ʢʘʨʪʘ-ʩʭʝʤʘ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʀʟʫʯʝʥʠʶ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʧʦʩʚʷʱʝʥʳ, 

ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ [ɺʝʨʰʠʥʠʥ ʠ ʜʨ., 2007; ʆʛʦʨʦʜʦʚ ʠ ʜʨ., 2010; ʅʘʫʤʦʚ 2013; 

ʃʠʙʠʥʘ, ʅʠʢʠʬʦʨʦʚ, 2018; ʅʝʧʦʤʝʥʢʦ, ʇʦʧʦʚʘ, 2018; ʄʘʟʥʝʚ, ʆʛʦʨʦʜʦʚ, 

2020]. 

ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʥʘ ʧʣʦʱʘʜʢʝ ʆʜʦʧʪʫ-ʤʦʨʝ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʠʶʣʝ-ʩʝʥʪʷʙʨʝ 2019 ʛ. ʤʝʪʦʜʦʤ 

ʵʭʦʣʦʪʠʨʦʚʘʥʠʷ ʧʦ ʩʠʩʪʝʤʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʬʠʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʙʝʨʝʛʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʙʳʣʦ 

ʧʨʦʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʬʠʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʥʦʚʥʳʤ ʩʲʝʤʦʯʥʳʤ ʧʨʦʬʠʣʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʘʚʪʦʥʦʤʥʦʡ ʙʫʡʢʦʚʦʡ ʩʪʘʥʮʠʠ, ʠ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʩʥʦʚʥʳʝ ʣʝʜʦʚʳʝ ʬʘʟʳ ʚ ʘʢʚʘʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʦʚ (Japan 

Meteorological Agency), ʘʨʭʠʚʘ ʝʞʝʜʥʝʚʥʳʭ ʜʘʥʥʳʭ ʦ ʧʣʦʱʘʜʠ ʣʴʜʘ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ MASIE 

(http://nsidc.org/data/masie), ʘ ʪʘʢʞʝ ʩʧʫʪʥʠʢʦʚʳʭ (TERRA, AQUA, Suomi-

NPP, Sentinel-2) ʩʥʠʤʢʦʚ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. 

ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʠʤʦʡ 2018/19 ʛ. ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʩʦʯʝʪʘʥʠʶ 

ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʉʘʭʘʣʠʥʝ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʬʘʟʳ 

ʨʘʟʚʠʪʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ: 

ʬʘʟʘ I ï ʥʘʯʘʣʦ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʜʘʪʳ ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʷ ʣʴʜʘ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʜʦ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʳʥʴʠ (ʩʨʝʜʥʠʝ ʜʘʪʳ ʦʪ 28 

ʥʦʷʙʨʷ ʜʦ 30 ʜʝʢʘʙʨʷ). ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ï ʙʣʠʥʯʘʪʳʡ ʣʝʜ ʪʦʣʱʠʥʦʡ 3ï

12 ʩʤ; 

ʬʘʟʘ II ï ʧʦʣʳʥʴʷ, ʟʘʧʦʣʥʝʥʥʘʷ ʩʧʣʦʰʥʳʤʠ ʥʠʣʘʩʦʚʳʤʠ ʣʴʜʘʤʠ 

ʪʦʣʱʠʥʦʡ 3ï10 ʩʤ (ʩʨʝʜʥʠʝ ʜʘʪʳ ʦʪ 31 ʜʝʢʘʙʨʷ ʜʦ 4 ʤʘʨʪʘ); 
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ʬʘʟʘ III ï ʩʧʣʦʯʝʥʥʦʛʦ ʠ ʦʯʝʥʴ ʩʧʣʦʯʝʥʥʦʛʦ ʦʜʥʦʣʝʪʥʝʛʦ ʣʴʜʘ (ʩʨʝʜʥʠʝ 

ʜʘʪʳ ʩ 5 ʤʘʨʪʘ ʧʦ 29 ʘʧʨʝʣʷ). ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ï ʙʦʣʴʰʠʝ ʧʦʣʷ, 

ʦʙʣʦʤʢʠ, ʙʠʪʳʝ ʣʴʜʳ, ʪʦʣʱʠʥʘ ʦʪ 30 ʜʦ 130 ʩʤ; 

ʬʘʟʘ IV ï ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʩʨʝʜʥʠʝ ʜʘʪʳ ʩ 30 ʘʧʨʝʣʷ ʜʦ 8 

ʠʶʥʷ). ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ï ʦʙʣʦʤʢʠ ʣʝʜʷʥʳʭ ʧʦʣʝʡ, ʙʠʪʳʝ ʠ ʪʝʨʪʳʝ 

ʣʴʜʳ ʪʦʣʱʠʥʦʡ ʦʪ 30 ʜʦ 130 ʩʤ. 

ʅʘ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚʦʟʤʦʞʥʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ (ʦʪ ʜʝʩʷʪʢʦʚ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ) ʢʘʢ ʧʦʣʥʦʝ 

ʦʯʠʱʝʥʠʝ, ʪʘʢ ʠ ʧʦʣʥʦʝ ʟʘʢʨʳʪʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʨʷʜ ʪʦʨʦʩʦʚ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʞʘʪʠʠ ʣʝʜʷʥʳʭ ʧʦʣʝʡ ʦʜʥʦʣʝʪʥʝʛʦ ʣʴʜʘ, 

ʜʨʝʡʬʫʶʱʠʭ ʠʟ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʘʭʦʜʠʪʩʷ ʤʦʣʦʜʦʡ ʣʝʜ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʝʜʷʥʳʤʠ 

ʧʦʣʷʤʠ ʟʘʧʦʣʥʝʥʦ ʤʦʣʦʜʳʤʠ ʣʴʜʘʤʠ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25ï35 ʤ 

[ɸʩʪʘʬʴʝʚ ʠ ʜʨ., 1997; ʇʦʣʦʤʦʰʥʦʚ, ʗʢʫʥʠʥ, 1989]. ɺʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʮʠʢʣʦʥʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ ʤʘʩʩʠʚ ʧʦʷʩʘ ʪʷʞʝʣʦʛʦ ʣʴʜʘ 

ʧʨʠʞʠʤʘʝʪ ʢ ʙʝʨʝʛʫ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʤʦʱʥʳʭ ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʘʜʠʪʩʷ 

ʥʘ ʛʨʫʥʪ, ʦʙʨʘʟʫʷ ʩʪʘʤʫʭʠ, ʠ ʧʨʠ ʩʤʝʥʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʣʴʜʫ 

ʦʪʦʡʪʠ ʦʪ ʙʝʨʝʛʘ, ʚʳʧʦʣʥʷʷ ʨʦʣʴ ʦʧʦʨʥʳʭ ʩʚʘʡ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʨʟʘʥʠʝ 

ʤʘʩʩʠʚʘ, ʠ ʦʥ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʚ ʚʠʜʝ ʧʨʠʧʘʷ, ʧʦʢʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʯʝʪʘʥʠʷ ʩʠʟʠʛʠʡʥʳʭ ʧʨʠʣʠʚʦʚ, ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ 

ʚʜʦʣʴʙʝʨʝʛʦʚʳʭ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʪ.ʜ.) ʥʝ ʧʨʦʠʟʦʡʜʝʪ 

ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ [ʇʠʱʘʣʴʥʠʢ ʠ ʜʨ., 2009]. 

ʇʝʨʚʦʝ ʧʦʷʚʣʝʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʘʢʚʘʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ 

ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 2 ʜʝʢʘʙʨʷ. ʌʘʟʘ ʥʘʯʘʣʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʠʣʘʩʴ ʦʢʦʣʦ 

ʤʝʩʷʮʘ ï ʩʦ 2 ʜʝʢʘʙʨʷ ʧʦ 1 ʷʥʚʘʨʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʳʥʴʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʥʘʯʘʣʦʩʴ 2 ʷʥʚʘʨʷ 2019 ʛ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʶʞʥʫʶ ʯʘʩʪʴ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʛʣʫʙʦʢʦʛʦ 
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ʮʠʢʣʦʥʘ ʧʨʦʠʟʦʰʣʦ ʯʘʩʪʠʯʥʦʝ ʟʘʢʨʳʪʠʝ ʧʦʣʳʥʴʠ ʩ 16 ʧʦ 22 ʷʥʚʘʨʷ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ 54 ʩʫʪ. (ʩ 22 ʷʥʚʘʨʷ ʧʦ 16 ʤʘʨʪʘ) ʧʨʦʠʩʭʦʜʠʣʦ 

ʨʘʟʚʠʪʠʝ ʧʦʣʳʥʴʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʝʝ ʧʣʦʱʘʜʠ (ʨʠʩʫʥʦʢ 2.2). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʙʨʝʞʥʘʷ ʧʦʣʳʥʴʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ. Terra-MODIS, 11 ʤʘʨʪʘ 2019 ʛ. ʆʙʦʟʥʘʯʝʥʠʷ: ʢʨʘʩʥʳʝ ʢʨʫʞʢʠ ï 

ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. 

 

ɺ ʩʝʨʝʜʠʥʝ ʤʘʨʪʘ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚ ʚʦʩʪʦʯʥʳʭ ʨʫʤʙʦʚ, ʧʦʷʩ 

ʪʷʞʝʣʦʛʦ ʣʴʜʘ ʙʳʣ ʧʨʠʞʘʪ ʢ ʙʝʨʝʛʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦʣʦʩʘ 

ʧʨʠʧʘʷ ʰʠʨʠʥʦʡ ʜʦ 2 ʢʤ (ʨʠʩʫʥʦʢ 2.3, ʘ). ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʧʘʷ ʥʘʯʘʣʦ ʧʨʦʠʩʭʦʜʠʪʴ 26 ʘʧʨʝʣʷ 

(ʨʠʩʫʥʦʢ 2.3, ʙ), ʘ ʢ 29 ʘʧʨʝʣʷ ʧʨʠʧʘʡ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥ (ʨʠʩʫʥʦʢ 2.3, 

ʚ). 
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ʈʠʩʫʥʦʢ 2.3 ï ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʧʘʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ: 

ʩʝʨʝʜʠʥʘ ʤʘʨʪʘ ï ʘ, 26 ʘʧʨʝʣʷ ï ʙ, 29 ʘʧʨʝʣʷ ï ʚ. ʉʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ Sentinel-2. 

 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ Sentinel-2 (ʢʦʤʙʠʥʘʮʠʷ ʢʘʥʘʣʦʚ 12-

11-4, ʨʠʩʫʥʦʢ 2.4) ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚ ʘʢʚʘʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʥʝʩʢʦʣʴʢʦ ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʪʘʤʫʭ. ʈʘʟʤʝʨʳ 

ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʠʟ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʣʠ 1,5 Ĭ 1,1 ʢʤ, ʧʣʦʱʘʜʴ 1,13 

ʢʤ2. 
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ʈʠʩʫʥʦʢ 2.4 ï ʌʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʦ ʩʧʫʪʥʠʢʘ 

Sentinel-2, 25 ʤʘʨʪʘ 2019. ʂʨʘʩʥʳʤʠ ʦʚʘʣʘʤʠ ʚʳʜʝʣʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʩʪʘʤʫʭʠ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ 

ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʭ ʷʚʣʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʫʙʠʥʳ ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-

ʤʦʨʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ (ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ) ʜʦ ʠʟʦʙʘʪʳ 9 ʤ, 

ʫʛʣʫʙʣʷʷʩʴ ʚ ʩʪʦʨʦʥʫ ʤʦʨʷ. 

ɺ ʤʝʣʢʦʚʦʜʥʦʡ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ, ʜʦ ʠʟʦʙʘʪʳ 

7 ʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʧʘʭʠʚʘʥʠʝ ʤʦʨʩʢʦʛʦ ʜʥʘ ʩʪʘʤʫʭʘʤʠ, ʥʘ ʛʣʫʙʠʥʫ ʜʦ 4 ʤ 

ʥʠʞʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʢʠ 2.5, 2.6). 
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ʈʠʩʫʥʦʢ 2.5 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ. 

 

ɺʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ 

ʧʣʦʱʘʜʢʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʚʘʣʳ ʠ ʧʨʦʤʦʠʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʤʳʚʘ ʠ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʧʦʙʝʨʝʞʴʷ (ʨʠʩʫʥʢʠ 2.7, 2.8). 
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ʈʠʩʫʥʦʢ 2.7 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʨʘʟʤʳʚ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʧʦʙʝʨʝʞʴʷ. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʚʘʣ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʧʦʙʝʨʝʞʴʷ. 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʥʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʣʦʱʘʜʢʠ 

ʆʜʦʧʪʫ-ʤʦʨʝ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ ʟʦʥ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ (ʨʠʩʫʥʦʢ 2.9). ɺʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʣʫʯʝʚʦʛʦ 

ʵʭʦʣʦʪʘ, ʜʘʥʥʳʝ ʥʘ ʢʘʨʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʟʦʙʘʪ ʠ ʧʦʵʪʦʤʫ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʫʶ ʢʘʨʪʫ ʠʣʠ ʝʸ ʬʨʘʛʤʝʥʪ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʦʙʨʘʞʘʪʴ ʚ 
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ʨʘʙʦʪʝ. ɺʳʜʝʣʝʥʠʝ ʟʦʥ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʥʘ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʝ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʟʘʤʝʯʝʥʦ ʨʝʟʢʦʝ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʛʣʫʙʠʥ ʤʦʨʷ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʟʦʥ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʧʣʦʱʘʜʢʠ ʆʜʦʧʪʫ-ʤʦʨʝ. 

 

ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʩʪʦʷʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟ 

ʛʦʣʦʮʝʥʦʚʳʭ ʧʝʩʢʦʚ ʩ ʝʜʠʥʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʚʠʷ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ 

ʥʝʦʛʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ 

ʩʣʘʙʦʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʛʨʫʥʪʘʤʠ (ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ). ʅʘʠʙʦʣʴʰʘʷ 

ʤʦʱʥʦʩʪʴ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʤʝʩʪʘʭ ʨʘʟʚʠʪʠʷ ʧʝʩʯʘʥʳʭ 

ʚʘʣʦʚ ʠ ʧʝʩʯʘʥʳʭ ʚʦʣʥ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʤʝʞʜʫ ʧʝʩʯʘʥʳʤʠ ʚʘʣʘʤʠ 

ʛʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʨʳʚʘʶʱʠʤʠʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʧʝʩʢʘ 

ʠ ʦʩʪʘʪʦʯʥʳʤ ʛʨʘʚʠʡʥʳʤʠ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʜʦʣʴ 

ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʚ ʨʘʡʦʥʝ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʜʦʧʪʫ-ʤʦʨʝ ʧʨʦʩʪʠʨʘʶʪʩʷ ʥʝʨʦʚʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʧʘʭʠʚʘʥʠʝʤ ʣʝʜʷʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
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2.2. ʇʘʣʝʦʚʨʝʟʳ ʠ ʣʦʢʘʣʴʥʳʝ ʛʘʟʦʚʳʝ ʘʥʦʤʘʣʠʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ 

ʇʘʣʝʦʚʨʝʟʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʛʨʝʙʝʥʥʫʶ ʜʦʣʠʥʫ, ʟʘʧʦʣʥʝʥʥʫʶ 

ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤʠ ʛʨʫʥʪʘʤʠ ʩ ʦʩʣʘʙʣʝʥʥʳʤʠ ʥʝʩʫʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʌʦʨʤʘ ʧʘʣʝʦʚʨʝʟʘ ʥʘ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʚʠʜʝ ʚʳʧʫʢʣʦʡ ʚ ʩʪʦʨʦʥʫ ʧʦʜʦʰʚʳ ʣʠʥʟʳ ʩ ʧʣʦʩʢʦʡ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʨʦʚʣʝʡ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʘʣʝʦʚʨʝʟ ʩʣʦʞʝʥ ʪʦʥʢʦʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ 

ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ, ʪʦ ʥʘ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʠʜʥʘ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʏʘʩʪʦ ʛʨʫʥʪʳ ʧʘʣʝʦʚʨʝʟʘ ʦʙʦʛʘʱʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʛʘʟʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʧʘʣʝʦʚʨʝʟʘ ʥʝ ʚʠʜʥʘ. ɼʣʷ ʧʦʠʩʢʦʚ ʧʘʣʝʦʚʨʝʟʦʚ ʠ 

ʧʨʠʜʦʥʥʳʭ ʛʘʟʦʚʳʭ ʘʥʦʤʘʣʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʧʪʠʤʘʣʴʥʳʤ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ɺʝʥʠʥʩʢʦʛʦ ʣʠʮʝʥʟʠʦʥʥʦʛʦ 

ʙʣʦʢʘ (ʰʝʣʴʬ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ) [ʃʝʢʩʠʥ, 2021]. 

ɻʠʜʨʦʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʧʘʩʥʦʩʪʝʡ 

(ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ), ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʠ/ʠʣʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʟʘʪʦʥʫʚʰʠʝ ʩʫʜʘ, 

ʥʝʨʘʟʦʨʚʘʚʰʠʝʩʷ ʙʦʝʧʨʠʧʘʩʳ, ʧʦʜʚʦʜʥʳʝ ʢʘʙʝʣʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʧʨʦʯʠʝ). 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʛʠʜʨʦʤʘʛʥʠʪʥʦʡ 

ʩʲʝʤʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʚ 

ʨʘʟʨʝʟʝ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʢʠ ʉʝʚʝʨʦ-ɺʝʥʠʥʩʢʘʷ (ʛʣʫʙʠʥʘ ʤʦʨʷ ʦʪ 24,5 ʜʦ 27 

ʤ) ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʜʚʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ. 
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ʇʝʨʚʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʉɸʂ 1) ʟʘʣʝʛʘʝʪ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʜʥʦʤ ʤʦʨʷ (ʨʠʩʫʥʦʢ 

2.10). 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʤʝʨ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʟʦʥʳ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

 

ʇʦ ʟʥʘʯʝʥʠʷʤ ʤʦʱʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʧʝʨʚʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʣʦʱʘʜʢʘ ʜʝʣʠʪʩʷ ʥʘ 2 ʟʦʥʳ: ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʉɸʂ 

1 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 18 ʜʦ 23 ʤʝʪʨʦʚ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ, ʛʜʝ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3 ʜʦ 8 ʤʝʪʨʦʚ. ɿʦʥʳ ʨʘʟʜʝʣʷʶʪʩʷ ʧʘʣʝʦʫʩʪʫʧʦʤ 

ʚʳʩʦʪʦʡ ʦʢʦʣʦ 10 ʤʝʪʨʦʚ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʠ ʦʯʝʨʪʘʥʠʷʤ, ʦʥ, ʚʝʨʦʷʪʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʛʨʝʙʝʥʥʳʡ ʘʙʨʘʟʠʦʥʥʳʡ ʙʝʨʝʛ ʧʘʣʝʦʟʘʣʠʚʘ. ɺ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʩʯʘʥʦ-

ʩʫʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʛʣʠʥʢʦʚ, ʛʘʣʝʯʥʦʛʦ ʠ ʛʨʘʚʠʡʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʅʠʞʝ ʧʦ ʨʘʟʨʝʟʫ, ʩ ʫʛʣʦʚʳʤ ʥʝʩʦʛʣʘʩʠʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʳʰʝʣʝʞʘʱʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʢʘʨʪʠʨʫʝʪʩʷ ʚʪʦʨʦʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ (ʉɸʂ 2) (ʨʠʩʫʥʦʢ 2.11).  
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ʈʠʩʫʥʦʢ 2.11 ï ʇʨʠʤʝʨ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʟʦʥʳ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʠ ʧʘʣʝʦʩʪʫʧ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

 

ʄʦʱʥʦʩʪʴ ʝʛʦ ʧʦ ʜʘʥʥʳʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɺʦ ʚʩʢʨʳʪʦʡ ʩʢʚʘʞʠʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʧʝʩʯʘʥʦ-ʩʫʧʝʩʯʘʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʝ ʥʘʠʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ ʉɸʂ 1. ʇʦ 

ʛʣʫʙʠʥʝ ʛʘʟʦʧʨʦʷʚʣʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 15 ʤ ʥʠʞʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʫʶ ʜʦʣʶ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ 

ʵʪʘ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʝʡ ʧʘʣʝʦʟʘʣʠʚʘ, ʛʘʟʦʧʨʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʤʝʶʪ 

ʙʠʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ɺ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʝʨʚʳʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʦʪʥʝʩʝʥ ʢ ʤʦʨʩʢʠʤ ʯʝʪʚʝʨʪʠʯʥʳʤ ʦʩʘʜʢʘʤ (mQ), ʚʪʦʨʦʡ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʪʥʝʩʝʥ ʢ ʦʪʣʦʞʝʥʠʷʤ ʚʝʨʭʥʝʥʫʪʦʚʩʢʦʡ 

ʧʦʜʩʚʠʪʳ (N2nt2) ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟʫʯʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʚ ʧʨʝʜʝʣʘʭ ɺʝʥʠʥʩʢʦʛʦ 

ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʙʣʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 54099 ʜʦ 54270 ʥʊʣ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠ ʛʨʘʬʠʢʦʚ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ 

ʘʤʧʣʠʪʫʜʦʡ ʦʪ 10 ʜʦ 40ï50 ʥʊʣ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
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ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ [ʃʝʢʩʠʥ, 

2020ʙ]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʘʢʩʠʤʫʤʳ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʘʣʝʦʫʩʪʫʧʘʤʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʨʠʩʫʥʢʠ 2.12, 2.13). 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʇʨʠʤʝʨ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʧʨʦʬʠʣʶ 1. 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ʇʨʠʤʝʨ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʧʨʦʬʠʣʶ 2. 
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ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ 1 ʠ 2 (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ɺʝʥʠʥʩʢʦʡ ʧʣʦʱʘʜʢʝ (3Ĭ4 

ʢʤ) ʩʦʩʪʘʚʣʷʣʦ 200 ʤ, ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ï 100 ʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ɺʝʥʠʥʩʢʦʡ ʧʣʦʱʘʜʢʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʨʠʩʫʥʦʢ 2.14). 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʂʘʨʪʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ɺʝʥʠʥʩʢʦʡ 

ʧʣʦʱʘʜʢʠ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʘʣʝʦʚʨʝʟʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʦʩʪʘʥʦʚʢʫ ʙʫʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ 

ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʟʘʧʦʣʥʝʥʳ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤʠ ʛʨʫʥʪʘʤʠ 
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ʩ ʦʩʣʘʙʣʝʥʥʳʤʠ ʥʝʩʫʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʚʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʧʘʣʝʦʚʨʝʟʦʚ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʛʘʟʘ ʚ ʛʨʫʥʪʘʭ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠʜʦʥʥʳʝ ʛʘʟʦʚʳʝ ʟʦʥʳ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʨʦʭʦʜʢʝ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʛʦ ʥʝʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʨʦʩʘ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʯʠʥʠʪʴ ʚʨʝʜ ʙʫʨʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ 

ʚʦʜʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤ. ɽʩʣʠ ʜʘʞʝ ʥʝ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚʥʦʡ ʚʳʙʨʦʩ 

ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʘʚʘʨʠʝʡ ʙʫʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʪʦ ʧʦʩʪʝʧʝʥʥʘʷ ʫʪʝʯʢʘ ʛʘʟʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʜʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʧʣʘʩʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʦʩʝʜʘʥʠʶ ʛʨʫʥʪʘ. ɽʩʣʠ ʞʝ ʟʜʝʩʴ ʦʢʘʞʝʪʩʷ ʦʜʥʘ ʠʟ ʦʧʦʨ ʙʫʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʪʦ ʘʚʘʨʠʷ ʥʝʠʟʙʝʞʥʘ. 

2.3. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʙʨʝʞʥʦʡ ʧʣʦʱʘʜʢʠ 

ʆʜʦʧʪʫ-ʤʦʨʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʚʳ̫ʚʣʝʥʳ ʟʦʥr 

ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʣʫʙʠʥʳ ʚʳʧʘʭʠʚʘʥʠʷ 

ʩʪʘʤʫʭʘʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʝ ʛʘʟʦʥʝʬʪʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʜʦʧʪʫ-ʤʦʨʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 

ʧʨʠʙʨʝʞʥʘʷ ʯʘʩʪʴ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʧʦʜʚʝʨʞʝʥʘ ʣʝʜʦʚʦʡ ʵʢʟʘʨʘʮʠʠ. 

3. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʰʝʣʴʬʘ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʦʙʫʩʣʦʚʣʝʥʳ ʧʘʣʝʦʫʩʪʫʧʘʤʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. 

4. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʧʦʚʳʩʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʦʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʦʣʫʯʝʥʥʳʤʠ 

ʬʘʢʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
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ɻʃɸɺɸ 3. ɽɼʀʅʓʁ ɻʈɸʌ ʆɹʈɸɹʆʊʂʀ ʉɽʁʉʄʀʏɽʉʂʀʍ ɼɸʅʅʓʍ 

ɼʃʗ ʇʃʆʑɸɼʆʂ ʖɾʅʆ-ʂʀʈʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʇʦʜ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʄʆɺ ʧʦʥʠʤʘʶʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʧʦʣʝʚʳʭ ʩʝʡʩʤʦʛʨʘʤʤ ʚʦ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝʢʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʫʤʤʦʡ 

ʩʠʛʥʘʣʦʚ ʠ ʧʦʤʝʭ. ɺ ʄʆɻʊ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʶʪʩʷ ʦʜʥʦʢʨʘʪʥʦ 

ʦʪʨʘʞʸʥʥʳʝ ʚʦʣʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ: ʚʩʷ ʦʩʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʰʫʤʫ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʣʘʚʥʘʷ ʮʝʣʴ ï ʧʦʜʘʚʠʪʴ ʧʦʤʝʭʠ ʠ ʠʟʚʣʝʯʴ ʩʠʛʥʘʣ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʝʜʠʥʦʛʦ ʛʨʘʬʘ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʧʣʦʱʘʜʝʡ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʩʣʫʞʠʣʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʣʝʚʦʡ ʩʝʟʦʥ ʩ 2010 ʧʦ 2017 ʛʦʜʳ (ʨʠʩʫʥʦʢ 3.1) [ʃʝʢʩʠʥ ʠ ʜʨ., 

2018]. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʆʙʟʦʨʥʘʷ ʢʘʨʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʆʙʨʘʙʦʪʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʤʝʪʦʜʫ ʦʙʱʝʡ 

ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ [Sheriff, Geldart, 1983; Yilmaz, 2001; ʊʝʣʝʛʠʥ, 2004]. ɹʳʣʦ 

ʦʙʨʘʙʦʪʘʥʦ ʩʚʳʰʝ 8000 ʧʦʛʦʥʥʳʭ ʢʤ. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʪʘʢʠʝ ʧʨʦʮʝʜʫʨʳ ʢʘʢ: ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʘʷ ʥʫʣʴ-ʬʘʟʦʚʘʷ 

ʜʝʢʦʥʚʦʣʶʮʠʷ ʧʦ ʩʠʛʥʘʪʫʨʝ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ, ʢʦʤʧʝʥʩʘʮʠʷ ʘʧʧʘʨʘʪʫʨʥʦʡ 

ʟʘʜʝʨʞʢʠ, ʦʩʣʘʙʣʝʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʫʩʪʨʘʥʝʥʠʝ 

ʚʣʠʷʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮ (ʯʘʩʪʠʯʥʘʷ ʤʠʛʨʘʮʠʷ), ʨʘʩʯʝʪ ʥʫʣʴ-ʬʘʟʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʧʦ ʥʘʡʜʝʥʥʦʤʫ ʠʤʧʫʣʴʩʫ [ʃʝʢʩʠʥ, ʌʝʪʠʩʢʠʥ, 2018]. 

3.1. ʄʝʪʦʜ ʦʙʱʝʡ ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʚʚʝʜʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ ʜʣʷ ʩʧʨʷʤʣʝʥʠʷ ʛʦʜʦʛʨʘʬʦʚ ʧʦʣʝʟʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʩʠʥʬʘʟʥʦʤʫ ʩʫʤʤʠʨʦʚʘʥʠʶ. ʂʨʘʪʥʦ-ʦʪʨʘʞʝʥʥʳʝ ʚʦʣʥʳ ʧʨʠ 

ʚʚʦʜʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦ-ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʙʫʜʫʪ 

ʧʝʨʝʩʧʨʷʤʣʷʪʴʩʷ ʠʣʠ ʥʝ ʜʦʩʧʨʷʤʣʷʪʴʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 

ʩʢʦʨʦʩʪʥʦʛʦ ʟʘʢʦʥʘ. ɿʘʜʘʯʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʚʩʝ ʚʨʝʤʝʥʘ ʧʨʠʭʦʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʢ ʦʜʥʦʤʫ ʚʨʝʤʝʥʠ t0, 

ʪ.ʝ. ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʛʦʜʦʛʨʘʬ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʠʟ ʛʠʧʝʨʙʦʣʳ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ (ʨʠʩʫʥʦʢ 3.2). 

ʌʦʨʤʫʣʘ ʛʦʜʦʛʨʘʬʘ ʦʪʨʘʞʸʥʥʦʡ ʚʦʣʥʳ (1): 

ὸ̏̄ὰ̓  ὸ  
ᶻ

,     (1) 

ʛʜʝ ὸ ï ʥʫʣʝʚʦʝ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʚʦʣʥʳ, ὰ ï ʫʜʘʣʝʥʠʝ, ὧέί• ï ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʛʨʘʥʠʮʳ, ‡ὸ  ï ʩʢʦʨʦʩʪʴ ʚ ʩʣʦʝ. 

ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʳʨʘʞʝʥʠʝʤ (2): 

ῳὸ ὸ̏̒ὰ̓ ὸ  ὸ
ᶻ

ὸ    (2) 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʚʚʦʜʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʜʣʷ ʛʦʜʦʛʨʘʬʘ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʛʨʘʥʠʮʳ R. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ, ʛʦʜʦʛʨʘʬ ʦʜʥʦʢʨʘʪʥʦ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʩʧʨʷʤʠʪʩʷ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʩʝʭ ʪʨʘʩʩ 

ʩʝʡʩʤʦʛʨʘʤʤʳ ʆɻʊ ʜʘʩʪ ʦʜʥʫ ʪʨʘʩʩʫ ʆɻʊ ʥʫʣʝʚʦʛʦ ʫʜʘʣʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʜʦʣʞʥʦ ʫʚʝʣʠʯʠʪʴʩʷ ʚ N1/2 (ʛʜʝ N ʵʪʦ ʢʨʘʪʥʦʩʪʴ 

ʪʦʯʢʠ ʆɻʊ), ʘ ʢʨʘʪʥʳʝ ʚʦʣʥʳ ʙʫʜʫʪ ʧʦʜʘʚʣʝʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʝʩʠʥʬʘʟʥʦʛʦ 

ʩʫʤʤʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚ N1/2 ʨʘʟ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1) ʘʤʧʣʠʪʫʜʥʳʝ ʫʨʦʚʥʠ ʚʩʝʭ ʪʨʘʩʩ ʚ ʦʜʠʥʘʢʦʚʳʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ; 

2) ʥʠ ʦʜʥʘ ʠʟ ʪʨʘʩʩ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʤʝʱʝʥʠʝ (ʘʜʜʠʪʠʚʥʫʶ 

ʧʦʩʪʦʷʥʥʫʶ), [ʍʘʪʪʦʥ, 1989]. 

3.2. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜ 

ʆʙʳʯʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʧʨʦʮʝʜʫʨʘʤ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʚ ʩʦʭʨʘʥʝʥʠʠ ʘʤʧʣʠʪʫʜ. ʊʝʨʤʠʥ çʩʦʭʨʘʥʝʥʠʝ 

ʘʤʧʣʠʪʫʜè ʦʟʥʘʯʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʢʘʟ ʦʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ 
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ʫʩʠʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʩʝʨʴʝʟʥʦ ʠʩʢʘʟʠʪʴ ʣʠʙʦ 

ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʦʚʘʪʴ ʧʨʠʩʫʱʠʝ ʠʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʠʟʫʯʘʝʤʦʡ ʛʣʫʙʠʥʥʦʡ ʯʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʝʤʥʦʡ ʩʨʝʜʳ. 

ʇʦʩʢʦʣʴʢʫ ʥʝʦʜʥʦʨʦʜʥʘʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʠʟʫʯʘʝʤʦʡ ʟʝʤʥʦʡ ʩʨʝʜʳ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʚʥʦʩʠʪ ʩʠʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʚ ʥʘʙʣʶʜʘʝʤʦʝ 

ʧʦʣʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʪ ʮʝʣʝʚʳʭ ʛʣʫʙʠʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʷʚʣʷʝʪʩʷ 

ʫʩʪʨʘʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʠʩʢʘʞʘʶʱʝʛʦ ʚʣʠʷʥʠʷ. 

ɽʞʝʛʦʜʥʦ ʩʦʙʠʨʘʝʤʳʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʨʘʟʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ 

ʜʘʥʥʳʝ ʉɺʈ ʥʘ ʨʘʟʥʳʭ ʧʣʦʱʘʜʢʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʦʩʠʣʠ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʙʝʟ 

ʧʨʠʚʷʟʢʠ ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʥʝ ʜʘʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ 

ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʧʣʦʱʘʜʢʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ 

ʝʜʠʥʳʡ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ 

ʚʩʝʭ ʧʣʦʱʘʜʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʜʫʨ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʪʘʢʞʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʘʷ ʥʫʣʴ-ʬʘʟʦʚʘʷ ʜʝʢʦʥʚʦʣʶʮʠʷ ʧʦ 

ʩʠʛʥʘʪʫʨʝ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ, ʢʦʤʧʝʥʩʘʮʠʷ ʘʧʧʘʨʘʪʫʨʥʦʡ ʟʘʜʝʨʞʢʠ, ʦʩʣʘʙʣʝʥʠʝ 

ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʫʩʪʨʘʥʝʥʠʝ ʚʣʠʷʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ 

ʛʨʘʥʠʮ (ʯʘʩʪʠʯʥʘʷ ʤʠʛʨʘʮʠʷ), ʨʘʩʯʝʪ ʥʫʣʴ-ʬʘʟʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʦ ʥʘʡʜʝʥʥʦʤʫ 

ʠʤʧʫʣʴʩʫ. 

ʀʩʭʦʜʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʰʫʤʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʣʥʝʥʠʝʤ ʤʦʨʷ ʠ ʵʢʨʘʥʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʜʥʘ. ɼʣʷ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ 

ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʘʟʦʥʘʩʳʱʝʥʥʳʭ ʟʦʥ ʠ ʧʨʦʧʣʘʩʪʢʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ. ʇʨʦʮʝʜʫʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʠʣʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ çʰʫʤʳè ʚ ʪʨʘʩʩʘʭ, ʧʦʜʘʚʠʪʴ ʜʦʥʥʦ-ʢʨʘʪʥʳʝ ʠ 
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ʤʥʦʛʦʢʨʘʪʥʳʝ ʚʦʣʥʳ, ʫʚʝʣʠʯʠʪʴ ʨʘʟʨʝʰʝʥʥʦʩʪʴ ʧʦʣʝʟʥʳʭ ʚʦʣʥ (ʨʠʩʫʥʢʠ 3.3ï

3.6). 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʌʨʘʛʤʝʥʪ ʨʘʟʨʝʟʘ ʆɻʊ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʳʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ çʰʫʤʦʚè ʚ ʪʨʘʩʩʘʭ, ʚʳʟʚʘʥʥʳʝ 

ʜʝʨʛʘʥʠʝʤ ʢʦʥʪʨʦʣʝʨʘʤʠ ʛʣʫʙʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʢʦʩʳ ʠʟ-ʟʘ ʚʦʣʥʝʥʠʷ ʤʦʨʷ. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʢʦʨʦʩʪʥʦʡ ʘʥʘʣʠʟ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʮʝʜʫʨʳ Radon Filter. ʇʦʢʘʟʳʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʢʨʘʪʥʳʭ ʚʦʣʥ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʨʝʰʝʥʥʦʩʪʠ ʧʦʣʝʟʥʳʭ ʚʦʣʥ. 
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ʈʠʩʫʥʦʢ 3.5 ï TP ʩʝʡʩʤʦʛʨʘʤʤʳ ʆɻʊ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) Radon Filter. 

ʂʨʘʩʥʦʡ ʠ ʟʝʣʸʥʦʡ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ ʤʴʶʪʠʥʛ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʢʨʘʪʥʳʭ ʚʦʣʥ. 

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʊʍ ʩʝʡʩʤʦʛʨʘʤʤʳ ʆɻʊ ʜʦ (ʩʣʝʚʘ) ʠ ʧʦʩʣʝ (ʩʧʨʘʚʘ) Radon Filter. 
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ʄʝʪʦʜʳ ʧʦʜʘʚʣʝʥʠʷ ʢʨʘʪʥʳʭ ʚʦʣʥ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ 

[ɼʝʥʠʩʦʚ ʠ ʜʨ., 2007; ʌʘʪʴʷʥʦʚ, 2010; Verschuur, 2013, ʄʘʩʶʢʦʚ ʠ ʜʨ., 2014; 

ɼʝʥʠʩʦʚ ʠ ʜʨ., 2017; ɺʘʢʫʣʝʥʢʦ, 2018]. 

ʅʘ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʠʛʨʘʮʠʠ, ʜʘʥʥʳʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʚʝʜʝʥʳ ʢ ʦʙʱʝʡ ʪʦʯʢʝ ʦʪʨʘʞʝʥʠʷ. ʕʪʘ 

ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʝʱʝ ʯʘʩʪʠʯʥʦʡ ʤʠʛʨʘʮʠʝʡ ʠʣʠ ʫʩʪʨʘʥʝʥʠʝʤ 

ʚʣʠʷʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮ, ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʦʮʝʜʫʨʦʡ Dip Move Out 

(DMO). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ DMO ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ Ensemble DMO in T-

X Domain, ʘ ʜʣʷ ʤʠʛʨʘʮʠʠ ʧʦʩʣʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ï ʧʨʦʛʨʘʤʤʘ Steep Dip 

Explicit FD Time Mig. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʤʠʛʨʠʨʦʚʘʥʥʳʝ ʨʘʟʨʝʟʳ. ɼʣʷ 

ʦʮʝʥʢʠ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʟʨʝʟʫ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʮʝʥʪʨʘʣʴʥʘʷ, ʧʦʣʥʦʢʨʘʪʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʠ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 500ï1500 ʤʩ. 

ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠʟ ʨʘʟʥʳʭ ʧʣʦʱʘʜʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩʫʥʢʘʭ 3.7ï3.9). 
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ʈʠʩʫʥʦʢ 3.7 ï ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʤʠʛʨʠʨʦʚʘʥʥʳʡ ʨʘʟʨʝʟ. ʇʣʦʱʘʜʢʘ ʖʂ ˉ 2. 
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ʈʠʩʫʥʦʢ 3.8 ï ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʤʠʛʨʠʨʦʚʘʥʥʳʡ ʨʘʟʨʝʟ. ʇʣʦʱʘʜʢʘ ʖʂ ˉ 6.  
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ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʤʠʛʨʠʨʦʚʘʥʥʳʡ ʨʘʟʨʝʟ. ʇʣʦʱʘʜʢʘ ɺʦʩʪʦʯʥʘʷ ˉ 1.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʯʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩ ʝʜʠʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʦʜʥʦʤʫ ʚʠʜʫ ʠ ʫʨʦʚʥʶ, ʧʨʦʚʝʜʝʥʘ 

ʢʦʨʨʝʣʷʮʠʷ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʚʳʧʦʣʥʝʥʦ ʢʘʨʪʠʨʦʚʘʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʣʦʱʘʜʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʳʭ 

ʣʝʪ (ʨʠʩ. 3.10). 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʌʨʘʛʤʝʥʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ 

ʧʝʨʝʩʝʯʝʥʠʝ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʘʤʧʣʠʪʫʜʥʦʡ ʘʥʦʤʘʣʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʧʨʦʬʠʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʦʜʳ. 

 

ʅʘ ʬʨʘʛʤʝʥʪʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 

ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ ʠ ʘʤʧʣʠʪʫʜʥʘʷ ʘʥʦʤʘʣʠʷ ʥʘ ʨʘʟʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʧʨʦʬʠʣʷʭ. 
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3.3. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

1. ɺ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʘʚʣʝʥʠʷ ʦʧʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʪʘʢʠʭ ʢʘʢ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʘʷ ʥʫʣʴ-ʬʘʟʦʚʘʷ ʜʝʢʦʥʚʦʣʶʮʠʷ ʧʦ ʩʠʛʥʘʪʫʨʝ ʚ ʙʣʠʞʥʝʡ 

ʟʦʥʝ, ʦʩʣʘʙʣʝʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʫʩʪʨʘʥʝʥʠʝ ʚʣʠʷʥʠʷ 

ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮ (ʯʘʩʪʠʯʥʘʷ ʤʠʛʨʘʮʠʷ), ʨʘʩʯʝʪ ʥʫʣʴ-ʬʘʟʦʚʦʛʦ ʬʠʣʴʪʨʘ 

ʧʦ ʥʘʡʜʝʥʥʦʤʫ ʠʤʧʫʣʴʩʫ ʚ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʣʫʯʰʠʣʦʩʴ 

ʢʘʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʝʜʠʥʦʛʦ ʛʨʘʬʘ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʣʝʪ 

ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʚʠʜʫ ʠ ʫʨʦʚʥʶ, ʧʨʦʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʦʪʨʘʞʘʶʱʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʠ ʚʳʧʦʣʥʝʥʦ ʢʘʨʪʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʣʦʱʘʜʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʖʞʥʦ-ʂʠʨʠʥʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ɻʃɸɺɸ 4. ɺʓɼɽʃɽʅʀɽ ʆʇɸʉʅʓʍ ɻɽʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ʇʆ ɼɸʅʅʓʄ ʉɽʁʉʄʆʈɸɿɺɽɼʂʀ ɺʓʉʆʂʆɻʆ 

ʈɸɿʈɽʐɽʅʀʗ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʢʚʘʪʦʨʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʝʥʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠ ̫ [ʄʠʨʦʥʶʢ ʠ ʜʨ., 2013; ɹʝʟʨʦʜʥʳʭ, 

2014; ʂʦʣʶʙʘʢʠʥ ʠ ʜʨ., 2015; ʇʝʪʨʝʥʢʦ ʠ ʜʨ., 2017; ɸʤʧʠʣʦʚ ʠ ʜʨ., 2018; 

ɻʘʡʥʘʥʦʚ, ʊʦʢʘʨʝʚ, 2018; ʈʦʩʣʷʢʦʚ ʠ ʜʨ., 2018; ʉʪʘʨʦʚʦʡʪʦʚ ʠ ʜʨ., 2018]. ʇʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʫʨʝʥʠʠ ʚ 

ʘʢʚʘʪʦʨʠʷʭ ʚʦʟʤʦʞʥʳ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ: ʥʝʧʨʦʠʟʚʦʣʴʥʳʡ ʚʳʙʨʦʩ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʧʨʦʭʦʜʢʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʨʘʟʨʫʰʝʥʠʝ ʫʩʪʴʷ 

ʩʢʚʘʞʠʥʳ, ʦʩʝʜʘʥʠʝ ʛʨʫʥʪʘ ʧʨʠ ʤʠʛʨʘʮʠʠ ʛʘʟʘ ʢ ʜʦʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, 

ʚʝʜʫʱʠʝ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʘʪʘʩʪʨʦʬʘʤ ʠ/ʠʣʠ ʘʚʘʨʠʷʤ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʠ ʩʢʣʦʥʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 

ʧʘʣʝʦʚʨʝʟʳ, ʪʫʨʙʠʜʠʪʦʚʳʡ ʧʦʪʦʢ, ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʘʟʦʚʳʭ ʢʘʨʤʘʥʦʚ, 

ʛʘʟʦʛʠʜʨʘʪ,r ʧʦʢʤʘʨʢʠ, ʦʧʦʣʟʥʝʚʳʝ ʦʪʣʦʞʝʥʠʷ [ɻʘʚʨʠʣʦʚ, 2002, 2009; 

ɺʝʩʝʣʦʚ ʠ ʜʨ., 2006; ʆʙʞʠʨʦʚ, 2006; ʇʝʩʪʨʠʢʦʚʘ, ʆʙʞʠʨʦʚ, 2010; ɹʘʨʘʥʦʚ ʠ 

ʜʨ., 2011, 2013, 2015; ɸʢʫʣʠʯʝʚ ʠ ʜʨ., 2014; ʂʝʨʠʤʦʚ ʠ ʜʨ., 2015; 

ɹʦʛʦʷʚʣʝʥʩʢʠʡ ʠ ʜʨ., 2016; ɹʳʩʪʨʦʚʘ ʠ ʜʨ., 2016; ʂʩʝʥʦʬʦʥʪʦʚʘ, 2016; 

ʇʝʪʨʝʥʢʦ ʠ ʜʨ., 2016; ʈʳʙʘʣʴʯʝʥʢʦ ʠ ʜʨ., 2017; ʅʦʚʠʢʦʚ, 2018; ʊʝʨʸʭʠʥʘ ʠ ʜʨ. 

2018; ɻʦʣʫʙʠʥ ʠ ʜʨ., 2019; ɼʟʶʙʣʦ ʠ ʜʨ., 2019; ʈʫʢʘʚʠʰʥʠʢʦʚʘ, 2019; 

ʐʘʢʠʨʦʚ ʠ ʜʨ., 2021]. 
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4.1. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʜʝʪʘʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ 13 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ 13 ʦʪʨʘʞʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ 

(ʨʠʩʫʥʦʢ 4.1). 

 
ʈʠʩʫʥʦʢ 4.1 ï ʌʨʘʛʤʝʥʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʛʨʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʩ 

ʚʳʜʝʣʝʥʥʳʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʦʧʠʩʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʦʙʲʝʢʪʳ ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʆʪʨʘʞʘʶʱʠʡ 

ʛʦʨʠʟʦʥʪ Sg12 ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʥʘ ʥʝʛʦ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʩʝʡʩʤʠʯʝʩʢʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 
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ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʢʘʞʜʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʦʣʫʯʝʥʳ 

ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʠʢʦʚʦʡ ʘʤʧʣʠʪʫʜʝ (ʨʠʩʫʥʢʠ 

4.2, 4.3). 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʨʠʤʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 

ʥʘʣʦʞʝʥʥʦʡ ʩʭʝʤʦʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʠʢʦʚʘʷ 

ʘʤʧʣʠʪʫʜʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʩ ʦʪʨʘʞʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ Sg5ï

Sg6 (ʧʣʦʱʘʜʢʘ ˉ 2). 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʇʨʠʤʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 

ʥʘʣʦʞʝʥʥʦʡ ʩʭʝʤʦʡ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ï ʤʠʥʠʤʘʣʴʥʘʷ ʧʠʢʦʚʘʷ 
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ʘʤʧʣʠʪʫʜʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʩ ʦʪʨʘʞʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ Sg5ï

Sg6 (ʧʣʦʱʘʜʢʘ ˉ 1). 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʥʦʤʘʣʠʡ, ʧʦʤʠʤʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ, ʵʪʠ ʫʯʘʩʪʢʠ ʚʠʟʫʘʣʴʥʦ ʧʨʦʩʤʘʪʨʠʚʘʣʠʩʴ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ 

ʚʦʟʤʦʞʥʦʤ ʥʘʣʠʯʠʠ ʛʘʟʘ ï ʪʘʢʠʭ ʢʘʢ ʩʤʝʥʘ ʬʘʟʳ, ʥʘʣʠʯʠʝ ʧʠʪʘʶʱʝʛʦ ʢʘʥʘʣʘ, 

ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ, ʥʘʣʠʯʠʝ ʠʩʢʘʞʝʥʠʷ (ʣʦʞʥʦʛʦ ʧʨʦʛʠʙʘʥʠʷ) ʚʩʝʭ 

ʥʠʞʝʣʝʞʘʱʠʭ ʛʨʘʥʠʮ [ɻʘʡʥʘʥʦʚ, 2008; ʍʠʣʪʝʨʤʘʥ, 2010]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʦʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʧʨʠʥʮʠʧʫ: ʚʳʭʦʜ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʣʱʠ ʧʦʨʦʜ (ʦʪ 

ʤʦʨʩʢʦʛʦ ʜʥʘ ʜʦ 300 ʤʝʪʨʦʚ) ʠ ʥʘʣʠʯʠʝ ʧʨʠʟʥʘʢʦʚ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ 

[ʄʠʨʦʥʶʢ ʠ ʜʨ., 2014; ʄʠʨʦʥʶʢ, 2015]. ʇʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʠʣʠ ʦʙʦʠʭ 

ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʳʚʥʦʝ ʥʘʨʫʰʝʥʠʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʦʝ. 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʦʧʘʩʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʚʳʥʦʩʠʣʠʩʴ ʥʘ ʢʘʨʪʫ [ʃʝʢʩʠʥ, 2019ʙ]. 

4.2. ɸʥʘʣʠʟ ʥʘʣʠʯʠʷ ʦʧʘʩʥʦʩʪʝʡ ʧʦ ʧʨʦʝʢʪʥʳʤ ʩʢʚʘʞʠʥʘʤ 

ʅʘ ʩʘʤʦʤ ʩʝʚʝʨʝ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ ʧʨʦʝʢʪʥʘʷ ʪʦʯʢʘ 

ʟʘʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ ɺʦʩʪʦʯʥʦ-ʂʠʨʠʥʩʢʘʷ-1 (ɺʂ-1). ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʘʥʦʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ ʥʝ ʚʳʷʚʣʝʥʦ. ʆʜʥʘʢʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʤʦʱʥʫʶ, ʘʤʧʣʠʪʫʜʥʦ-ʚʳʨʘʞʝʥʥʫʶ ʛʨʘʥʠʮʫ ʥʘ ʚʨʝʤʝʥʠ 530 ʤʩ (225 

ʤ) (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʛʣʫʙʠʥʳ ʫʢʘʟʳʚʘʶʪʩʷ ʦʪ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʘ ʚʨʝʤʷ ʧʨʠʭʦʜʘ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʥʘʯʘʣʘ ʟʘʧʠʩʠ) (ʨʠʩʫʥʦʢ 4.4). ʉʚʷʟʴ ʝʝ ʩ 

ʛʘʟʦʥʘʩʳʱʝʥʥʳʤʠ ʪʦʣʱʘʤʠ ʤʘʣʦʚʝʨʦʷʪʥʘ, ʦʜʥʘʢʦ ʠʩʢʣʶʯʘʪʴ ʪʘʢʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʪʦʞʝ ʥʝ ʩʪʦʠʪ. 














































































