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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

 

ʈʦʩʪ ʨʳʥʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʙʦʣʝʝ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʠ 

ʚʦʟʤʦʞʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʥʘʫʢ ʦ ʧʦʣʠʤʝʨʘʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʘʤʦʘʨʤʠʨʦʚʘʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʉʂʄ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʦʠʤʦʩʪʠ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ, ʥʦ ʠ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ).  

ʉʂʄ ʠʤʝʶʪ ʥʝʢʦʪʦʨʦʝ ʩʭʦʜʩʪʚʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʂʄ: ʨʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʤʘʪʨʠʯʥʦʡ ʠ 

ʘʨʤʠʨʫʶʱʝʡ ʬʘʟ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʡ ʚʠʜ ʘʨʤʠʨʦʚʘʥʠʷ ï ʵʪʦ ʚʦʣʦʢʥʘ, ʣʝʥʪʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʪʢʘʥʳʝ ʠʣʠ ʥʝʪʢʘʥʳʝ ʪʝʢʩʪʠʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʂʄ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ 

ʭʠʤʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ (ʥʝʩʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ), ʘ ʜʨʫʛʦʡ  ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ (ʚʥʝʜʨʝʥʠʷ, ʟʘʱʠʪʳ ʠ 

ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ). ʀ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʝ ʉʂʄ ʨʘʩʭʦʜʠʪʩʷ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʂʄ: ʉʂʄ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʛʜʝ ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʠ 

ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʠʣʠ ʦʜʥʦʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ), ʥʦ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʉʂʄ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʣʫʯʘʷʭ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʥʦʧʦʣʠʤʝʨʥʳʤʠ, 

ʦʜʥʦʬʘʟʥʳʤʠ, ʩʘʤʦʘʨʤʠʨʫʶʱʠʤʠ, ʤʦʥʦʤʘʪʝʨʠʘʣʴʥʳʤʠ, ʛʦʤʦʛʝʥʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦʜʦʙʥʘʷ ʨʘʟʥʠʮʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʥʦʩʠʪ ʩʝʨʴʝʟʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʉʂʄ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʠʙʦʣʝʝ ʫʧʦʤʠʥʘʝʤʳʤ ʠ ʮʝʥʥʳʤ ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ 

ʧʦʣʠʤʝʨʥʳʭ ʉʂʄ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʩʪʦʡ ʧʝʨʝʨʘʙʦʪʢʝ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʵʪʦ 

ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʧʣʘʚʘ. ʇʦʵʪʦʤʫ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʉʂʄ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʟʘʤʝʥʠʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʂʄ. ʂʦʥʮʝʧʮʠʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʉʂʄ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ. 

ɽ ʝɦ ʦʜʥʠʤ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʉʂʄ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʙʦʣʝʝ 

ʣʝʛʢʠʝ ʠʟʜʝʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂʄ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʇʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ 

ʉʂʄ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʂʄ: ʧʣʦʪʥʦʩʪʴ 

ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.91.4 ʛ/ʩʤ3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʂʄ ʩʦʜʝʨʞʘʪ 

ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦ (2.5ï2.9 ʛ/ʩʤ3), ʫʛʣʝʨʦʜ (1.7ï1.9 ʛ/ʩʤ3), ʙʘʟʘʣʴʪ (2.7ï
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3.0 ʛ/ʩʤ3), ʘʨʘʤʠʜ (1.38ï1.44 ʛ/ʩʤ3) ʠ/ʠʣʠ ʥʘʧʦʣʥʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʪʘʣʴʢ (2.7ï2.8 ʛ/ʩʤ3), ʤʝʣ 

(1.1ï2.5 ʛ/ʩʤ3) ʠ ʢʨʝʤʥʝʟʝʤ (2.1ï2.6 ʛ/ʩʤ3).  

ʆʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʘ ʉɺʄʇʕ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʨʝʢʦʨʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴʶ ʧʦʨʝʟʫ ʠ ʠʩʪʠʨʘʥʠʶ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʝʨʪʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʉʂʄ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩʚʦʜʠʪʩʷ ʢ ʩʚʷʟʘʥʥʳʤ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠʯʠʥʘʤ:  

 ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʠʨʦʢʦʡ ʣʠʥʝʡʢʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

 ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 

ʦʜʥʘʢʦ ʧʣʦʭʦ ʦʩʚʝʱʝʥʳ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ: ʠʟʛʠʙ, ʪʝʢʫʯʝʩʪʴ, 

ʩʞʘʪʠʝ, ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨ.; 

 ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ: ʩ 

ʚʥʝʩʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ ʙʝʟ. ʆʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʫʨʦʚʥʠ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ;  

 ʥʝʦʪʣʘʞʝʥʥʳʝ, ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʂʄ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʂʄ, ʩʧʦʩʦʙʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʠʟʫʯʝʥʳ; 

 ʮʝʥʘ ʉɺʄʇʕ ʚʦʣʦʢʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʮʝʥʦʡ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ 

ʪʘʢʞʝ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʫʜʝʰʝʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

ʈʝʰʝʥʠʝ ʠʣʠ ʦʩʚʝʱʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʝʣʦʚ ʚ ʥʘʫʯʥʦʤ ʟʥʘʥʠʠ ʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ 

ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʫʚʝʣʠʯʠʪʴ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦ ʠ ʤʥʦʛʦʩʪʦʨʦʥʥʝ ʦʮʝʥʠʚʘʪʴ ʜʘʥʥʳʝ ʉʂʄ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ ʥʘʫʯʥʦʡ ʙʘʟʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ. 
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ʎʝʣʴ ʨʘʙʦʪʳ:  

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ɺʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʥʘ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʂʄ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʩʝʥʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

 ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʨʦʧʥʦʛʦ 

ʉɺʄʇʕ ʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

 

1. ʋʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ. 

2. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʚʦʡʩʪʚʘ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ, ʥʦ ʥʝ 

ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ. 

3. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʂʄ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

 

1. ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʜʨʫʛʠʤʠ, ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ ʠʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʣʦʢʥʘʤʠ ʉɺʄʇʕ.  
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2. ɼʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʉʂʄ ʜʦ 35 ɻʇʘ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʦ 

1.4 ɻʇʘ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʩʚʦʡʩʪʚʘ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ. 

3. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʥʝʩʝʥʠʷ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʦʨʪʦʢʩʠʣʦʣ/ʇʕɺɼ ʚ ʦʙʲʝʤ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʂʄ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. 

4. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ. 

2. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʂʄ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʥʦ ʥʝ ʚʨʝʤʷ ʧʨʝʩʩʦʚʘʥʠʷ. 

3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʣʝʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʤʘʪʨʠʯʥʦʡ ʬʘʟ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʙʳʣ ʚʳʠʛʨʘʥ ʢʦʥʢʫʨʩ ʅʀʊʋ çʄʀʉʠʉè çʊʫʨʅʀʈè 2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʝʤʠʥʘʨʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

 ʍ ɽʚʨʘʟʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʈʆʉʊ 2021è, 20ï22 ʘʧʨʝʣʷ 

2021 ʛ., ʅʀʊʋ çʄʀʉʠʉè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

 ʄʦʣʦʜʝʞʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, 11ï13 ʥʦʷʙʨʷ 2021 ʛ., ʅʊʋ çʉʠʨʠʫʩè, ʧʛʪ ʉʠʨʠʫʩ, 

ʈʦʩʩʠʷ; 

 ʄʦʣʦʜʝʞʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, 16ï18 ʥʦʷʙʨʷ 2022 ʛ., ʅʊʋ çʉʠʨʠʫʩè, ʧʛʪ ʉʠʨʠʫʩ, 

ʈʦʩʩʠʷ; 

 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʃʦʤʦʥʦʩʦʚè, 12ï26 ʘʧʨʝʣʷ 2024 ʛ., ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

 XXI ʈʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ, 15ï18 ʦʢʪʷʙʨʷ 2024 ʛ., ʀʄɽʊ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʙʘʟʳ ʜʘʥʥʳʭ Web of Science (Core Collection) / Scopus. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʩʦʢʘʷ ʦʮʝʥʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʬʠʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ 

ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʢʚʘʨʪʠʣʠ Web of Science (Core Collection) / Scopus. 

ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ. ʊʝʢʩʪ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪʘ ʧʨʦʚʝʨʝʥ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʛʠʘʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

«ɸʥʪʠʧʣʘʛʠʘʪ» (http://antiplagiat.ru). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʦʙʨʘʟʮʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʚʝʜʝʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʚ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʦʙʩʫʞʜʝʥʠʝ ʚʩʝʭ ʥʘʫʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʣʦʞʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʦʙʱʠʭ ʚʳʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 122 ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 120 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 62 ʨʠʩʫʥʢʘ ʠ 4 

ʪʘʙʣʠʮ.r 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ʂʦʥʮʝʧʮʠʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʦʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʠ ʚ ʮʝʣʦʤ ʧʦʜʭʦʜ ʩʦʚʤʝʱʝʥʠʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʡ, ʦʪ 

ʤʠʢʨʦʤʘʩʰʪʘʙʘ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʪʨʘʩʣʷʭ ʜʦ ʛʠʛʘʥʪʩʢʠʭ ʨʘʟʤʝʨʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʐʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʂʄ ʧʦʨʦʜʠʣʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʘʭ, ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘʭ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʄʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʠ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʳ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʄ, ʧʦʷʚʣʷʣʠʩʴ 

ʚʩʣʝʜʩʪʚʠʝ ʩʣʘʙʳʭ ʛʨʘʥʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠ ʤʘʪʨʠʮʝʡ.  

ʄʝʞʬʘʟʥʘʷ ʛʨʘʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʥʘ ʪʘʢʦʡ ʛʨʘʥʠʮʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʦ ʠ ʭʠʤʠʯʝʩʢʦʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʩʚʦʡʩʪʚ ʚ ʂʄ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʫʶ ʤʝʞʬʘʟʥʫʶ ʛʨʘʥʠʮʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʠ ʩʜʝʣʘʪʴ ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ.  

ʅʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʞʜʫ ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠ ʤʘʪʨʠʮʝʡ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʘʙʦʡ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʙʦ 

ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ [1ï3]. ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʩʠʣʝʥʠʷ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʠ ʫʣʫʯʰʝʥʠʷ ʧʝʨʝʥʦʩʘ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [4].  

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʠʥʪʝʨʝʩʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʂʄ), ʚ ʢʦʪʦʨʳʭ ʤʘʪʨʠʯʥʘʷ ʬʘʟʘ ʠ 

ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ (ʚʦʣʦʢʥʘ, ʣʝʥʪʳ, ʯʘʩʪʠʮʳ ʧʦʣʠʤʝʨʘ ʠ ʪ. ʧ.) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʧʦʣʠʤʝʨʦʤ ʠʣʠ ʪʠʧʦʤ ʧʦʣʠʤʝʨʘ [5]. 

 ʇʨʝʠʤʫʱʝʩʪʚʘ ʉʂʄ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠʜʝʘʣʴʥʦʡ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʳ, ʚ ʯʠʩʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʡ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6ï8]. 

ʆʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʂʄ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʤʝʜʠʮʠʥʝ, ʪʘʢ ʢʘʢ ʣʶʙʳʝ ʜʦʙʘʚʢʠ ʠ ʥʘʧʦʣʥʠʪʝʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 
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ʚʝʱʝʩʪʚ, ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʠʪʴ ʘʥʘʣʠʟ ʢʦʥʝʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ.  

 

1.2 ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʂʄ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ  

 

ɺʧʝʨʚʳʝ ʠʜʝʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʦʧʠʩʘʥʘ ʂʘʧʠʘʪʠ 

ʠ ʇʦʨʪʝʨʦʤ ʚ 1975 ʛ. [9], ʛʜʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʦʢ ʠ ʥʠʪʠ ʧʦʣʠʵʪʠʣʝʥʘ (ʇʕ) ʩ ʨʘʟʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [10] ʃʫʩ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʚʦʣʦʢʦʥ ʠʟʦʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʠʇʇ), ʨʘʟʤʝʱʝʥʥʳʭ ʤʝʞʜʫ ʪʦʥʢʠʤʠ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʣʝʥʢʘʤʠ ʠʇʇ, ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 ÁC. ʅʘʛʨʝʚ ʧʨʠʚʦʜʠʣ ʢ ʧʣʘʚʣʝʥʠʶ ʤʘʪʨʠʯʥʦʛʦ ʠʇʇ, ʩʢʨʝʧʣʷʷ 

ʥʝʧʣʘʚʷʱʠʝʩʷ ʚʦʣʦʢʥʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʤʦʥʦʣʠʪʥʳʡ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʠʇʇ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʦʨʦʰʢʘ, ʧʣʝʥʢʠ ʠʣʠ ʣʝʥʪ), ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʧʦ ʉʂʄ, ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ 

ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʚʳʩʪʫʧʘʶʪ 

ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʤʘʪʝʨʠʘʣʦʚ: ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʩ ʥʠʟʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʩʧʦʩʦʙʥʳʝ 

ʢ ʚʳʪʷʞʢʝ, ʠ ʤʝʥʝʝ ʧʦʜʜʘʶʱʠʝʩʷ ʚʳʪʷʞʢʝ ʧʦʣʷʨʥʳʝ ʧʦʣʠʤʝʨʳ. ʇʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ ʧʦʣʠʤʝʨʦʚ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʧʦʩʦʙʥʘ ʢ ʚʳʪʷʞʢʝ ʠ ʚʦʣʦʢʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʯʝʤ ʚʪʦʨʘʷ  ʠʟ-ʟʘ ʩʣʘʙʦʛʦ 

ʤʝʞʮʝʧʦʯʝʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ, ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ 

ʢʘʞʜʦʛʦ ʚʦʣʦʢʥʘ ʚʦ ʚʨʝʤʷ ʫʧʣʦʪʥʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ɺʦ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚ ʧʦʣʠʤʝʨʘ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʬʘʟʫ, ʦʪʣʠʯʥʫʶ ʦʪ ʬʘʟʳ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʤʘʪʨʠʮʫ ʉʂʄ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʉʂʄ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʦʮʝʩʩʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʃʠʜʩʘ [11,12] ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠ ʣʝʥʪ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦʚʠʡ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʙʣʘʛʦʜʘʨʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʘʟʘʤʠ ʠʤʝʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʘʜʛʝʟʠʶ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʢ ʤʘʪʨʠʯʥʦʡ ʬʘʟʝ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʢʘʞʜʦʛʦ ʚʦʣʦʢʥʘ ʠ/ʠʣʠ ʣʝʥʪʳ ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ ʩʤʘʯʠʚʘʥʠʷ ʤʘʪʨʠʮʝʡ. ɸʨʤʠʨʦʚʘʥʠʝ ʦʙʳʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʇʕ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʞʝʩʪʢʦʛʦ ʠ ʧʨʦʯʥʦʛʦ ʉʂʄ [13]. 
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ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʂʄ, ʂʤʝʪʪʠ ʠ 

ʢʦʣʣʝʛʠ ʧʨʝʜʣʦʞʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ [14], ʛʜʝ ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʠ ʤʘʪʨʠʮʘ ʨʘʟʣʠʯʘʶʪʩʷ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʠ/ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ (ʨʠʩ. 1.1). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦ ʜʘʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʪʨʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʚʦʜʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʟʣʠʯʥʳʤ ʪʝʢʩʪʠʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʉʂʄ [14] 

 

ʉ ʪʝʭ ʧʦʨ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʠʣʠ ʣʝʥʪ ʩ ʦʪʜʝʣʴʥʦʡ ʛʦʤʦʛʝʥʥʦʡ ʬʘʟʦʡ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʦʣʝʬʠʥʦʚʳʭ ʠ 

ʧʦʣʠʵʬʠʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʫʢʣʘʜʢʘ ʧʣʝʥʢʠ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʳʙʨʘʥʥʘʷ ʤʘʪʨʠʯʥʘʷ ʧʣʝʥʢʘ ʦʙʳʯʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ, ʯʝʤ ʚʦʣʦʢʥʘ, ʪʘʢ ʯʪʦ ʧʣʘʚʠʪʩʷ ʪʦʣʴʢʦ ʧʨʦʩʣʦʝʥʥʘʷ ʧʣʝʥʢʘ. ʇʦʤʠʤʦ ʵʪʠʭ, ʫʞʝ 

ʩʪʘʚʰʠʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ, ʤʝʪʦʜʦʚ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ: ʧʝʨʝʛʨʝʚ, ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ, ʭʦʣʦʜʥʦʝ ʚʦʣʦʯʝʥʠʝ, 

ʬʠʟʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ [15,16].  
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1.3 ʂʦʤʤʝʨʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʉʂʄ 

 

ʈʳʥʦʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 2022 ʛ. ʦʮʝʥʠʚʘʣʩʷ ʚ 113.7 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ 

ʉʐɸ, ʠ ʢ 2027 ʛ. ʦʞʠʜʘʝʪʩʷ ʨʦʩʪ ʜʦ 168.6 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ ʩʦ ʩʨʝʜʥʠʤ ʝʞʝʛʦʜʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʨʦʩʪʘ 8.2 % [17]. ʇʦʣʠʤʝʨʥʳʝ ʉʂʄ ʪʘʢʞʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ [18] (ʨʠʩ. 1.2). 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

(a) ʦʙʰʠʚʢʘ ʢʦʥʪʝʡʥʝʨʘ, (b) ʧʨʦʪʠʚʦʩʥʘʨʷʜʥʳʝ ʧʘʥʝʣʠ, (c) ʧʨʦʪʠʚʦʫʜʘʨʥʳʝ ʧʘʥʝʣʠ ʤʠʥʠʚʵʥʘ, 

(d) ʨʝʢʣʘʤʥʳʝ ʧʘʥʝʣʠ, (e) ʯʝʤʦʜʘʥʳ, (f) ʰʣʝʤʳ, (g) ʘʚʠʘʢʝʡʩʳ, (h) ʩʧʦʨʪʠʚʥʦʝ ʩʥʘʨʷʞʝʥʠʝ, 

(i) ʧʨʦʪʠʚʦʚʟʨʳʚʥʳʝ ʢʦʨʟʠʥʳ, (j) ʨʝʢʣʘʤʥʳʝ ʱʠʪʳ ʠ (k) ʤʘʩʢʠ ʜʣʷ ʨʘʟʤʠʥʠʨʦʚʘʥʠʷ [18] 

 

PURE (ʂʦʤʧʘʥʠʷ Tegris) ʠ Curve  ʵʪʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʤʘʨʢʠ ʉʂʄ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʜʦʩʪʫʧʥʳʝ ʥʘ ʨʳʥʢʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʠʟʚʝʩʪʥʳ ʪʘʢʠʝ ʤʘʨʢʠ, ʢʘʢ Torodon ʠ Terralys, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʟ ʩʝʙʷ ʪʘʢʞʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ʂʨʦʤʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʤʘʨʢʘ 

SRPET, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ) [19]. 
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ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʉʂʄ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʝʪʘʣʷʭ, ʪʘʢʠʭ ʢʘʢ 

ʱʠʪʢʠ ʜʥʠʱʘ, ʚʥʫʪʨʝʥʥʠʝ ʧʘʥʝʣʠ, ʛʨʫʟʦʚʳʝ ʧʦʣʳ, ʥʘʢʣʘʜʢʠ ʥʘ ʧʦʨʦʛʠ ʠ ʧʘʥʝʣʠ ʜʣʷ 

ʛʨʫʟʦʚʠʢʦʚ ʠ ʬʫʨʛʦʥʦʚ. ɸʵʨʦʩʧʣʠʪʪʝʨʳ ʥʘ ʙʘʟʝ PURE ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 2011 ʛ. ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʥʢʘʭ NASCAR. ʆʥʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʧʘʥʝʣʷʭ ʚʤʝʩʪʦ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʣʝʛʢʠʤ ʚʝʩʦʤ ʠ 

ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʥʠʞʝʥʠʷ ʪʨʘʚʤ, ʧʨʠʯʠʥʷʝʤʳʭ ʛʦʥʱʠʢʫ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʨʘʩʢʘʣʳʚʘʝʪʩʷ ʧʨʠ ʧʦʣʦʤʢʝ ʚ ʘʚʘʨʠʷʭ. 

PURE ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʦʨʫʞʝʥʥʳʤʠ ʩʠʣʘʤʠ ʉʐɸ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʙʨʦʥʠ ʚ ʩʚʦʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʩʘʤʦʜʝʣʴʥʳʭ ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʋʜʘʨʦʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʚʝʩ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʘʛʘʞʫ ʩ 

ʪʚʝʨʜʦʡ ʦʙʦʣʦʯʢʦʡ (ʯʝʤʦʜʘʥʳ, ʢʝʡʩʳ ʠ ʧʨ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂʄ ʠʟ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʤʥʦʛʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʜʣʷ ʜʘʥʥʳʭ ʠʟʜʝʣʠʡ [18]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʘʥʝʣʠ ʉʂʄ, ʩʦʜʝʨʞʘʱʠʝ ʩʦʪʦʚʳʝ ʠʣʠ 

ʧʝʥʦʧʣʘʩʪʦʚʳʝ ʟʘʧʦʣʥʠʪʝʣʠ, ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʉʂʄ: ʢʦʤʙʠʥʘʮʠʠ ʉʂʄ ʠ ʥʝ-ʉʂʄ [18]. 

ʆʜʥʘʢʦ ʜʘʞʝ ʫ ʢʦʤʤʝʨʯʝʩʢʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʉʂʄ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʪʘʢʦʚʳʤ 

ʦʪʥʦʩʷʪʩʷ ʧʨʦʙʣʝʤʳ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʉʂʄ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʣʝʞʘʱʝʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʜʦʩʪʫʧʥʦ ʥʝ ʪʘʢ ʤʥʦʛʦ ʤʝʪʦʜʦʚ: ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʉʂʄ, ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʣʠ ʩʧʦʩʦʙʘʤʠ, ʧʦʭʦʞʠʤʠ ʥʘ 

ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉʂʄ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʦʣʫʯʝʥʠʠ ʧʨʘʚʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʝʝ ʩʚʦʡʩʪʚʘʤʠ [18]. 

 

1.4 ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʉʂʄ ʥʘʯʠʥʘʣʦʩʴ ʩ ʇʕ, ʧʦʩʢʦʣʴʢʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʣʠʥʝʡʥʦʡ ʤʦʣʝʢʫʣʳ ʧʦʣʠʵʪʠʣʝʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 250 ɻʇʘ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʞʝʩʪʢʦʩʪʴ ʤʦʣʝʢʫʣʳ ʇʇ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 43 ɻʇʘ [16]. ʕʪʦʪ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʦʜʫʣʴ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʜʦʩʪʠʞʠʤʳʡ ʚ ʚʦʣʦʢʥʝ ʠʟ ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ ʧʦʵʪʦʤʫ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʚʦʣʦʢʥʘʤʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʦʣʦʢʥʘ ʇʕ ʠ ʂʄ  ʥʘ ʠʭ ʦʩʥʦʚʝ 

[20,21]. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʨʘʙʦʪʳ, ʛʜʝ ʦʙʩʫʞʜʘʣʦʩʴ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʇʕ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [22].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʕ ʙʳʣ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʥ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʧʦʚʳʰʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ ʩʘʤʦʘʨʤʠʨʦʚʘʥʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʪʦ, ʢʘʢ ʤʦʛʣʦ ʙʳ ʧʦʚʣʠʷʪʴ 

ʜʦʙʘʚʣʝʥʠʝ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʨʫʛʦʛʦ ʨʦʜʘ. ʊʘʢʞʝ ʧʦʣʠʵʪʠʣʝʥ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʦ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦ 

ʩʦʟʜʘʥʠʶ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ, ʚʢʣʶʯʘʷ ʢʥʠʛʠ ʠ ʦʙʟʦʨʥʳʝ ʨʘʙʦʪʳ [16,19,23], ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ [24]. ʇʦʣʠʵʪʠʣʝʥ ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʠ/ʠʣʠ 

ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ:  

 ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ (ʉɺʄʇʕ), ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (ʄʄ) 

ʙʦʣʝʝ 1Ĭ106 ʛ/ʤʦʣʴ; 

 ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕʅɼ), ʄʄ ʦʪ 2.5×105 ʛ/ʤʦʣʴ ʜʦ 1Ĭ106 ʛ/ʤʦʣʴ; 

 ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕɺɼ), ʄʄ ʜʦ 2.5×105 ʛ/ʤʦʣʴ. 

ʄʝʞʜʫ ʜʘʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʝ, ʥʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʨʝʜʠ ʚʩʝʭ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʉɺʄʇʕ ʠʟ-ʟʘ ʣʫʯʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʀʟ-ʟʘ ʙʦʣʝʝ ʜʣʠʥʥʳʭ, ʙʦʣʝʝ ʟʘʧʫʪʘʥʥʳʭ ʮʝʧʝʡ ʉɺʄʇʕ ʦʙʣʘʜʘʝʪ 

ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʕʅɼ ʠ ʇʕɺɼ. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʛʦʨʘʟʜʦ ʣʫʯʰʝ 

ʧʦʜʜʘʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʶ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʪʚʣʝʥʠʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ. ʇʦʤʠʤʦ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉɺʄʇʕ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʇʕ, ʜʘʥʥʳʡ ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʢʦʨʜʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʝʜʠʮʠʥʝ ʠʟ-ʟʘ ʩʚʦʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʩʚʦʡʩʪʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʉɺʄʇʕ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʠʤ ʠ ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʜʝʣʠʷ ʠʟ ʉɺʄʇʕ ʥʝʣʴʟʷ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʪʝʤʠ ʞʝ 

ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʇʕʅɼ ʠ ʇʕɺɼ, ʧʦʩʢʦʣʴʢʫ ʉɺʄʇʕ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʚʷʟʢʦʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ [25]. ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʉɺʄʇʕ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ ʠʣʠ ʧʦʭʦʞʠʝ ʥʘ ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʧʦʩʦʙʳ.  

 

1.4.1 ʉʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʪʘʙʣʠʮʘ 1.1, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʇʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 
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ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʪʘʙʣʠʮʫ ʚʥʦʩʠʣʠʩʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟ ʥʠʭ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ (ʧʨʠʚʝʜʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ) 
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ʇ
ʘ

 

ʉ
ʩ
ʳ
ʣ
ʢ
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ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʧʣʝʥʢʘ ʇʕʅɼ 

ʃʘʤʠʥʘʪ ʠ 

ʪʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 

1300 73.9  60 [26] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʉɺʄʇʕ ʧʦʨʦʰʦʢ 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
135 2.25   [27] 

ʇʕʅɼ ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 87 3.5   [28] 

ʇʕʅɼ ʠ ʇʕɺɼ ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 98.3    [29] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʇʕʅɼ 

ʇʨʦʧʠʪʢʘ ʨʘʩʪʚʦʨʦʤ ʠ 

ʪʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 

1100 35   [13] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ 
ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
460 21.1 110 15 [30] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ 
ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
  116.5 15.3 [31] 

ʇʨʦʠʟʚʦʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʚʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʧʦʨʦʰʦʢ ʉɺʄʇʕ 

ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʠ ʪʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 

65.2 2.2   [32] 

ɺʦʣʦʢʥʦ ʇʕʅɼ 

(ʊʝʥʬʦʨ) 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
   37 [11] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʧʣʝʥʢʘ ʇʕ 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
460 30   [33] 
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ɺʦʣʦʢʥʦ ʉɺʄʇʕ 
ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
   15 [34] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʨʘʩʪʚʦʨ ʉɺʄʇʕ ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʩʫʰʢʦʡ 

ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
1500 110   [35] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʇʕʅɼ 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
1100 26   [36] 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʠ 

ʧʦʨʦʰʦʢ ʇʕɺɼ 

ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʨʝʩʩʦʚʘʥʠʝ 
211 5   [37] 

 

ʅʘʠʚʳʩʰʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʨʘʚʥʷʣʩʷ 1500 ʄʇʘ ʠ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʧʨʦʧʠʪʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʦʤ ʇʕʅɼ 

ʠʣʠ ʉɺʄʇʕ. 

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʢʨʦʤʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʠʟʛʠʙʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʷ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ. ʅʝ ʙʳʣʦ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʟʫʯʝʩʪʠ, ʵʬʬʝʢʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚʣʘʛʠ, ʩʪʦʡʢʦʩʪʠ ʫʜʘʨʫ, ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ, ʯʪʦ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʠʟʫʯʝʥʠʶ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʇʕ.  

 

1.4.2 ʉʚʦʡʩʪʚʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉɺʄʇʕ 

 

ʂʘʢ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʨʘʥʝʝ, ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʇʕ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ, ʷʚʣʷʝʪʩʷ ʉɺʄʇʕ. ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʚʦʡʩʪʚʘ, ʩʧʦʩʦʙʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʚʦʡʩʪʚʘ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉɺʄʇʕ ʦʙʣʘʜʘʝʪ: 

 ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ; 

 ʚʳʩʦʢʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (0.93ï0.95 ʛ/ʩʤ3); 

 ʥʠʟʢʠʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ; 

 ʥʠʟʢʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ; 

 ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʪ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ.  

ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʉɺʄʇʕ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʘʧʨʠʤʝʨ, 

ʉɺʄʇʕ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʧʣʦʪʥʝʥʠʷʭ ʠ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʢ ʦʜʠʥ ʠʟ ʤʘʪʝʨʠʘʣʦʚ 
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ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʦʪʙʦʡʥʠʢʦʚ ʚ ʧʦʨʪʘʭ ʠ ʚ ʢʘʯʝʩʪʚʝ ʬʫʪʝʨʦʚʢʠ 

ʜʣʷ ʩʘʤʦʩʚʘʣʦʚ ʥʘ ʨʫʜʥʠʢʘʭ [3]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʉɺʄʇʕ ʥʘʰʝʣ ʚ ʤʝʜʠʮʠʥʝ. ɽʛʦ ʧʨʦʯʥʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʘʷ ʠʥʝʨʪʥʦʩʪʴ ʠ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʧʦʣʠʵʪʠʣʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʘʜʳʰʝʡ ʵʥʜʦʧʨʦʪʝʟʦʚ ʢʨʫʧʥʳʭ ʩʫʩʪʘʚʦʚ, ʛʜʝ 

ʉɺʄʇʕ ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [38]. 

 

1.4.3 ʉʚʦʡʩʪʚʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɺʩʝ ʚʳʜʘʶʱʠʝʩʷ ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʦʣʦʢʥʘʭ ʉɺʄʇʕ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

ʧʨʝʚʦʩʭʦʜʷʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ɸʥʠʟʦʪʨʦʧʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʧʦʣʠʤʝʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣ. ʇʨʠ ʵʪʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʉɺʄʇʕ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 98ï99 %. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʇʕ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [39] ʠ ʧʦʚʳʩʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [32]. ɺ ʭʦʜʝ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʥʘ ʧʨʠʦʙʨʝʪʘʶʪ ʬʠʙʨʠʣʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1.3). 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉɺʄʇʕ ʦʪʣʠʯʘʶʪ ʜʚʘ ʧʫʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʇʕ ʚ 
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ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ. ʝ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʠʤʝʨʘ (ʚʦʣʦʯʝʥʠʝ, ʵʢʩʪʨʫʟʠʷ, ʧʨʦʢʘʪ, ʦʨʠʝʥʪʘʮʠʦʥʥʦʝ ʚʳʪʷʛʠʚʘʥʠʝ) 

[40,41].  

ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʉɺʄʇʕ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʧʦʣʠʤʝʨ ʥʘʭʦʜʠʪʩʷ ʚ 

ʚʠʜʝ ʨʘʩʪʚʦʨʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʩ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʷʚʣʷʝʪʩʷ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʝ ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʦʡ. 

ʆʙʱʘʷ ʢʦʥʮʝʧʮʠʷ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʷ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʚʳʪʷʞʢʦʡ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʘʭ [42,43] (ʨʠʩ. 1.4) ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʇʕ. 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ [20] 

 

ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʉɺʄʇʕ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʥʘ ʚʳʪʷʥʫʪʳʭ ʮʝʧʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʢʦʨʜʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʜʦʣʴ ʦʩʠ 

ʚʦʣʦʢʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (å 140 Áʉ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦʣʦʢʥʘ ʉɺʄʇʕ, ʦʙʣʘʜʘʷ ʪʘʢʠʤʠ ʬʝʥʦʤʝʥʘʣʴʥʳʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʰʣʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ: ʤʦʨʩʢʠʝ ʩʝʪʠ, ʫʩʪʦʡʯʠʚʳʝ ʢ 

ʧʦʨʝʟʘʤ ʪʢʘʥʠ, ʩʧʦʨʪ, ʨʳʙʦʣʦʚʩʪʚʦ ʠ ʤʝʜʠʮʠʥʘ [44]. ʇʦʩʢʦʣʴʢʫ ʚʦʣʦʢʥʦ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʫʜʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʙʦʣʴʰʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʠʟ ʥʝʛʦ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʟʘʱʠʪʥʫʶ 

ʦʜʝʞʜʫ, ʰʣʝʤʳ ʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ ʣʠʯʥʦʡ ʟʘʱʠʪʳ [45,46]. ɺʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ 

(ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ, ʨʳʙʦʣʦʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʫʜʦʭʦʜʩʪʚʦ ʠ ʪ. ʧ.) ʚʦʣʦʢʥʘ 
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ʉɺʄʇʕ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʧ ʠʣʠ ʚʝʨʝʚʦʢ [47]. ɺ ʤʝʜʠʮʠʥʝ ʚʦʣʦʢʥʘ ʉɺʄʇʕ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʰʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [46]. 

ʇʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʚʦʣʦʢʦʥ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʠ ʦʙʲʝʤʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʤʘʣʦʠʥʚʘʟʠʚʥʘʷ ʭʠʨʫʨʛʠʷ [46] ʠʣʠ ʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ). ʅʠʟʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʉɺʄʇʕ ʠ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʚʦʣʦʢʥʘ 

ʉɺʄʇʕ ʦʪ ʜʨʫʛʠʭ ʚʦʣʦʢʦʥ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʉʂʄ (ʨʠʩ. 1.5). 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʚʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ [48] 

 

1.4.4 ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɿʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʂʄ ʙʳʣʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʳ 

ʩ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʩʨʘʚʥʠʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʉʂʄ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʢʣʘʩʩʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ 
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ʨʠʩʫʥʢʝ 1.6 ʧʦʢʘʟʘʥ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 1.6 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ [49] 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.6, ʦʯʝʥʴ ʥʝʤʥʦʛʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʧʦʣʠʤʝʨʥʦʡ 

ʦʩʥʦʚʝ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, 

ʠʟʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [26]. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʪʨʫʜʥʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ, ʪʘʢʞʝ ʠʭ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʥʦ ʤʦʛʫʪ ʧʨʦʠʛʨʳʚʘʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʫʜʝʣʴʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʉʂʄ.  

ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʉʂʄ ʠ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʠʟʫʯʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʉʂʄ ʉɺʄʇʕ, ʢʨʘʩʥʳʡ ʮʚʝʪ) (ʨʠʩ. 1.7). 

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʉʂʄ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʉɺʄʇʕ ʪʢʘʥʠ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ 0Á/90Á ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 175 ÁC. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʉʂʄ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʚ 1.5ï2 ʨʘʟʘ. ʊʘʢʞʝ ʠʟ ʛʨʘʬʠʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʉʂʄ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʨʦʯʥʦʩʪʴʶ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 



23 

 

ʇʕʊʌ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʇʕʊʌ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1.4 ʛ/ʩʤ3, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʉʂʄ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.97 ʛ/ʩʤ3. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ 

ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʉʂʄ ʦʙʣʘʜʘʝʪ ʦʯʝʚʠʜʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʉʂʄ.  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʯʝʤ ʩʨʘʚʥʠʚʘʝʤʳʝ ʤʘʪʝʨʠʘʣ,r ʯʪʦ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʨʷʜʝ ʧʨʠʤʝʥʝʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ɻʨʘʬʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʉʂʄ [19] 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʤʥʦʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʝ ʉʂʄ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʉʂʄ. 

ʇʦʭʦʞʠʝ ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʘʚʪʦʨʘʤʠ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʳ ʉʂʄ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʉɺʄʇʕ ʠ ʝʛʦ ʂʄ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʩʫʱʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʧʦʣʝʟʥʦʩʪʴ ʉʂʄ ʥʘ 

ʦʩʥʦʚʝ ʉɺʄʇʕ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ. ʕʪʦ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʂʄ ʥʘ ʦʩʥʦʚʝ ʉʂʄ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʠʭ ʢʦʤʤʝʨʯʝʩʢʠʤʠ [50]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʉɺʄʇʕ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʚʳʩʦʢʘʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʥʝ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʢʦʤʤʝʨʯʝʩʢʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʉʂʄ. ʊʘʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʩʪʘʪʴ ʣʶʙʳʝ ʧʘʨʳ ʪʨʝʥʠʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʦʪʨʘʩʣʝʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʤʘʩʩʝ. 
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ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʩʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʉʂʄ, ʠ 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʉɺʄʇʕ ʠ ʚʦʣʦʢʥʘ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʥʝ ʥʘʰʣʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʇʕʊʌ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ. ʇʦʤʠʤʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʮʝʥʳ ʩʘʤʠʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʩʪʦʠʤʦʩʪʠ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʥʝʪ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ, 

ʧʦʢʘʟʳʚʘʶʱʠʭ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʊʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʴ 

çʦʙʨʘʙʦʪʢʘ  ʩʪʨʫʢʪʫʨʘ  ʩʚʦʡʩʪʚʘ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴè ʜʣʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʩʣʘʙʦ ʠʟʫʯʝʥʘ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ.  

 

1.5 ʉʧʦʩʦʙʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ 

 

ɺʳʙʦʨ ʪʦʚʘʨʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʥʝʩʫʱʠʭ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʯʘʩʪʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʆʙʳʯʥʳʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʜʨʫʛʠʭ ʞʝʣʘʝʤʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʘʨʤʠʨʦʚʘʥʠʠ ʧʨʦʯʥʳʤʠ, ʞʝʩʪʢʠʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʪʝʢʣʷʥʥʳʝ ʠʣʠ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠʟ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʪʘʢʞʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʚ ʢʦʥʮʝ 

1980-ʭ ʛʛ. ʛʝʣʴ-ʧʨʷʜʝʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ [51]. 

ʊʘʢʠʝ ʧʨʦʯʥʳʝ, ʞʝʩʪʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʘʟʳ 

ʘʨʤʠʨʦʚʘʥʠʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʂʄ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʯʝʪʘʥʠʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʚʦʣʦʢʦʥ ʠ ʠʟʦʪʨʦʧʥʦʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʤʘʪʨʠʮʳ ʪʦʛʦ ʞʝ (ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ) ʧʦʣʠʤʝʨʘ. 

ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʘʟʳ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʤʘʪʨʠʮʳ 

ʢʦʥʩʦʣʠʜʠʨʫʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤʠ ʠʣʠ ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʤʝʪʦʜʘʤʠ. ɼʣʷ 

ʧʦʥʠʤʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʠ ʧʦʜʭʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ 

ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʠ ʧʦʜʭʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ. 
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1.5.1 ʆʢʥʦ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠ ̫ʉʂʄ  

 

ʈʘʟʚʠʪʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʉʂʄ ʨʘʟʚʠʣʦʩʴ ʠʟ 

ʧʦʜʭʦʜʦʚ ʬʦʨʤʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʂʄ, ʥʦ ʩ ʭʦʜʦʤ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʥʘʯʘʣʠ ʦʪʣʠʯʘʪʴʩʷ ʠʟ-ʟʘ ʪʝʨʤʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʂʄ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉʂʄ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʂʄ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʨʠʛʦʜʥʦʩʪʠ 

ʢ ʧʝʨʝʨʘʙʦʪʢʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʤʝʞʜʫ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʦʡ ʠ 

ʤʘʪʨʠʮʝʡ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʚ ʨʘʩʧʣʘʚʝ. ʊʘʢ ʢʘʢ ʘʨʤʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʠ ʤʘʪʨʠʮʘ ʷʚʣʷʶʪʩʷ ʧʦʭʦʞʠʤʠ ʠʣʠ 

ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʧʦʣʠʤʝʨʘʤʠ, ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʯʘʩʪʫʶ ʙʣʠʟʢʠ, ʚʢʣʶʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʉʂʄ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʦʢʥʦ ʠʣʠ, ʰʠʨʝ, ʦʢʥʦ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʉʂʄ ʠ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʠʟʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʦʤ 

ʧʝʨʝʛʨʝʚʝ ʦʨʠʝʥʪʘʮʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʪʝʨʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʝʣʘʢʩʘʮʠʠ, ʘ ʧʨʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʝ ʬʘʟʳ ʧʨʦʠʟʦʡʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʠʟʢʦʡ 

ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʂʄ. ʇʦʜʦʙʥʘʷ ʤʳʩʣʴ ʪʘʢʞʝ ʙʳʣʘ ʦʟʚʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [52]: 

çʢʣʶʯʝʚʦʡ ʚʦʧʨʦʩ ʚ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʉʂʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ ʨʘʩʧʣʘʚʠʪʴ ʤʘʪʨʠʮʫ ʙʝʟ 

ʧʣʘʚʣʝʥʠʷ ʠʣʠ ʦʪʞʠʛʘ ʚʦʣʦʢʥʘè. 

ʉʭʝʤʘ ʦʢʥʘ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʉʂʄ ʠʟ 

ʘʨʤʠʨʫʶʱʝʛʦ ʠ ʤʘʪʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.8. 

ʕʪʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʦʙʦʙʱʝʥʥʳʡ ʩʣʫʯʘʡ ʠ ʥʝʨʝʜʢʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ 

ʢ ʩʪʨʘʪʝʛʠʷʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʂʄ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʧʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʙʝʟ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʵʪʦʡ ʩʭʝʤʝ ʧʦʢʘʟʘʥʦ ʦʢʥʦ ʦʙʨʘʙʦʪʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʢʦʥʩʦʣʠʜʘʮʠʷ ʂʄ ʙʳʣʘ ʙʳ ʦʩʫʱʝʩʪʚʠʤʘ. ʆʢʥʦ 

ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʠʢʪʫʝʪʩʷ ʯʝʪʳʨʴʤʷ ʛʨʘʥʠʮʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ [53]:  

¶ ʛʨʘʥʠʮʘ (a): ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʚʦʣʦʢʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ; 

¶ ʛʨʘʥʠʮʘ (b): ʘʥʘʣʦʛʠʯʥʦ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʙʳʪʦʢ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʝʯʝʥʠʶ, ʥʘʨʫʰʘʷ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʠʣʠ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʧʨʠ ʢʦʥʩʦʣʠʜʘʮʠʠ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ;  
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¶ ʥʘʦʙʦʨʦʪ, ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ (c) ʠ (d) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʠʢʪʫʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʉʂʄ. 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʆʢʥʦ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʉʂʄ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [15] 

 

ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʦʢʥʘ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʙʦʨʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʦʤ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ. ʍʦʪʷ ʥʘ ʵʪʦʡ ʩʭʝʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʦʢʥʦ ʧʨʦʮʝʩʩʘ, ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʨʘʥʠʮʳ 

ʙʫʜʫʪ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʟ-ʟʘ ʧʨʠʨʦʜʳ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʜʝʡʩʪʚʫʝʪ ʚʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʉʂʄ (ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢ ʤʘʪʨʠʮʳ ʠʣʠ ʤʝʞʬʠʙʨʠʣʣʷʨʥʘʷ ʘʜʛʝʟʠʷ). ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʚʦʣʦʢʥʘ 

ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳ, ʠ ʵʪʦ ʚʩʝʛʜʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠʣʠ ʧʨʠʤʝʥʝʥʠʠ ʉʂʄ. ʋʤʝʥʴʰʝʥʠʝ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ 

ʤʝʭʘʥʠʟʤʘʤʠ ʚʳʪʷʞʢʠ ʚʦʣʦʢʦʥ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ, ʝʩʣʠ ʚʦʣʦʢʥʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʮʝʧʠ (ʩʪʝʧʝʥʴ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ), ʧʨʦʠʟʦʡʜʝʪ ʫʩʘʜʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ. 

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʦʢʥʘ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʉʂʄ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʝʛʦ ʨʘʩʰʠʨʝʥʠʶ. ɺ ʨʘʙʦʪʝ 

[54] ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ 

ʜʘʚʣʝʥʠʠ ʧʝʨʝʛʨʝʚ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʥʘʛʨʝʚ ʥʘ 2 Áʉ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 
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ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʝʜʠʥʠʮʳ ʠʣʠ ʜʘʞʝ ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʊʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʧʣʘʚʠʪʴ ʦʢʦʣʦ 10 % ʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʦʢʥʘ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʯʝʥʴ 

ʙʣʠʟʢʦ ʢ ʢʦʣʠʯʝʩʪʚʫ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʫʩʪʦʪ 

ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ɹʘʨʘʥʠ [55]. ʆʥʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʤʦʨʬʠʟʤ ʠʇʇ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʦʢʥʘ ʦʙʨʘʙʦʪʢʠ ʚ ʂʄ, 

ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. ʉʦʦʙʱʘʣʦʩʴ ʦ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 25 ÁC ʤʝʞʜʫ 

Ŭ-ʠʇʇ ʠ ɓ-ʠʇʇ, ʧʨʠ ʵʪʦʤ Ŭ-ʠʇʇ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ. ʕʪʠ ʂʄ ʚ 

ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʫʢʣʘʜʢʠ ʧʣʝʥʢʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʉɺʄʇʕ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫ ʉɺʄʇʕ ʙʦʢʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ. 

ʉʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʙʦʣʝʝ 20 ÁC ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʚ ʩʣʫʯʘʝ ʠʇʇ 

ʩ ʚʳʩʦʢʦʡ ʚʳʪʷʞʢʦʡ (ʩʪʝʧʝʥʴ ʚʳʪʷʞʢʠ ʙʦʣʝʝ 14), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʇʕ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʦʢʥʦ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 10 Áʉ [5]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʛʜʝ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʝr ʩʤʝʱʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ, ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ [56ï58]. 

ɺ ʩʣʫʯʘʝ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊʌ) ʠ ʧʦʣʠʢʘʧʨʦʣʘʢʪʘʤʘ (ʇɸ6) ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ ʥʝ ʙʦʣʝʝ 4, ʦʜʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʦʢʘʟʘʣʦ ʩʜʚʠʛ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʥʘ 10 ÁC ʜʣʷ ʚʦʣʦʢʦʥ 

ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʣʦʢʥʘʤʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ [5]. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʩʤʝʱʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʠʤʝʨʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʟʘʥʝʚʦʣʝʥʥʳʭ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʛʜʝ ʩʤʝʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʣʣʦʪʨʦʧʠʯʝʩʢʦʛʦ 

ʧʝʨʝʭʦʜʘ [56,57].  

ɺʩʝ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʫʥʢʪʳ ʙʳʣʠ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʉʂʄ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʨʤʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʢ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʠ ʧʦʜʭʦʜʳ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʩʦʣʠʜʘʮʠʷ ʪʦʣʴʢʦ 

ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʝʩʝʥʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ. ʇʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʉʂʄ ʤʘʪʨʠʯʥʘʷ ʬʘʟʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʪʝʨʧʝʚʰʠʤ ʧʣʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʦʤ, 

ʢʦʪʦʨʳʡ ʚʭʦʜʠʣ ʚ ʩʦʩʪʘʚ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ.  

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʉʂʄ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʉʂʄ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʝʩʝʥʥʘʷ 
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ʤʘʪʨʠʯʥʘʷ ʬʘʟʘ ʣʠʙʦ ʢʦʤʧʦʥʫʝʪʩʷ ʩ ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ, 

ʣʠʙʦ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢʦʤʧʦʥʫʝʪʩʷ ʩ ʘʨʤʠʨʫʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ ʜʦ ʟʘʢʣʘʜʢʠ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ 

[15]. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʦʙʳʯʥʦ ʤʘʪʨʠʯʥʘʷ ʬʘʟʘ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʝ ʟʘʪʨʘʛʠʚʘʣʘ ʜʠʘʧʘʟʦʥ 

ʧʣʘʚʣʝʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʙʠʨʘʶʪʩʷ ʤʝʥʝʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʇʕ: ʇʕɺɼ 

ʠʣʠ ʇʕʅɼ, ʥʦ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʠ ʉɺʄʇʕ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʢʥʦʤ 

ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ ʩʯʠʪʘʝʪʩʷ ʢʦʥʝʮ ʧʣʘʚʣʝʥʠʷ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ ʥʘʯʘʣʦ ʧʣʘʚʣʝʥʠʷ 

ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʜʭʦʜ ʬʦʨʤʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʩʠʣʴʥʦ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʙʣʝʤʫ ʧʦʜʙʦʨʘ ʦʢʥʘ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʉʂʄ, ʦʜʥʘʢʦ 

ʫʩʣʦʞʥʷʝʪ ʩʘʤ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʚʥʝʩʝʥʠʷ ʤʘʪʨʠʯʥʦʡ 

ʬʘʟʳ. 

 

1.5.2 ʊʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʚ ʉʂʄ 

 

ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʟʘʨʦʜʳʰʠ ʠ ʟʘʨʦʜʳʰʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʨʦʜʳʰʝʡ. ʕʪʠ ʟʘʨʦʜʳʰʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ, ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʙʦʢʦʚʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ ʥʘʯʠʥʘʶʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʩʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʣʙʯʘʪʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ (ʊʂʉ) (ʨʠʩ. 1.9). ɼʞʝʥʢʝʣʴ 

ʠ ʝʛʦ ʢʦʣʣʝʛʠ [59] ʚʧʝʨʚʳʝ ʦʧʠʩʘʣʠ ʊʂʉ ʚ 1952 ʛ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʉʂʄ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʤʘʪʨʠʮʝʡ ʠ ʚʦʣʦʢʥʦʤ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʨʠʚʝʣʦ ʢ ʦʙʰʠʨʥʦʤʫ 

ʠʟʫʯʝʥʠʶ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠ ʚʣʠʷʥʠʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʉʂʄ [60,16].  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʷʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʀʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ [16]: 

¶ ʵʧʠʪʘʢʩʠʝʡ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ; 

¶ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʪʝʧʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ; 

¶ ʪʦʧʦʛʨʘʬʠʝʡ ʚʦʣʦʢʥʘ; 

¶ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ; 

¶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚʦʣʦʢʥʘ; 

¶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ ʚʦʣʦʢʥʘ; 
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¶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ ʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʯʝʤ ʚʘʞʥʳʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʏʘʩʪʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʯʝʪʘʥʠʷ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ 

ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʛʦ ʦʜʥʦʚʦʣʦʢʦʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʂʄ [10] 

 

ɻʨʫʧʧʘ ʃʠ ʠ ʝʛʦ ʢʦʣʣʝʛ ʚ ʨʘʙʦʪʝ [61] ʠʟʫʯʘʣʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʂʄ ʥʘ 

ʦʩʥʦʚʝ ʚʦʣʦʢʥʘ ʠ ʚʥʦʩʠʤʦʡ ʤʘʪʨʠʮʳ ʠʇʇ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʂʄ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʠʩʴ ʠʇʇ-ʚʦʣʦʢʥʘ, ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʣʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠʩʩʣʝʜʫʝʤʳʭ ʂʄ. ʐʠʨʠʥʘ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 1.10). ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ ʠʇʇ, ʯʪʦ ʤʦʛʣʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʥʠʮʠʘʮʠʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ɓ-ʠʇʇ. ʆʜʥʘʢʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʤʝʞʬʘʟʥʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʠʇʇ ʩʪʠʤʫʣʠʨʦʚʘʣʘʩʴ ʩʦʙʩʪʚʝʥʥʳʤ ʚʦʣʦʢʥʦʤ ʠ ʟʘʚʠʩʝʣʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʦʣʷʨʠʟʦʚʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʠʇʇ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʚʚʝʜʝʥʠʷ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʣʠ (ʘ) 173Áʉ ʠ (ʙ) 160Áʉ. ʉʪʨʝʣʢʠ ʥʘ ʨʠʩʫʥʢʝ (ʙ) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʝʨʦʦʙʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ ɓ-ʠʇʇ [61] 

 

ʊʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʰʠʨʦʢʦ ʠʟʫʯʘʣʘʩʴ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʚʦʣʦʢʥʘʤʠ [62ï64], ʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [26,65]. ʍʦʪʷ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ 

ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ ʠ ʂʄ, ʤʝʭʘʥʠʟʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʝʥ. 

ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʷʚʣʝʥʠʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʚʦʣʦʢʥʦ/ʤʘʪʨʠʮʘ. ɼʦ ʩʠʭ ʧʦʨ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʥʘ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʠ ʩʚʦʡʩʪʚʘ ʂʄ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʩʦʦʙʱʘʣʠ, ʯʪʦ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʧʝʨʝʜʘʯʫ ʩʜʚʠʛʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʂʄ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ 

ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʦʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʠʣʠ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʪʠ ʩʚʦʡʩʪʚʘ.  

ɺ ʦʜʥʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʭʦʪʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʦʯʪʠ ʥʝ 

ʫʣʫʯʰʘʝʪ ʧʨʦʜʦʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʥʘ ʬʘʢʪʠʯʝʩʢʠ ʫʭʫʜʰʘʝʪ ʧʦʧʝʨʝʯʥʳʝ ʩʚʦʡʩʪʚʘ 

[36]. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʚʦʣʦʢʦʥ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʧʨʠʨʦʜʘ ʤʘʪʨʠʮʳ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʂʄ ʚʣʠʷʶʪ ʥʘ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʩʪ. 

ʗʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ «ʚʦʣʦʢʥʦ  ʤʘʪʨʠʮʘ». ɼʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ 

ʊʂʉ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʂʄ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨʥʦ ʦʯʝʨʯʝʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʝʛʦ ʚʣʠʷʥʠʝ. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʪʘʢʠʝ ʢʘʢ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ 

ʧʦʜʣʦʞʢʠ ʥʘ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʩʪ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʚʦʣʦʢʥʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʣʷ ʦʜʥʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʝ 

ʘʩʧʝʢʪʳ, ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʧʣʝʪʝʥʠʷ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʠʭ 
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ʚʣʠʷʥʠʝ ʥʘ ʊʂʉ ʧʣʦʭʦ ʠʟʫʯʝʥʳ, ʭʦʪʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[66].  

 

1.5.3 ʉʦʟʜʘʥʠʝ ʉʂʄ ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

 

ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʣʝʥʪ ʠʣʠ 

ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʪʝʨʤʠʥ 

«ʩʘʤʦʘʨʤʠʨʦʚʘʥʠʝè ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʦʡʩʪʚʘ ʠʟʦʪʨʦʧʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʥʘʧʨʠʤʝʨ, 

ʜʦʩʪʠʛʘʝʤʳʝ ʧʫʪʝʤ ʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʘʩʧʣʘʚʦʚ [67] ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʧʦʪʦʢʦʤ [68ï70]. ʕʪʠ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʫʪʝʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [71ï74,28,75] ʥʝ ʤʝʥʝʝ ʦʙʦʩʥʦʚʘʥʳ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʫʧʦʤʷʥʫʪʳʤʠ, ʥʦ ʥʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʜʨʦʙʥʦ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʩʦʟʜʘʥʠʝ 

ʂʄ ʥʘ ʫʨʦʚʥʷʭ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ, ʫʚʝʣʠʯʠʚʘʝʪ ʮʝʥʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʢʦʥʝʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ [21]. ʉʦʟʜʘʥʠʝ ʉʂʄ ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʂʄ ʩ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩʧʦʩʦʙʘʤʠ.  

 

1.5.4 ʆʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ 

 

ʇʦʜ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʉʂʄ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ ʚʦʣʦʢʦʥ ʠʣʠ ʜʨʫʛʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʜʨʫʛʦʛʦ, 

ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʂʘʢ ʫʞʝ ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʚʦʣʦʢʥʘ 

ʉɺʄʇʕ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʳ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʣʠ 

ʧʦʭʦʞʠʤʠ ʥʘ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʦʜʭʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʛʦ ʠʣʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʣʠʙʦ ʠʭ ʢʦʤʙʠʥʘʮʠʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʯʘʩʪʦ 

ʧʨʦʷʚʣʷʶʪ ʩʚʦʠ ʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʦʢʥʝ ʧʨʦʮʝʩʩʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʠʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʛʨʫʧʧʦʡ ɺʘʨʜʘ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ [11,12,76ï78]. ʋʧʣʦʪʥʝʥʠʝ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ⱷ ʦʪ 142 ÁC ʜʦ 155 ÁC. ʇʦʣʠʵʪʠʣʝʥʦʚʳʝ ʚʦʣʦʢʥʘ, ʬʦʨʤʦʚʘʥʥʳʝ 

ʠʟ ʛʝʣʷ, ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʥʘʟʚʘʥʠʝʤ SPECTRA 1000, ʙʳʣʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦ ʥʘʤʦʪʘʥʳ ʥʘ ʨʘʤʫ. 

ɿʘʪʝʤ ʩʙʦʨʢʘ ʙʳʣʘ ʫʣʦʞʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʫʶ ʧʦʤʝʩʪʠʣʠ ʚ 

ʥʘʛʨʝʪʳʡ ʢʦʤʧʨʝʩʩʠʦʥʥʳʡ ʧʨʝʩʩ, ʛʜʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʩʦʚʘʥʠʷ. 
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ʇʨʠʢʣʘʜʳʚʘʝʤʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 2.8 ʄʇʘ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ  10 ʤʠʥʫʪ. ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʘʜʢʘ ʚʦʣʦʢʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʩʦʩʪʘʚʣʷʷ ʤʝʥʝʝ 10 % ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʩʪʠʛʥʝʪ 140 Áʉ. ʂʘʢ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʰʘʝʪ 140 Áʉ, ʫʩʘʜʢʘ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʙʳʩʪʨʦ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʪʘʢʘʷ 

ʢʘʨʪʠʥʘ ʧʦʚʝʜʝʥʠʷ ʫʩʘʜʢʠ ʪʠʧʠʯʥʘ ʢʘʢ ʜʣʷ ʇʕ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʝʤ, ʪʘʢ ʠ 

ʜʣʷ ʇʕ-ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʬʦʨʤʦʚʘʥʠʷ ʠ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʷ ʵʬʬʝʢʪʠʚʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʯʪʦ 

ʜʘʣʴʥʝʡʰʘʷ ʫʩʘʜʢʘ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʧʣʘʚʣʝʥʠʷ, ʠ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʘʷ ʛʠʙʢʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʝʡ ʜʣʷ ʩʢʦʣʴʞʝʥʠʷ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʉʕʄ) ʠ ʤʝʪʦʜʳ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʫʧʣʦʪʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʫʧʣʦʪʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʚʦʣʦʢʦʥ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 142 ÁC ʜʦ 154 ÁC ʥʝ ʙʳʣʦ 

ʧʨʠʟʥʘʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʧʣʦʪʥʝʥʥʳʝ ʉʂʄ ʠʤʝʣʠ ʩʭʦʜʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʜʥʘʢʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 155 ÁC ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʪʦʛʦ, ʯʪʦ ʚʦʣʦʢʥʘ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʨʘʩʧʣʘʚʠʣʠʩʴ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʥʦʚʫʶ ʬʦʨʤʫ 

ʣʘʤʝʣʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʦ ʚʨʝʤʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʪʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʥʘ 1 Áʉ ʥʠʞʝ ʪʦʯʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʣʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʢʦʣʦ 30 % ʠʩʭʦʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʙʳʣʦ ʧʦʪʝʨʷʥʦ ʥʘ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʠʝ ʉʂʄ. 

ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʧʝʨʝʛʨʝʚ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʥʘʛʨʝʚ ʥʘ 

2 Áʉ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʝʜʠʥʠʮʳ ʠʣʠ ʜʘʞʝ ʥʘ ʜʝʩʷʪʢʠ 

ʧʨʦʮʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ. 1.11). 
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ʈʠʩʫʥʦʢ 1.11 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ [54] 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ɼʉʂ ʠ ʉʕʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 144ï154 Áʉ ʷʚʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʆʜʥʘʢʦ ʪʚʝʨʜʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʨʘʢʮʠʷ, ʠʟʤʝʨʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʗʄʈ, ʜʣʷ ʚʩʝʭ 

ʫʧʣʦʪʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʫʧʣʦʪʥʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ-ʟʘ ʣʦʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʦʣʦʢʦʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʦʣʦʢʥʘ ʩʮʝʧʣʷʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʘʷ ʩʚʘʨʢʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʦʣʦʢʥʘʤʠ (ʨʠʩ. 1.12ʘ). ʅʘ 

ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʘ ʥʝʧʝʨʝʧʣʘʚʣʝʥʥʦʡ ʯʘʩʪʠ ʚʦʣʦʢʥʘ 

ʉɺʄʇʕ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ, ʢʨʫʛʣʦʡ ʬʦʨʤʳ. ʆʙʲʝʤ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ 

ʟʘʧʦʣʥʷʝʪʩʷ ʧʝʨʝʧʣʘʚʣʝʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʠʛʨʘʝʪ ʨʦʣʴ ʤʘʪʨʠʮʳ. ʅʘ ʧʨʦʜʦʣʴʥʦʤ ʩʨʝʟʝ (ʨʠʩ. 1.12ʙ) ʠʟʫʯʘʝʤʦʛʦ ʉʂʄ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ.  
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ʈʠʩʫʥʦʢ 1.12 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ (ʘ) ʧʦʧʝʨʝʯʥʦʛʦ ʠ (ʙ) ʧʨʦʜʦʣʴʥʦʛʦ ʩʨʝʟʦʚ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ [77] 

 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʥʘʫʯʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʳ ʩ ʧʦʜʦʙʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

ʈʝʡʥ ʠ ʂʦʭʝʥ ʦʧʫʙʣʠʢʦʚʘʣʠ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ ʉʂʄ ʥʘ ʠʭ ʦʩʥʦʚʝ [34,79ï83]. ʊʘʢʞʝ ʥʘʟʚʘʥʥʳʝ 

ʫʯʝʥʳʝ ʧʨʝʜʣʦʞʠʣʠ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ (ʨʠʩ. 1.13). ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (ʚʳʰʝ 5ï15 ʄʇʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʫʙʣʠʢʘʮʠʠ) ʧʣʘʚʣʝʥʠʝ 

ʚʦʣʦʢʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ çʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ Ÿ ʨʘʩʧʣʘʚè, ʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ. 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʙʳʣʦ ʪʘʢʞʝ ʨʘʥʝʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [56,57]. ɼʘʥʥʘʷ 

ʛʨʫʧʧʘ ʦʙʲʷʩʥʷʣʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ  

ʂʣʘʫʟʠʫʩʘ, ʥʦ ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ [34,80]. 

ʆʜʥʘʢʦ ʚ ʩʪʘʪʴʷʭ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. ʊʘʢʞʝ ʥʝ 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʘʭ ʢʦʤʧʦʥʝʥʪʦʚ ʉʂʄ.  
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ʈʠʩʫʥʦʢ 1.13 ï ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ [83] 

 

ɾʝʨʝʙʮʦʚ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʣʠ ʧʦʜʭʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ [31,49,84]. ʌʦʨʤʘ 

ʚʦʣʦʢʦʥ ʥʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ, ʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʚʦʣʦʢʦʥ ʉɺʄʇʕ (ʨʠʩ. 1.14). ɺʦʣʦʢʥʘ ʚ ʩʦʩʪʘʚʝ ʉʂʄ ʩʪʨʝʤʷʪʩʷ ʧʨʠʥʷʪʴ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʙʲʝʤʝ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʠʣʘ ʪʘʢʞʝ ʧʦʜʭʦʜ ʢ ʩʦʚʤʝʱʝʥʠʶ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʂʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʂʄ ʥʘ ʩʜʚʠʛ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ 

ʩʦʭʨʘʥʝʥʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʊʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

(ʩ 25 ʄʇʘ ʜʦ 50 ʄʇʘ) ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦ 

ʜʦʣʝ ʩʦʭʨʘʥʝʥʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚ ʩʦʩʪʘʚʝ ʉʂʄ. 
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ʈʠʩʫʥʦʢ 1.14 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ [84] 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʈʝʡʥʦʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ [34] 

(ʨʠʩ. 1.15). ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʬʠʟʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʦʞʥʦ ʥʘʛʨʝʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʚʳʰʝ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʇʨʠʢʣʘʜʳʚʘʷ ʜʘʚʣʝʥʠʝ ʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʤʦʪʢʘʤ ʉɺʄʇʕ, ʘ ʟʘʪʝʤ 

ʧʦʚʳʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʤʥʦʛʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʦʷʥʥʦʡ ʜʘʚʣʝʥʠʝ ʚʳʜʝʨʞʢʠ 

ʚʨʝʤʝʥʥʦ ʩʥʠʞʘʣʦʩʴ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ. ʇʦʩʣʝ 

ʢʦʨʦʪʢʦʛʦ, ʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʠʩʭʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʠ 

ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʩʩ-

ʬʦʨʤʘ ʩ ʉʂʄ ʦʭʣʘʞʜʘʣʘʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʉʂʄ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʩ ʧʦʭʦʞʝʡ ʥʘ 

ʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ɺʘʨʜʦʤ, ʥʦ 

ʩ ʧʦʤʦʱʴʶ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʬʠʣʦʩʦʬʠʠ ʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 1.15 ï ʇʦʜʭʦʜʳ ʧʨʠʣʦʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʚʦ 

ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʧʨʝʜʣʦʞʝʥʥʳʝ (ʘ) ɺʘʨʜʦʤ ʠ (ʙ) 

ʈʝʡʥʦʤ [34] 

 

1.5.5 ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʩʤʝʰʠʚʘʥʠʷ ʧʦʣʠʤʝʨʦʚ [85]. ɺ 

ʦʩʥʦʚʥʦʤ ʜʨʫʛʠʝ ʤʘʨʢʠ ʇʕ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠʣʠ ʣʝʥʪʘʤʠ ʉɺʄʇʕ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʦʢʥʦ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʇʕɺɼ ʠ 

ʇʕʅɼ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʠʟʤʝʥʷʪʴ ʠʩʭʦʜʥʫ  ʁ

ʩʪʨʫʢʪʫʨʫ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʚʦʣʦʢʦʥ ʠʣʠ ʣʝʥʪ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʉʂʄ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʯʠʩʪʳʡ ʧʦʣʠʤʝʨ.  

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʨʦʢ ʧʦʣʠʵʪʠʣʝʥʘ ʚʢʣʶʯʘʶʪ ʧʦʣʠʵʪʠʣʝʥ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕɺɼ), ʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʃʇʕɺɼ), ʧʦʣʠʵʪʠʣʝʥ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕʅɼ) ʠ ʧʦʣʠʵʪʠʣʝʥ ʩʚʝʨʭʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʉɺʄʇʕ) 

(ʨʠʩ. 1.16). ʉɺʄʇʕ ʭʠʤʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢ ʯʠʩʪʦʤʫ ʇʕ. ʆʥ ʩʦʩʪʦʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ, 

ʥʘʨʫʰʘʶʱʠʭ ʝʛʦ ʣʠʥʝʡʥʦʩʪʴ [86]. ʇʕʅɼ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʚʝʪʚʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʆʪʚʝʪʚʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʵʪʠʣʴʥʦʡ ʠ ʙʫʪʠʣʴʥʦʡ ʛʨʫʧʧ ʚʤʝʩʪʝ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ. ʉʤʦʣʳ ʃʇʕɺɼ ʩʦʩʪʦʷʪ ʠʟ ʤʦʣʝʢʫʣ ʩ 

ʣʠʥʝʡʥʳʤʠ ʮʝʧʷʤʠ ʇʕ. ʂ ʵʪʠʤ ʦʩʪʦʚʘʤ ʯʝʨʝʟ ʩʣʫʯʘʡʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʢʦʨʦʪʢʠʝ ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʵʪʠʣʝʥʘ ʩ 

1-ʘʣʢʝʥʘʤʠ. ɼʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʚʢʣʶʯʘʶʪ ʧʦʣʠʵʪʠʣʝʥ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʠʵʪʠʣʝʥ 

ʩʚʝʨʭʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʉʅʄʇʕ), ʩʰʠʪʳʡ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʰʠʪʳʡ 
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ʧʦʣʠʵʪʠʣʝʥ ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʘʨʦʢ ʇʕ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʂʄ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ 

ʥʝ ʚʩʝ ʩʪʘʪʴʠ, ʛʜʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ, ʥʦ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʉʂʄ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ ʧʨʠʤʝʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʉʂʄ. 

 

 

ʈʠʩʫʥʦʢ 1.16 ï (ʘ) ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʕ ʠ (ʙ) ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʇʕ [22] 

 

ʍʘʡʥ ʠ ʩʦʘʚʪʦʨʳ [8] ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʣʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ ʧʫʪʝʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʫʢʣʘʜʢʠ ʧʣʝʥʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʇʕ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʢʘʢ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʪʘʢ ʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ ʧʣʝʥʦʢ ʇʕ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʨʘʩʧʣʘʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʧʨʦʣʦʞʝʥʥʘʷ ʧʣʝʥʢʘ, ʘ ʚ ʜʨʫʛʠʭ  ʢʘʢ ʧʣʝʥʢʘ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʦʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʫʢʣʘʜʢʠ ʧʣʝʥʢʠ, ʪʨʘʜʠʮʠʦʥʥʫʶ 

ʪʝʭʥʠʢʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʶ. ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʠʷ ʧʣʝʥʢʠ ʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʪʘʢʦʡ ʞʝ ʩʪʨʫʢʪʫʨʝ ʉʂʄ: ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʳ 

ʤʘʪʨʠʯʥʳʤ ʉɺʄʇʕ, ʧʨʝʪʝʨʧʝʚʰʠʤ ʧʣʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ.  

ɼʝʥʛ ʠ ʐʘʣʘʙʠ [27] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʧʨʦʯʥʦʩʪʴ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 
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ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʣʝʥʢʦʡ ʉɺʄʇʕ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʉʂʄ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʦʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʤʝʩʝʡ. ɹʳʣʦ 

ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʧʝʨʝʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʣʦʢʥʘ 

ʤʝʥʝʝ 7 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʉʂʄ ʩ ʜʚʦʡʥʳʤ ʥʘʜʨʝʟʦʤ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʧʨʦʩʪʦʛʦ ʉɺʄʇʕ. ʅʝ ʙʳʣʦ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʦʡʩʪʚʘʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʝʞʜʫ 

ʠʟʫʯʘʝʤʳʤʠ ʉʂʄ ʠ ʧʨʦʩʪʳʤ ʉɺʄʇʕ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʉʂʄ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʉʕʄ, ʠ ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉʂʄ 

ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, 

ʥʝʩʫʱʠʭ ʥʘʛʨʫʟʢʫ.  

ɽ ʝɦ ʦʜʥʘ ʢʦʤʙʠʥʘʮʠʷ ʚ ʇʕ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ɾʫʘʥʛʦʤ ʠ ʩʦʘʚʪʦʨʘʤʠ [87]. ʆʥʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʟʤʳ ʧʦʚʨʝʞʜʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ 

ʣʠʩʪʦʚ ʇʕʅɼ ʧʨʠ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʝ (ʨʠʩ. 1.17). ʉʂʄ ʪʘʢʞʝ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʤʝʱʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʫʢʣʘʜʢʠ ʧʣʝʥʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʨʫʰʝʥʠʷ ʠ ʉʕʄ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʣʦʤʦʚ. ɿʘʪʝʤ ʦʥʠ ʫʩʪʘʥʦʚʠʣʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʦʩʪʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ɸʕ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʦʙʳʪʠʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʪʤʝʪʠʣʠ, ʯʪʦ ʵʪʠ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʣʘʤʠʥʘʪʘʭ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ/ʇʕʅɼ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜ ɸʕ 

ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʧʦʚʨʝʞʜʝʥʠʷ. ɺ ʥʘʫʢʝ ʦ ʨʘʟʨʫʰʝʥʠʠ ʂʄ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʤʘʪʨʠʮʳ, ʨʘʟʨʳʚ ʚʦʣʦʢʥʘ ʠ ʨʘʩʩʣʦʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʤʘʪʨʠʮʳ, ʚʳʜʝʨʛʠʚʘʥʠʝ ʚʦʣʦʢʥʘ, ʨʘʟʨʳʚ ʚʦʣʦʢʥʘ ʠ ʤʝʞʩʣʦʡʥʦʝ 

ʨʘʩʩʣʦʝʥʠʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʷʚʣʝʥʠʷʤʠ ɸʕ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʘʤʧʣʠʪʫʜʳ. ʕʪʠ 

ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʣʘʤʠʥʘʪʘʭ ʠʟ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʵʪʠʣʝʥʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʭ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʠʜʳ ʧʦʚʨʝʞʜʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 1.17 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʨʫʰʝʥʥʳʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ [87] 

 

ɸʤʝʨ ʠ ɻʘʥʘʧʘʪʠʨʘʜʞʫ [6] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ (ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ, ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ) ʥʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ ʧʣʝʥʦʢ ʇʕʅɼ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʣʠ ʦʧʪʠʤʘʣʴʥʳʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʤʘʪʨʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ, ʜʘʚʣʝʥʠʷ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʜʣʷ ʤʘʪʨʠʮʳ ʇʕʅɼ ʯʝʤ ʤʝʜʣʝʥʥʝʝ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 

ʉʂʄ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʤʦʜʫʣʴ. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ  ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʨʷʜʘ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʠ ʙʠʦʠʤʧʣʘʥʪʦʣʦʛʠʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʩʦʚʤʝʱʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʤʙʠʥʘʮʠʷ ʉɺʄʇʕ ʠ ʤʘʪʨʠʮʳ ʠʟ 

ʇʕɺɼ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [13]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʚʢʣʶʯʘʣ ʩʪʘʜʠʶ ʧʨʦʧʠʪʢʠ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚ ʥʘʩʳʱʝʥʥʦʤ ʤʘʪʨʠʯʥʦʤ ʨʘʩʪʚʦʨʝ ʇʕɺɼ, ʛʜʝ ʚʦʣʦʢʥʘ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ 

ʨʘʩʪʚʦʨʝ. ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʉʕʄ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʤʘʪʨʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʦʥ ʚ ʪʘʢʦʤ ʨʘʩʪʚʦʨʝ. ɼʘʣʴʥʝʡʰʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ ʧʦʜʛʦʪʦʚʢʫ ʧʨʝʧʨʝʛʦʚ ʠ 

ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʂʄ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʨʠʩ. 1.18ʘ). ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʚʦʣʦʢʥʘ 

(ʨʠʩ. 1.18ʙ). 
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ʈʠʩʫʥʦʢ 1.18 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʠ ʇʕɺɼ ʧʨʠ (ʘ) ʨʘʩʪʷʞʝʥʠʠ ʠ (ʙ) ʩʞʘʪʠʠ [13] 

 

ʇʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʧʦʜʭʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʂʦʭʝʥ ʠ ʝʛʦ ʩʦʘʚʪʦʨʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

[35]. ʆʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʉɺʄʇʕ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ, ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦʣʠʤʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʨʘʩʪʠʪʴ ʤʘʪʨʠʯʥʳʡ ʧʦʣʠʤʝʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ. 

ɸʚʪʦʨʳ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʠʚʝʣʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʧʨʝʙʳʚʘʥʠʠ 

ʚʦʣʦʢʥʘ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʤʝʨʘ (ʨʠʩ. 1.19). ʆʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʚʦʣʦʢʥʘ ʉɺʄʇʕ, ʥʘʙʫʭʘʶʪ ʠʟ-ʟʘ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʦʢʨʫʛ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʧʦʣʠʤʝʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʩʣʝ 

ʫʜʘʣʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʨʘʩʪʚʦʨʘ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦ, ʚʳʟʳʚʘʷ ʨʦʩʪ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʦʧʠʪʢʠ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʠʟʛʦʪʦʚʠʪʴ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʚʳʩʰʠʤ ʧʨʝʜʝʣʦʤ 

ʧʨʦʯʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʉʂʄ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 1500 ʄʇʘ. 
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ʈʠʩʫʥʦʢ 1.19 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʦ ʨʘʩʪʚʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [35] 

 

ɺʓɺʆɼʓ ʂ ɻʃɸɺɽ 1 

 

¶ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʟ-ʟʘ ʥʝʧʨʠʤʝʥʠʤʦʩʪʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʂʄ ʠ ʠʟ-ʟʘ 

ʧʣʦʭʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʦʚʘʥʠʷ.  

¶ ɺʩʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠʣʠ ʧʦʭʦʞʝʛʦ ʥʘ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʩʧʦʩʦʙʘ. 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ 
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ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʙʝʛʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ.  

¶ ʆʢʥʘ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʤʝʱʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʣʣʦʪʨʦʧʠʯʝʩʢʦʛʦ 

ʧʝʨʝʭʦʜʘ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʂʄ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʤʘʣʦ 

ʠʟʫʯʝʥʳ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. 

¶ ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʫʙʣʠʢʘʮʠʡ ʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʩʢʫʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʉʂʄ, ʢʨʦʤʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʧʨʠ ʠʟʛʠʙʝ. 

¶ ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʫʜʝʰʝʚʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ 

ʦʩʥʦʚʝ ʉɺʄʇʕ ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

¶ ʉʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʣʦʢʦʥ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʙʦʣʴʰʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʉʂʄ. ʅʘʠʙʦʣʴʰʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʣʦʭʦ ʦʩʚʝʱʝʥʳ ʥʝʧʨʝʨʳʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʚʤʝʱʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʉʂʄ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1 ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʣʦʢʥʘ 

ʤʘʨʢʠ SK75 ʦʪ ʢʦʤʧʘʥʠʠ Dyneema (ɻʦʣʣʘʥʜʠʷ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʷ 

(ʨʠʩ. 2.1ʘ). ɺʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ. 

ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʣʷʝʪ 440 ʜʪʝʢʩ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ  

129 ɻʇʘ, ʘ ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 3.6 ɻʇʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ 17 ʤʢʤ. ʈʘʟʨʫʰʝʥʠʝ 

ʬʠʣʘʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʜʣʠʥʝʥʠʠ 3.5 % [88].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʦʰʦʢ ʉɺʄʇʕ, ʤʘʨʢʘ GUR 4120, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Ticona (ɻʝʨʤʘʥʠʷ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣ 120 ʤʢʤ 

(ʨʠʩ. 2.1ʙ). 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʉɺʄʇʕ ʚʦʣʦʢʦʥ (ʘ) ʠ ʧʦʨʦʰʢʘ ʉɺʄʇʕ (ʙ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʇʕɺɼ ʤʘʨʢʠ 10803ï020 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɸʆ çʋʬʘʦʨʛʩʠʥʪʝʟè ʧʦ ɻʆʉʊ 16337ï77 [89]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʇʕɺɼ ʧʨʠʤʝʥʷʣʩʷ ʦʨʪʦʢʩʠʣʦʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʅʍʂ 

ñɸʨʠʢʦʥòè. 

ɼʣʷ ʪʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

 ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ (ʭ. ʯ.) ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʉʠʛʤʘ ʊʝʢè, ɻʆʉʊ 4204ï77 [90]; 

 ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (ʭ. ʯ.) ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʉʠʛʤʘ ʊʝʢè, ɻʆʉʊ 6552ï80 

[91]; 

 ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʇʌʂ ʆʙʥʦʚʣʝʥʠʝè, ɻʆʉʊ 20490ï75 [92]. 
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2.2 ʄʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

 

2.2.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺʥʘʯʘʣʝ ʠʩʭʦʜʥʳʝ ʚʦʣʦʢʥʘ ʥʘʤʘʪʳʚʘʣʠʩʴ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʣʦʢʦʥ (ʨʠʩ. 2.2). ɿʘʪʝʤ ʥʘʤʦʪʢʘ ʚʦʣʦʢʥʘ ʩʥʠʤʘʣʘʩʴ ʩ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʨʝʩʩ-

ʬʦʨʤʫ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. ʈʘʟʤʝʨʳ ʧʨʝʩʩ-ʬʦʨʤʳ ʨʘʚʥʷʣʠʩʴ 80Ĭ10.5 ʤʤ, ʘ ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʤʝʱʘʝʤʦʡ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ ʚʦʣʦʢʦʥ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ: ʧʦʜʘʚʘʣʦʩʴ ʜʘʚʣʝʥʠʝ (25 ʄʇʘ ʠʣʠ 50 ʄʇʘ) ʠ ʚ ʪʝʯʝʥʠʝ 50 ʤʠʥʫʪ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘʛʨʝʚ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 145 Áʉ ʜʦ 180 Áʉ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʙʳʣʘ ʟʘʚʝʜʦʤʦ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʥʘ ʉɺʄʇʕ. ʇʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. ɼʘʣʝʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʫʭʫʜʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [36], ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ ʜʦ 

40 Áʉ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʳ ʚʳʧʨʝʩʩʦʚʳʚʘʣʠʩʴ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ.  

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʉʂʄ 
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2.2.2 ʀʟʛʦʪʦʚʣʝʥʠʝ ʬʠʣʘʤʝʥʪʦʚ ʉɺʄʇʕ+ʇʕɺɼ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ 

 

ɼʣʷ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʇʕɺɼ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2.3).  

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʧʠʪʢʠ ʚʦʣʦʢʥʘ ʉɺʄʇʕ 

 

ɹʦʙʠʥʘ ʩ ʚʦʣʦʢʥʦʤ ʉɺʄʇʕ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʜʝʨʞʘʪʝʣʝ ʩ ʧʦʜʰʠʧʥʠʢʦʤ ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʩʢʨʫʯʠʚʘʥʠʷ. ʅʘ ʚʥʝʰʥʶʶ ʯʘʩʪʴ ʧʦʜʰʠʧʥʠʢʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʢʨʝʧʠʣʩʷ ʜʝʨʞʘʪʝʣʴ ʜʣʷ ʙʦʙʠʥʳ, ʪʘʢʞʝ ʙʳʣʘ ʥʘʜʝʪʘ ʨʝʟʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ ʩ 

ʬʠʢʩʘʮʠʝʡ ʥʘ ʢʦʨʧʫʩʝ ʠ ʙʝʟ ʬʠʢʩʘʮʠʠ ʥʘ ʩʘʤʦʤ ʧʦʜʰʠʧʥʠʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʜʝʨʞʘʪʝʣʷ ʙʦʙʠʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʰʠʧʥʠʢʘ ʨʝʟʠʥʘ ʩʦʟʜʘʚʘʣʘ ʧʝʨʤʘʥʝʥʪʥʦʝ ʠ 

ʧʦʩʪʦʷʥʥʦʝ ʪʨʝʥʠʝ ʥʘ ʧʦʜʰʠʧʥʠʢʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʝʩʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʢʨʫʯʠʚʘʥʠʷ 

ʚʦʣʦʢʥʘ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʚʦʣʦʢʥʝ.  

ɼʘʣʝʝ ʚʦʣʦʢʥʦ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʠʩʪʝʤʫ ʨʘʟʤʦʪʢʠ ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʠʤʠ ʨʦʣʠʢʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʠʟ ʩʝʙʷ ʧʦʜʰʠʧʥʠʢʠ ʩ U-ʦʙʨʘʟʥʳʤ ʧʨʦʬʠʣʝʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʭʦʜʘ 

ʚʦʣʦʢʥʘ ʩ ʣʠʥʠʠ ʧʦʜʰʠʧʥʠʢʦʚ. ʇʦʩʣʝ ʩʠʩʪʝʤʳ ʨʘʟʤʦʪʢʠ ʚʦʣʦʢʥʦ ʥʘʧʨʘʚʣʷʣʦʩʴ ʚ ʙʫʥʢʝʨ ʩ 

ʛʝʣʝʤ ʜʣʷ ʧʨʦʧʠʪʢʠ. ɹʫʥʢʝʨ ʷʚʣʷʝʪʩʷ ʘʣʶʤʠʥʠʝʚʳʤ ʮʠʣʠʥʜʨʦʤ ʩ ʟʘʚʠʥʯʠʚʘʶʱʠʤʩʷ ʜʥʦʤ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʟʘʧʨʘʚʢʠ ʚʦʣʦʢʥʘ ʠ ʯʠʩʪʢʠ.  

ɺ ʩʘʤʦʤ ʜʥʝ ʪʘʢʞʝ ʝʩʪʴ ʦʪʚʝʨʩʪʠʝ ʩ ʨʝʟʴʙʦʡ ʜʣʷ ʚʚʠʥʯʠʚʘʥʠʷ ʪʠʪʘʥʦʚʦʡ ʬʠʣʴʝʨʳ. 

ɼʠʘʤʝʪʨ ʪʠʪʘʥʦʚʦʡ ʬʠʣʴʝʨʳ ʙʳʣ ʨʘʚʝʥ 0.4 ʤʤ. ɼʘʥʥʳʡ ʜʠʘʤʝʪʨ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.2ï0.3 ʤʤ ʚʦʣʦʢʥʦ ʥʝ ʧʨʦʭʦʜʠʣʦ ʚ ʦʪʚʝʨʩʪʠʝ, ʘ ʧʨʠ 0.5 ʤʤ ʯʝʨʝʟ 
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ʦʪʚʝʨʩʪʠʝ ʚʤʝʩʪʝ ʩ ʚʦʣʦʢʥʦʤ ʚʳʭʦʜʠʣʦ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʛʝʣʷ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʚʳʩʳʭʘʣ ʠ 

ʦʪʭʦʜʠʣ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ ʢʫʩʢʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʣʴʮʝʚʦʡ ʥʘʛʨʝʚʘʪʝʣʴ, ʥʘʛʨʝʚ ʢʦʪʦʨʦʛʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ Arduino ʜʠʤʤʝʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʢ ʘʧʧʘʨʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʝ Arduino. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢ Arduino ʪʘʢʞʝ ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ 

ʪʝʨʤʦʧʘʨʘ ʂ-ʪʠʧʘ ʩ ʤʦʜʫʣʝʤ MAX6675. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʡ (ʇʀɼ) ʨʝʛʫʣʷʪʦʨ ʥʘ ʙʘʟʝ Arduino, ʛʜʝ ʢʦʣʴʮʝʚʦʡ 

ʥʘʛʨʝʚʘʪʝʣʴ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʤʤʝʨʘ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʣ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʨʤʦʧʘʨʦʡ. ɺʳʚʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʝ 

ʬʠʢʩʘʮʠʷ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʵʢʨʘʥ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʧʦʜʙʠʨʘʣʠʩʴ ʚʨʫʯʥʫʶ. ʂʦʣʝʙʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 1 °C.  

ɻʝʣʴ ʧʨʦʧʠʪʢʠ ʷʚʣʷʣʩʷ ʩʤʝʩʴʶ ʦʨʪʦʢʩʠʣʦʣʘ ʠ ʇʕɺɼ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ: 17 %ʤʘʩʩ. 

ʇʕɺɼ, 20 %ʤʘʩʩ. ʇʕɺɼ, 25 %ʤʘʩʩ. ʇʕɺɼ, 33 %ʤʘʩʩ. ʇʕɺɼ, 50 %ʤʘʩʩ. ʇʕɺɼ. ʆʩʪʘʣʴʥʫʶ ʯʘʩʪʴ 

ʩʦʩʪʘʚʣʷʣ ʦʨʪʦʢʩʠʣʦʣ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʝʣʷ ʩʤʝʩʴ ʧʦʤʝʱʘʣʘʩʴ ʚ ʟʘʢʨʳʪʫʶ ʝʤʢʦʩʪʴ 

ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ 10 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 °C ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ BINDER FD 115 ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʦʤʝʰʠʚʘʥʠʝʤ 1 ʨʘʟ ʚ 3ï4 ʤʠʥʫʪʳ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʦʤʝʩʪʠʪʴ ʛʝʣʴ ʚ ʙʫʥʢʝʨ ʜʣʷ ʧʨʦʧʠʪʢʠ, ʩʘʤ ʙʫʥʢʝʨ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 100 °C 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʩʪʳʚʘʥʠʷ ʛʝʣʷ. ɼʘʣʝʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʥʢʝʨ ʙʳʣ ʟʘʧʦʣʥʝʥ ʛʝʣʝʤ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʦ 100 °C ʜʦ 130 °C. 

ʉʘʤʦ ʚʦʣʦʢʥʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʭʦʜʠʣʦ ʙʫʥʢʝʨ, ʧʦʩʪʫʧʘʣʦ ʥʘ ʨʦʣʠʢʠ, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʷʣʠ ʫʞʝ ʧʨʦʧʠʪʘʥʥʳʡ ʇʕɺɼ ʬʠʣʘʤʝʥʪ ʉɺʄʇʕ ʥʘ ʙʦʙʠʥʫ, ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʚʘʣʫ 

ʤʦʪʦʨʘ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 130 °C ʚ ʙʫʥʢʝʨʝ ʩ ʛʝʣʝʤ ʠ ʫʞʝ ʧʨʦʪʷʥʫʪʳʤ ʚʦʣʦʢʥʦʤ ʚʢʣʶʯʘʣʩʷ 

ʤʦʪʦʨ ʜʣʷ ʥʘʤʦʪʢʠ ʚʦʣʦʢʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʪʦʨ ʚʨʘʱʘʣ ʙʦʙʠʥʫ, ʢʦʪʦʨʘʷ ʥʘʤʘʪʳʚʘʣʘ 

ʧʨʦʧʠʪʘʥʥʳʡ ʬʠʣʘʤʝʥʪ ʥʘ ʩʚʦʶ ʦʩʴ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʪʷʛʠʚʘʷ ʚʦʣʦʢʥʦ ʯʝʨʝʟ ʙʫʥʢʝʨ ʩ ʛʝʣʝʤ ʠ 

ʨʘʟʤʘʪʳʚʘʷ ʙʦʙʠʥʫ ʩ ʠʩʭʦʜʥʳʤ ʚʦʣʦʢʥʦʤ ʉɺʄʇʕ. 

ɼʘʣʝʝ, ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʙʦʙʠʥʳ ʚʦʣʦʢʥʦʤ, ʙʦʙʠʥʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʩʫʰʢʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

2 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ÁC ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʣʠʰʝʢ ʦʨʪʦʢʩʠʣʦʣʘ. 

 

2.2.3 ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ ʇʕɺɼ 

 

ʇʦʩʣʝ ʚʩʝʭ ʵʪʘʧʦʚ ʧʦʜʛʦʪʦʚʢʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʬʠʣʘʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʣʩʷ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʦ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ ʉʂʄ: ʥʘʤʦʪʢʘ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʬʦʨʤʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʝʜʠʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʘʤʝʥʪʦʚ, ʟʘʪʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʥʘʤʦʪʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʪʫ ʞʝ ʧʨʝʩʩ-
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ʬʦʨʤʫ, ʯʪʦ ʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ. ʈʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɺʨʝʤʷ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʦ 40 ʤʠʥʫʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʣʷ ʚʩʝʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʙʳʣʘ ʨʘʚʥʘ 135 ÁC. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʣʦ 10 ʤʠʥʫʪ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʘʛʨʝʚʘ, ʚʳʜʝʨʞʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʜʘʚʣʝʥʠʝ 

ʥʝ ʩʥʠʤʘʣʦʩʴ. ʋʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʉʂʄ. 

 

2.2.4 ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ 

 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʄ ʠ ʛʠʙʨʠʜʥʳʭ ʂʄ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʉʂʄ, ʚʦʣʦʢʥʘ ʥʘʤʘʪʳʚʘʣʠʩʴ ʤʝʞʜʫ 

ʜʚʫʤʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʩʦʩʪʘʚʣʷʣʦ 

ʧʨʠʤʝʨʥʦ 50 ʤʤ (ʨʠʩ. 2.4ʘ). ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʣʦʢʥʘ ʩʥʠʤʘʣʠʩʴ ʩ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ 

ʧʨʝʩʩ-ʬʦʨʤʫ ʚ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʩ ʧʣʘʩʪʠʥʘʤʠ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠʣʠ ʩ ʜʨʫʛʦʡ ʥʘʤʦʪʢʦʡ 

ʚʦʣʦʢʦʥ, ʯʪʦʙʳ ʤʝʞʜʫ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʦʩʪʘʚʘʣʦʩʴ ʧʝʨʝʩʝʯʝʥʠʝ 

(ʨʠʩ. 2.4ʙ). ʇʣʘʩʪʠʥʳ ʠʟ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʢʦʥʝʯʥʫʶ ʛʝʦʤʝʪʨʠʶ ʦʙʨʘʟʮʫ, 

ʪʘʢ ʢʘʢ ʇʊʌʕ ʥʝ ʧʣʘʚʠʪʩʷ ʧʨʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʞʝ ʥʠʢʘʢ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʉɺʄʇʕ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ ʇʊʌʕ ʚʳʥʠʤʘʶʪʩʷ ʠʟ ʦʙʨʘʟʮʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʘʷ ʛʝʦʤʝʪʨʠʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʩʧʳʪʘʥʠʝ ʥʘ ʤʝʞʩʣʦʝʚʦʡ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ (ʨʠʩ. 2.4ʚ). ʈʘʟʤʝʨ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 

(ʠʟʦʪʨʦʧʥʳʡ ʉɺʄʇʕ ʠ ʉʂʄ ʠʣʠ ʉʂʄ ʠ ʉʂʄ) ʙʳʣ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 10Ĭ10 ʤʤ2. 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʉɺʄʇʕ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʩʦʝʜʠʥʝʥʠʷ ʚʥʘʭʣʝʩʪ 
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2.3 ʀʩʧʳʪʘʥʠʷ ʠ ʘʥʘʣʠʟ 

 

2.3.1 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘ ̫ʩʢʘʥʠʨʫʶʱʘ ̫ʢʘʣʦʨʠʤʝʪʨʠ ̫

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʧʨʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʦʚ. ɺ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ɼʉʂ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʢʦʩʚʝʥʥʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʭʦʜ ʠʟ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʚ ʠʟʦʪʨʦʧʥʫʶ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʬʘʟʳ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ɼʉʂ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʧʝʨʝʧʣʘʚ ʚʦʣʦʢʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʩʢʘʥʠʨʫʶʱʝʤ ʢʘʣʦʨʠʤʝʪʨʝ A NETZSCH DSC 204 F1 r. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 ʂ/ʤʠʥ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ASTM D3417-83 [93]. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (Dc) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʱʘʜʴ ʧʦʜ ʧʠʢʦʤ 

ʧʣʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʵʥʪʘʣʴʧʠʝʡ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ȹH. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ 

ʵʥʪʘʣʴʧʠʶ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʥʝʩʪʠ ʢ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʩʦ 100%-

ʥʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʉɺʄʇʕ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ȹH100 = 293 ɼʞ/ʛ [94]. 

                                                                        (2.1) 

 

2.3.2 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 2 

ʤʠʢʨʦʩʢʦʧʘ:  

1) Carl Zeiss Crossbeam 550; 

2) Tescan Vega 3. 

ɼʣʷ ʙóʣʴʰʝʛʦ ʢʦʥʪʨʘʩʪʘ ʪʦʧʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ ʩʙʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʘ 

Tescan Vega 3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʥʘʧʳʣʷʣʩʷ ʫʛʣʝʨʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ. 

ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 25 ʢɺ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʘ Carl Zeiss 

ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʝ 1 ʢɺ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʧʳʣʝʥʠʝ. 
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ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʉʂʄ ʧʨʦʭʦʜʠʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʈʝʟʢʘ ʦʙʨʘʟʮʦʚ 

ʉʂʄ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʘʣʤʘʟʥʳʤ ʜʠʩʢʦʤ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʧʝʢʘʥʠʷ ʚʦʣʦʢʦʥ ʧʨʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ ʚ ʉʂʄ ʙʳʣʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʝʟʘ. ɼʘʣʝʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʳ ʰʣʠʬʦʚʘʣʠʩʴ: ʩʥʘʯʘʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʣʠʬʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ (ʟʝʨʥʠʩʪʦʩʪʴʶ ʈ400  ʈ1500), ʘ ʟʘʪʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʡʣʦʢʘ ʠ ʧʦʣʠʨʦʚʦʯʥʦʡ ʧʘʩʪʳ (ʬʨʘʢʮʠʷ ʯʘʩʪʠʮ ï 60 ʥʤ). ʇʦʩʣʝ ʰʣʠʬʦʚʢʠ 

ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ. 

ʉʤʝʩʴ ʜʣʷ ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʣʘ ʠʟ 2 ʦʙʲʝʤʥʳʭ ʯʘʩʪʝʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, 1 ʦʙʲʝʤʥʦʡ ʯʘʩʪʠ 

ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 2 %ʤʘʩʩ. ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ [12]. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʪʨʘʚʣʝʥʠʷ ʩʤʝʩʴ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʦʤʝʱʘʣʘʩʴ ʥʘ ʦʨʙʠʪʘʣʴʥʳʡ ʰʝʡʢʝʨ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʢʘʣʠʷ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʤʝʩʴ ʥʘ 4 ʯʘʩʘ ʩ ʚʢʣʶʯʝʥʥʳʤ 

ʦʨʙʠʪʘʣʴʥʳʤ ʰʝʡʢʝʨʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʪʨʘʚʣʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʜʘʣʷʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʤʦʨʬʥʳʡ ʉɺʄʇʕ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ 

ʚʣʠʷʥʠʝʤ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʉɺʄʇʕ [15]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʤʘʪʨʠʯʥʦʡ ʬʘʟʦʡ ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ 

ʥʝʧʝʨʝʧʣʘʚʣʝʥʥʳʤʠ ʯʘʩʪʷʤʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʉʂʄ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʦʩʣʝ ʧʨʦʜʦʣʴʥʦʛʦ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. ʈʘʩʢʨʳʪʠʝ ʥʘʚʝʜʝʥʥʦʡ ʪʨʝʱʠʥʳ (ʨʘʩʱʝʧʣʝʥʠʝ) 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʨʫʯʥʫʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʰʣʠʬʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʢʘ ʠ ʪʨʘʚʣʝʥʠʝ) 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ. 

 

2.3.3 ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʬʠʢʩʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʫʧʨʫʛʦʛʦ, ʥʝʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʝʱʝʩʪʚʘ 

ʩʚʝʪʦʤ. ʈʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʬʠʢʩʠʨʫʝʪʩʷ ʦʪ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʦʜ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʪ. ʝ. ʦʪ ʢʘʞʜʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʤʦʜʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʥʝ ʪʦʣʴʢʦ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʨʦʧʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ ʨʝʟʫʣʴʪʘʪ ʦʪ 
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ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʣʝʢʫʣ, ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʩʚʦʡʩʪʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝʨʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʜʠʥʘʢʦʚʦ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʚʝʪʥʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʜʝʢʚʘʪʥʫʶ 

ʦʮʝʥʢʫ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʦʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʝʨʚʘʷ ʤʝʪʦʜʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʘ ï ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʘʥʘʣʠʟʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ 

ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʘ ʠ ʧʣʦʩʢʦʩʪʴʶ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʤʝʥʷʝʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʘ ʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʥʘ ʦʪʚʝʪʥʦʤ ʩʠʛʥʘʣʝ, ʢʦʪʦʨʳʡ 

ʚʨʘʱʘʝʪʩʷ. ʊʘʢʞʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ ʦʪʚʝʪ ʪʦʣʴʢʦ ʦʪ ʪʝʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʦʜ, ʢʦʪʦʨʳʝ 

ʣʝʞʘʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʣʦʩʢʦʩʪʝʡ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʭʦʨʦʰʦ 

ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʘʥʠʟʦʪʨʦʧʠʠ ʤʦʣʝʢʫʣ ʠ ʩʪʨʫʢʪʫʨ ʦʙʨʘʟʮʦʚ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʱʝʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʙʨʘʟʮʘ.  

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʨʝʰʘʝʪ ʚʪʦʨʘʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɽʩʣʠ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʱʠʡ ʫʩʨʝʜʥʝʥʥʳʡ ʦʪʚʝʪ 

ʦʪ ʦʙʨʘʟʮʘ, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʥʟʦʡ-ʩʢʨʘʤʙʣʸʨʦʤ ʚ ʩʭʝʤʝ ʧʨʠʙʦʨʘ, ʩʪʦʷʱʝʡ ʚ 

ʥʘʯʘʣʝ ʧʫʪʠ ʧʫʯʢʘ (ʨʠʩ. 2.5). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʣʠʥʟʳ ʜʝʧʦʣʷʨʠʟʫʝʪ ʠʩʭʦʜʥʳʡ 

ʚʦʟʙʫʞʜʘʶʱʠʡ ʧʫʯʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʩʨʝʜʥʝʥʥʳʡ ʨʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʦʪ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʣʶʙʦʤ ʝʛʦ ʧʦʣʦʞʝʥʠʠ.  

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʩʲʝʤʢʠ ʨʘʤʘʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨ ʤʦʱʥʦʩʪʴʶ 10 ʤɺ, ʜʠʘʤʝʪʨ 

ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 1 ʤʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʲʝʤʢʘ ʩ ʯʘʩʪʦʪʦʡ 

3 ɻʮ ʠ ʩ ʫʩʨʝʜʥʝʥʠʝʤ 200 ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ. ʋʯʠʪʳʚʘʷ ʨʘʟʤʝʨ ʧʫʯʢʘ (1 ʤʤ) ʠ ʨʘʟʤʝʨ 

ʬʠʣʘʤʝʥʪʦʚ ʉɺʄʇʕ (ʦʢʦʣʦ 20 ʤʢʤ), ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʦʪ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʨʝʜʥʝʥʥʦʤʫ ʨʘʤʘʥʦʚʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʦʪ ʤʘʪʨʠʮʳ ʠ 

ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʮʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʩʝʛʦ ʦʙʨʘʟʮʘ. 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ Dc ʉɺʄʇʕ ʠʣʠ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

Ὀὧ ,                                                       (2.2) 

ʛʜʝ ɸ1296, ɸ1440 ʠ ɸ1460 ï ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ 1296 ʩʤ
-1, 1440 ʩʤ-1 ʠ 1460 ʩʤ-1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [95]. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʦʚ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʝ ʠ ʠʭ ʧʣʦʱʘʜʝʡ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʙʝʩʧʣʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ Fityk [96]. 

 

2.3.4 ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʠ ʚʦ ʤʥʦʛʦʤ ʦʪ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʕʪʦ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʉɺʄʇʕ, ʨʘʟʥʠʮʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ 2 ʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ 

ʤʝʪʦʜʦʤ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʜʠʬʨʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 2D-ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʘʤʦʜʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʠʩʪʦʯʥʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʪ ʦʙʨʘʟʮʘ. ɼʘʣʝʝ ʥʘ ʵʪʦʡ ʞʝ 

ʣʠʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 75 ʩʤ ʦʪ ʦʙʨʘʟʮʘ ʥʘʭʦʜʠʣʘʩʴ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʧʣʘʩʪʠʥʘ, ʩʣʫʞʠʚʰʘʷ 

ʧʨʠʸʤʥʠʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʚʘʥʪʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ 

ʦʙʨʘʟʮʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ KŬ-ʠʟʣʫʯʝʥʠʝ ʤʝʜʠ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 0.1542 ¡. ʉʠʣʘ ʪʦʢʘ ʨʘʚʥʷʣʘʩʴ 30 ʤɸ, ʘ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 30 ʢɺ. ʈʘʟʤʝʨ 

ʧʫʯʢʘ ʙʳʣ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 200 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʤʝʨ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ, ʘ ʪʦʣʱʠʥʘ ʙʳʣʘ ʨʘʚʥʘ 2 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʣʫʯʝʥʠʠ 



53 

 

ʩʠʛʥʘʣʘ ʚ ʩʨʝʜʥʝʤ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʘ ʥʝ ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʉʂʄ. ʇʦʩʣʝ 24 ʯʘʩʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʚʘʥʪʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʧʣʘʩʪʠʥʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʩʯʠʪʳʚʘʶʱʠʡ 

ʩʢʘʥʝʨ FUJIFILM BAS 5000, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʩʯʠʪʳʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʧʣʘʩʪʠʥʦʡ 

ʢʚʘʥʪʦʚ. ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʷʚʣʷʣʦʩʴ 2-ʤʝʨʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ, ʛʜʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʝʣʦʛʦ ʮʚʝʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʢʦʧʣʝʥʥʳʤ ʦʪʨʘʞʝʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʢʚʘʥʪʘʤ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʚʘʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ ɺʫʣʴʬʘ  ɹʨʵʛʛʦʚ:  

ςὨ ÓÉÎ— ὲ ʇ ,                                                    (2.3) 

ʛʜʝ Ὠ  ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʠʥʜʝʢʩʘʤʠ 

(hkl); 

ɗ ï ʙʨʵʛʛʦʚʩʢʠʡ ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ;  

n ï ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ; 

ʇ ï ʜʣʠʥʘ ʚʦʣʥʳ.  

ɿʥʘʷ ʜʣʠʥʫ ʚʦʣʥʳ ʠ ʙʨʵʛʛʦʚʩʢʠʝ ʫʛʣʳ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʧʦʩʯʠʪʘʪʴ ʠʩʭʦʜʷ ʠʟ 

ʛʝʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʢʠ ʠ ʛʝʦʤʝʪʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʠʥʜʝʢʩʘʤʠ (hkl), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʠʥʛʦʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 

ʇʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʥʛʦʥʠʠ ʨʝʰʝʪʢʠ, 2-ʤʝʨʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ɻʝʨʤʘʥ-ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʦʩʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʚʳʩʪʫʧʘʶʪ ʢʨʠʩʪʘʣʣʠʪʳ (ʪʦʯʥʝʝ ï ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ), ʘ ʦʩʴʶ 

ʷʚʣʷʝʪʩʷ ʦʩʴ ʚʦʣʦʢʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʝʨʤʘʥ-ʬʘʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʦʙʨʘʟʮʝ ʧʦ ʨʘʜʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ɻʝʨʤʘʥ-ʬʘʢʪʦʨ f ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ:  

Ὢ
ȟ

  ,                                                              (2.4) 

ʛʜʝ ὧέί‌ ȟ  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʩʠʥʫʩʘ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʩ 

ʠʥʜʝʢʩʦʤ (hkl) ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʣʦʢʥʘ z. 

 ʇʨʠ ʵʪʦʤ ὧέί‌ ȟ  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ:  

ὧέίὥ ȟ   
᷿ ȟ ȟ ȟ

᷿ ȟ ȟ

 ,                                        (2.5) 

ʛʜʝ Ὅ‌ȟ— ï ʵʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʫʛʣʘ ‌ ʠ ʙʨʵʛʛʦʚʩʢʦʛʦ ʫʛʣʘ — 

[81]. 
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2.3.5 ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʉʂʄ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʄɸ). ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TA 

Instruments Q800 ʧʨʦʠʟʚʦʜʩʪʚʘ TA Instruments Inc. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 Áʉ ʜʦ 160 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 2 Áʉ/ʤʠʥ; ʧʨʠʤʝʥʷʣʘʩʴ ʜʝʬʦʨʤʘʮʠʷ 0.1 % 

ʩ ʯʘʩʪʦʪʦʡ 1 ɻʮ. 

 

2.3.6 ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʧʳʪʘʥʠʡ ʉʂʄ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ ʈ 56810-2015 [97] ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick Z020. ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʛʦ ʧʫʘʥʩʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ/ʤʠʥ. ɽʛʦ ʜʠʘʤʝʪʨ ʙʳʣ ʨʘʚʝʥ 10 ʤʤ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʙʳʣʦ ʨʘʚʥʦ 32 ʤʤ. ɼʠʘʤʝʪʨ ʩʘʤʦʡ ʦʧʦʨʳ ʙʳʣ ʨʘʚʝʥ 1 ʤʤ. ʈʘʟʤʝʨ 

ʦʙʨʘʟʮʦʚ ʙʳʣ ʨʘʚʝʥ 80×10×2 ʤʤ.  

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʜʝ ʚʝʨʭʥʠʝ ʦʪ 1 ʜʦ 3 ʤʤ 

ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʉʂʄ, ʘ ʥʠʞʥʠʝ ʦʪ 3 ʜʦ 1 ʤʤ ʪʦʣʱʠʥʳ  ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ 

ʉɺʄʇʕ (ʨʠʩ. 2.6). ɼʣʠʥʘ ʠ ʰʠʨʠʥʘ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʨʘʚʥʳ 80 ʠ 10.5 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʦʙʱʘʷ 

ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 4 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʌʦʪʦ (ʘ) ʠ ʩʭʝʤʘ (ʙ) ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʉɺʄʇʕ 
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2.3.7 ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʩʧʝʢʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʉʂʄ ʠʣʠ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʙʳʣ ʚʟʷʪ ASTM D5868-01 [98]. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ 

ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick Z020. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʘʚʝʨʩʳ 

ʨʘʚʥʷʣʘʩʴ 10 ʤʤ/ʤʠʥ. 

 

2.3.8 ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʉʂʄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ISO 14130 [99] ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick Z020. ʉʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ/ʩ. ʈʘʜʠʫʩ ʥʘʛʨʫʞʘʶʱʝʛʦ ʧʫʘʥʩʦʥʘ ʩʦʩʪʘʚʣʷʣ 5 ʤʤ, ʨʘʜʠʫʩ ʦʧʦʨ ï 1 ʤʤ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʨʘʚʥʷʣʦʩʴ 10 ʤʤ. 

ɹʦʣʴʰʦʡ ʦʙʨʘʟʝʮ, ʧʦʣʫʯʝʥʥʳʡ ʟʘ 1 ʨʘʟ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʜʣʠʥʘ 80 

ʤʤ, ʨʘʟʨʝʟʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʤʘʟʥʦʛʦ ʜʠʩʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʳʡ ʨʝʞʠʤ ʧʦʣʫʯʝʥʠʷ 

ʦʙʨʘʟʮʘ ʧʨʠʭʦʜʠʣʦʩʴ 3ï4 ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʝʚʦʡ ʩʜʚʠʛ. ɼʣʠʥʘ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʣʘ 20 ʤʤ, ʪʦʣʱʠʥʘ ï 2 ʤʤ, ʰʠʨʠʥʘ ï 10 ʤʤ.  

ʄʝʞʩʣʦʝʚʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʢʘʢ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

†  ,       (2.5) 

ʛʜʝ F ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ (ʅ); 

b ï ʰʠʨʠʥʘ ʦʙʨʘʟʮʘ (ʤʤ); 

h ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ (ʤʤ). 

 

2.3.9 ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʦ ʐʘʨʧʠ 

 

ɺʦʣʦʢʥʘ ʉɺʄʇʕ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʩʚʦʠʤ ʩʚʦʡʩʪʚʦʤ ʢ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʫʜʘʨʫ ʠʣʠ 

ʧʦʨʝʟʫ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦ 

ʐʘʨʧʠ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 4647ï2015 [100], ʛʜʝ 

ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ çʤʘʪʝʨʠʘʣʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʩ ʤʝʞʩʣʦʝʚʳʤ ʩʜʚʠʛʦʤè 

ʙʳʣ ʚʳʙʨʘʥ ʪʠʧ ʦʙʨʘʟʮʘ 2/179ï1 ʙʝʟ ʥʘʜʨʝʟʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʙʳʣʦ ʨʘʚʥʦ 60 ʤʤ. 
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ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʨʘʚʥʷʣʘʩʴ 3 ʤʤ, ʰʠʨʠʥʘ ï 10 ʤʤ, ʜʣʠʥʘ ï 75 ʤʤ. ɿʘʧʘʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʘ ʩʦʩʪʘʚʣʷʣ 4 ɼʞ.  

 

2.3.10 ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

 

ʉɺʄʇʕ ʠ ʦʩʦʙʝʥʥʦ ʚʦʣʦʢʥʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʩʚʦʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʪʨʠʙʦʤʝʪʨʝ CETR UMT-3 ʧʦ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʭʝʤʝ 

(ʨʠʩ. 2.7). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʪʝʣʘ ʚʳʩʪʫʧʘʣ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʦʙʨʘʟʮʘ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʥʪʨʪʝʣʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ/ʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʛʨʫʟʢʘʭ (5 ʅ, 10 ʅ ʠ 20 ʅ). ɼʣʠʥʘ ʪʨʝʢʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʩʤ, ʧʨʠ ʵʪʦʤ ʦʩʴ ʪʨʝʢʘ ʙʳʣʘ 

ʧʘʨʘʣʣʝʣʴʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʣʦʢʥʘ ʚ ʦʙʨʘʟʮʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʉʂʄ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʢʦʥʪʨʪʝʣʘ ʙʳʣʦ ʨʘʚʥʦ 20 000.  

 

 

ʈʠʩʫʥʦʢ 2.7 ï ɺʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ 

 

2.3.11 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʜʦʣʛʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʉʂʄ ʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʉɺʄʇʕ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʧʦ ɻʆʉʊ ʈ 57714-2017 [101]. ɼʣʷ 

ʠʩʧʳʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ Zwick Z020. ɻʘʙʘʨʠʪʳ 

ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʉʂʄ ʙʳʣʠ ʨʘʚʥʳ 

80×10.5×2 ʤʤ. ɼʣʷ ʉʂʄ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ ʩʦʚʧʘʜʘʣʦ ʩ ʧʨʠʢʣʘʜʳʚʘʝʤʳʤʠ ʫʩʠʣʠʷʤʠ. 

ʇʝʨʤʘʥʝʥʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʨʘʟʝʮ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ 
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ʉɺʄʇʕ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʣʘ 2.5, 5, 7.5 ʠ 10 ʄʇʘ, ʘ ʜʣʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʉʂʄ  5, 10, 50, 

100 ʠ 150 ʄʇʘ. 

 

2.3.12 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʫ ASTM D882-10 [102] ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Zwick Z020.  

ʈʘʟʤʝʨ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣ 80 ʤʤ ʚ ʜʣʠʥʫ, 5 ʤʤ ʠʣʠ 10 ʤʤ ʚ ʰʠʨʠʥʫ, ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʦʚ 

ʨʘʚʥʷʣʘʩʴ 200ï300 ʤʢʤ, 1 ʤʤ ʠʣʠ 2 ʤʤ. ʉʢʦʨʦʩʪʴ ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ/ʤʠʥ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʠ ʟʘʞʠʤʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʭʦʜʳ: ʥʘʢʣʘʜʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʢʨʝʧʣʝʥʠʡ ʢ ʦʙʨʘʟʮʫ (ʨʘʟʣʠʯʥʳʝ ʢʣʝʠ, ʟʘʢʣʝʧʢʠ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʥʘʞʜʘʯʥʘʷ ʙʫʤʘʛʘ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʥʘ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ 

çʛʘʥʪʝʣʠè ʣʠʙʦ ʚʳʧʦʣʥʝʥʳ ʥʘʜʨʝʟʳ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʩʧʝʰʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʫʰʝʥʠʝ ʉʂʄ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ: 

 ʪʦʥʢʠʝ ʦʙʨʘʟʮʳ (200ï300 ʤʢʤ) ʰʠʨʠʥʦʡ 5 ʤʤ; 

 ʢʣʠʥʦʚʠʜʥʳʝ ʥʘʜʨʝʟʳ ʥʘ ʛʣʫʙʠʥʫ ʦʢʦʣʦ 50 % ʦʪ ʰʠʨʠʥʳ ʦʙʨʘʟʮʘ; 

 ʢʦʥʮʳ ʦʙʨʘʟʮʘ ʦʙʨʘʙʦʪʘʥʳ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʜʣʷ ʣʫʯʰʝʡ ʘʜʛʝʟʠʠ ʩ ʢʣʝʝʤ; 

 ʣʠʩʪʳ ʢʘʨʪʦʥʘ (30Ĭ40 ʤʤ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʣʘʜʦʢ; 

 ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʥʘ ʜʣʠʥʫ 30 ʤʤ ʤʝʞʜʫ ʜʚʫʭ ʣʠʩʪʦʚ ʢʘʨʪʦʥʘ ʩ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʥʝʩʝʥʥʳʤ ʩʣʦʝʤ ʮʠʘʥʦʘʢʨʠʣʘʪʥʦʛʦ ʢʣʝʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ ʧʦʣʥʦʛʦ 

ʚʳʩʳʭʘʥʠʷ ʢʣʝʷ. 

  



58 

 

ɻʃɸɺɸ 3. ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆɼʅʆʅɸʇʈɸɺʃɽʅʅʓʍ 

ʆɼʅʆʂʆʄʇʆʅɽʅʊʅʓʍ ʉʂʄ ʅɸ ʆʉʅʆɺɽ ɺʆʃʆʂʆʅ ʉɺʄʇʕ 

 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʉɺʄʇʕ ʙʦʣʝʝ 1Ĭ106 ʛ/ʤʦʣʴ ʧʨʠʜʘʝʪ ʜʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʕʅɼ ʠ ʇʕɺɼ. ʇʨʠ ʧʣʘʚʣʝʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʉɺʄʇʕ ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʚʷʟʢʦʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʪʝʨʤʦʧʣʘʩʪʦʚ, ʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʷʟʢʦʵʣʘʩʪʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʪʨʫʜʥʦʛʦ 

ʬʦʨʤʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ 

ʬʦʨʤʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʦʚʘʥʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʉɺʄʇʕ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʩʧʣʘʚʘ, 

ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ, ʛʜʝ ʪʝʯʝʥʠʝ ʨʘʩʧʣʘʚʘ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʞʠʤʝ ʧʨʠʩʪʝʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ [103]. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʘʢʩʘʮʠʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩʪʨʝʤʠʪʩʷ ʧʨʠʥʷʪʴ ʠʟʦʪʨʦʧʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ [49]. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʣʠʤʝʨʘ, ʢʦʠʤ ʷʚʣʷʝʪʩʷ ʉɺʄʇʕ, ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʦʧʨʘʚʜʘʥʥʳʤ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʪʳ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ ʜʝʡʩʪʚʫʶʪ ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʰʠʚʢʠ, 

ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ ʧʝʨʝʧʣʝʪʘʪʴʩʷ, ʪʝʤ ʩʘʤʳʤ ʦʛʨʘʥʠʯʠʚʘʷ ʢʦʥʩʦʣʠʜʘʮʠʶ [104].  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ  ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʦʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʨʠʯʥʦʡ ʬʘʟr, ʥʘʭʦʜʷʱʝʡʩʷ ʫʞʝ ʥʝ ʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ, ʘ ʚ ʠʟʦʪʨʦʧʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

 

3.1 ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʦʢʥʘ ʉɺʄʇʕ 

 

ʇʝʨʝʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʚʦʣʦʢʥʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʘ ʠ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ɺʦʣʦʢʥʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʝʡ (ɼʉʂ), ʘ ʪʘʢʞʝ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʄɸ).  

ɼʉʂ-ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʧʝʨʚʦʤ ʥʘʛʨʝʚʝ (1 ʢʨʠʚʘʷ ɼʉʂ ʥʘ ʨʠʩ. 3.1) ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ (147.4 Áʉ ʠ 154.9 Áʉ) ʠ ʦʜʥʦʛʦ ʤʘʣʦʟʘʤʝʪʥʦʛʦ ʧʠʢʘ 

(159.2 Áʉ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ ʚ ʠʩʭʦʜʥʦʤ ʚʦʣʦʢʥʝ [57]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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147.4 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ, ʜʘʣʝʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 154.9 Áʉ 

ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʘ ̫ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ, ʢʦʪʦʨʘʷ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʣʘʚʣʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 159.2 Áʉ [56]. ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ 98.6 %. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʣʦʢʥʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʪ̫ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʬʠʙʨʠʣʣʷʨʥʦʡ ʠʣʠ ʰʠʰ-ʢʝʙʘʙ ʩʪʨʫʢʪʫʨʦʡ ʢ ʠʟʦʪʨʦʧʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʩ ʣʘʤʝʣʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ [11]. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʝʨʝʧʣʘʚʣʝʥʥʦʛʦ ʉɺʄʇʕ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʛʨʝʚʝ (2 ʢʨʠʚʘʷ ɼʉʂ ʥʘ ʨʠʩ. 3.1) ʫʞʝ ʩʦʩʪʘʚʣʷʝʪ 

54.4 %, ʷʚʥʦ ʚʳʨʘʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 136.6 Áʉ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʣʘʚʣʝʥʠʶ ʣʘʤʝʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɼʉʂ ʢʨʠʚʳʭ ʠʩʭʦʜʥʳʭ ʉɺʄʇʕ ʚʦʣʦʢʦʥ, 1 ï 1-ʡ ʥʘʛʨʝʚ, 2 ï 2-ʡ ʥʘʛʨʝʚ, 3  

ʦʭʣʘʞʜʝʥʠʝ 

 

ɼʘʥʥʦʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʉɺʄʇʕ ʠʟ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ 

ʣʘʤʝʣʣʷʨʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ [49]. ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʦʣʦʢʥʝ ʉɺʄʇʕ, ʙʳʣ ʧʨʦʚʝʜʝʥ ɼʄɸ. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 153 °ʉ ʧʨʦʠʩʭʦʜʠʣʘ ʤʦʥʦʪʦʥʥʘʷ ʫʩʘʜʢʘ ʚʦʣʦʢʥʘ. ʆʜʥʘʢʦ ʧʦʩʣʝ 153 °ʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʫʩʘʜʢʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 315 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 °ʉ (ʨʠʩ. 3.2). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʘʜʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ 

ɼʄɸ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʠʣʠ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ, ʨʝʘʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 23 ʄʇʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʪʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʨʘʟʤʝʨ ʚʦʣʦʢʥʘ. ɽʩʣʠ ʜʘʥʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʙʫʜʫʪ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ, ʪʦ ʧʨʦʠʟʦʡʜʝʪ ʫʩʘʜʢʘ ʚʦʣʦʢʦʥ ʠ ʧʦʪʝʨʷ ʠʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ɼʄɸ ʠʩʭʦʜʥʳʭ ʉɺʄʇʕ ʚʦʣʦʢʦʥ 

 

ʇʦʤʠʤʦ ɼʄɸ, ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ɼʉʂ-ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʣʦʢʥʘ ʉɺʄʇʕ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 2 ʚʠʜʘ ʘʥʘʣʠʟʘ 

ɼʉʂ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʪʠʛʝʣʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɼʉʂ ʚ ʩʚʦʙʦʜʥʦʤ 

ʚʠʜʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ (ʟʘʥʝʚʦʣʝʥʳ ʧʫʪʝʤ ʥʘʤʦʪʢʠ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʨʘʤʢʫ). ɿʘʪʝʤ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʦʣʦʢʥʘ ʙʳʣʠ ʥʘʛʨʝʪʳ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʞʜʳʡ ʥʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʠʩʭʦʜʥʳʤ ʚʦʣʦʢʥʦʤ, ʰʘʛ ʤʝʞʜʫ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʦʩʪʘʚʣʷʣ 1 °ʉ, ʜʠʘʧʘʟʦʥ  130 165 °ʉ. ʇʦʩʣʝ ʥʘʛʨʝʚʘ ʜʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʣʦʢʥʘ ʦʭʣʘʞʜʘʣʠʩʴ ʜʦ 30 °ʉ, ʘ ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ 180 °ʉ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɼʉʂ-ʘʥʘʣʠʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʘʞʜʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʩʦʩʪʦʷʥʠʝ ʚʦʣʦʢʦʥ, ʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʛʨʝʚʝ ʫʞʝ ʧʨʦʚʦʜʠʣʩʷ ɼʉʂ-ʘʥʘʣʠʟ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ɼʉʂ-ʢʨʠʚʳʝ ʟʘʥʝʚʦʣʝʥʥʳʭ ʚʦʣʦʢʦʥ ʠ ʚʦʣʦʢʦʥ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʘʛʨʝʪʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 145 °ʉ (ʨʠʩ. 3.3). 
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ʈʠʩʫʥʦʢ 3.3 ï ɼʉʂ-ʢʨʠʚʳʝ ʜʣʷ ʠʩʭʦʜʥʳʭ ʉɺʄʇʕ ʚʦʣʦʢʦʥ ʠ ʧʦʩʣʝ ʠʭ ʥʘʛʨʝʚʘ ʜʦ 

145 °ʉ ʚ ʩʚʦʙʦʜʥʦʤ ʠ ʟʘʥʝʚʦʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

 

ɼʣʷ ʚʦʣʦʢʦʥ, ʥʘʛʨʝʪʳʭ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 145 °ʉ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

133.6 °ʉ ʯʝʪʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʉɺʄʇʕ ʚ 

ʠʟʦʪʨʦʧʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʠʢ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʨʠʚʦʡ 

ɼʉʂ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʚʦʣʦʢʥʘ ʜʦ 145 °ʉ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʉɺʄʇʕ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢ ʠʟʦʪʨʦʧʥʦʤʫ ʩʦʩʪʦʷʥʠʶ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʚʦʣʦʢʦʥ, ʥʘʛʨʝʪʳʭ ʜʦ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 145 °ʉ ʚ 

ʟʘʥʝʚʦʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʣʘʚʣʝʥʠʶ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ. ʆʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ ʜʘʥʥʦʛʦ ʧʠʢʘ ʢ ʧʠʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʚʦʡ ɼʉʂ ʚʦʣʦʢʦʥ, 

ʥʘʛʨʝʪʳʭ ʩʚʦʙʦʜʥʦ.  

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ 

(ʩʚʦʙʦʜʥʦʝ ʠʣʠ ʟʘʥʝʚʦʣʝʥʥʦʝ ʚʦʣʦʢʥʦ ʉɺʄʇʕ) ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 

ʚʦʣʦʢʥʘ. ɼʣʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚʳʰʝ 141 °ʉ, ʛʜʝ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʘʜʘʝʪ ʩ 96 % ʩʨʘʟʫ ʥʘ 10 % ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ, ʜʦʩʪʠʛʘʝʪ 52 % ʧʨʠ 145 °ʉ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ (ʨʠʩ. 3.4). ʊʘʢʞʝ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʣʦʢʦʥ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʘʤʢʝ 
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ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʩʝʨʴʝʟʥʦʛʦ ʧʘʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ. 

ʊʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʧʘʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 150 °ʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 10%. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʝʥʴʰʝ, ʪʦ ʤʠʥʠʤʫʤʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʟʘʥʝʚʦʣʝʥʥʳʝ 

ʚʦʣʦʢʥʘ ʜʦʩʪʠʛʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 °ʉ, ʯʪʦ ʥʘ 15 °ʉ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʚʦʣʦʢʦʥ, ʠʩʩʣʝʜʫʝʤʳʭ 

ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʦʣʦʢʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʩʚʦʙʦʜʥʦʤ ʠ ʟʘʥʝʚʦʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉɺʄʇʕ ʚʦʣʦʢʦʥ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʚʦʣʦʢʦʥ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʢʠʭ ʠʣʠ ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʠʣʠ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʦʣʦʢʥʘ 

ʩʪʨʝʤʷʪʩʷ ʚʝʨʥʫʪʴ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ, ʠ ʝʩʣʠ ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʟʚʥʝ 

ʚʦʟʥʠʢʘʶʱʠʝ ʨʝʘʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʣʘʢʩʘʮʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʧʨʠʣʦʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ: ʩʠʣʴʥʦ ʩʤʝʱʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʭʦʜʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʨʘʩʧʣʘʚ. 
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3.2 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʂʄ) ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʚʘʞʥʦ ʟʥʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʣʦʢʥʘ ʉɺʄʇʕ 

ʠ ʂʄ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ. ʋ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʝʩʪʴ ʪʨʠ 

ʚʘʨʠʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʚʨʝʤʷ ʧʨʝʩʩʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʉʂʄ. ʇʦʵʪʦʤʫ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ 

ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʦʣʞʥʦ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʝʥʦ. 

 

3.2.1 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟ-ʟʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʚʦʣʦʢʥʝ ʉɺʄʇʕ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʦӢʣʴʰʘʷ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ [105]. ɼʉʂ-ʘʥʘʣʠʟ 

ʬʠʢʩʠʨʫʝʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʪ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʠ ʯʝʤ ʙʦʣʴʰʝ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ 

ʉɺʄʇʕ ʥʘ ɼʉʂ-ʢʨʠʚʳʭ, ʪʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ɼʉʂ-ʘʥʘʣʠʟ ʤʦʞʝʪ ʢʦʩʚʝʥʥʦ ʧʦʢʘʟʳʚʘʪʴ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʝʥʠʷ ʚʦʣʦʢʦʥ ʠʣʠ ʠʭ ʦʩʪʘʪʦʯʥʫʶ ʜʦʣʶ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ɼʉʂ-

ʘʥʘʣʠʟ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʜʦʣʝ ʧʝʨʝʧʣʘʚʣʝʥʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩ. 3.5). ɼʉʂ-ʘʥʘʣʠʟ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 155 ÁC ʜʦ 170 ÁC ʩ ʰʘʛʦʤ ʚ 5 °C. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ 

ʧʣʘʚʣʝʥʠʷ ʙʳʣʘ ʨʘʚʥʘ 267 ɼʞ/ʛ, 264 ɼʞ/ʛ, 252 ɼʞ/ʛ ʠ 200 ɼʞ/ʛ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʧʨʠ 155 °C, 160 °C, 165 ÁC ʠ 170 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (2.1), ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʦʙʱʘʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʉʂʄ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 92.0 ± 1.1 %, 91.0 ± 1.3 %, 

87.0 ± 0.9 % ʠ 69.0 ± 1.2 % ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ ʧʨʠ 155 Áʉ, 160 Áʉ, 165 Áʉ 

ʠ 170 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3.6, ʩʠʥʷʷ ʢʨʠʚʘʷ). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ (180ï190 ÁC) ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʧʣʘʚʫ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʉʂʄ, 

ʠ ʪʦʛʜʘ ʢʨʠʚʳʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʤʳʩʣʝʥʥʦ ʜʦ 

ʟʥʘʯʝʥʠʡ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ: ~25 ʄʇʘ ʠ ~54.4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʉʂʄ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ, 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʚʦʣʦʢʦʥ ʚ ʢʦʥʝʯʥʦʤ ʉʂʄ. 
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ɼʉʂ-ʢʨʠʚʳʝ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʧʠʢʘʤ, ʧʝʨʚʳʡ ʠʟ 

ʢʦʪʦʨʳʭ (çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡè ʧʠʢ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʦʢʥʘʤ, ʘ ʜʨʫʛʦʡ 

(çʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡè ʧʠʢ)  ʤʘʪʨʠʯʥʦʡ ʬʘʟʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʠʩʭʦʜʥʳʭ 

ʚʦʣʦʢʦʥ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʧʨʠ 155 ÁC (çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡè 

ʧʠʢ) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚʦʣʦʢʦʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ [106]. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʧʠʢʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 170 °C. ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʧʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʙʦʣʴʰʦʡ 

ʜʦʣʠ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ, ʯʪʦ ʙʳʣʦ ʚʳʟʚʘʥʦ ʙʦʣʴʰʠʤ ʧʝʨʝʧʣʘʚʦʤ.  

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ-ʘʥʘʣʠʟʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʝʟ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ 

 

3.2.2 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʂʄ ʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʘʝʤʳʭ ʂʄ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ 

ʚʥʘʭʣʝʩʪ ʦʙʨʘʟʮʦʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 

25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 3.6, ʯʝʨʥʘʷ ʢʨʠʚʘʷ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʦʟʨʘʩʪʘʣ ʦʪ 3.7 ʄʇʘ ʜʦ 8.9 ʄʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 155 Áʉ ʜʦ 170 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʜʚʠʛ ʚʦʟʨʘʩʪʘʣ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʂʄ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʤʠʥʠʨʦʚʘʥʥʳʤʠ 

ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʤʘʪʨʠʮʝʡ ʣʠʩʪʘʤʠ ʉɺʄʇʕ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 132 Áʉ ʠ 13.8 ʄʇʘ 

ʪʝʨʤʠʯʝʩʢʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ (ʜʦ 8.9 ʄʇʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʪʠʚ ʧʨʠʤʝʨʥʦ 2 ʄʇʘ ʚ [107] ʠʣʠ 

ʜʦ 1.5 ʄʧʘ ʚ [108]). ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʚʩʝ ʝ ʝɦ ʧʨʠʤʝʨʥʦ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʧʣʘʩʪʠʢʘʤʠ, ʛʜʝ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

60ï100 ʄʇʘ [109,110].  

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ ʦʙʨʘʟʮʦʚ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

3.2.3 ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʤʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʤʠʤʦ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʀʩʭʦʜʥʳʡ ʩʧʝʢʪʨ, ʧʦʢʘʟʘʥʥʳʡ ʜʣʷ ʧʨʠʤʝʨʘ ʜʣʷ ʦʙʨʘʟʮʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ 155 Áʉ ʠ 

25 ʄʧʘ, ʥʘ ʨʠʩʫʥʢʝ 3.7 ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʟʘʛʨʫʞʘʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʝ 
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ʦʙʝʩʧʝʯʝʥʠʝ Fityk, ʛʜʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʠʢʠ, ʧʦʢʘʟʘʥʥʳʝ ʩʠʥʠʤ ʮʚʝʪʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 3.7, ʘ ʪʘʢʞʝ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ, ʷʚʣʷʶʱʘʷʩʷ ʩʫʤʤʦʡ 

ʧʦʜʦʙʨʘʥʥʳʭ ʧʠʢʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.7. ɺʠʜʥʦ, ʯʪʦ ʢʨʠʚʘʷ, 

ʚ̫ʣʷʶʱʘʷʩʷ ʩʫʤʤʦʡ ʧʦʜʦʙʨʘʥʥʳʭ ʧʠʢʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʭʦʜʥʳʤ 

ʩʧʝʢʪʨʦʤ ʦʙʨʘʟʮʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʤʠʥʠʤʘʣʴʥʳʭ ʦʰʠʙʢʘʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʠʢʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʘʞʜʦʛʦ ʧʠʢʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʨʘʤʘʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ. 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʝʢʪʨ (ʯʝʨʥʳʡ), ʩʫʤʤʘ ʥʘʣʦʞʝʥʥʳʭ ʧʠʢʦʚ (ʢʨʘʩʥʳʡ) ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʥʘʣʦʞʝʥʥʳʝ ʧʠʢʠ (ʩʠʥʠʡ) ʩʧʝʢʪʨʘ ʨʘʤʘʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʦʙʨʘʟʮʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 155 Áʉ ʠ 25 ʄʇʘ 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʧʠʢʠ ʠ ʠʭ ʧʣʦʱʘʜʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʯʠʩʣʠʪʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (2.2). ɺʩʝ ʚʳʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʧʣʘʚʣʝʥʠʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʩʦʩʪʘʚʝ ʚʦʣʦʢʥʘ 

ʉɺʄʇʕ. 
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ʊʘʙʣʠʮʘ 3.1 ï ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʉʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʤʘʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, % 

25 ʄʇʘ 50 ʄʇʘ 

155 Áʉ 91.2 93.7 

160 Áʉ 89.8 92.7 

165 Áʉ 85.2 88.1 

170 Áʉ 67.1 82.8 

 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ɼʉʂ ʠ ʨʘʤʘʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 2 % ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʦʜʥʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʚʩʝʛʜʘ ʥʠʞʝ, ʯʝʤ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘ ̫ ʤʝʪʦʜʦʤ ɼʉʂ, ʯʪʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ 

ʨʘʙʦʪʘʭ. 

 

3.2.4 ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ 

ʉʂʄ ʧʨʠ 165 ÁC ʠ 25 ʄʇʘ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʚʳʜʝʨʞʢʠ: 0 ʤʠʥ., 10 ʤʠʥ., 20 ʤʠʥ., 40 ʤʠʥ., 

60 ʤʠʥ. ʠ 90 ʤʠʥ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʠʢʘʢ ʥʝ ʚʠʣʷʝʪ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʉʂʄ, ʠʟʤʝʨʝʥʥʫʶ ʤʝʪʦʜʦʤ ɼʉʂ (ʨʠʩ. 3.8). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʚʦʡʩʪʚʘ ʉʂʄ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ, ʥʦ ʥʝ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 3.8 ï ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ, 165 ÁC ʠ ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 

 

3.3 ʆʮʝʥʢʘ ʜʦʣʝʡ ʬʘʟ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʚʦʡʩʪʚʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʘʨʤʠʨʫʶʱʝʡ ʠ ʤʘʪʨʠʯʥʦʡ ʬʘʟ. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʘʚʣʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ/ʠʣʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʦʮʝʥʠʚʘʪʴ ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ. ʉʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ 

ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ [34]: 

 

Ὕ
Ў

Ў
ȟ       (3.1) 

 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1 ʝʜʠʥʠʮʫ ʜʘʚʣʝʥʠʷ; 

Ὕ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

Ўὠ ï ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ (ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʉɺʄʇʕ: 0.97 ʛ/ʩʤ3 Ÿ 

0.90 ʛ/ʩʤ3);  

ЎὌ  ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʉɺʄʇʕ: 4189 ɼʞ/ʤʦʣʴ ʜʣʷ ʦʜʥʦʛʦ 

ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ [80]).  
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ɼʣʷ ʘʥʘʣʠʟʘ ʩʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢʘʷ ʩʪʝʧʝʥʴ 

ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʧʣʘʚʠʣʘʩʴ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʘʩʴ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʠʟ ʢʦʪʦʨʦʡ 

ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʪ ʚʦʣʦʢʥʘ ʉɺʄʇʕ. ʋʯʠʪʳʚʘʷ ʪʝʧʣʦʪʫ ʧʣʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʘʥʘʣʠʟʝ 

ɼʉʂ-ʢʨʠʚʳʭ (ɝ(), ʠ ʟʥʘʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʧʝʨʝʧʣʘʚʣʝʥʥʦʡ ʬʘʟ, 

ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ:  

 

ὢ̏ ̑̉̆̎Ὀ̓ὧ̏̑ ̉̆̎ɝ̓( ὢ̉ ̈̏̓̑̏Ὀ̐ὧ̉̈ ̏̓̑̏ɝ̐(   ɝ( ,  (3.2) 

 

ʛʜʝ ɝ(  ï ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠ ̫ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʉɺʄʇʕ (293 ɼʞ/ʛ [94]); 

ὢ̏ ̑̉̆̎̓ ï ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ;  

Ὀὧ̏̑ ̉̆̎̓ ï ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ;  

ὢ̉ ̈̏̓̑̏̐ ï ʜʦʣʷ ʧʝʨʝʧʣʘʚʣʝʥʥʦʡ ʬʘʟʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

Ὀὧ̉̈ ̏̓̑̏̐ ï ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʝʨʝʧʣʘʚʣʝʥʥʦʡ ʬʘʟʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʟ ɼʉʂ-ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ 

(ɝ(), ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

ὢ̏ ̑̉̆̎π̓Ȣωφψςωσ ˑ Ⱦ̇̄ ὢ̉ ̈̏̓̑̏π̐Ȣυττςωσ ˑ Ⱦ̇̄  ɝ(,   (3.3) 

 

ʦʪʢʫʜʘ ʣʝʛʢʦ ʥʘʡʪʠ ʜʦʣʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʟʥʘʷ ʪʝʧʣʦʪʫ ʧʣʘʚʣʝʥʠʷ ɝ(, ʧʦʣʫʯʝʥʥʫʶ ʠʟ 

ɼʉʂ-ʘʥʘʣʠʟʘ, ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ὢ̏ ̑̉̆̎ὢ̓̉ ̈̏̓̑̏ρ̐. 

ɿʥʘʷ ʨʝʟʫʣʴʪʘʪʳ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ɼʉʂ-ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʦʣʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ɼʉʂ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (0.1 ʄʇʘ), ʪʦ ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ (25 ʄʇʘ ʠʣʠ 50 ʄʇʘ), ʧʨʠʤʝʥʷʶʱʝʤʩʷ ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʠ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʙʫʜʝʪ ʩʤʝʱʘʪʴʩʷ ʥʘ ʧʦʣʫʯʝʥʥʦʝ ʚ 

ʫʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʝ .  

ɼʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥ ʨʘʩʯʝʪ ʩʜʚʠʛʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʯʴʸ ʧʣʘʚʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140ÁC. ʈʘʩʯʸʪ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ 1 ʤʦʣʴ ʉɺʄʇʕ.  

 

Ὕ
Ў

Ў
ρτπЈ#

˙˙
̑́̒̐̌́̃ 

 ̇ ˙
̃̏̌̏̋̏̎ 

Ў ̒̎   ̇˙̍̍̒̎ ̏̑̉̆̎̓
ȟ     (3.4) 
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ɻʜʝ ˙  ̇ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʉɺʄʇʕ (ʉʜʝʣʘʥʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʤʦʣʝʢʫʣʨ̫ʥʦ-ʤʘʩʩʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ); 

 Ўὠ ˙˙
”̑ ́̒̐̌́̃ 

 ̇ ˙”̃ ̏̌̏̋̏̎ 
 ï ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 1 ʤʦʣʷ ʉɺʄʇʕ (”̑ ́̒̐̌́̃ 

 πȢωπ ̄̒̍ ʠ ”̃ ̏̌̏̋̏̎  πȢωχ ̄̒̍);  

ЎὌ ̒̎ ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ (ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʉɺʄʇʕ: 

4189 ɼʞ/ʤʦʣʴ); 

̍̍̒  ̎ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ (14 ʛ/ʤʦʣʴ); 

Ὀὧ̏̑ ̉̆̎̓ ï ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ (0.968 ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ);  

ЎὌ  ЎὌ ̒̎   ̇ ˙̍̍̒̎ Ὀὧ̏̑ ̉̆̎̓  ï ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ 1 ʤʦʣʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (3.4), ʧʦʣʫʯʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ  ʙʫʜʝʪ ʨʘʚʝʥ 

0.147 Ј#Ⱦ̇ ˜Ȣ́ ʇʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝʛʦ ʧʨʠʤʝʨʥʦ ʥʘ 

3.6 °ʉ. ɼʘʥʥʦʝ ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 20 °ʉ ʥʠʞʝ, ʯʝʤ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʉɺʄʇʕ ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝ ʧʨʷʤʦʝ 

ʧʣʘʚʣʝʥʠʝ çʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ Ÿ ʨʘʩʧʣʘʚè, ʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ 

[79]. ʇʨʠ ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʉɺʄʇʕ, ʪʝʤ ʥʠʞʝ ʜʘʚʣʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ Ÿ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ Ÿ 

ʨʘʩʧʣʘʚè. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ, ʨʘʚʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 10ï15 ʄʇʘ, ʘ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ  ʦʢʦʣʦ 

300 ʄʇʘ [56]. ʋʯʠʪʳʚʘʷ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ, ʨʘʚʥʦʝ 25 ʄʇʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʣʘʚʣʝʥʠʝ ʉɺʄʇʕ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʚʦ ʚʨʝʤʷ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʭʝʤʝ ʧʝʨʝʭʦʜʘ çʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ Ÿ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʬʘʟʘ Ÿ ʨʘʩʧʣʘʚè. ɼʣʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ æH å 2000 ɼʞ/ʤʦʣʴ ʜʣʷ ʦʜʥʦʛʦ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ, ʘ 

ʧʠʢ ʧʣʘʚʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ 156 °ʉ ʠ 163 °ʉ. ʇʦʜʩʪʘʚʣʷʷ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ 

ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ, ʧʦʣʫʯʘʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʦʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʦʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 

ʠʟ ɼʉʂ-ʢʨʠʚʳʭ ʦʙʨʘʟʮʦʚ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʨʠʩ. 3.9ʘ). 
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ʈʠʩʫʥʦʢ 3.9 ï ʆʩʪʘʪʦʯʥʘʷ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʚ ʚʦʣʦʢʥʘʭ ʉɺʄʇʕ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʠ ʨʘʩʯʝʪʥʘʷ ʜʦʣʷ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ 

ʫʯʝʪʘ ʧʝʨʝʭʦʜʘ ʨʝʰʝʪʢʠ ʠʟ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ (O) ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ (H) ʧʨʠ (ʘ) 25 ʄʇʘ ʠ (ʙ) 

50 ʄʇʘ 

 

ʊʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʩʯʠʪʘʥʥʘʷ ʜʦʣʷ ʠ ʨʘʩʯʝʪʥʘʷ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʜʣʷ ʉʂʄ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 50 ʄʇʘ (ʨʠʩ. 3.9ʙ). 

 

3.4 ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʝ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʫʯʫʚʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʂʄ, ʢʘʢ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʠ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ.  

 

3.4.1 ʉʕʄ-ʘʥʘʣʠʟ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʉʂʄ 

(ʨʠʩ. 3.10). 

ʅʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ ʉʂʄ ʚʠʜʥʳ ʢʦʥʪʫʨʳ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʩʦʩʪʘʚʝ 

ʠʟʫʯʘʝʤʳʭ ʉʂʄ. ʊʘʢʘʷ ʪʦʧʦʣʦʛʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʥʘ ʤʝʥʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʯʥʫʶ ʬʘʟʫ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʧʣʘʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʚʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 
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ʉʘʤʠ ʚʦʣʦʢʥʘ ʚ ʩʦʩʪʘʚʝ ʂʄ ʩʪʨʝʤʷʪʩʷ ʧʨʠʥʷʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʦʙʨʘʟʫʷ ʪʝʤ 

ʩʘʤʳʤ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʤʝ. ʆʜʥʘʢʦ ʠʩʭʦʜʥʳʝ ʚʦʣʦʢʥʘ ʠʤʝʶʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʠʣʠ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ, ʠ ʜʝʬʦʨʤʘʮʠʷ ʚʦʣʦʢʦʥ ʚ ʩʦʩʪʘʚʝ ʉʂʄ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʜʝʬʦʨʤʘʮʠʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʚʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʣʦʢʥʝ ʠ ʚ ʉʂʄ ʚ 

ʮʝʣʦʤ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʉʂʄ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʫʩʪʦʪʳ ʥʘ ʛʨʘʥʠʮʝ ʚʦʣʦʢʦʥ. 

ʇʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʉɺʄʇʕ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʲʝʤʘ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ. 3.10 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ 165 °ʉ ʠ 25 ʄʇʘ 

ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ 

 

3.4.2 ʆʮʝʥʢʘ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʘʥʘʣʠʟʘ ʨʘʟʨʫʰʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʧʨʦʜʦʣʴʥʦʛʦ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ 

(ʨʠʩ. 3.11). ɸʥʘʣʠʟ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʉʂʄ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝʛʜʘ ʥʘ 
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ʛʨʘʥʠʮʝ ʚʦʣʦʢʦʥ, ʪ. ʝ. ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʦʙʲʝʤʘ ʦʪʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʉʂʄ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʣʦʞʥʦ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʠʪʴ ʤʘʪʨʠʯʥʫʶ ʬʘʟʫ. 

ʊʘʢʞʝ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʧʦʩʣʝ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʬʠʙʨʠʣʣʷʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʦ ʯʝʪʢʦ ʚʠʜʥʦ, ʯʪʦ ʬʠʙʨʠʣʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʷʥʫʪʳ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʉʂʄ, ʪʝʤ ʙʦʣʴʰʝ ʬʠʙʨʠʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ. ʊʘʢʠʝ 

ʬʠʙʨʠʣʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʟ-ʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʠ ʧʨʠ ʩʢʣʦʥʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʢ ʚʦʣʦʢʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʉɺʄʇʕ [111]. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʦʩʣʝ ʧʨʦʜʦʣʴʥʦʛʦ ʤʝʞʩʣʦʡʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. ʆʙʨʘʟʮʳ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 25 ʄʇʘ ʠ ʧʨʠ (ʘ) 145 °ʉ ʠʣʠ (ʙ) 165 °ʉ 

 

3.4.3 ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʉʂʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʰʠʨʦʢʦʫʛʦʣʴʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 3.12). 
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ʈʠʩʫʥʦʢ 3.12 ï ɼʚʫʤʝʨʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʘ) ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ (ʙ) 155 ÁC ʠʣʠ (ʚ) 165 °C  

 

ɼʣʷ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʜʚʫʤʝʨʥʦʡ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʢʘʟʘʥʥʦʡ ʜʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3.13ʘ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʦʜʥʦʤʝʨʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʪ ʮʝʥʪʨʘ ʜʚʫʤʝʨʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʛʜʝ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʠʣʠʩʴ ʨʝʬʣʝʢʩʳ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʦʙʨʘʟʮʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʣʦʢʦʥ ʚ ʂʄ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʠʨʘʶʱʝʡ ʧʣʘʩʪʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʘʚʣʝʥʠ ̫ʧʦʩʪʨʦʝʥʠ ̫ʦʜʥʦʤʝʨʥʦʛʦ 

ʧʨʦʬʠʣʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.13ʙ, ʩʦʩʪʘʚʣʷʶʪ 90Á ʠ ʤʠʥʫʩ 90Á 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʨʝʬʣʝʢʩʳ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʪʨʘ ʦʙʨʘʟʮʘ. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʛʘʣʦ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʘʤʦʨʬʥʳʭ ʠ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ. ʊʘʢʞʝ ʘʥʘʣʠʟ ʦʜʥʦʤʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʣʳʡ ʨʝʬʣʝʢʩ 

ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩ ʧʠʢʦʤ ʧʨʠ ʫʛʣʝ 2ɗ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤ 19.3Á, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʣʦʩʢʦʩʪʠ (010) ʤʦʥʦʢʣʠʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʄ (010)), ʘ ʨʝʬʣʝʢʩʳ ʧʨʠ ʫʛʣʘʭ 2ɗ, 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ 21.5Á ʠ 24.1Á, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʘʤ ʦʪ ʧʣʦʩʢʦʩʪʠ (110) ʠ (200) 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʆ (110) ʠ ʆ (200)) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʩʦʩʪʦʠʪ ʠʟ 

ʨʝʝhʪʢʠ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʝʡ, ʷʚʣʷʶʱʝʡʩʷ ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʦʡ ʜʣʷ ʉɺʄʇʕ, ʘ ʪʘʢʞʝ 

ʩʦʜʝʨʞʠʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ. ʄʦʥʦʢʣʠʥʥʘʷ ʬʘʟʘ ʉɺʄʇʕ ʩʯʠʪʘʝʪʩʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʦʡ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʠ [112]. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʘʪʪʝʨʥ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ, 

ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ.  
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ʈʠʩʫʥʦʢ 3.13 ï ɼʚʫʤʝʨʥʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ (ʘ) ʠ ʦʜʥʦʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʙ) 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ 145 ÁC ʠ 25 ʄʇʘ  

 

3.4.4 ɸʥʘʣʠʟ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ʊʘʢ ʢʘʢ ʦʜʥʦʦʩʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʚʦʣʦʢʥʘʭ ʉɺʄʇʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ 

ʚʳʜʘʶʱʠʝʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʦʨʠʝʥʪʘʮʠʶ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʤ ʠʟ ʜʚʫʤʝʨʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʙʳʣ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʨʘʜʠʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʚʫʤʝʨʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦ ʬʦʨʤʫʣʘʤ (2.4) ʠ (2.5) 

(ʨʠʩ. 3.14). ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ɻʝʨʤʘʥ-ʬʘʢʪʦʨʦʤ ʠ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʩʝʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʠʟʫʯʘʝʤʳʭ ʉʂʄ. ɺʳʯʠʩʣʝʥʥʳʡ ɻʝʨʤʘʥ-

ʬʘʢʪʦʨ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʬʣʝʢʩʘ ʢʘʞʜʦʛʦ ʠʟʫʯʘʝʤʦʛʦ ʉʂʄ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.2. 

 

 

ʈʠʩʫʥʦʢ 3.14 ï (ʘ) ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

145 ÁC ʠ 25 ʄʇʘ, (ʙ) ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʦʙʨʘʟʮʦʚ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ  
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ʊʘʙʣʠʮʘ 3.2 ï ɻʝʨʤʘʥ-ʬʘʢʪʦʨ f ʜʣʷ ʢʘʞʜʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ 

ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ  

ʊ, °C 
25 ʄʇʘ 50 ʄʇʘ 

ʆ (110) ʆ (200) ʄ (010) ʆ (110) ʆ (200) ʄ (010) 

145 Áʉ 0.97148 0.96837 0.86940 0.97512 0.97242 0.87740 

155 Áʉ 0.96049 0.95738 0.85905 0.96178 0.95786 0.86329 

165 Áʉ 0.96027 0.95433 0.85678 0.96097 0.95671 0.85913 

 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ 0.9 ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʋʯʠʪʳʚʘʷ 

ʧʦʢʘʟʘʪʝʣʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ɼʉʂ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʬʘʟʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ ʚʳʪʷʥʫʪʳʭ ʮʝʧʷʭ (ʂɺʎ), ʧʘʜʘʝʪ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʚ ʉʂʄ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʣʘʚʣʝʥʥʦʛʦ ʉɺʄʇʕ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʉʂʄ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʧʣʘʚʣʝʥʥʦʛʦ ʉɺʄʇʕ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩʦʦʩʥʦ, ʵʧʠʪʘʢʩʠʘʣʴʥʦ ʩ 

ʦʩʪʘʪʦʯʥʦʡ ʜʦʣʝʡ ʂɺʎ. 

 

ɺʓɺʆɼʓ ʂ ɻʃɸɺɽ 3 

 

¶ ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʨʝʣʘʢʩʘʮʠʠ ʠ ʫʭʫʜʰʝʥʠʶ 

ʩʚʦʡʩʪʚ.  

¶ ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʤʝʪʦʜʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. 

¶ ʇʨʠʢʣʘʜʳʚʘʝʤʦʝ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʘʣʣʦʪʨʦʧʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ 

«ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ Ÿ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ» ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 
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¶ ɼʦʣʷ ʧʝʨʝʧʣʘʚʣʝʥʥʦʛʦ ʉɺʄʇʕ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ ʩ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ. 

¶ ʉʚʦʡʩʪʚʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʜʦʣʝʡ ʠʩʭʦʜʥʦʡ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʠ 

ʜʦʣʝʡ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ. ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʷ 

ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʦ ʪʝʤ ʤʝʥʴʰʝ ʦʩʪʘʝʪʩʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ. ʇʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʥʘʦʙʦʨʦʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ. 

¶ ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʝʨʝʧʣʝʪʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʉɺʄʇʕ, 

ʧʨʝʪʝʨʧʝʚʰʠʭ ʧʣʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʉɺʄʇʕ. 

¶ ʇʦʩʣʝ ʢʦʥʩʦʣʠʜʘʮʠʠ ʉʂʄ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʩʪʨʝʤʷʪʩʷ ʧʨʠʥʷʪʴ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, 

ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʫʶ ʢʦʤʧʦʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʤʝ. ʆʜʥʘʢʦ ʤʝʞʜʫ 

ʚʦʣʦʢʥʘʤʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʫʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʧʝʨʝʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʉɺʄʇʕ. 

¶ ʂʨʠʩʪʘʣʣʠʪʳ ʤʘʪʨʠʯʥʦʛʦ ʉɺʄʇʕ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦ ʦʩʪʘʚʰʠʤʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʢʨʠʩʪʘʣʣʠʪʘʤ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 
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ɻʃɸɺɸ 4. ʉɺʆʁʉʊɺɸ ʆɼʅʆʅɸʇʈɸɺʃɽʅʅʓʍ ʆɼʅʆʂʆʄʇʆʅɽʅʊʅʓʍ 

ʉʂʄ ʅɸ ʆʉʅʆɺɽ ɺʆʃʆʂʆʅ ʉɺʄʇʕ 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʉʂʄ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʩʚʦʡʩʪʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʜʣʷ ʉʂʄ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 

 

4.1 ʀʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠ ʧʦʩʣʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʟʢʦ ʧʘʜʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ. 4.1). ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʈʦʩʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʫʯʘʩʪʢʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʷʟʘʥ ʩ ʨʦʩʪʦʤ ʜʦʣʠ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ 

ʫʣʫʯʰʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʪʝʨʧʝʣʠ 

ʧʣʘʚʣʝʥʠ.̫ ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʜʦʣʠ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʙʦӢʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʣʘʚʣʝʥʠʝ ʚʦʣʦʢʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʝʟʢʦʤʫ ʧʘʜʝʥʠʶ ʩʚʦʡʩʪʚ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ. ʇʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʚʝʩʴ ʦʙʲʝʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʝʨʝʧʣʘʚʣʷʝʪʩʷ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʪʘʥʦʚʷʪʩʷ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʜʘʚʣʝʥʠʠ, 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʫʤʘ ʟʥʘʯʝʥʠʡ 

ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʜʦʩʪʠʛʘʣʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʚʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ 130 ʄʇʘ ʠ 

40ï42 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʚʳʰʝ ʜʘʚʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʉʂʄ, ʪʝʤ ʧʨʠ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʂʣʘʧʝʡʨʦʥʘ  ʂʣʘʫʟʠʫʩʘ. 



79 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠ 50 ʄʇʘ 

 

4.2 ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʦʥ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʠʟ-ʟʘ ʢʨʘʡʥʝ 

ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʨʘʟʮʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʧʨʦʩʢʘʣʴʟʳʚʘʣʠ ʚ ʟʘʭʚʘʪʘʭ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 600 ʄʇʘ, ʥʦ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʢʣʝʝʚʦʤ ʠʣʠ ʟʘʢʣʝʧʦʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ, ʘ ʩʘʤ ʦʙʨʘʟʝʮ 

ʥʝ ʧʨʝʪʝʨʧʝʚʘʣ ʟʥʘʯʠʤʳʭ ʦʙʲʝʤʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʘʤʠʭ ʉʂʄ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʠʪʴʩʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉʂʄ, ʘ ʥʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʟʘʭʚʘʪʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʫʩʧʝʰʥʳʡ ʩʧʦʩʦʙ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʤʝʞʜʫ ʟʘʭʚʘʪʘʤʠ: ʦʙʨʘʟʝʮ ʪʦʣʱʠʥʦʡ 200ï300 ʤʢʤ, ʰʠʨʠʥʦʡ 
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5 ʤʤ, ʩ V-ʦʙʨʘʟʥʳʤʠ ʥʘʜʨʝʟʘʤʠ ʧʦ 1 1.5 ʤʤ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ (ʨʠʩ. 4.2ʙ), ʥʘʢʣʘʜʢʠ ʠʟ 

ʢʘʨʪʦʥʘ, ʧʨʠʢʣʝʝʥʥʳʝ ʢ ʦʙʨʘʟʮʘʤ ʩ ʧʦʤʦʱʴʶ ʮʠʘʥʘʢʨʠʣʘʪʥʦʛʦ ʢʣʝʷ (ʨʠʩ. 4.2ʘ). ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʠʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʥʝ ʧʨʦʭʦʜʠʣʘ ʤʝʞʜʫ ʢʣʠʥʦʚʠʜʥʳʤʠ ʥʘʜʨʝʟʘʤʠ, ʢʘʢ ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʧʦ ʛʨʘʥʠʮʝ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʚ ʦʙʲʝʤʝ ʉʂʄ (ʨʠʩ. 4.2ʚ). 

ʆʙʨʘʟʝʮ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʚʠʟʫʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʘʙʦʨ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ 

ʚʦʣʦʢʦʥ. 

 

 

ʈʠʩʫʥʦʢ 4.2 ï (ʘ) ʄʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ 

ʠ 165 , (ʙ) ʬʦʪʦ ʦʙʨʘʟʮʘ ʉʂʄ ʩ ʥʘʜʨʝʟʘʤʠ ʜʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, (ʚ) ʬʦʪʦ ʦʙʨʘʟʮʘ 

ʉʂʄ ʩ ʥʘʜʨʝʟʘʤʠ ʚ ʤʦʤʝʥʪ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

 

4.3 ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʝʞʩʣʦʡʥʳʡ 

ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʢʨʠʚʳʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 4.3ʘ), ʘ ʪʘʢʞʝ ʥʘ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ. 4.3ʙ).  
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥʦʯʥʳʡ ʩʜʚʠʛ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʣʘ 7.80 ± 0.56 ʄʇʘ, 

10.00 ± 0.20 ʄʇʘ, 11.10 ± 0.19 ʄʇʘ ʠ 11.10 ± 0.12 ʄʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 145 °C, 155 °C, 165 ÁC ʠ 170 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʜʦ 180 ÁC ʧʨʠʚʝʣʦ ʪʦʣʴʢʦ ʢ 

ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʦʙʨʘʟʮʘ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʤʝʞʩʣʦʝʚʦʤ ʩʜʚʠʛʝ. ʇʣʘʩʪʠʯʝʩʢʘʷ 

ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ 

ʚʝʩʴ ʦʙʲʝʤ ʚʦʣʦʢʦʥ, ʪ. ʝ. ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʝʨʝʧʣʘʚʣʷʝʪʩʷ, ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʠʟʦʪʨʦʧʥʳʡ ʠʣʠ ʩʣʘʙʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤʥʳʡ ʦʙʨʘʟʝʮ ʉɺʄʇʕ. ʕʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ, ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʉʂʄ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 180 ÁC, ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʙʳʣ ʨʘʚʝʥ 

4.10 ± 0.71 ɻʇʘ, 6.50 ± 0.04 ɻʇʘ, 6.50 ± 0.23 ɻʇʘ ʠ 5.60 ± 0.52 ɻʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʉʂʄ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 145 °C, 155 °C, 165 ÁC ʠ 170 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʧʣʘʚʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʠʝʤʣʝʤʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʦʙʨʘʟʮʳ ʉʂʄ ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʠʤ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʣʘ ʢ 

ʭʦʨʦʰʝʡ ʢʦʥʩʦʣʠʜʘʮʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ. 

ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

ʋʯʠʪʳʚʘʷ ʧʦʚʝʜʝʥʠʝ ʉʂʄ ʧʨʠ ʨʘʩʩʣʦʝʥʠʠ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʩʜʚʠʛʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ ʚʦʣʦʢʦʥ. 
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ʈʠʩʫʥʦʢ 4.3 ï (ʘ) ʄʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠ ̫ʠ (ʙ) ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʤʝʞʩʣʦʡʥʳʡ 

ʩʜʚʠʛ ʤʝʪʦʜʦʤ ʠʩʧʳʪʘʥʠʷ ʢʦʨʦʪʢʦʡ ʙʘʣʢʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ 

ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

 

4.4 ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ʇʦʣʟʫʯʝʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ 

ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʜʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʟʫʯʝʩʪʠ ʉʂʄ ʧʦʜ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 4.4). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʧʦʣʠʤʝʨʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʡ, ʵʪʦʪ ʫʯʘʩʪʦʢ 

ʜʠʘʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʘʥʦʚʠʚʰʝʡʩʷ (ʠʣʠ ʟʘʪʫʭʘʶʱʝʡ) ʧʦʣʟʫʯʝʩʪʠ. ɿʘʪʝʤ ʩʢʦʨʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ  ʜʝʬʦʨʤʘʮʠʠ, ʠʜʫʱʝʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʅʘʢʦʧʣʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʢ ʢʦʥʮʫ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ 2.5 ʄʇʘ ʩʦʩʪʘʚʠʣʘ 2.72 %. ɼʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʥʘʛʨʫʟʢʠ (ʜʦ 

5 ʄʇʘ) ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʠ ʜʝʬʦʨʤʘʮʠʷ 

ʧʦʣʟʫʯʝʩʪʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 3.98 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ ʉʂʄ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠ ʧʨʠ ʪʘʢʦʡ ʞʝ ʥʘʛʨʫʟʢʝ (5 ʄʇʘ) ʜʝʬʦʨʤʘʮʠʷ ʢ ʢʦʥʮʫ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʠʣʘ 

ʚʩʝʛʦ 0.21 %. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʘʢ ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ, ʪʘʢ ʠ 

ʜʣʷ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʦʛʦ ʉɺʄʇʕ, ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʜʝʬʦʨʤʘʮʠʷ ʧʦʣʟʫʯʝʩʪʠ ʢ ʢʦʥʮʫ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʥʘʛʨʫʟʢʝ 10 ʄʇʘ 

ʩʦʩʪʘʚʣʷʝʪ 11 %, ʘ ʜʣʷ ʉʂʄ ʜʘʞʝ ʧʨʠ ʥʘʛʨʫʟʢʝ 150 ʄʇʘ  ʚʩʝʛʦ 4.2 %. 
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ʈʠʩʫʥʦʢ 4.4 ï ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ (ʘ) ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ (ʙ) 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʧʨʠ 25 ʄʇʘ ʠ 165 Áʉ 

 

ɹʣʘʛʦʜʘʨʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʦʣʦʢʥʘ 

ʠʟ ʉɺʄʇʕ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʣʟʫʯʝʩʪʠ ʧʦʜ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʟʫʯʝʩʪʴ ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ, ʠ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʙʝʟ ʧʦʪʝʨʠ ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

 

4.5 ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦ ʐʘʨʧʠ ʙʝʟ ʥʘʜʨʝʟʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ 

ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʉʂʄ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʫʜʘʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʉʂʄ ʧʦ ʤʝʪʦʜʫ ʐʘʨʧʠ ʙʝʟ ʥʘʜʨʝʟʘ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʙʦʪʳ 

ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʨʠ 

145 °C, 155 ÁC ʠ 165 °C. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.5. 

ʅʠ ʦʜʠʥ ʠʟ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʥʝ ʙʳʣ ʨʘʟʨʫʰʝʥ ʧʦʣʥʦʩʪʴʶ, ʪ. ʝ. ʥʠ ʦʜʠʥ 

ʦʙʨʘʟʝʮ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʝ ʧʨʝʪʝʨʧʝʚʘʣ ʨʘʟʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ. ɺʩʝ ʦʙʨʘʟʮʳ ʠʟʛʠʙʘʣʠʩʴ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʷʪʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʪʦʯʢʝ ʫʜʘʨʘ ʧʦʩʣʝ 

ʠʩʧʪrʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ, ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ. 

ʊʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʜʘʨʫ.  
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ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʫ ʩʦʩʪʘʚʣʷʣʦ 72 ± 5 ʢɼʞ/ʤ2, 80 ± 5 ʢɼʞ/ʤ2 ʠ 

95 ± 6 ʢɼʞ/ʤ2 ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 145 °C, 155 ÁC ʠ 165 °C 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʣʫʯʰʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʉʂʄ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ: ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʚʳʰʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʂʄ.  

ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʫ ʉʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 165 °C, 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʂʄ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʷʥʥʳʭ ʠ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

[113,114]. ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʧʨʝʪʝʨʧʝʚʘʶʪ ʣʠʙʦ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʣʠʙʦ ʭʨʫʧʢʠʡ ʠʟʛʠʙ, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʚ ʭʨʫʧʢʦʡ ʤʘʪʨʠʮʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʩʪʠʯʥʦʡ ʤʘʪʨʠʮʝʡ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʉʂʄ ʚʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʫ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦ ʐʘʨʧʠ ʦʙʨʘʟʮʦʚ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʋʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʩʛʠʙʝ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʚʦʣʦʢʥʘ ʚ ʦʙʲʝʤʝ ʉʂʄ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʤʘʷʪʥʠʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʙʳʣʘ ʟʘʪʨʘʯʝʥʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 

ʤʘʪʨʠʮʳ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʉʂʄ, ʘ ʥʝ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʩʘʤʠʭ ʚʦʣʦʢʦʥ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠ ̫ ʫʜʘʨʫ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʂʄ, ʯʪʦ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʩʜʚʠʛ. 

 

4.6 ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʫʯʝʥʥʳʭ ʉʂʄ ʠ ʉɺʄʇʕ ʩ ʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 4.6). ʇʦʣʫʯʝʥʥʳʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʚʦ ʚʨʝʤʝʥʠ. ʀʟʥʦʩ ʧʨʠ 

ʪʨʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʶ 

ʧʨʠʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʨʠʚʳʭ ʠʟʥʦʩʘ. 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʧʨʠ ʥʘʛʨʫʟʢʝ 25 ʅ 

 

ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʉɺʄʇʕ ʚʦʣʦʢʦʥ ʚ ʉʂʄ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥ ʚ ʤʘʪʝʨʠʘʣʝ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ 

ʠʟʥʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ. 
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¶ ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩʥʘʯʘʣʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʟʘʪʝʤ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ. ʅʘʣʠʯʠʝ 

ʵʢʩʪʨʝʤʫʤʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠʟ 

ʦʙʲʝʤʘ ʚʦʣʦʢʦʥ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʝʤʫʤʘ ʠ ʧʦʣʥʳʤ ʠʣʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʝʨʝʧʣʘʚʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʚʳʰʝ ʵʢʩʪʨʝʤʫʤʘ. 

¶ ʈʦʩʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʫ ʠ ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʉʂʄ. 

¶ ɹʣʘʛʦʜʘʨʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʟʫʯʝʩʪʴ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ, ʠ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʙʝʟ ʧʦʪʝʨʠ ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. 

¶ ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʉɺʄʇʕ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʩʨʝʜʠ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

¶ ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʜʠʥ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ: ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʣ 1440 ʄʇʘ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ  40 ɻʇʘ. 

¶ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ, ʨʘʩʪʷʞʝʥʠʝ, ʤʝʞʩʣʦʡʥʳʡ ʩʜʚʠʛ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ ʘʜʛʝʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʚ ʩʦʩʪʘʚʝ ʉʂʄ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʚʷʟʫʶʱʠʤʠ. 
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ɻʃɸɺɸ 5. ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ɻʀɹʈʀɼʅʓʍ ʂʄ ʅɸ ʆʉʅʆɺɽ ʉɺʄʇʕ 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʉɺʄʇʕ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʦʥʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʮʝʥʫ ʤʘʪʝʨʠʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʨʷʜʦʢ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʦʣʦʢʥʘ 

ʉɺʄʇʕ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ ʠʟ ʉʂʄ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠʟʜʝʣʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʚʳʣʦʞʠʪʴ ʚʦʣʦʢʥʦʤ ʚʝʩʴ ʦʙʲʝʤ ʠʟʜʝʣʠʷ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ. ʅʘʧʨʠʤʝʨ, ʢ ʪʘʢʠʤ 

ʠʟʜʝʣʠʷʤ ʦʪʥʦʩʠʪʩʷ ʚʢʣʘʜʳʰ ʵʥʜʦʧʨʦʪʝʟʘ, ʚ ʢʦʪʦʨʦʤ ʢʨʝʧʝʞʥʘʷ ʥʦʞʢʘ ʷʚʣʷʝʪʩʷ ʫʟʢʦʡ 

ʚʳʩʪʫʧʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ (ʨʠʩ. 5.1). ʇʨʦʜʦʣʞʘʷ ʧʨʠʤʝʨ ʚʢʣʘʜʳʰʘ ʵʥʜʦʧʨʦʪʝʟʘ, ʤʦʞʥʦ 

ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʠʟʜʝʣʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʠʟ ʉʂʄ: ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʝ. ʥʘ ʢʦʥʪʘʢʪʝ ʚʢʣʘʜʳʰʘ ʠ ʛʦʣʦʚʢʠ ʪʘʟʦʙʝʜʨʝʥʥʦʡ ʯʘʩʪʠ ʵʥʜʦʧʨʦʪʝʟʘ. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ, ʯʪʦ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʚ ʙʦʣʝʝ 

ʣʝʛʢʦʡ ʬʦʨʤʦʚʢʝ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ: ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʣʦʢʥʦʤ ʉɺʄʇʕ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʧʨʦʩʳʧʘʪʴ 

ʨʝʘʢʪʦʨʥʳʡ ʧʦʨʦʰʦʢ ʉɺʄʇʕ ʚ ʨʘʟʣʠʯʥʳʝ ʫʟʢʠʝ ʦʪʚʝʨʩʪʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʨʠʚʣʝʥʠʷ ʠ 

ʦʪʧʨʝʩʩʦʚʘʪʴ ʝʛʦ.  

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʀʟʦʙʨʘʞʝʥʠʝ ʚʢʣʘʜʳʰʘ [115] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʱʝʥʠʝ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ ʤʦʞʝʪ 

ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ:  

1) ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʉʂʄ ʪʦʣʴʢʦ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʩʪʘʭ 

ʠʟʜʝʣʠʷ ʧʦʟʚʦʣʠʪ ʫʜʝʰʝʚʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʷ; 
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2) ʟʘʩʳʧʢʘ ʠ ʬʦʨʤʦʚʘʥʠʝ ʧʦʨʦʰʢʘ ʉɺʄʇʕ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʦʙʣʘʩʪʷʭ 

ʠʟʜʝʣʠʷ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʦʡ ʯʘʩʪʠ ʠʟʜʝʣʠʡ, ʛʜʝ ʵʪʦ ʩʜʝʣʘʪʴ ʧʨʦʱʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʢʣʘʜʢʦʡ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ. 

ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʚʤʝʱʝʥʠʷ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʩ ʉʂʄ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʝʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ: ʧʦʤʠʤʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʢʣʝʡ ʧʨʦʩʪʦ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʝʥʥʳʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ (ʥʘʧʨʠʤʝʨ, 

ʤʝʜʠʮʠʥʘ), ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʘʜʛʝʟʠʠ ʉɺʄʇʕ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʘʤ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʩʦʚʤʝʱʝʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ 

ʉʂʄ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʠʝ ʠʟʜʝʣʠʷ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ 

ʛʠʙʨʠʜʥʳʤʠ ʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ. 

 

5.1 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ  

 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʢʣʘʜʘ ʉʂʄ ʚ ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʛʠʙ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 ÁC ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 

25 ʄʇʘ. ɼʦʣʷ ʪʦʣʱʠʥʳ ʉʂʄ ʚ ʦʙʱʝʡ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 25 %, 50 % ʠʣʠ 75 %. 

ʆʩʪʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʩʦʩʪʘʚʣʷʣ ʠʟʦʪʨʦʧʥʳʡ ʉɺʄʇʕ. ʊʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʯʠʩʪʳʡ ʠʟʦʪʨʦʧʥʳʡ ʉɺʄʇʕ ʠ ʯʠʩʪʳʡ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʣ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʉʂʄ ʚ 

ʛʠʙʨʠʜʥʦʤ ʂʄ ʠ ʪʘʢʞʝ ʧʦʯʪʠ ʩʦʩʪʘʚʠʣ ʧʨʷʤʫʶ ʣʠʥʠʶ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʉɺʄʇʕ ʠ ʯʠʩʪʦʛʦ ʉʂʄ, ʝʩʣʠ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʉʂʄ ʚ 

ʛʠʙʨʠʜʥʦʤ ʂʄ (ʨʠʩ. 5.2). ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʨʘʚʥʷʣʩʷ 27.2 ± 1.1 ʄʇʘ, 42.8 ± 2.1 ʄʇʘ, 

58.8 ± 1.9 ʄʇʘ, 95.7 ± 1.4 ʄʇʘ ʠ 126.9 ± 9.6 ʄʇʘ, ʛʜʝ ʜʦʣʷ ʪʦʣʱʠʥʳ ʉʂʄ ʚ ʛʠʙʨʠʜʥʦʤ ʂʄ 

ʩʦʩʪʘʚʠʣʘ 0 % (ʠʟʦʪʨʦʧʥʳʡ ʉɺʄʇʕ), 25 %, 50 %, 75 % ʠ 100 % (ʯʠʩʪʳʡ ʉʂʄ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʪ ʜʦʣʠ ʪʦʣʱʠʥʳ ʉʂʄ ʚ ʛʠʙʨʠʜʥʦʤ 

ʂʄ ʟʘʤʝʪʥʦ ʦʪʢʣʦʥʷʣʘʩʴ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʙʳʣ ʨʘʚʝʥ 

0.9 ± 0.1 ɻʇʘ, 1.7 ± 0.3 ɻʇʘ, 3.7 ± 0.9 ɻʇʘ, 10.3 ± 0.8 ɻʇʘ, 19.9 ± 1.8 ɻʇʘ ʜʣʷ ʜʦʣʠ ʉʂʄ ʚ 

ʛʠʙʨʠʜʥʦʤ ʂʄ ʦʪ 0 ʜʦ 100 % ʩ ʰʘʛʦʤ ʚ 25 %.  
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ʈʠʩʫʥʦʢ 5.2 ï ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ 

ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ, ʛʠʙʨʠʜʥʳʭ ʂʄ ʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 170 ÁC ʠ 25 ʄʇʘ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʛʠʙʨʠʜʥʳʭ ʂʄ ʥʘ ʛʨʘʥʠʮʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 5.3). ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʭʦʜʠʪ ʥʝ ʧʦ ʛʨʘʥʠʮʝ ʉʂʄ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ, 

ʘ ʧʦ ʛʨʘʥʠʮʝ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʉʂʄ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʜʛʝʟʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʣʴʥʝʝ, ʯʝʤ ʩʚʷʟʴ ʤʘʪʨʠʮʳ ʠ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʚ ʉʂʄ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʘʥʥʳʡ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʪʦʯʥʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʤ 

ʩʧʝʢʘʥʠʠ ʜʚʫʭ ʩʣʦʝʚ ʛʠʙʨʠʜʥʳʭ ʂʄ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʞʝ 

ʧʨʠ 170 °C ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʚ ʉʂʄ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ 

ʦʙʨʘʟʦʤ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʫ. 
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ʈʠʩʫʥʦʢ 5.3 ï ʌʦʪʦʛʨʘʬʠʠ ʛʠʙʨʠʜʥʦʛʦ ʂʄ, ʨʘʟʨʫʰʝʥʥʦʛʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʠʟʛʠʙ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ 170 ÁC ʠ 25 ʄʇʘ 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛʦʚʫʶ ʧʨʦʯʥʦʩʪʴ ʚʥʘʭʣʝʩʪ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʆʙʨʘʟʝʮ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʧʨʦʜʦʣʴʥʳʭ ʧʣʘʩʪʠʥ ʥʘ 

ʦʜʥʦʡ ʧʨʷʤʦʡ, ʛʜʝ ʦʜʥʘ ʧʣʘʩʪʠʥʘ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʜʨʫʛʦʡ ʧʣʘʩʪʠʥʳ. 

ʆʜʥʘ ʯʘʩʪʴ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ, ʜʨʫʛʘʷ ʯʘʩʪʴ ï 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʦʙʨʘʟʮʘ ʠ ʝʛʦ ʙʦʣʝʝ ʯʝʪʢʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʢʘʟʘʥʳ ʚʦ 2-ʡ ʛʣʘʚʝ ʚ ʧʫʥʢʪʝ 2.2.4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʥʘʛʨʫʞʘʝʪʩʷ ʠʤʝʥʥʦ ʯʘʩʪʴ ʧʨʠʤʳʢʘʥʠʷ ʧʣʘʩʪʠʥ, ʪ. ʝ. ʨʘʟʥʳʭ 

ʩʣʦʝʚ. ʊʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʩʜʚʠʛʦʚʫʶ 

ʧʨʦʯʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʂʄ ʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʘʤ ʉʂʄ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʉʂʄ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ɼʉʂ-ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʜʦʣʝ ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤ ʉʂʄ ʚʦʣʦʢʦʥ. ɺ ʥʘʯʘʣʝ ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥrʝ ʧʨʠ 25 ʄʇʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 5.4). 
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ʈʠʩʫʥʦʢ 5.4 ï ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʩʜʚʠʛʦʚʘʷ ʧʨʦʯʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ 25 ʄʇʘ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʃʦʛʠʯʥʦ ʨʘʩʩʫʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ, ʙʫʜʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ ʠ ʉʂʄ. 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ ʙʳʣʘ ʨʘʚʥʘ 2.10 ± 0.10 ʄʇʘ, 2.20 ± 0.11 ʄʇʘ, 2.90 ± 0.12 ʄʇʘ ʠ 

3.80 ± 0.14 ʄʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 155 °C, 160 °C, 165 ÁC ʠ 170 °C 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʪʘʢʞʝ ʣʦʛʠʯʥʦ ʟʘʷʚʣʝʥʠʝ ʦ ʧʘʜʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʫʞʝ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʉʂʄ ʠʟ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʧʘ, ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ 

ʦʪ 92.0 ± 1.1 % ʜʦ 69.0 ± 1.2 % ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 155 Áʉ ʜʦ 170 Áʉ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 165 Áʉ ʜʦ 170 Áʉ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʜʦʣʷ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚʦʣʦʢʦʥ ʚ ʉʂʄ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʂʄ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʛʣʘʚʝ 3.  

ʊʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʂʄ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 50 ʄʇʘ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 

155 Áʉ ʜʦ 170 Áʉ ʩ ʰʘʛʦʤ ʚ 5 Áʉ (ʨʠʩ. 5.5ʘ ʠ 5.5ʙ). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʙʨʘʟʮʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ 

ʧʨʠ 25 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʘʜʘʝʪ ʧʨʠ ʨʦʩʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʙʳʣʘ ʨʘʚʥʘ 1.10 ± 0.12 ʄʇʘ, 

1.40 ± 0.16 ʄʇʘ, 2.30 ± 0.18 ʄʇʘ ʠ 2.90 ± 0.09 ʄʇʘ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 155 Áʉ, 
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160 Áʉ, 165 Áʉ ʠ 170 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 5.5ʚ ʠ 5.5ʛ). ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ 

ʧʦʥʠʞʘʣʘʩʴ ʩ 94.0 ± 0.9 % ʜʦ 84.0 ± 1.7 % ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʨʘʥʝʝ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʪʘʙʣʠʮʝ 5.1 ʧʦʢʘʟʘʥʳ ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ ʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ ʠʣʠ 50 ʄʇʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 155 Áʉ ʜʦ 170 Áʉ. 

 

ʊʘʙʣʠʮʘ 5.1 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʉʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ, °C 

25 ʄʇʘ 50 ʄʇʘ 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʜʚʠʛ, 

ʄʇʘ 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, 

% 

ʇʨʦʯʥʦʩʪʴ 

ʥʘ ʩʜʚʠʛ, 

ʄʇʘ 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, 

% 

155 2.10 ± 0.10 92.0 ± 1.1 1.10 ± 0.12 94.0 ± 0.9 

160 2.20 ± 0.11 91.0 ± 1.3 1.40 ± 0.16 93.0 ± 1.2 

165 2.90 ± 0.12 87.0 ± 0.9 2.30 ± 0.18 89.0 ± 1.3 

170 3.80 ± 0.14 69.0 ± 1.2 2.90 ± 0.09 84.0 ± 1.7 

 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 

50 ʄʇʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ 25 ʄʇʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʧʨʠ 

ʯʘʩʪʠʯʥʦʤ ʧʣʘʚʣʝʥʠʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʟʦʚʘʪʴ ʧʨʦʯʥʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ 

ʩ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ 3-ʡ ʛʣʘʚʝ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ. ʊʦ ʝʩʪʴ ʧʦʚʳʰʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʤʦʣʝʢʫʣ, ʠ ʣʶʙʦʝ ʷʚʣʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʭ 

ʜʚʠʞʝʥʠʝʤ (ʜʠʬʬʫʟʠʷ, ʧʣʘʚʣʝʥʠʝ, ʨʝʣʘʢʩʘʮʠʷ), ʙʫʜʝʪ ʟʘʤʝʜʣʷʪʴʩʷ ʠʣʠ ʚʦʚʩʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ [82,116]. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

(155 Áʉ ʠ 160 Áʉ) ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʫ ʉʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʧʨʠʤʝʨʥʦ 

ʩʦʚʧʘʜʘʝʪ ʠ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. ʆʜʥʘʢʦ ʩʜʚʠʛʦʚʘʷ ʧʨʦʯʥʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʕʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʜʠʬʬʫʟʠʷ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ 

ʩʥʠʞʘʝʪʩʷ. 
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ʊʘʢʞʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʚʟʘʠʤʥʫʶ ʜʠʬʬʫʟʠʶ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʟʥʘʯʝʥʠʶ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʠ ʧʦ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ. ʃʦʛʠʯʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʠʬʬʫʟʠʠ, ʠ ʯʝʤ ʚʳʰʝ 

ʵʪʘ ʩʪʝʧʝʥʴ, ʪʝʤ ʚʳʰʝ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 50 ʄʇʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 5.5ʚ). 

 

 

ʈʠʩʫʥʦʢ 5.5 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ (ʘ, ʙ), ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʘʮʠʠ (ʚ) 

ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ (ʛ) ʛʠʙʨʠʜʥʳʭ ʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʘʚʣʝʥʠʠ 50 ʄʇʘ ʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

5.2 ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ 

 

ʇʦʤʠʤʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʪʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʭ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʉʂʄ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ. ɿʜʝʩʴ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʂʄ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ (ʨʠʩ. 5.6). 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (145 Áʉ ʠ 25 ʄʇʘ) 

ʧʨʠ ʧʦʧʳʪʢʝ ʩʜʝʣʘʪʴ ʧʦʧʝʨʝʯʥʳʡ ʩʨʝʟ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʂʄ 

ʨʘʟʨʫʰʘʣʘʩʴ, ʧʨʠ ʵʪʦʤ ʉʂʄ ʧʨʦʩʪʦ ʦʪʩʣʘʠʚʘʣʩʷ ʦʪ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ, ʘ ʩʘʤ ʉʂʄ 

ʦʩʪʘʚʘʣʩʷ ʚ ʮʝʣʦʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 5.6ʘ). ʊʘʢʦʝ ʨʘʩʩʣʦʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʛʦʚʦʨʠʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʩʧʝʢʘʥʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪ. ʝ. ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʩʣʦʷ 

ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʣʘʚʣʝʥʠʠ ʚʦʣʦʢʦʥ ʠ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʳʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʜʦ 155 Áʉ ʩʧʝʢʘʥʠʝ ʤʝʞʜʫ 

ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ ʠ ʧʨʠʣʝʛʘʶʱʠʤʠ ʢ ʥʝʤʫ ʬʠʣʘʤʝʥʪʘʤʠ ʉɺʄʇʕ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʧʨʝʩʝʯʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʦʯʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʬʠʣʘʤʝʥʪʘʤʠ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʨʘʩʩʣʦʝʥʠʝ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʬʠʣʘʤʝʥʪʘʤʠ.  

 

 

ʈʠʩʫʥʦʢ 5.6 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʛʠʙʨʠʜʥʳʭ ʂʄ ʥʘ ʦʩʥʦʚʝ ʉɺʄʇʕ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ  

 

ʅʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘʷ ʠ ʙʝʟʜʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

165 Áʉ ʠ 25 ʄʇʘ (ʨʠʩ. 5.6ʚ). ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʛʨʘʥʠʮʳ 
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ʨʘʟʜʝʣʘ ʙʳʣʘ ʤʦʥʦʣʠʪʥʦʡ, ʙʝʟ ʨʘʩʩʣʦʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʙʲʝʤʝ ʉʂʄ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʷʚʥʳʡ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʠ ʨʘʟʨʫʰʝʥʠʡ. ʊʘʢʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʊʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3, ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ. ɼʘʥʥʳʡ ʬʘʢʪ ʪʘʢʞʝ ʨʘʙʦʪʘʝʪ ʠ ʜʣʷ ʛʠʙʨʠʜʥʦʛʦ 

ʂʄ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʙʨʠʜʥʳʤ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʧʨʠ 165 Áʉ ʠ 25 ʄʇʘ ʠ ʦʙʣʘʜʘʶʱʠʤ 

ʙʝʟʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʛʠʙʨʠʜʥʳʡ ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʠ 165 Áʉ ʠ 50 ʄʇʘ, ʦʙʣʘʜʘʝʪ 

ʪʘʢʞʝ ʤʦʥʦʣʠʪʥʦʡ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʨʘʩʩʣʦʝʥʠʝ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ 

ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʉʂʄ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ. 

ʊʘʢʞʝ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ ʉʂʄ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʙʦʣʝʝ 

ʧʨʠʙʣʠʞʝʥʥʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 5.7). ʄʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ, ʛʨʘʥʠʯʘʱʠʤʠ ʩ 

ʠʟʦʪʨʦʧʥʳʤ ʉɺʄʇʕ ʠ ʩ ʩʘʤʠʤ ʠʟʦʪʨʦʧʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʦʡ ʤʘʪʨʠʯʥʦʛʦ 

ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚʦʣʦʢʦʥ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʯʝʪʢʠʡ ʩʣʦʡ ʧʣʘʚʣʝʥʥʦʛʦ ʉɺʄʇʕ, ʵʪʦ ʥʝ ʧʨʠʚʝʣʦ ʢ ʨʘʟʤʳʪʠʶ ʛʨʘʥʠʮ, ʠ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʚʩʝ ʨʘʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ. ʊʘʢʘʷ 

ʯʝʪʢʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʚʟʘʠʤʥʦʡ 

ʧʨʦʥʠʢʘʶʱʝʡ ʜʠʬʬʫʟʠʠ ʥʘ ʟʥʘʯʠʤʦʤ ʫʨʦʚʥʝ. 

 

 

ʈʠʩʫʥʦʢ 5.7 ï ɻʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 165 Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 25 ʄʇʘ 
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ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʛʠʙʨʠʜʥʳʭ ʂʄ, ʙʳʣʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ (ʨʠʩ. 5.8).  

ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʦʙʦʠʭ ʯʘʩʪʷʭ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʦʩʪʘʣʠʩʴ ʬʠʙʨʠʣʣʳ, ʜʠʘʤʝʪʨ 

ʢʦʪʦʨʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʟʤʝʨ ʬʠʣʘʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʚʦʣʦʢʥʦ 

ʉɺʄʇʕ [117] (ʨʠʩ. 5.8). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉʂʄ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ ʉɺʄʇʕ ʠʟ ʧʨʝʪʝʨʧʝʚʰʠʭ 

ʚʟʘʠʤʥʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʜʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʛʠʙʨʠʜʥʦʛʦ ʂʄ.  

 

 

ʈʠʩʫʥʦʢ 5.8 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʚʝʨʭʥʦʩʪʝʡ (ʘ) ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ (ʙ) 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʚʥʘʭʣʝʩʪ ʠʟ ʛʠʙʨʠʜʥʦʛʦ 

ʂʄ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠ 145 Áʉ ʠ 25 ʄʇʘ 

 

ɺʓɺʆɼʓ ʂ ɻʃɸɺɽ 5 

 

¶ ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʳʣ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʠʩʪʳʭ ʛʠʙʨʠʜʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʠʟʦʪʨʦʧʥʦʛʦ ʉɺʄʇʕ ʠ 

ʩʘʤʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ 

ʩʚʦʡʩʪʚʘʤʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʉʂʄ.  

¶ ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʯʠʪʳʚʘʷ 

ʥʘʣʠʯʠʝ ʬʠʙʨʠʣʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʨʫʰʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʂʄ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʝʨʝʧʣʝʪʝʥʠʷ 

ʩʦʩʝʜʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʛʠʙʨʠʜʥʦʛʦ ʂʄ. 
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¶ ʋʯʠʪʳʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ ʂʄ ʠ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʉʂʄ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʠʙʨʠʜʥʳʭ ʂʄ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʭʦʨʦʰʝʡ ʜʠʬʬʫʟʠʠ, ʢ ʭʦʨʦʰʝʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʠʙʨʠʜʥʦʛʦ ʂʄ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʩ ʜʨʫʛʦʡ  ʪʝ ʞʝ ʫʩʣʦʚʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʧʝʨʝʧʣʘʚʫ, ʢ ʧʦʪʝʨʝ ʦʨʠʝʥʪʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʂʄ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʥʝʩʪʠ ʦʩʥʦʚʥʫʶ 

ʥʘʛʨʫʟʢʫ ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʦʛʦ ʂʄ. 

¶ ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʧʳʪʢʠ ʩʢʦʤʧʦʥʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʉɺʄʇʕ, ʚʩʝ ʝ ʝɦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʠʷ ʯʝʪʢʦʛʦ ʨʘʩʯʝʪʘ ʠʣʠ ʭʦʪʷ ʙʳ ʦʮʝʥʢʠ ʚʟʘʠʤʥʦʡ 

ʜʠʬʬʫʟʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʙʳ 

ʧʦʟʚʦʣʠʣʦ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ.  
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ɻʃɸɺɸ 6. ʉɺʆʁʉʊɺɸ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʆɼʅʆʅɸʇʈɸɺʃɽʅʅʓʍ ɼɺʋʍʂʆʄʇʆʅɽʅʊʅʓʍ ʉʂʄ ʅɸ ʆʉʅʆɺɽ ʇʕɺɼ ʀ 

ɺʆʃʆʂʆʅ ʉɺʄʇʕ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʛʣʘʚʝ 1, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʂʄ ʥʘ ʦʩʥʦʚʝ 

ʇʕ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʨʘʙʦʪʘʭ, ʛʜʝ ʧʨʠʤʝʥʷʣʦʩʴ ʩʦʯʝʪʘʥʠʝ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ 

ʚʦʣʦʢʦʥ ʠʣʠ ʣʝʥʪ ʥʘ ʦʩʥʦʚʝ ʇʕ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʝʩʝʥʥʦʡ ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ ʚʩʝ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ:  

¶ ʯʝʨʝʜʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʚʳʢʣʘʜʢʝ ʚ ʧʨʝʩʩ-ʬʦʨʤʝ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʚʳʢʣʘʜʢʠ ʠ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʯʝʪʢʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

[26,65]; 

¶ ʚʥʝʩʝʥʠʝ ʧʦʨʦʰʢʘ ʪʨʝʙʫʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ [37]; 

¶ ʤʝʪʦʜʳ, ʧʨʝʜʣʘʛʘʶʱʠʝ ʧʨʦʧʠʪʢʫ ʨʘʩʪʚʦʨʦʤ, ʧʨʦʠʟʚʦʜʷʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ: ʦʜʥʘ ʥʘʤʦʪʢʘ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ [13,35]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʨʦʧʠʪʘʥʥʦʛʦ ʬʠʣʘʤʝʥʪʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ ʚʥʦʩʠʤʦʛʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʩ ʦʨʪʦʢʩʠʣʦʣʦʤ ʇʕɺɼ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʙʳʣ ʚʳʙʨʘʥ ʠʤʝʥʥʦ ʇʕɺɼ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʟ ʣʠʥʝʡʢʠ ʇʕɺɼ, ʇʕʅɼ ʠʣʠ ʉɺʄʇʕ 

ʪʦʣʴʢʦ ʠʟ ʇʕɺɼ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʨʘʩʪʚʦʨ. ʈʘʩʪʚʦʨʳ ʦʨʪʦʢʩʠʣʦʣʘ ʩ ʇʕʅɼ ʠʣʠ 

ʉɺʄʇʕ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʩʩʣʦʝʥʠʝ ʚʥʫʪʨʠ ʙʫʥʢʝʨʘ ʜʣʷ ʧʨʦʧʠʪʢʠ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ 

ʧʦʣʠʤʝʨʦʚ ʥʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ, ʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʪʦʣʴʢʦ 

ʚʘʨʠʘʥʪ ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʠʤʝʨʘ ʧʨʦʧʠʪʢʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʬʠʣʘʤʝʥʪʦʚ ʦʧʠʩʘʥ ʚ ʧ. 2.2.2. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʧʦʩʦʙ 

ʧʨʦʧʠʪʢʠ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʧʦʣʫʯʘʪʴ ʧʨʦʧʠʪʘʥʥʳʡ ʞʛʫʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʂʄ ʤʝʪʦʜʦʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʪʴ ʥʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʤ ʉʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʨʘʩʪʚʦʨʘ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʠ ʜʠʘʤʝʪʨ ʬʠʣʴʝʨʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʠʘʤʝʪʨ ʬʠʣʴʝʨʳ 

ʙʳʣ ʨʘʚʝʥ 0.04 ʤʤ, ʩʢʦʨʦʩʪʴ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʤ/ʩ, ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʨʘʩʪʚʦʨʘ ʚ ʙʫʥʢʝʨʝ 

ʩʦʩʪʘʚʣʷʣʘ 6 ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʨʘʩʭʦʜʘ ʛʝʣʷ. ɺʳʙʦʨ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʩʫʞʜʘʝʪʩʷ ʥʠʞʝ. ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʣʘʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʇʕɺɼ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʉʂʄ, ʛʜʝ ʘʨʤʠʨʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʥʦ ʉɺʄʇʕ, ʘ ʤʘʪʨʠʯʥʦʡ ʬʘʟʦʡ  ʇʕɺɼ. ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 135 °ʉ ʠ ʜʘʚʣʝʥʠʠ 25 ʄʇʘ. 
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ɺʨʝʤʷ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʦ 40 ʤʠʥ., ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ  10 ʤʠʥ. ʆʭʣʘʞʜʝʥʠʝ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 70 Áʉ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 40 ʤʠʥ. 

 

6.1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɺʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ ʠʣʠ ʣʝʥʪ ʠ/ʠʣʠ ʠʭ 

ʧʨʦʧʠʪʢʘ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʥʜʫʩʪʨʠʠ [118]. ʆʩʥʦʚʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʚʦʣʦʢʦʥ ʩ ʚʥʦʩʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʧʠʪʢʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ ʇʕɺɼ ʚ ʦʨʪʦʢʩʠʣʦʣʝ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʧʨʦʧʠʪʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʟʘʧʫʩʢʠ 

ʫʩʪʘʥʦʚʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʩʦʪʳ ʩʪʦʣʙʘ ʠ ʩʢʦʨʦʩʪʠ ʬʠʣʘʤʝʥʪʘ. ʀʤʝʥʥʦ ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʚʦʣʦʢʦʥ ʠ ʨʘʩʪʚʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʚʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʲʝʤ ʬʠʣʘʤʝʥʪʘ. 

ɼʣʷ ʪʝʩʪʦʚʳʭ ʟʘʧʫʩʢʦʚ ʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʣʩʷ ʨʘʩʪʚʦʨ ʦʨʪʦʢʩʠʣʦʣʘ ʩ ʇʕɺɼ (20 %ʤʘʩʩ.). 

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪʳ ʩʪʦʣʙʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 2 ʟʥʘʯʝʥʠʷ: 2 ʩʤ ʠ 6 ʩʤ. ʉʢʦʨʦʩʪʴ ʙʳʣʘ 

ʨʘʚʥʘ 1 ʤ/ʩ ʠʣʠ 2.5 ʤ/ʩ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʦʜʥʦʤ ʠʟ 4 ʪʝʩʪʦʚʳʭ ʨʝʞʠʤʦʚ ʬʠʣʘʤʝʥʪ 

ʥʘʨʝʟʘʣʩʷ ʥʘ ʫʯʘʩʪʢʠ ʜʣʠʥʦʡ 1 ʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 80 °ʉ. ɼʘʣʝʝ 

ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʬʠʣʘʤʝʥʪʘ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. ɿʥʘʷ ʤʘʩʩʫ ʚʦʣʦʢʥʘ ʜʦ 

ʧʨʦʧʠʪʢʠ ʠ ʧʦʩʣʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʘʩʩʫ ʚʥʝʩʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʲʝʤ ʚʦʣʦʢʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

˞̍ ́̒̒Ȣ˜˪ˏˑ ρ  
ὓ̃̏̌̏̋̎̏

ὓ̉̌́̍̆̎̓̕ ,    (6.1) 

ʛʜʝ ˞̍ ́̒̒Ȣ˜˪ˏ ˑï ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (%) ʇʕɺɼ ʚ ʧʦʣʫʯʝʥʥʦʤ ʬʠʣʘʤʝʥʪʝ; 

ὓ̃̏̌̏̋̎̏ ï ʤʘʩʩʘ 1 ʤ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʜʦ ʧʨʦʧʠʪʢʠ;  

ὓ̉̌́̍̆̎̓̕ ï ʤʘʩʩʘ 1 ʤ ʧʦʣʫʯʝʥʥʦʛʦ ʬʠʣʘʤʝʥʪʘ ʧʦʩʣʝ ʪʝʩʪʦʚʦʛʦ ʟʘʧʫʩʢʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʷʣʦʩʴ 3. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 2 % ʚ ʨʘʤʢʘʭ 1 ʪʝʩʪʦʚʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ 

ʇʕɺɼ ʧʦ ʜʣʠʥʝ ʬʠʣʘʤʝʥʪʘ. 

ɼʣʷ ʬʠʣʘʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʩʢʦʨʦʩʪʠ 2.5 ʤ/ʩ ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʥʝʩʝʥʥʦʛʦ 

ʇʕɺɼ ʥʝ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʦ ʦʪ ʚʳʩʦʪʳ ʩʪʦʣʙʘ, ʠ ʩʦʩʪʘʚʠʣʦ 16ï18 % ʠ 13ï18 % ʜʣʷ ʚʳʩʦʪʳ 

ʩʪʦʣʙʘ ʨʘʩʪʚʦʨʘ 2 ʩʤ ʠ 6 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 1 ʤ/ʩ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 

ʚʦʣʦʢʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʚ 2.5 ʨʘʟʘ, ʯʪʦ ʩʠʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʇʕɺɼ ʚ 

ʬʠʣʘʤʝʥʪʝ. ʇʨʠ ʚʳʩʦʪʝ ʩʪʦʣʙʘ 2 ʩʤ ʩʦʜʝʨʞʘʥʠʝ ʇʕɺɼ ʩʦʩʪʘʚʠʣʦ 20ï23 %, ʘ ʧʨʠ 6 ʩʤ  26ï

29 %. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʝʰʝʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʫʩʣʦʚʠʝ ʧʦʣʫʯʝʥʠ ̫ʬʠʣʘʤʝʥʪʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʨʠʯʥʦʡ ʬʘʟʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʨʘʟʮʘʭ ʉʂʄ ʙʳʣʦ 
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ʤʘʢʩʠʤʘʣʴʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʬʠʣʘʤʝʥʪʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ ʩʢʦʨʦʩʪʠ 

1 ʩʤ/ʩ ʠ ʧʨʠ ʚʳʩʦʪʝ ʩʪʦʣʙʘ ʨʘʩʪʚʦʨʘ ʚ ʙʫʥʢʝʨʝ ʜʣʷ ʧʨʦʧʠʪʢʠ, ʨʘʚʥʦʡ 6 ʩʤ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʨʘʩʪʚʦʨ ʇʕɺɼ ʠ ʦʨʪʦʢʩʠʣʦʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 17 %ʤʘʩʩ. ʇʕɺɼ, 

20 %ʤʘʩʩ. ʇʕɺɼ, 25 %ʤʘʩʩ. ʇʕɺɼ, 33 %ʤʘʩʩ. ʇʕɺɼ ʠʣʠ 50 %ʤʘʩʩ. ʇʕɺɼ. ɼʣʷ ʢʘʞʜʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʬʠʣʘʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʇʕɺɼ ʚ ʬʠʣʘʤʝʥʪʝ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʬʠʣʘʤʝʥʪʦʚ ʪʘʢʞʝ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʤʘʩʩʘ 

ʪʨʝʭ ʬʠʣʘʤʝʥʪʦʚ ʜʣʠʥʦʡ 1 ʤ (ʨʠʩ. 6.1). ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʇʕɺɼ ʚ 

ʬʠʣʘʤʝʥʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʕɺɼ ʚ ʨʘʩʪʚʦʨʝ ʦʨʪʦʢʩʠʣʦʣʘ. 

 

 

ʈʠʩʫʥʦʢ 6.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʇʕɺɼ ʚ ʬʠʣʘʤʝʥʪʘʭ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʇʕɺɼ ʚ ʦʨʪʦʢʩʠʣʦʣʝ 

 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ 

ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʇʕɺɼ ʚ ʬʠʣʘʤʝʥʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʇʕɺɼ ʚ ʦʨʪʦʢʩʠʣʦʣʝ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʇʕɺɼ ʚ ʦʨʪʦʢʩʠʣʦʣʝ.  

 

6.2 ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʬʠʣʘʤʝʥʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ɼʉʂ-ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʇʕɺɼ, ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ ʠ ʩʘʤʠʭ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ (ʨʠʩ. 6.2).  
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ʇʣʘʚʣʝʥʠʝ ʇʕɺɼ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʘʯʠʥʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʧʨʠ 90 °ʉ, ʘ ʟʘʢʘʥʯʠʚʘʣʦʩʴ ʧʨʠ 

113 °ʉ. ʇʠʢ ʧʣʘʚʣʝʥʠʷ ʧʨʠʭʦʜʠʣʩʷ ʥʘ 107 °ʉ. ʇʨʠ ʵʪʦʤ ʚʠʜʥʦ, ʯʪʦ ʇʕɺɼ ʚ ʦʙʲʝʤʝ ʬʠʣʘʤʝʥʪʘ 

ʪʘʢʞʝ ʧʣʘʚʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʥʦ ʧʠʢ ʧʣʘʚʣʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʝʤ ʧʠʢ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʦʛʦ ʇʕɺɼ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʥʴʰʠʭ ʠ ʙʦʣʝʝ ʜʝʬʝʢʪʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ʇʕɺɼ ʧʦʩʣʝ ʚʳʭʦʜʘ ʬʠʣʘʤʝʥʪʘ ʠʟ 

ʬʠʣʴʝʨʳ. ʇʦʩʣʝ ʙʫʥʢʝʨʘ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 130 °ʉ, ʬʠʣʘʤʝʥʪ ʧʦʧʘʜʘʝʪ ʚ ʩʨʝʜʫ ʩ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʋʯʠʪʳʚʘʷ ʨʘʟʤʝʨ ʬʠʣʘʤʝʥʪʘ (200 ʤʢʤ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʩʪʳʚʘʥʠʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʪ̫ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʤʝʥʪʘʣʴʥʦ. ɼʣʷ 

ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʷ ʇʕɺɼ ʠ ʉɺʄʇʕ, ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʝʪ 

ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʟʤʝʨ ʠ ʜʝʬʝʢʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʪʦʚ [119]. ɹʦʣʝʝ ʤʝʣʢʠʝ ʠ ʜʝʬʝʢʪʥʳʝ 

ʢʨʠʩʪʘʣʣʠʪʳ ʧʣʘʚʷʪʩʷ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʥʘʯʠʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʇʕɺɼ ʚ ʩʦʩʪʘʚʝ ʬʠʣʘʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʝʬʝʢʪʥʳʤ ʠ/ʠʣʠ ʩ ʤʝʥʴʰʠʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʇʕɺɼ, ʧʨʠʤʝʥʝʥʥʳʤ ʚ ʨʘʙʦʪʝ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʇʕɺɼ 

ʚ ʩʦʩʪʘʚʝ ʬʠʣʘʤʝʥʪʘ ʥʝ ʠʛʨʘʝʪ ʥʠʢʘʢʦʡ ʨʦʣʠ, ʪʘʢ ʢʘʢ ʬʠʣʘʤʝʥʪ ʙʫʜʝʪ ʧʦʜʚʝʨʛʥʫʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʦ ʚʨʝʤʷ ʬʦʨʤʦʚʘʥʠʷ ʉʂʄ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʧʨʝʩʩʦʚʘʥʠʠ. 

ɺʦʣʦʢʥʦ ʉɺʄʇʕ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʘʯʠʥʘʝʪ ʧʣʘʚʠʪʴʩʷ ʧʨʠ 141 °ʉ, ʚʝʨʰʠʥʘ ʧʝʨʚʦʛʦ ʧʠʢʘ 

ʧʣʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 146 °ʉ, ʚʪʦʨʦʛʦ ï ʧʨʠ 153 °ʉ, ʪʨʝʪʴʝʛʦ ï ʧʨʠ 158 °ʉ, ʢʦʥʝʮ ʧʣʘʚʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 163 °ʉ. ʇʣʘʚʣʝʥʠʝ ʚʦʣʦʢʥʘ ʚ ʦʙʲʝʤʝ ʬʠʣʘʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʧʨʠ ʪʝʭ 

ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʧʠʢʦʚ ʚʦʣʦʢʥʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʚ ʦʙʲʝʤʝ ʬʠʣʘʤʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʜʚʠʞʝʥʠʷʤʠ ʚʦʣʦʢʥʘ ʚʦ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 6.2 ï ʈʝʟʫʣʴʪʘʪʳ ɼʉʂ-ʘʥʘʣʠʟʘ ʇʕɺɼ, ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ 

ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ʆʩʥʦʚʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ɼʉʂ-ʢʨʠʚʳʭ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʠʣʘʤʝʥʪʦʚ ʩʪʘʣ 

ʬʘʢʪ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦʣʦʢʥʘ ʚ ʬʠʣʘʤʝʥʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʫʥʢʝʨʘ ʩ ʨʘʩʪʚʦʨʦʤ, ʯʴʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 130 °ʉ, 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦʣʦʢʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʉɺʄʇʕ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʉʂʄ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 135 °ʉ, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʇʕɺɼ ʠ ʥʘʯʘʣʦʤ ʧʣʘʚʣʝʥʠʷ 

ʚʦʣʦʢʦʥ ʉɺʄʇʕ. 

 

6.3 ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʠʣʘʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʙʳʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʰʣʠʬʳ, ʛʜʝ ʠʩʭʦʜʥʳʝ ʚʦʣʦʢʥʘ ʉɺʄʇʕ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʬʠʣʘʤʝʥʪʳ ʙʳʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʣʦʩʢʦʩʪʠ ʰʣʠʬʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʲʝʤʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʉʕʄ (ʨʠʩ. 6.3). 

ɺʦʣʦʢʥʦ ʠ ʬʠʣʘʤʝʥʪʳ ʟʘʣʠʚʘʣʠʩʴ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ, ʟʘʪʝʤ ʚʩʝ ʰʣʠʬʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠ 

ʩʥʠʤʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʫʥʢʪʝ 2.3.2.  

ʅʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʇʕɺɼ ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ, ʪ. ʝ. ʇʕɺɼ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʣ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʉɺʄʇʕ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʣʘʤʝʥʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʦʙʲʝʤ ʇʕɺɼ ʚʥʫʪʨʠ ʬʠʣʘʤʝʥʪʘ, ʧʫʩʪʦʪʳ ʚʥʫʪʨʠ ʬʠʣʘʤʝʥʪʘ ʠ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʘʤʝʥʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʧʪʠʤʘʣʴʥʦ ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʜʠʘʤʝʪʨ ʬʠʣʴʝʨʳ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʪʴ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚʦʣʦʢʦʥ ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʧʫʩʪʦʪʳ 

ʤʝʞʜʫ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʟʘʧʦʣʥʷʶʪʩʷ ʇʕɺɼ ʙʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 6.3 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ (ʘ) ʠʩʭʦʜʥʳʭ ʚʦʣʦʢʦʥ ʉɺʄʇʕ ʠ 

(ʙ) ʬʠʣʘʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʇʕɺɼ (~50 %ʤʘʩʩ.) ʠ ʚʦʣʦʢʦʥ ʉɺʄʇʕ  

 

ʊʘʢʞʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʱʝʧʣʝʥʥʳʭ ʬʠʣʘʤʝʥʪʦʚ ʚʜʦʣʴ 

ʦʩʠ ʚʦʣʦʢʥʘ. ʇʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʚʦʣʦʢʦʥ ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʜʘʣʝʥʘ ʠʟ ʩʦʩʪʘʚʘ 

ʬʠʣʘʤʝʥʪʘ, ʠ ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʣʦʢʦʥ 

ʉɺʄʇʕ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʧʨʦʧʠʪʘʥʥʦʛʦ ʬʠʣʘʤʝʥʪʘ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʫʩʪʦʪ ʥʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʬʠʣʘʤʝʥʪʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʧʨʦʧʠʪʘʥʥʦʛʦ ʬʠʣʘʤʝʥʪʘ, ʙʳʣʘ ʩʣʘʙʦ ʠʟʤʝʥʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. ʆʜʥʘʢʦ ʜʣʷ ʚʦʣʦʢʦʥ ʉɺʄʇʕ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʪʘʢʪʝ ʩ ʇʕɺɼ, ʥʘʙʣʶʜʘʣʦʩʴ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ. ʂʘʞʜʦʝ ʚʦʣʦʢʥʦ ʉɺʄʇʕ 

ʧʦʢʨʳʪʦ ʩʣʦʝʤ ʇʕɺɼ, ʩ ʦʪʭʦʜʷʱʠʤʠ ʠʛʦʣʴʯʘʪʳʤʠ ʠʝʨʘʨʭʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʨʠʩ. 6.4). ʇʨʠ 




















