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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʛʘʟʦʧʦʠʩʢʦʚʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʝʤʘ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʘ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

(ɺʏʈ). ɼʘʥʥʳʡ ʬʘʢʪ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʩʪʨʦ ʩʪʦʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʩʪʦʨʦʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ɺʏʈ  ʚ ʤʝʩʪʘʭ, ʛʜʝ ʧʦʩʪʨʦʝʥʠʝ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʧʦ ʜʘʥʥʳʤ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦ 

ʩʣʦʞʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ.  

ʀʩʪʦʯʥʠʢʦʤ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʚʳʩʪʫʧʘʶʪ ʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʤ, ʥʦ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦ ʪʦʣʱʠʥʝ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ.  

ʅʝʜʦʫʯʝʪ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʬʦʨʤʫ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʰʠʙʢʘʤ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ, ʫʭʫʜʰʝʥʠʶ 

ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ ʚʦ ʚʩʝʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʙʦʣʴʰʠʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʦ ʜʘʥʥʳʤ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ 

ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ (ʤɿʉɹ). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤʠ ʦʙʲʝʤʘʤʠ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 2D ʠ 3D ʧʨʦʙʣʝʤʘ ʢʦʨʨʝʢʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʩʪʦʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʝʪʦʜʠʢ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʠ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ʋʯʝʪ ʥʝʙʦʣʴʰʠʭ ʘʥʦʤʘʣʠʡ ɺʏʈ ʩʦʧʨʷʞʝʥ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʪʘʢʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʦʯʝʥʴ ʧʨʠʙʣʠʞʝʥʥʦ [Armstrong, 2001; Armstrong et 

al., 2001; Jones, 2010]. ɻʝʦʤʝʪʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʝʡ ʚʩʝʭ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʚ 

ʨʘʡʦʥʝ ʘʥʦʤʘʣʠʠ ɺʏʈ ʠʩʢʘʞʘʝʪʩʷ. ɿʦʥʘ ʚʣʠʷʥʠʷ ʘʥʦʤʘʣʠʠ ɺʏʈ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ ʨʘʩʩʪʘʥʦʚʢʠ ʦʪ ʢʘʞʜʦʡ ʛʨʘʥʠʮʳ ʘʥʦʤʘʣʠʠ. ɺ 
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ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʦʥʘ ʚʣʠʷʥʠʷ ɺʏʈ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʝʱʝ ʜʘʣʴʰʝ ʟʘ ʩʯʝʪ ʟʦʥʳ 

ʌʨʝʥʝʣʷ, ʚʝʜʴ ʨʝʯʴ ʠʜʝʪ ʩʢʦʨʝʝ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʘ ʥʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʣʫʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʠʧʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʝʡ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʪʨʘʩʩ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʝ ʆɻʊ/ʆʉʊ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʥʦʡ ʬʫʥʢʮʠʠ 1D, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʠʧʦʚʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ɺʏʈ. 

ʎʝʣʴʁ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʣʫʙʠʥʥʦ-

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʝʟʘ ʠʟ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʏʈ ʠʟ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ; 

¶ ʢʘʣʠʙʨʦʚʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʘʷ ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʨʘʟʨʝʟʘ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʚʳʩʪʫʧʘʪʁ ʫʧʨʫʛʠʝ ʠ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɺʏʈ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʠ ʤʝʪʦʜʳ 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʠ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʧʨʠʤʝʥʝʥʠʠ ʘʪʨʠʙʫʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ɻʠʣʴʙʝʨʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɺʳʧʦʣʥʷʣʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʘʚʪʦʨʦʤ ʟʘ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè. ʂ ʜʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʝʝ 

30000 ʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤɿʉɹ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ. ʊʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ 



 

 

 

 

 

7 

 

 

 

 

ʤʘʪʝʨʠʘʣʳ ɻʀʉ ʠ ɺʉʇ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʌʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ 

ʨʘʟʨʝʟʘ ʩʚʷʟʴ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ 

ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ʷʚʣʷʪʁʩʷ ʧʦʨʠʩʪʦʩʪʴ, ʛʣʠʥʠʩʪʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

2. ʇʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ çʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳè, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

3. ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ, ʧʦʚʳʰʘʝʪ 

ʪʦʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʚʝʥʴ ʘʤʧʣʠʪʫʜʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ.  

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʦʙʦʙʱʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʠ ʋʕʉ. ɺʳʧʦʣʥʝʥʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ Vp ʠ ʋʕʉ ʯʝʨʝʟ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʂʧ, ʂʛʣ, ʂʚ.  

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ 

ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ (ɿʉɹ) ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʧʨʫʛʦ-ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ɺʏʈ), ʘ 

ʪʘʢʞʝ ʝʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʚʣʝʯʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʌʘʫʩʪʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʋʕʉ), ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦ ʜʘʥʥʳʤ ɿʉɹ, ʢ 

ʩʢʦʨʦʩʪʷʤ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠʨʘʩʪʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ɺʏʈ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʮʝʣʝʚʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

ɺʧʝʨʚʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʫʜʘʣʦʩʴ ʘʜʘʧʪʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʌʘʫʩʪʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢ ʜʘʥʥʳʤ ɿʉɹ. ʇʨʦʚʝʜʝʥʘ 

ʘʧʨʦʙʘʮʠʷ ʧʦʜʭʦʜʘ ʥʘ ʨʷʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤɿʉɹ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʣʫʙʠʥʥʦ-

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʠ 

ʛʣʫʙʠʥʥʦʡ ʤʠʛʨʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ 

ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʨʦʛʥʦʟʘ.  

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʡʜʫʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠʩʭʦʜʷ ʠʟ ʭʘʨʘʢʪʝʨʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.10. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.10 ï 

ʛʝʦʬʠʟʠʢʘ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.10 ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʫʥʢʪʘʤ ˉ14, 16, 22. 

ʇʫʥʢʪ ˉ 14: çʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡè, ʪʘʢ ʢʘʢ ʠʟʫʯʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ʟʦʥʜʠʨʦʚʘʥʠʡ ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ. 

ʇʫʥʢʪ ˉ 16: çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, 

ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʪʦʯʥʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʫʥʢʪ ˉ 22: çʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʝʡ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡè, ʪʘʢ ʢʘʢ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʪʢʣʠʢʦʚ ʦʪ ʟʘʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ, ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʠ 

ʛʣʠʥʠʩʪʦʩʪʠ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ: 

1. ʆʙʦʩʥʦʚʘʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢ ʘʢʫʩʪʠʯʝʩʢʠʤ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʙʦʙʱʝʥʳ ʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʠ 

ʋʕʉ. ɺʳʧʦʣʥʝʥʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ Vp 

ʠ ʋʕʉ ʯʝʨʝʟ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʂʧ, ʂʛʣ, ʂʚ.: 

2. ʆʙʦʩʥʦʚʘʥ ʛʨʘʬ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ. 

3. ʆʙʦʩʥʦʚʘʥʳ ʧʨʦʮʝʜʫʨʳ ʢʘʣʠʙʨʦʚʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ. 

4. ɺr ʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʢʠ. 

5. ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʥʘ ʨʷʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ. 

ʈʘʙʦʪʳ ʧʦ ʩʙʦʨʫ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè ʢ.ʛ.-

ʤ.ʥ. ʀ.ɺ. ɹʫʜʜʦ, ʅ.ɺ. ʄʠʩʶʨʢʝʝʚʦʡ ʠ ʜʨ. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏʈ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤɿʉɹ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʜ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬ. ɸ.ɺ. ʇʦʩʧʝʝʚʘ. 

ʆʙʦʩʥʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʨʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʋʕʉ ʚ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʃ.ɺ. ʉʫʨʦʚʳʤ ʠ ɸ.ʉ. ʂʦʯʥʝʚʳʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʱʠʱʘʝʤʦʡ ʪʝʤʝ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʚ 15 ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 3 ï ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ, 1 ï ʧʘʪʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʦʪʨʘʩʣʝʚʦʤ ʞʫʨʥʘʣʝ çFirst Breakè. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʘʧʨʦʙʠʨʦʚʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ, ʚʳʩʪʘʚʢʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ: 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɻʝʦʥʘʫʢʠ-2014: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʥʝʜʨè; ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-
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ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʥʘʷ ʛʝʦʬʠʟʠʢʘ 2017è, 79 th EAGE Conference & 

Exhibition 2017, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʦʙʘʡʢʘʣ 

2018è; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɻʝʦʥʘʫʢʠ-2018: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʥʝʜʨè; ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʞʝʥʝʨʥʘʷ ʛʝʦʬʠʟʠʢʘ ʠ ʨʫʜʥʘʷ ʛʝʦʬʠʟʠʢʘ 2019è; 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʋʛʣʝʚʦʜʦʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 2019è; ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦɻʈʈʝʩʩ-2019è. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ, 

ʩʦʜʝʨʞʠʪ 103 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, 58 ʨʠʩʫʥʢʦʚ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 88 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ.,  

ʧʨʦʬʝʩʩʦʨʫ ɸ.ɺ. ʇʦʩʧʝʝʚʫ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɿʘ ʧʦʩʪʦʷʥʥʳʝ ʥʘʩʪʘʚʣʝʥʠʷ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʚʟʛʣʷʜʦʚ 

ʠ ʠʥʪʝʨʝʩʦʚ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʛʣʘʚʥʦʤʫ 

ʛʝʦʬʠʟʠʢʫ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè ʢ.ʛ.-ʤ.ʥ. ɹʫʜʜʦ ʀ.ɺ. 

ɿʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʜʠʨʝʢʪʦʨʫ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè ʄ.ɺ. ʐʘʨʣʦʚʫ ʠ ʛʝʥʝʨʘʣʴʥʦʤʫ 

ʜʠʨʝʢʪʦʨʫ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè ʢ.ʪ.ʥ. ɸʛʘʬʦʥʦʚʫ ʖ.ɸ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʜʜʝʨʞʢʫ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʯʘʣʴʥʠʢʫ ʮʝʥʪʨʘ ʧʦ ʨʘʙʦʪʝ ʚ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ, ʆʆʆ çɻɸɿʇʈʆʄ 

ɺʅʀʀɻɸɿè, ʢ.ʛ.-ʤ.ʥ., ʜʦʮʝʥʪʫ ʉʤʠʨʥʦʚʫ ɸ.ʉ. 

ɿʘ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʪʦʛʦʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʛʨʘʬʠʢʠ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ 

ʛʣʘʚʥʦʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʛʣʫʙʠʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʜ.ʛ.-ʤ.ʥ. ʉʫʚʦʨʦʚʫ ɺ.ɼ. 

ɿʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʨʝʜʘʢʪʦʨʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʟʘʤʝʩʪʠʪʝʣʷ 

ʥʘʯʘʣʴʥʠʢʘ ʦʪʜʝʣʘ ʤʘʨʢʝʪʠʥʛʘ ʆʆʆ çʉʀɻʄɸ-ɻɽʆè ʅʝʤʮʝʚʫ ɼ.ɹ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. 

 ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʦ 

ʧʨʦʛʨʘʤʤʝ çʤʝʛʘʛʨʘʥʪʦʚè ʧʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ p220 ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 075-15-2019-

1883. 
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ɻʃɸɺɸ 1. ʇʈʆɹʃɽʄʓ ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ ʉɽʁʉʄʆʈɸɿɺɽɼʂʀ 

ʄʆɺ ʆɻʊ ɺ ʋʉʃʆɺʀʗʍ ʉʃʆɾʅʆʇʆʉʊʈʆɽʅʅʆʁ ɺʏʈ 

1.1. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʝʪʦʜʦʤ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʙʱʝʡ ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ (ʄʆɺ ʆɻʊ) ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦ ʩʣʦʞʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ (ɺʏʈ) 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ. ʀʩʪʦʯʥʠʢʦʤ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʚʳʩʪʫʧʘʶʪ 

ʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʤ, ʥʦ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʧʦ ʪʦʣʱʠʥʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ. ʅʝʜʦʫʯʝʪ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ 

ʘʥʦʤʘʣʠʡ ʥʘ ʬʦʨʤʫ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʰʠʙʢʘʤ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ, ʫʭʫʜʰʝʥʠʶ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ ʚʦ ʚʩʝʤ 

ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʙʦʣʴʰʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ [ʂʦʟʳʨʝʚ ʠ ʜʨ., 2003; 

ɹʦʥʜʘʨʝʚ ʠ ʜʨ., 2005; ɼʦʣʛʠʭ, 2017; Armstrong, 2001; Armstrong et al., 2001; Jones, 

2010; Shelokhov et al., 2018].  

ʊʝʨʨʠʪʦʨʠʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʥʘ ʢʦʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʫʧʥʳʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʠ ʢ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʦʡ ɺʏʈ. 

ʂ ʥʘʠʙʦʣʝʝ ʷʨʢʦʤʫ ʧʨʠʤʝʨʫ ʦʩʣʦʞʥʝʥʠʡ ɺʏʈ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʳʡ 

ʨʝʣʴʝʬ ʠ ʚʳʭʦʜʳ ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

[ʇʴʷʥʢʦʚ ʠ ʜʨ., 2019].  

ʅʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʪʘʢʠʝ ʘʥʦʤʘʣʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʥʦʡ ʠʣʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝʡ ʢʦʨʨʝʣʷʮʠʠ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ (ʆɻ), ʘ ʪʘʢʞʝ ʠʩʢʘʞʝʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʠ ʆɻ ʠʟ-ʟʘ ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʦʛʦ ʨʝʣʴʝʬʘ (ʈʠʩ.1). 
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ʈʠʩ.1 ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʄʆɺ ʆɻʊ 3D, ʧʦʣʫʯʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ ʩʦ 

ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ɺʏʈ. 

 

 ʅʘʨʷʜʫ ʩ ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʚ ɺʏʈ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʘʨʩʪʘ, ʟʘʯʘʩʪʫʶ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʛʦ. ʈʘʟʨʝʟʳ, ʦʩʣʦʞʥʝʥʥʳʝ ʜʘʥʥʦʡ 

ʘʥʦʤʘʣʠʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʣʘʩʪʷʤʠ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʠ ʢʦʨʨʝʣʷʮʠʠ 

ʆɻ (ʈʠʩ.2).  

 

 

ʈʠʩ.2  ʈʘʟʨʝʟ, ʦʩʣʦʞʥʝʥʥʳʡ ʚʣʠʷʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʘʨʩʪʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʢʘʢ ɺʦʩʪʦʯʥʦʡ ʪʘʢ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ (ʄʄʇ) ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 5 ʤʣʥ. 

ʢʤ2 ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [Brown et al., 1997]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʚʝʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʦʩʩʠʠ, ʢʘʢ ʨʫʜʥʳʭ, ʪʘʢ ʠ ʥʝʨʫʜʥʳʭ, ʪʘʢʞʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ. 

ʆʜʥʠʤ ʠʟ ʥʝʤʘʣʦʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʄʄʇ ʥʘ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʧʦʠʩʢʘʭ ʥʘ ʥʝʬʪʴ ʠ 

ʛʘʟ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʧʫʪʝʤ 

ʩʛʣʘʞʠʚʘʥʠʷ ʚʘʨʠʘʮʠʡ ʚʨʝʤʝʥ ʛʦʜʦʛʨʘʬʘ) ʥʘ ʨʘʟʨʝʟʝ ʚʦʟʥʠʢʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʩʠʥʢʣʠʥʘʣʠ (ʈʠʩ.3). ʂʦʤʙʠʥʘʮʠʷ ʛʣʫʙʦʢʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʩʪʘʪʠʯʝʩʢʠʭ 

ʟʘʜʝʨʞʝʢ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʣʝʤ ʧʦʤʝʭ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʦʪʨʘʞʝʥʠʡ, 

ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʫʶ ʩʠʪʫʘʮʠʶ [ʊʘʙʘʢʦʚ ʠ ʜʨ., 2016]. 

 

 

ʈʠʩ.3  ɺʨʝʤʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩ ʥʝʜʦʫʯʝʪʦʤ ʩʢʦʨʦʩʪʥʳʭ ʘʥʦʤʘʣʠʡ 

ɺʏʈ (ʧʦʣʫʦʩʪʨʦʚ ʗʤʘʣ) 
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ʇʦʧʨʘʚʢʠ ʟʘ ʚʣʠʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʚʦʡʩʪʚ ʄʄʇ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʷʜʦʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ, ʦʜʠʥ ʠʟ ʥʠʭ - ʟʘʤʝʥʘ ʩʣʦʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ 

ʩʢʦʨʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʦʢ ʟʘ ʄʄʇ ʩʥʠʤʘʶʪʩʷ 

ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʛʦʨʠʟʦʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʨʟʣʦʪʦʡ, ʠʣʠ ʧʦ ʫʩʣʦʚʥʦʤʫ 

ʫʨʦʚʥʶ ʥʠʞʝ ʄʄʇ (ʈʠʩ.4). 

                 

  

ʈʠʩ.4 ʇʨʠʤʝʨ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʦʩʣʦʞʥʝʥʥʦʛʦ ʚʣʠʷʥʠʝʤ ɺʏʈ ʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʧʦ ʜʘʥʥʳʤ ʆɸʆ çʉʠʙʅɸʎè, 2003) 

 

1.2. ʆʩʣʦʞʥʷʶʱʠʝ ʬʘʢʪʦʨʳ ɺʏʈ 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʛʣʫʙʠʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʚʝʜʢʘ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʩʝʛʜʘ ʠʟʫʯʘʝʤʳʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʧʠʩʳʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʡ ʤʦʜʝʣʴʶ. ʆʜʥʘʢʦ 

ʢʣʶʯʝʚʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʥʝʩʫʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʛʣʫʙʠʥʝ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʂ ʪʘʢʦʤʫ ʚʠʜʫ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʦʪʥʦʩʷʪʩʷ: 

¶ ʨʝʣʴʝʬ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

¶ ʟʦʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ; 

¶ ʟʦʥʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 
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ɺʏʈ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʯʝʪ ʪʘʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʟʘ [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 2011; ʂʦʯʥʝʚ ʠ ʜʨ., 2009; ʊʘʙʘʢʦʚ, 2016; ʉʳʩʦʝʚ, 

2011; Armstrong, 2001; Armstrong et al., 2001; Jones, 2010; Baixas et al., 1997]. 

1.2.1. ʈʝʣʴʝʬ 

ʈʝʣʴʝʬ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʬʘʢʪʦʨʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ɺʏʈ 

ʜʣʷ ʦʩʥʦʚʥʳʭ ʨʘʡʦʥʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɼʣʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʚʥʠʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʜʘʥʥʳʡ ʦʩʣʦʞʥʷʶʱʠʡ ʬʘʢʪʦʨ ʥʝ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ. 

ʈʘʩʯʣʝʥʝʥʥʦʩʪʴ ʨʝʣʴʝʬʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʚʨʝʤʝʥʘ ʧʨʠʭʦʜʘ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. ʆʥʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʯʝʥʴ ʩʣʦʞʥʳʤ 

ʬʦʨʤʘʤ ʛʦʜʦʛʨʘʬʘ. ʈʝʣʴʝʬ ʛʣʫʙʠʥʥʳʭ ʨʝʬʣʝʢʪʦʨʦʚ, ʥʘʦʙʦʨʦʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʜʘʥʥʳʝ ʄʆɺ ʆɻʊ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʪʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪ 

ʣʦʢʘʣʴʥʦ-ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʛʨʘʥʠʮʳ (ʨʝʬʨʘʢʪʦʨʳ) ʪʘʢʞʝ 

ʚʥʦʩʷʪ ʠʩʢʘʞʝʥʠʷ ʚ ʢʠʥʝʤʘʪʠʢʫ, ʢʦʪʦʨʳʝ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʩʣʦʞʥʝʝ ʧʦʚʝʜʝʥʠʝ 

ʨʝʬʨʘʢʪʦʨʘ ʠ ʯʝʤ ʢʦʥʪʨʘʩʪʥʝʝ ʛʨʘʥʠʮʘ (ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʩʢʦʨʦʩʪʝʡ) 

[ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 2011; ʂʦʯʥʝʚ ʠ ʜʨ., 2009; ʊʘʙʘʢʦʚ, 2016; ʉʳʩʦʝʚ, 2011].  

ɺ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʳʡ ʨʝʣʴʝʬ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʢʘʢ ʜʣʷ ʫʩʣʦʚʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, 

ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʯʠʩʣʦ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ 

ʨʝʣʴʝʬʘ ʙʦʣʝʝ 1300 ʤ. 

1.2.2. ɿʦʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ 

ɿʦʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ (ɿʄʉ) - ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʯʘʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, 

ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʘʡʥʝ ʠʟʤʝʥʯʠʚʘ ʢʘʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (300 ï 1600 ʤ/ʩ). ɿʄʉ ï ʨʝʟʢʦ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʨʝʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʨʳʭʣʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʩʣʝʜʩʪʚʠʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʳʭʦʜʷʱʠʭ ʥʘ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɼʣʷ ɿʄʉ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʩʪʨʦʝʥʠʠ ʠ ʩʦʩʪʘʚʝ ʦʪʣʦʞʝʥʠʡ. ɽʝ ʧʦʜʦʰʚʘ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʡ 

ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʠ ʩʣʫʞʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʦʡ ʢʨʘʪʥʦʦʙʨʘʟʫʶʱʝʡ ʛʨʘʥʠʮʝʡ 

ʨʘʟʨʝʟʘ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʳʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʠ ʜʨʫʛʠʭ ʚʦʣʥ-ʧʦʤʝʭ. ɿʄʉ 

ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʧʨʠʨʦʜʥʳʤ ʬʠʣʴʪʨʦʤ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʩʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ ʦʩʣʘʙʝʚʘʶʪ, ʘ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʟʘʤʝʪʥʦ ʦʙʝʜʥʷʝʪʩʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʢ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ ɿʄʉ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʦʜʦʣʴʥʳʭ. 

ʄʦʱʥʦʩʪʴ ɿʄʉ ʠʟʤʝʥʯʠʚʘ ʧʦ ʧʣʦʱʘʜʠ ʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʩʨʝʜʥʝʤ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 5 ï 15 ʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ 

(ʥʘʧʨʠʤʝʨ, ʚ ʟʦʥʘʭ ʤʦʨʝʥ, ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʠ ʪ.ʜ.) ʤʦʞʝʪ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʪʴ, ʜʦʩʪʠʛʘʷ 

100 ʤ ʠ ʙʦʣʝʝ. ɺ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ, 

ʭʝʤʦʛʝʥʥʳʭ ʠʣʠ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ ɿʄʉ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɺ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʣʴʝʬ ʧʦʜʦʰʚʳ 

ɿʄʉ ʯʘʩʪʦ ʧʦʚʪʦʨʷʝʪ ʚ ʩʛʣʘʞʝʥʥʦʡ ʬʦʨʤʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʨʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ; 

ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʱʥʦʩʪʠ ɿʄʉ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚ ʥʠʟʠʥʘʭ. ʅʘʣʠʯʠʝ ɿʄʉ, ʩʧʝʮʠʬʠʢʘ ʝʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʦʧʨʘʚʢʠ ʟʘ ɿʄʉ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʩʯʝʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʥʝʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥʘʭ 

(ʤʠʢʨʦʩʝʡʩʤʦʢʘʨʦʪʘʞ) [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 2011; ʂʦʯʥʝʚ ʠ ʜʨ., 2009; ʊʘʙʘʢʦʚ, 

2016; ʉʳʩʦʝʚ, 2011].  

1.2.3. ʄʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ 

ʄʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʄʄʇ) ï ʵʪʦ ʧʦʨʦʜʳ, 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʣʝʪ ʧʦʜʨʷʜ) ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝʧʨʝʨʳʚʥʦ, ʪʦ ʝʩʪʴ ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʪʪʘʠʚʘʥʠʷ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʜʘ, 

ʟʘʧʦʣʥʷʶʱʘʷ ʧʦʨʳ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʭʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʩʢʦʨʦʩʪʝʡ ʚʦʣʥ (ʜʦ 3000ï4000 ʤ/ʩ). ʀʥʪʝʨʝʩ ʢ ʝʝ 

ʜʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʪʨʦʝʥʠʝʤ ʤʝʨʟʣʦʪʳ.  ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʙʣʝʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʦʪʳ [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 

2011; ʂʦʯʥʝʚ ʠ ʜʨ., 2009; ʊʘʙʘʢʦʚ, 2016; ʉʳʩʦʝʚ, 2011].  
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ɼʣʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʭʘʨʘʢʪʝʨʥʦ ʦʩʪʨʦʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʄʇ. ʀʤʝʥʥʦ 

ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʣʦʢʘʣʴʥʦʩʪʠ ʜʘʥʥʳʡ ʪʠʧ ʘʥʦʤʘʣʠʠ ʦʩʦʙʝʥʥʦ ʩʣʦʞʝʥ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪ.ʢ. ʟʘʯʘʩʪʫʶ ʨʘʟʤʝʨ ʘʥʦʤʘʣʠʠ ʤʝʥʴʰʝ ʜʣʠʥʳ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʫʯʝʪʘ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

1.3. ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ: ʚʠʜʳ, ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʈʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ, ʤʦʱʥʦʩʪʝʡ ʠ ʩʢʦʨʦʩʪʝʡ 

ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ɺʏʈ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʨʝʤʝʥʘ ʧʨʠʭʦʜʘ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦʬʠʣʷ ʥʘʙʣʶʜʝʥʠʡ ʨʝʟʢʦ ʤʝʥʷʶʪʩʷ. ɽʩʣʠ 

ʵʪʦ ʚʣʠʷʥʠʝ ʥʝ ʠʩʧʨʘʚʠʪʴ, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ 

ʙʫʜʫʪ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʳ. ʇʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʪʘʢʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʫʪʝʤ ʧʦʢʘʥʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ ï ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ɺʘʞʥʝʡʰʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ ʷʚʣʷʪʁʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ. ʋʩʣʦʚʥʦ, ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʳʜʝʣʷʶʪ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ, ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʝ ʠ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 2011]. 

ʂ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʧʦʧʨʘʚʢʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʧʨʘʚʢʠ ʩ ʧʝʨʠʦʜʦʤ 

ʧʦ ʚʝʣʠʯʠʥʝ ʤʝʥʴʰʠʤ, ʯʝʤ 0.5L, ʛʜʝ L ï ʜʣʠʥʘ ʧʨʠʤʝʥʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥ 10 ï 30 ʤ [ɹʦʥʜʘʨʝʚ, 2005; 

ɹʦʥʜʘʨʝʚ, 2011]. 

ʂ ʩʨʝʜʥʝʧʝʨʠʦʜʥʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʧʦʧʨʘʚʢʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʧʨʘʚʢʠ ʩ ʧʝʨʠʦʜʦʤ 

(0.5 ï 1.5) L, ʘ ʢ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤ ʧʦʧʨʘʚʢʘʤ ï ʩ ʧʝʨʠʦʜʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ 1.5L. 

ɼʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʧʦʧʨʘʚʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʘ ʜʦ 

ʛʣʫʙʠʥ 300 ï 600 ʤ ʠ ʙʦʣʝʝ [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 2011]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʚʦʜ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʠ ʚʚʦʜ. ʆʜʥʘʢʦ 

ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʘʢʠʝ ʧʦʧʨʘʚʢʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʛʨʫʙʳʤʠ, 

ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʢʦʨʨʝʢʮʠʠ [ɹʦʥʜʘʨʝʚ, 2005; ɹʦʥʜʘʨʝʚ, 

2011]. 
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ɺʪʦʨʦʡ ʵʪʘʧ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʨʨʝʢʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʢʦʨʨʝʢʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ. ʆʜʥʘʢʦ ʚʩʝ ʩʧʦʩʦʙʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

1. ʧʦʜʙʦʨ ʠʩʭʦʜʥʳʭ ʪʨʘʩʩ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʝ 

ʘʤʧʣʠʪʫʜ, ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʚʚʦʜʫ ʨʘʩʯʝʪʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ; 

2. ʛʨʫʧʧʠʨʦʚʢʘ ʚʳʙʨʘʥʥʳʭ ʪʨʘʩʩ ʧʦ ʦʙʱʝʡ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ (ʆʊɺ), 

ʦʙʱʝʡ ʪʦʯʢʝ ʧʨʠʝʤʘ (ʆʊʇ), ʦʙʱʝʡ ʩʨʝʜʥʝʡ ʪʦʯʢʝ (ʆʉʊ) ʠ ʦʙʱʝʤʫ ʫʨʦʚʥʶ (ʆʋ); 

3. ʚr ʯʠʩʣʝʥʠʝ ʩʜʚʠʛʦʚ ʢʘʞʜʦʡ ʠʟ ʪʨʘʩʩ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʦʡ 

ʦʩʨʝʜʥʷʶʱʝʡ ʪʨʘʩʩʝ ʠʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʡ ʪʨʘʩʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʝʡʩʤʦʛʨʘʤʤʳ; 

4. ʚr ʨʘʚʥʠʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʜʚʠʛʦʚ; 

5. ʚr ʙʦʨ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʧʦʧʨʘʚʦʢ ʠ ʠʭ ʚʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ ʪʨʘʩʩʳ.  

1.4. ɼʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ: ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ, ʧʨʦʙʣʝʤʳ 

ʊʨʘʜʠʮʠʦʥʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ɺʏʈ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʩʝʡʩʤʦʪʨʘʩʩʳ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʩʪʘʪʠʢʠ. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʩʪʘʪʠʢʠ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʧʦʷʚʣʝʥʠʝ ʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʢʘʞʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

1.4.1. ʄʝʪʦʜ ʟʘʤʝʱʝʥʠʷ ʩʣʦʷ 

ʇʦʜʭʦʜ ʟʘʤʝʱʝʥʠʷ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʠʮʳ ʚʨʝʤʝʥ ʧʦ 

ʣʫʯʘʤ ʜʦ ʮʝʣʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʜʚʫʤ ʤʦʜʝʣʷʤ: ʧʝʨʚʘʷ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 

ɺʏʈ, ʚʪʦʨʘʷ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʠʚʝʜʝʥʠʷ, ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ɺʏʈ ʠʩʢʣʶʯʝʥʳ (ʈʠʩ.5). 
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ʈʠʩ.5 ʉʭʝʤʘ ʣʫʯʝʡ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʨʠʥʮʠʧ ʟʘʤʝʱʝʥʠʷ 
ʩʣʦʷ [ʂʦʟʳʨʝʚ ʠ ʜʨ, 2003] ʛʜʝ ï SG1R, SG2R ï ʣʫʯʠ ʚ ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ; S'G1ôR', 

S'G2'R' ï ʣʫʯʠ ʚ ʤʦʜʝʣʠ ʟʘʤʝʱʝʥʠʷ; V1, V2, V3 ï ʩʢʦʨʦʩʪʠ ʚ ʩʣʦʷʭ ʤʦʜʝʣʠ 

 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʨʝʟʝ, 

ʠ ʨʝʟʫʣʴʪʘʪ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ. ɻʣʘʚʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʢʦʨʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʦʪʨʘʞʘʶʱʠʤ 

ʛʦʨʠʟʦʥʪʘʤ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʯʝʪ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ɺʏʈ. ʉʘʤʠ ʟʘʜʝʨʞʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʣʫʯʘʤ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʤ ʧʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ. 

1.4.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʥ ʚ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʷʭ ʜʘʥʥʳʭ ʄʆɺ ʆɻʊ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʥʳ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʟʘʧʠʩʝʡ ʦʩʥʦʚʥʦʡ ʩʲʝʤʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʤʝʪʦʜʠʢʠ ʥʘʙʣʶʜʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʚʦʣʥ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʣʢʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʥʦʡ ʩʲʝʤʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʊʘʢ, ʫʜʘʣʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʢ ʠʩʪʦʯʥʠʢʫ ʢʘʥʘʣʘ ʠ ʰʘʛ 

ʢʘʥʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʦʚʳ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʧʨʷʤʦʡ ʚʦʣʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʩʢʦʨʦʩʪʠ 

ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʚ ɺʏʈ ʚʦʣʥʘ ʦʪ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʦʣʴ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʢʘʥʘʣʦʚ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ 

ʪʦʯʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʩʪʘʥʝʪ ʥʝʚʦʟʤʦʞʥʳʤ. ʀʩʢʘʞʝʥʠʷ ʟʘʧʠʩʠ ʚʦʣʥ, ʦʩʦʙʝʥʥʦ ʦʪ 



 

 

 

 

 

21 

 

 

 

 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʣʦʝʚ, ʚʳʟʳʚʘʶʪʩʷ ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ʟʘʨʷʜʘ ʧʨʠ ʚʟʨʳʚʘʭ ʚ ʩʢʚʘʞʠʥʘʭ, ʚʠʙʨʘʮʠʦʥʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʟʘʪʨʫʜʥʷʶʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ.  

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʞʝ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʦʩʥʦʚʥʦʡ ʩʲʝʤʢʠ 

ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʦʮʝʥʢʠ ʧʦʧʨʘʚʦʢ ʟʘ ɺʏʈ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʪʦʯʢʘʤ ʥʘʙʣʶʜʝʥʠʡ ï ʧʦʟʠʮʠʷʤ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʝʤʥʠʢʦʚ, ʛʣʫʙʠʥʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʤʦʛʫʪ ʙʳʪʴ ʦʪʩʣʝʞʝʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʩʣʦʷʭ ʥʠʞʝ ɿʄʉ), 

ʫʜʝʰʝʚʣʝʥʠʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ɹʦʣʴʰʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʮʝʥʦʢ; ʦʜʥʘʢʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʜʝʣʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʤʠ, 

ʟʘʪʨʫʜʥʷʝʪ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʠʢʠʨʦʚʦʢ ʠ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ɺʏʈ. 

ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʚʦʣʥ ʚ ʧʝʨʚʳʭ 

ʚʩʪʫʧʣʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʣʠʙʦ ʠʥʪʝʨʘʢʪʠʚʥʳʤ, ʢʦʛʜʘ 

ʛʝʦʬʠʟʠʢ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʳ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʚʩʪʫʧʣʝʥʠʷ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʦʡ 

ʥʘ ʪʨʘʩʩʝ ʚʳʙʦʨʢʠ ʠʣʠ ʵʢʩʪʨʝʤʫʤʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʨʦʛ. ʆʜʥʘʢʦ 

ʵʪʦʪ ʩʧʦʩʦʙ ʥʘʠʤʝʥʝʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚ. ʇʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ: ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʨʦʛ ʧʦ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʬʘʟ ʠʣʠ ʩʨʝʜʥʠʭ ʘʤʧʣʠʪʫʜ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʬʘʟʘʤ, ʧʦʨʦʛ ʧʦ 

ʵʥʝʨʛʠʠ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ, ʚʳʜʝʣʷʪʴ ʚʩʪʫʧʣʝʥʠʝ ʧʦ ʤʘʢʩʠʤʫʤʫ ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʡ 

ʚ ʩʤʝʞʥʳʭ ʦʢʥʘʭ, ʩʢʦʣʴʟʷʱʠʭ ʚʜʦʣʴ ʪʨʘʩʩʳ. ʄʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʨʫʛʠʝ 

ʘʪʨʠʙʫʪʳ ʟʘʧʠʩʠ ï ʦʛʠʙʘʶʱʘʷ, ʬʘʟʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠʟʥʘʢʦʚ. 

ɹʦʣʴʰʘʷ ʛʨʫʧʧʘ ʘʣʛʦʨʠʪʤʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʡ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ (ʌɺʂ). ʉʧʦʩʦʙʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʚʟʘʠʤʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʪʨʘʩʩ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʚʦʣʥʳ, ʥʦ ʪʨʝʙʫʶʪ 

ʧʨʠʚʷʟʢʠ ʧʦ ʚʨʝʤʝʥʠ ʣʠʙʦ ʥʘ ʢʘʥʘʣʘʭ, ʛʜʝ ʧʠʢʠʨʫʝʤʦʝ ʚʩʪʫʧʣʝʥʠʝ ʚʳʜʝʣʝʥʦ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʠʣʠ ʦʪʤʝʯʝʥʦ ʛʝʦʬʠʟʠʢʦʤ, ʣʠʙʦ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ʜʘʥʥʳʤʠ 

ʄʉʂ. ʌɺʂ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʦʩʝʜʥʠʤ ʪʨʘʩʩʘʤ, ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʪʨʘʩʩ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʟʘʜʘʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠʣʠ ʤʝʞʜʫ ʢʘʞʜʦʡ ʪʨʘʩʩʦʡ ʠ ʵʪʘʣʦʥʥʦʡ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʩʩ [ʂʦʟʳʨʝʚ ʠ ʜʨ., 2003]. 
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1.4.3. ɺʳʩʦʢʦʪʦʯʥʘʷ ʛʨʘʚʠʨʘʟʚʝʜʢʘ 

ɻʨʘʚʠʨʘʟʚʝʜʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʢ ʟʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ 

[ɹʳʯʢʦʚ ʠ ʜʨ., 2015]. ɺ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʇɸʆ 

çʇʝʨʤʴʥʝʬʪʝʛʝʦʬʠʟʠʢʘè ʚ 1980 ï 1990 ʛʛ. ɺ ʨʘʙʦʪʘʭ [ʂʦʯʥʝʚ ʠ ʜʨ., 2007, 2008 ʘ, ʙ] 

ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʬʠʣʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʜʘʥʥʳʤ ʛʨʘʚʠʨʘʟʚʝʜʢʠ, 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʉʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻʋʅʇɻʇ çʀʨʢʫʪʩʢʛʝʦʬʠʟʠʢʘè ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʠ 

ʚʚʝʜʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʘʥʦʤʘʣʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʠʢʝʪʘʭ. ɼʣʷ ʵʪʦʛʦ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʥʘ 

ʘʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʧʨʦʚʦʜʷʪ ʨʘʟʜʝʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʥʘ ʣʦʢʘʣʴʥʫʶ ʠ ʨʝʛʠʦʥʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚʳʜʝʣʷʶʪ 

ʚʨʝʤʝʥʥʳʝ ʘʥʦʤʘʣʠʠ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ, ʦʧʨʝʜʝʣʷʶʪ ʚʨʝʤʝʥʥʳʝ ʩʜʚʠʛʠ. 

[ɻʘʯʝʥʢʦ ʠ ʜʨ., 2006] 

1.5. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏʈ 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ɺ.ɺ. ʂʠʩʝʣʝʚʳʤ [ʂʠʩʝʣʝʚ ʠ ʜʨ., 2011], 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʩʦʚʤʝʱʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʫ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚ ʟʦʥʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ; ʨʝʛʠʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʛʦʜʦʛʨʘʬʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ; ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʦʜʦʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʳʜʝʣʷʶʪ 

ʝʜʠʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʫʚʷʟʘʥʥʳʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ; ʩʪʨʦʷʪ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʟʘʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʠʣʠ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʨʝʤʝʥʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʡ; ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʛʦʜʦʛʨʘʬʳ ʚ ʧʩʝʚʜʦʩʝʡʩʤʠʯʝʩʢʠʝ, ʧʦ ʥʠʤ ʚ 

ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ 

ʠʥʪʝʨʚʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ; ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʨʝʟʘ ʩʪʨʦʷʪ ʩʭʝʤʳ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʚʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʝʛʦ ʪʦʣʱʠʥʳ; 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʛʦʜʦʛʨʘʬʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ʇʦʜ ʛʦʜʦʛʨʘʬʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʦʥʠʤʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʟʚʝʩʪʥʳʝ 

ʘʥʘʣʦʛʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʛʦʜʦʛʨʘʬ, ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʀʥʬʦʨʤʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʷʚʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʧʨʦʜʦʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʫʤʤʘʨʥʘʷ ʧʨʦʜʦʣʴʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʪ.ʜ. ɸʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ʅʘ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʩ 

ʮʝʣʴʶ ʟʘʤʝʥʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ɺʏʈ ʚʳʯʠʩʣʷʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʆɻʊ. ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɿʉɹ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʪʠʧʘʤ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ 

ɺʏʈ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤ ʜʘʥʥʳʤ. ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪ ʟʦʥʳ, ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ. ʆʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ 

ʜʘʥʥʳʤ ʤɿʉɹ ʜʦ ʠ ʧʦʩʣʝ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʩʦʤʥʝʥʥʦʡ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ. ʊʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ 

ʚʢʣʶʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʦʢ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ ʘʣʴʪʠʪʫʜ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʫʤʤʠʨʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʧʦ ʆɻʊ ʩ ʚʚʝʜʝʥʠʝʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʤɿʉɹ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʝʪ ʙʣʠʟʢʠʝ ʧʦ ʢʘʯʝʩʪʚʫ 

ʧʦʣʫʯʘʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʨʝʟʫʣʴʪʘʪʳ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʥʘ ʥʠʭ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʤʦʩʪʴ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʦʙʳʯʥʦ 

ʩʦʚʧʘʜʘʶʪ. 

ʂ ʦʜʥʦʤʫ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʙʦʪʫ ʂʦʣʦʤʙʦ ʠ 

ʩʦʘʚʪʦʨʦʚ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʩʦʚʤʝʩʪʥʦʡ ʠʥʚʝʨʩʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩʩ-ʛʨʘʜʠʝʥʪʥʦʡ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ [Colombo et al., 2017] (ʈʠʩ.6, ʈʠʩ.7). 
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ʈʠʩ.6 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ: ʘ ï ʧʦ ʜʘʥʥʳʤ 

ʣʫʯʝʚʦʡ ʪʦʤʦʛʨʘʬʠʠ, b ï ʧʦ ʜʘʥʥʳʤ ʩʦʚʤʝʩʪʥʦʡ ʠʥʚʝʨʩʠʠ c ʋʕʉ ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩʩ-ʛʨʘʜʠʝʥʪʥʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ [Colombo et al., 

2017].  

 

 

 

ʈʠʩ.7 ɺʨʝʤʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ: ʘ ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʢʠ ʧʦ 

ʜʘʥʥʳʤ ʣʫʯʝʚʦʡ ʪʦʤʦʛʨʘʬʠʠ, b ï ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʢʠ ʧʦ ʜʘʥʥʳʤ ʩʦʚʤʝʩʪʥʦʡ 

ʠʥʚʝʨʩʠʠ [Colombo et al., 2017]. 
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ɻʃɸɺɸ 2. ʇɽʊʈʆʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

2.1. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʕʉ ɸʨʯʠ-ɼʘʭʥʦʚʘ 

ɺ ʧʨʘʢʪʠʢʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʋʕʉ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʤʦʜʝʣʴ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ɸʨʯʠ [Archie, 1942].  ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʧʘʨʘʤʝʪʨʘ 

ʦʙʲʝʤʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʨʦʜʳ ʢ ʋʕʉ ʥʘʩʳʱʘʶʱʝʛʦ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʚʦʜʷʱʝʛʦ ʬʣʶʠʜʘ (2.1):  

,
ʬʣ

ʧ
ʇP
r

r
=                                                            (2.1) 

ʛʜʝ Pʧ ï ʧʘʨʘʤʝʪʨ ʧʦʨʠʩʪʦʩʪʠ, ɟʧ ï ʋʕʉ ʧʦʨʦʜʳ, ɟʬʣ ï ʋʕʉ ʥʘʩʳʱʘʶʱʝʛʦ ʬʣʶʠʜʘ. 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʣʘʩʪʦʚʳʡ ʬʣʶʠʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ, ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʣʝʛʢʦ ʥʘʡʜʝʥʦ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ [ʂʦʙʨʘʥʦʚʘ, 1986]. 

ʀʟʤʝʥʝʥʠʝ ʘʥʠʦʥʥʦ-ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʥʷʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʨʙʦʥʘʪ- ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ, 

ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ ʢʨʘʡʥʝ 

ʨʝʜʢʦ. 

ʇʘʨʘʤʝʪʨ ʧʦʨʠʩʪʦʩʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ. ʉʫʪʴ ʤʦʜʝʣʠ ɸʨʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʬʣʶʠʜʦʤ, ʟʘʧʦʣʥʷʶʱʠʤ ʧʦʨʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʨʦʚʳʝ ʢʘʥʘʣʳ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʧʨʷʤʦʣʠʥʝʡʥʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʧʘʨʘʤʝʪʨ ʧʦʨʠʩʪʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʨʠʩʪʦʩʪʠ. 

ɽʩʣʠ ʩʪʨʫʢʪʫʨʘ ʪʦʢʦʚʳʭ ʢʘʥʘʣʦʚ ʙʦʣʝʝ ʩʣʦʞʥʘʷ (ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ), 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʙʦʣʴʰʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ʦʙʨʘʟʮʘ ʧʫʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ ʩʪʝʧʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʬʦʨʤʫʣʝ ɸʨʯʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (2.2): 

ʈʇ = ʘʢʧ
-b,                                                      (2.2) 

ʛʜʝ Pʧ ï ʧʘʨʘʤʝʪʨ ʧʦʨʠʩʪʦʩʪʠ, ʂʧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, a, ὦ ï ʢʦʥʩʪʘʥʪʳ. ʇʨʠ 

ʵʪʦʤ ʩʪʝʧʝʥʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ὦ ï ʬʫʥʢʮʠʷ ʠʟʚʠʣʠʩʪʦʩʪʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪ.ʥ. ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʚʠʣʠʩʪʦʩʪʠ [ʂʦʙʨʘʥʦʚʘ, 1986] (2.3): 
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  Ὕ̞  ̒ ̑ȟ        (2.3) 

ʛʜʝ ὒ ̒  ̑ï ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʫʪʠ ʠʦʥʦʚ, ὒ ï ʜʣʠʥʘ ʦʙʨʘʟʮʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʚʫʭʬʘʟʥʦʡ ʙʝʟʛʣʠʥʠʩʪʦʡ ʧʦʨʦʜʳ ʧʘʨʘʤʝʪʨ ʦʙʲʝʤʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʚʘʜʨʘʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʚʠʣʠʩʪʦʩʪʠ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪʫ ʝʝ ʧʦʨʠʩʪʦʩʪʠ [Archie, 1942; Mavko et al., 2009; 

Sheriff, 2002; ɼʘʭʥʦʚ, 1953, 1955, 1975, 1985; ʇʦʩʧʝʝʚ ʠ ʜʨ, 2018].  

2.2. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʕʉ ʛʣʠʥʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ 

ɻʣʠʥʦʩʦʜʝʨʞʘʱʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʳʭ 

ʪʝʨʨʠʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʣʠʪʠʬʠʢʘʮʠʠ. ʉʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʤʝʩʠ ʧʝʩʢʘ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʜʦ 30ï40 % ʠ ʛʣʠʥʳ. ʇʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʯʝʪʘʥʠʝ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚ ʤʘʩʩʝ ʧʝʩʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʛʣʠʥ. ʇʝʨʚʳʡ ʬʘʢʪʦʨ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ɸʨʯʠ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʚʠʣʠʩʪʦʩʪʠ ʜʣʷ ʧʝʩʢʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 1.05ï1.15.  

ɼʣʷ ʯʠʩʪʳʭ ʛʣʠʥ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʳ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʧʦʨʦʚʦʡ ʚʦʜʳ ʩʣʦʞʥʝʝ. ʇʨʠ ʤʘʣʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʦʙʩʪʚʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʣʠʥ 

ʧʦʨ̫ʜʢʘ 2.5 ʆʤĀʤ. ɼʣʷ ʫʣʴʪʨʘʧʨʝʩʥʳʭ ʧʦʨʦʚʳʭ ʚʦʜ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʫʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʯʠʩʪʳʭ ʛʣʠʥ, ʜʝʣʝʥʥʦʤʫ ʥʘ ʜʦʣʶ ʛʣʠʥ ʚ ʧʦʨʦʜʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʟʘʧʦʣʥʝʥʠʷ ʛʣʠʥʘʤʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʩʢʘ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʪʴʩʷ, ɸ.ɸ. ʈʳʞʦʚʳʤ [ʈʳʞʦʚ, 

ʉʫʜʦʧʣʘʪʦʚ, 1990] ʧʦʩʪʨʦʝʥʳ ʥʦʤʦʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʦʡ ʧʦʨʦʜʳ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʨʦʚʦʛʦ ʬʣʶʠʜʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [ʇʦʩʧʝʝʚ ʠ ʜʨ., 2018]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʨʦʚʳʭ ʬʣʶʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʢʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʦʢʦʣʦ 1 ʛ/ʣ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʮʝʥʝʥʘ ʛʣʠʥʠʩʪʦʩʪʴ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ. ɼʣʷ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ 
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ʠ ʨʘʩʩʦʣʦʚ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʣʠʥ ʦʱʫʱʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʨʦʜʝ ʤʝʥʝʝ 50%. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ɸʨʯʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʦʨʠʩʪʦʩʪʠ ʧʦʨʦʜ [ʇʦʩʧʝʝʚ ʠ ʜʨ., 2018]. 

2.3. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʕʉ ʤʝʨʟʣʳʭ ʧʦʨʦʜ 

ʄʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʠʨʦʜʥʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʩʝʚʝʨʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʇʨʠʯʠʥʦʡ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʣʫʙʠʥʥʦʛʦ 

ʪʝʧʣʘ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʠʞʝ ʟʦʥʳ ʩʝʟʦʥʥʦʛʦ ʚʣʠʷʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʝʟʦʥʘ ʤʝʨʟʣʳʝ 

ʧʦʨʦʜʳ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʪʦʣʱʝ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʧʦʜʦʰʚʳ 

ʤʝʨʟʣʦʪʳ, ʣʠʙʦ ʧʦʢʨʳʚʘʪʴʩʷ ʩʝʟʦʥʥʦ-ʪʘʣʳʤ ʩʣʦʝʤ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚ 

ʢʦʥʮʝ ʣʝʪʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʋʕʉ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʠʛʨʘʝʪ 

ʧʝʨʝʭʦʜ ʚʦʜʳ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ. ʏʠʩʪʳʡ ʣʝʜ ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ. ʆʜʥʘʢʦ ʦʩʘʜʢʠ, 

ʟʘʣʝʛʘʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʜʘʞʝ ʧʨʠ ʝʝ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʥʠʢʦʛʜʘ ʥʝ 

ʧʨʦʤʝʨʟʘʶʪ ʥʘ 100 %. ʆʩʪʘʝʪʩʷ ʥʝʟʘʤʝʨʟʰʝʡ ʢʘʧʠʣʣʷʨʥʘʷ ʚʣʘʛʘ, ʢʦʪʦʨʘʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʩʳʱʘʝʪʩʷ ʚʳʤʦʨʘʞʠʚʘʝʤʳʤʠ ʠʟ ʧʦʨʦʜ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʡ ʩʚʷʟʘʥʥʦʡ ʥʝʟʘʤʝʨʟʰʝʡ ʚʣʘʛʠ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʇʦʣʥʦʝ 

ʧʨʦʤʝʨʟʘʥʠʝ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ï50 Üʉ, ʢʦʪʦʨʘʷ 

ʨʝʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ɿʝʤʣʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʥʠʝ ʚʥʦʚʴ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʣʴʜʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʦʥ ʟʘʧʦʣʥʷʝʪ 

ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʜʳ. ɽʩʣʠ ʚ ʥʝʡ ʦʩʪʘʶʪʩʷ ʧʨʦʚʦʜʷʱʠʝ ʤʦʩʪʠʢʠ (ʤʘʩʩʠʚʥʘʷ 

ʢʨʠʦʩʪʨʫʢʪʫʨʘ), ʧʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʫʜʝʪ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ɺ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʣʝʜ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ (ʰʣʠʨʦʚʘʷ 

ʢʨʠʦʩʪʨʫʢʪʫʨʘ), ʧʨʦʚʦʜʷʱʠʝ ʤʦʩʪʠʢʠ ʨʘʟʨʳʚʘʶʪʩʷ, ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ 

ʋʕʉ ʩʦʙʩʪʚʝʥʥʦ ʣʴʜʘ.  

ʀʟʤʝʥʝʥʠʷ ʋʕʉ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʧʦʨʦʜ ʥʦʩʷʪ ʥʝ ʩʪʫʧʝʥʯʘʪʳʡ, ʘ ʛʨʘʜʠʝʥʪʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɽʩʣʠ ʥʠʞʝ ʛʣʫʙʠʥʳ ʩʝʟʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʜʠʝʥʪ ʚʦ 

ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʝʥ, ʪʦ ʚʳʰʝ ʝʝ ʋʕʉ ʙʫʜʝʪ ʩʝʨʴʝʟʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʣʠʯʠʷ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʪʦʣʱʠʥʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʋʕʉ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʷʶʱʝʝʩʷ 

ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʦʩʘʜʢʦʚ.  

ɼʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʭ ʧʨʦʤʦʨʘʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝ ʩʪʦʣʴ 

ʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʋʕʉ, ʢʘʢ ʜʣʷ ʦʩʘʜʦʯʥʳʭ. ɺ ʩʠʣʫ ʠʭ ʤʘʣʦʡ ʧʨʠʨʦʜʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʚʦʙʦʜʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʜʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʇʦʵʪʦʤʫ ʋʕʉ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ 

ʧʨʦʤʝʨʟʘʥʠʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ [ʇʦʩʧʝʝʚ ʠ ʜʨ., 2018]. 

2.4. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʕʉ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩ ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʛʝʥʥʦʡ 

ʪʝʢʩʪʫʨʦʡ 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʦʙʦʜʥʘʷ ʚʦʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʣʝʜ, ʠ 

ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʤʝʨʟʣʫʶ ʧʦʨʦʜʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʣʝʥʢʘʤ ʥʝʟʘʤʝʨʟʰʝʡ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʦʢʨʫʞʘʶʱʠʤ ʟʝʨʥʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʣʴʜʘ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʣʴʜʘ ʢʘʢ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ ʫʞʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʤʝʥʷʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʧʨʠʩʫʱʠʝ ʠʤ ʚ ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʟʘʤʝʨʟʰʝʡ ʚʦʜʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʢʝʣʝʪʦʤ ʠ ʣʴʜʦʤ ʜʝʣʘʝʪ ʦʯʝʥʴ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʪʠʧʘ ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʳ [ʇʦʩʧʝʝʚ ʠ ʜʨ., 2018]. 

2.5. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ çʩʢʦʨʦʩʪʴ-ʧʦʨʠʩʪʦʩʪʴè. ʋʨʘʚʥʝʥʠʝ ʋʘʡʣʣʠ 

ɺ 1956 ʛ. ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʋʘʡʣʣʠ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʠʣʠ 

ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʴ-ʧʦʨʠʩʪʦʩʪʴ ʜʣʷ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʥʘʧʦʣʥʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ (2.4): 

     ‰Ⱦὠ̕ ,̌                                                         (2.4) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʚ ʦʙʲʝʤʝ ʧʦʨʦʜʳ, Vma ï ʩʢʦʨʦʩʪʴ ʚ ʤʘʪʨʠʮʝ ʧʦʨʦʜʳ, Vʬʣ ï ʩʢʦʨʦʩʪʴ 

ʚ ʥʘʩʳʱʘʶʱʝʤ ʬʣʶʠʜʝ, ◖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦ 

ʚʳʨʘʞʘʶʪ ʚ ʠʥʪʝʨʚʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ, ʥʘʟʳʚʘʷ çʫʨʘʚʥʝʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠè. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʜʦʧʫʱʝʥʠʷ ʠ ʫʩʣʦʚʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʥʦ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʢʘʢʦʝ-ʣʠʙʦ 

ʜʦʧʫʱʝʥʠʝ ʥʘʨʫʰʘʝʪʩʷ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʚʚʦʜʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ 

ʟʘ ʛʣʠʥʠʩʪʦʩʪʴ ʠ ʩʤʝʰʘʥʥʫʶ ʣʠʪʦʣʦʛʠʶ. 
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ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʋʘʡʣʣʠ, ʈʘʡʤʝʨʦʤ ʠ ʜʨ. ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʴ ï ʧʦʨʠʩʪʦʩʪʴ [Mavko et al., 2009; Sheriff, 2002;] 

(2.5): 

ὠ ρ ‰ ὠ ‰ὠ ,                                             (2.5) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʚ ʦʙʲʝʤʝ ʧʦʨʦʜʳ, Vma ï ʩʢʦʨʦʩʪʴ ʚ ʤʘʪʨʠʮʝ ʧʦʨʦʜʳ, Vʬʣ ï ʩʢʦʨʦʩʪʴ 

ʚ ʥʘʩʳʱʘʶʱʝʤ ʬʣʶʠʜʝ, ◖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ. 

2.6. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ çʩʢʦʨʦʩʪʴ ï ʧʦʨʠʩʪʦʩʪʴè. 

ʋʨʘʚʥʝʥʠʝ ʈʘʡʤʝʨʘ-ʍʘʥʪʘ-ɻʘʨʜʥʝʨʘ 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʋʘʡʣʣʠ, ʈʘʡʤʝʨ ʠ 

ʩʦʘʚʪʦʨʳ [Wyllie et al., 1980 ʛ.] ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʴ ï 

ʧʦʨʠʩʪʦʩʪʴ [Mavko et al., 2009] (2.6, 2.7, 2.8): 

                 ὠ ρ ‰ ὠ ‰ὠ                    ‰ σχϷȟ   (2.6)                      

                    
Ȣ

Ȣ

Ȣ

Ȣ
                      σχ  ‰ τχϷȟ                       (2.7) 

                                        ‰ τχϷȟ                              (2.8) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʚ ʦʙʲʝʤʝ ʧʦʨʦʜʳ, Vma ï ʩʢʦʨʦʩʪʴ ʚ ʤʘʪʨʠʮʝ ʧʦʨʦʜʳ, Vʬʣ ï ʩʢʦʨʦʩʪʴ 

ʚ ʥʘʩʳʱʘʶʱʝʤ ʬʣʶʠʜʝ, ◖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, V37 ï ʩʢʦʨʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʜʣʷ ʧʦʨʦʜ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʤʝʥʴʰʝ 37%, V47 ï ʩʢʦʨʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʧʦʨʦʜ ʩ 

ʧʦʨʠʩʪʦʩʪʴʶ ʙʦʣʝʝ 47%. 

ɺʪʦʨʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʪʨʝʪʴʝ  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʝʡ ʚ ʧʦʨʦʜʘʭ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ (37%< f 

<47%). ʆʥʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʟ ʧʝʨʚʳʭ ʜʚʫʭ [Mavko et al., 2009; 

Sheriff, 2002] (ʈʠʩ.8). 
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ʈʠʩ.8 ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʦʪ ʧʦʨʠʩʪʦʩʪʠ 

 

2.7. ʄʦʜʝʣʴ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʅʶʨʘ 

ʇʦʟʞʝ ʅʶʨ ʩ ʩʦʘʚʪʦʨʘʤʠ [Nur et al., 1991, 1995] ʦʪʤʝʪʠʣʠ, ʯʪʦ ʜʣʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʩʪʠ (fc).  ʇʨʠ ʧʦʨʠʩʪʦʩʪʠ ʙʦʣʴʰʝ fc 

ʛʦʨʥʘʷ ʧʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʶ, ʟʝʨʥʘ ʪʝʨʷʶʪ ʢʦʥʪʘʢʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʠ ʠʟʤʝʥʷʶʪʩʷ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  ɿʥʘʯʝʥʠʝ  fc  ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʝʩʯʘʥʠʢʘ fc å 0.4, ʜʣʷ ʤʝʨʛʝʣʝʡ fc å 0.7, ʜʣʷ 

ʛʨʘʥʠʪʦʚ fc å 0.2ï0.03.  

ɺ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦʨʠʩʪʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʫʣʠ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ K, Õ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʈʦʡʩʘ [Mavko et al., 2009], ʧʨʠ 

ʵʪʦʤ ʤʦʜʫʣʴ ʩʜʚʠʛʘ Õ=0. ɺ ʩʣʫʯʘʝ f < f c ʤʦʜʫʣʠ ʩʫʭʦʡ ʧʦʨʦʜʳ (Kdry, Õdry) ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (2.9, 2.10): 

ὑ ὑ ρ ȟ                                           (2.9) 

‘ ‘ ρ ,                                          (2.10) 

ʛʜʝ Kmin ʠ Õmin ï ʦʙʲʝʤʥʳʝ ʤʦʜʫʣʴ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ ʤʠʥʝʨʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʜʦʩʪʘʪʢʠ ʤʦʜʝʣʠ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʅʶʨʘ [Mavko et al., 2009; Sheriff, 2002]: 
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ʢʨʠʪʠʯʝʩʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ï ʨʝʟʫʣʴʪʘʪ ʵʤʧʠʨʠʯʝʩʢʠʡ; ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʧʦʧʨʘʚʢʠ ʟʘ ʩʦʜʝʨʞʘʥʠʝ 

ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʈʠʩ.9). 

 

 

ʈʠʩ.9 ʅʘʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 
(ʩʦʧʦʩʪʘʚʣʝʥʠʝ ultɟV2p ʠ ɟV2s ʠ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ) [Nur et al., 1991, 1995] 

 

2.8. ʇʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʢʦʨʦʩʪʴ ï ʧʦʨʠʩʪʦʩʪ ɹï ʦʙʲʝʤ ʛʣʠʥʳ. ʋʨʘʚʥʝʥʠʝ 

ʍʘʥʘ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦ ʮʝʥʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʳʭ 

ʦʮʝʥʦʢ ʩʚʦʡʩʪʚ ʧʦʨʦʜ. ʕʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʢʨʳʚʘʶʪ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʢʦʨʦʩʪʝʡ ʈ- ʠ S-ʚʦʣʥ, ʚʳʟʳʚʘʝʤʳʭ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ 

ʧʦʨ ʠ ʛʣʠʥʠʩʪʦʩʪʠ. 

ʍʘʥ ʩ ʩʦʘʚʪʦʨʘʤʠ [Han et al., 1986] ʚʳʚʝʣʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ, ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʳ (ʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 75 ʦʙʨʘʟʮʘʭ ʭʦʨʦʰʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʵʬʬʝʢʪʠʚʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʥʘ ʪʘʢʦʚʳ 

(2.11, 2.12, 2.13): 

ʏʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ: 

τπ ̇˜ ́ὠ φȢπψ ψȢπσ‰ ὠ τȢπφφȢςψ‰                               (2.11) 
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ɻʣʠʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ: 

τπ ̇˜ ́ὠ υȢυω φȢωσ‰ ςȢρψὅ ὠ σȢυς τȢωρ‰ ρȢψωὅ (2.12) 

υ ̇˜ ́ ὠ υȢςφχȢπψ‰ ςȢπςὅ ὠ σȢρφτȢχχ‰ ρȢφτὅ   (2.13) 

ʛʜʝ Vp ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ◖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, C ï ʢʦʥʩʪʘʥʪʘ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ 1 ʄʇʘ = 145 ʬʫʪ/ʢʚ. ʜʶʡʤ ʠ ʛʨʘʜʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ = 

0,5 ʢʚ. ʬʫʪ/ʢʚ. ʜʶʡʤ, ʠʟʤʝʨʝʥʠʷ ʧʨʠ 40 ʄʇʘ ʠ 5 ʄʇʘ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʛʣʫʙʠʥʘʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3600 ʤ ʠ 450 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʦʨʦʰʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ: 

¶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʤʝʥʴʰʝ ʚʳʨʘʞʝʥʘ ʜʣʷ ʭʦʨʦʰʦ 

ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ, ʯʝʤ ʜʣʷ ʥʝʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ; 

¶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʮʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʠʣʠ ʦʙʲʝʤʘ ʛʣʠʥʳ, ʩʢʦʨʦʩʪʴ ʧʘʜʘʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2.5 ʨʘʟʘ ʙʦʣʴʰʝ ʜʣʷ ʧʦʨʠʩʪʦʩʪʠ, ʥʝʞʝʣʠ ʜʣʷ ʦʙʲʝʤʘ ʛʣʠʥʳ; 

¶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʮʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʠʣʠ ʦʙʲʝʤʘ ʛʣʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ʨʘʩʪʝʪ; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. 

ʍʘʥ ʦʪʤʝʪʠʣ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʯʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, 

ʪɻʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʨʘʟʜʝʣʝʥʠʶ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ. 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʯʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ 10 

ʦʙʨʘʟʮʦʚ ʯʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʚʝʜʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʛʣʠʥʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʩʝ ʦʙʨʘʟʮʳ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʮʳ ʯʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʯʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʥʝ ʠʤʝʶʪ ʛʣʠʥʠʩʪʦʡ 

ʢʦʤʧʦʥʝʥʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʢʦʨʦʩʪʠ ʚ ʯʠʩʪʳʭ ʧʝʩʯʘʥʠʢʘʭ ʪʘʢʞʝ ʤʦʛʫʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʧʨʠ ʉ = 0.  

ɺ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʨʘʟʥʠʮʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʍʘʥ ʠ ʜʨ. 

ʦʪʤʝʪʠʣʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʡ ʨʘʟʥʠʮʳ: ç...ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʛʣʠʥʳ (1 % ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʦʚ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʤʦʜʫʣʠ 

ʫʧʨʫʛʦʩʪʠ ʧʝʩʯʘʥʠʢʦʚè. ʋʤʝʥʴʰʝʥʠʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʜʣʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ, ʥʝʞʝʣʠ 

ʜʣ̫ ʤʦʜʫʣʷ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ. ɺ ʪʠʧʠʯʥʦʤ ʢʣʘʩʩʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʝʩʯʘʥʳʭ ʧʣʘʩʪʦʚ ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʣʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʯʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʦʚ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʛʣʠʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ [Mavko et al., 2009; Sheriff, 

2002] (ʈʠʩ.10).  

 

 

ʈʠʩ.10 ɿʘʚʠʩʠʤʦʪʴ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʦʪ ʛʣʠʥʠʩʪʦʩʪʠ 

 

2.9. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʤʝʨʟʣʳʭ ʧʦʨʦʜʘʭ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʠ ʧʦʨʠʩʪʳʝ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝ ʧʦʨʦʜʳ ʚ 

ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ (ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʥʠʭ ʧʨʦʜʦʣʴʥʳʭ ʫʧʨʫʛʠʭ ʚʦʣʥ): ʧʝʩʦʢ, ʩʫʧʝʩʴ, ʩʫʛʣʠʥʦʢ, ʛʣʠʥʘ, 

ʧʝʩʯʘʥʠʢ, ʤʝʨʛʝʣʴ, ʤʝʣ, ʠʟʚʝʩʪʥʷʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʳ ʠ 

ʪʝʢʩʪʫʨʳ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ 

ʟʥʘʯʝʥʠʡ Vp, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʪʴʩʷ, ʦʜʥʘʢʦ ʚʳʜʝʣʝʥʥʳʡ ʨʷʜ 

ʦʙʦʩʦʙʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ (ʈʠʩ.11, ʢʨʠʚʘʷ t>0). ɼʣʷ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʦʜʦʙʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʣʴʜʠʩʪʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʀʥʘʯʝ ʧʦʨʦʜʳ ʨʘʟʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʜʘʞʝ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʩʢʦʨʦʩʪʠ. ʆʧʨʝʜʝʣʷʶʱʝʡ 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜʳ. ɼʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ 

ʜʘʪʴ ʩʢʦʨʦʩʪʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʈʠʩ.11 ʧʨʠʚʝʜʝʥʘ ʪʘʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʣʷ ʨʷʜʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʚ ʤʝʨʟʣʦʤ 
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ʩʦʩʪʦʷʥʠʠ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ 

ʫʧʨʫʛʠʭ ʚʦʣʥ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʣʠʰʴ ʚʣʘʛʦʥʘʩʳʱʝʥʥʳʝ ʯʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ -2ï3Áʉ. ʆʩʪʘʣʴʥʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ 

ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Vʨ (ʈʠʩ.11). 

ʆʜʥʘʢʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʧʦʨʦʜʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʠ ʟʘʢʦʥʦʤʝʨʥʦ 

ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ Vʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʳʭ ʧʦʨʦʜ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ 

ʟʥʘʯʝʥʠʷʤ Vʨ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʝ, ʯʝʤ ʚ ʪʘʣʦʤ (ʈʠʩ.11), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʦʜʘ ï ʣʝʜ ʚ ʧʦʨʦʜʘʭ ʨʘʟʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [ɼʞʫʨʠʢ, 1972, 1973]. 

 

 

 

ʈʠʩ.11 ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ [ɼʞʫʨʠʢ, 1972] 
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2.10. ʄʦʜʝʣʴ ʩʚʷʟʠ çʩʢʦʨʦʩʪʴ-ʋʕʉè. ɿʘʚʠʩʠʤʦʩʪʴ ʌʘʫʩʪʘ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʝʨʝʡʪʠ ʢ ʘʢʫʩʪʠʯʝʩʢʠʤ, 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʃ. ʌʘʫʩʪʦʤ ʚ 1951 ʛ [Faust, 1951]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʙʳʣʘ 

ʦʙʫʩʣʦʚʠʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʩʯʝʪʘ ʢʘʨʪ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (2.14): 

ὺ ‌ὤὝ                                                              (2.14) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, Ŭ ï ʢʦʥʩʪʘʥʪʘ, Z ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ, T ï 

ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʠʟʫʯʘʝʤʦʛʦ ʨʘʟʨʝʟʘ. ʇʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ, ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 2ï5 %. 

ɺ 1953 ʛ. ʃ. ʌʘʫʩʪ ʦʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʢʦʨʦʩʪʠ ʫʞʝ ʩ ʫʯʝʪʦʤ 

ʚʣʠʷʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [Faust, 1953]. ɼʣʷ ʫʯʝʪʘ ʣʠʪʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ, ʠ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ (2.15): 

ὺ ‌ὤὙ                                               (2.15) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ,  R ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʣʘʩʪʘ (ʆʤʤ). ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʩʢʦʨʦʩʪʠ ʧʦ ʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʩʦʩʪʘʚʠʣʘ 1ï2.5 %. 

 ɺ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʴ ʌʘʫʩʪʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ (2.16): 

 

                                       ὃὑ ὧέὲίὸϽὝὠὈϽὙὩίὭίὸὭὺὭὸώ,                                (2.16) 

 

ʛʜʝ, AK ï ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʙʝʛʘ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, TVD ï ʛʣʫʙʠʥʘ ʚ 

ʬʫʪʘʭ, resistivity ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, const ʠ exp ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠ.̫ 
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2.11. ʇʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʩʪʳʭ ʤʦʜʝʣʷʭ 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʣʠʯʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʠ ʋʕʉ, 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ 5 ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

1. ʏʠʩʪʳʡ ʧʝʩʯʘʥʠʢ ʧʨʠ ʩʪʦʧʨʦʮʝʥʪʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ, ʬʣʶʠʜ 

ʧʨʝʩʥʳʡ: 

2. ʏʠʩʪʳʡ ʧʝʩʯʘʥʠʢ ʧʨʠ ʩʪʦʧʨʦʮʝʥʪʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ, ʬʣʶʠʜ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ: 

3. ʇʝʩʯʘʥʠʢ ʛʣʠʥʠʩʪʳʡ, ʧʦʨʠʩʪʳʡ ʧʨʠ ʩʪʦʧʨʦʮʝʥʪʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ, 

ʬʣʶʠʜ ʧʨʝʩʥʳʡ: 

4. ʇʝʩʯʘʥʠʢ ʛʣʠʥʠʩʪʳʡ, ʧʦʨʠʩʪʳʡ ʧʨʠ ʩʪʦʧʨʦʮʝʥʪʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ, 

ʬʣʶʠʜ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ: 

5. ʇʝʩʯʘʥʠʢ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʤʝʨʟʣʳʡ. 

6. ɻʣʠʥʠʩʪʳʡ ʨʘʟʨʝʟ, ʤʝʨʟʣʳʡ. 

ɼʣʷ ʫʩʣʦʚʠʡ 1 ï 4 ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʋʕʉ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʫʩʣʦʚʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ 

(ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ ʩʪʫʧʝʥʠ). ɺ ʩʣʫʯʘʷʭ 5 ʠ 6 ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʧʦʨʦʜʳ, ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʨʘʟʨʝʟʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ: ʛʣʠʥʳ, ʧʝʩʯʘʥʠʢʠ, ʩʫʧʝʩʠ, ʩʫʛʣʠʥʢʠ. 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ ï ʯʠʩʪʳʡ ʧʝʩʯʘʥʠʢ, ʥʘʩʳʱʝʥʥʳʡ ʧʨʝʩʥʳʤ ʬʣʶʠʜʦʤ. ɺ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʋʕʉ ï ʤʦʜʝʣʴ ɸʨʯʠ, ʜʣʷ ʩʢʦʨʦʩʪʠ ï ʤʦʜʝʣʴ ʋʘʡʣʠ ʠ 

ʤʦʜʝʣʴ ɻʘʨʜʥʝʨʘ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʛ/ʣ. ʉʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʤʘʪʨʠʮʝ 

ʩʦʩʪʘʚʣʷʝʪ 4000 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚʦ ʬʣʶʠʜʝ ï 1460 ʤ/ʩ. ʋʕʉ ʚ 

ʤʘʪʨʠʮʝ ï 1000 ʆʤʤ, ʋʕʉ ʚʦ ʬʣʶʠʜʝ ï 20 ʆʤʤ. ɺʘʨʠʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʦʪ 0.1 ʜʦ 0.3 (ʈʠʩ.12). 

ɼʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ. 

ɺʪʦʨʦʡ ʩʣʫʯʘʡ ï ʯʠʩʪʳʡ ʧʝʩʯʘʥʠʢ, ʥʘʩʳʱʝʥʥʳʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ. 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʋʕʉ ï ʤʦʜʝʣʴ ɸʨʯʠ, ʜʣʷ ʩʢʦʨʦʩʪʠ ï ʤʦʜʝʣʴ ʋʘʡʣʣʠ ʠ 

ʤʦʜʝʣʴ ʈʘʡʤʝʨʘ-ʍʘʥʪʘ-ɻʘʨʜʥʝʨʘ. 
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ʈʠʩ.12 ʄʦʜʝʣʴ ʋʕʉ-Vp ʜʣʷ ʧʨʝʩʥʦʛʦ ʬʣʶʠʜʘ 

 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 300 ʛ/ʣ. ʉʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʤʘʪʨʠʮʝ 

ʩʦʩʪʘʚʣʷʝʪ 4000 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚʦ ʬʣʶʠʜʝ ï 1300 ʤ/ʩ, ʋʕʉ ʚ 

ʤʘʪʨʠʮʝ ï 1000 ʆʤʤ, ʋʕʉ ʚʦ ʬʣʶʠʜʝ ï 0.9 ʆʤʤ. ɺʘʨʠʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʦʪ 0.1 ʜʦ 0.3 (ʈʠʩ.13).  

 

 

ʈʠʩ.13 ʄʦʜʝʣʴ ʋʕʉ-Vp ʜʣʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʬʣʶʠʜʘ 
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ɼʣʷ ʩʣʫʯʘʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʬʣʶʠʜʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴ ʁʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ. 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ. ɺ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʋʕʉ ï ʤʦʜʝʣʴ ʈʳʞʦʚʘ, ʜʣʷ ʩʢʦʨʦʩʪʠ - ʤʦʜʝʣʴ ʍʘʥʘ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʛ/ʣ. ʉʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʤʘʪʨʠʮʝ 

ʩʦʩʪʘʚʣʷʝʪ 4000 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚʦ ʬʣʶʠʜʝ ï 1460 ʤ/ʩ. ʋʕʉ 

ʩʥʠʤʘʣʦʩʴ ʩ ʧʘʣʝʪʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ ʂʛ. ɺʘʨʠʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʛʣʠʥʠʩʪʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 1 

(ʈʠʩ.14). 

 

 

ʈʠʩ.14 ʄʦʜʝʣʴ ʋʕʉ-Vp ʜʣ̫ ʧʨʝʩʥʦʛʦ ʬʣʶʠʜʘ 

 

ɼʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴ ʁʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʝʥʷʣʘʩʴ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʠʣʘ 300 ʛ/ʣ. 

ɺ ʩʣʫʯʘʝ ʥʘʩʳʱʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʧʦʨʦʜʳ 

ʚʠʜʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʋʕʉ ʦʪ ʩʢʦʨʦʩʪʠ (ʜʦ 50 %). 

ɼʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠʟ ʋʕʉ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ (ʈʠʩ.15). 
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ʈʠʩ.15 ʄʦʜʝʣʴ ʋʕʉ-Vp ʜʣʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʬʣʶʠʜʘ 

 

ʉʣʫʯʘʡ ʤʝʨʟʣʦʛʦ ʨʘʟʨʝʟʘ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ɸ.ʅ. ɹʦʛʦʣʶʙʦʚʘ ʜʣʷ ʋʕʉ ʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ɺ.ʀ. ɼʞʫʨʠʢʘ ʜʣʷ Vp. ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ 

ʩʣʫʯʘʠ ʩ ʂʛʣ=1, ʂʛʣ=0.3 ʠ ʂʛʣ=0. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʷʣʩʷ ʦʪ 0 ʜʦ -8 ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ɼʣʷ ʩʣʫʯʘʷ ʯʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʢʘʢ ʧʨʝʩʥʳʤ, ʪʘʢ ʠ ʩ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ ʋʕʉ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟ ʋʕʉ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʘʟʨʝʟʘ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

2. ɼʣʷ ʩʣʫʯʘʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʝʩʥʳʤ 

ʬʣʶʠʜʦʤ, ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴʶ. 

3. ɼʣʷ ʩʣʫʯʘʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ, ʥʘʩʳʱʝʥʥʦʛʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ, ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʠʡ ʨʘʟʙʨʦʩ ʟʘʚʠʩʠʤʦʩʪʠ ʋʕʉ ʦʪ 

ʩʢʦʨʦʩʪʠ (ʜʦ 50 %). ɼʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠʟ ʋʕʉ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ (ʈʠʩ.16). 
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ʈʠʩ.16 ʄʦʜʝʣʴ ʋʕʉ-Vp ʤʝʨʟʣʦʛʦ ʨʘʟʨʝʟʘ 

 

4. ɼʣʷ ʤʝʨʟʣʦʛʦ ʨʘʟʨʝʟʘ ʩʚʷʟʴ ʩʢʦʨʦʩʪʴïʋʕʉ ʪʘʢʞʝ ʦʯʝʥʴ ʚʳʩʦʢʘʷ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʜʭʦʜʘ ʥʘ ʜʘʥʥʦʤ ʪʠʧʝ ʨʘʟʨʝʟʘ. 

2.12. ʊʠʧʠʯʥʳʝ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

2.12.1. ʄʦʜʝʣʴ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 

ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʨʟʣʦʛʦ ʨʘʟʨʝʟʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ 

ʠʟ ʨʘʟʨʝʟʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʄʄʇ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʧʦ ʛʣʫʙʠʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ 

ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚʳʜʝʣʷʝʪʩʷ ʜʚʫʭʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ ʪʦʣʱʠ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 

ʇʝʨʚʳʡ ʩʣʦʡ ʄʄʇ ʬʠʢʩʠʨʫʝʪʩʷ ʜʦ ʛʣʫʙʠʥ ʦʢʦʣʦ 100ï180 ʤ. ʇʦ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʣʦʡ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʠʣʴʥʦʣʴʜʠʩʪʳʝ ʧʦʨʦʜʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ -4 ï -5Áʉ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʦʪ 100 ʜʦ 2000 

ʆʤĀʤ, ʘ ʪʘʢʞʝ ʤʝʥʝʝ ʣʴʜʠʩʪʳʝ - ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ -2Áʉ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʧʦ 

ʜʘʥʥʳʤ ɻʀʉ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20ï100 ʆʤĀʤ, ʤʝʩʪʘʤʠ ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 

150ï200 ʆʤĀʤ. ʇʝʨʚʳʡ ʩʣʦʡ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʪʦʣʱʠ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʄʄʇ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʦʡ ʣʴʜʠʩʪʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʅʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 50 ʤ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʩʣʦʡ ʧʦʨʦʜ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

50ï200 ʆʤĀʤ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʘʥʥʳʡ ʧʨʦʩʣʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʝʞʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʇʝʨʚʳʡ ʩʣʦʡ ʤʝʨʟʣʦʪʳ ʧʦʜʩʪʠʣʘʝʪʩʷ ʧʦʨʦʜʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʪʘʣʦʤ (ʦʭʣʘʞʜʝʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʪʘʣʳʭ 

ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʆʤĀʤ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï 5ï10 ʆʤĀʤ. 

ʅʠʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩ ̫ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʦʢʦʣʦ 25ï40 ʆʤĀʤ. ʀʥʪʝʨʚʘʣ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʨʝʣʠʢʪʦʚʦʡ 

ʤʝʨʟʣʦʪʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʤʦʨʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʣʴʜʘ. 

ɼʘʣʝʝ, ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʵʦʮʝʥʦʚʳʝ ʦʧʦʢʦʚʠʜʥʳʝ ʛʣʠʥʳ 

ʣʶʣʠʥʚʦʨʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʜʘʥʥʳʤ ɻʀʉ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 10ï15 ʆʤĀʤ. 

ɼʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘ, ʩʣʦʞʝʥʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʝʛʦ ʪʘʢʞʝ ʢ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤ ʧʦʨʦʜʘʤ. ʅʘ ʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʣʴʜʠʩʪʦʩʪʴ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ï 0.6 Áʉ. 

ʆʪʣʦʞʝʥʠʷ ʣʶʣʠʥʚʦʨʩʢʦʡ ʩʚʠʪʳ ʧʦʜʩʪʠʣʘʶʪ ʧʦʨʦʜʳ ʨʝʛʠʦʥʘʣʴʥʦ 

ʚʳʜʝʨʞʘʥʥʦʡ ʧʝʩʯʘʥʠʩʪʦʡ ʪʦʣʱʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʠʙʝʡʩʘʣʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ɻʀʉ, ʦʪʣʦʞʝʥʠʷ ʪʠʙʝʡʩʘʣʠʥʩʢʦʡ ʩʚʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʪ 15 ʜʦ 30 ʆʤĀʤ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʝʣʠʢʪʦʚʳʤ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤ ʧʦʨʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʤʦʨʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 0.5 Áʉ. 

ɻʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 450ï470 ʤ, ʚ ʧʦʜʦʰʚʝ 

ʪʠʙʝʡʩʘʣʠʥʩʢʦʡ ʩʚʠʪʳ (ʈʠʩ.17). 
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ʈʠʩ.17 ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʨʠʦʣʠʪʦʟʦʥʳ 

 

2.12.2. ʄʦʜʝʣʴ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ (ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ) 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ, ʩʣʦʞʝʥʥʘʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʚʝʨʭʦʣʝʥʩʢʦʡ ʠ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ, ʘ ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷʤʠ 

ʦʨʜʦʚʠʢʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɽʝ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʇʨʠ 

ʥʝʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ ʵʪʦʡ ʪʦʣʱʠ, ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʝʝ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪ 800ï1000 ʤ/ʩ ʥʘ ʛʣʫʙʠʥʝ 20ï30 ʤ ʜʦ 2000 ʤ/ʩ ʥʘ ʛʣʫʙʠʥʝ 

200ï300 ʤ. ɺ ʮʝʣʦʤ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ɺʏʈ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʙʠʣʴʥʳ ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3880ï4840 ʤ/ʩ (ʈʠʩ.18). 
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ʈʠʩ.18 ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʇʦ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʚʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 500ï2000 ʆʤĀʤ ʠ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʟʜʝʩʴ ʩ 

ʧʦʨʦʜʘʤʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ.  ɼʘʣʝʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ ʫʩʪʴ-ʢʫʪʩʢʦʡ 

ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʦʨʜʦʚʠʢʘ, ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʋʕʉ ʦʪ 60 ʜʦ 500 

ʆʤĀʤ. ʇʦʨʦʜʳ ʚʝʨʭʦʣʝʥʩʢʦʡ ʠ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʋʕʉ 50ï150 ʆʤĀʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʘʞʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ çʩʢʦʨʦʩʪʴ-

ʧʦʨʠʩʪʦʩʪʴïʋʕʉè ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʟʨʝʟʘ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

2.13. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

ɼʣʷ ʩʣʫʯʘʷ ʯʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʢʘʢ ʧʨʝʩʥʳʤ, ʪʘʢ ʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʬʣʶʠʜʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʠ ʩʪʘʙʠʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʠ ʋʕʉ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟ ʋʕʉ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʨʘʟʨʝʟʘ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 
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ɼʣʷ ʩʣʫʯʘʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʝʩʥʳʤ ʬʣʶʠʜʦʤ, 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴʶ. 

ɼʣʷ ʩʣʫʯʘʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ 

ʬʣʶʠʜʦʤ, ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʋʕʉ ʦʪ ʩʢʦʨʦʩʪʠ (ʜʦ 50 %). 

ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠʟ ʋʕʉ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. 

ɼʣʷ ʤʝʨʟʣʦʛʦ ʨʘʟʨʝʟʘ ʩʚʷʟʴ çʩʢʦʨʦʩʪʴïʋʕʉè ʪʘʢʞʝ ʦʯʝʥʴ ʚʳʩʦʢʘʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʜʭʦʜʘ ʥʘ ʜʘʥʥʦʤ ʪʠʧʝ ʨʘʟʨʝʟʘ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʋʕʉ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʶ ʣʠʪʦʣʦʛʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ, ʪʘʢ 

ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʠʩʳʚʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʋʕʉ ʠ Vp ʦʜʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʩʯʝʪʘ ʠ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʢʠ.  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʌʘʫʩʪʘ, ʚ 

ʢʦʪʦʨʳʝ ʟʘʣʦʞʝʥ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʠʤʳʡ ʦʪ ʣʠʪʦʣʦʛʠʠ, ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢ ʘʢʫʩʪʠʯʝʩʢʠʤ. 
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ɻʃɸɺɸ 3. ʆʉʅʆɺʓ ʄɽʊʆɼɸ ɿʆʅɼʀʈʆɺɸʅʀʗ ʉʊɸʅʆɺʃɽʅʀɽʄ 

ʇʆʃʗ ɺ ɹʃʀɾʅɽʁ ɿʆʅɽ ɺ ʄɸʃʆɻʃʋɹʀʅʅʆʁ ʄʆɼʀʌʀʂɸʎʀʀ 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʥʘʯʘʣʘ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ ʚ 

ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʙʣʘʛʦʜʘʨʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʨʘʪʴʝʚ ʐʣʶʤʙʝʨʞʝ 

[Stefanesco et al., 1930]. ʂʦʥʨʘʜ ʠ ʄʘʨʩʝʣʴ ʐʣʶʤʙʝʨʞʝ ʧʝʨʚʳʤʠ ʥʘʯʘʣʠ ʠʟʫʯʝʥʠʝ ʕʄ 

ʧʦʣʝʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʘʤʠ ɺ.ɸ. ʉʠʜʦʨʦʚʘ, ɺ.ɺ. 

ʊʠʢʰʘʝʚʘ, ɸ.ɸ. ʂʘʫʬʤʘʥʘ, ɻ.ʄ. ʄʦʨʦʟʦʚʘ, ɻ.ɻ. ʆʙʫʭʦʚʘ, ɽ.ʀ. ʊʝʨʝʭʠʥʘ, ʇ.ʇ. ʌʨʦʣʦʚʘ, 

ʖ.ɺ. ʗʢʫʙʦʚʩʢʦʛʦ, G.V. Keller, J.R. Wait ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [ʉʠʜʦʨʦʚ 

ʠ ʜʨ., 1969; ɹʝʟʨʫʢ ʠ ʜʨ., 1994;  ʗʢʫʙʦʚʩʢʠʡ ʠ ʜʨ., 1964; Colani et al 1966]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʶʛʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ [ɻʦʨʥʦʩʪʘʝʚ ʠ ʜʨ., 1973]. ʄʝʪʦʜ ʥʘʯʘʣ ʨʘʟʚʠʚʘʪʴʩʷ ʚ 

70-80 ʛʦʜʳ ʍʍ ʚʚ., ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʘʤʠ ɻ.ɸ. ʀʩʘʝʚʘ, ʌ.ʄ. ʂʘʤʝʥʝʮʢʦʛʦ, 

ɸ.ɸ. ʂʘʫʬʤʘʥʘ, ɻ.ʄ. ʄʦʨʦʟʦʚʦʡ, ɸ.ʂ. ɿʘʭʘʨʢʠʥʘ, ɹ.ʀ. ʈʘʙʠʥʦʚʠʯʘ, ɺ.ɸ. ʉʠʜʦʨʦʚʘ, ɺ.ɺ. 

ʊʠʢʰʘʝʚʘ, L. Buselli, ʊ. Lee, J. McNeill, ʂ. Vozoff, P. Weidelt ʠ ʜʨ. [Lee, 1984; McNeil, 

1980; Buselli, 1982]. 

ʄʝʪʦʜ ɿʉɹ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʚ ʠʩʪʦʯʥʠʢʝ. ɺʳʢʣʶʯʝʥʠʝ ʪʦʢʘ ʚ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʧʝʪʣʝ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʫ [ɾʜʘʥʦʚ, 1986]. 

ʉʠʩʪʝʤʫ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʨʘʟʨʝʟʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. ʈʠʩ.19). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʌʘʨʘʜʝʷ, ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʪʦʢʘ ʚ ʛʝʥʝʨʘʪʦʨʥʦʡ ʧʝʪʣʝ ï ʧʝʨʚʠʯʥʦʛʦ ʕʄ ʧʦʣʷ, ʚ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜʘʭ ʠʥʜʫʮʠʨʫʝʪʩʷ ʕɼʉ. ʇʨʠʯʝʤ ʘʤʧʣʠʪʫʜʘ ʕɼʉ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ. ʕɼʉ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʟʜʘʝʪ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (ʚʪʦʨʠʯʥʦʝ ʕʄ ʧʦʣʝ), ʢʦʪʦʨʳʝ ʟʘʪʫʭʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʝʚ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʷ. 

ɿʘʪʫʭʘʶʱʠʝ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʩʦʟʜʘʶʪ ʚʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʷʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʳʭ ʜʘʪʯʠʢʦʚ [ʄʘʪʚʝʝʚ, 1990; ɹʫʜʜʦ 

2012; ɺʝʣʠʢʠʥ ʠ ʜʨ., 1967].  
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ʈʠʩ.19 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ 
[ɹʫʜʜʦ, 2012, 2020] 

 

ʇʨʠʝʤʥʠʢʘʤʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʕɼʉ), 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʨʠʚʳʝ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟt) ʠ 

ʢʘʞʫʱʝʡʩʷ ʧʨʦʚʦʜʠʤʦʩʪʠ (St) [ʂʘʤʝʥʝʮʢʠʡ ʠ ʜʨ., 1993; ɿʘʭʘʨʢʠʥ, 1987; ʐʘʧʦʨʝʚ ʠ ʜʨ., 

1988]. ʊʨʘʥʩʬʦʨʤʘʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʥʚʝʨʩʠʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʢʘʨʪʳ ʠ ʨʘʟʨʝʟʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ [ɿʘʭʘʨʢʠʥ, 1980; Hill , 1986]. 

ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʛ. ʤʝʪʦʜ ɿʉɹ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ: ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ 

ʟʘʜʘʯʘʤʠ, ʩʪʦʷʱʠʤʠ ʧʝʨʝʜ ɿʉɹ, ʷʚʣʷʶʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʬʪʠ ʠ ʛʘʟʘ, ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʩʦʣʷʥʦʡ ʪʝʢʪʦʥʠʢʠ ʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʘʱʝ ʚʩʝʛʦ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʦʜʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʦʡ. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɿʉɹ ʷʚʣʷʝʪʩʷ ʠʥʚʝʨʩʠʷ. ʀʥʚʝʨʩʠʷ, ʠʣʠ 

ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʬʠʟʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʩʨʝʜʳ. ɺ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʝ ʧʦʜ ʠʥʚʝʨʩʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʜʙʦʨ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʢʨʠʚʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ, ʢ 

ʧʨʘʢʪʠʯʝʩʢʦʡ (ʧʦʣʝʚʦʡ). ɿʘʜʘʯʘ ʠʥʚʝʨʩʠʠ ï ʧʦʜʦʙʨʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʢ 
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ʧʨʘʢʪʠʯʝʩʢʦʡ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʥʝʚʷʟʢʦʡ. ʅʝʚʷʟʢʘ ï ʤʝʨʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʥʚʝʨʩʠʠ, 

ʯʠʩʣʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʳʤʠ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ɿʉɹ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʜʫʢʪʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʟʘʟʝʤʣʝʥʥʳʭ 

ʢʚʘʜʨʘʪʥʳʭ ʛʝʥʝʨʘʪʦʨʥʦʡ ʠ ʧʨʠʝʤʥʳʭ ʧʝʪʝʣʴ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʛʝʥʝʨʘʪʦʨʥʘʷ ʧʝʪʣʷ ʚʳʧʦʣʥʝʥʘ ʠʟ ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ. ʇʨʠʝʤʥʘʷ ʧʝʪʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ ʦʜʥʦʚʠʪʢʦʚʦʛʦ ʠʣʠ 

ʤʥʦʛʦʚʠʪʢʦʚʦʛʦ ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ. ʋʩʪʘʥʦʚʢʘ ʩ ʠʥʜʫʢʪʠʚʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʙʳʚʘʝʪ 

ʜʚʫʭ ʚʠʜʦʚ: ʩ ʧʨʠʝʤʥʦʡ ʧʝʪʣʝʡ, ʚʳʥʝʩʝʥʥʦʡ ʟʘ ʧʨʝʜʝʣʳ ʛʝʥʝʨʘʪʦʨʥʦʡ (Q-q), ʠ 

ʩʦʦʩʥʳʤʠ ʧʨʠʝʤʥʦ-ʛʝʥʝʨʘʪʦʨʥʳʤʠ ʧʝʪʣʷʤʠ, ʪ.ʥ. ʫʩʪʘʥʦʚʢʘ çʧʝʪʣʷ ʚ ʧʝʪʣʝè (Qq). 

ʆʙʳʯʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʦʦʩʥʦ-

ʨʘʟʥʝʩʝʥʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʢʦʛʜʘ ʦʪ ʦʜʥʦʡ ʛʝʥʝʨʘʪʦʨʥʦʡ ʧʝʪʣʠ ʠʟʤʝʨʷʝʪʩʷ ʩʠʛʥʘʣ ʥʘ 

ʩʦʦʩʥʦʡ ʠ ʨʘʟʥʝʩʝʥʥʦʡ ʧʨʠʝʤʥʳʭ ʧʝʪʣʷʭ (ʈʠʩ.20). 

  

 

ʈʠʩ.20 ʉʦʦʩʥʦ-ʨʘʟʥʝʩʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤɿʉɹ: ʢʨʘʩʥʳʤ ï ʛʝʥʝʨʘʪʦʨʥʘʷ ʧʝʪʣʷ, 

ʟʝʣʝʥʳʤ ï ʧʨʠʝʤʥʳʝ ʧʝʪʣʠ. 

 

ʄʝʪʦʜ ɿʉɹ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʣʘʛʘʶʱʠʭ ʨʘʟʨʝʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ 

ʫʜʝʣʴʥʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ (ʋʕʉ). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘ ʠ ʪʘ ʞʝ ʧʦʨʦʜʘ, ʦʩʦʙʝʥʥʦ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʩʦʩʪʦʷʥʠʷ ʠ 

ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ, ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. 

ɼʣʷ ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʤɿʉɹ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʝʪʝʡ ʥʘʙʣʶʜʝʥʠʡ: 

ʧʣʦʱʘʜʥʳʝ ʠ ʧʨʦʬʠʣʴʥʳʝ. ʇʨʦʬʠʣʴʥʳʝ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ, 
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ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʩʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʡʦʥʘʭ. ʆʩʥʦʚʥʳʝ ʧʣʶʩʳ ʪʘʢʠʭ ʩʝʪʝʡ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʫ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʄʠʥʫʩʳ ï ʵʪʦ 

ʥʠʟʢʘʷ ʣʘʪʝʨʘʣʴʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʈʠʩ.21). 

  

 

ʈʠʩ.21 ʇʨʠʤʝʨ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʤɿʉɹ. 

 

ʇʣʦʱʘʜʥʳʝ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʝʪʘʣʴʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʊʘʢʠʝ ʩʝʪʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʠʤʝʶʱʝʡʩʷ ʩʝʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ. ʇʣʦʪʥʦʩʪʴ ʪʘʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 16 ʬ.ʪ./ʢʤĮ ʠ 33 

ʬ.ʪ./ʢʤĮ [ʐʘʨʣʦʚ, 2017; Sharlov, 2017]. 

3.1. ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʤɿʉɹ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

3.1.1. ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʤɿʉɹ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʤʦʜʝʣʴ 

ɺʏʈ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʄʄʇ, ʪʘʢʠʝ 

ʢʘʢ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʣʫʯʝʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʜʨ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʛʣʫʙʠʥʥʦʩʪʴʶ ʤʝʪʦʜʦʚ. ʄʝʪʦʜʳ 

ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʠʥʜʫʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ 

ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ.  

ʅʘ ʬʦʥʝ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʨʘʟʨʝʟʘ ʧʦʚʳʰʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʛʦʨʠʟʦʥʪʳ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʦʙʦʜʥʘʷ ʚʦʜʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʣʝʜ, ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʤʝʨʟʣʫʶ ʧʦʨʦʜʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʣʝʥʢʘʤ 

ʥʝʟʘʤʝʨʟʰʝʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʦʢʨʫʞʘʶʱʠʤ ʟʝʨʥʘ ʤʠʥʝʨʘʣʴʥʦʛʦ 
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ʩʢʝʣʝʪʘ ʠ ʣʴʜʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʣʴʜʘ, ʢʘʢ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ, ʫʞʝ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʤʝʥʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʧʨʠʩʫʱʠʝ ʠʤ ʚ ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʟʘʤʝʨʟʰʝʡ ʚʦʜʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʢʝʣʝʪʦʤ ʠ ʣʴʜʦʤ 

ʜʝʣʘʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ ʠ ʪʠʧʘ ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʋʕʉ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʧʦʨʦʜ (ʛʘʣʴʢʠ, ʧʝʩʢʦʚ, ʩʫʧʝʩʝʡ, ʩʫʛʣʠʥʢʦʚ, 

ʛʣʠʥ) ʩ ʤʘʩʩʠʚʥʦʡ ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ ʦʪ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʋʕʉ 

ʪʘʣʳʭ ʨʳʭʣʳʭ ʧʦʨʦʜ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚʦʜʳ (M=0.1ï 0.3 ʛ/ʣ) ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

(ʈʠʩ.22). 

  

 

ʈʠʩ.22 ʇʨʠʙʣʠʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʋʕʉ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʧʦʨʦʜ ʩ ʤʘʩʩʠʚʥʦʡ 
ʢʨʠʦʛʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ ʦʪ ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʋʕʉ ʪʘʣʳʭ ʧʦʨʦʜ ʦʪ ʩʦʩʪʘʚʘ ʠ 

ʚʣʘʞʥʦʩʪʠ [ʈʝʢʦʤʝʥʜʘʮʠʠ.., 1984 ʛ.] 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤɿʉɹ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʄʄʇ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʅʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʙʦʢʦʚʦʛʦ ʢʘʨʦʪʘʞʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʏʈ. ʇʦ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʢʨʠʚʳʝ ɿʉɹ ʠ ʧʨʦʚʝʜʝʥʘ ʠʥʚʝʨʩʠʷ. ʀʥʚʝʨʩʠʷ 

ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ. 

ʈʘʩʢʨʝʧʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʤʦʱʥʦʩʪʠ ʠ ʋʕʉ ʩʣʦʝʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ 

ʠʥʚʝʨʩʠʠ ʩʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʄʄʇ ʩʦʩʪʘʚʠʣʘ 1.7 %, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2.4 ʤ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʫʚʝʨʝʥʥʳʡ ʚʳʚʦʜ, ʯʪʦ 

ʤʝʪʦʜ ʤɿʉɹ ʢʘʨʪʠʨʫʝʪ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɺʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʄʄʇ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ. ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʜʚʫʤ ʦʙʲʝʢʪʘʤ. 

ʇʝʨʚʳʡ ʦʙʲʝʢʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʦʣʷʨʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ, ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʟʦʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʦʨʦʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ 

ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʚʩʭʦʣʤʣʝʥʥʫʶ ʨʘʚʥʠʥʫ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʫʶ 

ʵʨʦʟʠʦʥʥʳʤʠ ʠ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʨʝʣʴʝʬʘ ʤʝʥʷʶʪʩʷ 

ʦʪ 1.5 ʜʦ 40 ʤ. ʇʦ ʣʘʥʜʰʘʬʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʝʩʪʥʦʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʪʫʥʜʨʝ. 

ʆʢʦʣʦ 80 % ʧʣʦʱʘʜʠ ʟʘʙʦʣʦʯʝʥʦ, ʟʘʣʝʩʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3 % ʠ 

ʧʨʠʫʨʦʯʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʢ ʧʦʡʤʘʤ ʨʝʢ. ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʧʦʨʦʜʳ ʥʘ ʧʣʦʱʘʜʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʚʩʝʤʝʩʪʥʦ, ʤʦʱʥʦʩʪʴ ʠʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 150 ʜʦ 300 ʤ. ɿʦʥʳ 

ʨʘʩʪʝʧʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʦʣʠʥʘʤ ʨʝʢ, ʦʟʝʨʘʤ ʠ ʤʦʨʩʢʠʤ ʟʘʣʠʚʘʤ.  

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤɿʉɹ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʘʙʩʦʣʶʪʥʦʡ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 400ï

450 ʤ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʟʜʝʩʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʨʦʜ 

ʧʘʣʝʦʛʝʥʦʚʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤ (ʈʠʩ.23).  
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ʈʠʩ.23 ʌʨʘʛʤʝʥʪ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤɿʉɹ (ʆʙʲʝʢʪ 1) . 

 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʫʥʢʪʳ  ʤɿʉɹ; 2 ï ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʳ ʠ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʆʤĀʤ; 3 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ; 4 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʛʣʫʙʠʥʦʡ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ, 5 ï 

ʢʘʨʦʪʘʞʥʘʷ ʜʠʘʛʨʘʤʤʘ ɹʂ, 6 ï ʢʘʨʦʪʘʞʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɹʂ), ʆʤĀʤ; 7 ï ʠʥʪʝʨʚʘʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʚ ʦʪʣʦʞʝʥʠʷʭ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʠʥʪʝʨʚʘʣʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 

80ï100 ʤ ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʡ ʧʦʨʦʜ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʠʟʤʝʥʷʶʱʠʤʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

100 ʜʦ 2000 ʆʤĀʤ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 80 ʤ. 

ʋʯʠʪʳʚʘʷ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʝʟʘ, ʚʳʩʦʢʦʦʤʥʳʡ ʛʦʨʠʟʦʥʪ, 

ʚʳʜʝʣʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʙʣʘʩʪʴʶ ʨʘʟʚʠʪʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʚ ʦʪʣʦʞʝʥʠʷʭ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʘʣʣʶʚʠʘʣʴʥʦ-ʤʦʨʩʢʠʤʠ ʠ ʣʝʜʥʠʢʦʚʦ-ʤʦʨʩʢʠʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ. ʄʝʨʟʣʳʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʤʝʱʘʶʱʠʤʠ ʪʦʣʱʘʤʠ. 
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ʅʠʞʝ ʧʦ ʨʘʟʨʝʟʫ, ʜʦ ʛʣʫʙʠʥʳ 100ï180 ʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 

20ï100 ʆʤĀʤ, ʤʝʩʪʘʤʠ ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 150ï200 ʆʤĀʤ. ɿʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ ʧʦ ʜʘʥʥʳʤ ʢʘʨʦʪʘʞʘ ʪʘʢʞʝ ʧʦʥʠʞʘʶʪʩʷ ʜʦ 20ï150 ʆʤĀʤ. ʄʦʱʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘ ʜʦʚʦʣɹ ʥʦ ʠʟʤʝʥʯʠʚʘ ï ʦʪ 10 ʜʦ 100 ʤ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ, ʚ ʤʝʩʪʘʭ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʠʟʦʥʪ ʧʨʦʚʦʜʷʱʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘ ʩʚʦʜʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʥʫʣʶ. 

ʄʦɦ ʥʳʡ ʩʣʦʡ ʧʦʨʦʜ ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 180 ʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʣʱʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʨʘʟʜʝʣʷʶʱʫʶʩʷ ʥʘ ʜʚʘ ʛʦʨʠʟʦʥʪʘ ʧʦ 

ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ɿʉɹ. 

ɽʩʣʠ ʧʝʨʚʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʡ ʟʘ ʩʯʝʪ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʘʣʠʯʠʷ ʣʴʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʪʦ ʥʠʞʥʠʡ ʩʣʦʡ 

ʥʘ ʵʪʦʤ ʬʦʥʝ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ (50ï100 ʆʤĀʤ). 

ʇʦʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʄʄʇ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʤʝʨʟʣʦʪʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ; ʥʘʣʠʯʠʝ ʩʢʦʧʣʝʥʠʡ 

ʛʘʟʦʛʠʜʨʘʪʦʚ ʠ ʛʘʟʘ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʦʣʱʫ ʚʳʩʦʢʦʦʤʥʳʭ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 180ï200 ʤ 

ʧʦʜʩʪʠʣʘʝʪ ʛʦʨʠʟʦʥʪ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 20 ʆʤĀʤ, ʤʦʱʥʦʩʪʴʶ 

ʦʢʦʣʦ 20 ʤ. 

ʋʯʠʪʳʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʜʘʥʥʳʤ ʤɿʉɹ ʠ ʢʘʨʦʪʘʞʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ ʧʦ 

ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ ʥʘ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʣʳʭ (ʦʭʣʘʞʜʝʥʥʳʭ) ʧʦʨʦʜ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʤʝʨʟʣʦʪʥʳʭ 

ʪʘʣʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʨʝʥʠʷ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʧʣʦʱʘʜʷʭ. 

ʅʠʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʣʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩ ̫ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʦʢʦʣʦ 25ï40 ʆʤĀʤ ʠ ʦʪʦʞʜʝʩʪʚʣʷʶʱʠʡʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʝʣʠʢʪʦʚʦʡ ʤʝʨʟʣʦʪʳ, 

ʛʜʝ ʧʦʨʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʨʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʣʴʜʘ. ɼʘʣʝʝ, ʚʥʠʟ ʧʦ 

ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʶʪ ʵʦʮʝʥʦʚʳʝ ʦʧʦʢʦʚʠʜʥʳʝ ʛʣʠʥʳ ʣʶʣʠʥʚʦʨʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʜʘʥʥʳʤ 

ʤɿʉɹ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 10ï15 ʆʤĀʤ. ɼʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘ, ʩʣʦʞʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʝʛʦ ʪʘʢʞʝ ʢ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤ ʧʦʨʦʜʘʤ. ʅʘ ʜʘʥʥʦʡ ʛʣʫʙʠʥʝ 

ʣʴʜʠʩʪʦʩʪʴ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ï 0.6 Áʉ. 
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ʆʪʣʦʞʝʥʠʷ ʣʶʣʠʥʚʦʨʩʢʦʡ ʩʚʠʪʳ ʧʦʜʩʪʠʣʘʶʪ ʧʦʨʦʜʳ ʨʝʛʠʦʥʘʣʴʥʦ 

ʚʳʜʝʨʞʘʥʥʦʡ ʧʝʩʯʘʥʠʩʪʦʡ ʪʦʣʱʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʠʙʝʡʩʘʣʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤɿʉɹ ʦʪʣʦʞʝʥʠʷ ʪʠʙʝʡʩʘʣʠʥʩʢʦʡ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʪ 15 ʜʦ 30 ʆʤĀʤ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʝʣʠʢʪʦʚʳʤ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤ ʧʦʨʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʤʦʨʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 0.5 Áʉ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʙʲʝʢʪʫ ˉ 1, ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʪʦʣʱʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ: 

1. ʄʄʇ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʧʦ ʛʣʫʙʠʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ 

ʧʣʦʱʘʜʠ ʚʳʜʝʣʷʝʪʩʷ ʜʚʫʭʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ ʪʦʣʱʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 

2. ʇʝʨʚʳʡ ʩʣʦʡ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʪʦʣʱʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʄʄʇ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʦʡ ʣʴʜʠʩʪʦʩʪʴʶ ʠ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɺʪʦʨʦʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʨʝʣʠʢʪʦʚʦʡ ʤʝʨʟʣʦʪʳ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʤʦʨʦʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʣʴʜʘ. 

3. ʊʦʣʱʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʨʝʣʠʢʪʦʚʦʡ ʤʝʨʟʣʦʪʳ ʨʘʟʜʝʣʷʶʪʩʷ 

ʤʝʞʤʝʨʟʣʦʪʥʳʤ ʪʘʣʠʢʦʤ. 

4. ɻʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 450 ï 470 ʤ. 

ɺʪʦʨʦʡ ʦʙʲʝʢʪ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ ʟʦʥʝ ʪʫʥʜʨʳ. ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ 

ʦʨʦʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʫʶ ʨʘʚʥʠʥʫ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 

70 ʜʦ 180 ʤ. ʆʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʝʚʝʨʝ ʦʙʣʘʩʪʠ ʨʘʟʦʙʱʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʜʨʝʚʥʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ  ʚ ʩʝʚʝʨʦ-ʙʘʨʝʘʣʴʥʦʡ ʟʦʥʝ. ɺ ʨʘʟʨʝʟʝ 

ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʩʣʦʷ ʤʝʨʟʣʳʭ ʧʦʨʦʜ. ɺʝʨʭʥʠʡ ʩʣʦʡ, ʜʦʩʪʠʛʘʶʱʠʡ ʪʦʣʱʠʥʳ 60 ʤ, 

ʟʘʣʝʛʘʝʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺʪʦʨʦʡ ʩʣʦʡ, 

ʥʘʟʳʚʘʝʤʳʡ ʨʝʣʠʢʪʦʚʳʤ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ, 

ʜʦʩʪʠʛʘʶʱʠʡ 300 ʤ. ɽʛʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 100 ʜʦ 150 ʤ., 

ʥʠʞʥʷʷ ï ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 150 ʜʦ 300 ʤ. ʍʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʩʢʚʦʟʥʳʭ ʠ ʥʝʩʢʚʦʟʥʳʭ ʪʘʣʠʢʦʚ ʧʦʜ ʨʫʩʣʘʤʠ ʨʝʢ ʠ ʦʟʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʣʦʷ ʤʝʨʟʣʦʪʳ. ʆʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʟʝʨ ʠ ʩʪʘʨʠʮ ʨʝʢ ʟʘ ʩʯʝʪ 
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ʚʥʫʪʨʝʥʥʠʭ ʛʝʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʠʤʝʶʪ ʞʝʩʪʢʦʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʜʘʞʝ 

ʚ ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ. 

ʇʦ ʜʘʥʥʳʤ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ ʧʦ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʜ. ʅʘ ʛʣʫʙʠʥʝ 50ï100 ʤ 

ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʚʳʡ ʧʦʜʛʦʨʠʟʦʥʪ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 50ï500 ʆʤĿʤ. ɺ ʨʘʡʦʥʝ ʩʢʚʘʞʠʥ 1 ʠ 2 ʚʳʩʦʢʦʦʤʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʤʝʯʘʶʪʩʷ ʜʦ ʛʣʫʙʠʥʳ 150ï175 ʤ.  

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʜʛʦʨʠʟʦʥʪʘ ʦʪʯʝʪʣʠʚʦ ʦʪʨʘʞʘʶʪ ʥʘʣʠʯʠʝ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʘʣʝʦʛʝʥʘ. ɺ ʨʘʡʦʥʝ, ʛʜʝ ʧʨʦʬʠʣʴ ʤɿʉɹ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʘʩʩʝʡʥ ʨʝʢʠ, ʤʦʱʥʦʩʪʴ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 10ï50 ʤ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʘʣʠʯʠʝʤ 

ʪʘʣʠʢʦʚʳʭ ʟʦʥ. 

 

 

ʈʠʩ.24 ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤɿʉɹ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʫʥʢʪʳ  ʤɿʉɹ; 2 ï ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʳ ʠ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʆʤĀʤ; 3 ï ʩʢʚʘʞʠʥʳ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ 

ɿʦʥʘ ʄʄʇ (ʚʳʩʦʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ) 

ʄʝʟʦʟʦʡʩʢʠʝ ʧʨʦʚʦʜʷʱʠʝ 
ʦʪʣʦʞʝʥʠʷ 

ɻʨʘʥʠʮʘ ʧʝʨʝʭʦʜʘ ʧʦʨʦʜ ʠʟ 
ʤʝʨʟʣʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʪʘʣʦʝ 

ʉʦʢʨʘʱʝʥʠʝ 
ʤʦʱʥʦʩʪʠ ʄʄʇ ʧʦʜ 

ʚʦʜʦʝʤʦʤ 



 

 

 

 

 

55 

 

 

 

 

ɺʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʦʪʤʝʯʘʶʪʩʷ ʧʦʜʛʦʨʠʟʦʥʪʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2 ʜʦ 30 ʆʤĿʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʛʣʠʥʠʩʪʦʤʫ ʩʦʩʪʘʚʫ 

ʦʪʣʦʞʝʥʠʡ ɺʏʈ. 

ʈʝʟʢʘʷ ʛʨʘʜʠʝʥʪʥʘʷ ʟʦʥʘ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩ 50 ï 500 ʆʤĿʤ ʜʦ 2 ï 30 ʆʤĿʤ 

ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʭʦʜʦʤ ʧʦʨʦʜ ʠʟ ʤʝʨʟʣʦʛʦ ʚ ʪʘʣʦʝ ʩʦʩʪʦʷʥʠʝ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ 

ʤʝʨʟʣʳʤʠ ʠ ʪʘʣʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠʤʝʝʪ ʚʝʩʴʤʘ ʥʝʨʦʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤɿʉɹ ʥʘ ʦʙʲʝʢʪʝ ˉ 2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʴ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. 

ʆʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʄʇ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʟʦʥʘʤʠ ʚʳʩʦʢʦʛʦ ʋʕʉ ʥʘ ʬʦʥʝ 

ʤʝʟʦʟʦʡʩʢʠʭ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

2. ʇʦ ʢʦʥʪʨʘʩʪʥʦʡ ʛʨʘʥʠʮʝ ʩʤʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʧʝʨʝʭʦʜʘ ʧʦʨʦʜ ʠʟ ʤʝʨʟʣʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʘʣʦʝ, ʘ ʪʘʢʞʝ 

ʧʨʦʩʣʝʞʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʠ ʄʄʇ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʚʦʜʦʝʤʫ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʥʠʤ. 

3.2. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʤɿʉɹ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʄʄʇ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ɺʏʈ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɿʉɹ, 

ʩ ʫʯʝʪʦʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʫʯʝʥʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʚʦʟʤʦʞʥʦ ʩʦʩʪʘʚʣʝʥʠʝ ʜʝʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʏʈ. 
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ɻʃɸɺɸ 4. ʇʈʆɻʅʆɿ ɸʂʋʉʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʈɸɿʈɽɿɸ ʅɸ 

ʆʉʅʆɺɽ ɼɸʅʅʓʍ ʄɿʉɹ 

4.1. ʄʝʪʦʜʦʣʦʛʠʷ ʧʦʜʭʦʜʘ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏʈ ʠʟ 

ʜʘʥʥʳʭ ʤɿʉɹ 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʨʝʟʘ ʧʦ ʜʘʥʥʳʤ 

ʤɿʉɹ.  

ʇʦ ʥʘʙʣʶʜʝʥʥʳʤ ʚ ʧʦʣʝ ʜʘʥʥʳʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʚʝʨʩʠʷ (ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʛʝʦʬʠʟʠʢʠ). ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʚʝʨʩʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ) ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʩʣʦʠʩʪʦʡ ʩʨʝʜʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʫʚʷʟʳʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ɻʀʉ, ʙʫʨʝʥʠʷ.  C 

ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ɿʉɹ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʝʨʚʳʤ ʰʘʛʦʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʘʧʨʠʦʨʥʦʡ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʵʪʦʤ ʰʘʛʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʢʚʘʞʠʥʘʤ 

ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ, ʠʟʫʯʘʶʪʩʷ ʜʘʥʥʳʝ 

ɻʀʉ ʩʢʚʘʞʠʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʠ ʚʳʩʦʢʦʦʤʥʳʝ ʤʘʨʢʝʨʥʳʝ 

ʛʦʨʠʟʦʥʪʳ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʩʣʦʝʚ. ʇʦ ʩʝʪʠ 

ʩʢʚʘʞʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʜʝʨʞʘʥʥʦʩʪʴ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʩʪʠʨʘʥʠʶ ʦʧʦʨʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʀʟʫʯʘʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʦʝʥʠʝ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʭʘʨʘʢʪʝʨ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ 

ʨʘʙʦʪ.  

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ ʧʦ ʦʧʦʨʥʳʤ 

ʛʦʨʠʟʦʥʪʘʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʝʟʘ ʫʯʘʩʪʢʘ ʨʘʙʦʪ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʩʪʨʫʢʪʫʨʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʘʨʪʘʤʠ. 
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ʊʨʝʪʠʡ ʰʘʛ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʚʝʨʩʠʶ ʩʠʛʥʘʣʦʚ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. ʅʘ ʵʪʦʤ ʰʘʛʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʝʟʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ Model 3 [ʉʫʨʦʚ, 2011]. 

ʏʪʦʙʳ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʝʨʝʩʯʝʪʫ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ 

ʩʢʦʨʦʩʪʥʳʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʠ ʢʘʣʠʙʨʦʚʢʫ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʧʦʨʥʘʷ ʩʢʚʘʞʠʥʘ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʪʘʢʦʡ ʩʢʚʘʞʠʥʳ ï ʵʪʦ ʥʘʣʠʯʠʝ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʙʦʢʦʚʦʛʦ ʢʘʨʦʪʘʞʝʡ ʚ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ, 

ʥʘʯʠʥʘʷ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ɺʉʇ). 

ʇʝʨʚʳʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʙʦʨ ʵʢʩʧʦʥʝʥʪʳ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʤʝʥʥʦ ʦʥʘ ʦʪʚʝʯʘʝʪ 

ʟʘ ʫʨʦʚʝʥʴ ʠʪʦʛʦʚʦʡ ʢʨʠʚʦʡ, ʢʦʥʩʪʘʥʪʘ ʧʨʠ ʵʪʦʤ ʬʠʢʩʠʨʫʝʪʩʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʦʨʨʝʢʪʥʦʛʦ ʫʨʦʚʥʷ ʢʨʠʚʦʡ ʵʢʩʧʦʥʝʥʪʘ ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʙʦʨ 

ʢʦʥʩʪʘʥʪʳ. 

ɼʣʷ ʩʣʫʯʘʷ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ ɺʉʇ ʛʨʘʬ ʨʘʩʯʝʪʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʭʦʞ, ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʤ ʰʘʛʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠ-

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʳʡ ʧʝʨʝʙʦʨ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʧʘʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r=0.9 ʠ ʙʦʣʝʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʯʠʪʘʶʪʩʷ ʧʦʜʦʙʨʘʥʥʳʤʠ. 

4.2. ʂʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʝʟʘ 

ɼʦʢʘʟʘʚ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ 

ʛʨʘʬ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ (ʈʠʩ.25).  
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ʈʠʩ.25 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʥʘ ʦʩʥʦʚʝ 
ʜʘʥʥʳʭ ʤɿʉɹ ʯʝʨʝʟ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʌʘʫʩʪʘ 

 

ʅʘ ʚʭʦʜ ʧʦʜʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʜʘʥʥʳʭ: ʧʝʨʚʳʡ ʪʠʧ ï ʪʦʯʝʯʥʳʝ ʩʢʚʘʞʠʥʥʳʝ 

ʜʘʥʥʳʝ, ʘʢʫʩʪʠʯʝʩʢʠʡ ʠ ʙʦʢʦʚʦʡ ʢʘʨʦʪʘʞ, ʪʘʢʞʝ, ʧʨʠ ʥʘʣʠʯʠʠ, ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ɺʉʇ. ʊʘʢʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʘʩʯʝʪʘ ʠ 

ʢʘʣʠʙʨʦʚʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺʪʦʨʦʡ ʪʠʧ ʜʘʥʥʳʭ ï ʵʪʦ ʧʣʦʱʘʜʥʳʝ 

ʜʘʥʥʳʝ ʤɿʉɹ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʦʱʘʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣʴ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ.  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ ʥʘ 

ʵʪʘʣʦʥʥʦʡ ʩʢʚʘʞʠʥʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʚʝʨʩʠʷ ʜʘʥʥʳʭ ʤɿʉɹ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʧʦʩʣʦʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʋʕʉ ʠ 

ʩʪʨʫʢʪʫʨʥʘʫʶ ʤʦʜʝʣʴ ɺʏʈ. ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ, ʚ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ɿʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʘʥʥʳʭ ʤɿʉɹ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʩ ʰʘʛʦʤ 

100Ĭ300 ʤ. ʅʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʢʫʙ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ɺʏʈ ʩ ʚʳʩʦʢʦʡ 

ʣʘʪʝʨʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ.  
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4.3. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ɺʏʈ 

ɺ ʦʩʥʦʚʝ ʦʙʦʩʥʦʚʘʥʠʷ ʣʶʙʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʉʫʱʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʠ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʤɿʉɹ ʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʤʝʪʦʜʦʤ ʦʙʱʝʡ ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ (ʄʆɺ ʆɻʊ).  

ʕʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʉʦʟʜʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠ ʦʩʣʦʞʥʝʥʠʝ ɺʏʈ 

ʩʣʦʝʤ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʤʦʱʥʦʩʪʴʶ. 

2.  ʈʘʩʯʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʝʡʩʤʦʛʨʘʤʤ. 

3. ʉʦʟʜʘʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʏʈ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʙʦʢʦʚʦʛʦ 

ʢʘʨʦʪʘʞʘ, ʩʪʨʫʢʪʫʨʘ ʄʄʇ ʟʘʜʘʝʪʩʷ ʨʘʚʥʦʟʥʘʯʥʦ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

4. ʉʦʟʜʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ɿʉɹ ʠ ʠʭ ʟʘʰʫʤʣʝʥʠʝ. 

5. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʥʚʝʨʩʠʷ ʟʘʰʫʤʣʝʥʥʳʭ ʜʘʥʥʳʭ ɿʉɹ. 

6. ʈʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ. 

7. ʈʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤɿʉɹ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʝ. 

8. ɺʚʦʜ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʠ ʩʨʘʚʥʝʥʠʝ ʠʪʦʛʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʨʘʟʨʝʟʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

Tesseral Pro. ʄʦʜʝʣʴ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ. ɼʘʣʝʝ ʚ 

ʤʦʜʝʣʴ ʚʥʝʜʨʷʣʩʷ ʩʣʦʡ ʄʄʇ, ʤʦɦʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 100 ʜʦ 170 ʤ. 

ʉʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʩʣʦʝ ʄʄʇ ʩʦʩʪʘʚʣʷʝʪ 4000 ʤ/ʩ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʣʴʜʠʩʪʳʤ ʄʄʇ. 

ʈʘʩʯʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʝʡʩʤʦʛʨʘʤʤ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʪʢʠ 

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʩ ʠʤʧʫʣʴʩʦʤ ʈʠʢʢʝʨʘ ʯʘʩʪʦʪʦʡ 25 ɻʮ (ʈʠʩ.26).  
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ʈʠʩ.26 ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʩʦ ʩʣʦʝʤ ʄʄʇ: ɸ ï ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ; ɹ ï 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (Tesseral Pro) 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʏʈ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʙʦʢʦʚʦʛʦ ʢʘʨʦʪʘʞʘ. ɻʝʦʤʝʪʨʠʷ ʩʣʦʷ ʄʄʇ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʤʦʱʥʦʩʪʠ ʙʳʣʘ 

ʚʟʷʪʘ ʩ ʧʦʩʪʨʦʝʥʥʦʡ ʨʘʥʝʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʥʚʝʨʩʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʚʝʨʩʠʠ ʚʳʧʦʣʥʷʣʩʷ ʧʝʨʝʩʯʝʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʘʢʫʩʪʠʯʝʩʢʫ.ʁ ɼʘʣʝʝ, ʟʥʘʷ ʤʦʱʥʦʩʪʴ 

ʄʄʇ ʠ ʚʦʩʩʪʘʥʦʚʠʚ ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣʴ, ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ.  

ʉʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʧʦ ʜʘʥʥʳʤ ɿʉɹ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʩʨʝʜʥʝʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ 14 %, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 550 ʤ/ʩ (ʈʠʩ.27).  
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ʈʠʩ.27 ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʄʄʇ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ï ʨʘʩʯʝʪ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʧʝʨʚʳʤ ʚʩʪʫʧʣʝʥʠʷʤ. 

ʇʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʪʁʩʷ ʛʠʧʝʨʙʦʣʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʙʠʨʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʛʠʧʝʨʙʦʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʝʨʚʳʤ ʚʩʪʫʧʣʝʥʠʷʤ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ʨʘʚʥʘ 4110 ʤ/ʩ.  

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʯʪʦ 

ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʄʄʇ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 200 ʤ. 
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ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʨʘʟʨʝʟ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʛʨʘʬʫ. 

ɸʥʘʣʠʟʠʨʫʷ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʟʨʝʟʘʤ, ʙʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʩʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 20 ʤ. 

(15 ʤʩ), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʠ ʚʚʦʜ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤɿʉɹ. ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʨʘʩʯʝʪʘ ʙʳʣʘ ʚʟʷʪʘ ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ɺʏʈ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʨʘʥʝʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʱʥʦʩʪʴ ʄʄʇ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʚʝʨʩʠʠ, ʠ ʩʢʦʨʦʩʪʴ ʚ ʩʣʦʝ ʄʄʇ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ 

ʩʝʡʩʤʦʛʨʘʤʤʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʪʝʤʠ ʞʝ ʧʨʦʮʝʜʫʨʘʤʠ, ʯʪʦ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʚ ʜʚʝ 

ʠʪʝʨʘʮʠʠ: ʚʚʦʜ ʩʪʘʪʠʢʠ ʠ ʢʦʨʨʝʢʮʠʷ. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʧʦ ʮʝʣʝʚʦʤʫ ʛʦʨʠʟʦʥʪʫ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʜʘʥʥʳʤ ɿʉɹ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʩʨʝʜʥʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 4 ʤ (5 ʤʩ). 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ, ʢʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʜʘʝʪ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ (ʈʠʩ.28). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʧʝʨʚʳʤ ʚʩʪʫʧʣʝʥʠʷʤ ʠʩʢʘʞʘʝʪ 

ʨʘʟʨʝʟ ʠ ʜʘʝʪ ʥʝʚʳʜʝʨʞʘʥʥʦʩʪʴ ʦʪʨʘʞʝʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʧʦ 

ʜʘʥʥʳʤ ɿʉɹ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚʳʜʝʨʞʘʥʥʳʝ ʦʪʨʘʞʝʥʠʷ ʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ 

ʩʪʘʨʪʦʚʦʡ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʩʪʨʦʝʥʠʷ (ʈʠʩ.29). 
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ʈʠʩ.28 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʯʝʪʫ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʩ 
ʵʪʘʣʦʥʥʳʤ ʨʘʟʨʝʟʦʤ: ɸ ï ʵʪʘʣʦʥʥʳʡ ʨʘʟʨʝʟ; ɹ ï ʨʘʟʨʝʟ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ 

ʧʦ ʜʘʥʥʳʤ ɿʉɹ; ɺ ï ʨʘʟʨʝʟ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʧʦ ʧʝʨʚʳʤ ʚʩʪʫʧʣʝʥʠʷʤ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ ʮʝʣʝʚʦʡ ʛʦʨʠʟʦʥʪ  

 

ʈʠʩ.29 ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 
ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʪʤʝʪʢʘ ʮʝʣʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʝʟ ʦʩʣʦʞʥʷʶʱʝʛʦ ʚʣʠʷʥʠʷ ʄʄʇ (ʵʪʘʣʦʥ); 

2 ï ʦʪʤʝʪʢʘ ʮʝʣʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʧʦ ʧʝʨʚʳʤ ʚʩʪʫʧʣʝʥʠʷʤ; 3 ï ʦʪʤʝʪʢʘ ʮʝʣʝʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

4.4. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 4 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɺʏʈ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʥʚʝʨʩʠʠ 

ʢʨʠʚʳʭ ʤɿʉɹ. ʇʨʠʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʌʘʫʩʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤɿʉɹ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʨʦʝʥʠʝ 

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ 
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ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʈʘʩʯʝʪ ʠ ʚʚʝʜʝʥʠʝ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤɿʉɹ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ.  
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ɻʃɸɺɸ 5. ʆʎɽʅʂɸ ɻɽʆʃʆɻʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄɸʃʆɻʃʋɹʀʅʅʓʍ ɿʆʅɼʀʈʆɺɸʅʀʁ ʄɽʊʆɼʆʄ 

ʉʊɸʅʆɺʃɽʅʀʗ ʇʆʃʗ ɺ ɹʃʀɾʅɽʁ ɿʆʅɽ ɼʃʗ ʇʈʆɻʅʆɿɸ ʉʂʆʈʆʉʊʅʆʁ 

ʄʆɼɽʃʀ ɺɽʈʍʅɽʁ ʏɸʉʊʀ ʈɸɿʈɽɿɸ 

5.1. ɸʥʛʘʨʦ-ʃʝʥʩʢʘʷ ʩʪʫʧʝʥʴ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠ ï ʩʝʡʩʤʦʨʘʟʚʝʜʢʦʡ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʣʠʪʦʣʦʛʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ, ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʳʡ ʨʝʣʴʝʬ, ʥʘʣʠʯʠʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, 

ʥʝʚʳʜʝʨʞʘʥʥʳʭ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʢʨʘʡʥʝ ʦʩʣʦʞʥʷʶʱʠʭ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

[ʂʦʯʥʝʚ ʠ ʜʨ., 2009; ʇʴʷʥʢʦʚ, 2016].  

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ, ʘ ʟʥʘʯʠʪ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʮʝʣʝʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʨʘʟʨʝʟʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʄʆɺ ʆɻʊ 3D ʥʘ ʦʜʥʦʤ ʠʟ 

ʫʯʘʩʪʢʦʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʦʣʫʯʝʥʳ ʧʦʣʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ.  

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʛʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʈʠʩ.30). 

ʈʘʟʨʝʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ: ʥʘʣʠʯʠʝʤ 

ʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

5.1.1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʏʈ ʫʯʘʩʪʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʦʞʝʥʘ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ ʠ ʦʪʣʦʞʝʥʠʷʤʠ ʦʨʜʦʚʠʢʘ. ʂ ʩʨʝʜʥʝʤʫ-ʚʝʨʭʥʝʤʫ ʦʪʜʝʣʫ ʢʝʤʙʨʠʷ 

ʦʪʥʦʩʷʪʩʷ ʚʝʨʭʦʣʝʥʩʢʘʷ ʠ ʠʣʛʠʥʩʢʘʷ ʩʚʠʪʳ, ʩʣʦʞʝʥʥʳʝ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʳ ʣʠʪʚʠʥʮʝʚʩʢʦʡ ʩʚʠʪʳ [ɼʝʝʚ, 

1972]. 
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ʈʠʩ.30 ʉʭʝʤʘ ʨʘʡʦʥʘ ʨʘʙʦʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʩʥʦʚʝ 

[ʉʪʘʨʦʩʝʣʴʮʝʚ, 2018] 

 

ʅʠʞʥʠʡ ʦʪʜʝʣ ʦʨʜʦʚʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ ʫʩʪʴ-ʢʫʪʩʢʦʡ ʠ ʠʡʩʢʦʡ 

ʩʚʠʪʘʤʠ. ʆʪʣʦʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʦʨʦʜʘʭ ʚʝʨʭʦʣʝʥʩʢʦʡ 

ʩʚʠʪʳ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʣʦʤʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ 

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ, ʪʝʤʥʦ-ʩʝʨʳʭ, ʧʝʩʯʘʥʠʢʦʚ ʩʝʨʳʭ, ʩʚʝʪʣʦ- ʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʭ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟ ʦʨʜʦʚʠʢʘ ʩʣʦʞʝʥ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʟʝʣʝʥʦʚʘʪʦ-

ʩʝʨʳʤʠ, ʩʝʨʳʤʠ, ʨʝʜʢʦ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʨʘʩʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʤʠ. ʆʪʣʦʞʝʥʠʷ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʣʘʛʘʷ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʩʢʣʦʥʦʚ ʜʦʣʠʥ ʠ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʦʜʦʨʘʟʜʝʣʦʚ.  
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ʈʘʟʨʝʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʣʠʯʠʝ ʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʶʞʥʦʡ ʟʦʥʝ ʩʨʝʜʥʝʡ ʉʠʙʠʨʠ. ʉʦʛʣʘʩʥʦ 

ʩʭʝʤʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʨʦʚʠʥʮʠʠ:  

ɸ) ʦʩʪʨʦʚʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʩʪʨʦʚʘ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʟʘʙʦʣʦʯʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʢ ʜʦʣʠʥʘʤ ʨʝʢ, ʧʘʜʷʤ, ʢ ʧʦʜʥʦʞʠʶ ʩʝʚʝʨʥʳʭ 

ʩʢʣʦʥʦʚ ʠ ʟʘʥʠʤʘʶʪ ʜʦ 10ï25 % ʧʣʦʱʘʜʠ;  

ɹ) ʨʝʜʢʦʦʩʪʨʦʚʥʦʛʦ ʠ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʟʘʥʠʤʘʶʱʠʭ ʜʦ 30 % 

ʧʣʦʱʘʜʠ 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʤʦʱʥʦʩʪʴ ʤʝʨʟʣʦʡ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ 20 ʜʦ 30 ʤ. ʄʝʨʟʣʘʷ ʪʦʣʱʘ ʠʤʝʝʪ 

ʦʜʥʦʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ 

ʛʝʥʝʟʠʩʘ, ʧʨʦʯʥʳʤʠ, ʫʧʣʦʪʥʝʥʥʳʤʠ, ʤʦʥʦʣʠʪʥʳʤʠ ʠ ʪʨʝʱʠʥʦʚʘʪʳʤʠ, ʧʦʢʨʳʪʳʤʠ 

ʵʣʶʚʠʘʣʴʥʳʤʠ ʠ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʜʦ 3 ʤ) ʨʘʟʣʠʯʥʦʡ 

ʣʴʜʠʩʪʦʩʪʠ. ʊʨʝʱʠʥʳ ʠ ʧʫʩʪʦʪʳ ʟʘʧʦʣʥʝʥʳ ʣʴʜʦʤ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ.  

ɺ ʨʝʛʠʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʨʠʦʛʝʥʥʳʝ ʨʝʣʠʢʪʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦʣʦʮʝʥʦʚʳʭ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʬʦʨʤ ʧʦ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʤ 

ʣʴʜʘʤ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʥʠʞʥʠʤ ʯʘʩʪʷʤ ʩʢʣʦʥʦʚ ʠ ʢ ʜʥʠʱʘʤ ʜʦʣʠʥ. 

ʉʝʟʦʥʥʦʝ ʦʪʪʘʠʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.4ï1.5 ʤ. 

5.1.2. ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʏʈ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ, ʩʣʦʞʝʥʥʘʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʚʝʨʭʦʣʝʥʩʢʦʡ ʠ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ, ʘ ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷʤʠ 

ʦʨʜʦʚʠʢʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɽʝ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʇʨʠ 

ʥʝʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ ʵʪʦʡ ʪʦʣʱʠ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʝʝ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪ 800ï1000 ʤ/ʩ ʥʘ ʛʣʫʙʠʥʝ 20ï30 ʤ ʜʦ 2000 ʤ/ʩ ʥʘ ʛʣʫʙʠʥʝ 

200ï300 ʤ. ɺ ʮʝʣʦʤ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ɺʏʈ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʙʠʣʴʥʳ ʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3880ï4840 ʤ/ʩ (ʈʠʩ.31). 
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ʈʠʩ.31 ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʇʦ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʝʨʚʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 500ï2000 ʆʤĀʤ ʠ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʟʜʝʩʴ ʩ 

ʧʦʨʦʜʘʤʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ.  ɼʘʣʝʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ ʫʩʪʴ-ʢʫʪʩʢʦʡ 

ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʦʨʜʦʚʠʢʘ, ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʋʕʉ ʦʪ 60 ʜʦ 500 

ʆʤĀʤ. ʇʦʨʦʜʳ ʚʝʨʭʦʣʝʥʩʢʦʡ ʠ ʠʣʛʠʥʩʢʦʡ ʩʚʠʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʋʕʉ 50ï150 ʆʤĀʤ. 

5.1.3. ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏʈ 

ɼʣʷ ʫʩʣʦʚʠʡ ʶʛʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʭʘʨʘʢʪʝʨʥʳ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ [ʇʴʷʥʢʦʚ, 2016]. ʆʩʥʦʚʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʨʝʟʢʦʧʝʨʝʩʝʯʝʥʥʳʡ ʨʝʣʴʝʬ ʩ ʢʘʥʴʦʥʦʦʙʨʘʟʥʳʤʠ ʜʦʣʠʥʘʤʠ ʨʝʢ (ʛʦʨʠʩʪʳʡ, ʩʠʣʴʥʦ 

ʨʘʩʯʣʝʥʝʥʥʳʡ), ʠʤʝʶʱʠʡ ʦʯʝʥʴ ʢʨʫʪʳʝ ʩʢʣʦʥʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʧʝʨʝʧʘʜ ʘʙʩʦʣʶʪʥʳʭ 

ʦʪʤʝʪʦʢ ʦʪ 700 ʜʦ 1350 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʡʥʝ ʨʝʟʢʦ ʨʘʩʯʣʝʥʝʥʥʦʤʫ ʨʝʣʴʝʬʫ.  

ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʱʥʦʩʪʠ ʟʦʥʳ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɼʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʚʦʟʤʦʞʥʦ ʧʦ ʤʠʢʨʦʩʝʡʩʤʦʢʘʨʦʪʘʞʫ, ʦʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ 

ʢʦʪʦʨʦʛʦ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɿʄʉ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ɿʄʉ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʥʝʢʠʤ ʩʛʣʘʞʝʥʥʳʤ ʩʣʦʝʤ. 
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ɸʥʘʣʠʟʠʨʫʷ ʚʦʣʥʦʚʫʶ ʢʘʨʪʠʥʫ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʦʪʨʘʞʘʶʱʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʘʤ ʩʤʝʥʳ ʩʢʦʨʦʩʪʝʡ ʚ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ. 

5.1.4. ʈʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʠʪʴ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʂʘʨʪʘ ʩʢʦʨʦʩʪʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʨʝʤʝʥ ʠ ʛʣʫʙʠʥ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ, ʚʩʝʛʜʘ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʟʦʥʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʪʦʨʳʭ ʚʩʝʛʜʘ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʷʭ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʘʭ ʧʫʥʢʪʘ ʚʟʨʳʚʘ (ʇɺ). ʂʨʦʤʝ 

ʪʦʛʦ, ʠʭ ʤʦʞʥʦ ʟʘʢʘʨʪʠʨʦʚʘʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʚʝʨʢʠ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʣʠʥʠʠ 

ʤʴʶʪʠʥʛʘ ʥʘ ʩʝʡʩʤʦʛʨʘʤʤʫ ʇɺ: ʤʳ ʧʦʣʫʯʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʨʝʤʝʥ 

ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʧʨʠʦʨʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʩ ʫʯʝʪʦʤ ʘʣʴʪʠʪʫʜ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʛʣʫʙʠʥ ʩʢʚʘʞʠʥ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʦʤʘʣʠʡ ɺʏʈ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʟʘʨʷʜʘ ʚʳʙʨʘʥʘ ʢʦʨʨʝʢʪʥʦ, ʘ ʠʤʝʥʥʦ ʧʦʜ ɿʄʉ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ɺʏʈ, ʥʘ ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʨʘʙʦʪʢʝ ʛʦʜʦʛʨʘʬʘ ʧʨʝʣʦʤʣʝʥʥʦʡ 

ʚʦʣʥʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʩʯʝʪʘ ʘʣʴʪʠʪʫʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ. ʇʦʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʢʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʪʘʪʠʢʠ ʥʝ ʜʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʦʜʦʛʨʘʬʳ 

ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʣʦʤʣʷʶʱʝʡ ʛʨʘʥʠʮʝ, ʧʦ ʢʦʪʦʨʳʤ 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʝʡ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ ʩ ʫʯʝʪʦʤ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮʳ. 

ʇʦʣʫʯʝʥʥʘʷ ʢʘʨʪʘ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʦʚʪʦʨʷʣʘ ʢʘʨʪʫ ʦʨʦʛʠʜʨʦʛʨʘʬʠʠ 

ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʨʘʙʦʪ, ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʢʦʤʧʝʥʩʠʨʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʢʦʨʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʧʝʨʠʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʜʘʥʥʦʤʫ ʫʯʘʩʪʢʫ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

ʇʨʠ ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʜʥʘʢʦ 

ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʦʩʪʘʣʠʩʴ ʟʦʥʳ, ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ. ɼʣʷ 
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ʪʘʢʠʭ ʟʦʥ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚʳʜʝʣʝʥʠʝ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ ʦʪ ʥʠʞʝʣʝʞʘʱʝʡ 

ʛʨʘʥʠʮʳ, ʫʩʣʦʞʥʠʚ ʤʦʜʝʣʴ ɺʏʈ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʨʫʯʥʦʝ 

ʧʠʢʠʨʦʚʘʥʠʝ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, ʜʘʣʝʝ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʝʣʦʤʣʷʶʱʠʝ ʛʨʘʥʠʮʳ 

ʠ ʧʦʩʪʨʦʠʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʤʦʜʝʣʴ. ʅʘ ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʫʪʦʯʥʝʥʠʝ ʠʩʭʦʜʥʦʡ ʧʣʘʩʪʦʚʦʡ ʤʦʜʝʣʠ ʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʝʪʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ɺʏʈ (ʈʠʩ.32), ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʫʯʝʩʪʴ ʩʣʦʞʥʳʡ ʪʠʧ ʘʥʦʤʘʣʠʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʫʯʘʩʪʢʘʤʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ 

ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. ʈʘʡʦʥʳ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʄʄʇ ʚʦʟʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʧʨʝʣʦʤʣʝʥʥʳʝ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ, ʪʘʢ ʢʘʢ ʧʝʨʝʧʘʜ ʩʢʦʨʦʩʪʠ 

ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʨʠʭʦʜʘ ʣʫʯʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʘʥʦʤʘʣʠʡ ɺʏʈ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ ʩʥʠʟʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

5.1.5. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʠ ɺʉʇ 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ɺʉʇ ʧʦ ʦʧʦʨʥʦʡ 

ʩʢʚʘʞʠʥʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʫʯʘʶʪ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʡ 

ʦʪʤʝʪʢʠ ʛʣʫʙʠʥʳ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʡ ʧʝʨʝʩʯʝʪ ʤʦʜʝʣʠ ɿʉɹ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʦʯʢʝ ʩʢʚʘʞʠʥʳ, ʚ ʘʢʫʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ; ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʭʦʜʠʤʦʩʪʴ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʩʭʦʜʠʤʦʩʪʠ ʤʦʜʝʣʝʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.97. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 6 %, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩ.32 ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ: ɸ ï ʧʣʘʩʪʦʚʘʷ ʤʦʜʝʣʴ, ɹ ï ʪʦʤʦʛʨʘʬʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 3 ʥʘʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ï 3 ʪʨʝʥʜʘ. 

ʊʨʝʥʜ ˉ 1 (ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʪʚʝʨʪʠʯʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ, ʪʨʝʥʜ ˉ 2 (ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʫʩʪʴ-ʢʫʪʩʢʦʡ ʩʚʠʪ,r ʪʨʝʥʜ ˉ 3 (ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʚʠʪʳ. 

ɸ 

ɹ 
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ʈʠʩ.33 ɻʨʘʬʠʢʠ ʪʨʝʥʜʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ 

 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʥʜʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʝ 

ʥʘ ʫʯʘʩʪʢʝ ʨʘʙʦʪ. ʉʨʝʜʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ Vp, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʜʘʥʥʳʤ 

ʤɿʉɹ, ʠ Vp ʧʦ ʜʘʥʥʳʤ ɺʉʇ ʩʦʩʪʘʚʠʣʦ 7 %. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʪʨʝʥʜʳ ʩʪʘʙʠʣʴʥʳ ʠ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

 

 

ʈʠʩ.34 ɻʨʘʬʠʢʠ ɺʉʇ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʠ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʝ 
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5.1.6. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʫʶ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣʴ, ʤʦʞʥʦ 

ʦʪʯʝʪʣʠʚʦ ʫʚʠʜʝʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ-ʣʠʥʟʳ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʛʣʫʙʠʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʤ ʨʘʟʨʝʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʦʙʣʘʩʪʷʤʠ ʫʭʫʜʰʝʥʠʷ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ, ʦʙʨʘʟʫʷ ʵʬʬʝʢʪ çʪʝʥʠè (ʈʠʩ.35). 

ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʫʯʝʪ ʧʦʣʫʯʝʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʢʦʨʨʝʢʮʠʠ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʤʦʱʥʦʩʪʴ ʠ 

ʩʪʨʫʢʪʫʨʫ ɿʄʉ, ʥʦ ʠ ʢʘʨʪʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʣʠʥʟʳ, ʠʟʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ɺʉʇ ʠʣʠ ʄʉʂ ʚʚʠʜʫ ʠʭ ʨʝʜʢʦʡ ʩʝʪʠ. 

 

 

 

ʈʠʩ.35 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʠ ʛʣʫʙʠʥʥʦʛʦ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ: ɸ ï ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʧʦ ʜʘʥʥʳʤ ɿʉɹ, ɹ ï ʛʣʫʙʠʥʥʳʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

 

ɸ 

ɹ 



 

 

 

 

 

74 

 

 

 

 

5.1.7. ʈʝʟʫʣʴʪʘʪʳ ʫʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʤʦʜʝʣʷʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ. ʉʪʘʪʠʯʝʩʢʠʝ 

ʧʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ, ʠʟʤʝʥʷʶʪʩʷ ʦʪ 10 ʜʦ 110 ʤʩ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ, ʙʦʣʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 10 ʜʦ 200 ʤʩ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʦʙʦʠʤ ʤʝʪʦʜʘʤ, ʧʦ ʧʣʦʱʘʜʠ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʦ. ʆʪʯʝʪʣʠʚʦ 

ʚʠʜʥʦ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ 

ʥʘʠʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʧʦʧʨʘʚʦʢ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʣʦʱʘʜʠ ʦʥʠ ʤʠʥʠʤʘʣʴʥʳ (ʈʠʩ.36). 

 

 

ʈʠʩ.36 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ 

ʚʩʪʫʧʣʝʥʠʡ; ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ 

 

ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ ʠ ʧʦ 

ʜʘʥʥʳʤ ʤɿʉɹ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʦʪʨʘʞʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʫʶ ʤʦʱʥʦʩʪʴ ʟʦʥʳ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ, ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ɸ ɹ 
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ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʨʘʟʨʝʟʝ, ʢʦʪʦʨʳʝ ʥʝ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʧʦ ʤʦʜʝʣʠ 

ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ. 

ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʵʪʘʧʝ ʫʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʦʧʨʘʚʦʢ ʟʘ ʨʝʣʴʝʬ ʠ ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʭ ʧʦʧʨʘʚʦʢ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ 

ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ.  ʅʘ ʨʘʟʨʝʟʝ, ʧʦʣʫʯʝʥʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ 

ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ, ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʡ-ʪʝʥʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʚʝʩʴ 

ʨʘʟʨʝʟ. ʅʘ ʨʘʟʨʝʟʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ, ʪʘʢʠʝ ʘʥʦʤʘʣʠʠ ʫʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦ 

ʧʦʜʘʚʠʪʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʫʤʤʘʨʥʳʭ 

ʨʘʟʨʝʟʦʚ ʜʦ ʫʯʝʪʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ (ɺʏ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

 

  

 

ʈʠʩ.37 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩ ʫʯʝʪʦʤ ɺʏ 
ʩʦʩʪʘʚʣʷʶʱʝʡ: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

 

ʅʘ ʛʨʘʬʠʢʝ ʘʪʨʠʙʫʪʘ RMS (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʘʤʧʣʠʪʫʜʘ ʆɻ ʚ ʩʢʦʣʴʟʷʱʝʤ 

ʦʢʥʝ) ʧʦ ʆɻ H2 ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʨʘʟʨʝʟʝ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 
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ʈʠʩ.38 ɻʨʘʬʠʢ ʘʪʨʠʙʫʪʘ RMS amplitude 

 

ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʝʟʦʚ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʨʘʟʨʝʟʳ ʘʪʨʠʙʫʪʘ RMS ʠ ʨʘʟʨʝʟʳ ʘʪʨʠʙʫʪʘ Variance (ʜʠʩʧʝʨʩʠʷ, ʘʥʘʣʦʛ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ). ʅʘ ʨʘʟʨʝʟʘʭ ʘʪʨʠʙʫʪʦʚ RMS ʠ Variance ʚʠʟʫʘʣʴʥʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʨʝʟ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ, ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʘʤʧʣʠʪʫʜʳ RMS ʠ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʆɻ ʧʦ 

ʘʪʨʠʙʫʪʫ Variance, ʥʝʞʝʣʠ ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʟʨʝʟ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʧʦ 

ʜʘʥʥʳʤ ʪʦʤʦʛʨʘʬʠʠ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ (ʈʠʩ.39, ʈʠʩ.40). 

 

 

ʈʠʩ.39 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʦʚ ʘʪʨʠʙʫʪʘ RMS: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ 

ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʢʨʘʩʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʙʣʘʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʘʤʧʣʠʪʫʜ 
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ʈʠʩ.40 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʦʚ ʘʪʨʠʙʫʪʘ Variance: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ 

ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʢʨʘʩʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ  

 

ɸʥʘʣʠʟʠʨʫʷ ʢʘʨʪʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ 

ʤɿʉɹ ʚʳʜʝʣʷʶʪʩʷ ʘʥʦʤʘʣʠʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʟʚʠʪʫʶ ʜʣʷ ʜʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʩʦʣʷʥʫʶ ʪʝʢʪʦʥʠʢʫ. ʅʘ ʣʝʚʦʤ ʩʨʝʟʝ ʜʠʥʘʤʠʯʝʩʢʠ ʠʥʪʝʨʚʘʣ ʩʣʘʙʦ ʚʳʨʘʞʝʥ, 

ʦʪʨʘʞʝʥʠʷ ʦʩʣʦʞʥʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʟʦʥʘʤʠ. ɺ ʨʘʡʦʥʘʭ 

ʨʘʟʚʠʪʠʷ ʩʦʣʷʥʳʭ ʧʦʜʥʷʪʠʡ ʚʦʣʥʦʚʘʷ ʢʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ ʥʘ ʭʘʦʪʠʯʝʩʢʫʶ, ʩ 

ʦʪʜʝʣʴʥʳʤʠ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ, ʠʟʦʛʥʫʪʳʤʠ, ʢʦʨʦʪʢʠʤʠ, ʥʝ ʢʦʨʨʝʣʠʨʫʝʤʳʤʠ 

ʦʪʨʘʞʝʥʠʷʤʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʦʮʝʥʢʫ ʤʦʨʬʦʣʦʛʠʠ ʦʪʨʘʞʝʥʠʡ. 

 ʅʘ ʧʝʨʚʦʤ ʩʨʝʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʪʨʘʞʝʥʠʡ. ʆʪʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʢʦʥʪʨʘʩʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʛʨʘʥʠʮ. ʗʨʢʦ ʚʳʨʘʞʝʥʘ ʤʦʨʬʦʣʦʛʠʷ ʚʘʣʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʂʘʨʪʠʨʫʶʪʩʷ ʩʢʣʘʜʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. 
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ʈʠʩ.41 ʉʨʝʟ ʘʪʨʠʙʫʪʘ çʂʦʛʝʨʝʥʪʥʦʩʪʴè ʚ ʠʥʪʝʨʚʘʣʝ -650 ʤʩ (ʢʨʦʚʣʷ 

ʣʠʪʚʠʥʮʝʚʩʢʦʡ ʩʚʠʪʳ): ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤɿʉɹ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 3D ʄʆɻʊ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʜʠʥʘʤʠʢʫ ʢʘʢ ʥʘ ʵʪʘʧʝ ʜʦ ʫʯʝʪʘ ɺʏ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʘʢ ʠ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʦʙʨʘʙʦʪʢʠ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ 

ʥʘʙʣʶʜʘʪʁʩʷ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ʅʘ ʨʷʜʝ ʨʘʟʨʝʟʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ 

ʫʭʫʜʰʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʆɻ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʥʝʩʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʪʦʣʴʢʦ ʢʘʢ 

ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʟʘʤʝʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʦʜʭʦʜʘʤ (ʈʠʩ.42, ʈʠʩ.43). 

ɹ ɸ 
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ʈʠʩ.42 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩ ʫʯʝʪʦʤ ɺʏ 
ʩʦʩʪʘʚʣʷʶʱʝʡ: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 
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ʈʠʩ.43 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʦʚ ʘʪʨʠʙʫʪʘ RMS: ɸ ï ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ 

ʚʩʪʫʧʣʝʥʠʡ, ɹ ï ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ. 

 

5.2. ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʘʷ ʘʥʪʝʢʣʠʟʘ 

5.2.1. ʌʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʏʈ 

ɺ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʣʠʪʦʣʦʛʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘ: ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʡ, 

ʚʝʥʜʩʢʠʡ ʛʘʣʦʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʚʝʥʜ-ʨʠʬʝʡʩʢʠʡ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʘʟʨʝʟʝ ʩʦʣʝʡ ʫʩʦʣʴʩʢʦʡ 

ʩʚʠʪʳ (ʚʦʟʨʘʩʪʥʦʡ ʘʥʘʣʦʛ ʥʝʣʙʠʥʩʢʦʡ, ʶʨʝʛʠʥʩʢʦʡ ʠ ʙʠʣʠʨʩʢʦʡ ʩʚʠʪ) ʥʠʞʥʝʛʦ 

ʢʝʤʙʨʠʷ.  ʂʨʦʤʝ ʪʦʛʦ, ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʫʯʘʩʪʢʘ ʫʩʦʣʴʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʝʩʩʦʣʝʚʦʡ ʪʦʣʱʝʡ ʜʦʣʦʤʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ.  
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ɼʣʷ ʨʘʟʨʝʟʘ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ 

ʦʜʥʦʤʝʨʥʘʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦ ʜʘʥʥʳʤ ɹʂ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʧʨʦʚʦʜʷʱʠʭ ʠ ʥʝʧʨʦʚʦʜʷʱʠʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʨʝʟʘ (ʈʠʩ.44).  

 

 

ʈʠʩ.44  ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦ ʜʘʥʥʳʤ ɹʂ  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤɿʉɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:200000 (ʧʦʜ ʨʝʜ. ɹʦʨʦʚʠʢʦʚʘ) ʧʦʩʪʨʦʝʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʨʘʟʚʠʪʠʷ 

ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʪʨʝʱʠʥʥʦ-ʢʘʚʝʨʥʦʟʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʥʘʩʳʱʝʥʥʳʭ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʟʦʥʳ 

ʢʘʨʩʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʘʨʢʘʩʫ, ʚʜʦʣʴ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ 

ʫʯʘʩʪʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʀʚʘʥʫʰʢʠʥʩʢʠʡ (ʠ/ʠʣʠ ʏʘʩʪʠʥʩʢʠʡ) ʚʘʣ. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ 
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ʧʘʨʘʣʣʝʣʴʥʦ ʥʝʤʫ ʢʘʨʪʠʨʫʝʪʩʷ ʂʠʨʝʥʛʩʢʠʡ ʚʘʣ. ʀʚʘʥʫʰʢʠʥʩʢʠʡ ʚʘʣ ʧʦ ʝʛʦ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʨʘʟʨʝʟʝ ʵʣʴʛʷʥʩʢʦ-ʙʠʣʠʨʩʢʦʡ ʩʚʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ 

ʧʦʨʦʜ ʚ ʧʨʠʦʩʝʚʦʡ ʯʘʩʪʠ ʚʘʣʘ.   

5.2.2. ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏʈ 

ʆʩʥʦʚʥʳʤʠ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ ɺʏʈ ʷʚʣʷʶʪʩʷ ʢʘʨʩʪʦʚʳʝ 

ʧʦʣʦʩʪʠ, ʩʦʟʜʘʶʱʠʝ ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ, ʠ ʨʘʟʚʠʪʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ (ʈʠʩ.45). 

 

 

ʈʠʩ.45 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ɺʏʈ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʦʪʝʨʠ ʦʪʨʘʞʝʥʠʡ ʠ ʩʢʚʦʟʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. 

5.2.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʠ ɺʉʇ 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠʟ 

ʜʘʥʥʳʭ ʤɿʉɹ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʌʘʫʩʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʙʦʨʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4 ʥʘʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ï 4 ʪʨʝʥʜʘ. 

ʊʨʝʥʜ ˉ 1 (ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʣʦʞʝʥʠʷʤ ʚʝʨʭʦʣʝʥʩʢʦʡ 

ʩʚʠʪʳ, ʪʨʝʥʜ ˉ 2 (ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʣʠʪʚʠʥʮʝʚʩʢʦʡ ʩʚʠʪʳ, ʪʨʝʥʜ ˉ 3 (ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʣʦʞʝʥʠʷʤ ʙʫʣʘʡʩʢʦʡ ʩʚʠʪʳ, ʪʨʝʥʜ ˉ 4 (ʪʨʝʪʴʷ ʛʨʫʧʧʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʣʦʞʝʥʠʷʤ ʙʝʣʴʩʢʦʡ ʩʚʠʪʳ (ʈʠʩ.46). 
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ʈʠʩ.46 ɻʨʘʬʠʢʠ ʪʨʝʥʜʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ 

 

ʅʘ ʫʯʘʩʪʢʝ ʨʘʙʦʪ ʠʤʝʣʦʩʴ ʜʚʝ ʩʢʚʘʞʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ɺʉʇ, 

ʧʦʢʨʳʚʘʶʱʝʝ ʜʠʘʧʘʟʦʥ ʛʣʫʙʠʥ ʩ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 500 ʤ. ʇʝʨʚʘʷ ʩʢʚʘʞʠʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʢ çʨʘʩʯʝʪʥʘʷè, ʥʘ ʜʘʥʥʫʶ ʩʢʚʘʞʠʥʫ ʢʘʣʠʙʨʦʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʨʘʚʥʝʥʠʷ. ɺʪʦʨʘʷ ʩʢʚʘʞʠʥʘ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʜʦʙʨʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʧʦ 

ʜʘʥʥʳʤ ɺʉʇ ʠ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʥɹʦʡ ʚʦʣʥʳ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ ʩʦʩʪʘʚʠʣʦ 10 %, 

ʜʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʘʙʠʣʴʥʳ ʧʦ ʧʣʦʱʘʜʠ 

(ʈʠʩ.47). 
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ʈʠʩ.47 ɻʨʘʬʠʢʠ ɺʉʇ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʠ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʘʤ 

 

5.2.4. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʨʘʟʨʝʟʦʤ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʫʶ ʧʣʦʱʘʜʴ ʦʪʤʝʯʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʧʦʜʟʝʤʥʦʛʦ ʢʘʨʩʪʘ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʙʣʘʩʪʠ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʚ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ. 

ɼʘʥʥʳʝ ʦʙʣʘʩʪʠ ʦʩʣʘʙʣʷʶʪ ʥʘ ʩʝʙʝ ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜ 

ʪʘʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ 

ʆɻ (ʈʠʩ.48). 
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ʈʠʩ.48 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʦʚ: ɸï ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ, ɹ ï ʩʢʦʨʦʩʪʥʦʡ 

ʨʘʟʨʝʟ 

 

5.2.5. ʈʝʟʫʣʴʪʘʪʳ ʫʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ɺʏʈ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʩʢʦʨʦʩʪʥʳʤ ʤʦʜʝʣʷʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ, 

ʚr ʧʦʣʥʝʥ ʚʚʦʜ ʚ ʩʝʡʩʤʦʪʨʘʩʩʳ ʠ ʧʦʣʫʯʝʥʳ ʩʫʤʤʘʨʥʳʝ ʨʘʟʨʝʟʳ (ʈʠʩ.49).  

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ: 

1. ʈʘʟʨʝʟ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʪʦʤʦʛʨʘʬʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ ʩʢʣʘʜʢʘ ʢʘʨʪʠʨʫʝʪʩʷ ʦʪ ʛʦʨʠʟʦʥʪʦʚ 

ʬʫʥʜʘʤʝʥʪʘ ʜʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

2. ʅʘ ʨʘʟʨʝʟʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʯʝʪʘ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ 

ʤɿʉɹ, ʦʪʨʘʞʝʥʠʝ ʧʦʜ ʩʢʣʘʜʢʦʡ ʚʳʧʦʣʘʞʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ çʩʦʣʷʥʦʡ 

ʧʦʜʫʰʢʠè. 

 

ɸ 
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ʈʠʩ.49 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ: ɸ ï ʨʘʟʨʝʟ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʩ 

ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ, ɹ ï 

ʨʘʟʨʝʟ, ʦʙʨʘʙʦʪʘʥʥʳʡ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʦ ʜʘʥʥʳʤ ʤɿʉɹ  

 

ʗʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʩʩʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʞʠʤʘʶʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ, 

ʥʘʟʳʚʘʶʪʩʷ ʜʠʘʧʠʨʠʟʤʦʤ. ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʘʧʠʨʦʚ ʚʳʟʚʘʥʦ 

ʧʣʘʚʫʯʝʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʦʣʠ. ɽʩʣʠ ʥʠʞʝʣʝʞʘʱʠʡ 

ʧʣʘʩʪ ʩʦʣʠ ʧʝʨʝʢʨʳʪ ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʪʦ ʦʥ ʥʘʯʥʝʪ ʧʦʜʥʠʤʘʪʴʩʷ, 

ʜʝʬʦʨʤʠʨʫʷ ʦʢʨʫʞʘʶʱʠʝ ʧʦʨʦʜʳ (ʈʠʩ.50). 

 

 

ʈʠʩ.50 ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʩʦʣʷʥʦʡ ʧʦʜʫʰʢʠ ʥʘ ʚʳʰʝʣʝʞʘʱʠʝ 
ʛʦʨʠʟʦʥʪʳ [ʊʨʫʩʭʝʡʤ, 1960 ʛ.] 

ɸ ɹ 
























