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ɺʚʝʜʝʥʠʝ 

 

1 ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ 

 

ʉ 1960-ʭ ʛʦʜʦʚ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʥʘʯʘʣʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʧʣʘʩʪʠʢʠ, 

ʫʛʣʝʨʦʜ-ʢʘʨʙʠʜ-ʢʨʝʤʥʠʝʚʳʝ ʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʫʞʠʣʦ 

ʥʘʯʘʣʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʘʭ.  

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʨʘʙʦʪʢʫ (ʢʘʨʙʦʥʠʟʘʮʠʶ ʠʣʠ ʛʨʘʬʠʪʘʮʠʶ) ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ. ʂʘʨʙʦʥʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 900é2000Áʉ ʧʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 80-99%, ʘ ʛʨʘʬʠʪʘʮʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 3000Áʉ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚʳʰʝ 99%. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʘʨʙʦʥʠʟʘʮʠʷ ʠʣʠ 

ʛʨʘʬʠʪʘʮʠʷ ʧʨʦʚʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʭ ʚʳʪʷʛʠʚʘʥʠʝʤ ʥʘ ʚʳʭʦʜʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʶ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1-5]. 

ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ (ʋʋʂʄ) ʩʦʩʪʦʠʪ ʠʟ 

ʫʛʣʝʨʦʜʥʦʛʦ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʠ ʤʘʪʨʠʮʳ ʠʟ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɸʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʳʭ ʚʦʣʦʢʦʥ, ʥʝʧʨʝʨʳʚʥʳʭ ʥʠʪʝʡ 

ʠʣʠ ʞʛʫʪʦʚ, ʪʢʘʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʧʣʝʪʝʥʠʝʤ, ʦʙʲʝʤʥʳʭ ʢʘʨʢʘʩʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺʦʣʦʢʥʘ ʚ ʢʘʨʢʘʩʝ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʭʘʦʪʠʯʥʦ, ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭ- ʥʘʧʨʘʚʣʝʥʥʦ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʣʦʢʦʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʋʛʣʝʨʦʜʥʘʷ ʤʘʪʨʠʮʘ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʚ ʦʜʥʦ ʮʝʣʦʝ 

ʘʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʚ ʢʦʤʧʦʟʠʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ. ɺ ʦʩʥʦʚʥʦʤ ʤʘʪʨʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʢʩʦʚʳʭ ʦʩʪʘʪʢʦʚ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠʣʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʧʝʢʦʚ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʤʦʣ ʠʣʠ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 
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ʋʋʂʄ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʠʭ ʦʩʥʦʚʝ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʦʙʦʣʦʯʢʠ ʛʦʣʦʚʥʳʭ ʦʙʪʝʢʘʪʝʣʝʡ, ʦʙʪʝʢʘʪʝʣʠ ʩʪʫʧʝʥʝʡ, ʧʨʠʙʦʨʥʳʝ 

ʨʘʤʳ ʠ ʚʦʟʜʫʭʦʚʦʜʳ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʩʠʣʦʚʳʝ ʧʨʦʬʠʣʠ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʧʫʪʥʠʢʦʚ, ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʦʨʤʦʟʥʳʝ 

ʜʠʩʢʠ ʠ ʪ.ʜ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʙʣʘʛʦʜʘʨʷ ʠʭ ʤʝʥʴʰʝʤʫ 

ʚʝʩʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʚ ʜʠʘʧʘʟʦʥʝ 1,6-2,0 ʛ/ʩʤ3), ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʪʝʧʣʦʚʦʤʫ 

ʫʜʘʨʫ. ʀʭ ʚʳʩʦʢʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʧʣʦʪʴ ʜʦ 

3000Áʉ. 

   

ʘ ʙ ʚ 

   

ʛ ʜ ʝ 

   

ʞ ʟ ʠ 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʝ, ʛʜʝ ʘ,ʙ ï ʭʘʦʪʠʯʥʦʝ 

ʘʨʤʠʨʦʚʘʥʠʝ; ʚ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ; ʛ,ʜ,ʝ ï ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʪʢʘʥʴ; 

ʞ,ʟ,ʠ ï ʪʨʝʭʥʘʧʨʘʚʣʝʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ 
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ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ ʚ ʤʠʨʦʚʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʝʨʝʭʦʜ ʦʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʢ ʬʨʠʢʮʠʦʥʥʳʤ ʜʠʩʢʘʤ 

ʠʟ ʋʋʂʄ. ʇʨʠʯʠʥʦʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʩʣʫʞʠʣʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʠ ʠ ʩʪʘʣʝʡ. ʕʢʦʥʦʤʠʷ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʘʭ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ 

ʤʝʥʴʰʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ ʠʟ-ʟʘ ʠʭ ʫʩʪʘʣʦʩʪʠ ʠ ʢʦʨʨʦʟʠʠ [6]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʩ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ [7-9]. ʊʦʨʤʦʟʥʳʝ ʜʠʩʢʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʪʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʩʘʤʦʣʝʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ, ʪʦʨʤʦʞʝʥʠʠ 

ʥʘ ɺʇʇ ʠ ʪ.ʜ.), ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʟʨʫʰʘʪʴʩʷ ʧʨʠ ʚʦʟʥʠʢʘʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪʴ ʪʝʧʣʦʠʟʦʣʷʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʝʜʦʭʨʘʥʠʪʴ ʦʪ 

ʧʝʨʝʛʨʝʚʘ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʰʘʩʩʠ. 

ʇʝʨʚʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʩʪʘʣʘ ʢʦʤʧʘʥʠʷ 

Dunlop, ʚ 1973 ʛʦʜʫ ʵʪʠ ʜʠʩʢʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʩʝʨʠʡʥʫʶ ʤʦʜʝʣʴ 

ʩʘʤʦʣʝʪʘ. ʉʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʘʤʦʣʝʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ 

ʬʠʨʤʘʤʠ Boeing, Airbus, Sukhoi Superjet ʠ ʪ.ʜ., ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʪʦʨʤʦʟʥʳʤʠ 

ʜʠʩʢʘʤʠ ʠʟ ʋʋʂʄ [10,11], ʘ ʪʘʢʞʝ ʚʦʝʥʥʳʝ ʩʘʤʦʣʝʪʳ, ʪʘʢʠʝ ʢʘʢ ʘʤʝʨʠʢʘʥʩʢʠʝ F-

14, F-15, F-16 ʠ F-18, ʬʨʘʥʮʫʟʩʢʠʡ Mirage 2000, ʈʦʩʩʠʡʩʢʠʝ ʄʠɻ, ʉʋ [12-14]. ɼʦ 

ʩʝʛʦʜʥʷʰʥʠʭ ʜʥʝʡ ʧʨʦʜʝʣʘʥ ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʨʠʢʮʠʦʥʥʳʭ ʋʋʂʄ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʥʦʞʝʩʪʚʦ ʤʠʨʦʚʳʭ ʩʪʨʘʥ (ʉʐɸ, ʌʨʘʥʮʠʷ, ʂʦʨʝʷ, 

ʂʠʪʘʡ) ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝʤ ʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʬʨʠʢʮʠʦʥʥʳʭ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʢʦʥʢʫʨʝʥʮʠʷ. ɺ ʈʦʩʩʠʠ ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʘʥʠʡ: ɸʆ çʅʀʀɻʨʘʬʠʪè, ʚ ʢʦʪʦʨʦʤ ʙʳʣ 
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ʨʘʟʨʘʙʦʪʘʥ ʩʝʨʠʡʥʦ ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ ʋʋʂʄ ʤʘʨʢʠ 

çʊʝʨʤʘʨè; ʆɸʆ çʂʦʤʧʦʟʠʪè, ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʋʋʂʄ ʤʘʨʢʠ çɸʨʛʦʣʦʥè. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ɸʂ çʈʫʙʠʥè ʠ 

ɿɸʆ çʅʇʆ ɸʚʠʘʫʛʣʝʨʦʜè. 

ʂ ʘʚʠʘʮʠʦʥʥʳʤ ʪʦʨʤʦʟʥʳʤ ʜʠʩʢʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʯʘʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʚ ʯʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʘ. ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʩʘʤʦʣʝʪʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʣʥʫʶ ʦʩʪʘʥʦʚʢʫ ʩʘʤʦʣʝʪʘ ʧʨʠ ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ ʪʦʨʤʦʞʝʥʠʷ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʤʘʩʩʘʭ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʨʠ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ. ɺ ʢʦʤʤʝʨʯʝʩʢʦʤ ʞʝ ʦʪʥʦʰʝʥʠʠ ʵʣʝʤʝʥʪʳ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʣʠʪʝʣʴʥʳʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ, ʧʨʠʝʤʣʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʝʪʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʘʜʢʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʣʝʪʦʤ. 

ʉʝʡʯʘʩ ʚʝʜʫʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʋʋʂʄ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʝ 

ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʝʩʫʨʩʦʤ ʩʚʳʰʝ 4500 ʮʠʢʣʦʚ çʚʟʣʝʪ-

ʧʦʩʘʜʢʘè. ʉʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʚ ʈʦʩʩʠʠ ʋʋʂʄ ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʶʪ ʟʘʨʫʙʝʞʥʳʤ 

ʘʥʘʣʦʛʘʤ ʧʦ ʩʚʦʠʤ ʨʝʩʫʨʩʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [14,15]. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʘʢʫʧʢʠ ʠʤʧʦʨʪʥʳʭ ʚʦʣʦʢʦʥ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʋʋʂʄ ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʫʢʣʘʜʢʦʡ 

ʚʦʣʦʢʦʥ, ʪ.ʢ. ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ, ʠʟ-ʟʘ 

ʯʝʛʦ ʜʘʞʝ ʚ ʦʜʥʦʡ ʧʘʨʪʠʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʩʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠʜʝʪ ʧʦ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʩʩʳ ʠ ʧʦʩʘʜʦʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʘʤʦʣʝʪʦʚ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩʘʤʦʣʝʪʦʚ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʥʘ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʪʦʨʤʦʟʥʳʭ 

ʜʠʩʢʦʚ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 
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ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʋʋʂʄ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭ ʧʦʚʝʜʝʥʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

2 ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ ʘʨʤʠʨʫʶʱʝʛʦ ʢʘʨʢʘʩʘ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ 

ʘʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʤʘʪʨʠʮʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʣʦʪʥʝʥʠʝʤ ʟʘʛʦʪʦʚʢʠ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʨʙʦʥʠʟʘʮʠʠ ʠʣʠ ʛʨʘʬʠʪʘʮʠʠ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʶʙʳʭ ʋʋʂʄ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʋʋʂʄ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʠ 

ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʢʘʨʢʘʩʘ. ʌʨʠʢʮʠʦʥʥʳʝ ʋʋʂʄ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʦʟʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʪʨʝʥʠʷ. ɼʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ 

ʚʦʣʦʢʥʘ ʠʟ ʚʠʩʢʦʟʳ ʠʣʠ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ). ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʚʦʣʦʢʦʥ [2,16]. ɿʘʯʘʩʪʫʶ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʠʣʠ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʝ 

ʇɸʅ ʚʦʣʦʢʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦʰʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʋʛʣʝʨʦʜʥʳʝ ʪʦʨʤʦʟʥʳʝ ʜʠʩʢʠ ʘʨʤʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚʦʣʦʢʥʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʳ, ʥʦ ʠ ʪʢʘʥʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʣʠ ʚʦʡʣʦʢʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʘʨʤʠʨʦʚʘʥʥʳʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʣʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʨʢʘʩʳ [17]. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ: ʧʝʨʚʳʡ ï ʩʰʠʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʤʠ ʥʠʪʷʤʠ, ʚʪʦʨʦʡ ï 
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ʧʨʝʩʩʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʞʠʜʢʦʡ ʤʘʪʨʠʮʝʡ (ʩʤʦʣʘ ʠʣʠ ʢʘʤʝʥʦʫʛʦʣʴʥʳʡ ʧʝʢ) ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ.  

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʇʘʨʘʤʝʪʨ 

ʇʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣ (ʇɸʅ) ɺʠʩʢʦʟʘ 

ɺʳʩʦʢʦʧʨʦʯʥʳʡ ɺʳʩʦʢʦʤʦʜʫʣʴʥʳʡ 

ʉ ʥʠʟʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ 

ʠ 

ʞʝʩʪʢʦʩʪʴʶ 

ʉ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ 

ʠ 

ʞʝʩʪʢʦʩʪʴʶ 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 
3,1 2,4 0,62 2,2 

ʄʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 

230 390 41 393 

ʇʣʦʪʥʦʩʪʴ ɟ, ʛ/ʩʤ3 1,73 1,81 1,53 1,66 

ɼʠʘʤʝʪʨ ʚʦʣʦʢʦʥ, 

ʤʢʤ 
7 6,5 8,5 6,5 

ʋʜʣʠʥʝʥʠʝ ʧʨʠ 

ʨʘʟʨʳʚʝ, % 
1,3 0,6 1,5 0,6 

ʉʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ, % 
92 99,4 98,8 99,9 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ, ɺʪ/(ʤĿʩ) 

2,1 70 38 122 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʫʧʣʦʪʥʝʥʠʶ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʋʧʣʦʪʥʝʥʠʝ ʟʘʛʦʪʦʚʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʠʣʠ 

ʞʠʜʢʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʞʠʛʝ ʜʘʶʪ ʥʘʠʤʝʥʴʰʫʶ 
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ʫʩʘʜʢʫ, ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʚʳʭʦʜ ʢʦʢʩʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʘʜʛʝʟʠʝʡ ʢ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʘʤ. 

ʉʝʡʯʘʩ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ: ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (ʤʝʪʦʜ CVD), ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʘʨʦʚ (ʤʝʪʦʜ CVI) ʠ ʤʝʪʦʜ ʞʠʜʢʦʬʘʟʥʦʛʦ ʥʘʩʳʱʝʥʠʷ.  

ʇʨʠ ʧʝʨʚʳʭ ʜʚʫʭ (CVD ʠ CVI) ʤʝʪʦʜʘʭ ʫʧʣʦʪʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʘʟʦʦʙʨʘʟʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʧʦʪʦʢʝ ʢʦʪʦʨʳʭ ʚʳʜʝʨʞʠʚʘʶʪ ʟʘʛʦʪʦʚʢʠ. ʇʨʠ 

ʪʠʧʠʯʥʦʤ CVD ʟʘʛʦʪʦʚʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʪʫʯʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʟʘʛʦʪʦʚʢʦʡ ʠ/ʠʣʠ ʨʘʟʣʘʛʘʶʪʩʷ ʚ 

ʥʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ ʛʘʟʳ, ʣʠʙʦ ʪʚʝʨʜʳʝ ʠʣʠ 

ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ, ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʝʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ 

ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʯʘʩʪʫʶ ʚʤʝʩʪʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʘʜʢʘ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʧʦʪʦʢʘʤʠ ʛʘʟʘ ʯʝʨʝʟ 

ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʘ CVD ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʠʟʦʰʣʦ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʥʦʡ 

ʧʨʦʩʪʦʪʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʚʳʩʦʢʦʤʫ ʢʘʯʝʩʪʚʫ ʠʟʜʝʣʠʡ. ʈʦʩʪ 

ʩʣʦʝʚ ʥʘ ʢʘʨʢʘʩʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʨʘʪʠʤʳʭ ʨʝʘʢʮʠʡ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ.  

ʇʨʠ CVI ʤʝʪʦʜʝ ʤʘʪʨʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʥʠʢʘʝʪ ʚ ʪʝʣʦ ʟʘʛʦʪʦʚʢʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ CVI ʩʧʦʩʦʙʝ ʚʦʣʦʢʥʠʩʪʘʷ 

ʟʘʛʦʪʦʚʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʨʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʧʫʩʢʘʝʪʩʷ ʩʤʝʩʴ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠ ʤʘʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʀʥʬʠʣʴʪʨʘʮʠʷ (ʧʨʦʧʠʪʳʚʘʥʠʝ ʟʘʛʦʪʦʚʢʠ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʘʢʪʦʨʝ, 

ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʩ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ ʦʯʠʩʪʢʠ, ʛʜʝ ʛʘʟ ʠ ʦʩʪʘʪʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʤʘʪʨʠʮʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʜʣʷ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʦʣʦʢʥʠʩʪʘʷ ʟʘʛʦʪʦʚʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʤʘʪʨʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʘʪʨʠʮʘ ʧʨʦʥʠʢʘʝʪ ʚ 

ʚʦʣʦʢʥʘ ʠʣʠ ʱʝʣʠ ʟʘʛʦʪʦʚʢʠ. ʇʦ ʤʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʦʣʦʢʥʘ ʠ ʤʘʪʨʠʮʝʡ ʦʙʨʘʟʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʠʟ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ 
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ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʨʝʘʢʪʠʚʳ ʚʤʝʩʪʝ ʩ ʛʘʟʘʤʠ 

ʚʳʭʦʜʷʪ ʠʟ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ʚʳʧʫʩʢʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ. 

ʇʨʦʮʝʩʩ ʛʘʟʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʜʣʠʪʝʣʴʥʳʤ ʠ ʪʨʝʙʫʶʱʠʤ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ (ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ) ʧʣʦʪʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʤʥʦʛʦ ʙʦʣʴʰʝʡ 1,7 ʛ/ʩʤ3) ʪʨʝʙʫʝʪʩʷ 

ʫʧʣʦʪʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʊʘʢʞʝ ʧʨʦʮʝʩʩ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʚʢʠ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʧʦʣʫʯʘʝʤʳʡ ʚʳʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʧʦʜʦʙʥʳʤ ʤʝʪʦʜʦʤ: ʝʛʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʝʬʝʢʪʘʤʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʡʣʦʢʘ ʩ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʧʠʨʦʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʟʘ ʨʫʙʝʞʦʤ. 

ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʩʚʦʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʬʨʠʢʮʠʦʥʥʦʛʦ ʋʋʂʄ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʞʠʜʢʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʢʘʨʢʘʩʘ [18] ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʫʶʱʠʤʠ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʚ ʫʛʣʝʨʦʜ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʧʣʦʪʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʦʣʫʯʝʥʠʷ ʋʋʂʄ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤʠ ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʨʠʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [19], ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʠʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ. 

ʇʦʩʣʝʜʥʝʡ, ʪʨʝʪʠʡ ʵʪʘʧ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʷʚʣʷʝʪʩʷ 

ʬʠʥʠʰʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʢʠ. ʆʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ (ʊ å 2000 - 3000Áʉ). ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʠ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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3 ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʚʝʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʚʣʠʷʥʠʝ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʥʘ ʤʝʭʘʥʠʟʤʳ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ [20], ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

[21], ʠʟʫʯʝʥʠʝ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [22], ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ 

ʠʟʥʦʩ [23,24], ʚʣʠʷʥʠʝ ʩʤʘʟʢʠ [25,26].  

ʂʘʢ ʧʨʘʚʠʣʦ ʫ ʋʋʂʄ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘ [27,28]: ʨʝʞʠʤ ʥʠʟʢʦʛʦ ʠʟʥʦʩʘ (1 ʵʪʘʧ), 

ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʠʢʮʠʦʥʥʦʡ 

ʩʤʘʟʦʯʥʦʡ ʧʣʝʥʢʠ; ʨʝʞʠʤ ʚʳʩʦʢʦʛʦ ʠʟʥʦʩʘ (2 ʵʪʘʧ), ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʙʳʩʪʨʳʤ 

ʨʘʩʧʘʜʦʤ ʛʨʘʬʠʪʘ ʚ ʦʙʣʘʢʦ ʧʳʣʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ çʧʳʣʝʥʠʝè, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʤ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʲʷʩʥʷʶʪ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘʣʠʯʠʝʤ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [29,30]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʚʦʟʜʫʭʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʋʋʂʄ ʧʦʚʝʜʝʥʠʝ [31], ʪ.ʝ. ʥʠʟʢʦʝ ʪʨʝʥʠʝ ï ʚʳʩʦʢʦʝ 

ʪʨʝʥʠʝ. ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʣʠ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ (ʦʪ ʥʠʟʢʦʛʦ ʢ ʚʳʩʦʢʦʤʫ 

ʪʨʝʥʠʶ) ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʪʘʢʪʝ [32-34]. ʏʝʥ ʠ ɼʞʫ (Chen and Ju) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʪʨʝʥʠʷ 

[35]. ʈʦʟʝʣʴʤʘʥ ʠ ʊʘʙʦʨ (Roselman and Tabor) ʦʙʲʷʩʥʠʣʠ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ 

ʥʘʣʠʯʠʝʤ ʩʠʣ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʨʠ 

ʪʨʝʥʠʠ [36]. ɻʦʫʜʝʨ (Gouider) ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ ʦʙʫʩʣʦʚʣʝʥ 

ʦʪʨʳʚʦʤ ʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ [37]. ɺ ʨʘʙʦʪʘʭ [38,39] ʥʘ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʥʠʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʪʨʠʙʦʤʝʪʨʦʤ, 
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ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ ʩʦʚʧʘʜʘʝʪ ʩ ʚʥʝʟʘʧʥʳʤ ʠ ʩʠʣʴʥʳʤ 

ʚʳʜʝʣʝʥʠʝʤ CO2 ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ O2. ɼʨʫʛʠʝ ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʣʠ ʷʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ 

ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʩʪʘʣʦʩʪʥʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ, ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ, ʘʛʣʦʤʝʨʘʮʠʷ ʯʘʩʪʠʮ 

ʠʟʥʦʩʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ [40]. 

ɺ ʨʝʞʠʤʝ çʧʳʣʝʚʦʛʦè ʠʟʥʦʩʘ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ å 0,5é1,0, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ [29,30,41]. ɺ 

ʨʘʙʦʪʘʭ [42,43] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʣʘʛʠ (ʚʦʜʳ) ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʘʨʦʚ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʝʚʦʛʦ ʠʟʥʦʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʦʝ ʠ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ.  

ʂʠʩʣʦʨʦʜ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ çʧʳʣʝʥʠʷè, ʥʦ 

ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ [44]. ʆʜʥʘʢʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʠʩʣʦʨʦʜ ʜʦʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʚ ʚʠʜʝ ʦʢʠʩʣʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʏʘʥʛʫ ʠ ʈʫʩʥʘʢʫ (Chang and Rusnak) 

[45] ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 60% ʦʙʱʝʡ ʧʦʪʝʨʠ ʚʝʩʘ ʋʋʂʄ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʯʠʩʪʳʤ ʛʨʘʬʠʪʦʤ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʫʛʣʝʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪ ʥʘ ʚʦʟʜʫʭʝ ʥʘʯʠʥʘʝʪ ʦʢʠʩʣʷʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 

400Áʉ [46]. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʪʘʢʪʝ ʦʢʠʩʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ [47,48]. ʀʩʩʣʝʜʦʚʘʥʠʷ ɹʘʢʦʩʘ (Bacos) [49], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʪʨʘʛʠʚʘʝʪ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʣʦʠ ʢʦʤʧʦʟʠʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʩʘʜʢʝ ʢʦʤʧʦʟʠʪʘ 

ʠʟ-ʟʘ ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʩ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʝ ʚʳʟʳʚʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʤʘʪʨʠʮʝ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘè. ɺ 

ʨʘʙʦʪʝ [50] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ) ʦʢʠʩʣʝʥʠʷ ʤʘʪʨʠʮʳ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʠʩʣʝʥʠʝʤ ʚʦʣʦʢʥʘ. 

ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ [51] ʧʦ ʟʘʱʠʪʝ ʋʋʂʄ ʦʪ 

ʦʢʠʩʣʝʥʠʷ: 1) ʚʚʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʠʣʠ ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

ʦʢʩʠʜʳ, ʢʘʨʙʠʜʳ, ʥʠʪʨʠʪʳ, ʙʦʨʠʜʳ, ʩʠʣʠʮʠʜʳ ʠ ʠʭ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ; 2) 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʢ; 3) ʟʘʢʨʳʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʋʋʂʄ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ 
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ʟʘʱʠʪʥʳʝ ʧʣʘʩʪʠʥʳ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʧʘʨʘʤʝʪʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʦʢʠʩʣʝʥʠʝʤ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʜʝʬʝʢʪʳ. 

ʅʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠʟ ʋʋʂʄ ʚʣʠʷʝʪ ʠ 

ʚʣʘʞʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʧʦʩʘʜʦʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʪʦʨʤʦʞʝʥʠʷ ʠ ʤʘʩʩʦʡ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʚʣʠʷʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʪ.ʢ. ʦʙʲʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ. ɺ ʫʩʣʦʚʠʷʭ 

ʪʦʨʤʦʞʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʧʦʩʘʜʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʚʣʘʞʥʦʩʪʴ ʫʞʝ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ 

ʚʣʠʷʥʠʝ, ʪ.ʢ. ʢʦʤʧʦʟʠʪʳ ʥʘʛʨʝʚʘʶʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ 

ʠʩʧʘʨʝʥʠʝ ʘʜʩʦʨʙʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [52] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʣʠʷʥʠʶ ʚʣʘʞʥʦʩʪʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʣʘʞʥʦʩʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʀʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʦʨʤʦʞʝʥʠʷ ʠʟʥʦʩ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʣʘʞʥʦʩʪʠ ʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 50% ʚʣʘʞʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʚʣʘʛʘ ʦʢʘʟʳʚʘʝʪ ʩʤʘʟʦʯʥʳʡ 

ʵʬʬʝʢʪ, ʜʦ ʝʝ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʚʦʟʜʫʭʝ 

ʙʳʣ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ Õ å 0,1, ʘ ʧʦʩʣʝ ʝʝ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʙʳʩʪʨʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ ʜʦ ʚʝʣʠʯʠʥʳ Õ å 0,3. 

ɸʚʘʰʠ ʠ ɺʫʜ (Awasthi and Wood) [11] ʩʚʷʟʘʣʠ ʤʝʭʘʥʠʟʤ ʠʟʥʦʩʘ ʫʛʣʝʨʦʜʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʚ ʪʦʥʢʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʷʭ ʧʨʦʠʩʭʦʜʷʪ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʮʠʢʣʳ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʦʧʘʭʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʯʘʩʪʠʮ ʠʟʥʦʩʘ. ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ 

ʪʘʢʞʝ ʫʧʣʦʪʥʝʥʠʠ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʪʨʝʥʠʷ [53]. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʠʮʳ ʠʟʥʦʩʘ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʯʝʰʫʡʢʠ ʠ ʫʧʣʦʪʥʷʶʪʩʷ (ʢʦʤʧʦʩʪʠʨʫʶʪʩʷ), ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʮʠʢʣʠʯʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʇʣʝʥʢʘ ʪʨʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ [54]. 
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ʏʘʩʪʴ ʨʘʟʨʫʰʝʥʥʦʡ ʧʣʝʥʢʠ ʫʥʦʩʠʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʦʙʨʘʟʫʷ ʯʘʩʪʠʮʳ ʠʟʥʦʩʘ 

[55,56]. ɹʘʣʘʥʩ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʪʦʨʤʦʞʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʠ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʋʋʂʄ. 

ɸʚʪʦʨʳ ʨʘʙʦʪ [57-59] ʩʨʘʚʥʠʣʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʝʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʀʤʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʩʢʦʣʴʞʝʥʠʷ (ʵʪʘʧ 1) ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠʤʝʣ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ Õ = 0,1é0,2. 

ɺʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʩ ʧʝʨʚʦʛʦ ʥʘ ʚʪʦʨʦʡ ʵʪʘʧ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʦʥʢʘʷ 

ʛʣʘʜʢʘʷ ʩʤʘʟʦʯʥʘʷ ʧʣʝʥʢʘ ʚʥʝʟʘʧʥʦ ʨʘʟʨʫʰʘʣʘʩʴ ʠ ʧʨʝʚʨʘʱʘʣʘʩʴ ʚ ʪʦʣʩʪʳʡ ʩʣʦʡ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʠʟʥʦʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʜʦ Õ = 0,5é0,9. ɺ ʨʘʙʦʪʝ [60] ʠʟʫʯʘʣʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʇɸʅ ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʢʦʤʧʦʟʠʪʘ. ʀʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ ʭʦʨʦʰʦ ʦʪʧʦʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʋʋʂʄ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʘʨʦʤ ʠ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʚʦʣʦʢʦʥ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʝ [61]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʨʠʝʥʪʘʮʠʷ ʚʦʣʦʢʦʥ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʠʟʥʘʰʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʬʨʠʢʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʛʨʘʬʠʪʦʚʳʭ 

ʦʙʦʣʦʯʝʢ CVI ʚʦʢʨʫʛ ʚʦʣʦʢʦʥ. ʂʦʥʯʠʢʠ ʚʦʣʦʢʦʥ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʠʟʥʘʰʠʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʝʥʢʠ ʪʨʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʩʢʦʣʴʞʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʯʠʢʦʚ ʚʦʣʦʢʦʥ, ʚʩʧʘʭʠʚʘʶʪ 

(ʨʘʟʨʫʰʘʶʪ) ʧʣʝʥʢʫ ʪʨʝʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʢʦʤʧʦʟʠʪʘ. ʐʠʥ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Shin et al.) [62] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ 

ʠʟʥʦʩʘ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʬʠʪʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, 

ʢʦʪʦʨʳʤʠ ʘʨʤʠʨʦʚʘʥʘ ʤʘʪʨʠʮʘ, ʚʣʝʢʫʱʠʤ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʨʘʩʩʝʠʚʘʥʠʷ 

ʪʝʧʣʘ ʚʥʫʪʨʠ ʢʦʤʧʦʟʠʪʦʚ.  
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ʆʟʢʘʥ ʠ ʌʠʣʠʧ (Ozcan and Filip) [63] ʠʟʫʯʠʣʠ ʤʝʭʘʥʠʟʤʳ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ 

ʜʚʫʭ- ʠ ʪʨʝʭ- ʥʘʧʨʘʚʣʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1); ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʣʝʥʢʘ ʪʨʝʥʠʷ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʠʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʠʢʮʠʦʥʥʘʷ ʧʣʝʥʢʘ ʫ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠʤʝʝʪ 

ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʭ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʤʦʨʬʥʘʷ ʧʣʝʥʢʘ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺ ʋʋʂʄ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʠʨʦʜʳ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ï ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ ʠ ʤʘʪʨʠʮʳ, ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʚʠʜʘ ʘʨʤʠʨʦʚʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʤʘʪʨʠʮʝ ʠ ʪ.ʜ. 

ʊʦʨʤʦʟʥʦʡ ʜʠʩʢ ʠʟ ʋʋʂʄ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʦ-

ʘʨʤʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʥʠʟʦʪʨʦʧʠʠ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʪʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʤʝʶʪ ʧʨʷʤʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʠʟʦʪʨʦʧʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʚ ʧʣʘʥʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʠʭ 

ʜʠʩʢʨʝʪʥʳʭ ʚʦʣʦʢʦʥ [14]. 

 

4 ʉʧʦʩʦʙʳ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʠ ʞʛʫʪʦʚ ʚʦʣʦʢʦʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʚʦʣʦʢʦʥ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʋʋʂʄ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ [64,65]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʠʩʧʳʪʘʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [66], ʚ 
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ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʦʢʦʥ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʚ ʞʛʫʪ. ɺ ʨʘʙʦʪʝ [67] ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʟʘʢʨʝʧʣʝʥʠʷ ʞʛʫʪʘ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʚ ʟʘʭʚʘʪʘʭ ʨʘʟʨʳʚʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʚ [68] ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ 

ʨʘʩʪʷʞʝʥʠʶ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʣʠ ï ʧʨʦʯʥʦʩʪʴ 

ʚʦʣʦʢʥʘ ʚ ʞʛʫʪʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [69,70], ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʢ ʫʣʫʯʰʝʥʠʶ ʘʜʛʝʟʠʠ ʚʦʣʦʢʥʘ ʥʝ 

ʪʦʣʴʢʦ ʢ ʤʘʪʨʠʮʝ ʢʦʤʧʦʟʠʪʘ, ʥʦ ʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʯʪʦ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʋʋʂʄ. 

ɺ ʨʘʙʦʪʝ [71] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʧʣʘʟʤʦʡ ʠ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚʦʣʦʢʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʘʟʨʷʜʘ [72] ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʘʤʤʠʘʯʥʦʡ ʧʣʘʟʤʦʡ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ 

ʢʦʤʧʦʟʠʪʘ. ɺ ʨʘʙʦʪʝ [73] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʫʣʫʯʰʘʶʪʩʷ ʧʦʩʣʝ ʠʭ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʦʟʜʫʰʥʦʡ ʠ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʣʫʯʰʝʥʠʝʤ ʘʜʛʝʟʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ ʠ 

ʤʘʪʨʠʮʝʡ. ɸʚʪʦʨʘʤʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [74] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʢʘʥʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʦʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʣʘʟʤʦʡ, ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʦʥʠʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [71-74] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʋʋʂʄ. 
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5 ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

 

ʇʨʦʚʝʜʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

[75-78]. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʪʘ, ʥʦ ʠ ʘʥʘʣʠʟ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ. ʈʘʟʣʠʯʥʳʝ 

ʤʦʜʝʣʠ ʋʋʂʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [79-83]. ʇʠʘʪ (Piat) [84,85] ʨʘʟʨʘʙʦʪʘʣ 

ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʧʨʫʛʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʨʝʭʤʝʨʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ɺʘʥʛ ʠ ʜʨ. (Wang et al.) ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʤʦʜʝʣʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʧʦʚʨʝʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʪʢʘʥʠ ʩ ʩʘʨʞʝʚʳʤ ʧʣʝʪʝʥʠʝʤ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʩʝʚʦʤʫ [86] ʠ ʥʝʦʩʝʚʦʤʫ [87] 

ʥʘʛʨʫʞʝʥʠʶ; ʠʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʦʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʠʢʨʦʤʘʩʰʪʘʙʥʦʛʦ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʝʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʞʛʫʪʦʚ ʚʦʣʦʢʦʥ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʢʦʤʧʦʥʝʥʪʦʚ ʞʛʫʪʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʠʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ. ɹʦʨʢʦʚʩʢʠʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (Borkowski et al.) [88] 

ʩʦʟʜʘʣʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʩ ʫʯʝʪʦʤ ʜʝʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʋʋʂʄ (ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʦʩʪʘʚʠʣʘ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʨʤʠʯʝʩʢʦʤ, ʫʧʨʫʛʦʤ ʧʦʚʝʜʝʥʠʠ ʠ 

ʧʦʚʨʝʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (T = 23Áʉ). ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʷʭ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, 
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ʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʥʘʛʨʫʞʝʥʠʷïʨʘʟʛʨʫʟʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʣʠʥʝʡʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʚʷʟʴ ʧʦʚʨʝʞʜʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ; ʧʨʠ ʵʪʦʤ ʫʧʨʫʛʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʩʪʦʨʠʠ ʥʘʛʨʫʞʝʥʠʷ, ʥʦ ʠ ʦʪ ʪʝʢʫʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʬʠʥʠʰʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ (ʢʘʨʙʦʥʠʟʘʮʠʠ) ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʪʘʢʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [89-91]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʵʚʦʣʶʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚʦ ʚʨʝʤʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ 

[92,93] ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʦʡ 

ʜʦʣʠ ʤʘʪʨʠʮʳ, ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʧʨʦʮʝʩʩʝ ʪʝʦʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʝʨʤʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʫʩʘʜʢʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ [94,95] 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʨʤʦʤʠʢʨʦʩʢʦʧʠʠ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ, ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʨʙʦʥʠʟʘʮʠʠ. ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚʳʟʚʘʥʦ ʚʳʩʦʢʦʡ 

ʫʩʘʜʢʦʡ ʤʘʪʨʠʮʳ. ʂʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (Kim et al.) [96,97] ʩʦʟʜʘʣʠ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʠʭ ʤʦʜʝʣʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɹʦʛʝʪʪʠ (Bogetti) [98]; ʘ 

ʧʨʦʛʥʦʟ ʫʭʫʜʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʝʱʠʥ ʚ 

ʤʘʪʝʨʠʘʣʝ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʜʝʥ ʚ [99,100].  
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6 ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʴ ʋʋʂʄ ʧʦʢʘʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʢʦʤʧʦʟʠʪʘʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ, ʯʪʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ çʫʩʪʘʣʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝè [101-103]. ʍʘʥ ʠ ʜʨ. (Han 

et al.) [104] ʩʦʦʙʱʠʣʠ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʫʣʫʯʰʠʣʘʩʴ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ɻʦʪʦ ʠ ʜʨ. (Goto et al.) [105] ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʫʩʪʘʣʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʠʞʝ ʧʨʝʜʝʣʘ ʫʩʪʘʣʦʩʪʠ ʦʩʪʘʪʦʯʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʩʣʦʠʩʪʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʚʳʰʘʝʪʩʷ, ʠ ʦʥʠ 

ʧʨʠʧʠʩʘʣʠ ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʶ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ. 

ʊʘʥʘʙʝ ʩ ʩʦʘʚʪʦʨʘʤʠ (Tanabe et al.) [106] ʩʦʦʙʱʠʣʠ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʠʟʛʠʙʝ 

ʜʘʞʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ 0,9. ʅʝʜʘʚʥʦ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʷʭ 

ʪʘʢʞʝ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ [107]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ 

[108] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʫʚʝʣʠʯʠʣʩʷ, ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ. ʄʝʞʜʫ ʪʝʤ, ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ (Li et al.) [109] ʩʦʦʙʱʠʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ 

ʪʨʝʭʥʘʧʨʘʚʣʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1, ʞ, ʟ, ʠ) ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝʡ ʧʦʚʳʰʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʡ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʦʜʝʣʠ 

ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ (ʦʪ ʥʘʥʦʤʝʭʘʥʠʢʠ ʜʦ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ 

ʠʩʧʳʪʘʥʠʡ) ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ [110,111]. ʉʚʷʟʴ ʤʝʞʜʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʦʚ ʋʋʂʄ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ. ʅʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʫʩʪʘʣʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʈʝʡʬʩʠʥʜʝʨ ʠ ʜʨ. (Reifsnider et al.) [112] 
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ʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʚʨʝʞʜʝʥʠʝ, ʩʦʩʝʜʩʪʚʫʶʱʝʝ ʩ ʜʝʬʝʢʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʜʝʬʝʢʪʘ. ʌʘʥʛ ʠ ʜʨ. (Fang et al.) 

[113] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʘʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʘʭ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [108] ʦʙʲʷʩʥʠʣʠ, ʯʪʦ ʫʩʪʘʣʦʩʪʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʜʚʫʤʝʨʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1, ʛ, ʜ, ʝ) ʙʳʣʦ 

ʚʳʟʚʘʥʦ ʤʝʜʣʝʥʥʳʤ ʨʦʩʪʦʤ ʪʨʝʱʠʥ ʠ ʦʙʰʠʨʥʳʤ ʨʘʩʩʣʦʝʥʠʝʤ ʚʦʣʦʢʥʘ / ʤʘʪʨʠʮʳ 

ʚʦ ʚʨʝʤʷ ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʃʠ ʩ ʩʦʘʚʪʦʨʘʤʠ (Li et al.) [102] ʦʙʲʷʩʥʠʣʠ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʘʪʨʠʮʳ ʠ 

ʤʝʞʬʘʟʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʨʝʩ ʢ 

ʠʟʫʯʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʫʩʪʘʣʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʮʝʣʦʩʪʥʦʡ ʤʦʜʝʣʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʋʋʂʄ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʈʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʩʦʟʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʤʧʦʟʠʪʘʭ ʜʘʞʝ ʚʠʜʠʤʳʝ ʪʨʝʱʠʥʳ 

ʥʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʢʦʤʧʦʟʠʪʦʚ [114]. ɼʦ ʩʠʭ ʧʦʨ 

ʦʪʩʫʪʩʪʚʫʝʪ ʯʝʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʚʥʫʪʨʠ 

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [114,115]. ʂʘʢ ʧʨʠʟʥʘʥʦ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ ʠ ʪʨʝʱʠʥʘʤ ʤʘʪʨʠʮʳ ʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 

[101,105,108,113].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʚʠʜʝ ʤʘʪʨʠʯʥʳʭ ʠ ʤʝʞʬʘʟʥʳʭ ʪʨʝʱʠʥ, ʧʫʩʪʦʪ (ʧʦʨ) ʠ ʠʩʢʘʞʝʥʠʷ 

(ʠʩʢʨʠʚʣʝʥʠʷ) ʧʫʯʢʦʚ ʚʦʣʦʢʦʥ ʠ ʪ.ʜ. [116-119]. ʕʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ-ʟʘ ʫʩʘʜʢʠ ʤʘʪʨʠʮʳ ʠ ʚʳʩʦʢʠʭ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʞʛʫʪʘ ʠ ʤʘʪʨʠʮʳ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʦʣʥʦʤ 

ʤʘʩʰʪʘʙʝ ʩ ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʝʬʝʢʪʦʚ ʚ ʢʦʤʧʦʟʠʪʘʭ ʷʚʣʷʝʪʩʷ 
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ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʩʣʦʞʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʦʟʠʪʘ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʚ ʤʘʩʰʪʘʙʝ ʜʣʠʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʦʙʲʝʤʘ ʢʦʤʧʦʟʠʪʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʩʶ ʢʦʤʧʦʟʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʫʪʝʤ ʩʜʚʠʛʘ ʠʣʠ ʦʪʨʘʞʝʥʠʷ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʝʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʳʧʦʣʥʝʥʘ ʈʘʦ ʠ ʜʨ. 

(Rao et al.) [120,121]. ɺ ʨʘʙʦʪʝ [120] ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʛʨʫʞʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʚ ʢʦʪʦʨʦʤ ʘʚʪʦʨʳ ʫʯʣʠ ʵʬʬʝʢʪʳ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟ-ʟʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʘ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʧʫʯʦʢ ʚʦʣʦʢʦʥ/ʤʘʪʨʠʮʘ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʛʝʟʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʭʫʜʰʝʥʠʷ 

ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʄʝʞʬʘʟʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʜʣʷ ʢʦʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʨʘʟʜʝʣʘ ʧʫʯʦʢ / ʤʘʪʨʠʮʘ, ʙʳʣʠ 

ʚʟʷʪʳ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [122].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʚʠʜʝ 

ʜʝʬʝʢʪʦʚ (ʪʘʢʠʭ ʢʘʢ ʧʫʩʪʦʪʳ ʠ ʠʩʢʘʞʝʥʠʝ ʧʫʯʢʦʚ), ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦʣʫʯʘʷ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʫʶ 

ʩʝʪʢʫ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʠʦʤʝʭʘʥʠʢʝ, ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʧʝʥ ʠ ʮʝʤʝʥʪʥʦʡ ʧʘʩʪʳ [123-125]. ɸʣʠ ʠ ʜʨ. (Ali  et al.) 

[126] ʧʦʩʪʨʦʠʣʠ ʤʦʜʝʣʴ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʣʦʩʢʦʛʦ ʪʢʘʥʥʦʛʦ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʫʪʝʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘ ʦʩʥʦʚʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʘʩʯʝʪʦʚ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʥʘʥʦʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. ʐʘʨʤʘ ʠ ʜʨ. 

(Sharma et al.) [119] ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, 
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ʠʩʧʦʣʴʟʦʚʘʚ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʚ ʚʠʜʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʇʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʘʭ ʩ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘ 2D-ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʄʣʝʢʫʰʝʤ (Mlekush) 

[127]. ɺ ʨʘʙʦʪʝ [128] ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʥʘ ʝʜʠʥʠʯʥʦʡ ʩʬʝʨʝ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʚ 

ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ [129]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʩʪʨʫʢʪʫʨʳ.  

ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʦʣʦʢʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʢʝ ʧʦʚʨʝʞʜʝʥʠʡ. ʆʥʠ ʠʩʭʦʜʷʪ ʠʟ ʧʨʝʜʧʦʩʳʣʢʠ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʠʟʤʝʨʷʶʪ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ [130,131]. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ [132,133], ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʝʪʦʥʘ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʚʨʝʞʜʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʩʚʷʟʘʥʦ ʥʝ ʩ ʦʜʥʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʘ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ, ʪ.ʢ. ʢʦʤʧʦʟʠʪʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʧʨʦʷʚʣʷʶʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʝʥʘ 

ʥʘʛʨʫʟʢʘ ʠ ʷʚʣʷʶʪʩʷ ʣʠ ʤʠʢʨʦʜʝʬʝʢʪʳ ʟʘʢʨʳʪʳʤʠ ʠʣʠ ʦʪʢʨʳʪʳʤʠ. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʦʙʱʝʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ 

ʃʘʜʝʚʝʟʦʤ (Ladeveze) [134-136] ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʢʦʥʮʝʧʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʫʯʝʥʳ ʤʦʜʝʣʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ [137,138]. ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʘʤ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʢʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʩʣʦʞʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 



25 
 

ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʚʨʝʞʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʢʝ ʧʦʚʨʝʞʜʝʥʠʷ 

[139-141]. 

ʂʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ ʍʘʰʠʥʘ [142,143] ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ 

ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʦʢʦʥ; ʢʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʨʠʮʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ ʚ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʢʨʠʪʝʨʠʠ 

ʨʘʩʩʣʦʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʝʜʠʥʠʮʳ. 

ʂʨʠʪʝʨʠʡ ʍʘʰʠʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʢʦʤʧʦʟʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʪʘʢʠʤ ʢʘʢ ʥʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʢʦʥʮʝʧʮʠʠ ʠ ʫʜʦʙʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʞʠʤʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʦʣʦʢʥʘ, ʩʞʘʪʠʠ ʚʦʣʦʢʥʘ, 

ʨʘʩʪʷʞʝʥʠʠ ʤʘʪʨʠʮʳ ʠ ʩʞʘʪʠʠ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʯʠʩʣʝʥʥʦ, 

ʢʦʛʜʘ ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

(ʜʣʷ ʚʦʣʦʢʥʘ: ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʤʦʜʫʣʴ ʧʨʦʜʦʣʴʥʦʛʦ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ, ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; ʜʣʷ 

ʤʘʪʨʠʮʳ: ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʜʚʠʛ). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʢʨʠʪʝʨʠʠ 

ʍʘʰʠʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʘʭ [144-146]. 

ʎʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʪʘʣʦʩʪʥʦʤʫ ʠʟʥʦʩʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ/ʤʘʪʨʠʮʘ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʚ 

ʤʘʪʨʠʮʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʪʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʚʳʜʝʣʝʥʦ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʘʩʧʝʢʪʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʜʘʥʥʳʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ. ʉʚʷʟʴ ʤʝʞʜʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ 

ʥʝʷʩʥʦʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦ-

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʟʘʤʝʥʦʡ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷʭ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʥʳʭ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʚʠʘʮʠʠ), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʘʞʥʝʡʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʪʦʚ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʉʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʫʭʦʜ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʫʙʝʞʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʚ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠʣʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ (ʫʣʫʯʰʝʥʠʝ) ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʬʨʠʢʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʝʧʣʦʚʳʤ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝ ʜʦʣʞʥʳ ʫʩʪʫʧʘʪʴ 

ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ʇʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʩʪʝʥʜʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʠ ʠʭ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʠ 

ʩʪʝʥʜʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʨʝʥʠʷ ʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʤʘʪʨʠʮʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 
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ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦ ʠʟʥʦʩʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʨʳ ʪʨʝʥʠʷ, ʥʦ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʭʘʨʘʢʪʝʨʫ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ 

ʤʘʪʨʠʮʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʨʳ 

ʪʨʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʤʦʛʫʪ 

ʪʝʭʥʦʣʦʛʘʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʟʣʦʚ ʪʨʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ 

ʪʦʨʤʦʟʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ) 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘʰʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʬʨʠʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʦʜʥʦʠʤʝʥʥʳʭ ʧʘʨ ʪʨʝʥʠʷ; 

- ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 

ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʤʝʯʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʠ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʧʣʝʥʢʠ (ʪʨʝʪʴʝʛʦ ʪʝʣʘ) ʥʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ) ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʠʩʧʳʪʘʥʠʡ 

(ʰʘʨʠʢ/ʧʘʣʝʮïʜʠʩʢ, ʢʦʣʴʮʦïʢʦʣʴʮʦ). 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʦʩʥʘʩʪʢʠ (ʜʝʨʞʘʪʝʣʠ) ʜʣʷ ʞʛʫʪʦʚ (ʧʫʯʢʦʚ) ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʠ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʞʛʫʪʘʤʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʥʘ 
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ʤʠʢʨʦʪʨʠʙʦʤʝʪʨʝ UMT-3 ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ 

ʮʠʣʠʥʜʨʳ. 

3. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʪʴ ʢʘʤʝʨʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʟʚʘʥʥʳʭ ʬʨʠʢʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ. ʂʘʤʝʨʘ 

ʜʦʣʞʥʘ ʠʩʢʣʶʯʠʪʴ ʵʬʬʝʢʪ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ 

ʵʢʨʘʥʠʨʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʨʠʙʦʤʝʪʨʘ ʦʪ ʧʦʪʦʢʦʚ ʪʝʧʣʘ. 

4. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚʦʣʦʢʦʥ, ʠʭ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʝ, ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʩʭʝʤʝ ʰʘʨʠʢïʜʠʩʢ. 

5. ɺʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-

ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʘʭ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʠʭ ʦʩʨʝʜʥʝʥʥʳʤʠ 

ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ, ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

6. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʭ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʮʠʢʣʠʯʝʩʢʠ ʤʝʥʷʶʱʝʛʦʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʨʝʜʣʦʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ: ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʧʫʯʢʘʤʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ 

ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ ʮʠʣʠʥʜʨʳ; ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʢʣʶʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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2. ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʫʭ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʭʩʷ ʧʫʯʢʦʚ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʨʤʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʦʙʲʝʤʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʪʘʢʪʥʦʡ ʥʘʛʨʫʟʢʠ; ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʧʦʢʘʟʘʥʘ ʠʭ 

ʢʦʨʨʝʣʷʮʠʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʚ ʮʝʣʦʤ. 

3. ɼʣʷ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʬʨʠʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʭʝʤʝ ʢʦʣʴʮʦï

ʢʦʣʴʮʦ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ T = 

1000ÁC), ʚʳʟʚʘʥʥʳʭ ʬʨʠʢʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʥʠʢʘʶʱʝʡ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʝʥʢʠ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

4. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʛʣʫʙʠʥʳ ʠ ʚʨʝʤʝʥʠ 

ʟʘʨʦʞʜʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʠʭ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʜʦʣʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ 

ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 
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ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ) ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʨʤʦʟʥʳʭ 

ʜʠʩʢʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪ ʯʠʩʣʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦ ʠʟʥʦʩʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʤ ʚʦʣʦʢʥʦʤ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ ʣʫʯʰʝʛʦ ʦʪʚʝʜʝʥʠʷ ʪʝʧʣʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʤʝʶʪ 

ʥʠʟʢʠʡ ʠʟʥʦʩ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʨʘʟʨʫʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʡ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʳʝ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʠʢʘʤ (ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʠ ʤʝʪʦʜ 

ʞʠʜʢʦʬʘʟʥʦʡ ʧʨʦʧʠʪʢʠ), ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʛʨʘʬʠʪʘʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ 

ʢʘʢ: ʪʨʠʙʦʤʝʪʨʳ UMT-2 (CETR, ʉʐɸ) ʠ UMT-3MT (CETR, ʉʐɸ), ʦʧʪʠʯʝʩʢʠʡ 

ʧʨʦʬʠʣʦʤʝʪʨ S neox (SensoFar, ʀʩʧʘʥʠʷ), ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ SmartSPMTM 

(AIST-NT, ʈʦʩʩʠʷ), ʩʢʘʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ Quanta 650 (FEI, ʉʐɸ) 

ʠ Tescan Vega 3 SBH (Tescan, ʏʝʭʠʷ), ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʦʤʝʪʨʳ inVia Reflex 

(Renishaw, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ inVia Qontor (Renishaw, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʥʪʘʢʪʥʦʡ ʪʝʨʤʦʧʘʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʦʰʠʙʢʫ (Ñ2%).  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʤʝʪʦʜʘʭ ʨʝʰʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʤʝʪʦʜʘʭ ʦʩʨʝʜʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ, ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-

ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʡ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʘʭ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʧʘʣʝʮ-ʜʠʩʢ, ʢʦʣʴʮʦ-

ʢʦʣʴʮʦ). 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʧʫʯʢʘʤʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ 

ʮʠʣʠʥʜʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ (ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʫʛʣʝʨʦʜʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʝʛʦ ʦʢʠʩʣʝʥʠʝʤ). 

3. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ) ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

4. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-

ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʚʦʣʦʢʥʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʫʧʨʫʛʦʩʪʠ. 

5. ʊʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʦʢʥʠʩʪʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 8 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 4 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. VI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 26-27 ʥʦʷʙʨʷ 2019. 

2. ʅʘʫʯʥʳʝ ʯʪʝʥʠʷ ʠʤ. ʯʣ. ï ʢʦʨʨ. ʈɸʅ ʀ.ɸ. ʆʜʠʥʛʘ ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 17-18 

ʩʝʥʪʷʙʨʷ 2020. 

3. XV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʇʨʦʙʣʝʤʳ 

ʤʝʭʘʥʠʢʠ: ʪʝʦʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, 25 ʬʝʚʨʘʣʷ - 5 ʤʘʨʪʘ 2021. 

4. ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʃʦʤʦʥʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ ï 2021 (ʩʝʢʮʠʷ ʤʝʭʘʥʠʢʠ)è, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 20-26 ʘʧʨʝʣʷ 2021. 

5. XXVII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çɼʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜè ʠʤ. ɸ.ɻ. ɻʦʨʰʢʦʚʘ, 

ɺʷʪʠʯʠ, ʈʦʩʩʠʷ, 17-21 ʤʘʷ 2021. 

6. 27-ʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʅ.ʅ. ʗʥʝʥʢʦ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ, 5-9 ʠʶʣʷ 2021. 

7. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʠʤʧʦʟʠʫʤ ʧʦ ʊʨʠʙʦʣʦʛʠʠ YarTribNord ï 2021, 

ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ, 14-15 ʩʝʥʪʷʙʨʷ 2021. 

8. XI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʄʝʭʘʥʠʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʣʦʞʥʳʭ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜè ʠʤ. ʀ.ʌ. ʆʙʨʘʟʮʦʚʘ ʠ ʖ.ɻ. ʗʥʦʚʩʢʦʛʦ, 23-25 ʥʦʷʙʨʷ 

2021. 

9. 64-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʌʊʀ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 29 

ʥʦʷʙʨʷ - 3 ʜʝʢʘʙʨʷ 2021. 

10. VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 14-16 ʜʝʢʘʙʨʷ 2021. 
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11. ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʃʦʤʦʥʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ ï 2022 (ʩʝʢʮʠʷ ʤʝʭʘʥʠʢʠ)è, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 18-22 ʘʧʨʝʣʷ 2022. 

12. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-ʤʝʭʘʥʠʢʦʚ YSM-2022, 

ʉʦʯʠ, ʈʦʩʩʠʷ, 4- 14 ʩʝʥʪʷʙʨʷ 2022. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʨʘʤʢʝ ʛʨʘʥʪʘ ʈʅʌ: 19-19-00548 çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʘʰʠʚʘʥʠʷ ʚʦʣʦʢʥʠʩʪʳʭ ʬʨʠʢʮʠʦʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚè. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [147-160], ʠʟʜʘʥʥʳʭ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʩʙʦʨʥʠʢʘʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 4 ʩʪʘʪʴʠ [147-150] ʥʘʧʝʯʘʪʘʥʳ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ ʠ/ʠʣʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web 

of Science, Scopus. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʘʙʦʪʘʭ [147-150] ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʨʘʙʦʪʘʭ [147,149,150] ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɺ. ʄʦʨʦʟʦʚʳʤ, ʥʦ ʧʨʦʚʝʜʝʥʠʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ɺ ʨʘʙʦʪʝ [148] ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʚ 

ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʧʦ ʫʛʣʝʨʦʜʥʦʤʫ ʢʦʤʧʦʟʠʪʫ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ɻʦʨʷʯʝʚʦʡ ʀ.ɻ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ɻʦʨʷʯʝʚʦʡ ʀ.ɻ. 

ɼʣʷ ʨʘʙʦʪʳ [149] ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɺ. ʄʦʨʦʟʦʚʳʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʝʨʞʘʪʝʣʴ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʠʢʨʦʪʨʠʙʦʤʝʪʨʝ UMT-3 

(CETR, ʉʐɸ). ʉʦʚʤʝʩʪʥʦ ʩ ɸ.ɺ. ʄʦʨʦʟʦʚʳʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʨʠʙʦʤʝʪʨʘ UMT-2 (CETR, ʉʐɸ) ʜʣʷ ʨʘʙʦʪʳ [150] ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 134 

ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 28 ʨʠʩʫʥʢʦʚ ʠ 16 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 181 

ʥʘʠʤʝʥʦʚʘʥʠʝ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʠʟʣʦʞʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʳʡ 

ʪʝʤʘʪʠʢʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʢʦʣʴʞʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʛʨʫʧʧʳ ʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʚʦʝʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ UMT-2 (CETR, ʉʐɸ) ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ 

ʧʘʣʝʮ-ʜʠʩʢ ʧʦ ʤʝʪʦʜʠʢʝ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟʫʯʝʥʠʝ 

ʧʣʝʥʢʠ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ ʧʣʝʥʢʠ ʠʟ ʪʦʥʢʦʛʦ ʩʣʦʷ ʯʘʩʪʠʮ 

ʠʟʥʦʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʨʘʟʨʫʰʠʚʰʠʝʩʷ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʧʨʠʚʦʜʠʪ ʢ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʠʢʨʦʪʨʠʙʦʤʝʪʨʝ 

UMT-3 (CETR, ʉʐɸ) ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ çʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ ʮʠʣʠʥʜʨʳè. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʜʝʨʞʘʪʝʣʴ ʜʣʷ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʟʘʢʨʝʧʣʷʪʴ ʧʫʯʢʠ ʚʦʣʦʢʦʥ ʚ 

ʧʦʩʪʦʷʥʥʦ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʧʦʤʦʱʠ ʉʕʄ ʠ ɸʉʄ ʤʠʢʨʦʩʢʦʧʠʠ ʠʟʫʯʘʣʘʩʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʥʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ. ʋʤʝʥʴʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʤʠ 

ʬʨʠʢʮʠʦʥʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ) ʥʦʚʳʭ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʟʚʘʥʥʳʭ ʬʨʠʢʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ UMT-2 (CETR, ʉʐɸ) ʧʦ ʩʭʝʤʝ 

ʢʦʥʪʘʢʪʘ ʢʦʣʴʮʦ-ʢʦʣʴʮʦ (ʂʚʟ = 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʨʠʙʦʤʝʪʨʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʀʟʫʯʝʥʠʝ 

ʧʣʝʥʢʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʢʠ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ < 150ÁC) ʩʦʚʤʝʩʪʥʦ ʩ ʚʣʘʛʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʘʷ ʩʤʘʟʦʯʥʘʷ ʧʣʝʥʢʘ ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (Õ å 0,1é0,15 ʠ Ih å 6é12 ʤʢʤ/ʢʤ). ʇʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʝʥʢʘ ʥʘʯʠʥʘʝʪ ʩʦʩʪʦʷʪʴ ʪʦʣʴʢʦ ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ 

ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʢʦʪʦʨʘʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʝʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʡ ʧʦʣʥʦʤʫ ʠʩʧʘʨʝʥʠʶ ʚʣʘʛʠ ʠʟ ʧʦʨ ʢʦʤʧʦʟʠʪʘ 

(ʊ å 250ÁC) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʧʣʝʥʢʘ ʨʝʟʢʦ ʨʘʟʨʫʰʘʣʘʩʴ, ʩʦʧʨʦʚʦʞʜʘʷʩʴ ʵʬʬʝʢʪʦʤ çʧʳʣʝʥʠʷè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʣʝʥʢʘ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ ʤʦʞʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʢʘʢ ʠʟ ʤʘʪʨʠʮʳ, ʪʘʢ ʠ 

ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʛʨʫʧʧʳ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʚʦʝʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ UMT-2 (CETR, ʉʐɸ) ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ 

ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ-ʜʠʩʢ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ S Neox (SensoFar, ʀʩʧʘʥʠʷ). ɺʳʧʦʣʥʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʧʨʦʮʝʩʩʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʝʤ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʛʣʫʙʠʥʘ ʟʘʨʦʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʭʘʨʘʢʪʝʨʘ 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʦ ʫʩʪʘʣʦʩʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ.  
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʢʨʘʪʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʦʣʴʰʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʘʢʘʜʝʤʠʢʫ ʈɸʅ ʜ.ʬ.-ʤ.ʥ. ʀ.ɻ. ɻʦʨʷʯʝʚʦʡ, ʘ ʪʘʢʞʝ ʢ.ʪ.ʥ. ɸ.ɺ. ʄʦʨʦʟʦʚʫ ʠ ʚʩʝʤ 

ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʪʨʠʙʦʣʦʛʠʠ ʀʇʄʝʭ ʈɸʅ ʟʘ ʧʦʜʜʝʨʞʢʫ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʇɸʆ ɸʂ çʈʫʙʠʥè ʠ ʣʠʯʥʦ ɺ.ɺ. 

ʂʫʣʘʢʦʚʫ ʠ ɸ.ʂ. ɻʦʣʫʙʢʦʚʫ ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʫ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʨʠʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ɸ.ʅ. 

ʂʠʨʠʯʝʥʢʦ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ɻʣʘʚʘ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʚ ʫʩʣʦʚʠʷʭ ʩʢʦʣʴʞʝʥʠʷ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ 

 

1.1 ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

1.1.1 ʀʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʥʠʝ ʙʳʣʠ ʚʟʷʪʳ ʪʨʠ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʝʨʚʳʝ ʜʚʝ ʛʨʫʧʧʳ (ʋʋʂʄ1 ʠ ʋʋʂʄ2) ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʭʘʦʪʠʯʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʧʝʢʦʚʦʡ ʤʘʪʨʠʮʳ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ 2800Áʉ. ʊʨʝʪʴʷ 

ʛʨʫʧʧʘ (ʋʋʂʄ3) ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ 1400Áʉ.  

ʄʘʪʝʨʠʘʣ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (ʇʂɼ). ɺʦʣʦʢʥʘ ʠʤʝʣʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʨʘʚʥʫʶ 20-40 

ʤʤ, ʢʦʪʦʨʳʝ ʩʤʝʰʠʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʘʵʨʦʤʝʪʦʜʘ. ʇʝʨʚʠʯʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʘʪʨʠʮʳ ʧʨʦʚʝʜʝʥʦ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʢʘʤʝʥʦʫʛʦʣʴʥʦʤ ʧʝʢʝ, ʧʦʩʣʝʜʫʶʱʝʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʝʢʝ ʯʝʨʝʟ 2 ʮʠʢʣʘ ʇʂɼ ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 1,83 ʛ/ʩʤ3. ʌʠʥʘʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʭʦʜʠʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2000Áʉ. ʇʦ ʧʨʠʯʠʥʝ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʬʦʨʤʦʚʘʥʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ (ʤʝʥʝʝ 150 ʤʢʤ) ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʝʞ 

ʞʛʫʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʄʘʪʝʨʠʘʣ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ɸʇɸʂ ï

ʘʚʪʦʢʣʘʚʥʘʷ ʧʨʦʧʠʪʢʘ, ʢʘʨʙʦʥʠʟʘʮʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʝ 

ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʨʘʟʨʝʟʘʥʦ ʥʘ ʬʠʣʘʤʝʥʪʳ ʜʣʠʥʦʡ 0,5 ʤʤ. 

ɸʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʩʘʞʜʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ 
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ʚʦʣʦʢʥʘ, ʘ ʤʘʪʨʠʮʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʘ ʯʝʨʝʟ ʮʠʢʣʳ çʧʨʦʧʠʪʢʘ ʢʘʤʝʥʦʫʛʦʣʴʥʳʤ ʧʝʢʦʤ ï 

ʢʘʨʙʦʥʠʟʘʮʠʷ ʧʨʠ 900ÁCè. ʌʠʥʘʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʭʦʜʠʣʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2000Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʢʦʣʝʮ ʜʠʘʤʝʪʨʦʤ ʥʘʨʫʞʥʳʤ 75 ʤʤ, 

ʚʥʫʪʨʝʥʥʠʤ 53 ʤʤ ʠ ʚʳʩʦʪʦʡ 12 ʤʤ (ʨʠʩʫʥʦʢ 1.1). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʪʝʣʘ ʙʳʣ ʚʳʙʨʘʥ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ ʠ ʩʝʨʠʡʥʦ ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ ʪʠʧʦʚʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʨʤʦʟʘʭ 

ʋʋʂʄ1. ʂʦʥʪʨʪʝʣʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʧʘʣʴʯʠʢʘ ʜʠʘʤʝʪʨʦʤ 5,8 ʤʤ ʠ ʚʳʩʦʪʦʡ 

5 ʤʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʪʨʪʝʣʦ ʚ ʬʦʨʤʝ ʧʘʣʴʯʠʢʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʝʣʴʥʳʭ 

ʥʘʛʨʫʟʦʢ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ.  

  
ʈʠʩʫʥʦʢ 1.1 ï ʊʠʧʠʯʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʘʨʳ ʪʨʝʥʠʷ: ʛʜʝ 1 ï 

ʫʛʣʝʨʦʜʥʳʡ ʧʘʣʝʮ, 2 ï ʢʦʣʴʮʝʚʦʡ ʦʙʨʘʟʝʮ, 3 ï ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʣʝʥʢʘ ʪʨʝʥʠʷ 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. 

ʊʘʙʣʠʮʘ 1.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʄʘʪʝʨʠʘʣ 
ʇʣʦʪʥʦʩʪʴ 

ʛ/ʩʤ3 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ 

ʢɼʞ/ʤ2 
ʧʨʠ 

ʠʟʛʠʙʝ 

ʧʨʠ 

ʩʞʘʪʠʠ 

ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ 

ʧʨʠ 

ʩʜʚʠʛʝ 

ʋʋʂʄ1 1,83-1,85 100-130 130-150 32-35 8-10 10-14 

ʋʋʂʄ2 1,83-1,85 80-100 100-130 20-22 12-15 3-5 

ʋʋʂʄ3 1,80-1,83 120-140 150-170 29-32 8-12 9-13 
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ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʧʝʨʝʜ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʋʋʂʄ. 

  

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 1.2 ï ʉʕʄ ʬʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), 

ʋʋʂʄ3 (ʚ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʪʦʛʨʘʬʠʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 (ʨʠʩʫʥʦʢ 1.2, ʘ) ʠ ʋʋʂʄ3 

(ʨʠʩʫʥʦʢ 1.2, ʚ) ʚʦʣʦʢʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ 

ʚʠʜʝ ʞʛʫʪʦʚ, ʘ ʜʣʷ ʋʋʂʄ2 (ʨʠʩʫʥʦʢ 1.2, ʙ) ʚʦʣʦʢʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ. 
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1.1.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ 

UMT-2 ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ ʧʘʣʝʮïʜʠʩʢ (ʨʠʩʫʥʦʢ 1.1) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 23Áʉ ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ V = 0,03-0,3 ʤ/ʩ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʫʪʠ ʪʨʝʥʠʷ, ʨʘʚʥʦʤ 200, 400 ʠ 800 ʤ. ʀʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʥʦʨʤʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ P ʦʪ 2 ʜʦ 22 ʄʇʘ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ 22 ʄʇʘ (540 ʅ) ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʋʋʂʄ3 

ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʥʘ 

30 % ʠ ʩʦʩʪʘʚʣʷʣʘ P = 16 ʄʇʘ (295 ʅ).  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʢʦʣʴʮʝʚʳʝ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʠʪʠʨʢʝ ʥʘ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʝ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʟʝʨʥʠʩʪʦʩʪʴʶ 

14-20 ʤʢʤ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ 

ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʇʌʕ) [161,162], ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʩʝ 

ʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʟʥʠʢʘʝʪ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʬʬʝʢʪ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʜʨʫʛʦʡ ʬʘʢʪʦʨ. ʀʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘʭʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ 

ʩʝʨʠʡ ʠʩʧʳʪʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʇʌʕ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʟʘʜʘʚʘʣʠ ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ (ʤʠʥʠʤʘʣʴʥʦʤ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ). 

ʋʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ m ʦʪ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

(ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ) P ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ V ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʇʌʕ ʩ ʚʘʨʠʘʮʠʝʡ ʜʚʫʭ ʬʘʢʪʦʨʦʚ P ʠ V ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ. ʋʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ [161]: 

 ~

0 1 1 2 2 3 1 2y b b X b X b X X= + + + , (1.1) 

ʛʜʝ ώ ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ, 0 1 2 3, , ,b b b b ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ, X1, X2 ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʬʘʢʪʦʨʳ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʇʌʕ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ: 

1. ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʨʦʚʥʝʡ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ;  

2. ʧʨʦʠʟʚʝʩʪʠ ʢʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ ʚ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ;  

3. ʩʦʩʪʘʚʠʪʴ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ;  

4. ʧʨʦʚʝʩʪʠ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ;  

5. ʧʨʦʚʝʨʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʡ ʧʘʨʘʣʣʝʣʴʥʳʭ (ʧʦʚʪʦʨʦʚ) ʦʧʳʪʦʚ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ) ʨʝʟʫʣʴʪʘʪʦʚ;  

6. ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ 

ʟʥʘʯʠʤʦʩʪʴ;  

7. ʧʨʦʚʝʨʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ. 

ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ. 

ɺʳʙʨʘʚ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʢʦʜʠʨʦʚʘʥʠʝ. ʇʦʜ 

ʢʦʜʠʨʦʚʘʥʠʝʤ ʬʘʢʪʦʨʦʚ ʧʦʥʠʤʘʶʪ ʧʝʨʝʚʦʜ ʥʘʪʫʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ ʚ ʢʦʜʦʚʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʜʠʨʦʚʘʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 1X , 2X  ʠ P, V ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 
1,0

1

1

P
X

-c
=
Dc

, 
2,0

2

2

V
X

-c
=
Dc

, (1.2) 

ʛʜʝ 1,0c , 2,0c  ï ʦʩʥʦʚʥʳʝ ʫʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 1Dc, 2Dc ï ʧʦʣʫʠʥʪʝʨʚʘʣ rʚʘʨʴʠʨʦʚʘʥʠʡ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
1,max 1,min

1
2

c -c
Dc = , 

2,max 2,min

2
2

c -c
Dc = , (1.3) 

ʛʜʝ ,maxic , ,minic  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ 

(i = 1) ʠ ʩʢʦʨʦʩʪʠ (i = 2).  

ʇʦʩʣʝ ʢʦʜʠʨʦʚʘʥʠʷ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʬʘʢʪʦʨʳ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ç+1è ʠ ç-1è, ʦʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ç0è. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ (ʥʫʣʝʚʦʛʦ) ʫʨʦʚʥʷ ʧʨʠʥʠʤʘʝʪʩ ̫ʮʝʥʪʨ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʧʣʘʥʠʨʫʝʪʩʷ 
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ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʝʜʩʪʘʚʠʤ ʨʝʟʫʣʴʪʘʪʳ ʢʦʜʠʨʦʚʘʥʠʷ 

ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ P ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ V. 

ʊʘʙʣʠʮʘ 1.2 ï ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

ˉ 

ʧ/ʧ 

ʋʨʦʚʝʥʴ 

ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʂʦʜʦʚʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

P, ʄʇʘ (F, H) V, ʤ/ʩ (n, ʦʙ/ʤʠʥ) 

ɢ1 X1 ɢ2 X2 

1 ʅʠʞʥʠʡ - 1 2 (49) -1 0,03 (9) -1 

2 ɺʝʨʭʥʠʡ + 1 22 (540) +1 0,3 (89) +1 

3 ʆʩʥʦʚʥʦʡ 0 12 (295) 0 0,165 (49) 0 

4 ʇʦʣʫʠʥʪʝʨʚʘʣ ȹɢi 10 (245) 1 0,135 (40) 1 

 

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʦʩʣʝ ʢʦʜʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʩʪʨʦʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʦʧʳʪʘʤ, ʘ ʩʪʦʣʙʮʳ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʠ ʨʘʩʯʝʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʚ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʚʦʜʷʪ 

ʬʠʢʪʠʚʥʫʶ ʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ 0X , ʢʦʪʦʨʘʷ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʧʨʠʥʠʤʘʝʪ 

ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ç+1è, ʘ ʪʘʢʞʝ ʩʪʦʣʙʝʮ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 1 2X X  ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ. ɺ ʪʘʙʣʠʮʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʙʣʠʮʘ 1.3 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 

ˉ ʦʧʳʪʘ X0 X1 X2 X1 X2 1iy  2iy  3iy  
iy  

1 +1 -1 -1 +1 y11 y12 y13 y1 

2 +1 +1 -1 -1 y21 y22 y23 y2 

3 +1 -1 +1 -1 y31 y32 y33 y3 

4 +1 +1 +1 +1 y41 y42 y43 y4 

 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʯʝʪʘʥʠʷ ʬʘʢʪʦʨʦʚ ʠʟʤʝʨʷʶʪ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ 

ʦʧʳʪʘ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʡ 

ʬʘʢʪʦʨʦʚ, ʩʘʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʚʣʠʷʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʦʵʪʦʤʫ ʝʩʣʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʧʳʪ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 
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ʬʘʢʪʦʨʦʚ, ʪʦ ʢʘʞʜʳʡ ʨʘʟ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʝʪ ʨʘʟʥʳʤ. ʆʙʳʯʥʦ 

ʩʪʘʨʘʶʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʩʦʯʝʪʘʥʠʠ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʪʦʨʥʳʭ ʦʧʳʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ. ɼʫʙʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʦʚʝʨʢʘ ʜʠʩʧʝʨʩʠʡ ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʦʚʝʨʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʠ ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʦʪʜʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʦʰʠʙʦʢ ʥʝʣʴʟʷ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʝʛʨʝʩʩʠʦʥʥʦʤʫ 

ʘʥʘʣʠʟʫ, ʘ ʠʤʝʥʥʦ ʨʘʩʯʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ, ʧʨʦʚʝʨʢʝ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʧʨʦʚʝʨʢʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʦʚʝʨʢʫ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ ʧʨʦʚʦʜʷʪ ʩ 

ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʂʦʭʨʝʥʘ (G-ʢʨʠʪʝʨʠʡ). ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʩʧʝʨʩʠʡ ʧʦʚʪʦʨʦʚ 

ʦʧʳʪʦʚ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ i = 1, 2, é, N; N ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ; r ï ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ; ʟʥʘʯʝʥʠʷ 

ily , 
iy  ʙʝʨʫʪʩʷ ʠʟ ʪʘʙʣʠʮʳ 1.3. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʜʣʷ ʚʩʝʭ ʦʧʳʪʦʚ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʢ ʩʫʤʤʝ ʚʩʝʭ ʜʠʩʧʝʨʩʠʡ (ʢʨʠʪʝʨʠʡ ʂʦʭʨʝʥʘ): 
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(1.5) 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ G  ʠʟ ʫʨʘʚʥʝʥʠʷ (1.5) ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩ 

ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ TG . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ TG  

ʠʟ ʪʘʙʣʠʮ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [161,162], ʥʝʦʙʭʦʜʠʤʦ: 

1. ʚʳʯʠʩʣʠʪʴ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: 1 1df r= - ʠ 2df N= ; 

2. ʚʳʙʨʘʪʴ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʟʥʘʯʝʥʠʝ 0,05a= ); 

3. ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʡʪʠ ʢʨʠʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ TG . 
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ɽʩʣʠ 
TG G¢ , ʪʦ ʜʠʩʧʝʨʩʠʷ ʦʜʥʦʨʦʜʥʘ. ɽʩʣʠ ʵʪʘ ʧʨʦʚʝʨʢʘ ʜʘʣʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʊʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʳʪʘ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʡ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ ʜʘʣʝʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʠʩʧʝʨʩʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʦʰʠʙʢʫ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ 

ʵʪʦʛʦ ʜʠʩʧʝʨʩʠʶ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʚʩʝʭ ʦʧʳʪʦʚ: 

 2

2 21 1

1

( )
1

( ) , ( 1,2,..., ; 1,2,..., )
( 1)

N r

il i N
i l

i

i

y y

S y S i N l r
N r N

= =

=

-

= = = =
-

ää
ä , 

(1.6) 

ʛʜʝ ʟʥʘʯʝʥʠʷ ily  ʠ 
iy  ʙʝʨʫʪʩʷ ʠʟ ʪʘʙʣʠʮʳ 1.3. 

ʆʰʠʙʢʘ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 2( ) ( )S y S y= . (1.7) 

 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ 0 1 2 3, , ,b b b b ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1.1) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ. ʏʝʤ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʝʤ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʥ ʦʢʘʟʳʚʘʝʪ ʥʘ ʬʘʢʪʦʨ. 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʢʣʘʜʫ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʚʝʣʠʯʠʥʫ 

ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʩ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʥʘ 

ʚʝʨʭʥʠʡ ʠʣʠ ʥʠʞʥʠʡ. ʀʥʦʛʜʘ ʦʮʝʥʠʚʘʶʪ ʣʠʥʝʡʥʳʡ (ʛʣʘʚʥʳʡ) ʵʬʬʝʢʪ ʬʘʢʪʦʨʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʩ ʥʠʞʥʝʛʦ ʥʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ. ʏʠʩʣʝʥʥʦ ʦʥ ʨʘʚʝʥ 

ʫʜʚʦʝʥʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʤʦʜʝʣʠ.  

 1 ( 0,1,2,..., )

N

il l

l
i

X y

b i k
N

== =
ä

. 
(1.8) 

ɼʣʷ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  
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0 1 2 3 4

1

4
y y y yb è ø+ + +ê ú= ,  

1 1 2 3 4

1

4
y y y yb è ø- + - +ê ú= ,  

2 1 2 3 4

1

4
y y y yb è ø- - + +ê ú= ,  

3 1 2 3 4

1

4
y y y yb è ø- - +ê ú= . 

(1.9) 

 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ. 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ 

ʫʧʨʦʱʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1.1) ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʦʚʝʨʢʫ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ:  

1. ʧʦ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ; 

2. ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ.  

ɼʣʷ ʇʌʕ ʦʰʠʙʢʠ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʦʜʠʥʘʢʦʚʳ 

0 ib bS S= , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʦʞʝ 

ʨʘʚʥʳ. 

ʈʘʩʯʝʪ ʦʰʠʙʦʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

 
( )

b

S y
S

Nr
= . (1.10) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ; r ï ʯʠʩʣʦ ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʡ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʤʳʤ, ʝʩʣʠ ʦʥ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2ib b> D. 

ɺʝʣʠʯʠʥʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʧʨʠ 

ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ: 

 T bb t SD =° . (1.11) 

ʊʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (1.9) ʤʦʞʥʦ ʧʦ t-ʢʨʠʪʝʨʠʶ 

ʉʪʴʶʜʝʥʪʘ. ʉʥʘʯʘʣʘ ʥʘʭʦʜʷʪʩʷ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ 

(1.10).  
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ʇʦʩʣʝ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ: 

 
( )

i

i

b
t

S b
= . (1.12) 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
it  ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩ ʪʘʙʣʠʯʥʳʤ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ tT. ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʚʳʯʠʩʣʠʪʴ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: ( 1)df N r= -; 

2. ʚʳʙʨʘʪʴ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ, ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʟʥʘʯʝʥʠʝ 0,05a= ; 

3. ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʡʪʠ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Tt . 

ɽʩʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʝ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ: i Tt t> , ʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ib  ʧʨʠʟʥʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï 

ʥʝʟʥʘʯʠʤʳʤ. 

ʅʝʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʧʨʠʯʠʥ: 

¶ ʬʘʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʟʥʘʯʠʤʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ, ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ; 

¶ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʘʷ ʦʰʠʙʢʘ; 

¶ ʚʳʙʨʘʥ ʤʘʣʳʡ ʰʘʛ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ; 

¶ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

(0,0,0,...,0)
i

i

df
b

dX
º . 

ɽʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʟʥʘʯʠʤ, ʪʦ ʦʥ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʙʝʟ ʧʝʨʝʩʯʝʪʘ 

ʦʩʪʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʝʞʜʝ ʯʝʤ ʠʩʢʣʶʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ, ʚʳʟʚʘʚʰʠʝ ʥʝʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ. 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʧʨʠʛʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʠʚʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ ʨʝʛʨʝʩʩʠʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ώ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ώ. ɼʣʷ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ F-ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ. 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʥʘʯʘʣʘ ʥʘʭʦʜʷʪ 

ʜʠʩʧʝʨʩʠʶ ʘʜʝʢʚʘʪʥʦʩʪʠ:  

 
~

2 2

ʘʜ

1

( )
N

i i

i

r
S y y

N g =

= -
-
ä , (1.13) 

ʛʜʝ r ï ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ; ώ ï ʩʨʝʜʥʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ; 

ώ ï ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ; g ï ʯʠʩʣʦ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ 

ʨʝʛʨʝʩʩʠʠ; N ï ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʦʚ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ:  

 

2

ʘʜ

2( )

S
F

S y
= . (1.14) 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩ 

ʪʘʙʣʠʯʥʳʤ ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ TF . ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʚʳʯʠʩʣʠʪʴ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: 1df N g= - ʠ 2 ( 1)df N r= -; 

2. ʚʳʙʨʘʪʴ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ, ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʟʥʘʯʝʥʠʝ 0,05a= ; 

3. ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 1 2; ;df df a ʥʘʭʦʜʠʤ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ TF . 

ɽʩʣʠ TF F¢ , ʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʫʨʘʚʥʝʥʠʝʤ 

ʨʝʛʨʝʩʩʠʠ ʩʯʠʪʘʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ. 

 

1.1.3 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʪʝʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ (ʨʠʩʫʥʦʢ 1.1) 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ï ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʷʚʣʝʥʠʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ. ʉʧʝʢʪʨʳ ʂʈʉ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʨʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʘʞʜʦʝ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʫʥʠʢʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ. 

ʄʝʪʦʜ ʂʈʉ ʷʚʣʷʝʪʩʷ ʥʝ ʨʘʟʨʫʰʘʶʱʠʤ, ʠ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʂʈʉ 
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ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ ï ʠʥʬʦʨʤʘʮʠʷ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ, ʬʦʨʤʝ ʧʠʢʦʚ ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʳʰʝʦʧʠʩʘʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʚʨʘʱʘʶʪ ʤʝʪʦʜ ʂʈʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [163]. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʂʈʉ 

ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʋʋʂʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ inVia Qontor 

(Renishaw, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʟʝʣʝʥʦʛʦ ʣʘʟʝʨʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʦʙʣʘʩʪʠ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ, ʪʘʢ ʠ 

ʫʯʘʩʪʢʠ, ʥʝ ʧʦʜʚʝʨʛʰʠʝʩʷ ʠʩʪʠʨʘʥʠʶ. ɺʳʙʦʨ ʠʟʤʝʨʷʝʤʳʭ ʦʙʣʘʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʚʠʟʫʘʣʴʥʦ ʦʧʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʉʧʝʢʪʨʳ ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʘʭ 900ï1900 ʩʤ-1 

(ʩʧʝʢʪʨ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ) ʠ 2500ï3300 ʩʤ-1 (ʩʧʝʢʪʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ). ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʟʷʪʳ 5 ʧʷʪʠʩʝʢʫʥʜʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʩ ʤʦʱʥʦʩʪʴʶ 

ʣʘʟʝʨʘ 17 ʤɺʪ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʜʦ 10 ʦʜʥʦʩʝʢʫʥʜʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʧʨʠ 0,8 

ʤɺʪ, ʢʦʛʜʘ ʥʘ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʨʝʞʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 50-ʪʠ 

ʢʨʘʪʥʳʡ ʦʙʲʝʢʪʠʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʤʝʨ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʣ 1 ʤʢʤ. ʉ ʮʝʣʴʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ 

ʧʦʣʷʨʠʟʘʮʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʚʩʝʛʜʘ ʙʳʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʈʘʤʘʥʦʚʩʢʠʡ ʩʚʝʪ ʙʳʣ ʩʦʙʨʘʥ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ. 

 

1.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

1.2.1 ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ 

 

ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʠʩʧʝʨʩʠʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʘʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1.4 ï 1.6 ʜʣʷ ʋʋʂʄ1, ʋʋʂʄ2 ʠ 

ʋʋʂʄ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 1.4 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ ʋʋʂʄ1 

ˉ ʦʧʳʪʘ 1m 
2m 

3m 
im 

2

iS  

1 0,12 0,15 0,18 0,15 0,001 

2 0,13 0,16 0,19 0,16 0,001 

3 0,15 0,18 0,21 0,18 0,0003 

4 0,15 0,17 0,19 0,17 0,0005 

ʊʘʙʣʠʮʘ 1.5 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ ʋʋʂʄ2 

ˉ ʦʧʳʪʘ 1m 
2m 

3m 
im 

2

iS  

1 0,16 0,20 0,24 0,20 0,0015 

2 0,17 0,18 0,26 0,20 0,0024 

3 0,18 0,20 0,21 0,19 0,0002 

4 0,18 0,19 0,19 0,19 0,0001 

ʊʘʙʣʠʮʘ 1.6 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ ʋʋʂʄ3 

ˉ ʦʧʳʪʘ 1m 2m 3m 
im 

2

iS  

1 0,19 0,22 0,25 0,22 0,0008 

2 0,19 0,21 0,24 0,21 0,0006 

3 0,20 0,23 0,27 0,23 0,001 

4 0,18 0,20 0,23 0,20 0,0006 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʇʌʕ ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʝʜʝʤ ʧʨʦʚʝʨʢʫ ʜʠʩʧʝʨʩʠʡ ʧʦʚʪʦʨʦʚ 

ʦʧʳʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮ 1.4 ï 1.6 ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (1.4) ʜʠʩʧʝʨʩʠʶ 

ʦʧrʪʦʚ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʦʣʙʮʝ 
2

iS  ʚ ʪʘʙʣʠʮʘʭ 1.4 ï 1.6. ɼʘʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʡ: ʜʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʣʷʝʤ ʟʥʘʯʝʥʠʷ 

2

iS  ʚ (1.5) ʠ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ G (ʢʨʠʪʝʨʠʡ ʂʦʭʨʝʥʘ) ʜʣʷ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: 

 

ʋʋʂʄ1: Gʋʋʂʄ1 = 0,36, 

ʋʋʂʄ2: Gʋʋʂʄ2 = 0,57, 

ʋʋʂʄ3: Gʋʋʂʄ3 = 0,33. 

(1.15) 
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ʇʦʩʢʦʣʴʢʫ ʪʘʙʣʠʯʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 
TG  ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 

0,05a=  ʠ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 1 1 2df r= - = ʠ 2 4df N= = ʩʦʩʪʘʚʣʷʝʪ 

0,768TG =  [161,162], ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ ʜʠʩʧʝʨʩʠʠ (1.15) ʦʜʥʦʨʦʜʥʳ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ï ʨʘʩʯʝʪ ʜʠʩʧʝʨʩʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ (1.6) ʠ ʦʰʠʙʢʠ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (1.7). ʉʦʛʣʘʩʥʦ (1.6), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ:  

 
2

1( ) 0,0007ʋʋʂʄS m = , 2

2( ) 0,001ʋʋʂʄS m = , 2

3( ) 0,0007ʋʋʂʄS m = , (1.16) 

ʆʪʢʫʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.7) ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʦʰʠʙʦʢ ʜʣʷ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ:  

 1( ) 0,026ʋʋʂʄS m = , 2( ) 0,032ʋʋʂʄS m = , 3( ) 0,027ʋʋʂʄS m = . (1.17) 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (1.1) ʚʳʯʠʩʣʠʤ, ʠʩʧʦʣʴʟʫʷ (1.9) ʠ 

ʜʘʥʥʳʝ ʪʘʙʣʠʮ 1.4 ï 1.6, ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1:  

0 0,166b = , 1 0,0013b = , 2 0,0066b = , 3 0,0028b =- , 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ2: 

0 0,202b = , 1 0,0008b =- , 2 0,0052b =- , 3 0,0032b =- , 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ3: 

0 0,222b = , 1 0,0094b =- , 2 0,0011b =  ʠ 3 0,0056b =- . 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʝ (1.1), ʜʣʷ ʪʨʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ:  

 

~

1 1 2 1 20,166 0,0013 0,0066 0,0028ʋʋʂʄ X X X Xm = + + - , 

~

2 1 2 1 20,202 0,0008 0,0052 0,0032ʋʋʂʄ X X X Xm = - - - ,

~

3 1 2 1 20,222 0,0094 0,0011 0,0056ʋʋʂʄ X X X Xm = - + - , 

(1.18) 

ʛʜʝ X1, X2 ï ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʛʨʫʟʢʦʡ P ʠ ʩʢʦʨʦʩʪʴʶ V. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʚʝʨʢʠ ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ 

ʨʝʛʨʝʩʩʠʠ (1.18) ʦʧʨʝʜʝʣʠʤ ʦʰʠʙʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ bS  ʧʦ ʬʦʨʤʫʣʝ 
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(1.10) ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ N = 4, ʠʭ ʧʦʚʪʦʨʦʚ 

r = 3 ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (1.17):  

ʋʋʂʄ1: 0,0075bS = , 

ʋʋʂʄ2: 0,0101bS = , 

ʋʋʂʄ3: 0,0079bS = . 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ 

(1.18) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʯʠʩʣʝ ʟʥʘʯʠʤʦʩʪʠ 0,05a=  ʠ ( 1) 8N r- = ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ 
Tt  = 1,86 [161,162] ʙʫʜʝʤ ʠʤʝʪʴ:  

 

ʋʋʂʄ1: 0 0,028, 0,028ib b> < , 

ʋʋʂʄ2: 0 0,034, 0,034ib b> < , ( 1,2,3i= ) 

ʋʋʂʄ3: 0 0,029, 0,029ib b> < . 

(1.19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ 1 2 3, ,b b b, ʜʣʷ 

ʚʩʝʭ ʫʨʘʚʥʝʥʠʡ (1.18) ʦʢʘʟʳʚʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤʠ, ʧʦʵʪʦʤʫ ʠʟ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ: 

 
~

1 0,166ʋʋʂʄm = , 
~

2 0,202ʋʋʂʄm = , 
~

3 0,222ʋʋʂʄm = . (1.20) 

ʇʨʦʚʝʨʠʤ ʧʨʠʛʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (1.20) ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ (1.14) ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (1.15) ʜʠʩʧʝʨʩʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘʝʤ ʢʨʠʪʝʨʠʡ 

ʘʜʝʢʚʘʪʥʦʩʪʠ 2

ʘʜS  ʧʦ ʬʦʨʤʫʣʝ (1.13) ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

ʋʋʂʄ1: 2

ʘʜ 0,0005S = , 

ʋʋʂʄ2: 2

ʘʜ 0,00014S = , 

ʋʋʂʄ3: 2

ʘʜ 0,00048S = . 

ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (1.14) ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠ ̫ʌʠʰʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ:  

 

1 0,292ʋʋʂʄF = , 

2 0,141ʋʋʂʄF = , 

3 0,646ʋʋʂʄF = . 

(1.21) 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʜʣʷ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ 0,05a=  ʠ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 1 3df N g= - = ʠ 2 ( 1) 8df N r= - = 

ʩʦʩʪʘʚʣʷʝʪ 4,066TF =  [161,162] ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʳʚʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʥʝʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʦʮʝʥʢʠ (1.19)). ʉʨʘʚʥʝʥʠʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 4,066TF =  ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ (1.21), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʡ (1.20) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ 

ʧʘʣʝʮ ï ʜʠʩʢ (0,14ʚʟʂ = ) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

 

1 0,166 0,03ʋʋʂʄm = ° , 

2 0,202 0,03ʋʋʂʄm = ° , 

3 0,222 0,03ʋʋʂʄm = ° . 

(1.22) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (1.22) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʋʋʂʄ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (P = 2-22 

ʄʇʘ, V = 0,03-0,3 ʤ/ʩ). 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʧʫʪʠ ʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1.4 ï 1.6 ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʧʫʪʠ ʪʨʝʥʠʷ ʠ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1.3). ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʤʝʞʜʫ ʧʦʚʪʦʨʘʤʠ 

(ʨʠʩʫʥʦʢ 1.3, ʘ-ʚ) ʧʨʦʭʦʜʠʣʦ ʥʝ ʤʝʥʝʝ 12 ʯʘʩʦʚ ʚʳʜʝʨʞʢʠ, ʧʦʵʪʦʤʫ ʢʘʞʜʘʷ ʥʦʚʘʷ 

ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʝʪʦʜʠʢʠ ʇʌʕ 22 ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʙʨʘʟʮʘʭ, ʠʤʝʚʰʠʭ 

ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (T å 23C̄). 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ P, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 (ʯʝʨʥʘʷ ʣʠʥʠʷ/ʢʚʘʜʨʘʪ), ʋʋʂʄ2 (ʩʠʥʷʷ 

ʣʠʥʠʷ/ʢʨʫʛ) ʠ ʋʋʂʄ3 (ʢʨʘʩʥʘʷ ʣʠʥʠʷ/ʪʨʝʫʛʦʣʴʥʠʢ), ʧʨʠʨʘʙʦʪʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʧʫʪʷʭ ʪʨʝʥʠʷ:  

200 ʤ (ʘ); 400 ʤ (ʙ); 800 ʤ (ʚ), ʛʜʝ 1 - V = 0,03 ʤ/ʩ, 2 - V = 0,3 ʤ/ʩ 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 1.3) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʩʥʦʚʥʦʡ ʚʳʚʦʜ 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʫʪʠ ʪʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʋʋʂʄ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʪʴʝʛʦ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʦʥʢʠʡ ʩʣʦʡ ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʤʘʪʨʠʮʳ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ 

ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʋʋʂʄ ʥʘ ʧʫʪʠ ʪʨʝʥʠʷ ʨʘʚʥʦʤ 800 ʤ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚ ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʫʥʢʪʠʨʥʳʝ ʦʙʣʘʩʪʠ 

ʥʘ ʛʨʘʬʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʋʋʂʄ.  
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ʈʠʩʫʥʦʢ 1.4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ P, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ):  

ʛʜʝ 1 ï V = 0,03 ʤ/ʩ; 2 ï V = 0,3 ʤ/ʩ. 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 1.4 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ: ʜʣʷ ʛʨʫʧʧʳ ʦʙʨʘʟʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʋʋʂʄ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 2 ʜʦ 22 ʄʇʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʥʠʤʘʝʪʩʷ, ʘ ʠʤʝʥʥʦ: ʜʣʷ ʋʋʂʄ1 ʩ 0,16 ʜʦ 0,17, ʘ ʜʣʷ ʋʋʂʄ2 ʩ 

0,18 ʜʦ 0,22. ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʟʮʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ 0,20 ʜʦ 0,23. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1.3, ʨʠʩʫʥʦʢ 

1.4), ʧʨʠʯʝʤ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ 

ʚʦʣʦʢʦʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩʦʜʝʨʞʘʱʠʭ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʣʷ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

(ʩʤ. ʨʠʩʫʥʦʢ 1.4) ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (1.22), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʢʦʪʦʨʳʝ ʥʘ ʨʠʩʫʥʢʝ 

ʦʙʦʟʥʘʯʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ. 
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1.2.2 ɸʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʪʨʝʪʴʝʛʦ ʪʝʣʘ ʧʨʠ ʧʦʤʦʱʠ ʈʘʤʘʥ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʂʈʉ ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʥʘ ʜʦʨʦʞʢʘʭ ʪʨʝʥʠʷ, ʪʘʢ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ 

(ʨʠʩʫʥʦʢ 1.5). ʂʈʉ ʩʧʝʢʪʨ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʩʳ: D-ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1350 ʩʤ-1, G-ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1580 ʩʤ-1 ʠ S (2D)-ʧʦʣʦʩʘ 

ʚ ʦʙʣʘʩʪʠ 2700 ʩʤ-1 ʠ ʧʦʣʦʩʘ Dô ʚ ʦʙʣʘʩʪʠ 1620 ʩʤ-1, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʩʣʠʚʘʝʪʩʷ ʩ 

ʧʦʣʦʩʦʡ G ʠ ʚʳʛʣʷʜʠʪ ʢʘʢ çʧʣʝʯʦè ʥʘ ʝʝ ʬʦʥʝ. ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 1350 ʠ 1580 ʩʤ-1 (D ʠ G ʧʦʣʦʩʳ ʛʨʘʬʠʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʧʦʣʦʩʳ ʬʦʥʦʥʥʳʭ ʧʦʚʪʦʨʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 2400-3500 ʩʤ-1.  
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ʈʠʩʫʥʦʢ 1.5 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʈʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ, ʛʜʝ 1 ï ʚʥʝ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ; 2 ï ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ D ʠ G ʧʦʣʦʩ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʰʠʨʠʥʝ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ D ʚ 1,5ï2 ʨʘʟʘ ʤʝʥʴʰʝ 

ʧʦʣʦʩʳ G ʠ ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ ʤʝʥʴʰʝ 100 ʩʤ-1 (ʩʧʝʢʪʨ 1 

ʥʘ ʨʠʩʫʥʢʝ 1.5), ʪʦ ʪʘʢʦʡ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʭʦʨʦʰʦ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ 

ʛʨʘʬʠʪʘ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ D ʨʘʚʥʘ ʠʣʠ 

ʙʦʣʴʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ G ʠ ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ 

ʙʦʣʴʰʝ 100 ʩʤ-1 (ʩʧʝʢʪʨ 2 ʥʘ ʨʠʩʫʥʢʝ 1.5), ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʅʘ 

ʜʦʨʦʞʢʘʭ ʪʨʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʫʯʘʩʪʢʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ (ʩʧʝʢʪʨ 2). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʪʨʝʪʴʝ ʪʝʣʦ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. 

 

1.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʳ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ ʧʘʣʝʮ ï ʜʠʩʢ ʩ ʚʘʨʠʘʮʠʝʡ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʚʣʝʥʠʡ P ʚ ʠʥʪʝʨʚʘʣʝ 2-22 ʄʇʘ ʠ ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ V ʚ ʜʠʘʧʘʟʦʥʝ 0,01-0,30 

ʤ/ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ T = 23Áʉ. ɺʩʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʚʪʦʨʷʣʠʩʴ ʪʨʠ ʨʘʟʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  

ʀʟʫʯʘʣʠʩʴ ʋʋʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʜʣʠʥʦʡ 40 

ʤʤ (ʋʋʂʄ1) ʠ 0,5 ʤʤ (ʋʋʂʄ2) ʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʜʣʠʥʦʡ 40 ʤʤ 

(ʋʋʂʄ3). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ:  

¶ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ; 

¶ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʋʋʂʄ3) ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʡ ʚ 1,5 ʨʘʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʜʣʷ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʦʩʥʦʚʝ ʜʣʠʥʥʳʭ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʋʋʂʄ1). 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʤʦʱʴʶ ʉʕʄ 

- Quanta 650 ʠ ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʠ - inVia Qontor ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʦʥʢʠʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

2.1.1 ʀʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʜʚʝ ʛʨʫʧʧʳ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ, ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʠʥʠʰʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʷʪʩʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘ (ʂɺ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 1400Áʉ. ʂ ʦʙʨʘʟʮʘʤ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘ (ɻɺ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʬʠʥʠʰʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ T = 2800Áʉ. ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ ʬʦʪʦʛʨʘʬʠʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʝʜʠʥʠʯʥʳʭ ʚʦʣʦʢʦʥ.  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 2.1 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ (ʘ) ʠ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ (ʙ) ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 
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ʀʩʭʦʜʷ ʠʭ ʨʠʩʫʥʢʘ 2.1 ʦʙʘ ʪʠʧʘ ʚʦʣʦʢʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʢʘʢ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩʫʥʦʢ 2.1, ʘ) ʥʘʧʦʤʠʥʘʝʪ ʩʦʙʦʡ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ 

ʢʨʫʛ (ʠʣʠ ʵʣʣʠʧʩ ʧʨʠ ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʦʩʠ ʚʦʣʦʢʥʘ ʩʝʯʝʥʠʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩʫʥʦʢ 2.1, ʙ) ʠʤʝʶʪ ʩʣʦʞʥʫʶ 

(ʥʝʧʨʘʚʠʣʴʥʫʶ) ʟʚʝʟʜʯʘʪʫʶ ʬʦʨʤʫ ʩ ʥʝʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝʜʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʨʘʬʠʪʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ 

ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʪʦʛʜʘ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘ ʠ ʤʦʥʦʣʠʪʥʘ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʚʠʜʝ ʞʛʫʪʦʚ ʦʙʱʝʡ ʜʣʠʥʦʡ 7 ʩʤ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʜʚʫʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: ʚʦʣʦʢʥʦ ʋʂ (ʆʆʆ ɸʨʛʦʥ, ʛ. 

ɹʘʣʘʢʦʚʦ, ʈʦʩʩʠʷ) ʠ ʚʦʣʦʢʥʦ Zoltek Panex 35 (Zoltek Inc., ɺʝʥʛʨʠʷ). ɺ ʪʘʙʣʠʮʝ 2.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʇʘʨʘʤʝʪʨ 
ɺʦʣʦʢʥʦ ʋʂ ɺʦʣʦʢʥʦ Zoltek 

ʂɺ ɻɺ ʂɺ ɻɺ 

ʇʨʦʯʥʦʩʪʴ, ɻʇʘ 3,3 1,17 4,14 1,23 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɻʇʘ 225 400-530 239 436 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,75 2,05 1,81 2,01 

ɼʠʘʤʝʪʨ ʚʦʣʦʢʥʘ, ʤʢʤ 8,36 7,01 7,53 6,5 

 

2.1.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʠʢʨʦʪʨʠʙʦʤʝʪʨʘ UMT-3 ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ çʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ 

ʮʠʣʠʥʜʨʳè ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

ʊʨʠʙʦʤʝʪʨ ʦʩʥʘʱʝʥ ʪʝʨʤʦʢʘʤʝʨʦʡ ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ T ʦʪ 23 ʜʦ 300Áʉ. ʀʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ F, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʚʥʦʡ 0,2 ʠ 1 ʅ (5 ʠ 



60 
 

100 ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʣʴ ʥʠʟʢʠʝ ʥʘʛʨʫʟʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʞʛʫʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʠʙʦʤʝʪʨʘ, ʛʜʝ 1, 2 ï ʧʫʯʢʠ ʚʦʣʦʢʦʥ, 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʚ ʩʚʦʠʭ ʜʝʨʞʘʪʝʣʷʭ (3, 4), 5 ï ʪʝʨʤʦʢʘʤʝʨʘ, 6 ï 2-ʭ ʢʦʤʧʦʥʝʥʪʥʳʡ 

ʜʘʪʯʠʢ ʩʠʣ 

ɾʛʫʪ ʚʦʣʦʢʦʥ 1 ʚ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʢʨʝʧʣʷʣʩʷ ʚ ʥʝʧʦʜʚʠʞʥʳʡ 

ʜʝʨʞʘʪʝʣʴ 4, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʞʝʩʪʢʠʡ ʰʪʦʢ ʢʨʝʧʠʣʩʷ ʢ 2-ʭ ʢʦʤʧʦʥʝʥʪʥʦʤʫ ʜʘʪʯʠʢʫ 

ʩʠʣ (Fz, Fx) ʠ ʤʦʤʝʥʪʦʚ (Tz, Tx) 6, ʢ ʢʦʪʦʨʦʤʫ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ (ʥʝ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.2) ʧʝʨʝʜʘʚʘʣʘʩʴ ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ F. ɼʨʫʛʦʡ ʞʛʫʪ ʩ 

ʚʦʣʦʢʥʘʤʠ 2 ʟʘʢʨʝʧʣʷʣʩʷ ʚ ʜʝʨʞʘʪʝʣʴ 3, ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʘʣ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘ ʩʯʝʪ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʚʘʣʦʩʴ ʦʪ ʰʘʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

(ʥʝ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.2). ɼʝʨʞʘʪʝʣʠ ʞʛʫʪʦʚ 3 ʠ 4 ʧʦʤʝʱʘʣʠʩʴ ʚ ʪʝʨʤʦʢʘʤʝʨʫ 5. 

ʊʝʨʤʦʢʘʤʝʨʘ ʟʘʢʨʳʚʘʣʘʩʴ ʢʨʳʰʢʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʛʨʝʚ ʞʛʫʪʦʚ 

ʚʦʣʦʢʦʥ ʜʦ ʟʘʜʘʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ ʚ 

ʪʝʯʝʥʠʝ 60 Ñ 5 ʤʠʥʫʪ. ʏʘʩʪʦʪʘ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʛʫʪʘ 3 ʙʳʣʘ 

ʧʦʩʪʦʷʥʥʦ ʨʘʚʥʦʡ 1 ɻʮ, ʘ ʘʤʧʣʠʪʫʜʘ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 6 ʤʤ. ɺʨʝʤʷ 

ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʥʘʛʨʫʟʢʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 5 ʤʠʥ. ɺʨʝʤʷ 
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ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʙʳʣ ʩʪʘʙʠʣʝʥ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪ.ʝ. ʪʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. 

 

2.1.3 ʄʝʪʦʜʠʢʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) 

Tescan Vega 3 SBH. ʄʠʢʨʦʩʢʦʧ TESCAN, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʡ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ-ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ Oxford 

Instruments ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Aztec. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚ ʪʘʢʠʭ 

ʨʘʙʦʪʘʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʨʝʟʢʦʩʪʠ (ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʯʝʪʢʦ ʨʘʟʣʠʯʘʪʴ ʜʝʪʘʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʠ ʩʧʦʩʦʙʳ ʟʘʢʨʝʧʣʝʥʠʷ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʦʙʨʘʟʮʦʚ. ɼʨʫʛʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʢʦʣʦʥʥʝ ʤʠʢʨʦʩʢʦʧʘ (ʥʘʧʨʠʤʝʨ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʨʘʙʦʪʝ ʚ ʤʠʢʨʦʩʢʦʧʝ ʩ ʤʘʩʣʷʥʦʡ ʦʪʢʘʯʢʦʡ), çʧʨʦʞʠʛʘʥʠʝè ʦʙʨʘʟʘ ï 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʠ/ʠʣʠ ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʢʦʣʦʥʥʝ 

ʤʠʢʨʦʩʢʦʧʘ.  

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʞʛʫʪʦʚ ʥʘ ʘʣʶʤʠʥʠʝʚʦʤ ʧʨʝʜʤʝʪʥʦʤ ʩʪʦʣʠʢʝ ʤʠʢʨʦʩʢʦʧʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʛʣʝʨʦʜʥʳʡ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʩʢʦʪʯ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ, ʩ ʜʠʘʤʝʪʨʦʤ ʧʫʯʢʘ 100 ʥʤ. ɺʳʙʨʘʥʥʳʡ ʨʝʞʠʤ ʙʳʣ ʧʦʜʦʙʨʘʥ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʩ ʫʯʝʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʜʘʥʥʦʤ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʙʠʨʘʣʠʩʴ ʪʠʧʠʯʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ 

ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʪʨʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʦʣʦʢʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʦʩʥʦʚʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

çʪʵʡʧʠʥʛʘè. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʬʠʣʝʡ ʚ ʣʶʙʦʤ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ ɸʉʄ ʷʚʣʷʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʧʧʘʨʘʪ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ 3D ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɸʉʄ ʢʘʨʪ. ʇʦ 

ʧʦʣʫʯʘʝʤʳʤ ʤʘʩʩʠʚʘʤ ʜʘʥʥʳʭ ʚʦʟʤʦʞʝʥ ʨʘʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʨʘʟʙʨʦʩʘ ʚʳʩʦʪ, ʚʦʣʥʠʩʪʦʩʪʠ, ʪʝʢʩʪʫʨʳ ʠ ʜʨʫʛʠʭ. ʊʘʢʞʝ ʫ ʤʝʪʦʜʘ 

ɸʉʄ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʦʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʘʣʘʷ çʛʣʫʙʠʥʘ 

ʨʝʟʢʦʩʪʠè, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʠ ʩ 

ʟʘʨʷʞʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ AIST-NT (ʈʦʩʩʠʷ), ʧʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʣʘ 2 ʥʘ 2 ʤʢʤ, ʘ ʩʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʢʤ/ʩ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʦʣʴʢʦ ʥʘ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʚʦʣʦʢʦʥ, ʪ.ʢ. ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚʩʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʧʦʢʨʳʪʳ ʯʘʩʪʠʯʢʘʤʠ ʠʟʥʦʩʘ (ʤʝʣʢʦʡ ʧʳʣʴʮʦʡ) ʠʟ-ʟʘ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ çʟʘʣʠʧʘʥʠʝè ʢʘʥʪʝʣʝʚʝʨʘ. 
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2.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

2.2.1 ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.3 ï 2.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸʉʄ ʠ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʠʭ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

F = 1 ʅ (100 ʛ), ʪʝʤʧʝʨʘʪʫʨʝ T = 300Áʉ ʠ ʧʫʪʠ ʪʨʝʥʠʷ S = 3,6 ʤ. 

 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2.3 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʤʘʨʢʠ ʋʂ ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2.4 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʤʘʨʢʠ Zoltek ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʈʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʜʦ (ʨʠʩʫʥʦʢ 2.3, ʙ ʠ ʨʠʩʫʥʦʢ 2.4, ʙ) 

ʠ ʧʦʩʣʝ (ʨʠʩʫʥʦʢ 2.3, ʚ ʠ ʨʠʩʫʥʦʢ, 2.4 ʚ) ʪʨʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʠʤʝʝʪ 

ʬʠʙʨʠʣʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʚʦʣʦʢʥʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ Zoltek (ʨʠʩʫʥʦʢ 2.4, ʘ) ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʦʣʦʢʥʘ ʋʂ (ʨʠʩʫʥʦʢ 2.3, ʘ). ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʨʘʟʣʠʯʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʥʘ [164-167], 

ʧʨʠ ʵʪʦʤ ʬʠʙʨʠʣʣʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʦʣʦʢʥʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʵʪʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʥʘ ʪʘʢʞʝ ʠʤʝʝʪ ʩʣʫʯʘʡʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ [168]. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʩʦʜʝʨʞʘʪ 

ʜʝʬʝʢʪʦʚ, ʘ ʩʘʤʠ ʚʦʣʦʢʥʘ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʦʝ ʢʨʫʛʣʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʩʦʭʨʘʥʷʶʪʩʷ ʯʘʩʪʠʮʳ ʘʧʧʨʝʪʘ, ʢʦʪʦʨʳʡ ʥʝ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ 

ʟʦʥʝ ʪʨʝʥʠʷ (ʨʠʩʫʥʦʢ 2.3, ʚ ʠ ʨʠʩʫʥʦʢ 2.4, ʚ).  

 

 

ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2.5 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʤʘʨʢʠ ʋʂ ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 
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ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 2.6 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʤʘʨʢʠ Zoltek ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 2800Áʉ 

ʚʦʣʦʢʥʘ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ ï ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʛʣʘʞʝʥʥʦʡ (ʨʠʩʫʥʦʢ 2.5, ʙ ʠ ʨʠʩʫʥʦʢ 2.6, ʙ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʩʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 2.3, ʙ ʠ ʨʠʩʫʥʦʢ 2.4, ʙ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʳʩʦʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʋʂ ʚʦʣʦʢʦʥ ʧʝʨʝʜ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʩʦʩʪʘʚʣʷʶʪ Sa = 45,3 ʥʤ, Sz = 421,5 ʥʤ, ʘ ʧʦʩʣʝ Sa = 24,5 ʥʤ, Sz = 

222,9 ʥʤ, ʪʦ ʝʩʪʴ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

1,8 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ Zoltek ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ 

ʩʦʩʪʘʚʣʷʶʪ Sa = 31,9 ʥʤ, Sz = 512,3 ʥʤ, ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ Sa = 22,3ʥʤ, Sz = 168,2 

ʥʤ, ʪʦ ʝʩʪʴ ʤʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ, ʢʘʢ ʜʣʷ ʋʂ 

ʚʦʣʦʢʥʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʤ ʚʦʣʦʢʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ ʘʧʧʨʝʪʘ. 

ʇʨʠ ʪʨʝʥʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʋʂ ʚʦʣʦʢʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʝʛʦ 

ʨʘʟʨʫʰʝʥʠʝ (ʨʠʩʫʥʦʢ 2.5, ʚ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʚʦʣʦʢʥʘ (ʩʤ. 

ʪʘʙʣʠʮʫ 2.1) ʚ ʦʪʣʠʯʠʝ ʦʪ Zoltek ʚʦʣʦʢʥʘ (ʨʠʩʫʥʦʢ 2.6, ʚ), ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʩʦʭʨʘʥʷʝʪʩʷ. ɺ ʨʘʙʦʪʝ [167] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʷʚʣʷʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʘʞʝ ʜʝʬʝʢʪʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ Zoltek ʠ ʋʂ 

ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʥʝʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʋʂ ʚʦʣʦʢʥʘ ʩʚʷʟʘʥʘ ʥʝ 

ʪʦʣʴʢʦ ʩ ʧʨʠʨʦʜʦʡ ʚʦʣʦʢʥʘ, ʥʦ ʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʝʛʦ ʧʦʣʫʯʝʥʠʷ: ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʋʂ ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʨʦʜʘʥʠʜʘ 
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ʥʘʪʨʠʷ, ʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ Zoltek ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʤʠʪʠʣʬʦʨʤʘʤʠʜ. ʊʘʢʞʝ 

ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʛʨʘʬʠʪʘʮʠʠ ʋʂ ʚʦʣʦʢʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 2800Áʉ ʚʳʰʝ, ʯʝʤ ʫ Zoltek 

ʚʦʣʦʢʥʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʙʦʪʢʠ 

Zoltek ʚʦʣʦʢʥʦ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʣʠʟʢʘ ʢ 

ʬʦʨʤʝ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ (ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʨʦʞʜʝʥʠʝ ʬʠʙʨʠʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʩʣʦʠʩʪʫʶ, ʩ ʭʘʦʪʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʝʚ ʚʥʫʪʨʠ ʚʦʣʦʢʥʘ), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʋʂ 

ʚʦʣʦʢʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʦʪ ʢʨʫʛʣʦʡ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ 

(ʟʚʝʟʜʦʦʙʨʘʟʥʦʡ), ʘ ʥʝʢʦʪʦʨʳʝ ʚʦʣʦʢʥʘ ʠʤʝʣʠ ʦʪʚʝʨʩʪʠʷ ʚ ʮʝʥʪʨʝ. ʇʨʠ ʵʪʦʤ 

ʚʦʣʦʢʥʘ ʧʨʠʦʙʨʝʪʘʣʠ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʛʨʘʬʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʪʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 2800ÁC ʚʦʣʦʢʥʘ 

ʤʘʨʢʠ ʋʂ ʧʨʠʚʦʜʠʪ ʢ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʦʨʬʦʣʦʛʠʠ, ʯʝʤ ʫ ʚʦʣʦʢʥʘ ʤʘʨʢʠ Zoltek, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʋʂ ʚʦʣʦʢʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʳʩʪʨʦʝ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʪʨʝʥʠʠ. 

 

2.2.2 ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʦʙʲʝʤʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ 

ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ F ʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨ T ʜʣʷ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 23Ñ3ÁC 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʠ ʵʪʦʤ: ʪʨʝʥʠʝ ʥʘ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʚʦʣʦʢʥʘʭ ʚʳʰʝ, ʯʝʤ ʥʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2800Áʉ ʚʦʣʦʢʥʘʭ. ʆʙʘ 

ʵʬʬʝʢʪʘ ʦʙʲʷʩʥʷʶʪʩʷ ʚ ʩʪʘʚʰʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʝ [169], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʣʠ ï ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʣʠʷʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʣ ʚ ʢʦʥʪʘʢʪʝ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʭʩʷ ʚʦʣʦʢʦʥ. ʇʨʠ ʵʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʦʙʨʘʙʦʪʢʠ (ʘʚʪʦʨʳ ʨʘʩʩʯʠʪʘʣʠ, ʯʪʦ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʚʜʚʦʝ ʤʝʥʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ, ʯʝʤ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʝ). ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʟʤʝʨʝʥʠʷʤ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ ʧʦʣʫʯʝʥʥʳʤ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷʤ (ʨʠʩʫʥʦʢ 2.3 ï 2.6) 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʪʦ ʝʩʪʴ ʚʝʨʦʷʪʥʦ ʩʥʠʞʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, 

ʨʘʩʭʦʜʫʝʤʳʭ ʧʨʠ ʪʨʝʥʠʠ ʥʘ ʰʝʨʦʭʦʚʘʪʳʭ ʚʦʣʦʢʥʘʭ. ʇʨʠ ʵʪʦʤ ʪʨʝʥʠʝ ʥʘ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʛʣʘʜʢʠʭ ʚʦʣʦʢʥʘʭ ʤʘʨʢʠ Zoltek ʚʳʰʝ, ʯʝʤ ʥʘ ʰʝʨʦʭʦʚʘʪʳʭ 

ʚʦʣʦʢʥʘʭ ʋʂ. ʕʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʘʚʥʳʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʨʝʥʠʝ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʙʫʜʝʪ 

ʚʳʰʝ ʥʘ ʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʴʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʤʝʥʴʰʝ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɛ ʦʪ ʥʘʛʨʫʟʢʠ F [H] ʧʨʠ ʜʚʫʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ T = 23 ʠ 300Áʉ ʜʣʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ (1) ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ (2) 

ʚʦʣʦʢʦʥ ʤʘʨʦʢ ʋʂ (ʘ) ʠ Zoltek (ʙ) 

ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 300Áʉ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

(ʨʠʩʫʥʦʢ 2.7) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʕʪʦʪ 

ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʥʠʞʝʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʡ ʘʜʛʝʟʠʠ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ 
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[14,170] ʚʣʘʛʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʦʟʜʫʭʝ ʠ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʥʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʝ ʜʦ 300Áʉ, ʠʩʧʘʨʷʝʪʩʷ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ, ʪʦ ʝʩʪʴ ʥʘʛʨʝʚ ʚʦʣʦʢʥʘ ʧʦʣʥʦʩʪʴʶ ʵʢʨʘʥʠʨʫʝʪ 

ʢʘʧʠʣʣʷʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ, ʚʝʨʦʷʪʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʘʜʛʝʟʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʣʫ ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚʢʣʘʜ ʚ 

ʩʠʣʫ ʪʨʝʥʠʷ ʘʜʛʝʟʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

F = 1 ʅ ʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 300Áʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʜʣʷ ʚʦʣʦʢʦʥ ʤʘʨʢʠ ʋʂ ɛ = 

0,1 Ñ 0,01, ʘ ʜʣʷ ʚʦʣʦʢʦʥ ʤʘʨʢʠ Zoltek ɛ = 0,13 Ñ 0,01. 

 

2.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʞʛʫʪʦʚ, ʠʟ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʜʚʫʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

(ʋʂ ʦʪ ʆʆʆ ɸʨʛʦʥ ʠ Zoltek Panex 35 ʦʪ Zoltek Inc.) ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ 

çʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ ʮʠʣʠʥʜʨʳè ʧʨʠ ʜʚʫʭ ʦʙʲʝʤʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ T (ʢʦʤʥʘʪʥʦʡ 

23 ʠ ʧʦʚʳʰʝʥʥʦʡ 300Áʉ) ʠ ʜʚʫʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ F = 0,2 ʠ 1 ʅ. ʇʨʠ ʧʦʤʦʱʠ 

ʉʕʄ ʠ ɸʉʄ ʤʠʢʨʦʩʢʦʧʦʚ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʘʣ: 

¶ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʜʣʷ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʘ 

ʨʘʟʘ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʠʷʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʣ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

¶ ʚ ʚʳʙʨʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʛʨʫʟʢʠ; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ 
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ʪʝʭ ʞʝ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʜʦ ʠ ʧʦʩʣʝ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʧʦʩʣʝ ʪʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ 

ʩʣʝʜʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 

¶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ 

ʠʟʥʦʩʘ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ. 
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ɻʣʘʚʘ 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ 

 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

3.1.1 ʀʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ 

ʠʟ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʢʦʣʝʮ 

ʜʠʘʤʝʪʨʦʤ ʥʘʨʫʞʥʳʤ 28 ʤʤ, ʚʥʫʪʨʝʥʥʠʤ 20 ʤʤ ʠ ʚʳʩʦʪʦʡ 15 ʤʤ. ʉʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ (ʋʋʂʄ1) ʠ ʚʪʦʨʦʡ (ʋʋʂʄ2) ʛʨʫʧʧ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ (ʋʋʂʄ3) ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʧʦ ʤʝʪʦʜʫ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʦʪʣʠʯʠʡ: ʜʣʠʥʘ ʚʦʣʦʢʥʘ ʚ ʛʦʪʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʙʳʣʘ ʨʘʚʥʦʡ å 6 ʤʤ, ʘ 

ʪʘʢʞʝ ʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʨʤʠʨʦʚʘʥʦ ʤʝʞʞʛʫʪʦʚʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ) ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ 

ʨʫʙʣʝʥʥʳʭ (ʜʨʦʙʣʝʥʥʳʭ) ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ (ʩʚʷʟʫʶʱʝʛʦ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʢ. 

ʆʙʨʘʟʮʳ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ (ʋʋʂʄ4) ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʡ 

ʠʛʦʣʴʯʘʪʦʡ ʟʘʛʦʪʦʚʢʠ ʠʟ ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ). ɸʨʤʠʨʫʶʱʠʡ ʢʘʨʢʘʩ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʣʦʠʩʪʦʝ ʪʝʣʦ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʧʫʪʝʤ ʯʝʨʝʜʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʣʝʥʪʳ ʠ ʨʫʙʣʝʥʦʛʦ ʚʦʡʣʦʢʘ, ʧʨʠ 

ʵʪʦʤ ʫʛʣʝʨʦʜʥʘʷ ʣʝʥʪʘ ʚ ʢʦʤʧʦʟʠʪʝ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ. ɿʘʪʝʤ 

ʟʘʛʦʪʦʚʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ ʠʛʣʦʧʨʦʙʠʚʘʥʠʶ ʩʣʦʝʚ, ʛʘʟʦʬʘʟʥʦʤʫ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʤʫ ʫʧʣʦʪʥʝʥʠ ʁ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʨʫʙʦ ʠ ʛʣʘʜʢʦ ʣʘʤʠʥʘʨʥʦʛʦ 

ʧʠʨʦʫʛʣʝʨʦʜʘ ʠ ʬʠʥʠʰʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 2100ÁC. 
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ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʧʝʨʝʜ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʜʣʷ ʋʋʂʄ3 

(ʨʠʩʫʥʦʢ 3.1, ʘ) ʠ ʋʋʂʄ4 (ʨʠʩʫʥʦʢ 3.1, ʙ). ɼʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʛʨʫʧʧ ʦʙʨʘʟʮʦʚ ʉʕʄ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1.1, ʘ, ʚ) ʠ ʠʭ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʝʨʚʦʡ 

ʛʣʘʚʝ, ʧ. 1.1.1. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.1 ï ʄʠʢʨʦʩʢʦʧʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʋʋʂʄ3 (ʘ), 

ʋʋʂʄ4 (ʙ) 

ɸʥʘʣʠʟ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʦʙʨʘʟʮʘ ʋʋʂʄ3 (ʨʠʩʫʥʦʢ 3.1, ʘ) 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʝʥʠʷ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʝʜʠʥʠʯʥʳʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ 

ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʘ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ4 

(ʨʠʩʫʥʦʢ 3.1, ʙ) ʥʘʙʣʶʜʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʫʯʢʠ ʚʦʣʦʢʦʥ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. 

 

3.1.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʨʠʙʦʤʝʪʨʝ UMT-2 ʧʦ ʩʭʝʤʝ ʧʦʣʥʦʛʦ ʢʦʥʪʘʢʪʘ (1ʚʟʂ =) ʢʦʣʴʮʦ-

ʢʦʣʴʮʦ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ P = 0,5 - 1 ʄʇʘ (F = 143 - 316 ʅ) ʠ 

ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ V = 1 - 4 ʤ/ʩ (n = 795 - 3180 ʦʙ/ʤʠʥ). ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʚʩʣʝʜʩʪʚʠʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʘʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ P ʠ V ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʡ ʚ 1000Áʉ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [171-173], ʪʘʢ ʠ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʳʰʝ 400Áʉ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʫʛʣʝʨʦʜʘ, 

ʩʚʷʟʘʥʥʘ ̫ʩ ʦʢʠʩʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʠʟʥʦʩʫ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʪʨʠʙʦʤʝʪʨʘ ʩ ʮʝʣʴʶ ʠʟʦʣʠʨʦʚʘʥʠʷ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɼʣʷ ʵʪʦʛʦ ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʨʠʙʦʤʝʪʨ ʙʳʣ ʜʦʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ (ʨʠʩʫʥʦʢ 3.2). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.2 ï ʌʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ (ʙ) ʪʨʠʙʦʤʝʪʨʘ UMT-2, ʛʜʝ 

1 ï ʪʨʠʙʦʤʝʪʨ, 2 ï ʪʝʧʣʦʠʟʦʣʷʪʦʨʳ, 3 ï ʩʧʠʨʘʣʴ ʜʣʷ ʦʙʜʫʚʘ ʧʘʨʳ ʪʨʝʥʠʷ, 4 ï 

ʪʝʨʤʦʧʘʨʘ, 5 ï ʙʘʣʣʦʥ ʩ ʘʨʛʦʥʦʤ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʦʙʜʫʚ ʧʘʨʳ ʪʨʝʥʠʷ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ (ʘʨʛʦʥʦʤ), ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʠʟ ʙʘʣʣʦʥʘ 5, ʯʝʨʝʟ ʩʧʠʨʘʣʴ 3. ʇʨʠ 

ʧʦʤʦʱʠ ʪʝʨʤʦʧʘʨʳ 4 ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʙʨʘʟʮʘ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʤʤ ʦʪ ʟʦʥʳ ʪʨʝʥʠʷ. ɼʣʷ ʟʘʱʠʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʨʠʙʦʤʝʪʨʘ 

ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʝʨʤʦʠʟʦʣʷʪʦʨʳ 2. 

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʢʦʡ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʝʪʦʜʠʢʠ ʇʌʕ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʛʣʘʚʝ 1.1.2. ʀʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ (1.1), ʢʘʢ ʠ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ, 
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ʥʘʭʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ P ʠ V 

ʟʘʜʘʚʘʣʠ ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʠʭ 

ʢʦʜʠʨʦʚʘʥʠʝ ʩʦʛʣʘʩʥʦ (1.2). ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 3.1 ï ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

ˉ 

ʧ/ʧ 

ʋʨʦʚʝʥʴ 

ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʂʦʜʦʚʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

P, ʄʇʘ (F, H) V, ʤ/ʩ (n, ʦʙ/ʤʠʥ) 

ɢ1 X1 ɢ2 X2 

1 ʅʠʞʥʠʡ -1 0,5 (143) -1 1 (795) -1 

2 ɺʝʨʭʥʠʡ +1 1,1 (316) +1 4 (3180) +1 

3 ʆʩʥʦʚʥʦʡ 0 0,8 (229) 0 2,5 (1988) 0 

4 ʇʦʣʫʠʥʪʝʨʚʘʣ ȹɢi 0,3 (87) 1 1,5 (1193) 1 
 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ (1.1) ʦʯʝʨʝʜʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʠʨʘʣʠ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ. 

ʃʠʥʝʡʥʳʡ ʠʟʥʦʩ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʩʷ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʧʦʤʦʱʠ 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʪʨʠʙʦʤʝʪʨ ʜʘʪʯʠʢʘ ʣʠʥʝʡʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ 

ʠʟʤʝʨʷʣʩʷ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʳʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʯʝʤ ʦʙʨʘʟʮʳ ʥʝ ʩʥʠʤʘʣʠʩʴ ʩ ʪʨʠʙʦʤʝʪʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʨʝʤʷ ʦʩʪʳʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʦ ʯʫʪʴ ʙʦʣʝʝ 2 ʯʘʩʦʚ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʧʨʠʪʠʨʢʝ, ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ ʪʦʥʢʦʡ ʬʨʠʢʮʠʦʥʥʦʡ 

ʧʣʝʥʢʠ ʠ ʫʜʘʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʦʣʥʠʩʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠʪʠʨʢʠ. ʇʨʦʮʝʩʩ ʧʨʠʪʠʨʢʠ ʩʦʩʪʦʷʣ 

ʠʟ ʰʘʛʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʩʪʫʧʝʥʯʘʪʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

94 ʜʦ 316 ʅ (ʜʦ 1,1 ʄʇʘ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ V = 4 ʤ/ʩ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ 

ʫʤʝʥʴʰʘʣʘʩʴ.  
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ʈʠʩʫʥʦʢ 3.3 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʧʨʠʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʛʜʝ 1 ï 

ʪʝʤʧʝʨʘʪʫʨʘ, 2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, 3 ï ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

 

3.1.3 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

 

ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ. ʂʈʉ ʩʧʝʢʪʨʳ ʥʘ ʦʙʨʘʟʮʘʭ 

ʋʋʂʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʘ inVia Reflex (Renishaw, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʟʝʣʝʥʥʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 532 ʥʤ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʢ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ), ʪʘʢ ʠ ʠʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʬʨʠʢʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ. ɺʳʙʦʨ ʤʝʩʪʘ ʪʦʯʢʠ, 

ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ (ʚʦʣʦʢʥʦ/ʤʘʪʨʠʮʘ), ʦʧʨʝʜʝʣʷʣʩʷ ʚʠʟʫʘʣʴʥʦ-

ʦʧʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʉʧʝʢʪʨʳ ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʘʭ 900-1900 ʩʤ-1 (ʩʧʝʢʪʨ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ) ʠ 2500-3000 ʩʤ-1 (ʩʧʝʢʪʨ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ). ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʙʳʣʠ ʚʟʷʣʠ 5 ʪʨʠʜʮʘʪʠʩʝʢʫʥʜʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʩ ʤʦʱʥʦʩʪʴʶ ʣʘʟʝʨʘ 1,7 ʤɺʪ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 50-ʪʠ ʢʨʘʪʥʳʡ ʦʙʲʝʢʪʠʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ 

ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 1 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʟʦʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) 
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Tescan Vega 3 SBH. ʉʨʝʟʳ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʝʪʝʢʪʦʨʘ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 10 ʢɺ, ʩ ʜʠʘʤʝʪʨʦʤ ʧʫʯʢʘ 100 

ʥʤ. ɺʳʙʨʘʥʥʳʡ ʨʝʞʠʤ ʙʳʣ ʧʦʜʦʙʨʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ 

ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʜʘʥʥʦʤ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ. ʎʝʣʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʬʨʠʢʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

 

3.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

3.2.1 ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʪʘʢʪʝ ʦʪ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʋʋʂʄ1, ʋʋʂʄ2, ʋʋʂʄ3 ʠ ʋʋʂʄ4, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.2 ï 

3.5. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʤʤ ʦʪ ʟʦʥʳ 

ʪʨʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʚ 

ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ, ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʪʨʝʥʠʷ. ɺ ʵʪʠʭ ʞʝ 

ʪʘʙʣʠʮʘʭ ʚ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʧʨʠʚʝʜʝʥʳ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʘʚʣʝʥʠʡ.  

 

 

 

 

 

 



76 
 

ʊʘʙʣʠʮʘ 3.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ1 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʘʪʨʠʮʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 1iy  2iy  3iy  
iy  

2

iS  

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 

0,5 
1 

-1 -1 0,17 0,18 0,18 0,177 0,00003 

1,1 +1 -1 0,61 0,61 0,59 0,601 0,00007 

0,5 
4 

-1 +1 0,57 0,56 0,62 0,583 0,001 

1,1 +1 +1 0,44 0,45 0,46 0,449 0,0001 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ IhȚ10-9 

0,5 
1 

-1 -1 11,6 15,4 14,1 13,7 3,7 

1,1 +1 -1 35,2 36,8 31,4 34,4 7,6 

0,5 
4 

-1 +1 4,1 8,8 5,9 6,2 5,7 

1,1 +1 +1 25,3 20,8 22,9 23,1 5,1 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʊʝʤʧʝʨʘʪʫʨʘ T, Áʉ 

0,5 
1 

-1 -1 164 134 151 150 226 

1,1 +1 -1 310 286 297 298 144 

0,5 
4 

-1 +1 761 691 676 709 2058 

1,1 +1 +1 983 990 951 975 432 

ʊʘʙʣʠʮʘ 3.3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ2 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʘʪʨʠʮʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 1iy  2iy  3iy  
iy  

2

iS  

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 

0,5 
1 

-1 -1 0,18 0,19 0,21 0,193 0,0002 

1,1 +1 -1 0,675 0,607 0,602 0,628 0,0016 

0,5 
4 

-1 +1 0,451 0,446 0,45 0,449 0,00001 

1,1 +1 +1 0,384 0,381 0,39 0,385 0,00002 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ IhȚ10-9 

0,5 
1 

-1 -1 4,9 3,5 6,8 5,1 2,9 

1,1 +1 -1 23,8 30,1 30,1 27,9 13,1 

0,5 
4 

-1 +1 8,9 9,4 8,1 8,8 0,4 

1,1 +1 +1 18,8 18,9 16,8 18,2 1,4 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʊʝʤʧʝʨʘʪʫʨʘ T, Áʉ 

0,5 
1 

-1 -1 122 105 125 117 116 

1,1 +1 -1 289 266 289 281 176 

0,5 
4 

-1 +1 560 562 525 549 433 

1,1 +1 +1 913 959 890 921 1234 
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ʊʘʙʣʠʮʘ 3.4 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ3 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʘʪʨʠʮʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 1iy  2iy  3iy  
iy  

2

iS  

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 

0,5 
1 

-1 -1 0,23 0,26 0,25 0,247 0,0002 

1,1 +1 -1 0,58 0,63 0,63 0,613 0,0008 

0,5 
4 

-1 +1 0,64 0,65 0,6 0,630 0,0007 

1,1 +1 +1 0,51 0,49 0,45 0,483 0,0009 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ IhȚ10-9 

0,5 
1 

-1 -1 9,8 9, 8,1 9,1 0,9 

1,1 +1 -1 29,4 20,3 28,8 26,2 25,9 

0,5 
4 

-1 +1 13,9 12,9 14,6 13,8 0,7 

1,1 +1 +1 20,5 26,5 27,1 24,7 13,1 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʊʝʤʧʝʨʘʪʫʨʘ T, Áʉ 

0,5 
1 

-1 -1 133 122 140 132 82 

1,1 +1 -1 248 253 287 263 450 

0,5 
4 

-1 +1 684 689 626 666 1226 

1,1 +1 +1 849 870 933 884 1911 

ʊʘʙʣʠʮʘ 3.5 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ4 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʘʪʨʠʮʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ 1iy  2iy  3iy  
iy  

2

iS  

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 

0,5 
1 

-1 -1 0,27 0,28 0,31 0,287 0,0004 

1,1 +1 -1 0,67 0,64 0,65 0,653 0,0002 

0,5 
4 

-1 +1 0,51 0,55 0,56 0,540 0,0007 

1,1 +1 +1 0,49 0,41 0,39 0,430 0,0028 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ IhȚ10-9 

0,5 
1 

-1 -1 5,3 8,4 10,7 8,1 7,3 

1,1 +1 -1 23,3 24,8 25,8 24,7 1,6 

0,5 
4 

-1 +1 10,7 11,3 10,9 10,9 0,1 

1,1 +1 +1 15,3 12,9 16,4 14,8 3,1 

P, ʄʧʘ V, ʤ/ʩ X1 X2 ʊʝʤʧʝʨʘʪʫʨʘ T, Áʉ 

0,5 
1 

-1 -1 140 149 149 146 27 

1,1 +1 -1 240 249 298 262 974 

0,5 
4 

-1 +1 552 558 570 560 84 

1,1 +1 +1 759 815 769 781 892 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʪʘʢʪʝ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 
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ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜʠʢʘ ʢʦʪʦʨʦʛʦ ʠʟʣʦʞʝʥʘ ʚ ʛʣʘʚʝ 1 (ʩʤ. 

ʧ. 1.1.2). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʪʘʢʪʝ ʦʪ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʋʋʂʄ1), ʘ ʜʣʷ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʧʨʠʚʝʜʝʤ ʪʦʣʴʢʦ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ.  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʇʌʕ ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʝʜʝʤ ʧʨʦʚʝʨʢʫ ʜʠʩʧʝʨʩʠʡ ʧʦʚʪʦʨʦʚ 

ʦʧʳʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʂʦʭʨʝʥʘ (1.5). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.2 

ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (1.4) ʜʠʩʧʝʨʩʠʶ ʚʩʝʭ ʦʧʳʪʦʚ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʧʦʚʪʦʨʦʚ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʦʣʙʮʝ 
2

iS  ʚ ʪʘʙʣʠʮʝ 3.2. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʡ: ʜʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʣʷʝʤ ʟʥʘʯʝʥʠʷ 
2

iS  ʚ (1.5) ʠ 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ G (ʢʨʠʪʝʨʠʡ ʂʦʭʨʝʥʘ) ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ1: 

 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ: GÕ = 0,724, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ: GI = 0,35 

ʪʝʤʧʝʨʘʪʫʨ:r GT = 0,719. 

(3.1) 

ʇʦʩʢʦʣʴʢʫ ʪʘʙʣʠʯʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ TG  ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 

0,05a=  ʠ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 1 1 2df r= - = ʠ 2 4df N= = ʩʦʩʪʘʚʣʷʝʪ 

0,768TG =  [161,162], ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ ʜʠʩʧʝʨʩʠʠ (3.1) ʦʜʥʦʨʦʜʥʳ. 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ï ʨʘʩʯʝʪ ʜʠʩʧʝʨʩʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ (1.6) ʠ ʦʰʠʙʢʠ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (1.7). ʉʦʛʣʘʩʥʦ (1.6), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

 
2

1( ) 0,0003ʋʋʂʄS m = , 
2

1( ) 5,5ʋʋʂʄ hS I = , 
2

1( ) 715ʋʋʂʄS ʊ= . (3.2) 

ʆʪʢʫʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.7) ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʦʰʠʙʦʢ ʜʣʷ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ:  

 1( ) 0,018ʋʋʂʄS m = , 1( ) 2,3ʋʋʂʄ hS I = , 1( ) 26,7ʋʋʂʄS ʊ= . (3.3) 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.1) ʚʳʯʠʩʣʠʤ ʝʛʦ ʨʝʛʨʝʩʩʠʦʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ (1.9) ʠ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.2, ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ: 



79 
 

ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ:  

0 0,452b = , 1 0,072b = , 2 0,063b = , 3 0,139b =- , 

ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ: 

0 19,351b = , 1 9,382b = , 2 4,721b =- , 3 1,006b =- , 

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ: 

0 532b = , 
1 103b = , 

2 309b = , 
3 29b = . 

ʇʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚ (1.1) ʜʣʷ 

ʋʋʂʄ1 ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ:  

 

~

1 1 2 1 20,452 0,072 0,063 0,139ʋʋʂʄ X X X Xm = + + - , 
~

1 1 2 1 219,351 9,382 4,721 1,006ʋʋʂʄI X X X X= + - - ,
~

1 1 2 1 2533 103 309 29ʋʋʂʄT X X X X= + + + . 

(3.4) 

ʇʘʨʘʤʝʪʨʳ X1, X2 ʚ (3.4) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʥʘʛʨʫʟʢʦʡ P ʠ ʩʢʦʨʦʩʪʴʶ ʩʢʦʣʴʞʝʥʠʷ V. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (3.4) 

ʦʧʨʝʜʝʣʠʤ ʦʰʠʙʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ bS, ʠʩʧʦʣʴʟʫʷ (1.10), ʜʣʷ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ ʧʨʠ N = 4, r = 3 ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

(3.3): 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ: 0,01bS = , 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ: 1,35bS = , 

ʪʝʤʧʝʨʘʪʫʨʳ: 15,44bS = . 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ (3.4) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 0,05a=  ʠ ( 1) 8N r- = ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ Tt  = 1,86 [161,162] ʙʫʜʝʤ ʠʤʝʪʴ:  

 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ: 0,02ib > , ( 0,1,2,3)i= , 

ʠʥʪʝʥʩʠʚʥʦʩʪ ɹʠʟʥʘʰʠʚʘʥʠʷ: 30,253, 0,253ib b> < , ( 0,1,2)i= , 

ʪʝʤʧʝʨʘʪʫʨʘ: 28,7ib > , ( 0,1,2,3)i= . 

(3.5) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪ 
3b, ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ (3.4) ʦʢʘʟʘʣʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (3.4) ʩʣʝʜʫʝʪ: 

 

~

1 1 2 1 20,45 0,07 0,06 0,14ʋʋʂʄ X X X Xm = + + - , 
~

1 1 219,35 9,38 4,72ʋʋʂʄI X X= + - ,
~

1 1 2 1 2532 103 309 29ʋʋʂʄT X X X X= + + + . 

(3.6) 

ʇʨʦʚʝʨʠʤ ʧʨʠʛʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (3.6) ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ (1.14) ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (3.1) ʜʠʩʧʝʨʩʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘʝʤ ʢʨʠʪʝʨʠʡ 

ʘʜʝʢʚʘʪʥʦʩʪʠ 2

ʘʜS  ʧʦ ʬʦʨʤʫʣʝ (1.13) ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ: 2

ʘʜ 0S = , 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ: 2

ʘʜ 12,14S = , 

ʪʝʤʧʝʨʘʪʫʨ:r 2

ʘʜ 0S = . 

ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (1.14) ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʜʣʷ ʢʘʞʜʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ: 0Fm= , 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ: 2,2,
hI

F =  

ʪʝʤʧʝʨʘʪʫʨ:r 0ʊʝʤʧʝʨʘʪʫʨʘF = . 

(3.7) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʜʣʷ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ 0,05a=  ʠ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 1 1df N g= - = ʠ 2 ( 1) 8df N r= - = 

ʩʦʩʪʘʚʣʷʝʪ 5,318TF =  [161,162] ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ (ʚʳʚʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʥʝʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (3.5)). ʉʨʘʚʥʝʥʠʝ 

ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 5,318TF =  ʩ (3.7) ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠ 0TF =  ʩ 

(3.7) ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ (3.6) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʫʨʘʚʥʝʥʠʷʭ (3.8) ï (3.10) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

 

~

2 1 1 20,41 0,09 0,12ʋʋʂʄ X X Xm = + - , 
~

3 1 2 1 20,49 0,05 0,06 0,13ʋʋʂʄ X X X Xm = + + - , 
~

4 1 2 1 20,48 0,06 0,01 0,12ʋʋʂʄ X X X Xm = + + - , 

(3.8) 

 

~

2 1 1 215,01 8,06 3,38ʋʋʂʄI X X X= + - , 
~

3 118,44 6,99ʋʋʂʄI X= + , 
~

4 1 2 1 214,66 5,11 1,74 3,16ʋʋʂʄI X X X X= + - - , 

(3.9) 

 

~

2 1 2 1 2467 134 268 52ʋʋʂʄT X X X X= + + + ,
~

3 1 2486 87 289ʋʋʂʄT X X= + + , 
~

4 1 2 1 2437 84 233 26ʋʋʂʄT X X X X= + + + . 

(3.10) 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠʚʝʜʝʤ 

ʫʨʘʚʥʝʥʠʷ (3.6), (3.8) ï (3.10) ʢ ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʜʫ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (1.2):  

 

~

1 0,57 1,22 0,32 0,37ʋʋʂʄ P V PVm =- + + - , 
~

2 0,48 1,21 0,25 0,33ʋʋʂʄ P V PVm =- + + - , 
~

3 0,42 1,07 0,29 0,34ʋʋʂʄ P V PVm =- + + - , 
~

4 0,33 1,05 0,24 0,32ʋʋʂʄ P V PVm =- + + - , 

(3.11) 

 

~

1 0,93 37,53 3,15ʋʋʂʄI P V=- + - , 
~

2 26,06 54,77 6,76 9,02ʋʋʂʄI P V PV=- + + - , 
~

3 2,54 27,98ʋʋʂʄI P=- + ,  
~

4 13,56 41,51 5,16 8,43ʋʋʂʄI P V PV=- + + - , 

(3.12) 

 

~

1 146 218 147 78ʋʋʂʄT P V PV=- + + + , 
~

2 121 189 75 138ʋʋʂʄT P V PV=- + + + , 
~

3 257 348 192ʋʋʂʄT P V=- + + , 
~

4 73 162 103 69ʋʋʂʄT P V PV=- + + + . 

(3.13) 

ɸʥʘʣʠʟ (3.11) ï (3.13) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʋʋʂʄ ʟʘʚʠʩʷʪ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠ ̫ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (3.11) ï (3.13) ʧʨʝʜʩʪʘʚʠʤ 
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ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʅʘ ʨʠʩʫʥʢʘʭ 3.4 ï 3.7 ʧʨʠʚʝʜʝʥʳ 

ʠʟʦʣʠʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʨʠʩʫʥʦʢ 3.4), ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 3.5) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ (ʨʠʩʫʥʦʢ 3.6) ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ 

ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ) ʠ ʋʋʂʄ4 (ʛ).  
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ʚ ʛ 

ʈʠʩʫʥʦʢ 3.4 ï ʀʟʦʣʠʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ P ʠ V ʦʙʲʷʩʥʷʶʪʩʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʤʧʦʟʠʪʘ (T < 

130ÁC), ʢʦʪʦʨʘʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʛʠ ʠʟ 

ʤʘʪʝʨʠʘʣʘ. ʋʋʂʄ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʨʝʟʚʳʯʘʡʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʝʥ ʚʧʠʪʳʚʘʪʴ ʚʣʘʛʫ ʠʟ ʚʦʟʜʫʭʘ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʝʝ ʚ ʤʘʣʳʭ 

ʦʙʲʝʤʘʭ. ʀʟʚʝʩʪʥʦ [14], ʯʪʦ ʚʣʘʛʘ ʧʨʠ ʪʨʝʥʠʠ ʦʙʨʘʟʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʷʥʫʶ 

ʧʣʝʥʢʫ, ʠʛʨʘʶʱʫʶ ʨʦʣʴ ʩʤʘʟʢʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʠʟʢʦʤʫ ʪʨʝʥʠʶ ʠ ʥʠʟʢʦʤʫ 
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ʠʟʥʦʩʫ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʦʟʠʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ P = 1,1 ʄʇʘ ʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ V = 1 ʤ/ʩ ʪʝʤʧʝʨʘʪʫʨʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 

T~250ÁC, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʩʧʘʨʝʥʠʶ ʚʣʘʛʠ ʠʟ ʧʦʨ ʢʦʤʧʦʟʠʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ.  
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ʚ ʛ 

ʈʠʩʫʥʦʢ 3.5 ï ʀʟʦʣʠʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ Ih 

[ʤʢʤ/ʢʤ] ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 (ʘ), 

ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

ʉʘʤʳʤ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ P=1.1 ʄʇʘ ʠ V=4ʤ/ʩ 

ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (Õ = 0,43-0,48) 

ʦʢʘʟʘʣʠʩʴ ʢʦʤʧʦʟʠʪʳ ʋʋʂʄ3 ʠ ʋʋʂʄ4 (ʩʤ. ʨʠʩʫʥʦʢ 3.4, ʚ, ʛ). ʉʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʤʘʪʝʨʠʘʣ ʋʋʂʄ4 ʠʤʝʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʠʟʥʦʩ (Ih å 15 ʤʢʤ/ʢʤ, ʩʤ. 

ʨʠʩʫʥʦʢ 3.5, ʛ), ʵʪʦʪ ʠʟʥʦʩ ʚ 1,2 - 1,7 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 
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ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʢʦʚʦʡ ʤʘʪʨʠʮʳ. ʉʦʛʣʘʩʥʦ ʘʚʪʦʨʘʤ ʩʪʘʪʴʠ [174], ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʚr ʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 

3.4, ʘ-ʚ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʝʢʦʚʦʡ 

ʤʘʪʨʠʮʝ (ʋʋʂʄ1, ʋʋʂʄ2, ʋʋʂʄ3) ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ 

ʩʢʦʣʴʞʝʥʠʷ: ʜʣʷ ʋʋʂʄ1 Ih = 23 ʤʢʤ/ʢʤ, ʜʣʷ ʋʋʂʄ2 Ih = 18 ʤʢʤ/ʢʤ ʠ ʜʣʷ ʋʋʂʄ3 

Ih = 25 ʤʢʤ/ʢʤ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ P ʠ V 

ʜʣʷ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ Õ = 0,38-

0,48. ɺ ʨʘʙʦʪʝ [175] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʨʘʬʠʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʤʘʪʨʠʮʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʦʤʫ ʠʟʥʦʩʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ 

ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ1. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʢʦʚʦʡ ʤʘʪʨʠʮʳ (ʋʋʂʄ1, ʋʋʂʄ2, ʋʋʂʄ3), ʘʨʤʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʥʘʤʠ 

ʨʘʟʥʦʡ ʜʣʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 3.3 ʠ ʨʠʩʫʥʦʢ 3.4), ʯʪʦ ʙʦʣʝʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʤ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʢʘʟʘʣʩʷ ʢʦʤʧʦʟʠʪ 

ʋʋʂʄ3, ʢʦʪʦʨʳʡ ʘʨʤʠʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ (6 ʤʤ) ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʤʠ 

ʚʦʣʦʢʥʘʤʠ ʩ ʘʨʤʠʨʦʚʘʥʠʝʤ ʤʝʞʞʛʫʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ 

ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ɽʛʦ ʠʟʥʦʩ ʧʨʠ ʟʥʘʯʝʥʠʷʭ P = 1,1 ʄʇʘ ʠ V = 

4 ʤ/ʩ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ Ih å 20,3 ʤʢʤ/ʢʤ. 

ʋʤʝʨʝʥʥʳʡ ʠ ʩʪʘʙʠʣʴʥʳʡ ʠʟʥʦʩ ʋʋʂʄ3 ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ 

ʬʨʘʢʮʠʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʤʝʞʞʛʫʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ 

ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ, ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʭʘʦʪʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʫʩʨʝʜʥʷʶʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʫ ʋʋʂʄ3 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪ ɹ ʠʟʥʦʩʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 3.5, ʚ), ʘ ʪʘʢʞʝ ʵʪʦʪ ʢʦʤʧʦʟʠʪ ʠʤʝʝʪ ʥʘʠʚʳʩʰʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ.  
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ʈʠʩʫʥʦʢ 3.6 ï ʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʢʦʥʪʘʢʪʘ T [ÁC] ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), 

ʋʋʂʄ4 (ʛ)  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʧʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʙʨʘʟʮʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʋʋʂʄ1 ʠ ʙʳʣʘ ʨʘʚʥʘ T å 1000ÁC (ʩʤ. ʨʠʩʫʥʦʢ 3.6, ʘ). ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʤʤ ʦʪ ʟʦʥʳ ʪʨʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʥʠʞʝʥʳ ʦʪ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʉʘʤʘʷ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ (ʊ = 750Áʉ, ʩʤ. ʨʠʩʫʥʦʢ 3.6, ʛ) ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ4, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʶ.  
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3.2.2 ɸʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʝʥʠʝ ʋʋʂʄ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʣʝʥʢʠ (ʪʨʝʪʴʝʛʦ ʪʝʣʘ), ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʨʘʟʨʫʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ʩʤ. ʧ. 1.2.3). ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʧ. 1.2.3 ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘʛʨʫʟʦʯʥʦ-

ʩʢʦʨʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʪʘʢʪʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʦʡ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʠʟʥʦʩʘ. ʉ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʝʥʢʠ ʧʨʠ ʧʦʤʦʱʠ ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʂʈʉ ʩʧʝʢʪʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʜʦ ʠ ʧʦʩʣʝ ʝʛʦ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʂʈʉ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7.  

ʅʘ ʂʈʉ ʩʧʝʢʪʨʘʭ ʚʦʣʦʢʥʘ, ʤʘʪʨʠʮʳ ʠ ʧʣʝʥʢʠ (ʨʠʩʫʥʦʢ 3.7) ʜʣʷ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʋʋʂʄ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ D, G, Dô ʠ 2D, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʩʝʭ ʂʈʉ ʩʧʝʢʪʨʦʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ G-ʧʦʣʦʩʳ (ʧʦʣʦʩʘ 

ʛʨʘʬʠʪʘ). ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʂʈʉ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ D-

ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1350 ʩʤ-1, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʘʭ ʛʨʘʬʠʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ D ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ G ʚ ʤʘʪʨʠʮʝ ʠ ʧʣʝʥʢʝ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʦʤ ʚʦʣʦʢʥʘ, 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʬʠʪʘ ʚ ʧʣʝʥʢʝ ʠ ʚ ʤʘʪʨʠʮʝ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ ʰʠʨʠʥʝ ʧʦʣʦʩ D ʠ G, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʦʡ (ʥʝ ʜʝʬʝʢʪʥʦʡ) ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ ʚ ʚʦʣʦʢʥʝ ʠ ʚ ʧʣʝʥʢʝ. 
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ʈʠʩʫʥʦʢ 3.7 ï ʂʈʉ ʩʧʝʢʪʨʳ ʚʦʣʦʢʥʘ (ʘ), ʤʘʪʨʠʮʳ (ʙ) ʠ ʧʣʝʥʢʠ ʪʨʝʥʠʷ (ʚ) ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ 1ï4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʇʨʠ ʘʥʘʣʠʟʝ ʂʈʉ ʩʧʝʢʪʨʦʚ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ G ʠ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ D 

ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ G ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʤʘʪʨʠʮʳ ʦʙʨʘʟʮʘ ʋʋʂʄ2 

(ʩʧʝʢʪʨ 2 ʥʘ ʨʠʩʫʥʢʝ 3.7, ʙ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʛʨʘʬʠʪʘ ʚ ʤʘʪʨʠʮʝ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 ʠ ʋʋʂʄ2 ʂʈʉ ʩʧʝʢʪʨʳ ʧʣʝʥʢʠ ʠ 

ʤʘʪʨʠʮʳ ʙʣʠʟʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʩʭʦʞʝʡ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʋʋʂʄ3 ʠ ʋʋʂʄ4 ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜʩʪʚʦ ʂʈʉ ʩʧʝʢʪʨʦʚ ʤʝʞʜʫ ʧʣʝʥʢʦʡ ʠ 

ʚʦʣʦʢʥʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʧʣʝʥʢʘ ʪʨʝʥʠʷ ʫ ʢʦʤʧʦʟʠʪʦʚ 

ʋʋʂʄ1 ʠ ʋʋʂʄ2 ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʧʝʢʦʚʦʡ ʤʘʪʨʠʮʳ, ʘ ʫ 

ʋʋʂʄ3 ʠ ʋʋʂʄ4 ʧʣʝʥʢʘ ʪʨʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚ ʦʩʥʦʚʥʦʤ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. 
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ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʦʢʘʟʘʥʳ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʋʋʂʄ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʠʭ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, 

ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʠ ʧʦʨ. 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 3.8 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

ʅʘʙʣʶʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʦʨ ʨʘʟʤʝʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ ʜʦ ʜʝʩʷʪʢʦʚ 

ʤʠʢʨʦʥ. ʅʝʢʦʪʦʨʳʝ ʧʦʨʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ. ʕʪʠ ʧʦʨʳ ʠʤʝʶʪ ʨʘʟʤʝʨ ʚ ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʠʩʭʦʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʏʘʩʪʴ ʧʦʨ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʚʦʟʜʫʭʘ 

ʠ ʫʩʘʜʢʠ ʤʘʪʨʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ. ʋ ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ4 

(ʨʠʩʫʥʦʢ 3.8, ʛ) ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʩʥʦʝ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʪʢʘʥʷʤʠ ʠ 
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ʤʘʪʨʠʮʝʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʟʦʨʦʚ ʠʣʠ ʪʨʝʱʠʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʂʦʛʜʘ ʥʘ 

ʢʦʤʧʦʟʠʪʥʳʝ ʦʙʨʘʟʮʳ ʚʦʟʜʝʡʩʪʚʫʪʁ ʩʞʠʤʘʶʱʠʝ ʫʩʠʣʠʷ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʮʝʧʣʝʥʠʷ ʤʘʪʨʠʮʳ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʏʝʤ ʙʦʣʴʰʝ 

ʪʨʝʱʠʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʪʝʤ ʥʠʞʝ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʥʘ ʩʞʘʪʠʝ. ʋʛʣʝʨʦʜʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʋʋʂʄ1 ʠ ʋʋʂʄ3 ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ ʤʝʞʞʛʫʪʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩʫʥʦʢ 3.8, ʘ, ʙ) 

ʠʤʝʶʪ ʤʝʥʴʰʝ ʪʨʝʱʠʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ-ʤʘʪʨʠʮʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʚʳʰʝʥʥʫʶ ʤʝʞʩʣʦʡʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

 

3.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

 

ʇʨʦʚʝʜʝʥʳ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʭʝʤʝ 

ʢʦʥʪʘʢʪʘ ʢʦʣʴʮʦ-ʢʦʣʴʮʦ ʩ ʚʘʨʠʘʮʠʝʡ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ P = 0,5 - 1,1 ʄʇʘ ʠ 

ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ V = 1 - 4 ʤ/ʩ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ. ʅʘ ʦʩʥʦʚʝ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣ 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʥʘ ʝʛʦ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ʋʋʂʄ4) ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʘ 30-50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʝʞʞʛʫʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʋʋʂʄ3) 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; 

¶ ʜʣʷ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʦʯʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʨʘʟʦʛʨʝʚʘ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʝ ʧʦʚʳʰʘʝʪ ʦʪʚʦʜ 

ʪʝʧʣʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʝ ʨʘʟʦʛʨʝʚ. 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ: ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʩʧʳʪʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʣʷ ʋʋʂʄ1 (ʥʘ ʦʩʥʦʚʝ ʞʛʫʪʦʚ ʠʟ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ) ʠ ʋʋʂʄ2 (ʥʘ ʦʩʥʦʚʝ ʞʛʫʪʦʚ ʠʟ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʚʦʣʦʢʦʥ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʤʘʪʨʠʮʳ, ʘ ʫ ʋʋʂʄ3 (ʥʘ 

ʦʩʥʦʚʝ ʝʜʠʥʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ) ʠ ʋʋʂʄ4 (ʥʘ ʦʩʥʦʚʝ 

ʚʦʡʣʦʯʥʦʛʦ ʢʘʨʢʘʩʘ) ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʠʪ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.  
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ɻʣʘʚʘ 4. ʊʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦ-

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

4.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

 

4.1.1 ʀʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʝʭ ʛʨʫʧʧʘʭ ʦʙʨʘʟʮʦʚ 

ʋʋʂʄ. ʇʝʨʚʘʷ (ʋʋʂʄ1) ʠ ʚʪʦʨʘʷ (ʋʋʂʄ2) ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʋʋʂʄ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʦʛʦ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʦʪʣʠʯʘʣʠʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʜʣʠʥʦʡ ʬʠʣʘʤʝʥʪʦʚ (ʜʣʠʥʦʡ ʚʦʣʦʢʥʘ) ʚ ʛʦʪʦʚʦʤ ʤʘʪʝʨʠʘʣʝ (20 ʠ 0,5 ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʦʙʨʘʟʮʦʚ (ʋʋʂʄ3) ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʢʦʤʧʦʟʠʪʘ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ 40 ʤʤ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʠʩʧʳʪʳʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʧʠʩʘʥʳ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. 

ʄʦʜʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʢʦʣʝʮ (ʨʠʩʫʥʦʢ 4.1) ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 75 ʤʤ, ʚʥʫʪʨʝʥʥʠʤ 53 

ʤʤ ʠ ʚʳʩʦʪʦʡ 14 ʤʤ.  

 

ʈʠʩʫʥʦʢ 4.1 ï ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʦ ʩʭʝʤʝ ʰʘʨʠʢ-ʜʠʩʢ, ʛʜʝ 1 ï 

ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ, 2 ï ʢʦʣʴʮʝʚʦʡ ʦʙʨʘʟʝʮ 
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ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʝ ʢʦʣʴʮʝʚʳʝ ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʠʪʠʨʢʝ ʥʘ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʝ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩ ʟʝʨʥʠʩʪʦʩʪʴʶ 

14-20 ʤʢʤ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

4.1.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʨʠʙʦʤʝʪʨʝ ʬʠʨʤʳ CETR UMT-2, ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ ʩʪʘʣʴʥʦʡ 

ʰʘʨʠʢïʜʠʩʢ ʢʦʤʧʦʟʠʪʘ (ʨʠʩʫʥʦʢ 4.1). ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʙʳʣ ʚʟʷʪ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ 

ʜʠʘʤʝʪʨʦʤ 14 ʤʤ. ʅʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ F ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʠʥʜʝʥʪʦʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 32 ʤʤ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ, ʯʝʨʝʟ ʫʧʨʫʛʠʡ ʩʤʝʥʥʳʡ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 6-ʪʠ ʢʦʤʧʦʥʝʥʪʥʳʡ ʜʘʪʯʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʙʨʘʟʝʮ ʩʠʣ (Fx, Fy, Fz) ʠ ʤʦʤʝʥʪʦʚ (Tx, Ty, Tz). 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 23ÁC, ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 

 ʤ/ʩ (n = 305 ʦʙ/ʤʠʥ) ʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ F, ʨʘʚʥʳʭ 50 ʠ 100 ʅ. 

ʊʨʠʙʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʧʠʩʴ ʚʩʝʭ ʟʥʘʯʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0,005 ʩʝʢʫʥʜ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʪʨʝʭʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, 

ʟʘʪʝʤ ʧʦ ʤʝʪʦʜʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʯʠʩʣʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ ʪʨʝʥʠʷ. ʀʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ 

ʟʘʜʘʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ ʧʨʦʛʨʘʤʤʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ.  

 

4.1.3 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʨʘʟʨʫʰʠʚʰʝʛʦʩʷ ʩʣʦʷ ʢʦʤʧʦʟʠʪʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʳ ʫʩʪʘʣʦʩʪʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʠ ʨʝʣʴʝʬʘ ʨʘʟʨʫʰʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʧʨʦʬʠʣʦʤʝʪʨʝ S Neox 

(SensoFar, ʀʩʧʘʥʠʷ). ʉʢʘʥʠʨʫʶʱʘʷ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʤʠʢʨʦʜʠʩʧʣʝʝʤ 
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ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥʘʢʦʚʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʪʨʘʢʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʚʝʪʣʦʤ ʧʦʣʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʚ ʩʚʝʪʣʦʧʦʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʠʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʘʝʤʦʡ ʦʙʣʘʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʚʝʪʣʦʤ ʧʦʣʝ ʧʨʠ ʩʙʦʨʝ ʢʦʥʬʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʢʦʣʣʠʤʠʨʫʝʪʩʷ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʦʪʨʘʞʘʶʱʠʡ ʤʠʢʨʦʜʠʩʧʣʝʡ. ʆʪʜʝʣʴʥʳʝ ʧʠʢʩʝʣʠ ʤʠʢʨʦʜʠʩʧʣʝʷ ʚʢʣʶʯʘʶʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʚʝʱʘʝʪʩʷ ʦʜʥʘ ʪʦʯʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʘʞʜʳʡ ʧʠʢʩʝʣʴ ʤʠʢʨʦʜʠʩʧʣʝʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʤʝʨʦʡ [176]. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Sensofar S neox ʟʘʚʠʩʷʪ 

ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʲʝʢʪʠʚʘ, ʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʝ 

ʢʦʥʬʦʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 1,0 ʥʤ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʲʝʢʪʠʚʘ 150ʭ) ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʘʢʣʦʥ ʜʦ 71Á, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʛʦʣ ʢʨʦʤʢʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 38Á. 

ʇʦʤʠʤʦ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʤʠʢʨʦʜʠʩʧʣʝʝʤ, 

Sensofar S neox ʪʘʢʞʝ ʠʤʝʝʪ ʨʝʞʠʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʢʫʩʘ. ɼʣʷ ʩʙʦʨʘ 

ʜʘʥʥʳʭ, ʦʙʲʝʢʪʠʚʳ ʤʠʢʨʦʩʢʦʧʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢ 

ʦʙʲʝʢʪʫ, ʚʚʦʜʷ ʦʙʲʝʢʪ ʚ ʬʦʢʫʩ ʠ ʨʘʩʬʦʢʫʩʠʨʫʷ ʝʛʦ. ɼʘʪʯʠʢ ʚʥʫʪʨʠ ʤʠʢʨʦʩʢʦʧʘ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʠ ʠʟʤʝʨʷʝʪ ʧʠʢʩʝʣʠ ʚ ʬʦʢʫʩʝ, ʩʦʟʜʘʚʘʷ ʧʦʣʥʦʩʪʴʶ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. ɿʘʪʝʤ ʜʘʪʯʠʢ 

ʦʮʝʥʠʚʘʝʪ ʦʙʣʘʩʪʴ ʚʦʢʨʫʛ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ ʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʨʷʷ ʬʦʢʫʩ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʛʣʫʙʠʥʫ ʬʦʢʫʩʠʨʦʚʢʠ ʢʘʞʜʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʠ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟ ʩʨʝʟʦʚ ʚ ʬʦʢʫʩʝ [177]. 

ʄʠʢʨʦʩʢʦʧʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʢʫʩʘ ʣʫʯʰʝ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʩ ʛʨʫʙʳʭ 

(ʰʝʨʦʭʦʚʘʪʳʭ) ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʩʪʨʳʭ ʢʨʘʝʚ, ʯʝʤ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʨʝʞʠʤ ʠʟʤʝʥʝʥʠʷ ʬʦʢʫʩʘ ʥʘ S Neox ʤʦʞʝʪ 

ʠʟʤʝʨʷʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʢʘʣʦʥʦʤ 86Á, ʯʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʛʣʫ ʢʨʦʤʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ 8Á.  
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ʀʟʤʝʨʝʥʠʝ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʪʠʧʠʯʥʦ-

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʜʝʞʥʳʭ ʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ ʪʨʠ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʥʬʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʠʚ 20ʭ.  

 

4.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

 

4.2.1 ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ. 

0 1000 2000 3000 4000 5000
0,00

0,05

0,10

0,15

0,20

0,25

3

1

2
ʚ

ʙ

m

ʚʨʝʤʷ, ʩ

ʘ

 

ʈʠʩʫʥʦʢ 4.2 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʟʘʧʠʩʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʪʨʠʙʦʤʝʪʨʝ UMT-2 

ʜʣʷ ʋʋʂʄ1 (ʢʨʠʚʘʷ 1), ʋʋʂʄ2 (ʢʨʠʚʘʷ 2), ʋʋʂʄ3 (ʢʨʠʚʘʷ 3), ʛʜʝ ʘ ï ʵʪʘʧ 

ʧʨʠʨʘʙʦʪʢʠ, ʙ ï ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʪʨʝʥʠʷ, ʚ ï ʵʪʘʧ ʨʘʟʨʫʰʝʥʠʷ 

ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʢʘʢ ʚʠʟʫʘʣʴʥʦ, ʪʘʢ ʠ ʧʦ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 

4.2, ʚ), ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʦʩʪʘʥʘʚʣʠʚʘʣʩʷ. ʇʦ ʥʘʡʜʝʥʥʦʤʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 
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ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʮʠʢʣʠʯʝʩʢʦʝ 

ʥʘʛʨʫʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʘʣʦ ʤʝʥʷʣʩʷ 

ʚʦ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ (ʩʤ. ʨʠʩʫʥʦʢ 4.2), ʪʦ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʝʛʦ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʪʨʝʥʠʷ (ʨʠʩʫʥʦʢ 4.3, ʙ) ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʩ ʢʘʞʜʳʤ 

ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ ʫʯʝʪʦʤ ʪʨʝʭʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ.  

ʊʘʙʣʠʮʘ 4.1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʪʘʣʴʥʳʤ ʰʘʨʠʢʦʤ, ʧʨʠ V = 1 ʤ/ʩ 

ʇʘʨʘʤʝʪʨ 
ʋʋʂʄ1 ʋʋʂʄ2 ʋʋʂʄ3 

ʅʘʛʨʫʟʢʘ F = 50 ʅ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 0,184 Ñ 0,01 0,226 Ñ 0,01 0,143 Ñ 0,01 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ N, ʦʙʦʨʦʪʦʚ 
14080 Ñ 2245 17435 Ñ 2520 20420 Ñ 3450 

 ʅʘʛʨʫʟʢʘ F = 100 ʅ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ 0,157 Ñ 0,01 0,182 Ñ 0,01 0,123 Ñ 0,01 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ N, ʦʙʦʨʦʪʦʚ 
7845 Ñ 460 5600 Ñ 395 10570 Ñ 1200 

 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ. ʆʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʜʨʦʙʣʝʥʥʦʛʦ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ (ʋʋʂʄ2) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,23 

ʠ 0,18 ʜʣʷ F = 50 ʅ ʠ F = 100 ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ (ʋʋʂʄ3). ʈʘʟʣʠʯʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʦʥʢʦʛʦ 

ʩʣʦʷ ʬʨʠʢʮʠʦʥʥʦʡ ʧʣʝʥʢʠ ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ, ʪʦʣʱʠʥʘ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ 

ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ, ʪʘʢ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʝ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ. 
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4.2.2 ɸʥʘʣʠʟ ʛʣʫʙʠʥʳ ʟʘʨʦʞʜʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʠʟʦʙʨʘʞʝʥʳ ʪʠʧʠʯʥʳʝ ʧʨʦʬʠʣʠ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ, ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʠʩʧʳʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʚʫʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʛʨʫʟʢʘʭ. 
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ʈʠʩʫʥʦʢ 4.3 ï ʊʠʧʠʯʥʳʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩ ʧʨʠ V = 1 ʤ/ʩ, P = 50 ʅ (ʘ) ʠ 100 ʅ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 

(ʣʠʥʠʷ 1), ʋʋʂʄ2 (ʣʠʥʠʷ 2), ʋʋʂʄ3 (ʣʠʥʠʷ 3) 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʨʠʩʫʥʦʢ 

4.3), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʠʥʠʮʠʠʨʫʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ ʩʝʨʝʜʠʥʝ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 4.1 ʠ 

ʧʨʦʬʠʣʦʛʨʘʤʤ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4.3, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʋʋʂʄ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʧʨʠ ʵʪʦʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʠʥʜʝʥʪʦʨʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʜʦ ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘʙʣʶʜʘʣʩʷ ʥʝ ʩʨʘʟʫ, ʘ ʥʘʯʠʥʘʣʩʷ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ 

ʥʘʛʨʫʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʠʤʝʣ ʤʝʩʪʦ ʥʝʢʦʪʦʨʳʡ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʫʢʘʟʳʚʘʶʱʠʡ 

ʥʘ ʫʩʪʘʣʦʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʨʘʟʨʫʰʝʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʫʩʪʘʣʦʩʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, 

ʧʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʟʘʨʦʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩʚʷʟʘʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʧʦʣʝʤ ʤʘʢʨʦʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʝʤ ʚ ʢʦʤʧʦʟʠʪʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʦʡ 

ʠʩʧʳʪʘʥʠʡ çʩʪʘʣʴʥʦʡ ʰʘʨʠʢïʜʠʩʢ ʠʟ ʋʋʂʄè.  

 

4.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʫʧʨʫʛʦʡ ʩʬʝʨʳ (1) ʨʘʜʠʫʩʘ R, 

ʩʢʦʣʴʟʷʱʝʡ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ (2). ʂ ʩʬʝʨʝ ʧʨʠʣʦʞʝʥʘ ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ P. 

ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ. 

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘ ʩʢʦʣʴʞʝʥʠʷ ʩʬʝʨʳ ʧʦ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʦʤʫ 

ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʛʜʝ 1 ï ʩʪʘʣʴʥʘʷ ʩʬʝʨʘ, 2 ï ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ 

ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 

ʢʦʤʧʦʟʠʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ, ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʨʦʞʜʘʝʪʩʷ ʫʩʪʘʣʦʩʪʥʘʷ 

ʪʨʝʱʠʥʘ.  
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4.3.1 ʈʘʩʯʝʪ ʦʩʨʝʜʥʝʥʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʆʩʨʝʜʥʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ 

[178]:  

 ɺ ɺ ʄ ʄE E V E V=a + , (4.1) 

ʛʜʝ , , ,B M B ME E V V  ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʣʦʢʥʘ (ʩ ʠʥʜʝʢʩʦʤ ɺ) ʠ ʤʘʪʨʠʮʳ (ʩ ʠʥʜʝʢʩʦʤ ʄ).  

ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʦʣʦʢʦʥ ʚ ʤʘʪʨʠʮʝ. ʉ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʠ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʣʦʢʥʘ ʠ ʤʘʪʨʠʮʳ ʚ ʠʩʧʳʪʘʥʥʳʭ ʋʋʂʄ (ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ [179]), ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ 4.3, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʣʦʢʦʥ ʠʣʠ 

ʧʫʯʢʦʚ ʚʦʣʦʢʦʥ ʟʥʘʯʝʥʠʷ 3 / 8a=  [178], ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʜʫʣʝʡ ʖʥʛʘ E ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʫʘʩʩʦʥʘ ɜ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʪʘʢʞʝ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʊʘʙʣʠʮʘ 4.2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ ʠ ʤʘʪʨʠʮʳ, 

ʘ ʪʘʢʞʝ ʦʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʘʭ 

ʇʘʨʘʤʝʪʨ ʋʋʂʄ1 ʋʋʂʄ2 ʋʋʂʄ3 

Eɺ, ɻʇʘ 16,4 16,4 14,7 

Eʄ, ɻʇʘ 11,2 11,2 10,4 

Vɺ 0,72 0,62 0,64 

Vʄ 0,28 0,38 0,36 

E, ɻʇʘ 7,564 8,069 7,416 

ɜ 0,32 0,32 0,36 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪ ʦʩʨʝʜʥʝʥʥʦʛʦ ʤʦʜʫʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ 

ʤʝʪʦʜʠʢ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʧʨʘʚʦʢ ʢ ʟʥʘʯʝʥʠʷʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 4.2, 

ʧʦʩʢʦʣʴʢʫ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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4.3.2 ʈʘʩʯʝʪ ʢʦʥʪʘʢʪʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʥʪʘʢʪʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʠ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʞʝʩʪʢʠʤ ʠʥʜʝʥʪʦʨʦʤ ʢʦʤʧʦʟʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʘʢ ʦʜʥʦʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʩʨʝʜʥʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ 4.3). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ ( )p r  ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ r a¢  ʠ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ a  ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʪʝʦʨʠʠ ɻʝʨʮʘ [180] (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʘʣʦʛʦ ʚʣʠʷʥʠʷ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ), ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ *E  ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʳʨʘʞʝʥʠʝ: 
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, (4.2) 

ʛʜʝ ʩʪ ʩʪ,En  ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʩʪʘʣʴʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʠʥʜʝʥʪʦʨʘ, , En  ï ʦʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʷ ʖʥʛʘ 

ʜʣʷ ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʇʦʤʠʤʦ ʜʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʜʝʡʩʪʚʫʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

( ) ( )r p rt =m, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ 

ʧʨʦʚʝʜʝʤ ʩʥʘʯʘʣʘ ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ 
0

zs, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ 
0

zt, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 0ʭ. ʂʦʤʧʦʥʝʥʪʳ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʟʘʧʠʰʫʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [180]: 
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ʛʜʝ  
2 2 2x y zr= + +, 

0

max( , , ) /z p x y z ps = , 

0 0

z zt =ms  

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʧʦ ʚʳʧʠʩʘʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ , , , , ,x y z xz yz xys s s t t t ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ (x, y, z) ʚʥʫʪʨʠ ʢʦʤʧʦʟʠʪʘ. 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 1 2 3, ,s s s ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ:  
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det 0

x xy xz

xy y yz

xz yz z

è øs -s t t
é ù
t s -s t =é ù

é ùt t s -sê ú

. (4.3) 

ʂʦʨʥʠ 1 2 3, ,s s s ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.3) ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʣʘʚʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ:  

1 1 2

1
( )

2
t =° s -s, 

2 2 3

1
( )

2
t =° s -s, 

3 3 1

1
( )

2
t =° s -s 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

 ( )max 1 2 3max , ,t = t t t. (4.4) 

 

4.3.3 ʈʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʛʣʫʙʠʥʳ ʟʘʨʦʞʜʝʥʠʷ ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʤʘʪʝʨʠʘʣʝ ʢʦʤʧʦʟʠʪʘ ʚʦʟʥʠʢʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʮʠʢʣʠʯʝʩʢʠ 

ʤʝʥʷʶʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʥʜʝʥʪʦʨʘ, ʚʳʟʳʚʘʷ ʥʘʢʦʧʣʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ.  

ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʚ ʚʠʜʝ ʟʘʨʦʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʨʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ( , )q z P  ʦʪ 

ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ max( , )z Pt  ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ z ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ P, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʠʥʜʝʥʪʦʨ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʜʚʠʛʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ z [181]:  

 max

*

( , )
( , )

m

z P
q z P

å õt
=æ ö

tç ÷
. (4.5) 

ɺ ʚʳʨʘʞʝʥʠʠ (4.5) *t ʝʩʪʴ ʥʝʢʦʪʦʨʦʝ ʥʦʨʤʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ m ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ.  
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ʇʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʥʜʝʥʪʦʨʦʤ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʠʟʤʝʥʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ, ʥʘʢʦʧʣʝʥʥʘʷ 

ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ ʜʦ ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ 

ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ N ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 ( , )Q Nq z P= . (4.6) 

ʂʨʠʪʠʯʝʩʢʘʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ Q*, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ *z  ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ N* ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʟʘʨʦʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ 

ʢʦʤʧʦʟʠʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʘʤʧʣʠʪʫʜʥʳʭ 

ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ max( , )z Pt , ʠʩʧʦʣʴʟʫʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧ. 4.3.2, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʜ ʠʥʜʝʥʪʦʨʦʤ [180]. 

 

4.4 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʯʝʪʦʚ 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʩʭʝʤʫ ʨʘʩʯʝʪʦʚ, ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜ ʩʬʝʨʠʯʝʩʢʠʤ 

ʠʥʜʝʥʪʦʨʦʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (4.2) 

ʙʳʣʠ ʚʟʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʷ ʖʥʛʘ ʜʣʷ 

ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ: ɜʩʪ = 0,3, Eʩʪ = 220 ɻʇʘ, ʘ ʜʣʷ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʫʘʩʩʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʋʋʂʄ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʪʘʢʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʜʚʫʭ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4.1.  

ʅʘ ʨʠʩʫʥʢʘʭ 4.5 ï 4.7 ʧʨʠʚʝʜʝʥʳ ʠʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ 

F = 100 ʅ (ʙ), ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʧʨʠʣʦʞʝʥʥʳʤ 

ʥʘʛʨʫʟʢʘʤ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʛʣʫʙʠʥʳ (ʚ).  
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ʈʠʩʫʥʦʢ 4.5 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 

ʋʋʂʄ1 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ ʥʘʛʨʫʟʦʢ F =50 H 

(ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2)  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʋʋʂʄ1 (ʨʠʩʫʥʦʢ 4.5) ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 50 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʛʣʫʙʠʥʝ z = 0,293a1 = 93 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,307p1 = 72,7 ʄʇʘ, ʘ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 100 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
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ʬʫʥʢʮʠʠ Űmax(z, F) ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʣʫʙʠʥʝ z = 0,377a1 = 150 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,306p1 = 91,2 ʄʇʘ.  

0,3088
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ʈʠʩʫʥʦʢ 4.6 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 

ʋʋʂʄ2 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ ʥʘʛʨʫʟʦʢ F = 50 H 

(ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʋʋʂʄ2 (ʨʠʩʫʥʦʢ 4.6) ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 50 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʛʣʫʙʠʥʝ z = 0,269a2 = 83 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,309p2 = 76,3 ʄʇʘ, ʘ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 100 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʠ Űmax(z, F) ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʣʫʙʠʥʝ z = 0,365a2 = 143 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,307p2 = 95,4 ʄʇʘ.  
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ʈʠʩʫʥʦʢ 4.7 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 

ʋʋʂʄ3 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ ʥʘʛʨʫʟʦʢ F = 50 H 

(ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʋʋʂʄ3 (ʨʠʩʫʥʦʢ 4.7) ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 50 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʛʣʫʙʠʥʝ z = 0,305a3 = 96 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,306p3 = 72,7 ʄʇʘ, ʘ ʧʨʠ ʥʘʛʨʫʟʢʝ F = 100 ʅ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʠ Űmax(z, F) ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʣʫʙʠʥʝ z = 0,377a3 = 155 ʤʢʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

Űmax = 0,305p3 = 91,9 ʄʇʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.8 ʧʨʠʚʝʜʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ F = 100 ʅ. ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟʦʙʨʘʞʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 4.8 ï ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʋʋʂʄ1 

(ʘ), ʋʋʂʄ2 (ʙ) ʠ ʋʋʂʄ3 (ʚ) 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʦʬʠʣʦʛʨʘʤʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʋʋʂʄ ʟʘʚʠʩʠʪ ʭʘʨʘʢʪʝʨ ʝʛʦ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ. ʊʘʢ, ʤʘʪʝʨʠʘʣ ʋʋʂʄ2 (ʨʠʩʫʥʦʢ 4.8, ʙ) ʚ ʩʠʣʫ ʝʛʦ 

ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʨʠʩʫʥʦʢ 1.2, ʙ) ʨʘʟʨʫʰʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ. ɼʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʭʦʨʦʰʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʨʘʩʯʝʪʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʣʫʙʠʥ ʨʘʟʨʫʰʝʥʠʷ. ɼʣʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʜʣʠʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ʨʠʩʫʥʢʠ 4.8, ʘ, ʚ) ʥʘ 

ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ ʠʭ ʚʳʨʳʚʘʥʠʷ ʠʟ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʢʦʤʧʦʟʠʪʘ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʭʨʫʧʢʠʤʠ ʚʦʣʦʢʥʘʤʠ (ʤʘʪʝʨʠʘʣ ʋʋʂʄ1), ʠʭ 

ʚʳʨʳʚʘʥʠʝ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚʦʣʦʢʥʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘʯʠʥʘʶʪ ʨʘʟʨʫʰʘʪʴʩʷ, ʥʝ 

ʟʘʪʨʘʛʠʚʘʷ ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ 4.8, ʘ). ʇʨʠ ʘʨʤʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 

ʧʨʦʯʥʳʤʠ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ʢʦʤʧʦʟʠʪ ʋʋʂʄ3, ʨʠʩʫʥʦʢ 4.8, ʚ) 
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ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʨʳʚʘʥʠʝ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʙʲʷʩʥʷʝʪ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʥʦʛʦ ʩʣʦʷ ʚʜʦʣʴ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʥʘʛʨʫʟʢʝ ʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʪʨʦʠʣʠʩʴ ʧʨʦʬʠʣʠ ʥʘ ʦʙʲʝʤʥʳʭ 

ʧʨʦʬʠʣʦʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 4.8) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ, ʧʨʠʯʝʤ ʥʘ ʦʜʥʦʡ 

ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʧʨʦʚʦʜʠʣʦʩʴ ʯʝʪʳʨʝ ʧʨʦʬʠʣʷ. ɺʩʝʛʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 12 ʠʟʤʝʨʝʥʥʳʭ ʦʙʲʝʤʥʳʭ 

ʧʨʦʬʠʣʦʛʨʘʤʤ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ (3-ʭ ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʟʘʤʝʨʘʤʠ ʚ 4-ʭ ʤʝʩʪʘʭ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ). ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʧʨʦʬʠʣʷʤ ʧʦ ʤʝʪʦʜʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ. 

ɺ ʪʘʙʣʠʮʝ 4.3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 4.4 ʛʣʫʙʠʥʳ 

ʟʘʣʝʛʘʥʠʡ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʥʷʪʠʷ ʧʨʦʬʠʣʦʛʨʘʤʤ. 

ʊʘʙʣʠʮʘ 4.3 ʈʘʩʩʯʠʪʘʥʥʳʝ (ᾀǿ) ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʠ 

ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʡ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ᾀӶ) ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʆʙʨʘʟʝʮ 
ʅʘʛʨʫʟʢʘ F = 50 ʅ  ʅʘʛʨʫʟʢʘ F = 100 ʅ 

ᾀǿ, ʤʢʤ ᾀӶ, ʤʢʤ  ᾀǿ, ʤʢʤ ᾀӶ, ʤʢʤ 

ʋʋʂʄ1 93 105Ñ17  150 128Ñ21 

ʋʋʂʄ2 83 83Ñ18  143 117Ñ22 

ʋʋʂʄ3 96 118Ñ36  155 220Ñ43 

 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʋʋʂʄ ʧʨʠ ʜʚʫʭ ʥʘʛʨʫʟʢʘʭ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʥʜʝʥʪʦʨ, ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢʘʢ ʚ ʨʘʩʯʝʪʘʭ, ʪʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ. 
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2. ɼʣʷ ʋʋʂʄ1 ʠ ʋʋʂʄ2 ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʦʛʨʘʤʤ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. 

3. ɼʣʷ ʋʋʂʄ3 ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʝ (F = 100 ʅ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʦʡ 

ʚʝʣʠʯʠʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʴʰʠʡ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 

ʦʙʲʷʩʥʷʶʪʩʷ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ: ʥʘʣʠʯʠʝ ʜʣʠʥʥʳʭ ʧʨʦʯʥʳʭ ʚʦʣʦʢʦʥ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʚʳʨʳʚʘʥʠʝ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʨʘʟʨʫʰʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ 

ʨʘʟʨʫʰʝʥʥʦʛʦ ʩʣʦʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʣʦʤ ʨʘʟʨʫʰʝʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦʣʝʡ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘʙʣʶʜʘʝʤʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʣʫʙʠʥ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʚʦʣʦʢʥʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

 

4.6 ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʚ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ m ʚ ʩʦʦʪʥʦʰʝʥʠʠ (4.5), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʯʘʣʦ 

ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ Q* ʝʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ N1 ʠ N2 ʜʣʷ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ P1 ʠ P2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ (4.5) ʠ (4.6) ʧʦʣʫʯʠʤ:  

 

*

1 max 2 2

*

2 max 1 1

( , )

( , )

m

N z P

N z P

å õt
=æ ö
tç ÷

,  

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ 

1

2

*

max 2 2

*

max 1 1

ln

( , )
ln

( , )

N

N
m

z P

z P

å õ
æ ö
ç ÷=

å õt
æ ö
tç ÷

 

(4.7) 

ʀʩʧʦʣʴʟʫʷ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʮʠʢʣʦʚ Ni ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʥʘʛʨʫʟʢʘʭ Pi (i = 1, 2), ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʬʦʨʤʫʣʝ (4.7) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ: 

*

1 2 32,2684, 5,1122, 2,6558ʋʋʂʄ ʋʋʂʄ ʋʋʂʄm m m= = =  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʤʘʪʝʨʠʘʣʦʚ ʙʣʠʟʢʦʡ ʩʪʨʫʢʪʫʨʳ ʋʋʂʄ1 

ʠ ʋʋʂʄ3 ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ mʋʋʂʄ1 ʠ mʋʋʂʄ3 ʚ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ (4.5) ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 

mʋʋʂʄ2, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʋʋʂʄ2, ʠʤʝʶʱʝʛʦ ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ, 

ʭʘʦʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʤʘʪʨʠʮʝ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫ ʋʋʂʄ3 ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ (ʩʤ. ʪʘʙʣʠʮʫ 4.3), ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ mʋʋʂʄ3. 

 

4.6 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

 

ʇʨʦʚʝʜʝʥʳ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ) ʧʦ ʩʭʝʤʝ ʢʦʥʪʘʢʪʘ çʩʪʘʣʴʥʦʡ ʰʘʨʠʢ ï ʜʠʩʢè ʧʨʠ ʢʦʥʪʘʢʪʥʳʭ 
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ʥʘʛʨʫʟʢʘʭ 50 ʠ 100 ʅ, ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 1 ʤ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ T = 23 ÁC. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ ʦʪʣʠʯʘʣʠʩʴ ʢʘʢ 

ʜʣʠʥʦʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʥʠʭ ʚʦʣʦʢʦʥ, ʪʘʢ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʠʭ ʚʦʣʦʢʦʥ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ 

ʠʩʧʳʪʳʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ.  

ɺ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ 

ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʪʠʧʘ ʨʘʟʨʫʰʝʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʨʦʬʠʣʦʛʨʘʤʤ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʩʝʭ 

ʢʦʤʧʦʟʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠʤʝʣʦ ʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ.  

ʇʦʩʪʨʦʝʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʠ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. ʇʨʦʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ 

ʪʨʝʱʠʥʳ ʥʘʭʦʜʠʪʩʷ ʫ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʠʭ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ 

(ʋʋʂʄ2), ʦʙʣʘʜʘʶʱʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʇʨʝʜʣʦʞʝʥ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. 

  



111 
 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ) ʫʩʪʘʥʦʚʣʝʥʦ: 

¶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʬʨʠʢʮʠʦʥʥʘʷ 

ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʯʘʩʪʠʮ ʠʟʥʦʩʘ ʢʘʢ ʤʘʪʨʠʮʳ, ʪʘʢ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ; 

¶ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ (T = 23ÁC), 

ʥʘʛʨʫʟʦʢ (P = 0,5-22 ʄʇʘ) ʠ ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ (V = 0,03-4 ʤ/ʩ) ʋʋʂʄ 

ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ ʠ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʦʜʥʦʠʤʝʥʥʦʡ 

ʧʘʨʝ ʪʨʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ;  

¶ ʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ) ʋʋʂʄ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ (ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ) ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʝʞʞʛʫʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʘʨʤʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (T = 150-1000 Áʉ), ʚʳʟʚʘʥʥʳʭ 

ʬʨʠʢʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʋʋʂʄ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʋʂʄ ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʫʣʫʯʰʘʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; 
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¶ ʜʣʷ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʋʋʂʄ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʘʙʨʘʟʠʚʥʳʡ, ʪʘʢ ʠ 

ʢʦʥʪʘʢʪʥʦ-ʫʩʪʘʣʦʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚ 

ʫʩʣʦʚʠʷʭ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

2. ʇʦʩʪʨʦʝʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʳʭ ʋʋʂʄ ʚ 

ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʠ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. 

3. ʇʨʝʜʣʦʞʝʥ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. 
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ʉʧʠʩʦʢ ʨʠʩʫʥʢʦʚ 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʝ, ʛʜʝ ʘ,ʙ ï ʭʘʦʪʠʯʥʦʝ 

ʘʨʤʠʨʦʚʘʥʠʝ; ʚ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ; ʛ,ʜ,ʝ ï ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ 

ʪʢʘʥʴ; ʞ,ʟ,ʠ ï ʪʨʝʭʥʘʧʨʘʚʣʝʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ 

6 

ʈʠʩʫʥʦʢ 1.1 ï ʊʠʧʠʯʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʘʨʳ ʪʨʝʥʠʷ: 1 ï 

ʫʛʣʝʨʦʜʥʳʡ ʧʘʣʴʯʠʢ; 2 ï ʢʦʣʴʮʝʚʦʡ ʦʙʨʘʟʝʮ; 3 ï ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʣʝʥʢʘ 

ʪʨʝʥʠʷ 

39 

ʈʠʩʫʥʦʢ 1.2 ï ʉʕʄ ʬʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 

(ʙ), ʋʋʂʄ3 (ʚ) 

40 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ P, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʋʋʂʄ1 (ʯʝʨʥʘʷ ʣʠʥʠʷ/ʢʚʘʜʨʘʪ), 

ʋʋʂʄ2 (ʩʠʥʷʷ ʣʠʥʠʷ/ʢʨʫʛ) ʠ ʋʋʂʄ3 (ʢʨʘʩʥʘʷ ʣʠʥʠʷ/ʪʨʝʫʛʦʣʴʥʠʢ), 

ʧʨʠʨʘʙʦʪʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʧʫʪʷʭ ʪʨʝʥʠʷ: 200 ʤ (ʘ); 400 ʤ (ʙ); 800 ʤ (ʚ), ʛʜʝ 1 

- V = 0,03 ʤ/ʩ, 2 - V = 0,3 ʤ/ʩ. 

54 

ʈʠʩʫʥʦʢ 1.4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ P, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ): ʛʜʝ 1 ï V = 

0,03 ʤ/ʩ; 2 ï V = 0,3 ʤ/ʩ 

55 

ʈʠʩʫʥʦʢ 1.5 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʈʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ, ʛʜʝ 1 ï ʚʥʝ ʜʦʨʦʞʢʠ ʪʨʝʥʠʷ; 2 ï ʥʘ ʜʦʨʦʞʢʝ ʪʨʝʥʠʷ 

56 

ʈʠʩʫʥʦʢ 2.1 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ (ʘ) ʠ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ (ʙ) ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

58 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʠʙʦʤʝʪʨʘ, ʛʜʝ 1, 2 ï ʧʫʯʢʠ ʚʦʣʦʢʦʥ, 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʚ ʩʚʦʠʭ ʜʝʨʞʘʪʝʣʷʭ (3, 4); 5 ï ʪʝʨʤʦʢʘʤʝʨʘ; 6 ï 2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʳʡ ʜʘʪʯʠʢ ʩʠʣ. 

60 

ʈʠʩʫʥʦʢ 2.3 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʤʘʨʢʠ ʋʂ ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

63 

ʈʠʩʫʥʦʢ 2.4 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʤʘʨʢʠ Zoltek ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

63 
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ʈʠʩʫʥʦʢ 2.5 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʤʘʨʢʠ ʋʂ ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

64 

ʈʠʩʫʥʦʢ 2.6 ï ɸʉʄ (ʘ) ʠ ʉʕʄ (ʙ, ʚ) ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʤʘʨʢʠ Zoltek ʜʦ (a, ʙ) ʠ ʧʦʩʣʝ (ʚ) ʪʨʝʥʠʷ 

65 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɛ ʦʪ ʥʘʛʨʫʟʢʠ F [H] ʧʨʠ 

ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ T = 23 ʠ 300 Áʉ (ʩʝʨʳʡ ʬʦʥ) ʜʣʷ ʢʘʨʙʦʥʠʟʦʚʘʥʥʳʭ (1) ʠ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ (2) ʚʦʣʦʢʦʥ ʤʘʨʦʢ ʋʂ (ʘ) ʠ Zoltek (ʙ). 

67 

ʈʠʩʫʥʦʢ 3.1 ï ʄʠʢʨʦʩʢʦʧʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʋʋʂʄ3 

(ʘ), ʋʋʂʄ4 (ʙ) 

71 

ʈʠʩʫʥʦʢ 3.2 ï ʌʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ (ʙ) ʪʨʠʙʦʤʝʪʨʘ UMT-

2, ʛʜʝ 1 ï ʪʨʠʙʦʤʝʪʨ, 2 ï ʪʝʧʣʦʠʟʦʣʷʪʦʨʳ, 3 ï ʩʧʠʨʘʣʴ ʜʣʷ ʦʙʜʫʚʘ ʧʘʨʳ 

ʪʨʝʥʠʷ, 4 ï ʪʝʨʤʦʧʘʨʘ, 5 ï ʙʘʣʣʦʥ ʩ ʘʨʛʦʥʦʤ. 

72 

ʈʠʩʫʥʦʢ 3.3 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʧʨʠʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʛʜʝ 1 ï 

ʪʝʤʧʝʨʘʪʫʨʘ, 2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, 3 ï ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

74 

ʈʠʩʫʥʦʢ 3.4 ï ʀʟʦʣʠʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ Õ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

82 

ʈʠʩʫʥʦʢ 3.5 ï ʀʟʦʣʠʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 

Ih [ʤʢʤ/ʢʤ] ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 

(ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

83 

ʈʠʩʫʥʦʢ 3.6 ï ʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʢʦʥʪʘʢʪʘ T [ÁC] ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 

(ʚ), ʋʋʂʄ4 (ʛ) 

85 

ʈʠʩʫʥʦʢ 3.7 ï ʂʈʉ ʩʧʝʢʪʨʳ ʚʦʣʦʢʥʘ (ʘ), ʤʘʪʨʠʮʳ (ʙ) ʠ ʧʣʝʥʢʠ ʪʨʝʥʠʷ (ʚ) 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ 1ï4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

87 

ʈʠʩʫʥʦʢ 3.8 ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʫʛʣʝʨʦʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʛʜʝ ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ), ʋʋʂʄ3 (ʚ), ʋʋʂʄ4 (ʛ) 

88 

ʈʠʩʫʥʦʢ 4.1 ï ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʦ ʩʭʝʤʝ ʰʘʨʠʢ-ʜʠʩʢ, ʛʜʝ 

1 ï ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ, 2 ï ʢʦʣʴʮʝʚʦʡ ʦʙʨʘʟʝʮ 

91 
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ʈʠʩʫʥʦʢ 4.2 ï ʊʠʧʠʯʥʳʡ ʚʠʜ ʟʘʧʠʩʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʪʨʠʙʦʤʝʪʨʝ 

UMT-2 ʜʣʷ ʋʋʂʄ1 (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), ʋʋʂʄ2 (ʩʠʥʷʷ ʢʨʠʚʘʷ), ʋʋʂʄ3 

(ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ), ʛʜʝ ʘ ï ʵʪʘʧ ʧʨʠʨʘʙʦʪʢʠ, ʙ ï ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ 

ʪʨʝʥʠʷ, ʚ ï ʵʪʘʧ ʨʘʟʨʫʰʝʥʠʷ 

94 

ʈʠʩʫʥʦʢ 4.3 ï ʊʠʧʠʯʥʳʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩ ʧʨʠ V = 1 ʤ/ʩ, P = 50 ʅ (ʘ) ʠ 100 ʅ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʋʋʂʄ1 (ʣʠʥʠʷ 1), ʋʋʂʄ2 (ʣʠʥʠʷ 2), ʋʋʂʄ3 (ʣʠʥʠʷ 3) 

96 

ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘ ʩʢʦʣʴʞʝʥʠʷ ʩʬʝʨʳ ʧʦ ʭʘʦʪʠʯʥʦ ʘʨʤʠʨʦʚʘʥʥʦʤʫ 

ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʛʜʝ 1 ï ʩʪʘʣʴʥʘʷ ʩʬʝʨʘ, 2 ï ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ 

97 

ʈʠʩʫʥʦʢ 4.5 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ1 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ 

ʥʘʛʨʫʟʦʢ F =50 H (ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2) 

103 

ʈʠʩʫʥʦʢ 4.6 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ2 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ 

ʥʘʛʨʫʟʦʢ F = 50 H (ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2) 

104 

ʈʠʩʫʥʦʢ 4.7 ï ʀʟʦʣʠʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʢʦʤʧʦʟʠʪʘ ʋʋʂʄ3 ʧʨʠ ʥʘʛʨʫʟʢʘʭ F = 50 ʅ (ʘ) ʠ F = 100 ʅ (ʙ) ʠ ʘʤʧʣʠʪʫʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ (ʚ) ʜʣʷ 

ʥʘʛʨʫʟʦʢ F = 50 H (ʢʨʠʚʘʷ 1) ʠ F = 100 ʅ (ʢʨʠʚʘʷ 2) 

105 

ʈʠʩʫʥʦʢ 4.8 ï ʇʨʦʬʠʣʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ 

ʋʋʂʄ1 (ʘ), ʋʋʂʄ2 (ʙ) ʠ ʋʋʂʄ3 (ʚ) 

106 
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ʉʧʠʩʦʢ ʪʘʙʣʠʮ 

 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 10 

ʊʘʙʣʠʮʘ 1.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 39 

ʊʘʙʣʠʮʘ 1.2 ï ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 43 

ʊʘʙʣʠʮʘ 1.3 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 43 

ʊʘʙʣʠʮʘ 1.4 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ 

ʋʋʂʄ1 

50 

ʊʘʙʣʠʮʘ 1.5 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ 

ʋʋʂʄ2 

50 

ʊʘʙʣʠʮʘ 1.6 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ 

ʋʋʂʄ3 

50 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 59 

ʊʘʙʣʠʮʘ 3.1 ï ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 73 

ʊʘʙʣʠʮʘ 3.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ1  76 

ʊʘʙʣʠʮʘ 3.3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ2  
76 

ʊʘʙʣʠʮʘ 3.4 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ3  
77 

ʊʘʙʣʠʮʘ 3.5 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ ʋʋʂʄ4  
77 

ʊʘʙʣʠʮʘ 4.1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʪʘʣʴʥʳʤ ʰʘʨʠʢʦʤ, ʧʨʠ V = 1 

ʤ/ʩ 

95 

ʊʘʙʣʠʮʘ 4.2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ ʠ 

ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ ʦʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʇʫʘʩʩʦʥʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʘʭ 

98 

ʊʘʙʣʠʮʘ 4.3 ï ʈʘʩʩʯʠʪʘʥʥʳʝ (ᾀǿ) ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ 

ʪʨʝʱʠʥʳ ʠ ʛʣʫʙʠʥʳ ʨʘʟʨʫʰʝʥʠʡ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ᾀӶ) 

ʠʩʩʣʝʜʦʚʘʥʠʡ  

107 

 


