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ɺɺɽɼɽʅʀɽ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʝʤʧʳ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʶʪʩʷ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʆʥʠ ʩʦʭʨʘʥʷʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʛʠ, ʚʦʜʳ) ʠ ʣʝʛʢʦ ʚʢʣʶʯʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʙʠʦʩʠʩʪʝʤ (ʙʘʢʪʝʨʠʡ, ʜʨʦʞʞʝʡ, ʛʨʠʙʦʚ, 

ʚʦʜʦʨʦʩʣʝʡ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ.  

ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʢʠ ʦ ʩʤʝʩʷʭ, 

ʢʦʤʧʦʟʠʪʘʭ. ɺʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʘʩʧʘʜ ʦʩʥʦʚʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʭʤʘʣ, ʮʝʣʣʶʣʦʟʫ, ʭʠʪʠʥ, ʭʠʪʦʟʘʥ, ʙʝʣʢʠ (ʢʘʟʝʠʥ, ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʝʨʠʥʘ, ʢʝʨʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʥʘʪʫʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ) ʠ ʜʨ. [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʟʜʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 
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ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʤʠ 

ʚʦʣʦʢʥʘʤʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʟʘʤʝʜʣʝʥʠʶ ʠʩʪʦʱʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ [1]. 

ʉʦʯʝʪʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʘʪʝʨʠʘʣʳ ʩ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ɼʘʞʝ ʧʨʠ ʧʨʦʩʪʦʤ 

ʩʤʝʰʝʥʠʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʝʨʘʪʠʥʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʄʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʨʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʧʦʣʠʤʝʨ 

ʵʪʠʣʝʥʘ ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ (ʩʵʚʠʣʝʥ) ʠ ʧʦʣʠʣʘʢʪʠʜ, ʥʘʧʦʣʥʝʥʥʳʝ ʢʝʨʘʪʠʥʦʤ. 

ʂʝʨʘʪʠʥ ï ʵʪʦ ʞʝʩʪʢʠʡ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʬʠʙʨʠʣʣʷʨʥʳʡ ʙʝʣʦʢ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʦʛʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʧʠʜʝʨʤʠʩʘ ʢʦʞʠ, ʚ ʚʦʣʦʩʘʭ, 

ʢʦʧʳʪʘʭ, ʨʦʛʘʭ, ʰʝʨʩʪʠ ʠ ʧʝʨʴʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʫʨʠʥʳʭ. ʆʥ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʢʘʥʷʤʠ 

ʞʠʚʦʪʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʳʨʴʷ (ʙʠʦʧʦʣʠʤʝʨʘ) ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʪʠʥʘ ʫʩʪʫʧʘʝʪ ʣʠʰʴ ʭʠʪʠʥʫ ʩʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɸʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʝʨʘʪʠʥʘ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʚ ʤʠʨʝ, 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 5 ʤʣʥ. ʪ/ʛʦʜ. 

ʂʝʨʘʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʙʝʣʦʢ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʠ ʚʤʝʩʪʝ ʩ ʢʦʣʣʘʛʝʥʦʤ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʙʠʦʧʦʣʠʤʝʨʦʤ. ʇʨʠ ʵʪʦʤ ʢʫʨʠʥʳʝ ʧʝʨʴʷ ʩʦʩʪʦʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 

ʢʝʨʘʪʠʥʘ. ʄʠʣʣʠʦʥʳ ʪʦʥʥ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʝʞʝʛʦʜʥʦ ʢʘʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʥʝʜʦʨʦʛʦʛʦ 

ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʙʠʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʪʠʥʘ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʧʦʣʠʵʪʠʣʝʥʘ ELITETM 

5230G (ʇʕ), ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ (ʉʕ) ʠ ʧʦʣʠʣʘʢʪʠʜʘ (ʇʃɸ)) 

ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʙʠʦʨʘʟʣʦʞʝʥʠʶ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1) ʠʟʫʯʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʨʝʮʝʧʪʫʨʫ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʇʕ/ʢʝʨʘʪʠʥ, 

ʉʕ/ʢʝʨʘʪʠʥ ʠ ʇʃɸ/ʢʝʨʘʪʠʥ ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

3) ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʝʨʘʪʠʥʘ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʣʦʞʝʥʠʝ ʙʠʦʢʦʤʧʦʟʠʪʦʚ; 

4) ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʠʨʦʜʳ ʧʦʣʠʤʝʨʦʚ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʠʤʝʨʦʤ ʠ ʢʝʨʘʪʠʥʦʤ; 

5) ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʦʤ ʩʤʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

6) ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʪʨʫʢʪʫʨʫ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ; 

7) ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʧʨʠʨʦʜʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ ʧʦʯʚʝ ʠ ʦʮʝʥʢʦʡ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ 

ʨʘʟʚʠʪʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ. 

8) ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʤʠʢʨʦʪʦʤʦʛʨʘʬʝ Bruker 

SkyScan 1172 (ɹʝʣʴʛʠʷ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SkyScan ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʫʭʫʜʰʝʥʠʝʤ 
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ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʰʝʣʢ, ʰʝʨʩʪʴ, ʢʝʨʘʪʠʥ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʂʫʨʠʥʳʝ ʧʝʨʴʷ, ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʢʦʪʦʨʳʭ ʚʳʙʨʘʩʳʚʘʶʪʩʷ 

ʝʞʝʛʦʜʥʦ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʤʘʣʦʠʟʫʯʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʥʝʜʦʨʦʛʦʛʦ ʩʳʨʴʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʙʰʠʨʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʦʪʭʦʜʦʚ ʧʪʠʮʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʥʦʝ 

ʢʝʨʘʪʠʥʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ, ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʫʯʥʦʡ ʙʘʟʳ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʢʝʨʘʪʠʥʘ. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʡ ʠ 

ʚʳʷʩʥʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʥʳ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʦʚʠʟʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʜʚʠʛʦʚʘʷ ʜʝʬʦʨʤʘʮʠʷ (ɺʊʉɼ) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʦʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʧʫʪʝʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʦʧʫʩʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 145Áʉ [4] ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕ ʠ ʢʝʨʘʪʠʥʘ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ɺʊʉɼ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʘʤ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʩʤʝʰʝʥʠʷ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʣʘʢʪʠʜʘ ʠ ʢʝʨʘʪʠʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʣʘʢʪʠʜʘ 

ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʤʝʞʬʘʟʥʫʶ ʘʜʛʝʟʠʶ ʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʪʘʢ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʢʝʨʘʪʠʥʘ. 

ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʠ ʧʨʠʨʦʜʦʡ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ ʧʦʯʚʝ ʠ ʦʮʝʥʢʦʡ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʧʦ 

ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ (ʚ ʢʘʯʝʩʪʚʝ 

ʫʢʨʳʚʥʳʭ ʧʣʝʥʦʢ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʥʪʝʡʥʝʨʦʚ) ʩ ʫʯʝʪʦʤ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ ʇʕ/ʢʝʨʘʪʠʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ɺʊʉɼ ʚ ʵʢʩʪʨʫʜʝʨʝ-

ʜʠʩʧʝʨʛʘʪʦʨʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʝʥʠʝʤ ʚ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ 

PlastographÑ EC (Brabender, ɻʝʨʤʘʥʠʷ). ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʉʕ/ʢʝʨʘʪʠʥ ʠ ʇʃɸ/ʢʝʨʘʪʠʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʝʥʠʝʤ ʚ 

ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ PlastographÑ EC. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ 

çʀʥʩʪʨʦʥ-1122è (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ ʨʝʞʠʤʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʡ ʪʨʘʚʝʨʩʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʤʠʢʨʦʚʠʩʢʦʟʠʤʝʪʨʘ ʥʘ ʙʘʟʝ ʀʀʈʊ-5 (ʈʦʩʩʠʷ) ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʘʙʦʪʝ ʪʝʨʤʦʧʣʘʩʪʦʚ. ʉʪʦʡʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.049-91. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʠʙʳ ʠʟ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʧʨʦʚʝʜʝʥʦ ʩʪʘʨʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʧʦʯʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
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ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ. ʥʘ ʤʠʢʨʦʪʦʤʦʛʨʘʬʝ Bruker SkyScan 1172 (ɹʝʣʴʛʠʷ) ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SkyScan ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʉʕʄ). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ 

ʫʨʦʚʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʪʦʜʦʚ. ʆʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ, ʣʦʛʠʯʥʦ 

ʠʟʣʦʞʝʥʳ ʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʦʩʪʦʚʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. 

ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʦʙʣʘʩʪʠ çʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʭ 

ʩʪʨʦʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʡ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠè, ʘ 

ʪʘʢʞʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-33-90240 ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ˉ 

ɸɸɸɸ-ɸ17-117040610309-0 ʠ ˉ 0082-2019-0008 ʛʦʩ. ʟʘʜʘʥʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʝ ʠ ʦʙʨʘʙʦʪʢʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʝʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʢ ʧʫʙʣʠʢʘʮʠʷʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 6 

ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ 22 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʩʙʦʨʥʠʢʘʭ ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XVI - XXII I ʝʞʝʛʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʦʪʜʝʣʘ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʌʀʎʍʌ 

ʈɸʅ (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 2015- 2022ʛ.), VI, VII, VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ "ʍʠʤʠʷ, ʬʠʟʠʢʘ, ʙʠʦʣʦʛʠʷ: ʧʫʪʠ 

ʠʥʪʝʛʨʘʮʠʠ" (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 2018, 2019, 2020 ʛ.), V ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠè (ʛ. ɽʨʝʚʘʥ, 

ɸʨʤʝʥʠʷ, 2018ʛ.), 29, 30 ʉʠʤʧʦʟʠʫʤʝ ʧʦ ʨʝʦʣʦʛʠʠ (ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, 

2018,2021ʛ.), 14th, 15th International Saint Petersburg Conference of Young 

Scientists (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2018, 2019ʛ.), ʏʝʪʚʝʨʪʦʤ ʠ ʧʷʪʦʤ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ "ʅʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ"(ʛ. ʄʦʩʢʚʘ, 2018, 2019ʛ.), XXXI 

ʈʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, 

ʧʦʩʚʷʱʝʥʥʦʡ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ɺ. ʄ. ɾʫʢʦʚʩʢʦʛʦ (ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, 2021ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʥʘʫʯʥʦʤ 

ʬʦʨʫʤʝ çʃʆʄʆʅʆʉʆɺ-2021è ( ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 2021ʛ.). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 3 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ 

ʥʘ 117 ʩʪʨʘʥʠʮʘʭ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 9 ʪʘʙʣʠʮ ʠ 49 ʨʠʩʫʥʢʦʚ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʙʦʙʱʝʥʳ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʨʦʜʝ ʙʝʣʢʦʚ, ʪʠʧʦʚ ʧʝʨʴʝʚ ʠ 

ʩʪʨʦʝʥʠʠ ʧʝʨʘ, ʩʚʦʡʩʪʚʘʭ ʠ ʩʪʨʫʢʪʫʨʝ ʢʝʨʘʪʠʥʘ. ʂʝʨʘʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʙʠʦʧʦʣʠʤʝʨʦʤ. ʂʝʨʘʪʠʥ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʪʠʧ 

ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʥʘʨʫʞʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʦʚʳ 

ʧʦʟʚʦʥʦʯʥʳʭ. ɹʠʦʤʘʪʝʨʠʘʣʳ ʠʟ ʢʝʨʘʪʠʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʣʠʯʥʫʶ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʫʥʠʢʘʣʴʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ. 

ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʢʝʨʘʪʠʥʘ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʭr ʜʘʥʥrʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʙʠʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʢʝʨʘʪʠʥʘ ʧʨʝʜʩʪʘʚʣ̫ ʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥrʝ ʢʦʤʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨrʭ ʚ 

ʥʝʧʨʝʨrʚʥʦʡ ʬʘʟʝ ʪʝʨʤʦʧʣʘʩʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ ʢʝʨʘʪʠʥʘ ʢʘʢ 

ʥʘʧʦʣʥʠʪʝʣʴ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ - ʧʨʠʚʝʜʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʠʢ 
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ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʚʦʡʩʪʚ ʩʪʘʨʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʇʕ/ʢʝʨʘʪʠʥ, ʉʕ/ʢʝʨʘʪʠʥ ʠ ʇʃɸ/ʢʝʨʘʪʠʥ. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʧʦʯʚʝ. 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʝʪʦʜʦʚ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʇʕ/ʢʝʨʘʪʠʥ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɺʊʉɼ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʫʜʝʨʘ-ʜʠʩʧʝʨʛʘʪʦʨʘ ʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʝʥʠʝʤ ʚ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ PlastographÑ EC 

(Brabender, ɻʝʨʤʘʥʠʷ), ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʙʠʦʨʘʟʣʦʞʝʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʤʝʰʝʥʠʷ 

ʢʝʨʘʪʠʥʘ ʩ ʧʦʣʠʤʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʘʝʤʳʭ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʩʦʩʪʘʚʘ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ. 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦʣʠʤʝʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʝʨʘʪʠʥʘ, ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʧʦʣʠʤʝʨʦʤ 

ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʚ ʧʦʯʚʝ,  

4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ï 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʜʝʨʞʘʥʠʷ ʢʝʨʘʪʠʥʘ, ʝʛʦ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʘ ʩʤʝʰʝʥʠʷ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ɼʘʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʫʯʝʥʳʤʠ ʚʩʪʘʣʘ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʠʟʜʝʣʠʷ ʦʪ 

ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʟʘʪʝʤ ʠʭ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʨʦʜʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʆʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʘʢʠʭ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʮʝʣʦʤ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʚʳʰʣʠ ʥʘ ʫʨʦʚʝʥʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʳʧʫʩʢʘ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʘʩʪʝʪ 

ʠʥʪʝʨʝʩ ʢ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ ʧʦʣʠʤʝʨʘʤ ʠ ʢʦʤʧʦʟʠʪʘʤ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʦʠʟʚʦʜʩʚʦ 

ʧʦʤʦʛʘʝʪ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʩʝʨʴʝʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ XXI ʚʝʢʝ [1, 5]. 

 

1.1. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʪʠʧʳ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʘʪ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʆʥʠ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʥʘʥʦ, ʤʠʢʨʦ ʠ ʤʝʟʦ. ɼʘʥʥʘʷ ʦʙʣʘʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʯʝʥʳʭ-ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, ʨʝʰʘʷ ʩʣʦʞʥʳʝ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʙʣʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʥʠʛ ʠ 

ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʪʘʙʣ. 1, 2).  
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ɸʚʪʦʨ ʅʘʟʚʘʥʠʝ, ʠʟʜʘʪʝʣʴʩʪʚʦ 

Thompson D.W. On Growth and Form. 2nd ed., reprinted. Cambridge: 

Cambridge University Press; 1968 



13 
 

Fraser R. D. B. Keratins: Their Composition, Structure, and Biosynthesis. 

Springfield: Thomas; 1972 

Brown C.H. Structural Materials in Animals. London: Pitman; 1975 

Wainwright S.A. Mechanical Design in Organisms. Princeton: Princeton 

University Press; 1976 

Vincent J.F.V. The Mechanical Properties of Biological Materials. Cambridge: 

Cambridge University Press; 1980 

Vincent J.F.V. Structural Biomaterials. New Jersey: Princeton University 

Press; 1991 

Currey J.D. The Mechanical Adaptations of Bone. Princeton: Princeton 

University Press; 1984 

Simkiss K. Biomineralization: Cell Biology and Mineral Deposition. San 

Diego: Academic Press; 1989 

Lowenstam 

H.A. 

On Biomineralization. New York: Oxford University Press; 

1989 

Byrom D. Biomaterials: Novel Materials from Biological Sources. New 

York: Macmillan; 1991 

Fung Y-C. Biomechanics: Mechanical Properties of Living Tissues. 2nd 

ed. New York: Springer-Verlag; 1993 

Fung Y-C. Biomechanics: Motion, Flow, Stress, and Growth. New York: 

Springer-Verlag; 1990 

Fung Y-C. Biomechanics: Circulation. 2nd edition. New York: Springer-

Verlag; 1997 

Feughelman M. Mechanical Properties and Structure of Alpha-keratin Fibers. 

Sydney: UNSW Press; 1997 

Gibson L.J. Cellular Solids: Structure and Properties. 2nd ed. Cambridge: 

Cambridge University Press; 1997 

McGrath K.P. Protein-based Materials. Boston: Birkhaɪuser; 1997 

Elices M. Structural Biological Materials. New York: Pergamon; 2001 



14 
 

Talham D.R. Biomineralization: Principles and Concepts in Bioinorganic 

Materials Chemistry. New York: Oxford University Press; 2001 

Currey J.D. Bones: Structure and Mechanics. New Jersey: Princeton 

University Press; 2002 

Ratner B.D. Biomaterials Science: An Introduction to Materials in Medicine. 

New York: Academic Press; 2005 

Forbes P. The Geckoôs Foot. London: Fourth Estate; 2007 

 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʦʙʟʦʨʳ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʙʠʦʤʠʤʝʪʠʢʝ 

 

ɸʚʪʦʨ ʅʘʟʚʘʥʠʝ, ʞʫʨʥʘʣ ʠʟʜʘʥʠʷ 

Srinivasan A.V. Biomimetics: Advancing man-made materials through guidance 

from nature. Appl Mech Rev 1991; 44: 463ï82 

Mann S. Crystallization at inorganicïorganic interfaces: Biominerals and 

biomimetic synthesis. Science 1993; 261: 1286ï92 

Kamat S. Structural basis for the fracture toughness of the shell of the 

conch Strombus gigas. Nature 2000; 405: 1038ï40 

Whitesides G.M. Organic materials science. Mater Res Soc Bull 2002; 27: 56ï65 

Mayer G. Rigid biological composite materials: Structural examples for 

biomimetic design. Exp Mech 2002; 42: 395ï403 

Altman G.H. Silk-based biomaterials. Biomaterials 2003; 24: 401ï16 

Wegst U.G.K. The mechanical efficiency of natural materials. Philos Mag 

2004; 84: 2167ï86 

Mayer G. Rigid biological systems as models for synthetic composites. 

Science 2005; 310: 1144ï7 

Sanchez C. Biomimetism and bioinspiration as tools for the design of 

innovative materials and systems. Nat Mater 2005; 4: 277ï8. 

Wilt F.H. Developmental biology meets materials science: 

Morphogenesis of biomineralized structures. Dev Biol 2005; 

280: 15ï25 



15 
 

Meyers M.A. Structural biological composites: An overview. JOM 2006; 58: 

35ï41 

Mayer M.A. New classes of tough composite materials ï Lessons from 

nature rigid biological systems. Mater Eng Sci C 2006; 26: 

1261ï8 Lee G.Y.H. Nanobiomechanics Approaches to Study Human Diseases. 

Trends Biotechnol 2007; 25: 111ï8 

Vroman I. Biodegradable Polymers. Materials 2009; 2: 307ī44 

Ramamoorthy 

S.K. 

Performance of biocomposites from surface modified 

regenerated cellulose fibers and lactic acid thermoset bioresin. 

Cellulose 2015; 22: 2507ï28 Saini R.D. Biodegradable Polymers. International Journal of Applied 

Chemistry. 2017; 13: 179ī196 

Rogovina S.Z. Composite Materials Based on Synthetic Polymers Reinforced 

with Natural Fibers. Polymer Science; Series A; 2019; 61: 

417ï38  

ɺ ʧʨʠʨʦʜʝ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. ʄʦʨʩʢʦʝ 

ʫʰʢʦ ʠ ʤʠʜʠʷ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʧʨʠʤʝʨʘʤʠ ʪʦʛʦ, ʢʘʢ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ 

ʩʠʥʪʝʟʠʨʫʶʪ ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʞʝʩʪʢʦʩʪʴ. ʉʣʦʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʣʝʡ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʢʠʨʧʠʯ ʠ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ, ʩʢʣʝʠʚʘʶʱʠʡ ʢʠʨʧʠʯʠ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ, ʷʚʣʷʝʪʩʷ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʕʪʦʪ 

ʙʠʦʢʦʤʧʦʟʠʪ ʩʦʩʪʦʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʠʟ 95% ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʘ ʠ 

5% ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʚ ʤʝʞʬʘʟʥʦʤ 

ʩʣʦʝ.  

ʆʨʛʘʥʠʯʝʩʢʠʡ ʢʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʝʥ, ʯʪʦʙʳ ʫʜʝʨʞʠʚʘʪʴ ʩʣʦʠ 

ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʚʤʝʩʪʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʝ, ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ ʩʣʦʷʤ 

ʩʢʦʣʴʟʠʪʴ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ ʫʜʘʨʘ ʠʣʠ ʦʪʢʣʦʥʠʪʴ 

ʚʩʪʨʝʯʥʫʶ ʪʨʝʱʠʥʫ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ ʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʭʨʫʧʢʠʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʩʦʪʚʦʨʸʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠʨʦʜʦʡ ʙʝʟ ʧʦʤʦʱʠ ʯʝʣʦʚʝʢʘ, 

ʷʚʣʷʶʪʩʷ ʚʜʦʭʥʦʚʝʥʠʝʤ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʪʘʢʦʡ ʥʘʫʢʠ ʢʘʢ 

https://link.springer.com/article/10.1007/s10570-015-0643-x?shared-article-renderer#auth-1
https://link.springer.com/journal/10570


16 
 

ʙʠʦʤʠʤʝʪʠʢʘ. ɽʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʠʨʦʜʫ, ʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ 

ʧʨʠʤʝʨʦʚ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ 

ʣʝʪ, ʠ ʦʥʠ ʝʱʝ ʥʝ ʦʜʥʦʢʨʘʪʥʦ ʧʦʩʣʫʞʘʪ ʧʨʠʤʝʨʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʦʢʦʣʝʥʠʡ. 

ʀʜʝʠ ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʟʷʪʳʝ ʧʨʠ ʧʦʜʨʘʞʘʥʠʠ ʧʨʠʨʦʜʝ ʚʦ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ - ʝʩʪʴ ʥʘʫʢʘ ʦ ʙʠʦʤʠʤʝʪʠʢʝ ʪ.ʝ. ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʙʠʦʤʠʤʝʪʠʢʘ ʠʟʫʯʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [6, 

7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʦʣʠʤʝʨʥʳʤ ʧʨʦʜʫʢʪʘʤ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʜʘʶʱʠʭʩʷ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

 

1.2. ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ 

ʋʪʠʣʠʟʘʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʣʘʩʪʠʢʦʚ ʩʪʠʤʫʣʠʨʫʝʪ ʩʦʟʜʘʥʠʝ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʝʩʪʨʫʢʪʠʨʦʚʘʪʴ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ ʧʦʣʠʤʝʨʘʤ, ʦʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʣʠʤʝʨʳ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʠʟ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ (ʥʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ) ʠ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ ī ʤʘʪʝʨʠʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ). 

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʠʩʢʦʧʘʝʤʳʭ 

ʨʝʩʫʨʩʦʚ, ʥʦ ʦʩʥʦʚʥʦʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʩʪʝʧʝʥʥʘʷ ʟʘʤʝʥʘ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʢʦʚ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʨʠ ʵʪʦʤ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʤʦʤʝʥʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ:  

¶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʙʳʩʪʨʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʵʪʠʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ; 
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¶  ʩʣʝʜʫʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʭ ʥʝ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɼʝʩʪʨʫʢʮʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʠʮʠʠʨʫʶʪ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʪʝʨʤʠʯʝʩʢʦʝ, 

ʬʦʪʦʦʢʠʩʣʝʥʠʝ, ʪʝʨʤʦʣʠʟ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʙʠʦʨʘʟʣʦʞʝʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʨʘʟʣʘʛʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, 

ʚʦʜʦʨʦʩʣʝʡ), ʪ.ʝ. ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʧʠʱʫè ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ʅʘ ʧʨʦʮʝʩʩ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: 

ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ, ʬʝʨʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ, ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʡ. ʄʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ, 

ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʤʦʣʝʢʫʣ (ʦʣʠʛʦʤʝʨʦʚ, ʤʦʥʦʤʝʨʦʚ), 

ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʚʦʜʫ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʠʦʤʘʩʩʫ ʠ ʜʨʫʛʠʝ 

ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʠ ʧʨʠʚʦʜʷʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʵʥʝʨʛʠʠ. ʇʨʦʜʫʢʪʳ 

ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʧʨʠʨʦʜʝ ʠ 

ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʩʧʘʜʘ ʧʦʣʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ [5ī7]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ī ʵʪʦ ʪʠʧ ʧʦʣʠʤʝʨʦʚ, 

ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʶ ʥʘ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʝʪʘʥ, ʚʦʜʫ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʠʦʤʘʩʩʫ. ʉʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʦʡ. ʂʘʢ ʫʞʝ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ 

ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ [8].  

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 
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ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ [1, 7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ï ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʤʦʣʝʢʫʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʤʘʪʝʨʠʘʣʘ; 

ï ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ (ʩʤʝʩʝʡ, ʢʦʤʧʦʟʠʪʦʚ) ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʘʩʧʘʜ ʦʩʥʦʚʥʦʛʦ ʧʦʣʠʤʝʨʘ; 

ï ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʙʠʦʜʝʛʨʘʜʠʨʫʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ; 

ī ʚʳʚʝʜʝʥʠʝ ʦʩʦʙʳʭ ʤʫʪʘʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʘʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʧʦʣʠʤʝʨ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʧʣʘʩʪʠʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʤʝʩʝʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʩ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʩʪʝʧʝʥʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʘʩʧʘʜ ʦʩʥʦʚʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʨʘʭʤʘʣ, ʮʝʣʣʶʣʦʟʫ, ʭʠʪʠʥ, ʭʠʪʦʟʘʥ, ʙʝʣʢʠ ʠ 

ʜʨ.  

ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʦʢʣʘʜʳʚʘʝʪ ʧʫʪʴ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ī ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ ʦʙʣʘʩʪʴʶ ʥʘʫʢʠ [8 ī 10]. 

1.3. ʇʨʠʨʦʜʘ ʙʝʣʢʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʜʠʘʧʘʟʦʥ ʚʳʧʦʣʥʷʝʤʳʭ ʙʝʣʢʘʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [11 ï 16].  

ɹʝʣʢʠ  ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʙʦʣʴʰʝʡ 

ʯʘʩʪʴʶ ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 
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ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ. ʄʦʣʝʢʫʣʳ ʙʝʣʢʦʚ 

ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ 

ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʀʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʦʭʚʘʪʳʚʘʶʪ ʠʥʪʝʨʚʘʣ ʦʪ 6000 ʜʦ 

ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ. 

ʅʘ ʨʘʟʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣʳ ʦʩʥʦʚʘʥʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʙʝʣʢʦʚ ʥʘ ʛʣʦʙʫʣʷʨʥʳʝ ʠ ʬʠʙʨʠʣʣʷʨʥʳʝ. 

ɻʣʦʙʫʣʷʨʥʳʝ ʙʝʣʢʠ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʩʦʣʝʚʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠ ʦʙʣʘʜʘʶʪ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ ʤʦʣʝʢʫʣʳ (ʵʣʣʠʧʩʦʠʜ 

ʚʨʘʱʝʥʠʷ). ʂʦʤʧʘʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʩʚʦʨʘʯʠʚʘʥʠʠ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ɺ ʦʩʥʦʚʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʞʠʪ 

ʛʠʜʨʦʬʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʧʦʣʷʨʥʳʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʮʝʧʠ ʠʛʨʘʶʪ ʨʦʣʴ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʠʦʥʥʳʝ ʩʚʷʟʠ. ʍʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʣʦʙʫʣʷʨʥʳʭ 

ʙʝʣʢʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʦʙʫʣʳ ʟʘʨʷʞʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ, ʦʢʨʫʞʘʷ ʩʝʙʷ ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʂ ʛʣʦʙʫʣʷʨʥʳʤ ʙʝʣʢʘʤ 

ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʬʝʨʤʝʥʪʳ ʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʙʝʣʢʦʚ. 

ʌʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʩʦʣʝʚʳʭ 

ʨʘʩʪʚʦʨʘʭ, ʦʙʣʘʜʘʶʪ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʣʠʧʝʧʪʠʜʥʳʝ ʮʝʧʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʘ ʜʨʫʛʦʡ ʚ ʬʦʨʤʝ ʜʣʠʥʥʳʭ ʚʦʣʦʢʦʥ, 

ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ. ɺʘʞʥʝʡʰʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʡ ʛʨʫʧʧʳ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ī ʢʝʨʘʪʠʥʳ, ʢʦʣʣʘʛʝʥʳ ʠ 

ʵʣʘʩʪʠʥʳ. 

ɺ ʌʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʘʭ ʚʳʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʚ 

ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚʳʧʦʣʥʷʶʪ ʪʠʧʠʯʥʳʝ ʦʧʦʨʥʫʶ ʠ ʢʘʨʢʘʩʥʫʶ ʬʫʥʢʮʠʠ. 

ʆʥʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ, ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʥʝ 

ʘʪʘʢʫʶʪʩʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʧʣʦʭʦʡ ʫʩʚʦʷʝʤʦʩʪʠ 
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ʠ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʘʞʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʦʥʠ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʳʭ ʙʝʣʢʦʚ. 

ʋ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʥʘʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʢʦʥʬʦʨʤʘʮʠʡ 

ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ: a-ʩʧʠʨʘʣʴ, b-ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʯʘʪʦʛʦ ʣʠʩʪʘ ʠ 

ʩʫʧʝʨʩʧʠʨʘʣʴ. ɺʘʞʥʝʡʰʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʠʭ ʙʝʣʢʦʚ  ʢʝʨʘʪʠʥʳ, ʙʝʣʢʠ 

ʰʝʣʢʘ ʠ ʢʦʣʣʘʛʝʥʳ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʦʩʦʙʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʨʝʭʤʝʨʥʳʤ ʩʰʠʚʢʘʤ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ 

ʢʦʚʘʣʝʥʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ 

 

ʉʪʨʫʢʪʫʨʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʨʠʤʝʨʳ 

a-ʩʧʠʨʘʣʠ, ʩʰʠʪʳʝ 

ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ 

ʇʨʦʯʥʳʝ, ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʚ ʚʦʜʝ ʟʘʱʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʦʡ 

ʞʝʩʪʢʦʩʪʠ 

a-ʢʝʨʘʪʠʥ ʚʦʣʦʩ, 

ʧʝʨʴʝʚ ʠ ʥʦʛʪʝʡ 

b-ʢʦʥʬʦʨʤʘʮʠʠ ʄʷʛʢʠʝ, ʛʠʙʢʠʝ ʚʦʣʦʢʥʘ ʬʠʙʨʦʠʥ ʰʝʣʢʘ 

 

1.4. ʊʠʧʳ ʧʝʨʴʝʚ ʠ ʩʪʨʦʝʥʠʝ ʧʝʨʘ 

ɼʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʪʠʮ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʴʝʚʦʛʦ ʧʦʢʨʦʚʘ, 

ʢʦʪʦʨʳʡ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʜʨʫʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʂʫʨʠʥʳʝ ʧʝʨʴʷ, 

ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʢʦʪʦʨʳʭ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʝʞʝʛʦʜʥʦ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʪʭʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʥʝʜʦʨʦʛʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʫʨʠʥʳʝ ʧʝʨʴʷ ʩʦʩʪʦʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʢʝʨʘʪʠʥʘ ï ʞʝʩʪʢʦʛʦ 

ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʬʠʙʨʠʣʣʷʨʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʨʦʛʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʧʠʜʝʨʤʠʩʘ ʢʦʞʠ, ʚ ʚʦʣʦʩʘʭ, ʢʦʧʳʪʘʭ, ʨʦʛʘʭ ʠ ʰʝʨʩʪʠ 

[8, 9].  
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ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʨʴʝʚʳʭ ʦʪʭʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 5ï7% ʦʪ ʞʠʚʦʡ ʤʘʩʩʳ ʢʫʨ. 

ʆʪʭʦʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʘʭʦʨʦʥʝʥʠʶ ʠʣʠ ʩʞʠʛʘʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ, ʧʦʯʚʳ ʠ ʚʦʜʳ. 

ʉʦʛʣʘʩʥʦ Bartels et al. [17] ʩʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʪʠʧʦʚ ʧʝʨʴʝʚ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʤʦʨʬʦʣʦʛʠʠ: 1) ʨʫʣʝʚʦʝ (ʧʝʨʦ ʭʚʦʩʪʘ), 2) ʤʘʭʦʚʦʝ, 3) ʧʦʢʨʦʚʥʦʝ, 4) 

ʥʠʪʝʚʠʜʥʦʝ, 5) ʱʝʪʠʥʘ (ʢʠʩʪʝʦʙʨʘʟʥʦʝ) ʠ 6) ʧʫʭʦʚʦʝ ʧʝʨʦ (ʨʠʩ. 1). ʈʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʧʝʨʴʝʚ ʠʤʝʶʪ ʨʘʟʥʳʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ.  

 

ʈʠʩ. 1. ʊʠʧʳ ʧʝʨʴʝʚ ʫ ʧʪʠʮ: 1ð ʨʫʣʝʚʦʝ (ʧʝʨʦ ʭʚʦʩʪʘ), 2ð ʤʘʭʦʚʦʝ ʧʝʨʦ, 3ð 

ʧʦʢʨʦʚʥʦʝ ʧʝʨʦ, 4ð ʥʠʪʝʚʠʜʥʦʝ ʧʝʨʦ, 5ð ʱʝʪʠʥʘ (ʢʠʩʪʝʦʙʨʘʟʥʦʝ), 6ð 

ʧʫʭʦʚʦʝ ʧʝʨʦ [17] 

 

ʂʦʥʪʫʨʥʳʝ ʧʝʨʴʷ ʧʦʢʨʳʚʘʶʪ ʚʩʝ ʪʝʣʦ ʧʪʠʮʳ, ʦʙʨʘʟʫʶʪ ʢʨʳʣʴʷ ʠ ʭʚʦʩʪ 

ʠ ʩʦʟʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʡ çʧʪʠʯʠʡè ʦʙʣʠʢ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʘ 

ʷʚʣʷʶʪʩʷ ʩʪʝʨʞʝʥʴ ʠ ʦʧʘʭʘʣʦ. ʆʪ ʩʪʝʨʞʥʷ ʧʦʜ ʫʛʣʦʤ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪʭʦʜʷʪ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʦʨʦʜʢʠ, ʦʪ ʢʦʪʦʨʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʩʭʦʜʷʪ ʣʫʯʠ, 

ʩʮʝʧʣʷʶʱʠʝʩʷ ʩ ʧʦʤʦʱʴʶ ʢʨʶʯʢʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʩʧʣʦʰʥʫʶ ʠ 

ʧʣʦʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʘʭʘʣʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʧʘʭʘʣʘ ʙʦʨʦʜʢʠ ʢʨʝʧʢʦ 

ʩʢʨʝʧʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʩʘʤʳʭ ʥʠʞʥʠʭ ʙʦʨʦʜʦʢ ʩʮʝʧʣʝʥʠʝ 

ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ [1]. 

ʆʙʨʘʙʦʪʢʘ ʧʝʨʴʝʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʨʘʢʮʠʡ ʚʦʣʦʢʥʘ ʠ ʧʝʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ (ʨʠʩ. 2). ɺʦʣʦʢʥʦ ʢʝʨʘʪʠʥʘ ʠ ʧʝʨʦ 

https://commons.wikimedia.org/wiki/File:Types_of_feathers.jpg?uselang=ru
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ʢʝʨʘʪʠʥʘ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʦʨʤʘʤʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʝʨʘʪʠʥʘ ʚ ʧʝʨʴʷʭ. ɼʠʘʤʝʪʨ ʢʝʨʘʪʠʥʦʚʦʛʦ ʚʦʣʦʢʥʘ ʨʘʚʝʥ 50 ʤʢʤ (ʨʠʩ. 2) 

 

 

(ʘ)       (ʙ) 

 

  (ʚ)   (ʛ)    (ʜ) 

ʈʠʩ. 2. ʉʢʘʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʢʫʨʠʥʦʝ ʧʝʨʦ: (ʘ) ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʦ; (ʙ) ʚʦʣʦʢʥʦ; (ʚ) ʚʥʝʰʥʝʝ ʧʝʨʦ; (ʛ) 

ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʦ ʠ (ʜ) ʚʦʣʦʢʥʦ [18]. 

 

ʌʫʥʢʮʠʠ ʦʧʝʨʝʥʠʷ ʚʝʩʴʤʘ ʤʥʦʛʦʦʙʨʘʟʥʳ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʸʪʘ, ʦʙʨʘʟʫʷ ʥʝʩʫʱʠʝ ʧʣʦʩʢʦʩʪʠ (ʢʨʳʣʴʷ, ʭʚʦʩʪ) ʠ ʩʦʟʜʘʚʘʪʴ 

ʦʙʪʝʢʘʝʤʦʩʪʴ ʪʝʣʘ. ʇʝʨʴʷ ʟʘʱʠʱʘʶʪ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ. ʆʯʝʥʴ ʵʬʬʝʢʪʠʚʥʘ ʚʦʜʦʟʘʱʠʪʥʘʷ ʠ ʪʝʧʣʦʟʘʱʠʪʥʘʷ ʬʫʥʢʮʠʠ 

ʦʧʝʨʝʥʠʷ. ɺʝʨʰʠʥʳ ʢʦʥʪʫʨʥʳʭ ʧʝʨʴʝʚ ʧʨʦʪʠʚʦʩʪʦʷʪ ʥʘʤʦʢʘʥʠʶ. 

ʇʝʨʝʧʣʝʪʝʥʠʝ ʧʫʭʦʚʳʭ ʯʘʩʪʝʡ ʦʧʘʭʘʣ ʢʦʥʪʫʨʥʳʭ ʧʝʨʴʝʚ, ʧʫʭʦʚʳʭ ʧʝʨʴʝʚ ʠ 

ʧʫʭʘ ʫʜʝʨʞʠʚʘʝʪ ʦʢʦʣʦ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ ʚʦʟʜʫʭʘ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʪʝʧʣʘ. 
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ʉʦʩʪʘʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 4. ʉʦʜʝʨʞʘʥʠʝ 

ʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

17.7 ʤʘʩ.%. ʎʠʩʪʝʠʥ ī ʧʦʩʪʘʚʱʠʢ ʪʠʦʣʦʚʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ 

ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʝʨʘʪʠʥʘ ʧʝʨʘ [18]. ʆʥ ʪʘʢʞʝ 

ʛʠʜʨʦʬʦʙʥʳʡ. ɺʪʦʨʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʢʫʨʠʥʦʤ ʧʝʨʝ 

ī ʩʝʨʠʥ (11.7 ʤʘʩ.%), ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʨʫʧʧʫ -ʆʅ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʛʠʜʨʦʬʠʣʴʥʳʤ. ɺ ʮʝʣʦʤ, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʢʫʨʠʥʳʭ ʧʝʨʴʷʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 49.2 ʤʘʩ.%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩʦʩʪʘʚʣʷʝʪ 50.8 ʤʘʩ.%. ʆʪʩʶʜʘ ʚʦʣʦʢʥʦ 

ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʦʙʣʘʜʘʝʪ ʛʠʜʨʦʬʦʙʥʳʤ ʠ ʛʠʜʨʦʬʠʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. 

ʃʠʧʠʜʳ (ʠʣʠ ʞʠʨʥʦʝ ʤʘʩʣʦ) ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʝʨʴʝʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ 

ʩʝʢʨʝʪʠʨʫʶʪʩʷ ʩʣʶʥʥʳʤʠ ʞʝʣʝʟʘʤʠ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʩʚʦʡʩʪʚʘ ʧʝʨʘ, 

ʛʠʜʨʦʠʟʦʣʷʮʠʶ ʠ ʮʚʝʪ. ʃʠʧʠʜʳ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʤʘʪʨʠʮʘʤʠ ʩʤʦʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦʡ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ 

 

ʊʘʙʣʠʮʘ 4. ʉʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ [19] 

 

ɸʤʠʥʦʢʠʩʣʦʪʘ 
ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

(%) 
ʇʦʣʷʨʥʦʩʪʴ 

ʎʠʩʪʝʠʥ 17.7 ʥʝʧʦʣʷʨʥʳʡ 

ʉʝʨʠʥ 11.7 ʧʦʣʷʨʥʳʡ 

ɻʣʶʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 11.1 ʧʦʣʷʨʥʳʡ 

ʊʨʝʦʥʠʥ 6.9 ʧʦʣʷʨʥʳʡ 

ɻʣʠʮʠʥ 6.5 ʥʝʧʦʣʷʨʥʳʡ 

ʃʝʡʮʠʥ 6.1 ʥʝʧʦʣʷʨʥʳʡ 

ɺʘʣʠʥ 5.9 ʥʝʧʦʣʷʨʥʳʡ 

ɸʨʛʠʥʠʥ 5.6 ʧʦʣʷʨʥʳʡ 
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ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 5.0 ʧʦʣʷʨʥʳʡ 

ɸʣʘʥʠʥ 4.8 ʥʝʧʦʣʷʨʥʳʡ 

ʇʨʦʣʠʥ 3.6 ʥʝʧʦʣʷʨʥʳʡ 

ʀʟʦʣʝʡʮʠʥ 2.7 ʥʝʧʦʣʷʨʥʳʡ 

ʊʠʨʦʟʠʥ 1.9 ʧʦʣʷʨʥʳʡ 

ʌʝʥʠʣʘʣʘʥʠʥ 1.4 ʥʝʧʦʣʷʨʥʳʡ 

ɻʠʩʪʠʜʠʥ 0.8 ʧʦʣʷʨʥʳʡ 

ʄʝʪʠʦʥʠʥ 0.5 ʥʝʧʦʣʷʨʥʳʡ 

 

ʂʫʨʠʥʳʝ ʧʝʨʴʷ ʠʤʝʶʪ ʷʯʝʠʩʪʫʶ ʧʦʣʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ ʩʦʪ (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ 

[21]. 

 

1.5. ʉʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʪʠʥʘ 

ʂʝʨʘʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʙʝʣʦʢ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʠ ʚʤʝʩʪʝ ʩ ʢʦʣʣʘʛʝʥʦʤ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʙʠʦʧʦʣʠʤʝʨʦʤ. ʂʝʨʘʪʠʥ ī ʵʪʦ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ ʚʦʣʦʩ, ʧʝʨʴʝʚ, ʥʦʛʪʝʡ, ʰʝʨʩʪʠ, ʢʦʧʳʪ ʠ ʨʦʛʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʨʝʧʪʠʣʠʡ, ʧʪʠʮ ʠ ʯʝʣʦʚʝʢʘ. ʆʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʢʘʥʷʤʠ ʞʠʚʦʪʥʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʩʪʝʡ, ʜʦʩʪʫʧʝʥ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 
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ʠʩʪʦʯʥʠʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʳʨʴʷ (ʙʠʦʧʦʣʠʤʝʨ) ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʠʤʝʥʝʥʠʡ [22]. ʂʝʨʘʪʠʥ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ ʠ ʭʠʤʠʯʝʩʢʠ 

ʥʝʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʠʟ-ʟʘ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʙʝʣʢʦʚʦʡ ʮʝʧʠ ʚ ʬʦʨʤʝ Ŭ-

ʩʧʠʨʘʣʠ ʠʣʠ ɓ-ʣʠʩʪʘ ʚ ʩʫʧʝʨʩʧʠʨʘʣʴʥʳʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʷʭ, ʩʰʠʪʳʭ 

ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʉʨʝʜʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʝʨʘʪʠʥ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʚʮʝʚʦʜʩʪʚʘ ʠ ʧʪʠʮʝʚʦʜʩʪʚʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʥʦʤʠʯʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʘʤʦʝ ʨʘʥʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʨʘʪʠʥʘ 

ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ XVI ʚʝʢʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʂʠʪʘʝ. 

ɺʧʝʨʚʳʝ ʩʣʦʚʦ ʢʝʨʘʪʠʥ ʧʦʷʚʠʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ 1850 ʛ., ʯʪʦʙʳ ʦʧʠʩʘʪʴ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʢʦʧʳʪ, ʨʦʛʦʚ ʠ ʜʨʫʛʠʭ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ. 

ʉʣʦʚʦ çʢʝʨʘʪʠʥè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ çʢʝʨʘè. 

ʄʥʦʛʦ ʤʝʪʦʜʦʚ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʢʝʨʘʪʠʥʘ ʠʟ ʨʦʛʦʚ, ʢʦʧʳʪ ʞʠʚʦʪʥʳʭ, ʰʝʨʩʪʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʚʦʣʦʩ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

[23 ī 25].  

ɺ ʪʝʯʝʥʠʝ 1920-ʭ ʛʦʜʦʚ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʝʨʘʪʠʥʘ [25]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʢʝʨʘʪʠʥʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʘʣʠ ʧʦʥʠʤʘʪʴ 

ʤʥʦʛʠʝ ʧʦʜʢʣʘʩʩʳ ʢʝʨʘʪʠʥʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʦ ʧʦʣʷʨʥʦʩʪʠ, ʟʘʨʷʜʫ, ʨʘʟʤʝʨʫ ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʧʦ ʢʠʩʣʦʪʥʳʤ ʠʣʠ ʦʩʥʦʚʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤ, 

ʨʘʟʣʠʯʥʳʤ ʩʚʦʡʩʪʚʘʤ [28 ī 30]. ɺ 1934 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʣʶʯʝʚʘʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʝʨʘʪʠʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ [31]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʩʦʟʜʘʣʠ 

ʧʨʦʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʢʝʨʘʪʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 



26 
 

a-ʂʝʨʘʪʠʥ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʪʠʧ ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘʨʫʞʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʦʚʳ ʧʦʟʚʦʥʦʯʥʳʭ, ʪ.ʝ. 

ʢʝʨʘʪʠʥʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ 

ʞʠʚʦʪʥʳʭ. ʂʝʨʘʪʠʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʵʧʠʜʝʨʤʠʩʘ, ʢʦʪʦʨʳʡ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʤʝʨʪʚʳʭ ʢʝʨʘʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ. ʂ ʛʨʫʧʧʝ 

ʢʝʨʘʪʠʥʦʚ ʦʪʥʦʩʷʪ ʙʝʣʢʠ ʚʦʣʦʩ, ʨʦʛʦʚ, ʰʝʨʩʪʠ, ʯʝʰʫʠ, ʧʝʨʴʝʚ, ʢʦʛʪʝʡ. ʆʥʠ 

ʩʭʦʜʥʳ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʦʩʪʘʪʢʦʚ ʮʠʩʪʠʥʘ ʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ. 

ʂʝʨʘʪʠʥ ʰʝʨʩʪʠ ʠ ʚʦʣʦʩ ʠʤʝʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 

a-ʩʧʠʨʘʣʴʥʳʝ ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʮʝʧʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ ʠ ʤʝʞʩʧʠʨʘʣʴʥʳʤʠ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʝʨʘʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ. ɸʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʵʪʦʛʦ a-ʢʝʨʘʪʠʥʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʳʩʦʢʦʝ 

(11%) ʩʦʜʝʨʞʘʥʠʝ ʮʠʩʪʝʠʥʘ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʇʦʣʠʧʝʧʪʠʜʥʳʝ 

ʮʝʧʠ a-ʢʝʨʘʪʠʥʘ ʦʙʨʘʟʫʶʪ ʜʣʠʥʥʳʝ ʨʝʛʫʣʷʨʥʳʝ ʩʢʨʫʯʝʥʥʳʝ ʚʦʣʦʢʥʘ. 

ʈʦʛʦʚʦʡ ʢʦʥʩʢʠʡ ʚʦʣʦʩ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʝʨʘʪʠʥʘ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʧʠʨʘʣʝʚʠʜʥʫʶ ʠʣʠ ʣʠʩʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩʪʝʨʞʥʝʚʦʛʦ 

ʜʦʤʝʥʘ ʤʦʣʝʢʫʣʳ ʢʝʨʘʪʠʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʟʣʠʯʘʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ 

ʢʝʨʘʪʠʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪ.ʝ. a-ʢʝʨʘʪʠʥʳ ʠ b-ʢʝʨʘʪʠʥʳ [32], ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚʩʝʭ ʙʝʣʢʦʚ [33]. 

ʂʝʨʘʪʠʥ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʮʠʩʪʠʥʘ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʧʨʦʣʠʥʘ ʥ 

ʦʢʩʥʧʨʦʣʠʥʘ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʮʠʩʪʠʥʘ (8 ī 5 ī ʤʦʩʪʠʢʦʚ) ʢʝʨʘʪʠʥʳ ʠʟ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʤʷʛʢʠʝ (1%) ʠ ʪʚʝʨʜʳʝ (5%). ʂ ʪʚʝʨʜʳʤ 

ʦʪʥʦʩʠʪʩʷ ʢʝʨʘʪʠʥ ʨʦʛʦʚ, ʢʦʧʳʪ, ʰʝʨʩʪʠ, ʚʦʣʦʩ (18% ʩʝʨʦʩʦʜʝʨʜʝʨʞʘʱʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ); ʢ ʤʷʛʢʠʤ ī ʙʝʣʦʢ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʵʧʠʜʝʨʤʠʩʘ (2 ī 3%). ʆʪ 

ʢʝʨʘʪʠʥʘ ʰʝʨʩʪʠ ʵʧʠʜʝʨʤʠʥ ʦʪʣʠʯʘʝʪʩʷ ʪʘʢʞʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʨʛʠʥʠʥʘ, ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ð ʤʝʪʠʦʥʠʥʘ. 
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ʂʝʨʘʪʠʥ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʩʦʜʝʨʞʠʪ ʨʷʜ ʘʤʠʥʦʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ 

ʛʣʠʮʠʥ, ʘʣʘʥʠʥ, ʩʝʨʠʥ, ʮʠʩʪʝʠʥ ʠ ʚʘʣʠʥ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʟʠʥʘ, ʤʝʪʠʦʥʠʥʘ ʠ ʪʨʠʧʪʦʬʘʥʘ. ɻʠʙʢʘʷ ʧʨʠʨʦʜʘ ʢʝʨʘʪʠʥʦʚʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʪʢʘʥʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʢʝʨʘʪʠʥʘ. 

a-ʂʝʨʘʪʠʥʳ ʙʦʛʘʪʳ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʝ 

a-ʩʧʠʨʘʣʠ, ʠ ʩʦʜʝʨʞʘʪ ʤʘʣʦ ʘʤʠʥʦʢʠʩʣʦʪ (ʥʘʧʨʠʤʝʨ, ʧʨʦʣʠʥʘ) ʩʦʚʤʝʩʪʠʤʳʭ 

ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ a-ʩʧʠʨʘʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. a-ʂʝʨʘʪʠʥʳ ʙʦʛʘʪʳ 

ʦʩʪʘʪʢʘʤʠ ʮʠʩʪʠʥʘ, ʩʧʦʩʦʙʥʳʤʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʧʝʨʝʯʥʳʝ ʜʠʩʫʣʴʬʠʜʥʳʝ 

ʩʚʷʟʠ (īSīSī) ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʣʠʧʝʧʪʠʜʥʳʤʠ ʮʝʧʷʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʚʦʣʦʢʥʘ a-ʢʝʨʘʪʠʥʘ ʩʧʦʩʦʙʥʳ ʢ ʧʨʦʯʥʦʤʫ ʩʣʠʧʘʥʠʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

b-ʂʝʨʘʪʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʘʪʝʛʦʨʠʠ ʥʠʪʝʚʠʜʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʙʝʣʢʦʚ (ʥʘʧʨʠʤʝʨ, ʙʝʣʦʢ ʰʝʣʢʘ ʠ ʧʘʫʪʠʥʳ ï ʬʠʙʨʦʠʥ). ʆʩʪʦʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ 

ʮʝʧʠ ʚ b-ʢʦʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʞʮʝʧʦʧʝʯʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʝʧʪʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ 

ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʳʪʷʥʫʪʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʧʝʧʪʠʜʥʳʝ ʛʨʫʧʧʳ b-ʢʝʨʘʪʠʥʘ. 

ʄʦʣʝʢʫʣʳ ʙʝʣʢʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʧʠʨʘʣʴ, ɓ-ʣʠʩʪ ʠʣʠ 

ʩʣʫʯʘʡʥʫʶ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 4). ɺ ʩʦʩʪʘʚʝ ʢʝʨʘʪʠʥʦʚʳʭ ʚʦʣʦʢʦʥ ʚ ʧʝʨʴʷʭ 

ʠʤʝʶʪʩʷ 41% Ŭ-ʩʧʠʨʘʣʠ, 38% ɓ-ʣʠʩʪʘ ʠ 21% ʩʣʫʯʘʡʥʳʭ ʠʣʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ [34, 35].  
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ʈʠʩ. 4. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʪʠʥʘ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ (ʘ) ɓ-

ʧʣʠʩʩʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʣʠʩʪʘ ʠ (b) Ŭ-ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʪʠʥʦʚʳʭ 

ʩʢʨʫʯʠʚʘʥʠʡ ʧʦʩʪʝʧʝʥʥʦ [35]. 

 

ʉʪʨʫʢʪʫʨʘ Ŭ-ʩʧʠʨʘʣʠ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʘʤʠʥʦʛʨʫʧʧʦʡ ʜʨʫʛʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ. ʉʪʨʫʢʪʫʨʘ ɓ-ʣʠʩʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʞʮʝʧʦʯʝʯʥʳʤʠ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʤʠʥʦ- ʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʂʝʨʘʪʠʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ 

ʩʚʷʟʷʤ ʤʝʞʜʫ ʧʦʣʷʨʥʳʤ ʠ ʥʝʧʦʣʷʨʥʳʤ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʚʳʟʚʘʥʥʦʡ ʧʨʠʩʫʪʩʪʚʠʝʤ S-S ʩʚʷʟʝʡ ʮʠʩʪʠʥʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʩʠʣʴʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʩʥʦʚʥʳʝ ʠ 

ʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʠ ʦʩʪʘʪʢʠ ʮʠʩʪʝʠʥʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ N- ʠ C-ʢʦʥʮʝʚʳʭ 

ʦʙʣʘʩʪʷʭ, ʘ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʙʦʛʘʪʘ ʛʠʜʨʦʬʦʙʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʬʦʨʤʘʮʠʝʡ ɓ-ʣʠʩʪʘ, Ŭ-ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʠʜʥʦʡ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʘʤʠ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ [36, 37]. ʉʪʨʫʢʪʫʨʘ ɓ-ʣʠʩʪʘ ʩʦʜʝʨʞʠʪ 

ʤʝʞʮʝʧʦʯʝʯʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʠʜʥʦʡ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʘʤʠ 

ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʙʝʣʢʘ, ʠ ʩʧʠʨʘʣʠ ʤʦʛʫʪ ʫʧʘʢʦʚʳʚʘʪʴʩʷ ʚʤʝʩʪʝ, ʦʙʨʘʟʫʷ 

ʢʨʠʩʪʘʣʣʳ [38, 39]. 

ʄʝʞʜʫ a- ʠ b-ʢʝʨʘʪʠʥʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ: 1) ʚ b-ʢʝʨʘʪʠʥʘʭ ʥʝʪ 

ʧʦʧʝʨʝʯʥʳʭ ʮʠʩʪʠʥʦʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝʧʷʤʠ; 2) ʩʦʩʝʜʥʠʝ 

ʧʦʣʠʧʝʧʪʠʜʥʳʝ ʮʝʧʠ b-ʢʝʨʘʪʠʥʘʭ ʦʙʳʯʥʦ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʪʦʨʦʥʳ, ʪ.ʝ. ʠʤʝʶʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʩʚʦʡʩʪʚʝʥʥʘ ʦʯʝʥʴ 

ʧʣʦʪʥʘʷ ʫʧʘʢʦʚʢʘ ʘʪʦʤʦʚ (68ī82%). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʢʝʨʘʪʠʥ ʠʤʝʝʪ 

ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʢʦʣʦ 40% ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ 60% ʛʠʜʨʦʬʦʙʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʂʝʨʘʪʠʥ ʧʝʨʘ ʩʦʜʝʨʞʠʪ ʢʘʢ ʛʠʜʨʦʬʠʣʴʥʳʝ, ʪʘʢ ʠ ʛʠʜʨʦʬʦʙʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʨʠʯʝʤ 39 ʠʟ 95 ʘʤʠʥʦʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ. 
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ʂʝʨʘʪʠʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʆʥʠ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʪ 10 

ʄʇʘ ʚ ʨʦʛʦʚʦʤ ʩʣʦʝ ʜʦ ~ 2.5 ɻʇʘ ʫ ʧʝʨʴʝʚ, ʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʄʇʘ ʚ ʩʣʦʝ ʨʦʛʦʚʠʮʳ ʜʦ 530 ʄʇʘ ʚ ʩʫʭʠʭ ʥʠʪʷʭ ʩʣʠʟʠ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʚʦʜʦʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ a- ʠ b-ʢʝʨʘʪʠʥʦʚ 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ. ʂʦʛʜʘ ʚʣʘʞʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ 

ʞʝʩʪʢʦʩʪʴ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʝʨʘʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʨʦʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʣʫʞʘʱʠʡ ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʱʠʪʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʭʦʪʷ ʦʥ ʩʦʩʪʦʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʙʝʣʢʦʚ. ʕʪʦ 

ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʙʠʦʭʠʤʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʦʤ. 

ɺʩʝʦʙʲʝʤʣʶʱʝʝ ʧʦʥʠʤʘʥʠʝ ʙʠʦʭʠʤʠʠ, ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʢʠ ʩʚʦʡʩʪʚʘ 

ʢʝʨʘʪʠʥʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ. 

ɹʠʦʤʘʪʝʨʠʘʣʳ ʠʟ ʢʝʨʘʪʠʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʣʠʯʥʫʶ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʫʥʠʢʘʣʴʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ. 

ɼʝʰʝʚʦʝ ʩʳʨʴʝ, ʪʘʢʦʝ ʢʘʢ ʰʝʨʩʪʴ ʠ ʚʦʣʦʩʳ ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʪʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ, ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʧʨʦʰʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʟʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʫʶ 

ʜʦʣʶ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʤ ʨʳʥʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʠʦʤʘʪʝʨʠʘʣʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ 

ʙʠʦʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚ ʙʫʜʫʱʝʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʢʝʨʘʪʠʥ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʝʨʘʪʠʥʦʚʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʪʠʮʝʚʦʜʩʪʚʦ. ɽʞʝʛʦʜʥʦ ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʧʝʨʴʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʦʪʭʦʜʳ 
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ʧʪʠʮʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʝʨʴʷ ʩʦʩʪʘʚʣʷʶʪ 5 

ī 7% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʩʘ ʚʟʨʦʩʣʦʡ ʢʫʨʠʮʳ [40]. ʂʫʨʠʥʳʝ ʧʝʨʴʷ 

ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 91% ʙʝʣʢʘ (ʢʝʨʘʪʠʥʘ), 1% ʣʠʧʠʜʦʚ ʠ 8% ʚʣʘʛʠ. 

ɸʤʠʥʦʢʠʩʣʦʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʨʫʛʠʭ ʧʝʨʴʝʚ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ 

ʢʝʨʘʪʠʥʘʤʠ ʢʦʛʪʝʡ ʨʝʧʪʠʣʠʡ [41]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʮʠʩʪʝʠʥʘ, ʛʣʠʮʠʥʘ, ʧʨʦʣʠʥʘ, ʩʝʨʠʥʘ ʠ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʠʪ ʛʠʩʪʠʜʠʥʘ, ʣʠʟʠʥʘ 

ʠʣʠ ʤʝʪʠʦʥʠʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ, ʢʝʨʘʪʠʥ ʠʟ 

ʧʝʨʴʝʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʷʭ. 

ɺʦ ʚʨʝʤʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʪʠʮʳ ʧʝʨʴʷ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠ, ʢʘʢ ʦʪʭʦʜʳ, 

ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [42]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʪʠʤʫʣʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʟʘʤʝʥʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʣʦʢʥʘ ʧʝʨʴʝʚ ʷʚʣʷʶʪʩʷ ʧʦʯʪʠ ʙʝʩʢʦʥʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʦʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʡ [43]. ɹʦʣʝʝ ʪʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʴʝʚʳʭ ʚʦʣʦʢʦʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʟ-ʟʘ ʝʛʦ ʥʠʟʢʦʛʦ 

ʩʧʨʦʩʘ ʣʶʙʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʤʦʛʘʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ 

ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ, ʷʚʣʷʶʪʩʷ ʚʳʛʦʜʥʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʧʨʦʚʦʜʷʪʩʷ ʠʟʫʯʝʥʠʷ ʧʦ ʧʨʝʚʨʘʱʝʥʠʶ 

ʵʪʠʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ.  

ʂʦʤʧʦʟʠʪʳ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʦʤ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ, ʠʤʝʶʪ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʟʚʫʢ 

ʠʣʠ ʟʘʤʝʜʣʷʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʫ [44]. ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʢʦʤʧʦʟʠʪʦʚ, 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʥʦʤ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ, ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ Huda et al. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʠʤʝʶʪ ʣʫʯʰʠʝ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʞʫʪʦʚʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ [45]. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʩʞʠʤʘʝʤʦʩʪʠ [44]. 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʦʥ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʘʢ ʙʳʣʦ 

ʥʘʧʠʩʘʥʦ ʚʳʰʝ. Zhan M. ʠ Wool R.P. ʧʦʣʫʯʠʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠ ʨʘʟʨʳʚʝ 6.93%, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 3.59 ɻʇʘ ʠ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 203 Ñ 74 ʄʇʘ ʜʣʷ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʢʦʣʶʯʝʛʦ 

ʚʦʣʦʢʥʘ [44].  

Reddy N. ʠ Yang Y. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʚʦʣʦʢʦʥ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ 

ʨʘʚʥʘ 180 ʄʇʘ, ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ī 4.7 ɻʇʘ [46]. ʆʜʥʘʢʦ 

ʚʝʣʠʯʠʥʘ ʨʘʩʪʷʞʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 38 ʜʦ 190 

ʄʇʘ [44]. ʆʜʥʘ ʚʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʦʤ, ʯʪʦ-ʣʠʙʦ 

ʚʦʣʦʢʥʘ ʚ ʨʘʙʦʪʝ [47] ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʠʣʠ 

ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʨʘʟʨʫʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʚʦʣʦʢʥʘ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʠʜʳ ʚʦʣʦʢʦʥ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ. 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʝʝ 90% ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʣʢʘ ʢʝʨʘʪʠʥʘ, ʩ ʦʙʰʠʨʥʳʤ ʩʰʠʪʳʤ ʠ ʧʨʦʯʥʳʤ ʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ 

ʚʥʫʪʨʠ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ, ʧʝʨʦ ʚʦʣʦʢʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ [48]. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ Rock et al. [49] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, 

ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʩʣʘʙʦʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ.  

 

ʈʠʩ. 5. ʄʦʨʬʦʣʦʛʠʷ ʢʫʨʠʥʦʛʦ ʚʦʣʦʢʥʘ [48]. 
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ʇʝʨʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 5. ʈʘʭʠʩ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ī 

ʟʘʟʫʙʨʠʥʳ. ʊʨʝʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʧʝʨʴʝʚ, ʫʩʠʢʠ ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ ʟʘʟʫʙʨʠʥʘʤ 

ʪʘʢ ʞʝ, ʢʘʢ ʟʘʟʫʙʨʠʥʳ, ʧʨʠʢʨʝʧʣʷʝʤʳʝ ʢ ʨʘʭʠʩʫ. ʈʘʭʠʩ ʧʨʦʭʦʜʠʪ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʧʝʨʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 7 ʜʶʡʤʦʚ ʚ ʜʣʠʥʫ. ɿʘʟʫʙʨʠʥʳ ʠʤʝʶʪ ʜʣʠʥʫ ʦʪ 

1 ʜʦ 4.5 ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʣʠʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʨʘʭʠʩʘ [48].  

ʌʫʥʢʮʠʠ ʧʪʠʯʴʠʭ ʧʝʨʴʝʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʦʡ ʢʝʨʘʪʠʥʘ [48]. ʄʦʜʫʣʠ 

ʫʧʨʫʛʦʩʪʠ ʢʝʨʘʪʠʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0.045 ɻʇʘ ʜʦ 10 ɻʇʘ [49], 

ʤʦʜʫʣʴ ʖʥʛʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ɻʇʘ ʜʦ 50 ɻʇʘ [50], ʘ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʳʩʫʰʝʥʥʦʛʦ ʚʦʣʦʢʦʥ ʢʫʨʠʥʦʛʦ ʧʝʨʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 41 ʄʇʘ ʜʦ 130 ʄʇʘ [50]. 

ʂʫʨʠʥʦʝ ʧʝʨʦ ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 91% ʢʝʨʘʪʠʥʘ, 1% ʣʠʧʠʜʦʚ ʠ 8% ʚʦʜʳ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʝʣʢʦʚʳʭ ʚʦʣʦʢʦʥ [44, 50].  

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ɓ-ʢʝʨʘʪʠʥʘ, ʢʘʢ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʤʝʩʪʦ a-ʢʝʨʘʪʠʥʘ [37]. ɿʫʙʮʳ ʠ ʙʘʨʙʫʣʳ ʧʝʨʴʝʚ ʠʤʝʶʪ 

ʚ ʦʩʥʦʚʥʦʤ a-ʩʧʠʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʝʨʘʪʠʥʘ [51]. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ 

ʚʪʦʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ a-ʩʧʠʨʘʣʴʥʦʛʦ ʠ ɓ-ʧʣʠʩʩʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ ʢʝʨʘʪʠʥʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʦ ʢʦʪʦʨʳʭ ʩʦʦʙʱʠʣʠ Schmidt ʠ Jayasundera [52], ʨʘʭʠʩ 

ʠʤʝʝʪ ʙʦʣʴʰʝ ɓ-ʣʠʩʪʦʚʳʭ ʢʝʨʘʪʠʥʦʚ, ʚʳʨʦʚʥʝʥʥʳʭ ʚ ʚʳʩʪʨʦʝʥʥʳʭ ʩʣʦʷʭ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʟʫʙʨʠʥʳ, ʙʦʨʦʜʢʠ ʠ ʙʘʨʙʠʩʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ Ŭ-ʩʧʠʨʘʣʠ. 

b-ʂʝʨʘʪʠʥʳ ʚ ʧʝʨʴʷʭ, ʢʣʶʚʘʭ, ʢʦʛʪʷʭ, ʯʝʰʫʷʭ ʠ ʨʘʢʦʚʠʥʘʭ ʨʝʧʪʠʣʠʡ 

ʩʦʩʪʦʷʪ ʠʟ ʙʝʣʢʦʚʳʭ ʥʠʪʝʡ, ʩʚʷʟʘʥʥʳʝ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ɓ-

ʧʣʠʩʩʠʨʦʚʘʥʥʳʝ ʣʠʩʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʢʨʫʯʠʚʘʶʪʩʷ ʠ 

ʩʰʠʚʘʶʪʩʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʚ ʩʪʨʫʢʪʫʨʳ, ʜʘʞʝ ʙʦʣʝʝ ʞʝʩʪʢʠʝ, ʯʝʤ 

a-ʢʝʨʘʪʠʥʳ ʚʦʣʦʩ, ʨʦʛʦʚ ʠ ʢʦʧʳʪ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [52]. b-ʢʝʨʘʪʠʥ ʩʦʜʝʨʞʠʪ 
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ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ a-ʩʧʠʨʘʣʠ ʠʣʠ ɓ-ʣʠʩʪʘ ʠ ʥʝʢʦʪʦʨʳʝ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ [53]. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʘ ʯʝʪʚʝʨʪʴ 

ʢʝʨʘʪʠʥʦʚʦʛʦ ʙʝʣʢʘ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ɓ-ʣʠʩʪʘ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʘʷ ʙʦʛʘʪʘ ʛʠʜʨʦʬʦʙʥʳʤʠ ʦʩʪʘʪʢʘʤʠ [54]. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦʣʦʢʥʘ 

ʩʦʚʤʝʩʪʠʤʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ [46]. 

ʇʪʠʮʳ ʠ ʨʝʧʪʠʣʠʠ ʠʤʝʶʪ ʩʚʦʠ ʢʝʨʘʪʠʥʳ ʚ ʩʦʩʪʘʚʝ ʪʢʘʥʝʡ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʢʝʨʘʪʠʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʧʦʟʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʢʘʢ ʠʟ ʚʦʣʦʢʥʠʩʪʳʭ, ʪʘʢ ʠ ʠʟ ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

[55].  

Martinez-Hernandez et al. [56] ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʚʦʣʦʢʦʥ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʠ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʩʠʣʴʥʦ ʩʰʠʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʫʝʪ ʧʝʨʦ ʩ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʠʩʫʣʴʬʠʜʘ ʚ ʧʝʨʴʷʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʠʷʪʥʦʤʫ ʟʘʧʘʭʫ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʩʛʦʨʘʥʠʠ [57]. ɼʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ï ʵʪʦ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 

ʩʦʯʝʪʘʥʠʠ ʜʚʫʭ ʪʠʦʣʦʚʳʭ ʛʨʫʧʧ. ʕʪʘ ʩʚʷʟʴ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʫʣʴʬʠʜʥʳʤ 

ʤʦʩʪʠʢʦʤ ʠʣʠ S-S-ʩʚʷʟʴʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʘʷ ʩʚʷʟʴ ʩʦʩʪʘʚʣʷʝʪ R-S-S-R 

[57]. ɼʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ ʦʙʳʯʥʦ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ (-SH) ʛʨʫʧʧ, ʦʩʦʙʝʥʥʦ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʠʩ. 6) 

[57]. 

ʂʝʨʘʪʠʥʳ ʠʟ ʪʚʝʨʜʦʛʦ ɓ-ʣʠʩʪʘ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʮʠʩʪʠʥʘ, ʯʝʤ ʢʝʨʘʪʠʥʳ ʠʟ ʤʷʛʢʦʡ Ŭ-ʩʧʠʨʘʣʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʩʦʩʝʜʥʠʝ 

ʢʝʨʘʪʠʥʦʚʳʝ ʙʝʣʢʠ (ʨʠʩ. 6) [58]. 
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ʈʠʩ. 6. ɼʠʩʫʣʴʬʠʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʮʠʩʪʝʠʥʘ [58]. 

 

 

ʈʠʩ. 7. ʉʭʝʤʘ ʜʠʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʮʠʩʪʠʥʘ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ 

ʜʚʫʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ 1 ʠ 2. ʕʪʘ ʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʦʝ 

ʢʦʚʘʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ Ŭ-ʢʝʨʘʪʠʥʦʚʳʭ ʚʦʣʦʢʥʘʭ ʠ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʙʦ ʢʘʢ ʤʝʞʮʝʧʦʯʝʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʮʝʧʷʤʠ, ʣʠʙʦ ʢʘʢ 

ʚʥʫʪʨʠʮʝʧʦʯʝʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ [55]. 

 

ɹʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠʤʝʪʴ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ [57]. ʄʝʞʜʫ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʩʦʩʝʜʥʠʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʧʪʠʜʥʘʷ ʩʚʷʟʴ [57]. 

ʂʝʨʘʪʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ ʥʘʥʦʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʝʣʢʦʚʫʶ 

ʤʦʣʝʢʫʣʫ ʩ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ ʦʪ 101 ʥʤ ʜʦ 

102 ʥʤ [39]. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʝʨʘ ʢʝʨʘʪʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʦʢʦʣʦ 10 

ʢʛ/ʤʦʣʴ ʜʦ 36 ʢʛ/ʤʦʣʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʮʠʩʪʝʠʥ/ʮʠʩʪʠʥ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 7%. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʢʝʨʘʪʠʥʝ ʦʙʨʘʟʫʝʪʩʷ S-S-ʩʚʷʟʴ 

ʠʣʠ ʩʰʠʚʢʘ [59 ī 61]. 
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ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ, 

ʜʦ ʢʦʪʦʨʦʡ ʛʠʜʨʦʬʦʙʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠʣʠ 

ʚʥʝʰʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ [62]. ɻʦʤʦʣʦʛʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʧʪʠʮ 

ʩʦʩʪʘʚʣʷʝʪ 85% [62]. ʂʝʨʘʪʠʥʳ ʧʝʨʘ ʩʦʩʪʦʷʪ ʠʟ ʦʢʦʣʦ 20 ʪʠʧʦʚ ʙʝʣʢʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ [63]. 

 

1.6. ɺʣʘʞʥʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ 

ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ (ʄʂʇ) ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʢʦʪʦʨʦʝ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ, 

ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʄʂʇ 

ʚʘʨʴʠʨʫʝʪʩʷ ʝʝ ʦʙʨʘʙʦʪʢʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʝʨʴʷ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʚ 

ʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʜʦ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʏʘʩʪʴ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ 

ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʴʷ ʩʯʠʪʘʶʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ, ʪ.ʝ. ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʄʂʇ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ [39]. Kar ʠ Misra [63] ʩʦʦʙʱʠʣʠ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʚʦʣʦʢʥʘʭ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ, ʩʦʩʪʘʚʣʷʣʦ 12-13%. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʝʨʘʪʠʥ ʦʙʣʘʜʘʝʪ ʢʘʢ ʛʠʜʨʦʬʠʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 39 ʠʟ 95 ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʢʝʨʘʪʠʥʦʚʦʤ ʤʦʥʦʤʝʨʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ, ʩʝʨʠʥ, ʩʘʤʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʜʘʝʪ ʢʫʨʠʥʳʤ ʧʝʨʴʷʤ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʠʚʣʝʢʘʪʴ ʚʣʘʛʫ ʠʟ ʚʦʟʜʫʭʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʙʦʜʥʦʡ OH-ʛʨʫʧʧʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʩʝʨʠʥʘ [41]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʂʇ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʛʠʛʨʦʩʢʦʧʠʯʥʳʤ. ʊʘʢ, Taylor et al. [64] ʠʟʤʝʨʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʥʘ ʨʘʭʠʩʝ 

ʠʟ ʩʪʨʘʫʩʠʥʳʭ ʧʝʨʴʝʚ ʧʨʠ 0%, 50% ʠ 100% ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ 50% ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʚʣʘʞʥʦʡ ʤʘʩʩʳ 

ʩʦʩʪʘʚʣʷʝʪ 11.7%, 100% ī 28.4%. 

ʇʦʜʛʦʪʦʚʢʘ ʄʂʇ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʝʛʦ ʦʩʥʦʚʥʳʭ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. Schmidt W. and Line M. [41] ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʉʂ ʜʣʷ 
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ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ ʚʦʣʦʢʦʥ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʶʪ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 10 ÁC/ʤʠʥ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ 350ÁC, ʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʨʘʟʥʦʩʪʴ ʧʦʛʣʦʱʝʥʥʦʛʦ ʪʝʧʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʢʣʦʚʘʥʠʷ (Tg) ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 235ÁC ʜʣʷ ʧʫʭʦʚʦʛʦ ʚʦʣʦʢʥʘ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʝʨʴʷ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 225ÁC ʜʣʷ ʚʥʝʰʥʠʭ ʧʝʨʴʝʚ, ʙʦʣʝʝ 

ʚʳʩʦʢʘʷ Tg ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʝʨʘʪʠʥʘ, ʩ ʢʦʪʦʨʦʡ ʚʦʜʘ 

ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʘʥʘ. ɺʦʣʦʢʥʦ ʠ ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʦ ʥʝ ʪʝʨʷʶʪ ʚʦʜʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 100 ÁC, ʧʦʩʣʝ ʩʫʰʢʠ ʧʨʠ 110Áʉ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʚ ʚʘʢʫʫʤʝ 

ʚʣʘʛʘ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪʩʷ ʠʟ ʚʥʝʰʥʝʛʦ ʩʪʝʨʞʥʷ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪʩʷ 

ʠʟ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʝʨʞʥʷ ʠ ʚʦʣʦʢʥʘ. Kock et al. [65] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʳʜʝʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʢʫʨʠʥʦʛʦ ʧʫʭʘ ʠ ʬʨʘʢʮʠʡ ʧʝʨʴʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 

100 ī 110ÁC., ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʚʳʩʫʰʠʪʴ 

ʚʦʣʦʢʥʘ ʠ ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110ÁC. 

 

1.7. ʇʨʠʤʝʥʝʥʠe ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ 

ʀʟʫʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʠʣʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʚ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʭ ʪʢʘʥʷʭ, ʚ ʢʦʤʧʦʟʠʪʘʭ. 

ɸʜʩʦʨʙʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʢʝʨʘʪʠʥ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʚʦʣʦʢʥʠʩʪʘʷ 

ʥʘʥʦʬʠʣʴʪʨʫʶʱʘʷ ʛʫʙʢʘ. ʌʨʘʢʮʠʷ ʚʦʣʦʢʦʥ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ (12 ʤ2/ʛ) ʠ ʯʘʩʪʠʯʥʦ ʧʦʣʫʶ ʩʪʨʫʢʪʫʨʫ ʙʣʘʛʦʜʘʨʷ ʩʝʪʠ 

ʥʘʥʦʧʦʨ ʨʘʟʤʝʨʦʤ 0.05 ī 0.10 ʤʢʤ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʘʢʪʠʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʵʪʦ ʥʘʜʝʣʷʝʪ ʧʝʨʴʷ ʫʥʠʢʘʣʴʥʦʡ ʠ 

ʮʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʠ ʪʝʤ ʩʘʤʳʤ ʫʜʘʣʷʪʴ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ. Misra et al. [66] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʤʝʪʘʣʣʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ pH, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʝʨʘʪʠʥʦʚʦʛʦ 

ʚʦʣʦʢʥʘ. ʇʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, ʠ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, 
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ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʘ, - ʵʪʦ ʭʨʦʤ, 

ʤʝʜʴ, ʩʚʠʥʝʮ, ʨʪʫʪʴ, ʥʠʢʝʣʴ ʠ ʮʠʥʢ. 

ɼʨʫʛʦʝ ʧʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʤʝʥʝʠʝ ʜʣʷ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʯʠʧʘʭ. Wool, and Hong [67] ʩʦʟʜʘʶʪ ʧʨʦʪʦʪʠʧʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʤʠʢʨʦʯʠʧʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʄʂʄ ʜʣʷ ʟʘʤʝʥʳ ʢʨʝʤʥʠʷ. ʀʟ-ʟʘ ʠʭ 

ʧʨʦʯʥʦʩʪʠ ʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʭ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʧʦʣʥʝʥʘ ʚʦʟʜʫʭʦʤ, ʧʝʨʴʷ 

ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ 

ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʧʝʨʴʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʨʥʦ ʥʘ 50% ʣʝʛʯʝ, ʠ ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʨʦʭʦʜʷʪ 

ʯʝʨʝʟ ʯʠʧ ʠʟ ʧʝʨʴʝʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʜʚʘ ʨʘʟʘ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʢʨʝʤʥʠʝʚʳʤ ʯʠʧʦʤ [43, 44]. 

Ye M., and Brought R.M. [68] ʩʦʟʜʘʣʠ ʥʝʪʢʘʥʫʶ ʠʟʦʣʷʮʠʶ (ʚʘʪʠʥ) ʠʟ 

ʚʦʣʦʢʥʘ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʫʶʱʝʛʦ ʚʦʣʦʢʥʘ. 

ʀʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʚʘʪʠʥʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʘʪʠʥʘ ʠʟ 

ʛʫʩʠʥʦʛʦ ʧʫʭʘ ʠ ʚʘʪʠʥʘ ʠʟ ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ. ʄʦʱʥʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ ʠʣʠ 

ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʜʘʥʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʠʟʤʝʨʷʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʪʠʥʘ. ɿʘʧʦʣʥʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʘ ʩ ʢʘʯʝʩʪʚʦʤ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʣʷ ʚʘʪʠʥʘ. ʇʦ ʵʪʦʡ ʤʝʨʝ, ʚʘʪʠʥ 

ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʧʦʢʘʟʘʣ ʣʫʯʰʠʝ ʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ 

ʧʦʣʠʵʬʠʨʥʳʝ ʚʦʣʦʢʥʘ, ʥʦ ʥʝ ʪʘʢ ʭʦʨʦʰʦ, ʢʘʢ ʛʫʩʠʥʳʡ ʧʫʭ. 

ɺʦʣʦʢʥʦ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʚ ʘʩʩʦʨʪʠʤʝʥʪʝ 

ʙʫʤʘʞʥʳʭ ʠʟʜʝʣʠʡ. ɼʝʢʦʨʘʪʠʚʥʘʷ ʙʫʤʘʛʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩ ʥʝʦʙʳʯʥʦʡ 

ʪʝʢʩʪʫʨʦʡ ʠ ʢʨʘʩʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʘ ʢʦʤʧʦʟʠʪʥʘʷ ʙʫʤʘʛʘ ʩ 

ʢʫʨʠʥʳʤʠ ʧʝʨʴʷʤʠ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 51% ʧʝʨʴʝʚʦʛʦ ʚʦʣʦʢʥʘ ʠ 49% ʜʨʝʚʝʩʥʦʡ 

ʮʝʣʣʶʣʦʟʳ, ʜʣʷ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʜʝʨʝʚʴʝʚ [46]. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʚʣʠʷʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʣʦʢʦʥ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ Winandy et al. 

[69] ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʘʥʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʦʚʦʣʦʢʥʠʩʪʦʡ 

ʧʣʠʪʳ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʦʩʠʥʳ ʠ ʧʫʭʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʪ 20 

% ʜʦ 95 %. ɺ ʢʘʯʝʩʪʚʝ ʢʣʝʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 5 % ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʘ.  
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Dweib et al. [70] ʠʟʛʦʪʦʚʠʣ ʢʦʤʧʦʟʠʪʥʳʝ ʩʵʥʜʚʠʯ-ʙʘʣʢʠ ʠʟ ʚʩʝʭ 

ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʎʝʣʴʶ ʢʦʤʘʥʜʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ 100% 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʦʥʦʣʠʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʩʫʱʠʭ ʢʨʳʰʘʭ, ʧʦʣʘʭ ʠʣʠ ʩʪʝʥʘʭ ʞʠʣʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʩʤʦʣʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʩʦʝʚʳʭ ʙʦʙʦʚ), ʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʚʢʣʶʯʘʷ ʣʝʥ, ʮʝʣʣʶʣʦʟʫ, 

ʧʝʨʝʨʘʙʦʪʘʥʥʫʶ ʙʫʤʘʛʫ ʠ ʚʦʣʦʢʥʘ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʦʚʨʠʢʠ ʠʟ 

ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ Tyson. ʆʥʠ ʩʦʩʪʦʷʣʠ ʠʟ 97% ʧʫʭʦʚʦʛʦ 

ʚʦʣʦʢʥʘ ʠ 3% ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. Dweib et al. 

ʠʩʧʦʣʴʟʦʚʘʣ ʚʘʢʫʫʤʥʦʝ ʣʠʪʴʝʚʦʝ ʬʦʨʤʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʤʦʣʳ (VARTM), 

ʦʯʝʥʴ ʯʠʩʪʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʤʦʣʫ 

ʚʚʦʜʷʪ ʚ ʩʫʭʫʶ, ʟʘʢʨʳʪʫʶ ʚʘʢʫʫʤʦʤ ʩʨʝʜʫ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʚʘʢʫʫʤʥʦʝ 

ʜʘʚʣʝʥʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʠʟʢʠʤ ʦʙʲʝʤʦʤ ʧʫʩʪʦʪ. ɺʪʦʨʠʯʥʘʷ ʙʫʤʘʛʘ ʠʟ ʛʦʬʨʠʨʦʚʘʥʥʳʭ 

ʢʘʨʪʦʥʥʳʭ ʢʦʨʦʙʦʢ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʚʨʠʢʘʤʠ ʠʟ ʧʝʨʴʝʚʦʛʦ 

ʚʦʣʦʢʥʘ, ʦʙʝʩʧʝʯʠʚʘʣʘ ʫʧʨʦʯʥʝʥʠʝ ʯʠʩʪʦʡ ʩʤʦʣʳ. ʋʧʣʦʪʥʝʥʥʦʝ ʚʦʣʦʢʥʦ ʚ 

ʢʘʨʪʦʥʝ ʧʨʠʜʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʨʠʩʪʳʝ ʧʝʨʴʝʚʳʝ ʤʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʥʘʣʳ ʧʦʪʦʢʘ ʜʣʷ ʣʫʯʰʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʦʣʳ.  

Dweib et al. [70] ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʣʠ ʩʚʦʡʩʪʚʘ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʦʣʫ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦʛʦ ʤʘʩʣʘ ʠ ʛʠʙʨʠʜʥʳʝ 

ʤʘʪʳ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ. ʂʦʚʨʠʢʠ ʠʟ ʛʠʙʨʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʦʷʣʠ ʠʟ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ, 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʢʨʘʬʪ-ʙʫʤʘʛʠ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʛʘʟʝʪʥʦʛʦ ʚʦʣʦʢʥʘ 

ʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʫʤʘʛʠ. VARTM 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʧʠʪʢʠ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʦʚ ʩʤʦʣʦʡ. ʂʦʤʧʦʟʠʪʳ ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ 3- ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. ɺʦʣʦʢʥʠʩʪʳʝ ʤʘʪʳ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʦʚʳʰʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ (ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʯʠʩʪʦʡ ʩʤʦʣʳ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʚ 2 
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ʨʘʟʘ. ʋ ʯʠʩʪʦʡ ʩʤʦʣʳ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʦʩʪʘʚʣʷʣ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0.9 ɻʇʘ. ʂʦʤʧʦʟʠʪʳ ʩ ʚʦʣʦʢʥʠʩʪʳʤʠ ʤʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

40 ʤʘʩ.% ʚʦʣʦʢʥʘ ʢʨʘʬʪ-ʙʫʤʘʛʠ ʠ 60 ʤʘʩ.% ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ, ʠʤʝʣʠ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.1 ɻʇʘ. ʂʦʤʧʦʟʠʪʳ ʩ 

ʚʦʣʦʢʥʠʩʪʳʤʠ ʤʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 40 ʤʘʩ.% ʚʦʣʦʢʥʘ ʢʨʘʬʪ-ʙʫʤʘʛʠ, 30 

ʤʘʩ.% ʛʘʟʝʪʥʦʛʦ ʚʦʣʦʢʥʘ ʠ 30 ʤʘʩ.% ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ, ʠʤʝʣʠ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.4 ɻʇʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʝʨʘʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʢʘʫʯʫʢʫ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʙʠʦʨʘʟʣʦʞʝʥʠʷ. ʕʣʘʩʪʦʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʪʠʥʘ ʠʤʝʶʪ 

ʭʦʨʦʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʘʨʘʤʝʪʨʳ ʠ ʧʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʘʛʘʶʱʠʭ ʣʫʯʰʝ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ [33 - 35]. 

ɺʦʣʦʢʥʘ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʩʦʩʪʦʷʪ ʠʟ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʝʨʘʪʠʥʘ, ʙʝʣʢʘ ʩ 

ʧʨʦʯʥʦʩʪʴʶ, ʧʦʜʦʙʥʦʡ ʥʘʡʣʦʥʫ ʠ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ, ʯʝʤ ʜʨʝʚʝʩʥʳʝ 

ʚʦʣʦʢʥʘ. ʋʜʠʚʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚʦʣʦʢʦʥ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʯʘʩʪʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʩʰʠʚʢʠ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

(3.4 õ 5 ɻʇʘ). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʣʦʢʥʘ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʫʜʣʠʥʝʥʠʝʤ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʢʘʯʝʩʪʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣ 

ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʥʘ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ 

ʘʨʤʠʨʦʚʘʥʠʷ [10, 29]. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʜʦʣʞʘʶʪʩʷ. 

 

1.8. ɺʣʠʷʥʠʝ ʩʤʝʰʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ 

ʉʤʝʰʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʤʝʩʝʡ ʠ 

ʢʦʤʧʦʟʠʪʦʚ) ʠʤʝʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʯʝʪʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ 
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ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʣʠʷʶʪ 

ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʨʠʨʦʜʘ ʜʠʩʧʝʨʩʥʳʭ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʬʘʟ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʬʘʟ, ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʤʝʞʬʘʟʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [2].  

ʉ 90-ʛʦʜʦʚ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪ.ʝ. ʤʝʪʦʜ ɺʊʉɼ 

[71].  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ ɺʊʉɼ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ 

ʘʢʘʜʝʤʠʢʦʤ ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʳʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʦʚ. 

ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʩʦʟʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʩʜʚʠʛʦʚʦʝ ʫʩʠʣʠʝ. ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʘʤ ʩʤʝʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ [71]. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ 

ʦʪʭʦʜʳ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ, ʩʚʦʡʩʪʚʘ, ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʝʨʘʪʠʥ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʥʘʧʦʣʥʠʪʝʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʚʝʜʝʥʠʝ ʢʝʨʘʪʠʥʘ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʩʘ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʦ 
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ʞʝʩʪʢʦʩʪʠ ʩʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʥ ʫʩʪʫʧʘʝʪ 

ʣʠʰʴ ʭʠʪʠʥʫ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʤʝʰʝʥʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʢʝʨʘʪʠʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. 

 

1.9. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʟʠʮʠʠ ʧʦʣʠʦʣʝʬʠʥʦʚ ʩ ʢʝʨʘʪʠʥʦʤ 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʙʠʦʢʦʤʧʦʟʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʠ 

ʢʝʨʘʪʠʥʘ ʩ ʧʦʣʠʵʪʠʣʝʥʦʤ (ʇʕ) ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ (ʇʇ) [72, 73]. ʅʘ ʠʭ ʜʦʣʶ 

ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 50 ʤʘʩ. % ʧʦʣʠʤʝʨʦʚ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [74]. ʇʕ ʠ ʇʇ 

ī ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ [72, 73]. ʕʪʠ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʴʝʚʳʭ ʚʦʣʦʢʦʥ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [66] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʠʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʪʠʥʘ 

ʠ ʇʕ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʇʝʨʴʝʚʦʝ ʚʦʣʦʢʥʦ ï ʵʪʦ ʯʘʩʪʠʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʢʦʨʦʪʢʦʝ ʚʦʣʦʢʥʦ ʜʣʠʥʳ 0.1 ʩʤ ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʠʤʝʨʥʦ 5 ʤʤ 

ʠ ʧʣʦʪʥʦʩʪʴʶ 0.89 ʛ/ʩʤ3 [75, 76]. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʬʠʟʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʝʨʘʪʠʥʦʚʦʝ 

ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ ʠʟʫʯʝʥʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ 

ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʦʣʦʢʦʥ ʧʦʜʘʚʣʷʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʜʣʷ 

ʧʦʣʠʵʪʠʣʝʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕʅʇ ʅʇ133A, ”̑ πȢωςσ ̄
̒̍
) ʠ 

(ʃʇʕʅʇ 2045, ”̑ πȢωςπ ̄
̒̍
), ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʜʣʷ 

ʧʦʣʠʵʪʠʣʝʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺʇ), ʪ.ʝ. ʢʝʨʘʪʠʥʦʚʳʝ ʚʦʣʦʢʥʘ 

ʧʦʥʠʞʘʶʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʚ ʧʦʣʠʵʪʠʣʝʥʘʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʚʳʰʘʶʪ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʚ ʧʦʣʠʵʪʠʣʝʥʘʭ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 
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ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʇʕʅʇ ʅʇ133A ʠ ʃʇʕʅʇ 2045 ʧʨʝʜʧʦʣʘʛʘʶʪ ʙʦʣʴʰʝʝ 

ʨʘʟʚʝʪʚʣʝʥʠʝ ʚ ʵʪʠʭ ʧʦʣʠʤʝʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʵʪʠʣʝʥʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʦʣʠʤʝʨʘ ʠ ʢʝʨʘʪʠʥʦʚʦʛʦ ʚʦʣʦʢʥʘ 

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʣʠʤʝʨʘ 

ʠʟʤʝʥʷʣʘʩʴ. ʄʠʢʨʦʩʢʦʧʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʳʰʝʥʥʫʶ ʘʜʛʝʟʠʶ ʤʝʞʜʫ 

ʚʦʣʦʢʥʘʤʠ ʠ ʧʦʣʠʤʝʨʦʤ ʜʣʷ ʙʦʣʝʝ ʘʤʦʨʬʥʳʭ ʧʦʣʠʵʪʠʣʝʥʦʚ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

[77]. ʕʪʠ ʚʦʣʦʢʥʘ ʦʙʳʯʥʦ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʦʣʦʢʥʘ. ʆʥʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʧʦʣʫʯʘʪʴ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʣʦʢʥʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʤʦʛʫʪ ʥʝ ʩʪʨʘʜʘʪʴ ʦʪ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʚʦ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, ʠ ʪʦ, ʠ ʜʨʫʛʦʝ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʠʣʠ 

ʥʘʧʦʣʥʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʍʦʪʷ ʫʚʝʣʠʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʥʝ ʦʞʠʜʘʝʪʩʷ ʚʳʩʦʢʠʤ, ʢʘʢ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʞʠʜʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤʠ ʠʟ-ʟʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

ɺ ʙʠʦʢʦʤʧʦʟʠʪʘʭ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʦʢʦʥ ʚ ʤʘʪʨʠʮʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʩʦʢʠʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʢʠ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʚʘʣʝʥʪʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʪʨʠʯʥʳʤ ʧʦʣʠʤʝʨʦʤ ʠ ʚʦʣʦʢʥʦʤ ʣʠʙʦ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ 

ʭʠʤʠʯʝʩʢʠʡ çʤʦʩʪè. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʥʘʤʥʦʛʦ ʧʨʦʯʥʝʝ, ʯʝʤ 

ʠʥʜʫʢʮʠʦʥʥʳʝ ʠʣʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [70]. 

ɺ ʩʪʘʪʴʝ [69] ʢʝʨʘʪʠʥʦʚʦʝ ʧʝʨʴʝʚʦʝ ʚʦʣʦʢʥʦ ī ʯʘʩʪʠʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ  ʜʣʠʥʦʡ ʦʪ ~ 0.32 ʜʦ 1.3 ʩʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʜʠʘʤʝʪʨʦʤ 

ʧʨʠʤʝʨʥʦ 5 ʤʢʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0ï50 ʤʘʩ.% ʩʤʝʰʠʚʘʣʠ ʩ ʇʕʅʇ (ʬʠʨʤʘ Dow) 

ʩ ʇʊʈ = 0.22 ʛ/10 ʤʠʥ ʧʨʠ 190ÁC ʠ 2.16 ʢʛ ʠ ʧʣʦʪʥʦʩʪʠ 0.92 ʛ/ʩʤ3 ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʣʘʚʣʝʥʠʷ 112ÁC, ʘ ʧʨʦʮʝʥʪ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 45%. ʂʦʤʧʦʟʠʪʳ ʩʤʝʰʠʚʘʣʠ ʚ ʧʣʘʩʪʦʛʨʘʬʝ çBrabenderè. 
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ʀʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʜʫʣʴ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ/ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ, ʘ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ/ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ ~ 50 ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʥʝ ʤʝʥʷʣʠʩʴ. 

ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ ʙʠʦʢʦʤʧʦʟʠʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 3 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɽ ʚʦʣʦʢʥʘ, ʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2.5 ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʚʦʣʦʢʥʘ 0ï0.51. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʫʜʣʠʥʝʥʠʷ 

ʪʝʢʫʯʝʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʪ ʧʣʘʩʪʠʯʥʦʛʦ ʜʦ ʭʨʫʧʢʦʛʦ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʠʦʢʦʤʧʦʟʠʪʘ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʩʪʝʨʞʥʝʡ ʨʘʩʪʷʞʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʉʕʄ. 

 

  

 

ʈʠʩ. 8. ʉʕʄ 10 ʤʘʩ.% (ʘ) ʠ 40 ʤʘʩ.% (ʙ) 0.1 ʩʤ ʢʝʨʘʪʠʥʦʚʳʭ ʧʝʨʴʝʚʳʭ 

ʚʦʣʦʢʦʥ ʚ ʇʕʅʇ. ʐʢʘʣʘ 30 ʤʢʤ. 

 

ʀʟ ʨʠʩ. 8 ʚʠʜʥʦ, ʯʪʦ ʧʫʩʪʦʪʳ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ ʜʠʘʤʝʪʨʫ ʚʦʣʦʢʦʥ, 

ʧʦʵʪʦʤʫ ʧʫʩʪʦʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʙʲʝʤʳ, ʢʦʛʜʘ-ʪʦ ʟʘʥʷʪʳʝ 

ʚʦʣʦʢʥʘʤʠ. ɽʩʣʠ ʙʳ ʧʫʩʪʦʪʳ ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʙʦʪʢʠ ʘʥʦʤʘʣʠʡ, ʪʦ 

ʧʫʩʪʦʪʳ ʠʤʝʣʠ ʙʳ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ. ɼʣʠʥʘ ʚʦʣʦʢʥʘ 
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0.1 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 1/3 ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ. ʋʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʦʢʥʘ ʪʨʫʜʥʦ 

ʦʮʝʥʠʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʚʦʣʦʢʥʘ ʦʙʥʘʞʝʥʳ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ɺʦʣʦʢʥʘ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʙʨʘʟʮʝ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʧʦʣʠʤʝʨʦʤ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʣʠʧʘʥʠʠ ʤʘʪʨʠʮʳ ʢ ʚʦʣʦʢʥʫ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʇʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʘʪʨʠʮʳ ʚʤʝʩʪʝ ʩ 

ʚʦʣʦʢʥʘʤʠ ʧʦ ʤʝʨʝ ʚʳʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʦʥ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʩʪʘʚʰʠʝʩʷ 

ʧʫʩʪʦʪʳ. ʅʝʢʦʪʦʨʳʝ ʚʦʣʦʢʥʘ ʩʣʦʤʘʥʳ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ ʠʟʣʦʤʘ, ʢʘʢ ʠ 

ʧʦʣʠʤʝʨ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ, 

ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩ. 9 ʠ ʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʢʦʤʧʦʟʠʪʘ 

40 ʤʘʩ.%.  

 

ʈʠʩ. 9. ʉʕʄ 40 ʤʘʩ.%  0.1 ʩʤ ʢʝʨʘʪʠʥʦʚʳʭ ʧʝʨʴʝʚʳʭ ʚʦʣʦʢʦʥ ʚ ʇʕʅʇ. ʐʢʘʣʘ 

6 ʤʢʤ. 

 

ʂʝʨʘʪʠʥ ʩʦʜʝʨʞʠʪ çʩʚʷʟʘʥʥʫʶ ʚʦʜʫè [71], ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʫʶ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ ʠ, ʢʦʪʦʨʘʷ, ʚʦʟʤʦʞʥʦ, ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɼʉʂ ʥʘ 

ʚʦʣʦʢʥʘʭ. ɹʦʣʝʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʫʩʪʦʪʳ, ʭʘʨʘʢʪʝʨʥʳ ʧʨʠ ʚʳʪʷʛʠʚʘʥʠʠ ʚʦʣʦʢʦʥ, ʩʚʷʟʘʥʥʳʝ 

ʚʦʜʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. ɺʦʜʦʩʦʜʝʨʞʘʱʠʝ ʚʦʣʦʢʥʘ ʥʝ ʦʯʝʥʴ ʩʦʚʤʝʩʪʠʤʳ ʩ 

ʛʠʜʨʦʬʦʙʥʦʡ ʤʘʪʨʠʮʝʡ ʇʕʅʇ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʚʦʣʦʢʥʦʤ ʠ ʧʦʣʠʤʝʨʦʤ, ʚʦʟʤʦʞʥʦ, ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʚʦʣʦʢʥʘ ʚʦ ʚʨʝʤʷ 
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ʦʙʨʘʙʦʪʢʠ ʠ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʨʠʮʳ ʇʕʅʇ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʴʶ 

ʢʝʨʘʪʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʘʥʥʳʝ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʝʢʦʪʦʨʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ 

ʠ ʧʦʣʠʤʝʨʦʤ ʥʝ ʪʨʝʙʫʝʪ ʩʚʷʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠʣʠ ʧʨʦʚʦʜʠʪʴ ʭʠʤʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚʦʣʦʢʦʥ. ʄʘʣʦ ʪʦʛʦ, ʯʪʦ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʦʢʥʦ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʪʦ ʚʘʞʥʦ ʠʤʝʪʴ ʭʦʨʦʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʠʟ ʚʦʣʦʢʦʥ. 

ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʙʠʦʢʦʤʧʦʟʠʪʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʝʨʘʪʠʥʦʚʦʛʦ 

ʧʝʨʴʝʚʦʛʦ ʚʦʣʦʢʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2%. 

ɺ ʩʪʘʪʴʝ Barone J.R. et al. [78] ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʯʘʩʪʠʯʥʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ  ʢʝʨʘʪʠʥʦʚʦʝ ʧʝʨʴʝʚʦʝ ʚʦʣʦʢʥʦ ʜʠʘʤʝʪʨʦʤ 5 ʤʢʤ, ʜʣʠʥʦʡ 

ʦʪ 0.0053 ʜʦ 0.1 ʩʤ ʠ ʧʣʦʪʥʦʩʪʴʶ 0.89 ʛ/ʩʤ3, ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ ʙʠʦʢʦʤʧʦʟʠʪʘ 

ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʪʠʥ/ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺʇ).  

ʇʕɺʇ (ʬʠʨʤʘ Dow) ʩ ʇʊʈ = 0.06 ʛ/10 ʤʠʥ ʧʨʠ 190 ÁC ʠ 2.16 ʢʛ ʠ 

ʧʣʦʪʥʦʩʪʠ 0.95 ʛ/ʩʤ3 ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʣʘʚʣʝʥʠʷ ʇʕɺʇ ʨʘʚʥʘ 133 ÁC, ʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 73% [73]. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (E), ʥʘʧʨʷʞʝʥʠʷ (sp) ʠ ʫʜʣʠʥʝʥʠʷ (ep) ʧʨʠ ʨʘʟʨʳʚʝ. ʉʕʄ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʣʠ ʦʮʝʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ ʠ 

ʦʨʠʝʥʪʘʮʠʶ ʚʦʣʦʢʥʘ. 

ʉʕ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʣʦʤʘ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʥʝʟʘʢʨʝʧʣʝʥʥʳʭ ʠʣʠ çʚʳʪʷʥʫʪʳʭè ʚʦʣʦʢʦʥ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10ʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʰʢʘʣʳ 200. ʀʟʦʙʨʘʞʝʥʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 140ÁC ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 50 ʦʙ/ʤʠʥ ʠ ʬʦʨʤʦʚʘʥʠʠ ʧʨʠ 160ʦʉ. 

ʉʕ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ 

ʚʳʪʷʥʫʪʳʭ ʚʦʣʦʢʦʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ.  

ʋʚʝʣʠʯʝʥʠʝ ʚʦʣʦʢʥʘ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʧʫʩʪʦʪʳ ʚʦʢʨʫʛ 

ʚʦʣʦʢʦʥ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10ʙ, ʘ ʪʘʢʞʝ ʧʫʩʪʦʪʳ ʚ ʧʦʣʠʤʝʨ/ʤʘʪʨʠʮʝ, ʛʜʝ 
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ʢʦʛʜʘ-ʪʦ ʥʘʭʦʜʠʣʠʩʴ ʚʦʣʦʢʥʘ. ʊʘʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʣʠʧʘʥʠʝ ʧʦʣʠʤʝʨʘ ʢ 

ʚʦʣʦʢʥʘʤ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʩʥʠʞʝʥʠʝʤ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʨʳʚʝ ʜʣʷ ʙʠʦʢʦʤʧʦʟʠʪʘ.  

Bullions et al. ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʧʝʨʴʝʚʦʛʦ ʚʦʣʦʢʥʘ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʘʜʛʝʟʠʷ ʧʦʣʠʤʝʨʘ ʢ ʚʦʣʦʢʥʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ [79]. 

 

ʈʠʩ. 10. ʉʕ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʢʦʤʧʦʟʠʪʘ ʇʕɺʇ/20 

ʤʘʩ.%  0.1 ʩʤ ʢʝʨʘʪʠʥʦʚʳʭ ʧʝʨʴʝʚʳʭ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 140ʦʉ ʠ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 50 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 15 ʤʠʥ. ʋʚʝʣʠʯʝʥʠʠ ʰʢʘʣʳ 200 (ʘ) ʠ 

500 (ʙ). 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʠ ʉʕ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ) ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʢʝʨʘʪʠʥʦʚʳʝ ʧʝʨʴʝʚʳʝ ʚʦʣʦʢʥʘ/ʇʕɺʇ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 205 

Áʉ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 75 ʦʙ/ʤʠʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʣʘʩʪʦʛʨʘʬʝ çBrabenderè. 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʦʣʦʢʥʦ/ʧʦʣʠʤʝʨ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʚʦʣʦʢʦʥ ʠ ʚʷʟʢʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʣʦʝ ʦʭʨʫʧʯʠʚʘʥʠʝ ʙʠʦʢʦʤʧʦʟʠʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ ʙʦʣʝʝ 10 ʤʠʥ, ʦʩʦʙʝʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʬʦʨʤʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ ʧʨʠ 2.1 ʄʇʘ ʞʝʩʪʢʦʩʪʴ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʧʨʠ 205ʦʉ ʜʦ 6 ʤʠʥ. ʆʜʥʘʢʦ ʧʦʩʣʝ 6 ʤʠʥ 

ʬʦʨʤʦʚʘʥʠʷ ʞʝʩʪʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʮʚʝʪ ʦʙʨʘʟʮʘ ʥʘʯʠʥʘʝʪ ʪʝʤʥʝʪʴ. 

ʂʘʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʫʭʫʜʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 2 ʤʠʥ ʧʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ ʧʨʠ 

200Áʉ ʠʣʠ ʚʳʰʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʪʦʯʢʝ ʪʝʢʫʯʝʩʪʠ. ʊʠʧʠʯʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʟʘʥʠʤʘʝʪ ʯʘʩʪʴ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʤʝʣʢʠʭ ʠ ʨʘʟʫʤʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʝʡ, ʪ.ʝ. ʜʝʩʷʪʢʘ ʩʝʢʫʥʜ, ʪʘʢ ʯʪʦ ʙʳʣʦ ʙʳ 

ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʤʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʚ ʪʠʧʠʯʥʳʝ ʚʨʝʤʝʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʦʣʠʦʣʝʬʠʥʦʚ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ. 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʚʘʞʥʳ, ʪʘʢ ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʝʨʴʝʚʦʡ 

ʢʝʨʘʪʠʥ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʧʦʣʠʦʣʝʬʠʥʳ, ʧʦʵʪʦʤʫ 

ʘʨʤʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ [19 ï 22, 31]. ʂʝʨʘʪʠʥʦʚʳʝ 

ʧʝʨʴʝʚʳʝ ʚʦʣʦʢʥʘ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʧʦʣʠʦʣʝʬʠʥʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʠʦʢʦʤʧʦʟʠʪʳ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ [15, 31, 34]. ɺ 

ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʣʦʪʥʦʩʪʴ ʙʠʦʢʦʤʧʦʟʠʪʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ 20 ʤʘʩ.% 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʫʩʪʦʪ ʙʫʜʝʪ 0.94 ʛ/ʩʤ3, ʪ.ʝ. ʥʠʞʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʇʕɺʇ.  

ɺ ʩʪʘʪʴʝ Oladele I.O. et al. [80] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʝʨʴʝʚʳʝ 

ʚʦʣʦʢʥʘ, ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ. ʈʝʟʫʣʴʪʘʪʳ ʥʝʜʘʚʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʚʦʣʦʢʦʥ ʚʦʣʦʩ, ʥʝ ʫʭʫʜʰʘʷ 

ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʩʚʦʡʩʪʚʘ [80 ï 82]. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʮʚʝʪʘ ʚʦʣʦʢʥʘ ʥʝ 

ʫʯʠʪʳʚʘʣʩʷ, ʯʪʦʙʳ ʟʥʘʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʦʪʜʝʣʴʥʳʝ ʠʣʠ ʩʤʝʰʘʥʥʳʝ ʮʚʝʪʘ 

ʦʢʘʟʳʚʘʶʪ ʦʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
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ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʨʠʯʥʝʚʳʭ ʧʪʠʯʴʠʭ 

ʚʦʣʦʢʦʥ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʇʕɺʇ.  

 

ʈʠʩ 11. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ (A) ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ NaOH 

ʢʦʨʠʯʥʝʚʳʭ ʧʪʠʯʴʠʭ ʚʦʣʦʢʦʥ (C). 

 

ʂʦʨʠʯʥʝʚʳʝ ʧʪʠʯʴʠ ʚʦʣʦʢʥʘ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʢʫʨʠʥʳʭ ʧʝʨʴʝʚ ʧʫʪʝʤ 

ʦʙʨʝʟʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ 0.1 ʄ ʨʘʩʪʚʦʨʦʤ NaOH. 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʯʪʦʙʳ 

ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʤʦʨʬʦʣʦʛʠʶ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) (ʨʠʩ. 11). ʀʟ ʨʠʩ. 11 (A) ʠ (C) ʚʠʜʥʦ, ʯʪʦ 

ʤʠʢʨʦʬʠʙʨʠʣʣʳ ʠʤʝʶʪ ʩʢʨʫʯʝʥʥʫʶ ʬʦʨʤʫ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ, ʚʝʨʦʷʪʥʦ, 

ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʫʣʫʯʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ. 

ʄʦʨʬʦʣʦʛʠʷ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʪʠʯʴʠʭ ʚʦʣʦʢʦʥ ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ. 

ɹ ʣrʠ ʧʦʣʫʯʝʥʳ ʙʠʦʢʦʤʧʦʟʠʪʳ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʦʣʦʢʦʥ: 2, 4, 6, 8, 10 ʤʘʩ.% ʚ ʤʘʪʨʠʮʝ ʇʕɺʇ. ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ 

ʠʩʭʦʜʥʦʛʦ ʇʕɺʇ ʠ ʙʠʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12. ɺʠʜʥʦ, 

ʯʪʦ ʧʪʠʯʴʠ ʚʦʣʦʢʥʘ ʭʦʨʦʰʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʚ ʤʘʪʨʠʮʝ ʇʕɺʇ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʊʘʢ ʢʘʢ ʢʝʨʘʪʠʥ ʧʪʠʯʴʠʭ 

ʚʦʣʦʢʦʥ ʩʦʜʝʨʞʠʪ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʬʦʙʥʳ ʠ 
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ʤʘʣʦ ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʤʝʥʴʰʘʝʪ ʛʠʛʨʦʩʢʦʧʠʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʛʠʜʨʦʬʦʙʥʳʤ 

ʇʕɺʇ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.12 (B). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʝʤ ʧʫʩʪʦʪʳ 

ʚʦʢʨʫʛ ʚʦʣʦʢʥʠʩʪʳʭ ʬʘʟ. 

ʅʘ ʨʠʩ. 12(C) ʚʦʢʨʫʛ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʝʤʥʳʝ ʧʷʪʥʘ, ʥʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʤʘʪʨʠʮʝ ʇʕɺʇ, ʢʦʪʦʨʘʷ ʠʟʦʙʨʘʞʘʝʪ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ.  

 

ʈʠʩ. 12. ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ: ɸ ï ʠʩʭʦʜʥʳʡ ʇʕɺʇ; ɺ ï 

ʙʠʦʢʦʤʧʦʟʠʪ ʇʕɺʇ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʫʨʠʥʳʤ 
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ʚʦʣʦʢʥʦʤ; ʉ ï ʙʠʦʢʦʤʧʦʟʠʪ ʇʕɺʇ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʢʫʨʠʥʳʤ ʚʦʣʦʢʥʦʤ. 

 

ʇʦʣʠʧʨʦʧʠʣʝʥ (ʇʇ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʛʠʜʨʦʬʦʙʥʳʤ ʧʦʣʠʤʝʨʦʤ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ [83]. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʪʫʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʇʇ [84]. ʉʦʛʣʘʩʥʦ Malkapuram et al. ʇʇ ï ʦʜʠʥ ʠʟ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʜʣʷ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ, ʭʦʪʷ ʧʦʯʪʠ ʚʩʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʥʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʤʝʥʠʪʴ ʧʪʠʯʴʠ 

ʚʦʣʦʢʥʘ ʜʣʷ ʵʪʦʛʦ ʧʦʣʠʤʝʨʘ, ʦʞʠʜʘʷ, ʯʪʦ ʛʠʜʨʦʬʦʙʥʘʷ ʧʨʠʨʦʜʘ ʢʝʨʘʪʠʥʘ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʭʦʨʦʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʠ. 

ɺ ʩʪʘʪʴʝ Barone J.R. et al. ʠ [85] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʙʠʦʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʧʦʣʠʧʨʦʧʠʣʝʥ (ʇʇ) ʠʣʠ ʩʤʝʩʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʣʝʠʥʦʚʳʤ ʘʥʛʠʜʨʠʜʦʤ (ʄɸ), 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʨʦʪʢʠʤʠ ʢʝʨʘʪʠʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ. ɼʦʙʘʚʣʝʥʠʝ ʄɸ ʢ ʇʇ 

ʥʝ ʠʟʤʝʥʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ɹʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʣʝʠʥʦʚʳʤ 

ʘʥʛʠʜʨʠʜʦʤ (ʄɸʇʇ), ʙʠʦʢʦʤʧʦʟʠʪʳ ʠʤʝʣʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʨʘʟʨʫʰʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʝʤ ʦʙʨʘʟʮʳ ʙʝʟ ʚʦʣʦʢʦʥ. ʆʜʥʘʢʦ ʄɸ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ > 4 

ʤʘʩ.% ʨʘʟʨʳʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʷ, 

ʧʨʝʚʳʰʘʶʱʝʛʦ ʚʝʣʠʯʠʥʫ „ ʙʝʟ ʚʦʣʦʢʦʥ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ɼʉʂ ʧʦʢʘʟʘʣ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʙʠʦʢʦʤʧʦʟʠʪʘʭ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʄɸ ʙʦʣʝʝ 4 ʤʘʩ.%.  

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʚʳʷʚʠʣʘ ʫʩʠʣʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʪʨʠʮʝʡ ʠ ʚʦʣʦʢʥʦʤ ʇʇ/ʢʝʨʘʪʠʥ. ʆʪʞʠʛ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʦʤ ʩ ʚʦʣʦʢʥʘʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʝʩʪʘ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ. 
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ɺ ʩʪʘʪʴʝ [86] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʢʫʨʠʥʦʛʦ ʧʝʨʘ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʠʭ ʪʝʧʣʦʚʳʝ, 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

1.10. ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʟʠʮʠʡ ʧʦʣʠʣʘʢʪʠʜ ʠ ʢʝʨʘʪʠʥ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ 

ʧʦʣʠʵʪʠʣʝʥ, ʇʃɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʪʝʨʤʦʧʣʘʩʪ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʙʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ ʢʦʤʧʦʟʠʪʘʭ. ɼʦ ʩʠʭ ʧʦʨ, ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʣʫʯʰʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʥʝʢʦʪʦʨʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ (ʚ ʦʩʥʦʚʥʦʤ ʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʳʝ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʵʪʦʛʦ ï 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʚʢʣʶʯʘʷ ʣʝʥ [13], ʙʘʤʙʫʢ [14] ʠʣʠ ʢʝʥʘʬ [15]. 

ʉʣʝʜʫʷ ʵʪʦʡ ʪʝʥʜʝʥʮʠʠ, ʩʦʯʝʪʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʠ ʭʦʨʦʰʠʝ 

ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʪʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ʧʝʨʴʝʚ [6] ʩ 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴʶ ʇʃɸ, ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʧʨʦʨʳʚʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɺ ʨʘʙʦʪʝ Cheng Sha, Lau Kin-tak, Liu Tao et al. [87] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʇʃɸ ʠ ʇʃɸ/ʢʝʨʘʪʠʥ 

ʢʦʤʧʦʟʠʪʳ. ʇʃɸ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʣʠʤʝʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ [1]. ɹʣʘʛʦʜʘʨʷ 

ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʣʝʛʢʦʤʫ ʚʝʩʫ ʇʃɸ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʤʝʜʠʮʠʥʘ [2, 3] ʠ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [4]. ʂʦʤʤʝʨʯʝʩʢʠʡ ʨʳʥʦʢ 

ʇʃɸ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ʇʃɸ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʘʨʤʠʨʦʚʘʥʠʝ 

ʦʙʳʯʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʩʚʦʝʡ ʭʨʫʧʢʦʩʪʠ [5, 
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6]. ʇʃɸ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʛʨʫʧʧ 

ʙʦʢʦʚʳʭ ʮʝʧʝʡ. ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʇʃɸ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ ʤʝʥʝʝ 10% ʧʨʠ ʨʘʟʨʳʚʝ. ʇʦʵʪʦʤʫ 

ʦʥ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʢʠ ʇʃɸ, 

ʠʟʣʦʞʝʥʥʳʝ ʚʳʰʝ, ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ (ʝʱʝ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ), ʇʃɸ ʥʝ ʧʦʣʫʯʠʣ ʪʦʛʦ ʚʥʠʤʘʥʠʷ, ʢʦʪʦʨʦʛʦ ʦʥ ʟʘʩʣʫʞʠʚʘʝʪ. 

ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʇʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦʣʠʤʝʨ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʩʚʦʡʩʪʚ. ʇʦʣʠʤʝʨʥʦʝ ʩʤʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʇʃɸ. ʆʜʥʘʢʦ ʇʃɸ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʦʣʠʤʝʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʇʃɸ ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʨʝʙʫʝʪʩʷ ʫʣʫʯʰʠʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠ ʩʤʝʰʝʥʠʠ ʧʦʣʠʤʝʨʦʚ. 

ʆʜʠʥ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʃɸ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʚʦʣʦʢʦʥ ʠʣʠ ʥʘʧʦʣʥʠʪʝʣʝʡ [5 ï 7]. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʚʦʣʦʢʥʘ (ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ ʛʘʟʝʪʥʦʝ ʚʦʣʦʢʥʦ) ʠ 

ʥʘʪʫʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ (ʥʘʧʨʠʤʝʨ, ʙʘʤʙʫʢ ʠ ʰʝʣʢʦʚʳʝ ʚʦʣʦʢʥʘ) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʝʥʠʷ, ʠ ʦʥʠ ʫʣʫʯʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʃɸ [6, 8 ï 10]. ʆʜʥʘʢʦ ʚʨʷʜ ʣʠ ʢʪʦ-ʣʠʙʦ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʙʦʚʘʣ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʦʢʥʘ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʠʣʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʧʦʣʠʤʝʨʘ. 

ʂʫʨʠʥʦʝ ʧʝʨʦ ʩʯʠʪʘʝʪʩʷ ʦʪʭʦʜʦʤ ʩʝʢʪʦʨʘ ʧʪʠʮʝʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʠʤʝʨʥʦ 2109 ʢʛ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʚ ʉʐɸ ʝʞʝʛʦʜʥʦ [11]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʝʨʴʷ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʧʫʪʝʤ ʟʘʭʦʨʦʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʫʣʫʯʰʝʥʥʳʝ, 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ, ʠ, ʥʘʜʝʶʩʴ, ʚʳʛʦʜʥʳʝ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʢʫʨʠʥʳʭ 

ʧʝʨʴʝʚ ʞʝʣʘʪʝʣʴʥʳ. ɺʦʣʦʢʥʦ ʢʫʨʠʥʦʛʦ ʧʝʨʘ (ʂʇ) ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʢʝʨʘʪʠʥʘ, ʙʝʣʢʘ, ʠʤʝʶʱʝʛʦ ʪʘʢʫʶ ʞʝ ʩʠʣʫ, ʯʪʦ ʠ ʥʝʡʣʦʥ, ʥʦ ʩ ʜʠʘʤʝʪʨʦʤ 

ʤʝʥʴʰʠʤ, ʯʝʤ ʫ ʜʨʝʚʝʩʥʦʛʦ ʚʦʣʦʢʥʘ. ʆʜʥʘ ʫʜʠʚʠʪʝʣʴʥʦ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʇʃɸ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʩʰʠʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʚʳʰʘʶʱʘʷ 

ʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʢʦʣʦ 

3.4 ï 5 ɻʇʘ [12]. ʂʨʦʤʝ ʪʦʛʦ, ʂʇ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʯʥʳʤ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. ɺʩʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ 

ʩʚʦʡʩʪʚʘ ʚʥʦʩʷʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʚʢʣʘʜ ʚ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂʇ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʥʠʤʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʪʠʥʘ ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʝʨʘʪʠʥʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʚʚʝʜʝʥʠʝʤ ʭʠʪʦʟʘʥʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʩʤʝʩʴ ʭʠʪʦʟʘʥ-ʢʝʨʘʪʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʇʃɸ/ʢʝʨʘʪʠʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʀʟʛʦʪʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʢʝʨʘʪʠʥʘ ʚ ʤʘʪʨʠʮʝ ʇʃɸ. 

ʂʦʤʧʦʟʠʪʳ ʇʃɸ/ʢʝʨʘʪʠʥ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʚʠʥʪʦʚʦʛʦ 

ʵʢʩʪʨʫʜʝʨʘ ʠ ʪʝʨʤʦʧʣʘʩʪ-ʘʚʪʦʤʘʪʘ. ʄʦʜʫʣʠ ʨʘʩʪʷʞʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 

ʇʃɸ/ʢʝʨʘʪʠʥ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʝʨʘʪʠʥʘ (2, 5, 8 ʠ 10 ʤʘʩ.%) 

ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʇʃɸ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 4.2 ɻʇʘ (16%) 

ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʩ 5 ʤʘʩ.% ʢʝʨʘʪʠʥʘ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʚʝʩʘ. ʆʮʝʥʢʘ ʤʦʨʬʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʜʥʦʨʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ ʢʝʨʘʪʠʥʘ ʚ ʤʘʪʨʠʮʝ 

ʇʃɸ ʩʫʱʝʩʪʚʫʝʪ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʇʃɸ ʠ ʇʃɸ/ʢʝʨʘʪʠʥ ʩʨʘʚʥʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʄɸ), ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (TMA) ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʢʦʤʧʦʟʠʪʦʚ ʫʚʝʣʠʯʠʣʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ 

ʧʦʣʠʤʝʨʦʤ, ʪʦʛʜʘ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tan ɿ) ʫʤʝʥʴʰʠʣʩʷ. 

ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊɻɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʄʂʇ ʧʦʚʳʰʘʝʪ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʇʃɸ.  



54 
 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʠ ʤʝʞʬʘʟʥʦʛʦ 

ʩʮʝʧʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʇʃɸ/ʢʝʨʘʪʠʥ. ɹʣʘʛʦʜʘʨʷ 

ʪʘʢʠʤ ʫʣʫʯʰʝʥʠʷʤ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠ 

ʘʜʛʝʟʠʠ ʚʦʣʦʢʥʘ ʢ ʤʘʪʨʠʮʝ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʤʦʞʝʪ ʨʘʟʚʠʪʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ï 

ʢʫʨʠʥʦʝ ʧʝʨʦ ʥʘ ʧʦʣʝʟʥʳʝ ʧʨʦʜʫʢʪʳ. 

 

1.11. ʇʨʠʤʝʥʝʥʠʝ 

ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʝʨʦʪʠʥʦʚʳʝ ʛʠʜʨʦʣʠʟʘʪʳ, ʪʘʢ ʢʘʢ 

ʧʨʠʤʝʥʝʥʠʝ ʢʝʨʘʪʠʥʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʩʰʠʪʳ, ʘ ʧʨʠ 

ʛʠʜʨʦʣʠʟʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ, ʧʝʨʚʠʯʥʳʭ ʘʤʠʜʥʳʭ 

ʩʚʷʟʝʡ ʠ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʩʣʦʚʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʣʠʷʶʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʱʝʝ ʧʦʚʝʜʝʥʠʝ 

ʢʦʤʧʦʟʠʪʦʚ [17]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʘʪʨʠʮʳ ʠ ʚʦʣʦʢʥʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʦʥʝʯʥʳʤʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʧʨʦʜʫʢʪʘ [18]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʠʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʢʝʨʘʪʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʝ 

ʪʝʨʤʦʧʣʘʩʪʘ ī ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ ʢʝʨʘʪʠʥʘ ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʣʦʚʠʡ ʝʛʦ ʧʦʣʫʯʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʨʦʜʳ ʧʦʣʠʤʝʨʦʚ, 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʫʨʦʚʥʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʪ.ʜ. [1]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʙʠʦʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʢʝʨʘʪʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʦʧʣʘʩʪʘʤʠ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ 
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ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʦʟʠʮʠʷʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʬʘʟʳ 

ʧʨʠʤʝʥʷʣʠʩʴ ʙʳ, ʩʤʝʩʠ ʧʦʣʠʤʝʨʦʚ. ɽʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʥʘʧʦʣʥʝʥʠʷ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʬʘʟʳ ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʦʢʥʠʩʪʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ, ʥʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʥʘʧʦʣʥʝʥʠʠ ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʝʨʘʪʠʥʘ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʝʨʘʪʠʥʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʙʠʦʢʦʤʧʦʟʠʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʙʳ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ɺʊʉɼ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʇʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʪ. ʝ. ʠʩʧʳʪʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ, ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʤ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ï ʢʝʨʘʪʠʥ (ʈʦʩʩʠʷ): ʢʝʨʘʪʠʥ 

ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʢʫʨʠʥʦʛʦ ʧʝʨʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ. ɽʛʦ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʚʦʜʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʝʨʘʪʠʥʘ ʧʝʨʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 150Áʉ [88];  

ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ï ʣʠʥʝʡʥʳʡ ʤʝʪʘʣʣʦʮʝʥʦʚʳʡ ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʇʕ) (ELITETM 5230GC) ʬʠʨʤʳ ñDowò (ʉʐɸ): ʩ ʧʣʦʪʥʦʩʪʴʶ r = 

0,916 ʛ/ʩʤ3, ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʊʧʣ = 122Áʉ, ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʯʝʥʠʷ 

ʨʘʩʧʣʘʚʘ (ʇʊʈ), ʨʘʚʥʳʤ 4,0 ʛ/10 ʤʠʥ ʧʨʠ ʊ = 190Áʉ ʠ ʥʘʛʨʫʟʢʝ 2,16 ʢʛ. ʆʥ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ INSITEÊ. ʇʣʝʥʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʣʘʩʪʠʢʦʚrʭ ʠʟ ʜʘʥʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ, ʤʥʦʛʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʝʥʠ̫ʤʠ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʣʠ̫ʶɦʝʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʥʘ ʠʥʜʝʢʩ ʧʨʦʢʦʣ ʙʦʣɹ ʦhʝ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʫʨʦʚʥʷʭ ʨʘʟʣʠʯʥrʭ ʨʘʩʪʷʞʝʥʠʷ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʨʫʛʦʤ ʥʘʛʨʫʟʢʝ ʤʥʦʞʝʩʪʚʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʤrʚʢʘ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ 

ʙʠʦʨʘʟʣʦʞʝʥʠʁ ʧʨʝʚʦʩʭʦʜʥʦʡ ʧʨʦʜʫʢʪʦʚ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʪʷʞʝʥʠʶ ʩʪʨʫʢʪʫʨr ʧʨʠ ʦʙʳʯʥʳʭ ʥʘʛʨʫʟʢʘʭ; 

ï ʩʵʚʠʣʝʥ (ʉʕ) ʤʘʨʢʠ 12508-150 ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʥʠʣʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ 

28%, ʧʣʦʪʥʦʩʪʴʶ 0,950 ʛ/ʩʤ3, ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʊʧʣ = 130Áʉ, 

ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʇʊʈ = 6,0 ʛ/10 ʤʠʥ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 190Áʉ ʠ ʥʘʛʨʫʟʢʝ 2,16 ʢʛ;  

ï ʧʦʣʠʣʘʢʪʠʜ ʤʘʨʢʠ 4043D (ʇʃɸ) (NatureWorks, ʉʐɸ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʊʧʣ = 155 ï 170ÁC ʠ ʧʨʦʟʨʘʯʥʦʩʪʴʶ 2,1%, ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʯʝʥʠʷ 

ʨʘʩʧʣʘʚʘ ʇʊʈ = 9,6 ʛ/10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170ÁC ʠ ʥʘʛʨʫʟʢʝ 2,16 ʢʛ. 

 

2.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʡ 

ɹʠʦʢʦʤʧʦʟʠʪʳ ʇʕ/ʢʝʨʘʪʠʥ ʧʦʣʫʯʘʣʠ ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʘ) 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʝʥʠʝʤ ʚ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ PlastographÑ EC 

(Brabender, ɻʝʨʤʘʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 ʦʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ 100 ʦʙ/ʤʠʥ; ʙ) ʤʝʪʦʜʦʤ ɺʊʉɼ ʚ ʵʢʩʪʨʫʜʝʨʝ-ʜʠʩʧʝʨʛʘʪʦʨʝ 
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ʧʫʪʝʤ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʦʧʫʩʢʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 145ʦʉ [4]. ʉʭʝʤʘ ʨʦʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 13. 

 

ʈʠʩ. 13. ʉʭʝʤʘ ʨʦʪʦʨʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ. 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ ɺʊʉɼ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʯʪʦ ʥʘʰʣʦ ʩʚʦʝ 

ʦʪʨʘʞʝʥʠʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʞʫʨʥʘʣʘʭ. ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʯʝʤ ʜʣʷ ʵʪʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʩʦʟʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʩʜʚʠʛʦʚʦʝ ʫʩʠʣʠʝ. ʇʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʘʤ 

ʩʤʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ [2, 71].  

ɹʠʦʢʦʤʧʦʟʠʪʳ ʉʕ/ʢʝʨʘʪʠʥ ʧʦʣʫʯʘʣʠ ʚ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ 

PlastographÈ EC (ʢʦʤʧʘʥʠʷ Brabender, ɻʝʨʤʘʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130ʉ̄ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ 100 ʦʙ/ʤʠʥ.  
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ɹʠʦʢʦʤʧʦʟʠʪʳ ʇʃɸ/ʢʝʨʘʪʠʥ ʪʘʢ ʞʝ ʧʦʣʫʯʘʣʠ ʚ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ PlastographÑ EC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 170 ʉ̄, ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ 100 ʦʙ./ʤʠʥ. ʉʦʜʝʨʞʘʥʠʝ ʢʝʨʘʪʠʥʘ ʚ ʩʤʝʩʷʭ ʚʘʨʴʠʨʦʚʘʣʠ 

ʦʪ 10 ʜʦ 40 ʤʘʩ.%.  

ʇʣʝʥʢʠ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʜʣʷ 

ʇʕ/ʢʝʨʘʪʠʥ, ʉʕ/ʢʝʨʘʪʠʥ, ʘ ʜʣʷ ʇʃɸ/ʢʝʨʘʪʠʥ ʪʦʣʱʠʥʦʡ 0,3 ʤʤ ʧʦʣʫʯʘʣʠ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʝʩʩʝ Carver CH 4386.4010 (CarverInc., 

ʉʐɸ) ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 190 ÁC ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ.  

 

2.3. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.3.1. ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʢʝʨʘʪʠʥʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʤʝʪʦʜʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʝʚʘ ʠ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ [89, 90]. ʄʝʪʦʜ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʝʚʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʧʫʩʢʘʥʠʠ ʢʝʨʘʪʠʥʘ ʠ ʧʦʣʠʤʝʨʥʳʭ 

ʩʤʝʩʝʡ ʯʝʨʝʟ ʩʠʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʩʪʦʣʝ īʧʨʠʙʦʨ 028ʄ (ʈʦʩʩʠʷ).  

 

ʈʠʩ. 14. ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʢʝʨʘʪʠʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʚʘ. 
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ʀʟ ʨʠʩ. 14 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʝʨʘʪʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,1 ʤʤ ʜʦ 

1,0 ʤʤ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʨʘʩʪʝʪ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. 

ʄʝʪʦʜ ʣʘʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

Fritsch Analysette 22 (ɻʝʨʤʘʥʠʷ), ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 0.08-2000 ʤʢʤ. 

 

 

ʈʠʩ. 15. ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʢʝʨʘʪʠʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʜʠʬʨʘʢʮʠʠ. 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 15 ʚ ʚʠʜʝ ʢʨʠʚʳʭ, 

ʧʦʩʪʨʦʝʥʦ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɺʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠʤʝʝʪ ʧʦʣʠʤʦʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʘʩʩʠʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʣʦʞʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʩʨʝʜʥʷʣʠ ʧʦ 

3 ʠʟʤʝʨʝʥʠʷʤ.  

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʚʧʘʜʘʶʪ. 
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2.3.2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʤʘʪʨʠʮ ʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʚ ʚʠʜʝ 

ʜʚʫʩʪʦʨʦʥʥʠʭ ʣʦʧʘʪʦʢ ʩ ʨʘʟʤʝʨʘʤʠ 1 ³ 5 ³ 35 ʤʤ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ çInstron-3365è (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʆʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʨʭʥʝʛʦ 

ʪʨʘʚʝʨʩʘ 50 ʤʤ/ʤʠʥ. ʀʟ ʜʠʘʛʨʘʤʤ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ɽ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůʨ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ Ůʨ. ʈʝʟʫʣʴʪʘʪʳ 

ʫʩʨʝʜʥʷʣʠ ʧʦ ʜʘʥʥʳʤ ʜʣʷ 6 ʦʙʨʘʟʮʦʚ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 5%, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʫʜʣʠʥʝʥʠʷ 

ʧʨʠ ʨʘʟʨʳʚʝ ï 10%. 

 

2.3.3. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ (ʇʊʈ) ʢʦʤʧʦʟʠʮʠʡ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʀʀʈʊ-5 ʩ ʢʘʧʠʣʣʷʨʦʤ ʜʣʠʥʦʡ 8 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ. ʇʦʢʘʟʘʥʠʷ 

ʩʥʠʤʘʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 11645-73 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 190ʦʉ ʠ ʥʘʛʨʫʟʢʝ 

2.16 ʢʛ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʦʪʧʨʝʩʩʦʚʘʥʳ 

ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 1 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190ʦʉ ʠ ʜʘʚʣʝʥʠʠ 10 ʄʇʘ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ~ 

15 ʛʨʘʜ/ʤʠʥ. 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʧʠʣʣʷʨʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ 

ʀʀʈʊ-5 ʧʨʠ 190Üʉ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʳ 

ʢʘʧʠʣʣʷʨʘ ʢ ʝʛʦ ʜʠʘʤʝʪʨʫ L/D = 16. ɼʣʷ ʩʤʝʩʝʡ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʜʚʠʛʦʚʦʡ ʚʷʟʢʦʩʪʠ ɖ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ Ű = 103 ï 

105 ʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʫʩʨʝʜʥʷʣʠ ʧʦ 2 ï 3 ʠʟʤʝʨʝʥʠʷʤ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʣʘ 5% [95 ï 98]. 
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2.3.4. ʉʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ 

ʉʪʦʡʢʦʩʪʴ ʩʤʝʩʝʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9.049-91. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʟʘʨʘʞʝʥʥʳʭ ʩʧʦʨʘʤʠ ʛʨʠʙʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʠ (ʠʣʠ) ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ [99]. 

ʄʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʠʭ 

ʨʘʟʨʘʙʦʪʢʝ, ʝʩʣʠ ʢ ʠʟʜʝʣʠʷʤ, ʤʘʪʝʨʠʘʣʘʤ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʥʠ ʚʭʦʜʷʪ, 

ʧʨʝʜʲʷʚʣʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʚʳʜʝʨʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʟʘʨʘʞʝʥʥʳʭ 

ʩʧʦʨʘʤʠ ʛʨʠʙʦʚ, ʚ ʩʫʩʧʝʥʟʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ 

ʛʨʠʙʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʧʦʨ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʨʠʙʦʚ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʩʫʩʧʝʥʟʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 1-2 ʤʣʥ/ʩʤ3. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʠʙʳ ʠʟ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ, 

ʜʣʷ ʯʝʛʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʢʦʥʪʝʡʥʝʨʳ ʩ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ 

(ʨʅ = 7.5) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʠʭ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 30ʦʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʝʩʷʮʝʚ. 

 

2.3.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʘʨʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠ ʚ ʢʦʥʪʝʡʥʝʨʳ ʩ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ ʩ ʨʅ = 6ī7, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʉʢʦʨʦʩʪʴ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ, ʚʟʚʝʰʠʚʘʷ ʠʭ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

 

2.3.6. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʷ 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʚ ʧʦʯʚʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʧʦʨ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʤʠʛʨʘʮʠʶ ʯʘʩʪʠʮ 
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ʥʘʧʦʣʥʠʪʝʣʷ ʠʟ ʤʘʪʨʠʮʳ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʨ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʫʯʘʪʴ 

ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʦʙʲʝʢʪʘ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʦʮʝʥʠʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ ʚʥʫʪʨʠ ʥʝʛʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʨʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʭ (ʟʘʢʨʳʪʳʭ), ʪʘʢ ʠ 

ʩʦʦʙʱʘʶʱʠʭʩʷ (ʦʪʢʨʳʪʳʭ) ʧʦʨ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʘʥʘʣʠʟʘ 

ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʤʠʥʠʤʠʟʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [92].  

ʉʢʘʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʤʠʢʨʦʪʦʤʦʛʨʘʬʝ 

Bruker SkyScan 1172 (ɹʝʣʴʛʠʷ) ʧʦ ʨʝʞʠʤʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ ʪʘʙʣʠʮʝ 1, ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SkyScan. ɺʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 3 ʯ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʪʝʥʝʚʳʭ ʧʨʦʝʢʮʠʡ ʦʙʨʘʟʮʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʪʝʥʝʚʳʭ ʧʨʦʝʢʮʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚ ʧʨʦʛʨʘʤʤʝ NRecon ʧʦ ʘʣʛʦʨʠʪʤʫ ʌʝʣʴʜʢʘʤʧʘ [93]. 

 

ʊʘʙʣʠʮʘ 5. ʈʝʞʠʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʅʘʧʨʷʞʝʥʠʝ, ʢɺ 40 

ʊʦʢ, ʤɸ 100 

ʈʘʟʨʝʰʝʥʠʝ, ʤʢʤ 5 

ʐʘʛ ʚʨʘʱʝʥʠʷ, ʛʨʘʜ 0,1 

ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ, ʤʩ 650 

ɺʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯ 3 

 

ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ ʩʝʯʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʛʠʩʪʦʛʨʘʤʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 787 ʩʝʯʝʥʠʡ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

CTAN. ɺ ʨʝʞʠʤʝ ʙʠʥʘʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʚʦʠʯʥʳʤ 
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ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʦʣʫʪʦʥʦʚ ʥʘ ʜʠʩʧʣʝʝ) ʙʝʣʳʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʷʤ ʩ 

ʷʨʢʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ ʙʠʥʘʨʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ çʪʚʝʨʜʳʡè, ʘ ʦʙʣʘʩʪʷʤ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʨʥʳʡ ʮʚʝʪ ï çʧʫʩʪʦʪʘè. ɼʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʫʩʪʦʪ ʠ ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʳʣ 

ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʨʢʦʩʪʠ (25 ï 255 ʛʨʘʜʘʮʠʡ ʩʝʨʦʛʦ). 

 

2.3.7. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʢʦʤʧʦʟʠʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʣʝʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʝʮ ʢʦʤʧʦʟʠʪʘ ʥʘʢʣʝʠʚʘʣʩʷ ʥʘ 

ʧʦʜʣʦʞʢʫ ʩʧʝʮʠʘʣʴʥʳʤ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤ ʢʣʝʝʤ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʝʢʘʥʠʷ 

ʟʘʨʷʜʘ ʩ ʦʙʨʘʟʮʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʧʳʣʷʣʠ ʩʣʦʡ ʟʦʣʦʪʘ 100 ï 300 ¡. ʅʘʧʳʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ñFinecoatò ʤʘʨʢʠ ñJFC ï 1100ò (ʗʧʦʥʠʷ). ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ 

ñJeolJSM-35Cò (ʗʧʦʥʠʷ). ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʩʢʦʧʘ ï 60 ¡. 

ɼʠʘʧʘʟʦʥ ʫʚʝʣʠʯʝʥʠʷ ʦʪ 10 ʜʦ 100000 ʨʘʟ. 

  



64 
 

ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

3.1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʠ ʢʝʨʘʪʠʥʘ 

ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʦʤ ʚʢʣʶʯʝʥʠʡ, ʠʭ 

ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ [100]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚʦʢʨʫʛ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʶʪ 

ʣʦʢʘʣʴʥʳʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ. ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʘʪʨʠʮʳ 

ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ, ʘ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʦʣʥʠʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʬʦʨʤʘ 

ʯʘʩʪʠʮ. ʀʭ ʩʝʛʨʝʛʘʮʠʷ, ʘʛʨʝʛʘʮʠʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ 

ʢʦʤʧʦʟʠʪʘ. ʇʨʠ ʵʪʦʤ ʤʝʞʬʘʟʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʞʝʩʪʢʦʡ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʝʡ ʥʘ ʩʚʦʡʩʪʚʘ [101]. 

ʅʘ ʨʠʩ. 16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ ʇʕ ʤʘʨʢʠ ELITE 

5230ʊʄ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʧʨʷʞʝʥʠʝ ï ʫʜʣʠʥʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʵʪʠʣʝʥ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ñʰʝʡʢʠò ʧʨʠ ʫʜʣʠʥʝʥʠʠ 25ï26%, ʘ ʧʦʩʣʝ 

~94% ʥʘʧʨʷʞʝʥʠʝ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. 

 

ʈʠʩ. 16. ɼʠʘʛʨʘʤʤʘ s ī e ʧʦʣʠʵʪʠʣʝʥʘ ʤʘʨʢʠ ELITE 5230ʊʄ. 
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ɺ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ñʰʝʡʢʠò, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʭʘʨʘʢʪʝʨ 

ʨʘʩʪʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʠʙʦ ʧʝʨʝʭʦʜ ʦʪ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʦʩʪʦʤ ñʰʝʡʢʠò ʢ 

ʦʜʥʦʨʦʜʥʦʤʫ ʧʣʘʩʪʠʯʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ (ʧʣʘʩʪʠʯʥʦ-ʧʣʘʩʪʠʯʥʳʡ ʧʝʨʝʭʦʜ), 

ʣʠʙʦ ʧʝʨʝʭʦʜ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʳʚʫ (ʧʣʘʩʪʠʯʥʦ-ʭʨʫʧʢʠʡ ʧʝʨʝʭʦʜ) [102]. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʇʕ/ʢʝʨʘʪʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʤʝʩʠʪʝʣʝ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ PlastographÈ EC (ʢʦʤʧʘʥʠʷ 

Brabender, ɻʝʨʤʘʥʠʷ), ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 10 

ʜʦ 40 ʤʘʩ.% ʢʝʨʘʪʠʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʜ ʜʠʘʛʨʘʤʤ ʥʘʧʨʷʞʝʥʠʝ ī 

ʫʜʣʠʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʝʨʘʪʠʥʘ ʚ ʙʠʦʢʦʤʧʦʟʠʪʝ (ʨʠʩ. 17). ʇʨʠ 

ʥʝʙʦʣʴʰʦʤ ʥʘʧʦʣʥʝʥʠʠ ʢʨʠʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʇʕ/ʢʝʨʘʪʠʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʢʝʨʘʪʠʥʘ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʮʠʠ ʚʠʜ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʷʞʝʥʠʝ ī ʫʜʣʠʥʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ. ʊʘʢ, ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ 40 

ʤʘʩ.% ʢʝʨʘʪʠʥʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0.1 < d < 0.315 ʤʤ ʭʘʨʘʢʪʝʨʥʘ ʧʣʘʩʪʠʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʭʨʫʧʢʠʝ ʩʠʩʪʝʤʳ. 

 






















































































