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ɺɺɽɼɽʅʀɽ 

 ʀʥʪʝʥʩʠʚʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʠ 

ʥʘʪʝʢʘʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʪʨʫʡ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʩʪʘʨʪʝ 

ʨʘʢʝʪ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʥʝʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʞʠʤʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʩʚʝʨʭʟʚʫʢʦʚʳʝ ʨʝʘʢʪʦʨʳ ʧʠʨʦʣʠʟʘ, ʫʩʪʘʥʦʚʢʠ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʛʘʟʦʚʦʡ ʩʪʨʫʠ ʩ ʧʣʦʩʢʦʡ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʝʛʨʘʜʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ ʠ ʛʝʦʤʝʪʨʠʠ ʧʨʝʛʨʘʜʳ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ, ʢʘʢ 

ʫʩʪʦʡʯʠʚʦʛʦ, ʪʘʢ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʪʝʯʝʥʠʷ [1-5]. ʅʝʫʩʪʦʡʯʠʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʫʠ ʩ ʧʨʝʛʨʘʜʦʡ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝʤ 

ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭʩʷ ʦʩʮʠʣʣʷʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʩʪʨʫʝ ʠ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʝʛʨʘʜʝ [25-50]. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʤʝʭʘʥʠʟʤʘ, ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʧʣʦʩʢʦʡ 

ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʧʨʝʛʨʘʜʳ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ. ʇʝʨʚʳʡ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʟʘʩʪʦʡʥʦʡ ʟʦʥʝ [25-30], 

ʚʪʦʨʦʡ ï ʥʘʣʠʯʠʝʤ ʚʥʝʰʥʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ [35-50].  

 ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʥʪʝʥʩʠʚʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʝʞʝʣʘʪʝʣʴʥʳ, 

ʪʘʢ ʢʘʢ ʩʨʳʚ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʠʣʴʥʳʤʠ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ [15-

20]. ɺ ʩʠʣʫ ʤʘʣʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʯʠʪʘʝʪʩʷ ʧʣʘʟʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʧʦʪʦʢ. ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʦʚ 

ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ [71-117]. 
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 ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʩʠʣʫ ʩʚʦʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʟʦʧʨʦʥʠʮʘʝʤʳʝ  ʤʘʪʝʨʠʘʣʳ 

[55-68], ʧʨʠ ʥʘʪʝʢʘʥʠʠ ʩʪʨʫʡ ʥʘ ʢʦʪʦʨʳʝ, ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʦʩʮʠʣʣʷʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ.  

 ʄʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʧʦʟʚʦʣʷʶʪ ʦʢʘʟʳʚʘʪʴ ʤʘʣʦʠʥʝʨʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʝʯʝʥʠʝ, 

ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɺ 

ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʝ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ 

ʧʦʪʦʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʘʟʨʷʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʣʝʶʱʠʡ ʠ ʜʫʛʦʚʦʡ  ʨʘʟʨʷʜ r[69.70]. 

ʈʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʠ, ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʫʜʘʨʥʳʭ 

ʚʦʣʥ.  

ʎʝʣɹ ʨʘʙʦʪʳ: 

¶ ʇʦʜʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʠ ʥʘʪʝʢʘʥʠʠ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʪʨʫʡ ʥʘ ʧʨʝʛʨʘʜʳ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ 

¶ ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ ʥʘ ʪʝʯʝʥʠʝ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʩʪʨʫʡʥʳʭ ʠʤʧʘʢʪʥʳʭ ʪʝʯʝʥʠʷʭ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʤʝʪʦʜʠʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
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ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʠʪʩʷ: 

¶ ʉʧʦʩʦʙ ʧʦʜʘʚʣʝʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʩʪʨʫʷʭ ʥʘʪʝʢʘʶʱʠʭ ʥʘ 

ʧʨʝʛʨʘʜʳ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʦʨʦʰʝʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʚ ʤʥʦʛʦʢʨʘʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʩ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ ʚ ʀʊʇʄ 

ʉʆ ʈɸʅ ʠ ʅɻʋ, ʘ ʪʘʢ ʞʝ ʙʳʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ: ʥʘ International Workshop and 

Exhibition on Plasma Assisted Combustion (Heilbronn, Germany, 2010), ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʚ ʧʣʘʟʤʝʥʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʝ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2010), ʥʘ ʄʠʥʩʢʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʢʦʣʣʦʢʚʠʫʤʝ ʧʦ ʬʠʟʠʢʝ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʛʦʨʝʥʠʶ ʠ ʜʝʪʦʥʘʮʠʠ (ʄʠʥʩʢ, 2011), 

ʥʘ AIAA  Conference (Chicago, USA, 2010; Honolulu, USA, 2011), European 

Conference for Aeronautics and Space Sciences (Munich, Germany, 2013), ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʤʝʪʦʜʘʤ ʘʵʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʂʘʟʘʥʴ, 2012, ʅʦʚʦʩʠʙʠʨʩʢ, 2014), ʥʘ European Fluid Mechanics conference 

(Rome, Italy, 2012; Copenhagen, Denmark, 2014), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʩʦʚʝʱʘʥʠʠ ʧʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʝ (ʄʦʩʢʚʘ, 2010, 2011, 2012, 

2013, 2014), ʥʘ International Conference on Plasma Assisted Technologies 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014), ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʩʦʧʣʘʭ ʠ ʩʪʨʫʷʭ (ʂʨʳʤ, ɸʣʫʰʪʘ, 2014), ʥʘ 

Symposium on Advanced Science and Technology in Experimental Mechanics 

(Delhi, India, 2014), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʝʤʠʥʘʨʝ ʧʦ ʩʪʨʫʡʥʳʤ ʦʪʨʳʚʥʳʤ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʯʝʥʠʷʤ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) (ʊʦʤʩʢ, 2012; 
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ʅʦʚʦʩʠʙʠʨʩʢ, 2015), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2011; 

ʂʘʟʘʥʴ, 2015), ʥʘ ɸʟʠʘʪʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ, 

2015), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʇʨʦʙʣʝʤʳ 

ʤʝʭʘʥʠʢʠ: ʪʝʦʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ-

ʐʝʨʝʛʝʰ, 2017). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

1. ʌʦʤʠʥ ɺ.ʄ., ʇʦʩʪʥʠʢʦʚ ɹ.ɺ., ʃʦʤʘʥʦʚʠʯ ʂ.ɸ. ʇʦʜʘʚʣʝʥʠʝ ʩʠʣʴʥʳʭ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʘʟʨʷʜʦʤ // ʇʠʩʴʤʘ ʚ 

ɾʊʌ. ï 2011. ï ʊ. 37. ï ɺr ʧ. 14. ʉ. 84 ï 89. 

2. ʇʦʩʪʥʠʢʦʚ ɹ.ɺ., ʃʦʤʘʥʦʚʠʯ ʂ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ 

ʩʪʨʫʡʥʳʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʪʝʯʝʥʠʷʭ // ɺʝʩʪʥʠʢ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ. ï 2011 ï ˉ 4, ʏ.3, ʉ. 1059 

3. ʌʦʤʠʥ ɺ.ʄ., ʃʦʤʘʥʦʚʠʯ ʂ.ɸ., ʇʦʩʪʥʠʢʦʚ ɹ.ɺ. ɺʦʟʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʠ ʥʘ ʧʨʝʛʨʘʜʝ // ɼɸʅ. ï 2015 ï ʊ.461, 

ˉ 6, ʉ. 653-656. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɺʦ ʚʚʝʜʝʥʠʠ ʧʨʠʚʝʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʮʝʣʴ ʨʘʙʦʪʳ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʧʨʠʚʝʜʝʥ 

ʩʧʠʩʦʢ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʣʘʚʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʯʘʩʪʝʡ: ʧʝʨʚʘʷ ʧʦʩʚʷʱʝʥʘ ʩʪʨʫʡʥʳʤ ʪʝʯʝʥʠʷʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʝʞʠʤʦʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʳʤʠ ʩʪʨʫʷʤʠ ʧʨʝʛʨʘʜ, ʚʪʦʨʘʷ ï 

ʤʝʪʦʜʘʤ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ.  
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ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ 

ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʘʚʪʦʨʦʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʳʚʦʜʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ. 

 

ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. ʇʦʣʥʳʡ 

ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 95 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ ʩ 59 ʨʠʩʫʥʢʘʤʠ ʠ 3 

ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 117 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 

M ï ʏʠʩʣʦ ʄʘʭʘ ʥʘ ʢʨʦʤʢʝ ʩʦʧʣʘ; 

n ï ʧʘʨʘʤʝʪʨ ʥʝʨʘʩʯʝʪʥʦʩʪʠ ʥʘ ʢʨʦʤʢʝ ʩʦʧʣʘ; 

Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ (ʧʦ ʜʠʘʤʝʪʨʫ ʩʦʧʣʘ); 

D ï ʚʳʭʦʜʥʦʡ ʜʠʘʤʝʪʨ ʢʨʦʤʢʠ ʩʦʧʣʘ; 

d ï ʜʠʘʤʝʪʨ ʧʨʝʛʨʘʜʳ; 

h ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʧʨʝʛʨʘʜʳ; 

b ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʱʠʪʢʘʤʠ; 

X ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ; 

2ɸ ï ʫʜʚʦʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʨʘʟʥʠʮʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʠʩʢʦʤ ʄʘʭʘ ʠ ʧʨʝʛʨʘʜʦʡ; 

ɚ ï ʜʣʠʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ; 

F ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ; 

U ï ʥʘʧʨʷʞʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ; 

I ï ʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ; 

R ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; 

ὲ ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʨ; 

P ï ʤʦʱʥʦʩʪʴ, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʨʘʟʨʷʜʥʦʤʫ ʧʨʦʤʝʞʫʪʢʫ; 

pi ï ʜʘʚʣʝʥʠʝ ʥʘ i-ʦʤ ʜʨʝʥʘʞʥʦʤ ʦʪʚʝʨʩʪʠʠ ʠʩʭʦʜʥʦʝ; 

pi' ï ʜʘʚʣʝʥʠʝ ʥʘ i-ʦʤ ʜʨʝʥʘʞʥʦʤ ʦʪʚʝʨʩʪʠʠ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʪʦʢ; 
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ɻʣʘʚʘ 1 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

  

 1.1. ɻʘʟʦʜʠʥʘʤʠʢʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ ʩʪʨʫʷʤʠ 

ʧʨʝʛʨʘʜ, ʦʙʪʝʢʘʥʠʝ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʨʝʛʨʘʜ 

 

 ɺ [1ï4] ʨʘʩʩʤʦʪʨʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʦʙʪʝʢʘʝʤʳʭ 

ʩʪʨʫʷʤʠ. ʊʦʨʤʦʞʝʥʠʝ ʩʪʨʫʠ ʥʘ ʧʨʝʛʨʘʜʝ (ʨʠʩ. 1.1) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚ ʩʪʨʫʝ ʦʪʦʰʝʜʰʝʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ ʩʢʘʯʢʘ 

ʫʧʣʦʪʥʝʥʠʷ (ʚ ʨʘʙʦʪʝ ï ʜʠʩʢ ʄʘʭʘ).  

 

 

ʈʠʩ. 1.1 ï ʉʪʨʫʷ, ʥʘʪʝʢʘʶʱʘʷ ʥʘ ʧʨʝʛʨʘʜʫ: 1 ï ʩʦʧʣʦ, 2 ï ʛʨʘʥʠʮʘ ʩʪʨʫʠ, 3 ï ʪʨʦʡʥʘʷ 

ʪʦʯʢʘ, 4 ï ʛʨʘʥʠʮʘ ʚʝʝʨʥʦʡ ʩʪʨʫʠ, 5 ï ʧʨʝʛʨʘʜʘ, 6 ï ʟʘʩʪʦʡʥʘʷ ʦʙʣʘʩʪʴ ʩʪʨʫʠ 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʦʰʝʜʰʝʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʩ ʚʦʣʥʘʤʠ ʚ ʩʪʨʫʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʪʦʨʤʘʞʠʚʘʶʱʝʡ ʩʠʩʪʝʤʳ ʫʜʘʨʥʳʭ 

ʚʦʣʥ [5]. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʳʜʝʣʷʶʪ ʜʦʛʦʥʷʶʱʠʝ (1,2), 

ʚʩʪʨʝʯʥʳʝ (1,5) ʩʢʘʯʢʠ ʫʧʣʦʪʥʝʥʠʷ, ʦʪʨʘʞʝʥʥʳʡ ʨʘʟʨʳʚ (3) ʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʢʘʯʦʢ (4) (ʨʠʩ. 1.2). 
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ʈʠʩ. 1.2 ï ʉʢʘʯʢʠ ʫʧʣʦʪʥʝʥʠʷ:  

1, 2ïʜʦʛʦʥʷʶʱʠʝ; 1, 5ïʚʩʪʨʝʯʥʳʝ, 4ïʦʪʨʘʞʝʥʥʳʡ ʨʘʟʨʳʚ, 4ïʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʢʘʯʦʢ 

 

 ʅʘʣʠʯʠʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʪʨʫʝ ʧʝʨʝʜ ʟʘʪʦʨʤʘʞʠʚʘʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʝʛʨʘʜ. 

 ɸʥʘʣʠʟʫ ʤʝʭʘʥʠʟʤʦʚ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, 

ʦʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʘ 

ʨʝʰʝʥʘ ʧʦʣʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ [6,7]. ʄʝʭʘʥʠʟʤʳ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʨʝʞʝʥʥʳʭ ʩʪʨʫʡ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʫʪʥʦʡ ʩʪʨʫʠ ʩ 

ʧʨʝʛʨʘʜʘʤʠ ʨʘʟʣʠʯʥʳ [8-10]. 

 ɻʘʨʪʤʘʥ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʣ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ 

ʜʦʟʚʫʢʦʚʦʡ ʩʪʨʫʝʡ ʧʨʝʛʨʘʜʳ ʩ ʛʣʫʭʦʡ ʧʦʣʦʩʪʴʶ. ɺ ʨʘʙʦʪʘʭ [11,12] ʧʦʢʘʟʘʥʦ: 

ʝʩʣʠ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʥʝʜʦʨʘʩʰʠʨʝʥʥʦʡ ʩʪʨʫʠ ʧʦʤʝʩʪʠʪʴ ʧʨʝʧʷʪʩʪʚʠʝ ʩ 

ʧʦʣʦʩʪʴʶ, ʪʦ ʪʝʯʝʥʠʝ ʚ ʩʪʨʫʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʛʨʘʥʠʮʳ 

ʩʪʨʫʠ. ʇʨʠ ʵʪʦʤ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʣʫʯʘʝʪʩʷ ʟʚʫʢ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʪʦʥʦʤ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʆʧʠʩʘʥʥʳʡ ʚ [11] ʧʨʦʮʝʩʩ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ 

ʜʦʧʦʣʥʝʥ ʠ ʦʙʦʩʥʦʚʘʥ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʩʪʨʫʷʤʠ ʧʨʝʛʨʘʜ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʠʩʭʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [13ï20], ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʠʟʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʷʚʣʝʥʠʷ ʠ ʝʛʦ 

ʧʨʠʨʦʜʳ. 

 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ɻʘʨʪʤʘʥʘ ʦʧʠʩʘʥ ʚ [11]: ɺ ʦʩʥʦʚʝ 

ʛʝʥʝʨʘʪʦʨʘ ɻʘʨʪʤʘʥʘ (ʨʠʩ. 1.3) ʣʝʞʠʪ ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʩʦʧʣʦ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʚʳʪʝʢʘʝʪ ʛʘʟ. ɻʘʟ ʚʪʝʢʘʝʪ ʚ ʨʝʟʦʥʘʪʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʠʞʝ ʧʦ ʧʦʪʦʢʫ, 

ʩʦʦʩʥʦ ʩʦʧʣʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʟʘʛʣʫʰʝʥʥʫʶ ʚ ʜʦʥʥʦʡ ʦʙʣʘʩʪʠ ʪʨʫʙʢʫ. 

ɿʘʧʦʣʥʝʥʠʝ ʨʝʟʦʥʘʪʦʨʘ ʛʘʟʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ 

ʨʝʟʦʥʘʪʦʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʠʩʢ ʄʘʭʘ ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʨʰʥʷ ʠ ʧʦʜʧʠʨʘʝʤʳʡ 

ʛʘʟʦʤ ʚ ʜʦʥʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʦʥʘʪʦʨʘ ʩʤʝʱʘʝʪʩʷ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʚʳʙʨʦʩ ʛʘʟʘ ʥʘ ʧʝʨʠʬʝʨʠʶ. ɼʘʚʣʝʥʠʝ ʚ ʨʝʟʦʥʘʪʦʨʝ ʧʘʜʘʝʪ 

ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ɸʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʣʫʯʝʥʠʝʤ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

 

ʈʠʩ. 1.3 ï ɻʝʥʝʨʘʪʦʨ ɻʘʨʪʤʘʥʘ: 1ïʩʦʧʣʦ, 2ïʧʨʝʛʨʘʜʘ, 3ïʞʝʩʪʢʠʡ ʢʨʝʧʝʞ 

 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ 

ʩʪʨʫʷʤʠ ʧʨʝʛʨʘʜ ʙʳʣ ʩʧʨʦʚʦʮʠʨʦʚʘʥ ʵʨʦʡ ʨʘʢʝʪʦʩʪʨʦʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʷʚʣʝʥʠʝʤ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ ʌʘʫ-2 ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʝʡ (ʨʠʩ. 1.4). ɺ ʩʪʨʫʝ 

1 

3 
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ʛʘʟʘ, ʠʩʪʝʢʘʶʱʝʛʦ ʠʟ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʷ ʨʘʢʝʪʳ, ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʪʘʨʪʦʚʦʛʦ 

ʩʪʦʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʣʠ ʠʥʪʝʥʩʠʚʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʫʜʘʨʥʳʭ 

ʚʦʣʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʣʠ ʩʠʣʴʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʠʣʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʘʨʪʦʚʦʛʦ ʩʪʦʣʘ ʠ ʨʘʢʝʪʳ. 

 

 

ʈʠʩ. 1.4 ï ɹʘʣʣʠʩʪʠʯʝʩʢʘʷ ʨʘʢʝʪʘ ʌʘʫ-2. 

 

 ɹʦʣʴʰʠʥʩʪʚʦ ʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʨʝʞʠʤʳ ʦʙʪʝʢʘʥʠʷ ʩʪʨʫʷʤʠ ʧʨʝʛʨʘʜ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʘʙʦʪʳ [22ï24] ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʪʝʯʝʥʠʷ ʚ çʩʞʘʪʦʡ ʦʙʣʘʩʪʠè ʩʪʨʫʠ. 

 ʈʘʙʦʪʫ [25] ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʯʘʣʦʤ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʳʤʠ ʩʪʨʫʷʤʠ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʨʝʛʨʘʜ ʚ ɹʘʣʪʠʡʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ çɺʦʝʥʤʝʭè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ  [22,25ï30]. ɺ ʯʘʩʪʥʦʩʪʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʩʦʧʣʦʤ ʠ ʧʨʝʛʨʘʜʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʧʨʝʛʨʘʜʳ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʩʮʠʣʣʷʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ [25]. ʇʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʜʘʚʣʝʥʠʷ ʪʦʨʤʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ (ʨʠʩ. 1.5), ʯʪʦ 

ʛʘʟ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʡ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ 2, ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ 4, 
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ʨʘʟʚʠʚʰʝʡʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ, ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ 

ʛʘʟʦʤ, ʧʨʦʰʝʜʰʠʤ ʩʢʘʯʦʢ 3.  

 

 

ʈʠʩ. 1.5 ï ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ: 1,2,3 ï ʚʠʩʷʯʠʡ, ʮʝʥʪʨʘʣʴʥʳʡ, ʦʪʨʘʞʝʥʥʳʡ 

ʩʢʘʯʢʠ ʫʧʣʦʪʥʝʥʠʷ, 4,5 ï ʟʦʥʳ ʩʤʝʰʝʥʠʷ, 6-ʨʘʟʜʝʣʷʶʱʘʷ ʣʠʥʠʷ ʪʦʢʘ, 7 ï ʣʠʥʠʷ ʥʫʣʝʚʳʭ 

ʧʨʦʜʦʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

 

ʇʨʠ ʵʪʦʤ ʝʛʦ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʩʪʦʣʴʢʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʧʝʨʠʬʝʨʠʡʥʳʡ ʤʘʢʩʠʤʫʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʢʠʥʫʪʴ 

ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʨʝʛʨʘʜʳ. ʆʜʥʘʢʦ, ʯʘʩʪʴ ʛʘʟʘ ʠʟ ʦʙʣʘʩʪʠ ʩʤʝʰʝʥʠʷ 5 

ʦʢʦʣʦ ʣʠʥʠʠ ʨʘʩʪʝʢʘʥʠʷ R ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʠ ʪʝʯʝʪ ʢ ʮʝʥʪʨʫ ʧʨʝʛʨʘʜʳ, 

ʦʙʨʘʟʫʷ ʟʘʩʪʦʡʥʦʝ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ. ɻʘʟ ʠʟ ʟʘʩʪʦʡʥʦʡ ʦʙʣʘʩʪʠ ʩʤʝʰʠʚʘʝʪʩʷ ʚ 

ʟʦʥʝ 5 ʩ ʧʦʪʦʢʦʤ, ʧʨʦʰʝʜʰʠʤ ʮʝʥʪʨʘʣʴʥʳʡ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ, ʘ ʟʘʪʝʤ ʚ 

ʟʦʥʝ 4 ʠ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤ ʧʦʪʦʢʦʤ. ʇʦʵʪʦʤʫ ʯʘʩʪʴ ʛʘʟʘ ʟʘʩʪʦʡʥʦʡ ʦʙʣʘʩʪʠ 

ʧʦʢʠʜʘʝʪ ʝʝ, ʘ ʚ ʟʘʩʪʦʡʥʫʶ ʟʦʥʫ ʦʪ ʣʠʥʠʠ ʨʘʩʪʝʢʘʥʠʷ R ʧʦʩʪʫʧʘʝʪ ʥʦʚʘʷ 

ʧʦʨʮʠʷ ʛʘʟʘ.  ɸʚʪʦʨʦʤ [21] ʪʘʢ ʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ 
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ʤʝʞʜʫ ʩʦʧʣʦʤ ʠ ʧʨʝʛʨʘʜʦʡ (h) ʦʪ ʪʝʯʝʥʠʷ ʨʘʩʪʝʢʘʥʠʷ ʚʜʦʣʴ ʧʨʝʛʨʘʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʪʝʯʝʥʠʶ ʩ ʦʙʨʘʪʥʳʤʠ ʪʦʢʘʤʠ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ 

ʧʨʝʛʨʘʜʳ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʥʠʞʝ ʜʠʩʢʘ ʄʘʭʘ.  

 ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʤʝʨʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʪʝ [22], ʠʟ 

ʪʝʥʝʚʳʭ ʩʥʠʤʢʦʚ ʩʪʨʫʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʝ 

ʧʦʣʦʞʝʥʠʝ ʜʠʩʢʘ ʄʘʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʩʪʨʫʷʤʠ ʧʨʝʛʨʘʜ. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʨʘʙʦʪʘʭ [27,28] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʩʪʨʫʝʡ ʧʣʦʩʢʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʧʨʝʛʨʘʜʳ, ʠʤʝʝʪ ʩʭʦʞʫʶ ʩ ʛʝʥʝʨʘʪʦʨʦʤ 

ɻʘʨʪʤʘʥʘ ʥʘʢʦʧʠʪʝʣʴʥʦ-ʨʝʣʘʢʩʘʮʦʥʥʫʶ ʧʨʠʨʦʜʫ, ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 

1.6: ʚ ʤʦʤʝʥʪ ʧʨʠʣʠʧʘʥʠʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʢ ʧʨʝʛʨʘʜʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ çʂè ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʘ ʩʞʘʪʠʷ, ʯʘʩʪʴ ʢʦʪʦʨʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʪʦʯʢʠ çʂè ʚ ʜʦʟʚʫʢʦʚʫʶ ʦʙʣʘʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ (ʜʠʩʢ ʄʘʭʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʴʮʝʚʦʡ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʚʳʪʝʩʥʷʝʪ ʛʘʟ, ʢʦʪʦʨʳʡ ʨʘʥʴʰʝ ʧʨʦʭʦʜʠʣ ʧʦʜ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʨʘʟʨʳʚʦʤ ʠ ʧʝʨʝʤʝʱʘʝʪ ʝʛʦ ʚʜʦʣʴ ʧʨʝʛʨʘʜʳ (ʚʝʝʨʥʘʷ ʩʪʨʫʷ). 

 

 

ʈʠʩ. 1.6. ï ʉʭʝʤʘ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʫʝ ʧʝʨʝʜ ʧʨʝʛʨʘʜʦʡ [28] 
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ɿʘ ʚʦʣʥʦʡ N ʛʘʟ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ, ʜʘʚʣʝʥʠʝ ʟʘ ʥʝʡ ʧʦʚʳʰʘʝʪʩʷ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ çʫʟʥʘʝʪè ʦ ʧʨʠʣʠʧʘʥʠʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʟʨʳʚʘ ʢ ʧʨʝʛʨʘʜʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʦʣʥʘ N, ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʦʩʠ ʩʪʨʫʠ, 

ʜʦʡʜʝʪ ʜʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʣʝʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʢʘʯʢʘ 

ʫʧʣʦʪʥʝʥʠʷ ʠ ʚʦʣʥʳ N ʧʨʠʚʦʜʠʪ ʢ ʜʚʠʞʝʥʠʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʢʘʯʢʘ ʢ ʩʦʧʣʫ ʠ 

ʚʦʣʥʳ N1 ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʢʦʨʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʢʘʯʢʘ 

ʫʧʣʦʪʥʝʥʠʷ Nc ʧʨʠ ʜʚʠʞʝʥʠʠ ʢ ʩʦʧʣʫ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ 

ʥʘ ʥʝʤ ʧʘʜʘʝʪ, ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʚ ʪʦʤ ʤʝʩʪʝ ʩʪʨʫʠ, ʚ ʢʦʪʦʨʦʤ 

ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʟʘ ʥʠʤ ʨʘʚʥʦ ʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʩʢʘʯʢʦʤ ʠ ʚʦʣʥʦʡ N1. ɺʦʣʥʘ N1 ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʧʦʢʦʷʱʝʤʫʩʷ ʛʘʟʫ ʠ 

ʜʦʩʪʠʛʘʝʪ ʧʨʝʛʨʘʜʳ, ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʟʘ ʚʦʣʥʦʡ ʧʦʩʣʝ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʨʝʛʨʘʜʳ ʚʦʣʥʳ N1 ʚʦʟʨʘʩʪʘʝʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʩʪʘʥʦʚʠʪʩ ̫

ʙʦʣʴʰʝ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʟʘʧʠʨʘʥʠʷ Pk, ʠ ʨʝʟʢʦ ʧʨʠʧʦʜʥʠʤʘʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʨʘʟʨʳʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʂ1. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʣʥʘ N1 ʜʦʛʦʥʠʪ 

ʮʝʥʪʨʘʣʴʥʳʡ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʪʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʙʦʪʝ [22] ʧʨʠʚʝʜʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʥʘʟʚʘʥʳ çʩʠʣʴʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶè. ɺ ʨʘʙʦʪʝ [29] ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜ ʨʘʩʩʯʝʪʘ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ, ʦʪʜʝʣʷʶʱʝʛʦ ʩʞʘʪʫʶ ʦʙʣʘʩʪʴ ʩʪʨʫʠ ʦʪ ʦʙʣʘʩʪʠ 

ʨʘʩʪʝʢʘʥʠʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʧʨʝʛʨʘʜʳ. ʉʦʛʣʘʩʥʦ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʝ, 

ʧʫʣʴʩʘʮʠʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʚ ʩʪʨʫʝ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʟʨʳʚʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʦʙʝ ʝʛʦ ʩʪʦʨʦʥʳ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʧʨʠʣʠʧʘʥʠʶ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ ʠ ʟʘʧʠʨʘʥʠʶ ʜʦʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ 

ʜʦʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʫʜʘʨʥʳʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʠʩʢ ʄʘʭʘ ʨʘʟʜʝʣʷʝʪ 
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ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʚʳʰʝ ʧʦ ʧʦʪʦʢʫ ʦʪ ʩʞʘʪʦʡ ʦʙʣʘʩʪʠ ʩʪʨʫʠ ʥʠʞʝ ʧʦ 

ʧʦʪʦʢʫ ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʨʰʥʷ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʤʝʱʘʶʱʝʛʦʩʷ ʚʚʝʨʭ-ʚʥʠʟ ʧʦ 

ʧʦʪʦʢʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʡ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ 

ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ɺ ʩʣʫʯʘʝ ʦʙʪʝʢʘʥʠʷ ʧʣʦʩʢʦʡ ʧʨʝʛʨʘʜʳ, ʨʦʣʴ ʩʪʝʥʦʢ 

ʨʝʟʦʥʘʪʦʨʘ ʠʛʨʘʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʨʘʟʨʳʚ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʠʟ çʪʨʦʡʥʦʡ 

ʪʦʯʢʠè ʩʪʨʫʢʪʫʨʳ ʩʪʨʫʠ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ.  

ɺ.ɻ. ɼʫʣʦʚʳʤ ʚ ʨʘʙʦʪʘʭ [31,32] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʤʦʜʝʣʴ ʦʩʮʠʣʣʷʮʠʡ ʚ ʩʪʨʫʝ, ʦʙʪʝʢʘʶʱʝʡ ʧʨʝʛʨʘʜʫ. ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʦʡʥʦʡ ʪʦʯʢʠ 

ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʢʦʥʪʘʢʪʥʳʭ ʨʘʟʨʳʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʘ ʪʨʦʡʥʦʡ ʪʦʯʢʦʡ 

ʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜ (ʨʠʩ. 1.7).  

 

 

ʈʠʩ. 1.7 ï ɺʠʭʨʝʚʦʡ ʩʣʝʜ ʟʘ ʪʨʦʡʥʦʡ ʪʦʯʢʦʡ [32] 

 

ɺ ʢʦʥʮʝ ʩʣʝʜʘ ʧʝʨʝʜ ʧʨʝʛʨʘʜʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚʪʦʨʠʯʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ. 

ʉʣʝʜ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʦ, ʦʪʨʳʚʘʝʪʩʷ ʠ ʫʥʦʩʠʪʩʷ ʧʦʪʦʢʦʤ. ɺ 

ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʝʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʨʘʥʠʝ ʧʦʪʦʢʘ, ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʥʘ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʩʤʝʱʝʥʠʝ 

ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ. ʄʦʜʝʣʴ ɺ.ɻ. ɼʫʣʦʚʘ ʩʭʦʞʘ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʩ ʦʧʠʩʘʥʥʦʡ ʚ [28] ʪʝʤ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʘʙʦʪʘʝʪ ʥʘʢʦʧʠʪʝʣʴʥʦ-

ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʤʘʩʩʦʨʘʩʭʦʜʥʳʡ ʤʝʭʘʥʠʟʤ. 
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ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ ʚ ʩʞʘʪʦʤ ʩʣʦʝ 

ʩʪʨʫʠ ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʝʛʨʘʜʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ɽ.ʅ. 

ʂʫʟʴʤʠʥʘ ʫʪʚʝʨʞʜʘʣʘ [33], ʯʪʦ ʥʘʣʠʯʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʥʝʡ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ çʥʝ ʷʚʣʷʶʪʩʷ ʥʠ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʠ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʦʷʚʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩʪʨʫʠ ʩ ʧʨʝʛʨʘʜʦʡè. ʋʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʣʠʞʥʝʤ ʚʥʝʰʥʝʤ 

ʩʣʦʝ ʩʪʨʫʠ, ʪʦ ʝʩʪʴ ʧʦʨʦʞʜʘʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʧʨʠʭʦʜʷʱʠʤʠ ʠʟ ʚʥʝ ʚ 

ʩʪʨʫʶ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚʥʝʰʥʝʡ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʙʳʣʘ ʨʘʟʚʠʪʘ ʚ ʀʥʩʪʠʪʫʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ: ɻʣʘʟʥʝʚʳʤ ɺ.ʅ., 

ʉʦʣʦʪʯʠʥʳʤ ɸ.ɺ., ʄʠʨʦʥʦʚʳʤ ʉ.ɻ., ɼʝʤʠʥʳʤ ɺ.ʉ., ɿʘʧʨʷʛʘʝʚʳʤ ɺ.ʅ. ʠ ʜʨ. 

[34ï51,56,67,68]. 

ʊʝʦʨʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʝ [36], ʛʜʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʝʡ ʧʨʝʛʨʘʜʳ 

ʘʢʫʩʪʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʢʦʨʥʷ ʩʪʨʫʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʜʠʘʬʨʘʛʤʝʥʥʦʛʦ ʵʢʨʘʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ (ʨʠʩ. 1.8).  
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ʈʠʩ. 1.8 ï ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ [36]: 1-ʩʦʧʣʦ, 2-ʵʢʨʘʥ, 3-ʧʨʝʛʨʘʜʘ 

 

ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ: ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʩʮʠʣʣʷʮʠʠ ʫʜʘʨʥʳʭ 

ʚʦʣʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ; ʚ ʜʘʥʥʦʡ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʟʘʤʳʢʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʦʢʨʫʞʘʶʱʝʤ ʩʪʨʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝ.   

 ɺ ʨʘʙʦʪʘʭ [42,52] ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʚʝʝʨʥʦʡ ʩʪʨʫʠ, ʧʨʠʚʝʜʝʥʘ 

ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʝʝ ʦʩʥʦʚʥʦʛʦ ʫʯʘʩʪʢʘ [53]. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʟʚʦʨʦʪʘ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʨʘʟʛʦʥ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɻʨʘʥʠʮʘ 

ʚʝʝʨʥʦʡ ʩʪʨʫʠ ʝʩʪʴ ʜʠʩʢʦʦʙʨʘʟʥʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʚʝʝʨʥʦʡ ʩʪʨʫʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʫʯʘʩʪʢʘ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʩ ʙʦʯʢʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 1.9) [42].  
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ʈʠʩ. 1.9 ï ʇʦʣʝ ʪʝʯʝʥʠʷ ʚ ʚʝʝʨʥʦʡ ʩʪʨʫʝ [42] (M=1,905; n=6,1; a=3↔ ; 

k=1,4): a ï 2/d=0,96; ʙ ï 2/d=3,25; 1 ï ʛʨʘʥʠʮʘ ʩʪʨʫʠ, 2 ï ʣʠʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

 

ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʯʝʥʠʷ ʩʪʨʫʠ, ʥʘʪʝʢʘʶʱʝʡ ʥʘ ʧʨʝʛʨʘʜʫ, 

ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʩʪʨʦʝʥʠʶ ʪʝʯʝʥʠʷ ʚ ʚʝʝʨʥʦʡ ʩʪʨʫʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʠʟʣʫʯʘʶʱʝʡ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʚ ʢʘʥʘʣʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ). 

 ʈʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʮʠʣʣʷʮʠʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʪʨʫʷʤʠ 

ʧʨʝʛʨʘʜ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ [37,43ï48]. ɺ ʨʘʙʦʪʝ [37] ʧʨʠʚʝʜʝʥ ʤʝʭʘʥʠʟʤ ʠ 

ʬʘʟʦʚʳʡ ʧʫʪʴ ʢʘʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʨʠʩ. 1.10): ɿʚʫʢʦʚʘʷ ʚʦʣʥʘ, ʠʟʣʫʯʝʥʥʘʷ 

ʛʨʘʥʠʮʝʡ ʚʝʝʨʥʦʡ ʩʪʨʫʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʦʧʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩʦ ʩʪʨʫʝʡ ʠ ʧʦʨʦʞʜʘʝʪ ʚ ʥʝʡ ʚʦʟʤʫʱʝʥʠʝ. ɺʦʟʤʫʱʝʥʠʝ, ʜʚʠʛʘʷʩʴ ʧʦ ʩʞʘʪʦʤʫ 

ʩʣʦʶ ʦʪ ʢʨʦʤʢʠ ʩʦʧʣʘ ʢ ʧʨʝʛʨʘʜʝ, ʥʘʨʘʩʪʘʝʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʪʨʘʟʠʚʰʠʩʴ 

ʦʪ ʧʨʝʛʨʘʜʳ ʚ ʚʠʜʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʚʦʟʤʫʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʜʠʩʢʘ ʄʘʭʘ. 

ɼʚʠʞʝʥʠʝ ʜʠʩʢʘ ʄʘʭʘ ʠ ʚʝʝʨʥʦʡ ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʬʘʟʘʤʠ. 

ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ʌʘʟʦʚʳʡ ʧʫʪʴ ʠʟ [37]: ʦʪ ʩʦʧʣʘ ʢ ʧʨʝʛʨʘʜʝ ï ,́ ʦʪ 

ʧʨʝʛʨʘʜʳ ʢ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ï ˊ /2, ʦʪ ʛʨʘʥʠʮʳ ʚʝʝʨʥʦʡ ʩʪʨʫʠ ʢ ʢʦʨʥʶ 

ʩʪʨʫʠ ï ˊ /2. 
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ʈʠʩ. 1.10 ï ʌʘʟʦʚʳʡ ʧʫʪʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ [37] 

 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʩʯʝʪʘʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʥʝʦʙʭʦʜʠʤʘ ʤʝʪʦʜʠʢʘ ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 

[35,40] ʧʨʠʚʝʜʝʥ ʨʷʜ ʦʙʣʘʩʪʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (h,n) 

ʜʣʷ ʟʘʜʘʥʥʳʭ M, d, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʟʘʤʢʥʫʪʳʝ ʢʨʠʚʳʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʣʠ 

ʧʝʨʝʡʪʠ ʢ ʝʜʠʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ N-X. 

ʅʘ ʨʠʩ. 1.11ʘ ʥʘʥʝʩʝʥʳ ʠʟʦʣʠʥʠʠ ʩ ʨʘʚʥʳʤʠ ʯʠʩʣʘʤʠ ʉʪʨʫʭʘʣʷ, ʥʘ ʨʠʩ. 1.11ʙ 

ʥʘʥʝʩʝʥʳ ʠʟʦʣʠʥʠʠ ʩ ʨʘʚʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ. 
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ʈʠʩ. 1.11 ï ʆʙʦʙʱʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ [40]: ʘï

ʠʟʦʣʠʥʠʠ ʩ ʨʘʚʥʳʤʠ ʯʠʩʣʘʤʠ ʉʪʨʫʭʘʣ,̫ ʙïʠʟʦʣʠʥʠʠ ʩ ʨʘʚʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʢʦʣʝʙʘʥʠʡ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʢʦʣʝʙʘʥʠʡ. ʆʩʮʠʣʣʷʮʠʠ ʩ ʤʝʥʴʰʠʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʣʝʞʘʪ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʦʙʣʘʩʪʠ. N ʠ X ï ʦʙʦʙʱʝʥʥʳʝ ʥʝʨʘʩʯʝʪʥʦʩʪʴ ʩʪʨʫʠ ʠ ʧʦʣʦʞʝʥʠʝ 

ʧʨʝʛʨʘʜʳ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ Mïʯʠʩʣʦ ʄʘʭʘ ʥʘ ʢʨʦʤʢʝ ʩʦʧʣʘ, nïʧʘʨʘʤʝʪʨ ʥʝʨʘʩʯʝʪʥʦʩʪʠ ʩʪʨʫʠ ʥʘ 

ʢʨʦʤʢʝ ʩʦʧʣʘ, Dïʜʠʘʤʝʪʨ ʢʨʦʤʢʠ ʩʦʧʣʘ, dïʜʠʘʤʝʪʨ ʧʨʝʛʨʘʜʳ.  

 

 ɺ ʨʘʙʦʪʝ [54], ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʠ, ʩʧʫʪʥʦʡ ʦʩʥʦʚʥʦʤʫ 

ʩʚʝʨʭʟʚʫʢʦʚʦʤʫ ʧʦʪʦʢʫ (ʦʢʘʟʳʚʘʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʥʘʣ ʘʢʫʩʪʠʯʝʩʢʦʡ 
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ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ) ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʥʝʰʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʥʘ ʧʝʨʠʬʝʨʠʠ ʦʙʣʘʩʪʠ ʩ ʤʝʥʴʰʠʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʢʦʣʝʙʘʥʠʡ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʘʧʠʨʘʥʠʝʤ ʧʦʪʦʢʘ ʚ ʟʘʩʪʦʡʥʦʡ ʟʦʥʝ ʩʪʨʫʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʦʙʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚ ʢʦʣʝʙʘʥʠʷʭ ʫʯʘʩʪʚʫʶʪ ʦʙʘ ʢʘʥʘʣʘ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

 ɺ ʨʘʙʦʪʝ [17] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ l/D<2 ʠ d/D>>1 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚʥʝʰʥʝʛʦ ʢʘʥʘʣʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʚ ʩʣʫʯʘʝ l/D>4 ʠ d/Då1 ï ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʘʧʠʨʘʥʠʝʤ 

ʧʦʪʦʢʘ ʚ ʩʞʘʪʦʤ ʩʣʦʝ ʩʪʨʫʠ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ [54].   

  

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʚʥʝʰʥʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚ ʜʦʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʩʪʨʫʠ; ʚ ʩʣʫʯʘʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʟʘʧʠʨʘʥʠʷ ʧʦʪʦʢʘ ʚ ʟʘʩʪʦʡʥʦʡ ʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʪʨʦʡʥʫʶ ʪʦʯʢʫ, ʠʩʢʣʶʯʘʶʱʝʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʧʠʨʘʥʠʝ ʧʦʪʦʢʘ. 
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1.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʫʡ ʩ ʧʨʦʥʠʮʘʝʤʳʤʠ ʧʨʝʛʨʘʜʘʤʠ 

 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤʠ ʵʢʨʘʥʘʤʠ, ʥʘʧʨʠʤʝʨ 

ʦʪʨʘʞʘʪʝʣʠ ʨʘʜʠʦʚʦʣʥ [55,56], ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ [57ï59], 

ʪʦʨʤʦʟʥʳʝ ʵʢʨʘʥʳ ʠʣʠ ʧʘʨʘʰʶʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ [60]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʚʦʟʤʦʞʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʪʝʢʘʥʠʷ [61]: ʦʪ ʩʚʦʙʦʜʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʦʙʪʝʢʘʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʨʘʟʨʝʞʝʥʥʦʛʦ ʛʘʟʘ ʠ ʢʨʫʧʥʦʡ ʷʯʝʡʢʠ 

ʧʨʦʥʠʮʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦ ʩʣʫʯʘʷ ʧʣʦʪʥʦʡ ʩʨʝʜʳ ʠ ʤʝʣʢʦʡ ʷʯʝʡʢʠ, ʢʦʛʜʘ ʛʘʟ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ.  

ʇʦʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʷʯʝʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ɺʇʗʄ) [62] ʧʨʦʙʫʜʠʣʦ ʠʥʪʝʨʝʩ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʢ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [63]. ɺ ʨʘʙʦʪʝ [64] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 

ʧʨʦʥʠʮʘʝʤʦʡ ʚʩʪʘʚʢʠ ʧʝʨʝʜ ʟʘʪʫʧʣʝʥʥʳʤ ʪʝʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʪʫʧʣʝʥʥʦʛʦ ʪʝʣʘ ʩʚʝʨʭʟʚʫʢʦʚʦʤʫ 

ʧʦʪʦʢʫ (ʄ=4,85).  

ʇʦʨʠʩʪʳʝ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʜʘʝʪ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʭ ʩʚʦʡʩʪʚʘʭ: ʧʦʨʠʩʪʦʩʪʴ, ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʙʲʝʤʫ ʤʘʪʝʨʠʘʣʘ; ʚʠʜ ʧʦʨʠʩʪʦʩʪʠ (ʦʪʢʨʳʪʘ,̫ ʟʘʢʨʳʪʘʷ, 

ʧʦʣʫʦʪʢʨʳʪʘʷ ʠʣʠ ʪʫʧʠʢʦʚʘʷ); ʧʨʦʩʚʝʪ; ʬʦʨʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʠʣʠʩʪʦʩʪʠ 

ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ (ʩʨʝʜʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʨ; ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ; ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʚʷʟʢʦʩʪʥʳʡ ʠ 

ʠʥʝʨʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ; ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [65,66]. ɺʳʩʦʢʦʧʦʨʠʩʪʳʝ ʧʨʦʥʠʮʘʝʤʳʝ ʷʯʝʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʧʣʘʚʳ (ɺʇʗʄ) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 3-20%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ 

ʧʦʨʠʩʪʦʩʪʴʶ 97-80%, ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʚʷʟʥʦʩʪʠ, ʚʳʩʦʢʦʡ 
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ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʭʦʜʷʪ ʩʘʤʦʝ ʨʘʟʥʦʦʙʨʘʟʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʧʨʦʥʠʮʘʝʤʳʭ 

ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʣʦʚ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ 

ʫʣʝʪʫʯʠʚʘʶʱʠʤʠʩʷ ʧʦʨʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʦʪ 40 

ʜʦ 85% [65]: ʇʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʩʳʱʘʶʪʩʷ ʯʘʩʪʠʮʘʤʠ 

ʤʝʪʘʣʣʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʩʧʝʢʘʥʠʝ ʠ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʭʦʜʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʉ 50-ʭ ʛʦʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ï ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ. ʕʣʘʩʪʠʯʥʳʡ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ, ʫ 

ʢʦʪʦʨʦʛʦ  ʫʜʘʣʝʥʳ ʧʝʨʝʧʦʥʢʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʫʶ ʷʯʝʠʩʪʫʶ ʩʝʪʴ 

ʩ ʧʦʨʠʩʪʦʩʪʴʶ 97-98% ʠ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɺʇʗʄ. ʆʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚ ʷʚʣʷʝʪʩʷ 

ʷʯʝʡʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷʩʷ ʩʦʙʦʡ ʧʦ ʬʦʨʤʝ ʚʳʪʷʥʫʪʳʡ ʧʝʥʪʘʛʦʥʘʣʴʥʳʡ 

ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ (ʨʠʩ.1.12). ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ɺʇʗʄ ʧʦʚʪʦʨʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʮʳ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʦʢʨʫʞʝʥʘ ʚ ʩʨʝʜʥʝʤ ʜʚʝʥʘʜʮʘʪʴʶ 

ʩʦʩʝʜʷʤʠ. çʆʢʥʘè ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʷʪʴʶ ʧʝʨʝʤʳʯʢʘʤʠ, ʧʦ ʨʘʟʤʝʨʘʤ ʩʦʩʪʘʚʣʷʶʪ 0,45ï0,60 ʦʪ 

ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʷʯʝʝʢ. ʕʣʘʩʪʠʯʥʡr ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ ʥʘ ʩʣʦʞʥʳʭ 

ʧʦʣʠʵʬʠʨʘʭ ʧʦʣʫʯʘʶʪ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ, ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʦʪ 0,6 

ʜʦ 5,0 ʤʤ [65]. 

ɺ ʨʘʙʦʪʝ [67] ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʪʝʢʘʥʠʷ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʝʡ ʧʨʦʥʠʮʘʝʤʦʡ ʠ ʥʝʧʨʦʥʠʮʘʝʤʦʡ çʙʝʩʢʦʥʝʯʥʳʤʠè 

ʧʨʝʛʨʘʜʘʤʠ. ʇʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʘʩʪʦʡʥʦʡ 

ʟʦʥʝ ʚ ʨʝʞʠʤʝ ʤʘʣʳʭ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ. ʇʨʠ 

ʵʪʦʤ, ʟʘ ʧʨʝʛʨʘʜʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʪʦʢ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʜʘʚʣʝʥʠʷ ʚ ʮʝʥʪʨʝ. 
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ʈʠʩ. 1.12 ï ʉʪʨʫʢʪʫʨʘ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ 

 

 

ɺ [68] ʦʧʨʝʜʝʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʨʝʞʠʤʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʠ ʩ ʧʨʝʛʨʘʜʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʷ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ ʧʨʝʛʨʘʜʳ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʧʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3,6 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʩʣʫʯʘʝ ʩʧʣʦʰʥʦʡ 

ʧʨʝʛʨʘʜʳ.  

ɺ [69] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʛʘʟʦʚʦʡ ʩʪʨʫʝʡ 

ʚʩʪʘʚʢʠ ʠʟ ɺʇʗʄ ʩ ʦʪʢʨʳʪʦʡ ʜʦʥʥʦʡ ʦʙʣʘʩʪʴʶ ʩ ʯʘʩʪʦʪʦʡ 1,2Å10
3
 ʧʦʨ ʥʘ 

ʤʝʪʨ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʪʨʫʠ 

ʠʩʧʳʪʳʚʘʝʪ ʘʚʪʦʢʦʣʝʙʘʥʠʷ.  



 

 

27 

 

1.3. ʉʧʦʩʦʙʳ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷʤʠ ʛʘʟʘ 

 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʛʘʟʦʜʠʥʘʤʠʢʠ ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. ɺ ʨʘʙʦʪʝ [71] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ, ʭʦʪʷ, ʚʦʟʤʦʞʥʦ, ʥʝ 

ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʠʣʦʞʝʥʠʡ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ (ʄʇɸ) 

(ʨʠʩ. 1.13).  

 

 

ʈʠʩ. 1.13 ï ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ [71] 

 

ʄʘʛʥʠʪʦʧʣʘʟʤʝʥʥʘʷ ʘʵʨʦʜʠʥʘʤʠʢʘ ʠʟʫʯʘʝʪ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ, ʧʣʘʟʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ.

ʄɸɻʅʀʊʆʇʃɸɿʄɽʅʅɸʗ 

ɸʕʈʆɼʀʅɸʄʀʂɸ 

ʇʃɸɿʄɽʅʅɸʗ 

ɸʕʈʆɼʀʅɸʄʀʂɸ 
ʄɸɻʅʀʊʆɻʀɼʈʆɼʀʅɸʄʀʂɸ 

ʋʇʈɸɺʃɽʅʀɽ ʇʆʊʆʂʆʄ ʀ 

ʆɹʊɽʂɸʅʀɽʄ 

ʇʃɸɿʄɽʅʅʆ ʉʊʀʄʋʃʀʈʆɺɸʅʅʆɽ 

ɻʆʈɽʅʀɽ 

ʉʅʀɾɽʅʀɽ ʉʆʇʈʆʊʀɺʃɽʅʀʗ 

ʇʆʊʆʂʋ 

ɻɽʅɽʈɸʎʀʗ ʋʇʈɸɺʃʗʖʑʀʍ ʉʀʃ 

ʀ ʄʆʄɽʅʊʆɺ 

ʄʆɼʀʌʀʂɸʎʀʗ 

ʇʆɻʈɸʅʀʏʅʆɻʆ ʉʃʆʗ 

ʋʇʈɸɺʃɽʅʀɽ ʆʊʈʓɺʅʓʄʀ 

ɿʆʅɸʄʀ 

ʋʇʈɸɺʃɽʅʀɽ ʉʊʈʋʂʊʋʈʆʁ 

ʇʆʊʆʂɸ ɺ ʂɸʅɸʃɸʍ 

ʇʃɸɿʄɽʅʅɸʗ ɸʂʊʀɺɸʎʀʗ 

ʊʆʇʃʀɺɸ ʀ ʆʂʀʉʃʀʊɽʃʗ 

ʀʅʀʎʀɸʎʀʗ ʈɽɸʂʎʀʁ ʇʈʀ 

ɺʓʉʆʂʆʁ ʉʂʆʈʆʉʊʀ ʇʆʊʆʂɸ 

ʉʊɸɹʀʃʀɿɸʎʀʗ ʌʈʆʅʊɸ 

ʇʃɸʄɽʅʀ 

ʇʃɸɿʄʆʍʀʄʀʏɽʉʂɸʗ 

ʂʆʅɺɽʈʉʀʗ ʊʆʇʃʀɺɸ 
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ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʣʘʟʤʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʠʭ ʤʘʣʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʨʘʟʨʷʜʦʚ: ʪʣʝʶʱʠʡ, ʜʫʛʦʚʦʡ, ʠʩʢʨʦʚʦʡ, ʙʘʨʴʝʨʥʳʡ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ. 

ɺʦʧʨʦʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʝʥ. 

ʄʝʪʦʜʘʤʠ ʧʣʘʟʤʝʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʩʣʝʜʫʶʱʠʡ 

ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʨʷʜ ʟʘʜʘʯ: ʩʥʠʞʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʨʳʚʥʳʭ 

ʟʦʥ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ 

ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʛʦʨʝʥʠʷ, ʧʦʜʘʚʣʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ ʧʦʪʦʢʝ, ʩʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʰʫʤʦʚ.  

 ʉʫʪʴ ʧʣʘʟʤʝʥʥʦʡ ʛʘʟʦʜʠʥʘʤʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʠʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʧʦʜʚʦʜʝ ʵʥʝʨʛʠʠ ʢ ʧʦʪʦʢʫ. ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ: ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʨʝʜʳ, ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ, ʛʝʥʝʨʘʮʠʷ ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʪʨʳʚʥʳʭ 

ʟʦʥ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 ɺ ʨʘʙʦʪʘʭ [72ï81] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʥʠʞʝʥʠʶ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʟʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʪʫʧʣʝʥʥʳʭ ʪʝʣ ʚ ʩʚʝʨʭ- ʠ ʜʦʟʚʫʢʦʚʳʭ 

ʧʦʪʦʢʘʭ ʜʦ 50%; ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʣʦʙʦʚʦʡ ʪʦʯʢʝ ʪʝʣʘ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʦʪʭʦʜʦʤ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ.  

 ʀʩʩʣʝʜʦʚʘʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʧʨʦʮʝʩʩʘʤʠ ʦʪʨʳʚʘ 

ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ [82ï96]. 

ɼʘʥʥʳʡ ʚʠʜ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʠʙʦ ʠʟʤʝʥʝʥʠʝʤ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ, ʣʠʙʦ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ [97ï99], ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʣʠʙʦ ʧʦʜʚʝʜʝʥʠʝʤ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʘʟ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʦʨʷʯʝʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʣʘʤʠʥʘʨʠʟʘʮʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 
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 ɺ [100ï102] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʲʝʤʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʯʝʥʠʷ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʛʨʘʜʠʝʥʪ ʥʘʨʘʩʪʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʪʦ ʧʦʜʦʙʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ 

ʧʝʨʝʭʦʜʫ ʚ ʪʦʯʢʝ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ [103]. 

 ɺ ʨʘʙʦʪʘʭ [91,104ï109] ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʪʦʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʛʝʥʝʨʘʮʠʷ ʠʦʥʥʦʛʦ 

ʚʝʪʨʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʣʠʥʠʡ ʪʦʢʘ. ʊʝʭʥʠʢʘ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʨʘʟʨʷʜʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ ʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʨʳʚʦʤ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʊʝʥʥʝʩʠ [93,107], ʚ British Aerospace [105] 

ʠ ʀʊʇʄ [109]. ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʢʦʨʦʩʪʴ ʠʦʥʥʦʛʦ ʚʝʪʨʘ 

ʜʦʩʪʠʛʘʝʪ 5 ʤ/ʩ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 7 ʤ/ʩ [110]. ʆʜʥʘʢʦ, ʤʘʣʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

[108] ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʩʢʦʨʦʩʪʴ ʠʦʥʥʦʛʦ ʚʝʪʨʘ ʩʚʷʟʘʥʳ ʩ 

ʪʝʤ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʦ ʚʥʝʰʥʝʡ ʥʝʚʷʟʢʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ, 

ʛʜʝ ʦʥʦ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ.  

 ʇʣʘʟʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ 

ʵʬʬʝʢʪʠʚʥʝʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʣʘʟʤʝʥʥʳʭ ʘʢʪʫʘʪʦʨʦʚ 

[107,111ï117]. 
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ɻʣʘʚʘ 2 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʋʉʊɸʅʆɺʂɸ ʀ ʄɽʊʆɼʀʂʀ ʀɿʄɽʈɽʅʀʁ 

 

2.1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʜʚʫʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʊʠʧʠʯʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʘʢʪʫʘʣʴʥʘʷ ʜʣʷ ʦʙʦʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1.  

 

ʈʠʩ. 2.1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʫʩʪʘʥʦʚʢʘ ʇʦʪʦʢ-ʄ: 1 ï ʩʦʧʣʦ, 2 ï Nd:Yag 

ʣʘʟʝʨ, 3 ï ʪʝʥʝʚʦʡ ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʧʨʠʙʦʨ ʩ ɸɺʊ, 4 ï ʧʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ, 5 ï 

ʧʨʝʛʨʘʜʘ, 6 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʣʴʮʝʚʦʡ ʵʣʝʢʪʨʦʜ, 7 ï ʘʥʦʜ/ʢʘʪʦʜ, 8 ï ʫʜʘʨʥʳʝ ʚʦʣʥʳ, 

9 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, 10 ï ʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ PCO 1200hs, 11 ï ʜʘʪʯʠʢʠ 

ʜʘʚʣʝʥʠʷ 
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ɺʨʝʤʷ ʨʘʙʦʪʳ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ï ʜʦ 1 ʤʠʥ. ʉʦʧʣʦ (1) 

ʬʦʨʤʠʨʦʚʘʣʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʡʥʳʡ ʧʦʪʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʟʜʫʭ. ʅʠʞʝ ʧʦ ʧʦʪʦʢʫ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʧʨʝʛʨʘʜʘ (5), ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʢʦʪʦʨʦʡ ʚ ʩʪʨʫʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʩʢʘʯʢʦʚ ʫʧʣʦʪʥʝʥʠʷ ʠʣʠ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʯʝʥʠʠ (8). ʅʘ ʫʩʪʘʥʦʚʢʝ çʇʦʪʦʢ-ʄè 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʦʙʪʝʢʘʥʠʝ ʧʨʝʛʨʘʜ ʧʝʨʝʨʘʩʰʠʨʝʥʥʳʤʠ ʩʪʨʫʷʤʠ ʚʦʟʜʫʭʘ. ʇʨʠ 

ʧʦʤʦʱʠ ʩʪʨʫʡʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʙʪʝʢʘʥʠʷ ʧʨʝʛʨʘʜ 

ʥʝʜʦʨʘʩʰʠʨʝʥʥʳʤʠ ʚʦʟʜʫʰʥʳʤʠ ʩʪʨʫʷʤʠ.  

ʅʘ ʢʨʦʤʢʝ ʩʦʧʣʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʢʦʣʴʮʝʚʦʡ ʤʝʜʥʳʡ ʵʣʝʢʪʨʦʜ (6), ʚʙʣʠʟʠ 

ʢʨʦʤʢʠ ʩʦʧʣʘ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʘʥʦʜ ʠ ʢʘʪʦʜ (7). ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʨʘʟʨʷʜ ʛʦʨʝʣ ʥʘ ʜʚʫʭ ʨʘʟʨʷʜʥʳʭ ʧʨʦʤʝʞʫʪʢʘʭ, ʟʘʧʠʪʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

ʘʥʦʜ ï ʢʦʣʴʮʝʚʦʡ ʵʣʝʢʪʨʦʜ (ʢʨʦʤʢʘ ʩʦʧʣʘ) - ʢʘʪʦʜ. 

 ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ: ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʷʜʘ; ʧʨʠ ʧʦʤʦʱʠ ʪʝʥʝʚʦʛʦ ʧʨʠʙʦʨʘ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ 

ʩʠʩʪʝʤʳ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʄʝʪʦʜʦʤ PIV ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʧʦʣʝʡ 

ʩʢʦʨʦʩʪʠ ʚ ʧʦʪʦʢʝ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʤʠʢʨʦʬʦʥʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʛʨʘʜʳ ʠ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʬʦʥʘ ʚʙʣʠʟʠ ʢʨʦʤʢʠ ʩʦʧʣʘ. 

 

 

2.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ çʇʦʪʦʢ-ʄè 

 

ʋʩʪʘʥʦʚʢʘ çʇʦʪʦʢ-ʄè ʩʦʩʪʦʷʣʘ ʠʟ ʛʝʨʤʝʪʠʯʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʩʦʝʜʠʥʷʣʘʩʴ ʩ ʝʤʢʦʩʪʴʶ 9 ʤ
3
 ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (~30 ʇʘ). ɺʘʢʫʫʤ ʠʟ 

ʝʤʢʦʩʪʠ ʦʪʢʘʯʠʚʘʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 159 ʣ/ʩ. ʋʩʪʘʥʦʚʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2. ʇʨʠ ʟʘʧʫʩʢʝ 

ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʯʠʡ ʛʘʟ (ʚʦʟʜʫʭ) ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʟ ʧʦʤʝʱʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ, ʠʩʪʝʢʘʣ ʯʝʨʝʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʝ ʩʦʧʣʦ 

ʃʘʚʘʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʛʨʘʜʳ. ʏʠʩʣʘ ʄʘʭʘ ʥʘ ʢʨʦʤʢʝ ʩʦʧʣʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ 
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ʦʪ 2,0 ʜʦ 3,25 ʩ ʰʘʛʦʤ 0,25 ʧʫʪʝʤ ʟʘʤʝʥʳ ʩʦʧʝʣ (ʈʠʩ. 2.3). ʇʘʨʘʤʝʪʨ 

ʥʝʨʘʩʩʯʝʪʥʦʩʪʠ ʩʪʨʫʠ n=0,9ï1,0. ʏʠʩʣʘ ʈʝʡʥʦʣʜɹʩʘ ʧʦ ʜʠʘʤʝʪʨʫ ʢʨʦʤʢʠ 

ʩʦʧʣʘ ʩʦʩʪʘʚʣʷʣʠ Re=5Ā10
5
.  

 

 

ʈʠʩ. 2.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ çʇʦʪʦʢ-ʄè, ʚʥʝʰʥʠʡ ʚʠʜ 

 

ʇʨʝʛʨʘʜʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʟʘ ʩʦʧʣʦʤ, ʥʠʞʝ ʧʦ ʧʦʪʦʢʫ (ʨʠʩ. 2.1), 

ʦʙʨʘʱʝʥʘ ʧʣʦʩʢʠʤ ʪʦʨʮʦʤ ʢ ʧʦʪʦʢʫ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʧʨʝʛʨʘʜʳ (ʨʠʩ. 2.3) ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ d/D=0,36; 

1,2; 1,8; 2,4 ʠ ʧʠʣʦʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ d/D=2,8 ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʚʥʫʪʨʠ ʧʨʦʥʠʮʘʝʤʦʡ ʚʩʪʘʚʢʦʡ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ ʥʠʢʝʣʷ (ʨʠʩ. 2.4). ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʧʣʦʤ ʠ ʧʨʝʛʨʘʜʦʡ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ h/D=0,4 ï 2,0 ʩ ʰʘʛʦʤ 

0,2, ʛʜʝ D ï ʜʠʘʤʝʪʨ ʢʨʦʤʢʠ ʩʦʧʣʘ. ɺʙʣʠʟʠ ʢʨʦʤʢʠ ʩʦʧʣʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʣʘʟʤʝʥʥʳʝ ʘʢʪʫʘʪʦʨʳ. 
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ʈʠʩ. 2.3 ï ʇʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʩʦʧʣʘ ʃʘʚʘʣʷ ʠ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʧʨʝʛʨʘʜʳ 
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ʈʠʩ. 2.4 ï ʇʠʣʦʥ (ʘ) ʠ ʧʨʦʥʠʮʘʝʤʳʝ ʚʩʪʘʚʢʠ ʇ=0,95:  

ɹ ï 400 ʧʦʨ/ʤ., ʚ ï 800 ʧʦʨ/ʤ., ʛ ï 1200 ʧʦʨ/ʤ 
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 2.3. ʉʪʨʫʡʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

ʀʟʫʯʝʥʠʝ ʥʝʜʦʨʘʩʰʠʨʝʥʥʳʭ ʩʪʨʫʡ, ʥʘʪʝʢʘʶʱʠʭ ʥʘ ʧʨʝʛʨʘʜʫ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʨʫʡʥʦʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ, ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩ. 2.5 ï ʉʪʨʫʡʥʘʷ ʫʩʪʘʥʦʚʢʘ: 1 ï ʤʘʛʠʩʪʨʘʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 2 ï ʚʝʥʪʠʣʴ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, 3 ï ʤʘʥʦʤʝʪʨ, 4 ï ʩʦʧʣʦ, 5 ï ʧʨʝʛʨʘʜʘ, 6 ï ʪʝʥʝʚʦʡ 

ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʧʨʠʙʦʨ ʩ ɸɺʊ, 7 ï ʚʠʜʝʦʢʘʤʝʨʘ PCO 1200hs 

 

ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʫʩʪʘʥʦʚʢʠ ʟʘʧʠʪʳʚʘʣʘʩʴ ʦʪ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ P~10
7
 ʇʘ (1). ʅʘʩʪʨʦʡʢʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʚʝʥʪʠʣʷ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (2). ʂʦʥʪʨʦʣʴ 

ʟʘ ʜʘʚʣʝʥʠʝʤ ʪʦʨʤʦʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʥʦʤʝʪʨʘ (3). 

ɼʘʚʣʝʥʠʝ ʪʦʨʤʦʞʝʥʠʷ ʟʘʜʘʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 10
5
ï4Ā10

6
 ʇʘ ʩ ʰʘʛʦʤ 5Ā10

4
 ʇʘ. 
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