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ɸʅʆʊɸʎɯʗ 

ʂʘʨʯʘʢʦʚʘ ɺ. ɺ. ʅʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʢʘʥʥʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟ ʝʣʝʢʪʨʦʜʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʜʦʢʪʦʨʘ 

ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.07 ï çʍ̔ ʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʘʣʠʚʘ ʪʘ ʧʘʣʠʚʥʦ-

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚè. ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʚʫʛʣʝʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ (ʋʍɯʅ)è, ʍʘʨʢʽʚ, 2019. 

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʚʽʪʯʠʟʥʷʥʦʛʦ ʩʪʘʥʜʘʨʪʫ 

ɼʉʊʋ 8389:2015 çʇʝʢ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʝʣʝʢʪʨʦʜʥʠʡ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ.è, ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʥʝʩʪʘʙʽʣʴʥʽ ʟʘ ʭʽʤʽʯʥʠʤ, ʛʨʫʧʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ ʦʩʥʦʚʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʚ'ʷʟʢʽʩʪʶ, ʢʦʢʩʽʚʥʽʩʪʶ, ʟʤʦʯʫʚʘʣʴʥʦʶ ʽ ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ). 

ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʠʨʦʚʠʥʫ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʛʨʘʬʽʪʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ 

ʤʘʶʪʴ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʩʪʦʩʦʚʥʦ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ 

ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʷʢʽʩʪʶ ʟʚôʷʟʫʶʯʠʭ ʧʝʢʽʚ ʽ ʭʘʨʘʢʪʝʨʦʤ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ 

ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ 

ʧʨʠʨʦʜʫ ʩʧʽʢʘʥʥʷ ʧʝʢʽʚ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʚʠʟʥʘʯʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟʘ ʫʤʦʚ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʘʞ ʜʦ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʰʣʷʭʠ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʾʭʥʴʦʾ ʷʢʦʩʪʽ. ɿ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʛʨʘʬʽʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ 

ʦʧʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʴ, ʢʦʪʨʠʡ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ 

ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ çʥʘʧʦʚʥʶʚʘʯ ï ʟʚôʷʟʫʶʯʝè ʭʘʨʘʢʪʝʨ ʾʭ ʚʟʘʻʤʦʜʽʾ ʷʢ ʥʘ ʩʪʘʜʽʾ 

ʟʤʽʰʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʨʦʪʷʛʦʤ ʧʦʜʘʣʴʰʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʦʾ 

ʩʫʤʽʰʽ. 

ɺʧʝʨʰʝ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʜʦʚʝʜʝʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ ʪʽʣ ʪʘ ʧʦʨʦʰʢʽʚ ʨʽʜʢʠʤʠ ʘʛʝʥʪʘʤʠ ʻ ʫʤʦʚʥʠʤ, ʦʩʢʽʣʴʢʠ 
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ʛʝʪʝʨʦʬʘʟʦʚʘ ʩʠʩʪʝʤʘ ʧʝʢ-ʥʘʧʦʚʥʶʚʘʯ ʥʝ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚʩʽ ʧʨʘʢʪʠʢʦʚʘʥʽ ʥʘʨʘʟʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘ 

ʢʦʢʩʽʚʥʦʩʪʽ ʧʝʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʟʜʘʪʥʦʩʪʽ ʟʘʧʽʢʘʪʠ ʪʚʝʨʜʠʡ ʤʘʪʝʨʽʘʣ, ʻ ʩʧʨʦʙʘʤʠ 

ʦʮʽʥʠʪʠ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʫ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ. ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʜʘʻ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ 

ʧʝʢʫ ʻ ʤʽʨʦʶ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʪʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʜʘʥʦʛʦ ʧʝʢʫ. 

ɺʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʝʢʫ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ, 

ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʫ ʩʧʦʞʠʚʘʯʽʚ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʚʠʩʪʫʧʘʻ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ 

ʢʘʨʙʦʥʽʟʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʩʫʤʽʰʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʝʢʫ ʪʘ 

ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʽʜ 3:1 ʜʦ 15:1. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟʘ ʢʨʠʚʦʶ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ 

ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʩʧʽʢʣʠʩʷ . ʉʪʫʧʽʥʴ ʥʘʧʦʚʥʝʥʥʷ ʧʝʢʦʤ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʤʘ ̒

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʮʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʽ 

ʥʘʡʢʨʘʱʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʩʪʫʧʝʥʶ ʥʘʧʦʚʥʝʥʥʷ ʜʦʩʠʪʴ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʆʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʽʚ 

ʥʝʜʦʮʽʣʴʥʦ ʥʘʤʘʛʘʪʠʩʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʫ, ʙʦ, ʷʢ ʧʦʢʘʟʘʣʠ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʙʽʨʢʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ ʽʥʰʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. 

ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʻ ʤʽʨʦʶ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʜʘʥʦʛʦ ʧʝʢʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʥʘ ʧʝʢʦʚʽʡ ʦʩʥʦʚʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ 
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ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ.   

ɺʧʝʨʰʝ ʨʦʟʛʣʷʥʫʪʠ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʧʝʢ-ʥʘʧʦʚʥʶʚʘʯ 

ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʣʽʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʥʠʢʽʚ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. ʋ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʽʟ ʨʽʜʢʠʤ ʟʚôʷʟʫʶʯʠʤ ʟʥʘʯʥʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʘʜʛʝʟʠʚʫ ʫ ʥʘʧʦʚʥʶʚʘʯ. ʏʘʩʪʠʥʘ ʧʝʢʫ ʧʨʦʥʠʢʘʻ ʫ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘʚʜʷʢʠ ʢʘʧʽʣʷʨʥʠʤ ʷʚʠʱʘʤ, ʪʦʤʫ ʨʝʘʣʴʥʘ ʪʦʚʱʠʥʘ 

ʤʽʞʬʘʟʦʚʦʛʦ ʩʣʦʶ ʥʠʞʯʝ ʦʮʽʥʦʯʥʦʾ. ɺʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʟ ʧʝʢʫ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘʢʦʞ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʤʽʞʬʘʟʦʚʦʛʦ ʩʣʦʶ ʽ 

ʧʦʷʚʠ ʯʝʨʝʟ ʮʝ ʫʩʘʜʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʝʢʪʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʩʘʜʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʨʠʚʫ ʧʣʽʚʢʠ. ʊʦʙʪʦ ʢʘʨʙʦʥʽʟʦʚʘʥʠʡ ʜʦ ʩʪʘʥʫ ʥʘʧʽʚʢʦʢʩʫ ʧʝʢ ʥʝ ʧʦʚʥʽʩʪʶ 

ʧʦʢʨʠʚʘʻ ʧʦʚʝʨʭʥʶ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʟ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʚ ʧʣʽʚʢʦʚʝ, ʪʦʙʪʦ, ʚʩʷ ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʤʽʞʬʘʟʦʚʦʤʫ ʰʘʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ. ʄʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʫ ʧʨʠ 

ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɿʘ ʧʦʜʘʣʴʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʠ 

ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ ʧʦʢʨʠʪʪʷ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʦʥʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ 

ʬʨʘʛʤʝʥʪʠ, ɦ ʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʫ.  

ɺʩʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʤʠ ʪʝʦʨʝʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʤʝʭʘʥʽʟʤʫ ʩʧʽʢʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʾʭ ʧʦʚʝʨʭʥʽ 

ʟʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ.  

ɺʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʢʦʢʩ ʟ ʧʝʢʫ-ʟʚôʷʟʫʶʯʦʛʦ ʥʝ ʫʪʚʦʨʶʻ ʧʨʦʩʪʦʨʦʚʠʡ 

çʚʫʛʣʝʮʝʚʠʡ ʩʢʝʣʝʪè ʫ ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʧʨʠʧʫʱʝʥʥʷ ʪʦʛʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʢʝʨʫʶʯʠʤ (ʪʠʤ ʙʽʣʴʰ ï ʚʽʜʙʨʘʢʦʚʫʶʯʠʤ) ʧʦʢʘʟʥʠʢʦʤ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʠʰʝ ʥʘʡʧʝʨʰʫ ʩʪʘʜʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʽʚ 

ʟ ʚʫʛʣʝʮʴ-ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ (ʟʤʽʰʫʚʘʥʥʷ), ʥʝ ʜʘʶʯʠ ʘʜʝʢʚʘʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʽʻʾ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʯʝʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ï 
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ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʚʠʪʨʘʪʠ ʛʦʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ. 

ʋ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʦʮʽʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ ʧʝʢʫ ʟʘ ʡʦʛʦ ʩʧʽʢʣʠʚʽʩʪʶ 

ʪʘ ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ ʷʢ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʡʦʛʦ ʩʧʽʢʘʥʥʷ ʟ ʥʘʷʚʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʚʠʟʥʘʯʘʶʯʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʩʫʤʽʰʽ 

ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ çʟʚôʷʟʫʶʯʝ-ʥʘʧʦʚʥʶʚʘʯè (ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ, ʽ, ʚ ʨʘʟʽ 

ʧʦʪʨʝʙʠ, ʢʦʤʧʘʫʥʜʦʚʘʥʠʭ). 

ʇʦʙʫʜʦʚʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʙʘʛʘʪʦʯʠʥʥʦʢʦʚʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʯʠʥʥʠʢʘ ʦʢʨʝʤʦ, ʘ ʪʘʢʦʞ ʩʫʢʫʧʥʦ ʥʘ ʤʦʜʝʣʴʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʘʙʦ 

ʥʘʙʽʨ ʧʦʢʘʟʥʠʢʽʚ. ʇ̔ ʜʢʨʝʩʣʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʢʽʚ ʽ, 

ʷʢ ʨʝʟʫʣʴʪʘʪ, ʤʽʮʥʦʩʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʡʙʫʪʥʽʭ ʚʠʨʦʙʽʚ ʟ ʧʝʢʦʢʦʢʩʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʘ 

ʪʘʢʦʞ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè, ʇʈɸʊ çɸʂʍɿè  ̔ ʇʨɸʊ 

çʋʂʈɻʈɸʌɯʊè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ, ʥʘʧʦʚʥʶʚʘʯ, ʟʚôʷʟʫʶʯʝ, ʘʜʛʝʟʽʷ, 

ʧʝʢʦʢʦʢʩʦʚʽ ʢʦʤʧʦʟʠʪʠ, ʤʽʞʬʘʟʥʠʡ ʰʘʨ, ʩʧʽʢʣʠʚʽʩʪʴ, ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ, ʧʝʢʦʚʘ 

ʤʘʪʨʠʮʷ. 

 

Karchakova V. V.  Scientific-technological bases of optimization of coking coal 

pitch with electrode fillers ï Manuscript. 

The thesis for the Candidateôs Degree in Technical Sciences by specialty 05.17.07. ï 

çChemical Engineering of Fuel and Lubricantè. The state enterprise çState Research 

Institute for carbochemistry (UHIN)è, Kharkiv, 2019. 

This dissertation defenses the results of theoretical and experimental researches of 

the interaction between coal tar pitches and the surface carbon fillers regarding managing 

their quality as a raw material for coals-graphite products. 

Analysis of the literature made it possible to construct a hypothesis that the wetting 

of filler surface is a necessary but not sufficient condition for obtaining good pitch 
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composite. As a method for assessing coal tar pitches and their interaction with carbon 

fillers selected assessment of the strength of semicoke of pitch compositions. This 

approach gives a fair assessment characteristic for filler-binding interaction. To assess the 

adhesive interactions of pitches with fillers, there has been used an method of caking for 

pitches as well as a caking ability by the dynamics of changing in the strength of semi-

coke from the pitches with different filler contents. The methods of electron and optical 

microscopy have been used to study the structure of the filler surface. There have been 

carried out the tests on the strength of the coking composites as to defining the caking and 

the caking ability of the coal tar pitch. The factors influencing the formation of the 

interphase layer of the pitch matrix on the filler surface have been established. It is shown 

for the first time that a pitch binder in composites with carbon fillers does not form a 

continuous carbon skeleton. 

The statistical multifactor models have been constructed and an assessment of the 

influence of each factor separately, as well as cumulatively on a simulated indicator or a 

set of indicators has been given. The theoretical assumption that the index of wettability of 

the pitch cannot be a controlling (and even more rejectionable) indicator for assessing the 

suitability of the binding agent for the production of high quality electrodes is confirmed. 

The suction ability characterizes only the very first stage of the production of carbon-

carbon composites (mixing) electrodes, not giving adequate information on the formation 

of one of the most important characteristics of the sintered composite - mechanical 

strength, including determines the electrical conductivity and consumption of the finished 

electrode when applied. 

Thus, the possibilities of controlling the quality indicators of the pitch and, as a 

result, the strength characteristics of future products from the coke composites have been 

shown. The thesis materials used in teaching at the National Technical University çKharkiv 

Polytechnic Instituteè, as well as enterprises JSC çZAPORIZHKOKSè, JSC çɸKHZè and JSC 

çUkrgrafitè. 

Keywords: coal tar pitch, filler, binder, the surface of fillers, caking, caking ability, 

coal tar pitch matrix. 
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ɺʉʊʋʇ 

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʩʫʯʘʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʧʦʪʫʞʥʠʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʝʡ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʙʽʣʴʰ ʚʠʩʦʢʽ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʥʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʢʦʢʩʽʚʥʦʛʦ 

ʚʫʛʽʣʣʷ ʽ ʟʘʣʫʯʝʥʥʷ ʜʦ ʧʨʦʮʝʩʫ ʢʦʢʩʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽʥʰʠʭ ʤʘʨʦʢ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʷʢʦʩʪʽ ʧʝʢʫ.  

ʗʢʽʩʪʴ ʧʝʢʽʚ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʚʠʭʦʜʦʤ ʣʝʛʢʦʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʦʣʴʥʦʩʪʽ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘ ʛʨʫʧʦʚʠʤ ʩʢʣʘʜʦʤ. ʆʩʪʘʥʥʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʭʦʜʦʤ ʬʨʘʢʮʽʡ ʧʝʢʫ, ʨʦʟʯʠʥʥʠʭ ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ.  

ɸʣʝ ʫʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʷʢʦʩʪʽ ʧʝʢʽʚ, 

ʥʝ ʧʦʷʩʥʶʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʾʭʥʴʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʧʦʞʠʚʘʯʽ. ʊʦʤʫ ʽʩʥʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʧʝʢʽʚ ï ʢʦʢʩʽʚʥʽʩʪʴ, ʩʧʽʢʣʠʚʽʩʪʴ, ʩʧʽʢʣʠʚʘ  ̔ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʂʘʤôʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 8389:2015 çʇʝʢ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʝʣʝʢʪʨʦʜʥʠʡ. 

ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ.è, ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝʩʪʘʙʽʣʴʥʽ ʟʘ ʭʽʤʽʯʥʠʤ, ʛʨʫʧʦʚʠʤ ʩʢʣʘʜʦʤ ʪʘ 

ʦʩʥʦʚʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʚ'ʷʟʢʽʩʪʶ, ʢʦʢʩʽʚʥʽʩʪʶ, ʟʤʦʯʫʚʘʣʴʥʦʶ ʽ 

ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ). ɸʣʝ ʟʛʽʜʥʦ ʟ ʥʘʰʠʤ ʘʥʘʣʽʟʦʤ ʥʘʫʢʦʚʦʾ ʽ ʧʘʪʝʥʪʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʠʨʦʚʠʥʫ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʛʨʘʬʽʪʽʚ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʥʝ ʤʘʶʪʴ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʩʪʦʩʦʚʥʦ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ 

ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʷʢʽʩʪʶ ʟʚôʷʟʫʶʯʠʭ ʧʝʢʽʚ ʽ ʭʘʨʘʢʪʝʨʦʤ 

ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʚʠʟʥʘʯʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟʘ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʘʞ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʠʟʥʘʯʠʪʴ ʰʣʷʭʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʾʭʥʴʦʾ ʷʢʦʩʪʽ. 
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ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʩʧʽʢʘʥʥʷ 

ʧʝʢʽʚ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ. 

ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʢʝʨʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʾʭʥʽ ʟʤʽʥʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʷʢʽʩʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʧʝʢʽʚ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɿʘ ʦʩʥʦʚʫ 

ʜʠʩʝʨʪʘʮʽʾ, ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ, ʧʦʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʽʩʴʤʦʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟʘ ʪʝʤʘʪʠʢʦʶ ɼʇ çʋʍɯʅè ʩʧʽʣʴʥʦ ʟ ʇʈɸʊ 

çɿɸʇʆʈɯɾʂʆʂʉè, ʇʈɸʊ çɸʂʍɿè, ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè ʽ ʇʈɸʊ çɭɺʈɸɿ 

ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʂʍɿè, ʜʝ ʘʚʪʦʨ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ: 

- çɺʠʟʥʘʯʝʥʥʷ ʩʠʨʦʚʠʥʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʢʘʟʥʠʢ çʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴè ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʝʢʫè ʟʘʤʦʚʥʠʢ 

ï ɺɸʊ çɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʂʍɿè, 2008 ʨ., ˉ ɼʈ 0108U0044330. ɿʜʦʙʫʚʘʯ ï 

ʚʠʢʦʥʘʚʝʮʴ ʨʦʙʦʪʠ; 

- çʇʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ 

ʩʢʣʘʜʫ ʪʘ ʷʢʦʩʪʽ ʰʠʭʪʠ, ʫʤʦʚ ʢʦʢʩʫʚʘʥʥʷ, ʫʤʦʚ ʚʠʜʽʣʝʥʥʷ ʪʘ ʟʥʝʚʦʜʥʝʥʥʷè, 

ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè, 2012 ʨ., ˉ ɼʈ 0112U006141. ɿʜʦʙʫʚʘʯ ï 

ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ; 

- çʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ 

ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʨʝʘʛʝʥʪʠ ʽ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʎʉʇɺ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉèè, ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè, 2013 ʨ., ˉ 

ɼʈ 0113U003784. ɿʜʦʙʫʚʘʯ ï ʩʧʽʚʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ; 

- çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʦʮʽʥʢʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʝʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʰʣʷʭʽʚ ʢʝʨʫʚʘʥʥʷ ʮʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾè, 

ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè, 2014 ʨ., ˉ ɼʈ 0114U004108. ɿʜʦʙʫʚʘʯ ï 

ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ; 
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- çʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʫ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʥʘ ʩʪʘʜʽʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʤʦʛ ʜʦ ʧʨʦʜʫʢʮʽʾ ʥʘ ʉʇʎ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉèè, 

ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè, 2015 ʨ., ˉ ɼʈ 0115U001475. ɿʜʦʙʫʚʘʯ ï 

ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ; 

- çɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʥʥʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʥʘ ʡʦʛʦ 

ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴè, ʟʘʤʦʚʥʠʢ ï ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè, 2016 ʨ., ˉ ɼʈ 

0116U005618. ɿʜʦʙʫʚʘʯ ï ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ. 

- çɺʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʚ ʫʤʦʚʘʭ ʇʈɸʊ çɸʂʍɿè ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭ ʷʢʦʩʪʽè, 

ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ çɸʂʍɿè, 2017 ʨ., ˉ ɼʈ 0117U005043. ɿʜʦʙʫʚʘʯ ï ʢʝʨʽʚʥʠʢ 

ʨʦʙʦʪʠ. 

- çʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʦʯʫʚʘʣʴʥʦʛʦ ʧʝʢʫ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʯʠʩʪʢʠ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʚ ʫʤʦʚʘʭ ʇʈɸʊ çɸʂʍɿè, ʟʘʤʦʚʥʠʢ ï ʇʈɸʊ 

çɸʂʍɿè, 2018 ʨ., ˉ ɼʈ 0118U004027. ɿʜʦʙʫʚʘʯ ï ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʽʢʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ 

ʧʝʢʽʚ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʷʢʽʩʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʪʘʢʽ  ʟʘʚʜʘʥʥʷ: 

- ʚʠʢʦʥʘʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʘʪʝʥʪʥʦʾ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ 

ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʟ ʧʦʚʝʨʭʥʝʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʾ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʢʽʚ-ʟʚôʷʟʫʶʯʠʭ; 

- ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʠʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 

ʧʘʨʠ çʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝè ʭʘʨʘʢʪʝʨ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʪʷʛʦʤ ʟʤʽʰʫʚʘʥʥʷ ʽ 

ʧʦʜʘʣʴʰʦʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʦʾ ʩʫʤʽʰʽ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʯʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʢʦʢʩʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ çʧʝʢ-ʥʘʧʦʚʥʶʚʘʯè, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʪʠ ʩʠʣ 

ʘʜʛʝʟʽʾ ʪʘ ʢʦʛʝʟʽʾ; 
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- ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʽ ʧʨʘʢʪʠʯʥʦ ʜʦʚʝʩʪʠ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

çʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝè ʥʘ ʤʽʮʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʫ; 

- ʧʨʦʚʝʩʪʠ ʘʜʘʧʪʘʮʽʶ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʫʛʽʣʣʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʧʝʢʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʘʨ çʥʘʧʦʚʥʶʚʘʯ-

ʟʚôʷʟʫʶʯʝè; 

- ʧʨʦʚʝʩʪʠ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʢʦʢʩʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʨʽʟʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʪʘ ʦʮʽʥʢʫ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʽ ʾʭʥʴʦʾ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ; 

- ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʧʝʢʽʚ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʘ ʪʘʢʦʞ ʟʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ-

ʟʚôʷʟʫʶʯʠʭ ʟ ʧʦʚʝʨʭʥʝʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ, ʥʘʧʦʚʥʶʚʘʯʽ, ʢʘʨʙʦʥʽʟʦʚʘʥʽ 

ʢʦʤʧʦʟʠʪʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʤʝʪʦʜʠ: 

- ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 

- ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʙʦʥʽʟʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ (ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʩʴʢʠʡ ʤʝʪʦʜ 

ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʪʷʛʦʤ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ); 

- ʩʢʘʥʫʚʘʣʴʥʦʾ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ; 

- ʩʪʘʪʠʩʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʟʤʦʯʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʽ ʾʭʥʶ ʩʧʽʢʣʠʚʽʩʪʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʧʦʢʘʟʘʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʦʙʫʤʦʚʣʶʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ 

ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʽ ʢʦʢʩʽʚʥʽʩʪʴ. ɿʤʦʯʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʠʤ, 
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ʘʣʝ ʥʝʜʦʩʪʘʪʥʽʤ ʯʠʥʥʠʢʦʤ ʦʪʨʠʤʘʥʥʷ ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʣʠʰʝ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ; 

- ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʧʝʢʫ-ʟʚôʷʟʫʶʯʦʛʦ  

(7 ï 25 % ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ çʧʝʢ-ʥʘʧʦʚʥʶʚʘʯè) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʟ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʫ ʧʣʽʚʢʦʚʠʡ, ʪʦʙʪʦ ʚʩʷ ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ 

ʚʽʜʙʫʜʦʚʫʻʪʴʩʷ ʫ ʤʽʞʬʘʟʦʚʦʤʫ ʰʘʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ. ʄʽʮʥʽʩʪʴ 

ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɿʘ ʧʦʜʘʣʴʰʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʠ ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ ʧʦʢʨʠʪʪʷ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʚʦʥʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ñʦʩʪʨʽʚʮʽò, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ 

ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʫ; 

- ʚʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʘʙʩʦʣʶʪʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʡʦʛʦ ʷʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʽ, ʦʪʞʝ, ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʪʘʥʥʴʦʛʦ; 

- ʚʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʝʢ-ʟʚôʷʟʫʶʯʝ ʥʝ ʫʪʚʦʨʶʻ ʧʦʩʪʽʡʥʠʡ çʚʫʛʣʝʮʝʚʠʡ 

ʩʢʝʣʝʪè ʫ ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚʽʜ 1:3 ʜʦ 1:15. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʘʨ çʧʝʢ-ʥʘʧʦʚʥʶʚʘʯè ʟʘ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʩʧʽʢʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ ʡ ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟ ʥʘʷʚʥʠʭ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʟʘ 

ʯʫʪʣʠʚʽʩʪʶ ʧʝʨʝʚʠʱʫʻ ʜʽʶʯʠʡ ʥʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ Ó 2,5 ʨʘʟʠ; 

- ʜʦʚʝʜʝʥʦ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʽʚ ʥʝʜʦʮʽʣʴʥʦ ʥʘʤʘʛʘʪʠʩʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʝʢʫ, ʙʦ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʙʽʨʢʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʡʦʛʦ ʽʥʰʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝ 

ʻ ʤʦʞʣʠʚʠʤ; 

- ʦʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʟʘʤʽʩʪʴ ʽʩʥʫʶʯʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʢʣʘʜʘʻ 306,6 ʛʨʥ ʥʘ 1 ʪ ʧʝʢʫ; 
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- ʤʘʪʝʨʽʘʣʠ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʘ 

ʪʘʢʦʞ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè, ʇʈɸʊ 

çɸʂʍɿè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʢʣʘʜʝʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʢʨʠʪʠʯʥʦʤʫ ʦʛʣʷʜʽ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ 

ʚʠʢʦʥʘʥʥʽ ʘʜʘʧʪʘʮʽʾ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ʧʝʢʽʚ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʩʧʝʯʝʥʠʭ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. ɼʠʩʝʨʪʘʥʪʦʤ ʩʧʽʣʴʥʦ ʟ 

ʢʝʨʽʚʥʠʢʦʤ ʨʦʙʦʪʠ ʧʦʩʪʘʚʣʝʥʦ ʤʝʪʫ ʽ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʽʜʝʾ ʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʠʩʝʨʪʘʥʪʦʤ ʦʩʦʙʠʩʪʦ ʚʠʢʦʥʘʥʦ ʚʩʽ ʣʘʙʦʨʘʪʦʨʥʽ ʽ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ɼʇ çʋʍɯʅè, ʥʘ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè ʇʈɸʊ çɸʂʍɿè ʽ ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

- çʇʦʩʪʫʧ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (VII ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʤ. ʃʴʚʽʚ, ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 2014 ʨ.); 

- çʉʫʯʘʩʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʧʨʦʙʣʝʤʠ, ʟʘʚʜʘʥʥʷ, ʨʽʰʝʥʥʷ. ʅʘʫʢʘ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦè 

(ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ ʤ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2015 ʨ.) 

- çʉʪʨʘʪʝʛʽʷ ʷʢʦʩʪʽ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè (XI ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, 

ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʘʨʥʘ, ɹʦʣʛʘʨʽʷ, 2015 ʨ.) 

- çʇʦʩʪʫʧ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (VIII-ʘ ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʤ. ʃʴʚʽʚ, ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 2016 ʨ.) 

- çʉʪʨʘʪʝʛʽʷ ʷʢʦʩʪʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽè (XII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, 

ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʘʨʥʘ, ɹʦʣʛʘʨʽʷ, 2016 ʨ). 

- VIII ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʡ ʬʦʨʫʤ (ʤ. ʂʨʘʩʥʦʘʨʤʽʡʩʴʢ, 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2016 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʽ ʫ ʛʣʘʚʽ ʤʦʥʦʛʨʘʬʽʾ Web of 

Science 7 ʩʪʘʪʷʭ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ (ʟ ʥʠʭ 4 ʚ ʽʥʦʟʝʤʥʠʭ 
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ʞʫʨʥʘʣʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus) ʪʘ 6 ʪʝʟʘʭ 

ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧ'ʷʪʠ 

ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 159 ʩʪʦʨʽʥʦʢ: 27 ʨʠʩʫʥʢʽʚ ʟʘ ʪʝʢʩʪʦʤ, 35 

ʪʘʙʣʠʮʴ, 133 ʥʘʡʤʝʥʫʚʘʥʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʥʘ 16 ʩʪʦʨʥ̔ʢʘʭ ʪʘ 2 

ʜʦʜʘʪʢʽʚ (ɸ, ɹ) ʥʘ 12 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɺɿɸɭʄʆɼɯɰ ʂɸʄ'ʗʅʆɺʋɻɯʃʔʅʀʍ 

ʇɽʂɯɺ ʗʂ ɿɺôʗɿʋʖʏʆɻʆ ɿ ʅɸʇʆɺʅʖɺɸʏɸʄʀ 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ ï ʧʨʦʜʫʢʪ ʧʝʨʝʨʦʙʢʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ (ʂɺʉ) ï ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʩʫʯʘʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʝʢʠ ʚ ʩʚʦʾʡ ʦʩʥʦʚʽ ʮʝ ʟʚ'ʷʟʫʶʯʝ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʠʤʠ ʻ 

ʢʦʢʩʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʧʝʢʦʚʽ, ʩʣʘʥʮʝʚʽ, ʥʘʬʪʦʚʽ). ʇʝʢʦʢʦʢʩʦʚʽ ʢʦʤʧʦʟʠʮʽʾ 

ʧʨʦʭʦʜʷʪʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʦʙʨʦʙʢʫ (1500-2800 ̄ ʉ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʥʠʟʴʢʠʤ ʧʠʪʦʤʠʤ ʝʣʝʢʪʨʦʦʧʦʨʦʤ  ̔ʚʠʩʦʢʦʶ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʝʢʫ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 8389:2015 [1]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʚʠʤʦʛ 

ʚʠʧʫʩʢʘʶʪʴ ʧʝʢ ʤʘʨʦʢ ɸ, ɹ, ɹ1  ̔ ɺ, ʱʦ ʨʦʟʨʽʟʥʷʁʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ  ̔ʛʨʫʧʦʚʠʤ ʩʢʣʘʜʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʤʝʪʦʜʘʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʨʦʟʯʠʥʝʥʥ̔ ʧʝʚʥʠʭ ʛʨʫʧ ʤʦʣʝʢʫʣ: ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʨʝʯʦʚʠʥ, 

ʥʝʨʦʟʯʠʥʥʠʭ ʚ ʪʦʣʫʦʣʽ (Ŭ-ʬʨʘʢʮʽʷ), ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʨʝʯʦʚʠʥ, ʥʝʨʦʟʯʠʥʥʠʭ ʚ ʭʽʥʦʣʽʥʽ 

(Ŭ1-ʬʨʘʢʮʽʷ), ʪʘ ʽʥ. ɻʨʫʧʦʚʠʡ ʩʢʣʘʜ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʤʘʪʝʨʽʘʣ, ʱʦ ʟʚôʷʟʫʻ ʢʦʤʧʦʥʝʥʪʠ 

ʢʦʤʧʦʟʠʪʽʚ [2]. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʝʢʽʚ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʦʞ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ 

ʛʫʩʪʠʥʘ, ʚ'ʷʟʢʽʩʪʴ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʧʝʢʽʚ ʟ 

ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʥʝʦʜʥʘʢʦʚʽ  ̔ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ 

ʩʠʨʦʚʠʥʠ ï ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ, ʘ ʪʘʢʦʞ ʫʤʦʚ ʾʾ ʦʪʨʠʤʘʥʥʷ [3]. 

ɺʩʽ ʮʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽʩʪʴ ʧʝʢʽʚ, ʥʝ 

ʧʦʷʩʥʶʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʾʭʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʩʪʨʫʢʪʫʨʽ ʪʘ ʽʥʰʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʧʦʞʠʚʘʯʽ. ʊʦʤʫ ʽʩʥʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʧʝʢʽʚ ʢʦʢʩʽʚʥʽʩʪʴ, ʩʧʽʢʣʠʚʽʩʪʴ, ʩʧʽʢʣʠʚʘ  ̔ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 

 

1.1. ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ɺʠʟʥʘʯʠʤʦ ʪʝʨʤʽʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʱʦʜʦ ʟʤʦʯʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʜʠʥʘʤʠ. 



21 

ɿʤʦʯʫʚʘʥʥʷ (ʘʥʛʣ. wetting) ï ʧʦʚʝʨʭʥʝʚʝ ʷʚʠʱʝ, ʱʦʚʠʥʠʢʘʻ ʥʘ ʤʝʞʽ ʜʦʪʠʢʫ 

ʬʘʟ, ʦʜʥʘ ʟ ʷʢʠʭ ï ʪʚʝʨʜʝ ʪʽʣʦ, a ʽʥʰʽ ï ʥʝʧʦʻʜʥʫʚʘʥʽ ʨʽʜʠʥʠ ʘʙʦ ʨʽʜʠʥʘ  ̔ʛʘʟ. 

ɿʤʦʯʫʚʘʥʽʩʪʴ (ʘʥʛʣ. wettability) ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʩʪʫʧʘʪʠ ʚ ʘʜʛʝʟʽʡʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʨʽʜʠʥʦʶ ʡ ʫʪʨʠʤʫʚʘʪʠ ʾʾ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ. 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʘʥʛʣ. wetting ability) ï ʟʜʘʪʥʽʩʪʴ ʨʽʜʠʥʠ ʚʩʪʫʧʘʪʠ ʚ 

ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʪʘ ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʰʦʾ ʨʽʜʠʥʠ ʘʙʦ ʪʚʝʨʜʦʾ 

ʨʝʯʦʚʠʥʠ, ʫʪʚʦʨʶʶʯʠ ʪʦʥʢʫ, ʩʫʮʽʣʴʥʫ ʧʣʽʚʢʫ. 

ɿʤʦʯʫʚʘʥʥʷ ʚʠʷʚʣʷʻ ʩʝʙʝ ʫ ʯʘʩʪʢʦʚʦʤʫ ʘʙʦ ʧʦʚʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʨʽʜʠʥʠ ʥʘ 

ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ, ʧʨʦʩʦʯʫʚʘʥʥʽ ʧʦʨʠʩʪʠʭ ʪʽʣ  ̔ʧʦʨʦʰʢʽʚ. 

ɺʽʜʦʤʝ ʨʽʚʥʷʥʥʷ ʖʥʛʘ ʦʧʠʩʫʻ ʨʽʚʥʦʚʘʛʫ ʧʨʠ ʢʦʥʪʘʢʪʽ ʪʨʴʦʭ ʬʘʟ ï ʪʚʝʨʜʦʾ, 

ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ: 

qggg cosÖ+= ʈɻʊʈʊɻ
,           (1.1) 

ʜʝ  
ʊɻg  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʪʚʝʨʜʘ ʬʘʟʘ-ʛʘʟ (ʧʘʨʘ); 

ʊʈg ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʪʚʝʨʜʘ ʬʘʟʘ-ʨʽʜʠʥʘ; 

ʈɻg ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʽʜʠʥʘ-ʛʘʟ (ʧʘʨʘ). 

ʄʦʞʣʠʚʠʡ ʟʘʧʠʩ ʨʽʚʥʷʥʥʷ (1.1) ʫ ʚʠʛʣʷʜʽ: 

( )

ʈɻ

ʊʈʊɻ

g

gg
q

-
=cos          (1.2) 

ɯʟ ʨʽʚʥʷʥʴ (1.1) ʪʘ (1.2) ʚʠʭʦʜʠʪʴ, ʱʦ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ 

ʟʤʦʯʫʚʘʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ  ̔ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ɗ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʢʫʪ ʤʽʞ 

ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ  ̔ ʜʦʪʠʯʥʦʶ ʫ ʪʦʯʮʽ ʜʦʪʠʢʫ ʪʨʴʦʭ ʬʘʟ (ʪʚʝʨʜʦʾ, ʨʽʜʠʥʥʦʾ ʪʘ 

ʛʘʟʦʚʦʾ) (ʨʠʩ. 1.1). 

http://chem21.info/info/476534
http://chem21.info/info/476534
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ʈʠʩ. 1.1. ʂʨʘʧʣʷ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ: ʚ ʢʦʥʪʘʢʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ ʬʘʟʠ (ʪʚʝʨʜʘ, 

ʨʽʜʠʥʥʘ ʪʘ ʛʘʟʦʚʘ); ɗ ï ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ɸʜʛʝʟʽʷ ʨʽʜʠʥʠ ʜʦ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʦʧʠʩʫʻʪʴʩʷ ʚʽʜʦʤʠʤ ʨʽʚʥʷʥʥʷʤ ɼʶʧʨʝ: 

ʊʈʈɻʊɻaW ggg -+= ,         (1.3) 

ʜʝ Wa ï ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ. 

ʈʽʚʥʷʥʥʷ ɼʶʧʨʝ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʽʚʥʷʥʥʷʤ ʖʥʛʘ ʜʦʟʚʦʣʷʻ ʟ ʚʽʜʦʤʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ q ʪʘ ʈɻg  ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʪʫ ʘʜʛʝʟʽʾ (ʨʽʚʥʷʥʥʷ ɼʶʧʨʝ-ʖʥʛʘ)  

( )qg cos1+= ʨʛaW .         (1.4) 

ʈʦʙʦʪʫ ʘʜʛʝʟʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʽʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʨʽʟʥʠʭ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ, ʪʦʙʪʦ ʩʪʫʧʽʥʴ ʚʟʘʻʤʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʥʝʢʦʤʧʝʥʩʦʚʘʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ. ʇʨʠ ʮʴʦʤʫ ʯʣʝʥ ʊʈg  ʨʽʚʥʷʥʥʷ (1.3) ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʣʠʰʢʦʚʠʭ ʥʝʢʦʤʧʝʥʩʦʚʘʥʠʭ ʟʚ'ʷʟʢʽʚ (ʯʠʤ ʙʽʣʴʰʠʡ ʊʈg ,ʪʠʤ ʤʝʥʰʠʡ ʧʨʠ ʪʠʭ ʩʘʤʠʭ 

ʫʤʦʚʘʭ ʧʦʢʘʟʥʠʢ Wa). 

ɿʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (1.4) ʣʝʛʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʚʥʦʚʘʞʥʫ ʨʦʙʦʪʫ ʘʜʛʝʟʽʾ ʨʽʜʠʥʠ, 

ʦʩʢʽʣʴʢʠ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʝʾ (ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ  ̔ʢʨʘʡʦʚʠʡ 

ʢʫʪ), ʧʽʜʜʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʶ. 

ʈʽʚʥʦʚʘʞʥʫ ʨʦʙʦʪʫ ʘʜʛʝʟʽʾ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʨʽʚʥʦʚʘʞʥʦʶ ʨʦʙʦʪʦʶ ʢʦʛʝʟʽʾ. 

ʂʦʛʝʟʽʷ ʚʠʟʥʘʯʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʽʣʘ ʪʘ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʬʘʟʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʮʥʽʩʪʴ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʪʽʣ  ̔ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʠʜʽʷʪʠ ʟʦʚʥʽʰʥʴʦʤʫ 
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ʟʫʩʠʣʣʶ. ʊʦʙʪʦ, ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ ʩʧʨʠʷʻ ʨʦʟʪʽʢʘʥʥʶ ʢʨʘʧʝʣʴ ʽ ʟʤʦʯʫʚʘʥʥʶ, ʘ ʢʦʛʝʟʽʾ 

ʧʨʦʪʠʜʽʻ. ʏʠʤ ʙʽʣʴʰ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ, ʪʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ ʨʦʟʪʽʢʘʥʥʷ  ̔ʟʥʘʯʥʽʰʝ 

ʟʤʦʯʫʚʘʥʥʷ. 

ʋ ʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʘ ʢʦʛʝʟʽʾ Wʩ ʜʦʨʽʚʥʶʻ  

ʈɻʩW g2= ,            (1.5) 

ʜʝ ʤʥʦʞʥʠʢ 2 ʚʢʘʟʫʻ ʥʘ ʧʦʷʚʫ ʜʚʦʭ ʥʦʚʠʭ ʦʜʥʘʢʦʚʠʭ ʟʘ ʨʦʟʤʽʨʦʤ  ̔ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʧʦʚʝʨʭʦʥʴ ʨʦʟʧʦʜʽʣʫ ñʨʽʜʠʥʘ-ʧʘʨʘò. ʊʠʤ ʩʘʤʠʤ ʨʦʙʦʪʫ ʢʦʛʝʟʽʾ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʤʽʨʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʦʙôʻʤʽ ʛʦʤʦʛʝʥʥʦʾ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʬʘʟʠ.  

ʇʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʨʽʚʥʷʥʥʷ ʖʥʛʘ (1.1) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ (1.3)-(1.5) 

ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʨʘʟʫ 

12cos -= ca WWq ,          (1.6) 

ʜʝ: Wa ï ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ ʨʽʜʠʥʠ, ʷʢʘ ʟʤʦʯʫʻ, ʜʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ; Wʩ ï ʨʦʙʦʪʘ ʢʦʛʝʟʽʾ 

ʨʽʜʠʥʠ.  

ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.6) ʚʠʭʦʜʷʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʟʤʦʯʫʚʘʥʥʷ: 

İWʩ < Wa < Wʩ ï ʟʤʦʯʫʚʘʥʥʷ;  

Wa < İWʩ ï ʥʝʟʤʦʯʫʚʘʥʥʷ;  

Wa > Wʩ ï ʨʦʟʪʽʢʘʥʥʷ.  

Wʨ = Wa ï Wʩ ʻ ʨʦʙʦʪʦʶ ʨʦʟʪʽʢʘʥʥʷ. ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʚʠʨʘʟʫ (1.6) ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʠʣ 

ʤʞ̔ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʨʽʜʠʥʥʦʾ ʬʘʟʠ ʪʘ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʨʽʜʠʥʠ  ̔

ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʫ. 

ʉʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ʨʽʚʥʦʚʘʞʥʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ 

ʟʥʘʭʦʜʞʝʥʥʽ ʩʠʩʪʝʤʠ ʫ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ [4], ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʡ̔ʩʥʦʩʪʽ ʫ ʚʠʧʘʜʢʫ ʢʦʤʧʦʟʠʮʽʾ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò. 

ɺʠʤʽʨʶʚʘʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʢʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ñʧʝʢ-

ʥʘʧʦʚʥʶʚʘʯò ʟʘʚʞʜʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʨʽʚʥʦʚʘʞʥʠʭ. ʎʽ ʚʽʜʭʠʣʝʥʥʷ 

ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (ʰʦʨʩʪʢʽʩʪʶ, 
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ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, ʧʦʨʠʩʪʽʩʪʶ ʪʘ ʽʥ.). ʅʘʷʚʥʽʩʪʴ ʧʽʨ ʫ ʥʘʧʦʚʥʶʚʘʯʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʥʠʭ ʯʘʩʪʠʥʠ ʧʝʢʫ. ʇʨʦʥʠʢʥʝʥʥʷ ʨʽʜʢʦʛʦ ʧʝʢʫ ʚ ʧʦʨʠ ʥʘʧʦʚʥʶʚʘʯʘ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [5] 

r
P

qgcos2
=D ,         (1.7) 

ʜʝ PD ï ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ; 

g ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ; 

q ï ʢʨʘʡʦʚʠʡ ʢʫʪ; 

r  ï ʨʘʜʽʫʩ ʧʦʨʠ. 

ʋ ʨʦʙʦʪʽ [6] ʚʠʟʥʘʯʘʣʠ ʢʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʧʘʨ ñʧʝʢ-ʢʦʢʩò ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ 170 Áʉ ʪʘ 190 Áʉ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʢʦʥʪʘʢʪʥʽ ʢʨʘʡʦʚʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ 

ʜʣʷ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟ ʯʘʩʦʤ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʠʩʴ, ʱʦ ʻ ʜʦʩʪʘʪʥʽʤ ʜʦʢʘʟʦʤ 

ʥʝʨʽʚʥʦʚʘʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʚôʷʟʫʶʯʝ-ʥʘʧʦʚʥʶʚʘʯ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ 

ʨʝʯʦʚʠʥʦʶ ʽ ʟ ʟʦʚʥʽʰʥʴʦʶ ʩʝʨʝʜʦʶ. 

ɿʤʽʥʘ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤʫ  ̔ʟ ʚʙʠʨʘʥʥʷʤ ʯʘʩʪʠʥʠ 

ʧʝʢʫ ʚ ʧʦʨʠ. ʋ ʧʝʚʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘ ʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥ ̫

ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʠʥʫ ʧʝʢʫ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʤʦʞʥʘ ʧʦʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [6] 

2/1
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ʜʝ  0V  ï ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ ʢʨʘʧʣʽ; 

 V  ï ʦʙôʻʤ ʢʨʘʧʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ T; 

 a ï ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; 

 T ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʧʽʣʷʨʥʦʾ ʪʝʯʽ. 

ʈʽʚʥʷʥʥʷ (1.7) ʪʘ (1.8) ʚʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʥʠʢʘʥʥʷ ʧʝʢʫ ʫ ʥʘʧʦʚʥʶʚʘʯ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ: ʨʘʜʽʫʩʘ ʧʽʨ, ʨʦʟʤʽʨʫ ʢʨʘʧʣʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʛʦ ʧʝʢʫ (ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʚôʷʟʢʦʩʪʽ  ̔ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ). 



25 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʜʣʷ ʩʠʩʪʝʤʠ ñʧʝʢ-

ʥʘʧʦʚʥʶʚʘʯò ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʜʘʻ ʣʠʰʝ ʫʜʘʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʽ ʜʫʞʝ 

ʦʙʤʝʞʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʣʝʢʫʣʷʨʥʫ ʚʟʘʻʤʦʜʽʶ ʨʽʜʢʦʛʦ ʧʝʢʫ ʟ ʪʚʝʨʜʠʤ 

ʥʘʧʦʚʥʶʚʘʯʝʤ. ɺʠʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʠʤʘʛʘʻ 

ʧʣʦʩʢʦʾ ʥʝʧʦʨʠʩʪʦʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ  ̔ʜʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò. 

ɼʽʡʩʥʠʡ ʘʙʦ ʨʽʚʥʦʚʘʞʥʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʫʜʘʚʘʥʦʛʦ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ [7]. 

ʂʨʽʤ ʪʦʛʦ, ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʪʨʴʦʭ ʬʘʟ, ʘʣʝ 

ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝ ʢʦʥʪʘʢʪʥʝ ʟʤʦʯʫʚʘʥʥʷ, ʘ 

ʽʤʝʨʩʽʡʥʝ, ʪʦʙʪʦ, ʢʦʣʠ ʥʘʧʦʚʥʶʚʘʯ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʠʡ ʟʚôʷʟʫʶʯʠʤ [8]. ʋ ʨʘʟʽ 

ʽʤʝʨʩʽʡʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʝʢʦʤ  ̔ ʥʘʧʦʚʥʶʚʘʯʝʤ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʟʤʦʯʫʚʘʥʥʷ. ʂʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʠʡ, ʟʘ ʜʘʥʠʤʠ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʾ, ʟʘ ʨʽʚʥʷʥʥʷʤ [9] 
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      (1.9)  

ʜʝ q ï ʢʨʘʡʦʚʠʡ ʢʫʪ; 

ʊʇg  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟʘʤʠ; 

æH ï ʝʥʪʘʣʴʧʽʷ ʟʤʦʯʫʚʘʥʥʷ; 

T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; 

Hl ï ʝʥʪʘʣʴʧʽʷ ʨʽʜʠʥʠ. 

 

1.2. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ʻ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʧʣʦʱʘ 

ʨʦʟʪʽʢʘʥʥʷ, ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟʤʦʯʫʚʘʥʥʷ  ̔ʯʘʩ ʨʦʟʪʽʢʘʥʥʷ. ɯʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʘʣʝ ʜʣʷ ʧʝʢʽʚ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʪʦʯʥʽʩʪʶ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʚʠʤʽʨʶʚʘʥʴ, ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʫ. 

ʂʨʘʡʦʚʠʡ ʢʫʪ ʚʠʤʽʨʶʶʪʴ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʛʝʦʤʝʪʨʽʾ ʛʨʘʥʠʮʽ ʨʦʟʧʦʜʽʣʫ ʪʨʴʦʭ ʬʘʟ 
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(ʥʘʧʨʠʢʣʘʜ, ʟʘ ʧʨʦʬʽʣʝʤ ʙʫʣʴʙʘʰʢʠ ʘʙʦ ʢʨʘʧʣʽ), ʘʙʦ ʥʝʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ (ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʧʽʜʥʷʪʪʷ ʨʽʜʠʥʠ ʚ ʢʘʧʽʣʷʨʽ, ʟʘ ʩʠʣʦʶ ʚʪʷʛʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ ʚ ʨʽʜʠʥʫ). 

ʅʝʜʦʣʽʢʦʤ ʥʝʧʨʷʤʠʭ ʩʧʦʩʦʙʽʚ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʘ ʪʘʢʦʞ ʩʝʨʡʦʟʥʽ ʚʠʤʦʛʠ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ 

ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʩʧʦʩʽʙ ʢʘʧʽʣʷʨʥʦʛʦ ʧʽʜʥʷʪʪʷ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʧʨʦʟʦʨʠʭ ʪʚʝʨʜʠʭ ʪʽʣ, ʘ ʩʧʦʩʽʙ ʚʪʷʛʫʚʘʥʥʷ ʧʣʘʩʪʠʥʠ 

ɺʣ̔ʴʛʝʣʴʤʽ ʢʨʠʪʠʯʥʠʡ ʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʣʘʩʪʠʥʠ ʟʘ ʧʝʨʠʤʝʪʨʦʤ). 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

¶ ʄʝʪʦʜ ñʩʧʦʢʽʡʥʦʾ (ʩʠʜʷʯʦʾ) ʢʨʘʧʣʽò (ʘʥʛʣ. sessile drop method). ʋ ʜʘʥʦʤʫ 

ʤʝʪʦʜʽ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ ʨʽʜʠʥʫ ʨʦʟʤʽʱʫʶʪʴ ʥʘ ʪʚʝʨʜʫ ʧʦʚʝʨʭʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʧʨʠʮʫ. ɼʽʘʤʝʪʨ ʢʨʘʧʣʽ ʤʘʻ ʙʫʪʠ ʚʽʜ 2 ʜʦ 5 ʤʤ; ʮʝ ʛʘʨʘʥʪʫʻ, ʱʦ ʢʨʘʡʦʚʠʡ ʢʫʪ ʥʝ 

ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʜʽʘʤʝʪʨʫ. ɯʥʘʢʰʝ, ʫ ʨʘʟʽ ʜʫʞʝ ʤʘʣʠʭ ʢʨʘʧʝʣʴʦʢ ʙʫʜʝ ʚʝʣʠʢʠʡ 

ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʩʘʤʦʾ ʨʽʜʠʥʠ, ʘ ʫ ʨʘʟʽ ʚʝʣʠʢʠʭ ʢʨʘʧʝʣʴ ʧʦʯʠʥʘʻ ʚʧʣʠʚʘʪʠ 

ʩʠʣʘ ʛʨʘʚʽʪʘʮʽʾ. 

ʋ ʤʝʪʦʜʽ ñʣʝʞʘʯʦʾ ʢʨʘʧʣʽò ʚʠʤʽʨʶʻʪʴʩʷ ʢʫʪ ʤʽʞ ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ  ̔ʨʽʜʠʥʦʶ 

ʫ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʪʨʴʦʭ ʬʘʟ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʣ ʤʽʞʬʘʟʥʦʛʦ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʫ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʪʨʴʦʭ ʬʘʟ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʖʥʛʘ (1.1), ʟʘ ʷʢʠʤ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʨʘʡʦʚʠʡ ʢʫʪ. ɺʠʤʽʨʶʚʘʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʧʨʦʚʦʜʷʪʴ, ʬʽʢʩʫʶʯʠ 

ʟʦʙʨʘʞʝʥʥʷ ʢʨʘʧʣʽ ʥʘ ʢʘʤʝʨʫ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʦʧʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ɺʽʜʦʤʽ ʨʦʙʦʪʠ, ʥʘʧʨʠʢʣʘʜ, [6, 10], ʚ ʷʢʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʢʦʢʩʫ 

ʧʝʢʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ñʩʠʜʷʯʦʾ ʢʨʘʧʣʽò. ʂʨʘʧʣʶ ʨʽʜʢʦʛʦ ʧʝʢʫ ʨʦʟʤʽʱʫʚʘʣʠ 

ʥʘ ʪʚʝʨʜʦʤʫ ʟʨʘʟʢʫ ʡ ʥʘʛʨʽʚʘʣʠ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʤʽʥʫ ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʫ ʯʘʩʽ ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ. 

ɯʥʦʜʽ ʜʣʷ ʮʽʻʾ ʪʝʭʥʽʢʠ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟʘʩʪʦʚʫʶʪʴ 

ʪʝʨʤʽʥ ñʣʝʞʘʯʘ ʢʨʘʧʣʷò (çlying dropè). ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [11] ʚʠʟʥʘʯʘʣʠ 

ʟʤʦʯʫʚʘʥʽʩʪʴ ʧʝʨʠʢʣʘʟʘ ʧʝʢʘʤʠ. ɸ ʚ ʨʦʙʦʪʽ [12], ʤʝʪʦʜʦʤ ñʣʝʞʘʯʦʾ ʢʨʘʧʣʽò 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʧʦʣʽʤʝʨʥʦʾ ʜʦʤʽʰʢʠ ʥʘ ʚʟʘʻʤʦʜʽʶ ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ 

(ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ) ʟ ʝʣʝʢʪʨʦʜʥʠʤ ʧʝʢʦʤ. ʇʝʢ ʤʽʩʪʠʚ ʥʝʨʦʟʯʠʥʥʠʭ ʫ ʭʽʥʦʣʽʥʽ ï 7 %,  

http://dic.academic.ru/dic.nsf/eng_rus/739890/sessile
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ʪʦʣʫʦʣʽ ï 26,7 %, ʟʦʣʽ ï 0,15 % ̔  ʤʘʚ ʚʠʭʽʜ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ï 61%. ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ 

ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʧʦʣʽʤʝʨʥʦʶ ʜʦʤʽʰʢʦʶ ʟʤʽʥʶʻ ʚʟʘʻʤʦʜʽʶ ʧʝʢʫ-ʟʚôʷʟʫʶʯʦʛʦ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ. ʈʝʻʩʪʨʘʮʽʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʩʫʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ 

ʽʣʶʩʪʨʘʮʽʡ, ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʩʚʽʪʣʠʥʘʤʠ ʢʨʘʧʣʽ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʧʦʩʦʙʽʚ ʨʝʻʩʪʨʘʮʽʾ ʬʦʨʤʠ ʢʨʘʧʣʽ ʜʦʩʠʪʴ ʙʘʛʘʪʦ, ʘʣʝ ʚ 

ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʨʝʻʩʪʨʘʮʽʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟ ʧʦʜʘʣʴʰʦʶ ʘʚʪʦʤʘʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʦʙʨʘʞʝʥʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, [13, 14], ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ï ° 0,1̄ . 

¶ ʄʝʪʦʜ ñʢʨʘʧʣʽ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷò (ʘʥʛʣ. spreading drop method). ɼʘʥʠʡ 

ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʟ ʧʨʦʩʪʠʭ ʪʘ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

[15, 16]. 

ɿʘ ʥʠʤ ʫ ʨʦʙʦʪʽ [17] ʚʠʚʯʘʣʠ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ ʢʦʢʩʦʤ ʥʘ ʩʪʘʜʽʾ 

ʟʤʽʰʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʧʝʢʫ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ  ̔ʚ'ʷʟʢʽʩʪʶ. ɼʣʷ ʨʦʟʪʽʢʘʥʥʷ  ̔ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʰʘʨ ʢʦʢʩʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʠʞʯʝ 160 Áʉ ʥʝʦʙʭʽʜʥʽ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ 

ʚ'ʷʟʢʦʩʪʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʤʦʯʫʚʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʣʷ ʜʝʷʢʠʭ ʥʘʬʪʦʚʠʭ ʧʝʢʽʚ, 

ʦʙʫʤʦʚʣʝʥʘ ʦʢʠʩʥʶʚʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʦʯʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʝʨʪʥʦʾ ʘʪʤʦʩʬʝʨʠ ʪʘ/ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʤʽʦhʢ ʘʢʪʠʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʩʫʤʽʰʝʡ ʟʤʦʯʫʚʘʣʴʥʠʭ  ̔ʥʝʟʤʦʯʫʚʘʣʴʥʠʭ 

ʧʝʢʽʚ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʾʭʥ  ʁʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ, ʚ'ʷʟʢʽʩʪʶ  ̔ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʧʝʢʽʚ. 

¶ ʄʝʪʦʜ ñʚʠʩʷʯʦʾ ʢʨʘʧʣʽò (ʘʥʛʣ. pendant drop method) (ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ). 

ʂʨʽʤ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʩʠʩʪʝʤʽ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʬʦʨʤʠ ʢʨʘʧʣʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʷʢʘ ʟʤʦʯʫʻ. ʋ ʨʘʟʽ ʢʨʘʧʝʣʴ, ʱʦ ʚʠʩʷʪʴ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʧʨʘʛʥʝ 
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ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʛʨʘʚʽʪʘʮʽʾ ʬʦʨʤʘ ʢʨʘʧʣʽ, ʷʢʘ 

ʚʠʪʽʢʘʻ ʟ ʪʨʫʙʢʠ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʽʜʝʘʣʴʥʦʶ ʩʬʝʨʦʶ. ɸʣʝ ʦʩʢʽʣʴʢʠ ʥʘ ʢʨʘʧʣʶ ʜʽʶʪʴ 

ʩʠʣʠ ʛʨʘʚʽʪʘʮʽʾ, ʪʦ ʚʦʥʘ ʚʠʪʷʛʫʻʪʴʩʷ ʫʟʜʦʚʞ ʦʩʽ. ʌʦʨʤʘ ʢʨʘʧʣʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ ʫ ʢʨʘʧʣʽ, ʛʫʩʪʠʥʠ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ɺʠʚʯʝʥʥʷ ʬʦʨʤʠ 

ʦʪʨʠʤʘʥʦʾ ʢʨʘʧʣʽ (ʟʘʟʚʠʯʘʡ ʦʧʪʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʦʙʨʦʙʢʦʶ 

ʟʦʙʨʘʞʝʥʴ) ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ. ɼʘʥʠʡ ʤʝʪʦʜ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ, ʱʦ ʥʝ ʟʤʦʯʫʶʪʴ ʧʣʘʩʪʠʥʫ ʪʘ ʢʽʣʴʮʝ, ʜʣʷ 

ʨʦʟʧʣʘʚʣʝʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʠʤ ʥʝʦʙʭʽʜʥʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʤʽʞ ʜʚʦʤʘ ʨʽʜʠʥʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʥʟʽʦʤʝʪʨʘ ɼʶ ʅʫʾ (Du No¿y) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʦʚʝʨʭʥʝʚʠʡ 

ʥʘʪʷʛ ʧʝʢʫ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʣʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʽʜʨʠʚʫ ʧʣʘʪʠʥʦʚʦʛʦ 

ʜʨʦʪʷʥʦʛʦ ʢʽʣʴʮʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʨʽʜʢʦʛʦ ʧʝʢʫ [18]. ʈʘʟʦʤ ʟ ʢʽʣʴʮʝʤ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʝʷʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ, ʷʢʘ ʟʤʦʯʫ ̒ʡʦʛʦ. ɺʽʜʨʠʚʘʥʥʷ ʢʽʣʴʮʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʩʠʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʱʦ ʫʪʨʠʤʫʻ ʢʽʣʴʮʝ,  ̔ ʚʘʛʘ ʧʽʜʥʷʪʦʾ ʨʽʜʠʥʠ 

ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʽʦʤʝʪʨʘ ʚʠʤʽʨʶʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ 

ʚʽʜʨʠʚʘʥʥʷ ʢʽʣʴʮʷ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʟʥʠʭ ʧʝʢʽʚ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʚʽʜ ~ 40 ̄ ʉ ʜʦ 132 ʉ̄  ̔ʟ ʧʽʜʡʦʤʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 120 

ʉ̄ ʜʦ 220 ʉ̄ ʣʽʥʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ~ 25-50 ʤʅ/ʤ [18]. 

ʅʘ ʧʨʠʣʘʜʽ ʈʝʙʠʥʜʝʨʘ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [19] ʧʨʦʚʝʣʠ ʧʦʨʽʚʥʷʣʴʥʝ ʚʠʚʯʝʥʥʷ 

ʨʽʟʥʠʭ ʧʝʢʽʚ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ 

ʚ'ʷʟʢʦʩʪʽ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʛʘʟʦʚʽʡ ʙʫʣʴʙʘʰʮʽ. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʪʦʤʫ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʚʩʝʨʝʜʠʥʽ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ ʚʽʥ ʙʫʜʝ ʨʦʩʪʠ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ ʧʝʚʥʠʡ ʛʨʘʥʠʯʥʠʡ ʪʠʩʢ, ʧʨʦʧʦʨʮʽʡʥʦ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʥʘʪʷʛʫ ʨʽʜʢʦʛʦ ʧʝʢʫ. 

ʅʝʧʨʷʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. ɼʦ ʢʽʥʮʷ ʍʍ 

ʩʪʦʣʽʪʪʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ. ɺʦʥʠ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʷʭ, ʦʜʥʘʢ ʤʘʣʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʨʦʚʠʥʠ. 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ 

ʪʘ ʢʨʘʾʥʘʭ ʉʅɼ ʻ ʤʝʪʦʜ ɺɸʊ çʋʢʨʛʨʘʬʽʪè, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʪʨʠʤʫʚʘʥʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʧʝʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 220 Áʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʢʫʯʽʩʪʴ ʧʝʢʫ [20, 21]. 

ɺʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʤʝʪʘʣʝʚʠʭ ʘʙʦ ʩʢʣʷʥʠʭ 

ʪʨʫʙʢʘʭ, ʷʢʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ (ʢʦʢʩʫ) ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 0,25-0,5 

ʤʤ ʪʘ ʧʝʢʦʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 15:5. ɿʘʚʘʥʪʘʞʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʪʨʫʙʢʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʣʘʙʦʨʘʪʦʨʥʫ ʝʣʝʢʪʨʠʯʥʫ ʧʽʯ, ʜʝ ʚʠʪʨʠʤʫʶʪʴʩʷ ʧʝʚʥʠʡ ʯʘʩ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʢʫʯʽʩʪʴ ʧʝʢʫ. ʇʦʪʽʤ ʪʨʫʙʢʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʽ ʟ ʥʠʭ 

ʚʠʜʘʣʷʻʪʴʩʷ ʢʦʢʩʦʚʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʥʝ ʟʘʧʝʯʝʥʦ ʧʝʢʦʤ. 

ɿʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʟʚ'ʷʟʘʥʦʛʦ ʧʝʢʦʤ ʢʦʢʩʫ ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

W = Wʩ / Wʧ,         (1.10), 

ʜʝ Wʩ ï ʤʘʩʘ ʟʚ'ʷʟʘʥʦʛʦ ʢʦʢʩʫ (ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʭʽʜʥʦʶ ʥʘʚʘʞʢʦʶ ʢʦʢʩʫ ʪʘ ʚʽʜʜʘʣʝʥʦʶ 

ʯʘʩʪʠʥʦʶ ʦʩʪʘʥʥʴʦʛʦ), ʛ;  

Wʧ ï ʚʠʭʽʜʥʘ ʥʘʚʘʞʢʘ ʧʝʢʫ, ʛ. 

ʎʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʤʘʩʘ ʟʚ'ʷʟʘʥʦʛʦ ʢʦʢʩʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ, ʘ ʩʘʤʝ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʨʦʥʠʢʘʪʠ ʫ 

ʧʦʨʠ ʥʘʧʦʚʥʶʚʘʯʘ. ʊʦʙʪʦ ʧʦʢʘʟʥʠʢ W ʜʘʻ ʣʠʰʝ ʥʝʧʨʷʤʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʧʽʢʣʠʚʫ 

ʟʜʘʪʥʽʩʪʴ. ɺʽʜʦʤʽ ʧʦʜʽʙʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʟʘʧʽʢʘʻ ʚʫʛʽʣʣʷ [22]. ʉʪʨʦʛʦ ʢʘʞʫʯʠ, ʜʘʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʻ ʥʝ ʪʽʣʴʢʠ 

ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʟʤʦʯʫʚʘʪʠ ʢʦʢʩ, (ʚʣʘʩʥʝ çʟʤʦʯʫʚʘʥʥʷè), ʘ ʡ ʧʨʦʥʠʢʘʪʠ ʚʩʝʨʝʜʠʥʫ ʧʽʨ 

ʢʦʢʩʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʢʦʢʩʫ ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʈʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʤ'ʷʢʦʛʦ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʟʤʦʯʫʚʘʥʥʷʤ ʥʘʧʦʚʥʶʚʘʯʘ, ʘʣʝ ʤʘʻ ʚʢʣʶʯʘʪʠ ʡ ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʥʠʢʥʝʥʥʷ ʧʝʢʫ ʫ ʚʽʜʢʨʠʪʽ ʧʦʨʠ ʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʫ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʩʽʚ 

ʩʧʽʢʘʥʥʷ ʧʝʢʫ ʟ ʧʦʚʝʨʭʥʝʶ ʢʦʢʩʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʝ ʦʮʽʥʶʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ ʢʦʢʩʦʤ ʪʘ ʟʤʽʥʘ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʧʨʠ ʢʦʢʩʫʚʘʥʥʽ 
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ʧʝʢʫ ʥʘ ʥʘʧʦʚʥʶʚʘʯʽ. 

ʇʦʚʝʜʽʥʢʘ ʧʝʢʫ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, 

ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʫ (ʚ'ʷʟʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ), ʘ ʪʘʢʦʞ 

ʚʝʣʠʯʠʥʠ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʜʝʷʢʽ ʘʚʪʦʨʠ ʦʪʦʪʦʞʥʶʶʪʴ 

ʜʣʷ ʧʝʢʫ ʪʝʨʤʽʥʠ çʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴè (wetting ability) ʽ çʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴè 

(caking capacity) [23], ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʮʠʭ ʚʠʟʥʘʯʝʥʴ ʨʽʟʥʠʡ. 

 

1.3. ʉʧʽʢʣʠʚʽʩʪʴ  ̔ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʽʚ 

ɼʣʷ ʧʝʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʪʘ ʷʢ ʽʤʧʨʝʛʥʘʥʪ, ʧʦʨʷʜ ʟ 

ʢʦʤʧʦʥʝʥʪʥʠʤ ʩʢʣʘʜʦʤ, ʚ'ʷʟʢʽʩʪʶ, ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʾʭʥʴʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʫʛʣʝʮʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʻ ʚʠʚʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʟ ʧʦʨʠʩʪʦʶ ʚʫʛʣʝʮʝʚʦʶ ʧʽʜʢʣʘʜʢʦʶ ï ʥʘʧʦʚʥʶʚʘʯʝʤ ʧʨʠ ʾʾ 

ʫʱʽʣʴʥʝʥʥʽ ʧʨʦʩʦʯʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ 

[23].  

ʗʢ ʚʽʜʦʤʦ, ʧʝʢʠ, ʷʢ ʽ ʚʫʛʽʣʣʷ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʙʝʟ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ ʜʘʶʪʴ 

ʪʚʝʨʜʠʡ ʥʝʣʝʪʢʠʡ ʟʘʣʠʰʦʢ ʽ ʤʦʞʫʪʴ ʟʘʧʽʢʘʪʠ ʽʥʝʨʪʥʽ ʤʘʪʝʨʽʘʣʠ. ʊʦʙʪʦ, ʷʢ ʽ ʜʣʷ 

ʚʫʛʽʣʣʷ, ʜʣʷ ʧʝʢʽʚ ʟʘʩʪʦʩʦʚʥʽ ʚʠʨʘʟʠ ñʩʧʽʢʣʠʚʽʩʪʴò ʪʘ ñʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴò [24-26]. 

ɺ̔ ʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ñʩʧʽʢʣʠʚʽʩʪʴò ʽ ñʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴò ʟʘ ɻʆʉʊ 

17070-87 [27], ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʫʛʽʣʣʷ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʢʽʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʫʛʽʣʣʷ ʜʣʷ ʧʝʢʽʚ ʟ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʥʝʤʘʻ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ. ʊʦʤʫ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʝʨʤʽʥʠ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʩʧʽʢʘʥʥʷ ʧʝʢʽʚ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʧʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʝʟ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʜʘʚʘʪʠ ʪʚʝʨʜʠʡ ʢʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʪʝʨʤʽʥʦʤ ñʩʧʽʢʣʠʚʽʩʪʴò, ʪʘʢ ʽ 

ñʢʦʢʩʽʚʥʽʩʪʴò. ʊʚʝʨʜʠʡ ʚʫʛʣʝʮʝʚʠʡ ʟʘʣʠʰʦʢ ʢʘʨʙʦʥʽʟʘʮʽʾ ʧʝʢʫ ʪʘʢʦʞ ʤʘʻ ʢʽʣʴʢʘ 

ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ 

ʪʝʨʤʽʥʽʚ, ʷʢʠʤʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. ʅʠʞʯʝ 

ʧʦʜʘʥʦ ʪʝʨʤʽʥʠ ʪʘ ʾʭ ʪʣʫʤʘʯʝʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʘʥʘʣʽʟʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ. 

ʂʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ (ʘʥʛʣ. carbon residue), ʘʙʦ ʢʦʢʩʦʚʝ ʯʠʩʣʦ (ʘʥʛʣ. coke value) ï 

ʚʫʛʣʝʮʝʚʠʡ ʟʘʣʠʰʦʢ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʢʘʨʙʦʥʽʟʘʮʽʾ ʧʝʢʫ. ɺʠʤʽʨʶʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ (ʫ ʚʽʜʩʦʪʢʘʭ) ʤʘʩʠ ʥʝʣʝʪʢʦʛʦ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ ʘʙʦ ʚʘʢʫʫʤʽ, ʜʦ ʤʘʩʠ ʟʨʘʟʢʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ɯʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ 

[28, 29], ʚ ʷʢʠʭ ʥʘʜʘʥʦ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʝ ʽ ʜʣʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʨʤʽʥʘ ñʢʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢò. ɼʣʷ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʻ ʩʪʘʥʜʘʨʪʠ ɼʉʊʋ ISO 

6998:2014 [30] ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʂʦʥʨʘʜʩʦʥʘ [31], ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʚʠʟʥʘʯʘʶʪʴ 

ñʢʦʢʩʦʚʝ ʯʠʩʣʦò ʜʣʷ ʧʝʢʽʚ. ɿʘ ɼʉʊʋ ISO 6998:2014 ʢʦʢʩʦʚʝ ʯʠʩʣʦ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 550 C̄ ʧʨʦʪʷʛʦʤ 2,5 ʛʦʜʠʥ ʙʝʟ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ. ʂʦʢʩʦʚʝ ʯʠʩʣʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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%       (1.11), 

ʜʝ m ï ʥʘʚʘʞʢʘ ʧʨʦʙʠ ʧʝʢʫ, ʛ; 

m1 ï ʥʘʚʘʞʢʘ ʧʦʨʦʞʥʴʦʛʦ ʪʠʛʣʷ ʟ ʢʨʠʰʢʦʶ, ʛ; 

m2 ï ʥʘʚʘʞʢʘ ʪʠʛʣʷ ʟ ʢʨʠʰʢʦʶ ̔ ʟʘʣʠʰʢʦʤ, ʛ. 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ 

ʟʘʣʠʰʢʫ. ʇʝʢʦʢʦʢʩʦʚʘ ʢʦʤʧʦʟʠʮʽʷ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʥʦʜʥʦʾ ʤʘʩʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʚʠʪʨʘʪʠ 

ʘʥʦʜʘ ʥʘ ʪʦʥʥʫ ʘʣʶʤʽʥʽʶ ʫ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʘʣʶʤʽʥʽʶ. ɺʠʪʨʘʪʘ 

ʘʥʦʜʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʫ ʨʦʟʧʣʘʚ ʝʣʝʢʪʨʦʣʽʪʫ ʥʝʙʘʞʘʥʠʭ ʜʦʤʽʰʦʢ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʘʣʶʤʽʥʽʶ. ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ 

ʚʭʦʜʠʪʴ ʫ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʥʘ ʝʣʝʢʪʨʦʜʥʠʡ ʧʝʢ ʨʽʟʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʬʽʨʤ [31]. 

ɺʠʭʽʜ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʧʝʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʢʦʢʩʫʚʘʥʥʷ: 

ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʫʤʦʚ ʚʠʚʝʜʝʥʥʷ çʣʝʪʢʠʭè 

ʽʟ ʟʦʥʠ ʢʦʢʩʫʚʘʥʥʷ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [32] ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ 

ʧʝʢʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʥʠ ʛʦʪʫʚʘʣʠ 
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ʧʝʢʦʢʦʢʩʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 1:1. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʝʢʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ 98, 112  ̔124 Áʉ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʤ ʪʨʠʚʘʣʽʰʝ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʧʦʯʘʪʢʫ 

ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʢʩʫʚʘʥʥʷ (550 
ʦ
ʉ), ʪʠʤ ʚʠʱʝ ʢʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ ʧʝʢʽʚ (ʨʠʩ. 

1.2). ʅʘʡʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʧʝʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʭʦʜʦʤ 

ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ.  

ʅʘʡʚʠʱʠʡ ʚʠʭʽʜ ʢʦʢʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʢʦʢʩʫʚʘʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ 38,5 ʛʦʜ. ɿʘ ʮʠʤ ʤʝʪʦʜʦʤ ʚʠʭʽʜ ʢʦʢʩʫ ʚʽʜʧʦʚʽʜʘʻ 

ʬʘʢʪʠʯʥʦʤʫ ʚʠʭʦʜʫ ʢʦʢʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʢʫ-ʟʚô̫ ʟʫʶʯʦʛʦ ʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʙʧʘʣʝʥʠʭ ʘʥʦʜʽʚ [3]. 

ʂʦʢʩʽʚʥʽʩʪʴ (ʘʥʛʣ. coking power) ʧʝʢʫ ï 

ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʢʫ ʩʧʽʢʘʪʠʩʷ ʧʨʠ 

ʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʢʩʦʚʦʛʦ 

ʟʘʣʠʰʢʫ. 

ʉʧʽʢʣʠʚʽʩʪʴ (ʘʥʛʣ. caking) ï ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʝʢʫ ʫʪʚʦʨʶʚʘʪʠ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ. 

ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʧʝʢʽʚ (ʥʘʧʽʚʢʦʢʩ) 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʞʝ ʚ ʽʥʪʝʨʚʘʣʽ 450-550 Áʉ 

[3]. ɼʣʷ ʚʫʛʽʣʣʷ ʫ ʩʪʘʥʜʘʨʪʽ [27] 

ʩʧʽʢʣʠʚʽʩʪʴ ʚʫʛʽʣʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ñʚʣʘʩʪʠʚʽʩʪʴ ʚʫʛʽʣʣʷ ʧʝʨʝʭʦʜʠʪʠ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʙʝʟ ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ ʫ 

ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʚ'ʷʟʘʥʦʛʦ ʥʝʣʝʪʢʦʛʦ ʟʘʣʠʰʢʫò. 

ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ (ʘʥʛʣ. caking power) ï ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʢʫ ʩʧʽʢʘʪʠ ʽʥʝʨʪʥʠʡ 

ʤʘʪʝʨʽʘʣ. ɺʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʘ ʘʥʘʣʦʛʽʯʥʦ ʪʘʢʦʤʫ ʞ ʪʝʨʤʽʥʫ ʜʣʷ ʚʫʛʽʣʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʩʧʽʢʘʥʥʷ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʪʝʨʤʽʥʠ: ʩʧʽʢʣʠʚʽʩʪʴ, ʢʦʢʩʽʚʥʽʩʪʴ ʽ ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ. ɼʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ñʩʧʽʢʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡò ʧʝʢʽʚ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [33] ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʈʦʛʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ, ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʣʷ [34]. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʩʪʫʧʝʥʷ ʟʚ'ʷʟʫʚʘʥʥʷ 

ʈʠʩ. 1.2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʫ 

ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [32]. 
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ʽʥʝʨʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʧʽʩʢʫ, ʘʥʪʨʘʮʠʪʫ). ʋ ʨʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ ʩʧʽʢʣʠʚʦʩʪʽ 

ʚʚʦʜʠʪʴʩʷ ʚʝʣʠʯʠʥʘ ʨʦʟʜʘʚʣʶʚʘʥʥʷ ʢʦʢʩʦʚʠʭ ʢʦʨʦʣʴʢʽʚ, ʤʘʩʠ ʚʘʥʪʘʞʫ, ʧʽʜ ʚʧʣʠʚʦʤ 

ʷʢʦʛʦ ʫ ʩʧʝʯʝʥʦʤʫ ʢʦʨʦʣʴʢʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʤʽʪʥʘ ʪʨʽʱʠʥʘ. ʗʢ ʽʥʝʨʪʥʫ ʜʦʤʽʰʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʢʦʚʠʡ ʘʙʦ ʥʘʬʪʦʚʠʡ ʢʦʢʩ ʟ ʚʝʣʠʯʠʥʦʶ ʧʦʤʝʣʫ 0,2-0,35 ʤʤ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʢʫ ʪʘ ʢʦʢʩʫ ʫ ʩʫʤʽʰʽ ʙʝʨʫʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ ʥʘʜʤʽʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʧʝʢʫ ʫ ʩʫʤʽʰʽ ʢʦʨʦʣʴʢʠ ʚʠʭʦʜʷʪʴ ʟʘʥʘʜʪʦ 

ʩʧʫʯʝʥʽ, ʽ ʟ ʧʫʩʪʦʪʘʤʠ ʚʩʝʨʝʜʠʥʽ, ʱʦ ʨʦʟʣʘʤʫʶʪʴʩʷ ʚʽʜ ʥʘʪʠʩʢʘʥʥʷ ʧʘʣʴʮʝʤ; ʧʨʠ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʢʩʫ ʢʦʨʦʣʴʢʠ ʥʝ ʩʧʫʯʝʥʽ, ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʰʤʘʪʦʯʢʠ ʧʝʢʦʚʦʛʦ 

ʢʦʢʩʫ. 

ɺʩʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʢʦʢʩʫʚʘʥʥʷ ʧʝʢʽʚ, ʘ ʪʘʢʦʞ ʾʭʥʴʦʾ ʟʜʘʪʥʦʩʪʽ 

ʟʘʧʽʢʘʪʠ ʽʥʝʨʪʥʠʡ ʤʘʪʝʨʽʘʣ ʻ ʩʧʨʦʙʘʤʠ ʦʮʽʥʠʪʠ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʫ ʧʝʢʦʢʦʢʩʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʷʭ. ʎʝ ʦʮʽʥʶʚʘʥʥʷ ʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʝʢʽʚ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʚʢʣʶʯʘʶʯʠ  ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʷʢʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʘʤʝ ʱʽʣʴʥʽʩʪʴ  ̔ʤʽʮʥʽʩʪʴ ʻ 

ʾʭʥʽʤʠ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

 

1.3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʟ 

ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʇʨʦʙʣʝʤʠ ʩʧʽʢʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʘʢʪʫʘʣʴʥʽ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʤʘʪʝʨʽʘʣʽʚ: ʟ ʢʦʤʧʦʟʠʪʽʚ ʫ ʧʦʨʦʰʢʦʚʽʡ ʤʝʪʘʣʫʨʛʽʾ, ʢʝʨʘʤʽʮʽ ʪʘ ʽʥ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ ʩʧʝʯʝʥʠʭ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʽʚ ʟ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʪʦʤʫ ʚʦʥʠ ʜʘʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. ʆʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʪʘ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ.  

ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʭʽʜ ʢʦʢʩʫ ʟ ʧʝʢʫ [35]: 

KcÖ=s ,          (1.12) 
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ʜʝ s ï ʤʽʮʥʽʩʪʴ ʩʧʽʢʘʥʥʷ, ʄʇʘ; 

ʂ ï ʚʠʭʽʜ ʢʦʢʩʫ ʟ ʧʝʢʫ, %;  

ʩ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʄʇʘ. 

ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʣʠ ʧʦʜʘʣʴʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 

ʚʠʷʚʠʚʩʷ ʥʝʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʽ ʬʦʨʤʫʣʘ (1.12) ʥʝ ʟʥʘʡʰʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɹʽʣʴʰ 

ʫʩʧʽʰʥʠʤ ʚʠʷʚʠʣʦʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʈʦʛʘ [34] ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ. 

ʋ ʨʦʙʦʪʘʭ [25, 26] ʚʠʟʥʘʯʘʣʠ ʤʽʮʥʽʩʪʴ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʧʽʜʜʘʚʘʣʠ 

ʪʝʨʤʦʦʙʨʦʙʮʽ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʝʯʽ ʧʨʠ 900 Áʉ ʚ ʩʪʨʫʤʽ ʘʟʦʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 

3 ʛʨʘʜ/ʭʚ ʟ ʚʠʪʨʠʤʫʚʘʥʥʷʤ ʧʨʠ ʢʽʥʮʝʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 1 ʛʦʜ. ɼʣʷ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ 

ʚʠʟʥʘʯʘʣʠ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ. 

ʉʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ ʧʝʢʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʈʦʛʘ. ʆʜʥʘʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʾ ʤʝʪʦʜʠʢʠ ʷʢ ʧʽʩʥʦʫ ʜʦʤʽʰʢʫ ʜʦ ʧʝʢʫ (ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:5) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʞʘʨʝʥʠʡ ʢʦʢʩ ʤʘʨʢʠ ʂʅʇʉ, ʷʢʠʡ ʙʫʚ ʥʘʧʦʚʥʶʚʘʯʝʤ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ.  

ʋ ʪʘʙʣ. 1.1, ʩʢʣʘʜʝʥʽʡ ʜʠʩʝʨʪʘʥʪʦʤ, ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʨʦʙʽʪ [25, 26]. 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ, ʧʦʢʘʟʘʚ, ʱʦ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʪʘ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʣʷ ʧʝʢʽʚ ʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʟʚ'ʷʟʢʫ ʥʝʤʘʻ. ʆʜʥʘʢ ʽʩʥʫʻ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʢʩʦʚʠʤ ʟʘʣʠʰʢʦʤ ʽ ʤʽʮʥʽʩʪʶ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ï ʤʝʞʝʶ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʪʘ ʽʥʜʝʢʩʦʤ ʈʦʛʘ. 

ʊʘʙʣʠʮʷ 1.1 

ʇʦʨʽʚʥʷʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʟʘ ʤʽʮʥʽʩʪʶ ʧʝʢʦʢʦʢʩʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ  

ʅʦʤʝʨ 

ʟʨʘʟʢʘ 

ʧʝʢʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʫ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʊʨʦʟʤ, ̄ ʉ 
ʂʦʢʩʦʚʠʡ 

ʟʘʣʠʰʦʢ, % 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢ sʩʪ., ʄʇʘ 

ɯʥʜʝʢʩ 

ʈʦʛʘ R, % 

1 66 37,0 6,1 38 

2 75 47,0 4,25 32 

3 75 45,5 2,80 30 

4 84 35,0 5,70 34 
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ɯ, ʱʦ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʦ, ʽʩʥʫʻ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʦʙʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʮʥʦʩʪʽ. 

ʅʘʦʯʥʦ ʧʦʧʘʨʥʠʡ ʟʚ'ʷʟʦʢ ʚʠʤʽʨʶʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʨʫʯʥʦ ʥʘʚʝʩʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʛʨʘʬʘ (ʨʠʩ. 1.3). ɿʚʝʨʭʫ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʛʨʘʬʘ ʚʢʘʟʘʥʽ ʚʠʤʽʨʶʚʘʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʘ ʥʘʜ ʨʝʙʨʘʤʠ, ʱʦ ʟ'ʻʜʥʫʶʪʴ ʚʝʨʰʠʥʠ ï ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʦʨʝʣʷʮʽʾ. ʅʠʞʯʝ ʧʦʜʘʥʦ ʪʘʢʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʛʨʘʬ ʜʣʷ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʽ 

[25]. 

 

ʈʠʩ. 1.3. ï ʂʦʨʝʣʷʮʽʡʥʠʡ ʛʨʘʬ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʟ ʢʦʢʩʦʚʠʤ ʟʘʣʠʰʢʦʤ ʧʝʢʫ 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [35] ʚʽʜʟʥʘʯʘʶʪʴ, ʯʠʤ ʩʠʣʴʥʽʰʘ ʚʟʘʻʤʦʜʽʷ ʧʝʢʫ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ, ʪʠʤ ʚʠʱʘ ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ 

ʢʦʢʩʦʚʠʤʠ ʟʘʣʠʰʢʘʤʠ ʟ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ  ̔ʯʠʩʪʦʛʦ ʧʝʢʫ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ɼʣʷ ʢʨʠʪʝʨʽʶ ʩʧʽʢʣʠʚʦʩʪʽ ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʬʦʨʤʫʣʫ 

0

01

k

kk
K

-
=D ,         (1.13) 

ʜʝ    k1 ï ʧʦʢʘʟʥʠʢ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʧʝʢʫ ʢʦʤʧʦʟʠʮʽʾ, %; 

k0 ï ʧʦʢʘʟʥʠʢ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʧʝʢʫ ʙʝʟ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʄʽʞ ʮʠʤ ʢʨʠʪʝʨʽʻʤ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʤʽʮʥʽʩʪʶ ʥʘ ʩʪʠʩʢ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʩʧʽʢʣʠʚʦʩʪʽ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ 

ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʩʪʠʩʢ sʩʪ [26]. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [2] ʜʦʩʣʽʜʞʫʚʘʣʠ 
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ʟʘʣʝʞʥʽʩʪʴ ʩʧʽʢʣʠʚʦʩʪʽ ʟʘ ʽʥʜʝʢʩʦʤ ʈʦʛʘ ʚʽʜ ʚʤʽʩʪʫ a- ʪʘ b-ʬʨʘʢʮʽʡ ʫ ʧʝʢʘʭ ʟ ʛʫʜʨʦʥʫ 

ʪʘ ʟʘʣʠʰʢʽʚ ʚʽʩʙʨʝʢʽʥʛʫ
1
.  

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʫ ʟ ʛʫʜʨʦʥʫ ʚʠʱʝ, ʥʽʞ ʧʝʢʫ ʽʟ ʟʘʣʠʰʢʽʚ 

ʚʽʩʙʨʝʢʽʥʛʫ. 

 

ʈʠʩ. 1.4. ï ɿʘʣʝʞʥʽʩʪʴ ʩʧʽʢʣʠʚʦʩʪʽ ʟʘ ʽʥʜʝʢʩʦʤ ʈʦʛʘ: ʘ ï ʚʽʜ ʚʤʽʩʪʫ a-ʬʨʘʢʮʽʾ ʚ 

ʧʝʢʘʭ; b ï ʚʽʜ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ a- ʪʘ b-ʬʨʘʢʮʽʡ 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 1.4, ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʚʽʜ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ ʤʘʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʡ ʩʘʤʠʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʠʭ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʩʧʦʩʪʝʨʽʛʘʣʠ ʽ ʚ ʽʥʰʠʭ ʨʦʙʦʪʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [36] ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʛʝʨʤʝʪʠʢʘ ʟ ʧʝʢʦʚʠʤ ʟʚôʷʟʫʶʯʠʤ ʽ 

ʙʝʪʦʥʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ. 

ʄʽʮʥʽʩʪʴ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʟʤʦʯʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʦʤʧʦʟʠʮʽʷʭ ʥʘʧʦʚʥʶʚʘʯʽ, ʘ ʡ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ, ʡʦʛʦ ʩʪʫʧʝʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ, ʘʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò ʪʘ ʽʥ. ʇʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʝʢ-ʟʚôʷʟʫʶʯʠʡ ʤʽʮʥʽʰʘʻ  ̔ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʥʘʧʽʚʢʦʢʩ-ʢʦʢʩ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ. 

                                                           
1
 ɺʽʩʙʨʝʢʽʥʛ - ʧʨʦʮʝʩ ʣʝʛʢʦʛʦ ʢʨʝʢʽʥʛʫ ʟ ʦʙʤʝʞʝʥʦʶ ʛʣʠʙʠʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ (1,5-3 ʄʇʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 470-480 
 ̄
C ʟ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʟʥʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ  ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʥʦʛʦ ʤʘʟʫʪʫ. 
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ʇʦʢʘʟʥʠʢ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʨʦʟʤôʷʢʰʝʥʦʛʦ ʧʝʢʫ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʥʘ ʧʦʜʘʪʠ 

ʨʽʚʥʷʥʥʷʤ ɼʶʧʨʝ-ʖʥʛʘ (1.4). ʋ ʪʦʡ ʞʝ ʯʘʩ ʨʦʙʦʪʘ ʢʦʛʝʟʽʾ ʜʣʷ ʧʝʢʫ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ (1.5). ʂʦʤʙʽʥʫʶʯʠ ʮʽ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ: 

( )qcos1
2

+Ö= c
ʜ

W
W .        (1.14) 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [36] ʟʘʧʠʩʫʶʪʴ ʮʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪ ̔

ʢʦʤʧʦʟʠʪʘ ʪʘʢ: 

)cos1(
2

q
s

s +Ö= c

a ,        (1.15 ), 

ʜʝ  as  ï ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ; 

cs  ï ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ; 

q ï ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ. 

ʆʪʞʝ, ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʝʢʫ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʘʡʦʚʠʤ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ɗ ʧʽʜʢʣʘʜʢʠ ʪʘ ʤʽʮʥʽʩʪʶ ʡʦʛʦ ʢʦʛʝʟʽʾ. ʏʠʤ 

ʢʨʘʱʝ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʪʠʤ ʤʝʥʰʝ ʢʫʪ ɗ, ʪʠʤ ʙʽʣʴʰʝ ʧʦʢʘʟʥʠʢ cos ɗ ʽ ʪʠʤ 

ʚʠʱʝ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʮʴʦʛʦ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʚ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʘ ʨʦʙʠʪʴ 

ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʝ ʟʘʯʝʧʣʝʥʥʷ ʤʽʞ ʧʝʢʦʤ ʡ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɿʘʧʦʚʥʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʠʤ ʧʝʢʦʤ ʧʽʨ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟʙʽʣʴʰʫʻ ʽʩʪʠʥʥʫ 

ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ, ʽ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʫʩʠʣʣʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʤʽʞ 

ʧʦʨʘʤʠ ʪʘ ʢʘʧʽʣʷʨʘʤʠ, ʘ ʪʘʢʦʞ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʶ ʧʝʢʫ, ʢ̫ʠʡ ʟʘʢʦʢʩʫʚʘʚʩʷ ʚ ʧʦʨʘʭ. 

ɿ ʘʥʘʣʽʫ ʨʽʚʥʷʥʥʷ (1.14) ʙʘʯʠʤʦ, ʱʦ ʧʦʢʘʟʥʠʢ Wʘ ʧʨʘʛʥʝ ʜʦ Wc ʜʣʷ ʨʽʜʠʥ, ʷʢʽ 

ʜʦʙʨʝ ʨʦʟʪʽʢʘʶʪʴʩʷ, ʢʦʣʠ (1 + cosɗ) = 2, ʪʘ ʧʨʠ ʚʩʽʭ ɗ ʥʝ ʤʦʞʝ ʾʾ ʧʝʨʝʚʠʱʫʚʘʪʠ. 

ɿʥʠʞʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ (ʧʽʜʚʠʱʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʦʤ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ) ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʟʘʣʠʰʢʫ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. 

ʇʽʜʚʠʱʝʥʥʷ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚ ʟʨʦʩʪʘʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. ʆʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʚʠʧʘʣʝʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʝʢ-ʟʚôʷʟʫʶʯʝ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʪʚʝʨʜʠʡ ʧʨʦʜʫʢʪ (ʥʘʧʽʚʢʦʢʩ, ʢʦʢʩ), ʪʦ ʡʦʛʦ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʽ 
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ʚʽʜʧʦʚʽʜʥʦ ʨʦʙʦʪʘ ʢʦʛʝʟʽʾ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ, ʪʠʤ ʢʨʘʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʆʪʞʝ, ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʩʧʝʯʝʥʦʛʦ ʧʝʢʦʚʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʘʡʦʚʠʤ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʧʝʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʪʘ 

ʢʦʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʧʝʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʧʽʢʘʥʥʷ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ 

ʜʦʩʣʽʜʥʠʢʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʟʽ ʟʤʽʥʦʶ ʢʽʣʴʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟʤʽʥʶʻʪʴʩʷ ʤʽʮʥʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʾ. ʆʜʥʘʢ ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʮʝ ʥʽʷʢ 

ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʽʩʥʫʻ ʤʝʪʦʜ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʋʍɯʅʽ ʜʣʷ ʚʫʛʽʣʣʷ, ʷʢʝ ʩʧʽʢʘʻʪʴʩʷ [37-39]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʶʪʴ ʩʧʽʢʣʠʚʽʩʪʴ  ̔ ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ 

ʚʫʛʽʣʣʷ  ̔ʰʠʭʪʠ ʟʘ ʤʽʮʥʽʩʪʶ ʟʨʘʟʢʽʚ ʥʘʧʽʚʢʦʢʩʫ ʽ ʟ ʩʫʤʽʰʝʡ ʚʫʛʽʣʣʷ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ. 

ʇʨʠ ʮʴʦʤʫ ʚʫʛʽʣʣʷ ʦʮʽʥʶʻʪʴʩʷ ʷʢ çʟʚôʷʟʫʶʯʝè ʜʣʷ ʩʧʽʢʘʥʥʷ ʝʪʘʣʦʥʥʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʣʷ ʛʦʪʫʶʪʴ ʩʫʤʽʰʽ 

ʚʫʛʽʣʣʷ, ʷʢʝ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʟ ʨʽʟʥʠʤʠ ʤʘʩʦʚʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ñʥʘʧʦʚʥʶʚʘʯ-ʚʫʛʽʣʣʷò. ʇʨʦʙʠ ʬʦʨʤʫʶʪʴ, ʟʘʚʘʥʪʘʞʫʶʪʴ ʫ ʢʦʤʽʨʢʦʚʫ ʢʘʤʝʨʫ, 

ʥʘʛʨʽʚʘʶʪʴ ʜʦ 600 Áʉ ʽ ʚʠʪʨʠʤʫʶʪʴ 30 ʭʚ. ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʋʪʚʦʨʝʥʽ ʩʧʝʯʝʥʽ 

ʟʘʣʠʰʢʠ (ʥʘʧʽʚʢʦʢʩʠ) ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʨʦʚʦʜʷʪʴ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʾʭʥʴʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʫʰʝʥʥʷ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʙʫʜʫʶʪʴ ʢʨʠʚʫ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʚʽʜ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ 

(ʨʠʩ. 1.5). 

ʉʧʽʢʣʠʚʽʩʪʴ ʽ ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ ʚʫʛʽʣʣʷ  ̔ ʚʫʛʽʣʴʥʠʭ ʰʠʭʪ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʫ ʨʽʚʥʷʥʥʽ ʧʨʷʤʦʾ, ʷʢʦʶ ʘʧʨʦʢʩʠʤʫʶʪʴ ʩʧʘʜʘʶʯʫ ʜʽʣʷʥʢʫ ʢʨʠʚʦʾ [37-

39]: 

)/(0 ʇʅA jjss -= ,         (1.16) 

ʜʝ  s0 ï ʩʧʽʢʣʠʚʽʩʪʴ ʚʫʛʽʣʣʷ (ʤʽʮʥʽʩʪʴ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ, ʫʪʚʦʨʝʥʦʛʦ ʚʫʛʽʣʴʥʦʶ 

ʧʣʘʩʪʠʯʥʦʶ ʤʘʩʦʶ ʥʘʚʢʦʣʦ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ); 
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ɸ ï ʢʦʝʬʽʮʽʻʥʪ (ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ), ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ 

ʚʫʛʽʣʣʷ. ʇʦ ʩʫʪʽ ʮʝ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʩʧʽʢʣʠʚʦʩʪʽ. 

ʏʠʤ ʙʽʣʴʰʝ ʧʦʢʘʟʥʠʢ s0, ʪʠʤ ʚʠʱʝ ʩʧʽʢʣʠʚʽʩʪʴ ʚʫʛʽʣʣʷ. ʏʠʤ ʥʠʞʯʝ ʢʦʝʬʽʮʽʻʥʪ 

ɸ (ʪʦʙʪʦ ʯʠʤ ʥʠʞʯʝ ʰʚʠʜʢʽʩʪʴ 

ʧʘʜʽʥʥʷ ʤʽʮʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ), ʪʠʤ ʚʠʱʝ 

ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʚʫʛʽʣʣʷ. 

ɽʢʩʪʨʝʤʫʤ ʥʘ ʢʨʠʚʽʡ ʆɺʉ 

ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ñʥʘʧʦʚʥʶʚʘʯ-

ʟʚôʷʟʫʶʯʝò. 

ɿʚʽʩʥʦ ʞ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʧʽʩʣʷ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʽʢʣʠʚʦʩʪʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʫ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʽʣʴʢʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʝʢʫ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ: ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ, ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ 

ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʟʘ ʢʽʣʴʢʽʩʪʶ ʜʦʜʘʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʪʝʦʨʝʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʩʧʝʯʝʥʦʛʦ ʧʝʢʫ ʡ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò.  

 

1.4. ʄʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ 

ɸʥʘʣʽʟʫʶʯʠ ʬʦʨʤʫʣʫ (1.15), ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʤʦʞʣʠʚʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʦʤ 

ʥʘʧʦʚʥʶʚʘʯʘ (ʟʥʠʞʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ) ʽ ʧʽʜʚʠʱʝʥʥʽ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. ʊʦʤʫ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʧʝʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʘʤʝ ʪʽ ʧʨʦʮʝʩʠ ʪʘ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʦʢʨʘʱʫʚʘʪʠ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʘʤʠ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ /̔ʘʙʦ ʟʙʽʣʴʰʫʚʘʪʠ ʾʭʥ  ʁ

ʢʦʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ. 

ʈʠʩ.1.5ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ 

ʢʦʤʧʦʟʠʪʫ ʚʫʛʽʣʣʷ-ʘʥʪʨʘʮʠʪ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ 
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ʇʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʘʙʦ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ. ʎʽʣʢʦʤ ʽʤʦʚʽʨʥʦ ʾʭʥ ̒ ʩʧʽʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʧʝʢʫ ʤʽʞ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʝ 

ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ: 

- ʚʚʝʜʝʥʥʷʤ ʘʨʤʫʚʘʣʴʥʠʭ ʜʦʤʽʰʦʢ (ʚʦʣʦʢʥʘ, ʥʘʥʦʯʘʩʪʠʥʢʠ); 

- ʧʽʜʚʠʱʝʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ (ʚʠʜʘʣʝʥʥʷ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ 

ʽʥʽʮʽʘʪʦʨʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ). 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ: 

ʧʦʩʪʫʧʦʚʝ ʚʠʜʘʣʝʥʥʷ ʣʝʪʢʦʾ ʬʨʘʢʮʽʾ, ʝʢʩʪʨʘʢʮʽʷ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʛʘʟʘʤʠ (ʧʨʦʜʫʚʘʥʥʷ ʧʦʚʽʪʨʷʤ, ʘʟʦʪʦʤ), ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʚʥʝʩʝʥʥʷ ʜʦʤʽʰʦʢ, ʢʦʤʙʽʥʘʮʽʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʽʚ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʘʢʫʫʤʥʦʾ 

ʜʠʩʪʠʣʷʮʽʾ [40]. ɺ ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʬʨʘʢʮʽʡ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʟʘ ʟʥʠʞʝʥʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʨʝʘʢʮʽʡ 

ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

1.4.1. ʄʦʜʠʬʽʢʘʮʽʷ ʧʝʢʽʚ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʽ ʧʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʦʤʽʰʢʠ ʇɸʈ ʥʝʡʦʥʦʛʝʥʥʦʛʦ ʪʠʧʫ, ʥʘ ʦʩʥʦʚʽ ʤʦʥʦʘʣʢʽʣʬʝʥʦʣʽʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʢ ʟ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: tʨʦʟʤ. ï 65 Áʉ, ʚʤʽʩʪ ʥʝʨʦʟʯʠʥʥʠʭ ʚ ʪʦʣʫʦʣʽ ï 15 %, ʥʝʨʦʟʯʠʥʥʠʭ ʫ 

ʭʽʥʦʣʽʥʽ ï 7 %, ʚʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ï 60 %. ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʠʤ ʯʠʥʦʤ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ ʟʨʦʩʪʘʣʘ [41]. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʢʫʯʦʩʪʽ ʧʝʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʜʦʤʽʰʢʘʤʠ 

ʝʪʠʣʝʥʛʣʽʢʦʣʶ [42], ʙʽʦʜʠʟʝʣʷ ʽ ʩʦʣʷʨʦʚʦʛʦ ʤʘʩʣʘ [43]. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ ʪʘ ʡʦʛʦ ʢʦʢʩʦʚʦʛʦ ʯʠʩʣʘ. 

ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ (ʟʘ ʄʝʪʣʝʨʦʤ) ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʧʝʢ ʙʽʦʜʠʟʝʣʷ 

ʟʥʠʞʫʚʘʣʘʩʷ ʟ 120 ʜʦ 70 Áʉ, ʧʨʠ ʮʴʦʤʫ ʢʦʢʩʦʚʝ ʯʠʩʣʦ ʟʤʽʥʶʚʘʣʦʩʷ ʚʽʜʥʦʩʥʦ 
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ʥʝʟʥʘʯʥʦ: ʟ 52 ʜʦ 47 %. ɼʦʤʽʰʢʘ ʩʦʣʷʨʦʚʦʛʦ ʤʘʩʣʘ ʟʥʠʞʫʚʘʣʘ ʢʦʢʩʦʚʝ ʯʠʩʣʦ ʟ 52 ʜʦ 

37 % [44]. 

ɼʦ ʜʦʤʽʰʦʢ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʇɸʈ, ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʷ ʨʝʯʦʚʠʥʠ ʨʷʜʫ 

ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ʥʘʧʨʠʢʣʘʜ ï ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ). ʆʜʥʘʢ ʮʽ ʨʝʯʦʚʠʥʠ ʜʦʩʠʪʴ ʢʦʰʪʦʚʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ. 

ʊʦʤʫ ʷʢ ʜʦʤʽʰʢʠ, ʱʦ ʟʥʠʞʫʶʪʴ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʛʣʠʥʘʣʴʥʫ ʬʨʘʢʮʽʶ [44]. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʤʽʰʢʘ ʧʦʛʣʠʥʘʣʴʥʦʾ 

ʬʨʘʢʮʽʾ ʟʥʠʞʫʻ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʽʚ ʧʨʠʙʣʠʟʥʦ ʥʘ 40 Áʉ ʚ ʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʤʝʞʽ 90-100 Áʉ (ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʫ ʢʽʣʴʢʦʩʪʽ 2 % ʚʽʜ ʤʘʩʠ). 

 

1.4.2. ʄʦʜʠʬʽʢʘʮʽʷ ʜʦʤʽʰʢʘʤʠ ʟ ʫʧʦʨʷʜʢʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʷʢ ʜʦʤʽʰʦʢʠ-ʤʦʜʠʬʽʢʘʪʦʨʠ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʪʦʙʪʦ ʤʘʪʝʨʽʘʣʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʭʦʯʘ ʙ ʟʘ ʦʜʥʠʤ ʥʘʧʨʷʤʦʤ 

ʩʪʘʥʦʚʣʷʪʴ ʨʦʟʤʽʨ ʤʝʥʰʝ 100 ʥʤ. ɼʦ ʪʘʢʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʬʫʣʝʨʝʥʠ, ʬʫʣʝʨʠʪʠ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʩʪʨʠʞʥʽ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʚʦʣʦʢʥʘ, ʆʉɺʅʊ  ̔

ɹʉɺʅʊ (ʦʜʥʦʩʪʽʥʥʽ ʪʘ ʙʘʛʘʪʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ) ʪʘ ʽʥ. ʄʦʜʠʬʽʢʘʮʽʶ 

ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʧʨʦʚʦʜʷʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ-ʟʚ'ʷʟʫʶʯʦʛʦ ʟ ʚʠʩʦʢʦʶ 

ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ ʫ ʡʦʛʦ ʤʘʪʨʠʮʶ ʚʦʜʥʦʯʘʩ ʚʚʦʜʷʪʴ ʢʽʣʴʢʘ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ, ʚʠʢʦʥʫʶʯʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ, ʧʨʠʟʚʦʜʷʪʴ ʷʢ ʜʦ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʘʢʮʽʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ [45], ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʘʢ 

ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʘ [46]. 

ʇʽʜʚʠʱʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰʦʩʪʽ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʫ ʢʦʢʩʦʭʽʤʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʝʢʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʙʣ̔ʴʰʝʥʥʷʤ ʾʭʥʴʦʶ ʚ'ʷʟʢʦʩʪʽ  ̔ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ. ʎʝ ʥʝ ʟʘʚʞʜʠ ʧʨʠʡʥʷʪʥʦ. 

ʅʘʥʦʤʦʜʠʬʽʢʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʠʪʠ ʧʦʚʝʜʽʥʢʫ ʧʝʢʫ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ  ̔ ʚʠʭʦʜʫ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʙʝʟ ʩʫʪʪʻʚʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ  ̔ʚ'ʷʟʢʦʩʪʽ [47]. 

ɺ ʨʦʙʦʪʽ [48] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʘ ʥʘʥʦʚʦʣʦʢʥʘʤʠ ʟ ʧʝʨʝʚʘʞʥʠʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 67 ʥʤ. 



42 

ɺʚʝʜʝʥʥʷ ʫ ʧʝʢ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʝʡ ʜʦʤʽʰʦʢ (0,3-1,0 %) ʥʘʥʦʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʚ'ʷʟʢʽʩʪʴ  ̔ ʢʨʘʡʦʚʠʡ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ, ʘʣʝ ʧʦʤʽʪʥʦ ʧʽʜʚʠʱʫʻ ʩʧʽʢʣʠʚʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʽʙʥʦʟʝʨʥʦʚʦʛʦ ʛʨʘʬʽʪʫ, 

ʦʜʝʨʞʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, ʧʝʨʝʚʝʨʰʫʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ, 

ʟʦʢʨʝʤʘ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʠʨʦʩʪʘʻ ʥʘ 25 %, ʥʘ ʪʘʢʫ ʞ ʩʘʤʫ ʚʝʣʠʯʠʥʫ 

ʟʥʠʞʫʻʪʴʩʷ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ [48]. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [49] ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʟʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʽʚ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʤʽʦhʢ ʚ ʽʟʦʪʨʦʧʥʠʡ ʧʝʢ-

ʧʨʝʢʫʨʩʦʨ ʆʉɺʅʊ. ʆʉɺʅʊ ʜʦʜʘʚʘʣʠ ʚ ʧʝʢ ʫ ʢʽʣʴʢʦʩʪʽ 1, 5, 8 ʪʘ 10 %. ɺ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʚʦʣʦʢʥʘ ʟ ʧʝʢʽʚ ʟ ʜʦʤʽʰʢʘʤʠ ʙʫʣʠ ʙʽʣʴʰ ʤʽʮʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ. 

ʅʘ ʨʠʩ. 1.6 ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ, ʱʦ ʽʣʶʩʪʨʫʻ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʦʥ ʟ ʧʝʢʽʚ, 

ʜʦʧʽʡʦʚʘʥʠʭ ʆʉɺʅʊ. 

ɺ ʨʦʙʦʪʽ [50] ʜʦ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʜʦʜʘʚʘʣʠ ɺʅʊ çʊʘʫʥʽʪ ʄè. ɺʧʣʠʚ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʠʚʯʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʚôʷʟʢʦʩʪʽ ʧʝʢʽʚ ʯʠʩʪʠʭ  ̔

ʤʦʜʠʬʽʢʦʚʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʜʦʤʽʰʢʠ 

çʊʘʫʥʽʪʫè ʧʽʜʚʠʱʫʚʘʣʠ ʚ ʧʝʢʘʭ tʨʦʟʤ (ʥʘ 3-

4 ʉ̄) ̔ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ (ʥʘ 0,9-

1,7 %). ɸʚʪʦʨʠ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʷʢ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʝʢʫ ʟʤʝʥʰʫʻ ʫʤʦʚʥʫ 

ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʚ'ʷʟʢʦʾ ʪʝʢʫʯʦʩʪʽ ʧʝʢʫ, 

ʥʝ ʧʽʜʚʠʱʫʻ ʚ'ʷʟʢʽʩʪʴ, ʥʝ ʟʤʝʥʰʫʻ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʚ'ʷʟʢʦ-ʧʣʠʥʥʦʛʦ ʩʪʘʥʫ ʟʚôʷʟʫʶʯʦʛʦ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ-ʟʚ'ʷʟʫʶʯʠʭ ʫ 

ʚʫʛʣʝʮʴ-ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʘʭ [50]. 

ʈʠʩ. 1.6. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʟ ʜʦʤʽʰʢʘʤʠ 

ʆʉɺʅʊ 
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ɺʚʝʜʝʥʥʷ ʚ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ 

ʩʧʽʢʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʫ, ʟʙʽʣʴʰʝʥʥʶ ʚʠʭʦʜʫ ʢʦʢʩʫ, ʩʪʨʫʢʪʫʨʥʦʾ ʤʽʮʥʦʩʪʽ 

ʢʦʢʩʫ ʟ ʧʝʢʫ  ̔ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʮʴʦʛʦ 

ʢʦʢʩʫ. ʆʪʨʠʤʘʥʥʷ ʟ ʧʝʢʫ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʚʦʣʦʢʦʥ ʟʙʽʣʴʰʫʻ ʤʽʮʥʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ 25-30 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʢʩʦʤ ʟ 

ʯʠʩʪʦʛʦ ʧʝʢʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʤʽʢʨʦʤʽʮʥʽʩʪʴ [51]. ʊʝʦʨʝʪʠʯʥʽ  ̔

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʝʢʽʚ ʧʦʢʘʟʘʣʠ ʚʧʣʠʚ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʩʪʫʧʽʥʴ ʛʨʘʬʽʪʘʮʽʾ ʧʝʢʽʚ 

[47]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʧʝʢʽʚ ʽ ʩʪʚʦʨʶʚʘʥʠʭ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʽʚ. ɸʣʝ ʽʩʥʫʶʪʴ 

ʧʝʚʥʽ ʩʢʣʘʜʥʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʢʠ ʫ ʧʝʢʦʚʽʡ 

ʩʠʩʪʝʤ.̔ ɺʚʘʞʘʝʤʦ, ʱʦ ʢʨʘʱʝ ʥʘʥʦʨʦʟʤʽʨʥʽ ʜʦʤʽʰʢʠ ʚʥʦʩʠʪʠ ʜʦ ʩʤʦʣʠ, ʟ ʷʢʦʾ 

ʦʪʨʠʤʫʶʪʴ ʧʝʢ.  

ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʜʦʤʽʰʢʠ. 

ʄʦʜʠʬʽʢʘʪʦʨʠ ʩʪʨʫʢʪʫʨʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʤʽʥʶʶʪʴ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʪʘ/ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ ʧʝʢʽʚ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʽʥʽʮʽʶʶʪʴ ʨʝʘʢʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ/ʘʙʦ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ [52] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʦʤʽʰʢʠ ʜʦ ʧʝʢʫ, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ 

ʟʘʣʠʰʢʫ ï CARBOREZ P
2
 (5-14 %) ̔  ʧʫʣʴʚʝʨʙʘʢʝʣʽʪ

3
 (5-48 %). ɿʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʢʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ CARBOREZ P ʽʟ 900 ÁC ʩʢʣʘʜʘʚ 67 %, 

ʧʫʣʴʚʝʨʙʘʢʝʣʽʪʫ ï 56 %, ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʫ 34 ï % [52]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʤʽʰʢʠ-ʤʦʜʠʬʽʢʘʪʦʨʘ CARBOREZ P ̔ ʧʫʣʴʚʝʨʙʘʢʝʣʽʪʫ ʫ ʢʽʣʴʢʦʩʪʽ 5-14 % ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʩʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʫ ʥʘ 8-10 % ʪʘ 6-7 

% ʚʽʜʧʦʚʽʜʥʦ. 

                                                           
2
.CARBORESÈ ï "CARBOnacious RESin powderè ï ͔ͫͨͼ͊͜͡Έͤͦ ͙ͣͦ͒ͺ͍͙͚ͦ͊ͤ͜͟ ͨͪͦ͒ͯͭ͟ ͊ͣ͟ϥΎ͍͎ͤͦͯ͜͡Έ͎ͤͦͦ ͔ͨͯ͟ ͯ 

͍͙͎͡Ύ͒͜ ͙͙ͪ͒ͤ͜Σ ͎ͪ͊ͤͯ͡Ύͭͦͪͯ ͊͋ͦ ͨͦͪͦ΄ͯ͟Φ ˹͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͋ͯ͒Έ-Ύͦ͟͝ ͤ͜΄ͦ͝ ͫͨͦͯ͡;ͤͦ͝ ͔ͪ;͍͙͙ͦͤ ͍ͤ͜ ͨͦΊ͒ͤͯΊ ͍ ͫͦ͋͜ 

͍͙͍͊ͫͭͦͫͭ͜͡ ͨͪͦ͒ͯͭͯ͟ ͘͜ ͙͍ͦͫͦ͋ͦ͡ ͙ͤ͘Έͦ͟Ό ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜ΊΌ ͙ͭͦͫ͟;͙ͤͻ ͔ͪ;͍͙ͦͤΦ /!w.hw9{ϯ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ 

͍͎͔ͯ͡ͼΈ͍ͣ͜΅ͯΌ;͙ͻ ͍͎͔͙͍͍ͦͤͭͪ͜Σ ͊ ͭ͊ͦ͗͟ ͍͙͍ͪͦ͋͜ ͘ ͎ͪ͊ͺͭͯ͜ ώр3]. 

3
ʇʫʣʴʚʝʨʙʘʢʝʣʽʪ (͘ ͤͣ͜Φ tǳƭǾŜǊ - ͨ ͦͪͦ΄ͦ͟ ͜ ͔͋͊ͭ͟͜͡ύ ς ͟ ͙ͦ͡΄ͤΎ ͍ͤ͊͊͘ ͍͔ͭͪ͒ͦ͝ ͺ͔ͤͦͦ͡ͺͦͪͣ͊͡Έ͔͎͒͒ͤͦ͜͝ ͙ͫͣͦ͡ ώр4]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʫʶʯʠʭ 

ʜʦʤʽʦhʢ CARBOREZ P  ̔ ʧʫʣʴʚʝʨʙʘʢʝʣʽʪʫ ʜʦ ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʟ ʧʝʢʫ, 

ʟʙʽʣʴʰʠʪʠ ʱʽʣʴʥʽʩʪʴ, ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ  ̔ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʨʦʙʽʚ, ʧʦʢʨʘʱʠʪʠ 

ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʽ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʽʨ. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʜʦʤʽʰʢʦʶ 

ʚʠʷʚʠʣʘʩʷ CARBOREZ P. 

ɺ ʨʦʙʦʪʽ [55] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʽʨʢʫ, ʷʢ ʚʽʜʦʤʫ ʨʝʯʦʚʠʥʫ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʩʽʨʢʠ ʚ ʧʝʢʘʭ ʥʝ ʤʘʻ 

ʧʨʘʢʪʠʯʥʦʛʦ ʩʝʥʩʫ, ʘʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʽʨʢʠ ʷʢ ʤʦʜʝʣʴʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʤʘʻ ʧʝʚʥʠʡ ʽʥʪʝʨʝʩ.  

ʈʝʘʢʮʽʷ ʧʝʢʫ ʽ ʟ ʩʽʨʢʦʶ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 130-150 Áʉ. ʅʠʞʯʝ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʽʨʢʘ ʜʽʻ ʷʢ ʧʣʘʩʪʠʬʽʢʘʪʦʨ, ʟʥʠʞʫʶʯʠ tʨʦʟʤ. ɺʠʱʝ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ (130-

150 Áʉ) ʧʦʯʠʥʘʶʪʴʩʷ ʨʝʘʢʮʽʾ ʩʽʨʢʠ ʟ ʧʝʢʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʚ'ʷʟʢʦʩʪʽ  ̔ʚʠʭʦʜʫ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ [55]. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʩʽʨʢʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʧʝʢ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʧʦʤʽʨʥʠʤ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʘʙʦ ʘʛʝʥʪʦʤ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʧʝʢʫ 10 % ʧ-ʙʝʥʟʦʭʽʥʦʥʫ ʧʨʠ 380 Áʉ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʧʝʢ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [56] ʚʚʘʞʘʶʪʴ, 

ʱʦ ʨʝʘʢʮʽʷ ʧʝʢʫ ʟ ʧ-ʙʝʥʟʦʭʽʥʦʥʦʤ ʚʝʜʝ ʜʦ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʝʢʫ. 

ʋ ʨʦʙʦʪʽ [57] ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʜʦʤʽʰʢʠ (10 %) ʨʽʟʥʠʭ ʧʦʣʽʤʝʨʽʚ ʜʦ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʧʝʢʦʚʦʾ ʤʝʟʦʬʘʟʠ ʟʘ ʫʤʦʚ ʽʟʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʧʨʠ 450 Áʉ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʝʢ ʟ tʨʦʟʤ. = 68,5 Áʉ, ʚʤʽʩʪʦʤ ʥʝʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʪʦʣʫʦʣʽ 20,1 %, ʫ ʭʽʥʦʣʽʥʽ 3,6 %  ̔ ʢʦʢʩʽʚʥʠʤ ʯʠʩʣʦʤ 45,7 %. ʗʢ ʜʦʤʽʰʢʠ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, ʧʦʣʽʩʪʠʨʦʣ, ʙʫʪʘʜʽʻʥ-ʩʪʽʨʦʣʴʥʠʡ ʩʦʧʦʣʽʤʝʨ, ʇʇ 

(ʧʦʣʽʧʨʦʧʽʣʝʥ), ʥʘʪʫʨʘʣʴʥʫ ʮʝʣʶʣʦʟʫ, ʇɽɻ, ʽʥʜʝʥ-ʢʫʤʘʨʦʥʦʚʫ ʩʤʦʣʫ. 

ʄʝʪʦʜʦʤ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʫ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʢʦʤʧʦʟʠʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʭʦʜʫ ʢʘʨʙʦʥʽʟʦʚʘʥʦʛʦ 

ʟʘʣʠʰʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʈʦʟʤʽʨ ʚʽʜʭʠʣʝʥʥʷ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʤʽʨʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʢʫ ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ʧʦʣʽʤʝʨʫ. 



45 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʤʘʡʞʝ ʚʩʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʤʽʰʢʠ ʧʦʣʽʤʝʨʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʤʝʟʦʬʘʟʠ. ɿʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʜʦʤʽʰʦʢ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʨʠʩʢʦʨʝʥʥʽ ʟʨʦʩʪʘʥʥʷ 

ʤʝʟʦʬʘʟʠ. ɯʥʜʝʥ-ʢʫʤʘʨʦʥʦʚʘ ʩʤʦʣʘ ʚʠʷʚʠʣʘʩʷ ʻʜʠʥʦʶ ʜʦʤʽʰʢʦʶ, ʷʢʘ ʥʝ ʚʧʣʠʚʘʣʘ ʥʘ 

ʨʦʟʚʠʪʦʢ ʤʝʟʦʬʘʟʠ, ʘʣʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʚʘʣʘ ʢʦʢʩʦʚʝ ʯʠʩʣʦ ʢʦʤʧʦʟʠʮʽʾ [58]. ɸʚʪʦʨʠ 

ʨʦʙʽʪ [58, 59] ʧʦʢʘʟʘʣʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʧʝʨʝʢʠʩʫ ʙʝʥʟʦʾʣʫ ʚ ʉʊʇ ʧʨʠ ʡʦʛʦ 

ʪʝʨʤʦʦʙʨʦʙʮʽ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ ʟʘʛʫʱʝʥʥʷ ʧʝʢʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʨʦʩʪʘʥʥʷ tʨʦʟʤ. ʽ ʚʠʭʽʜ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʨʦʪʽʢʘʻ ʧʨʠʨʽʩʪ ʚʤʽʩʪʫ Ŭ1-ʬʨʘʢʮʽʾ (ʥʘ 5,5 % ʙʽʣʴʰʝ, ʥʽʞ ʫ ʧʝʢʫ, 

ʦʙʨʦʙʣʝʥʦʛʦ ʙʝʟ ʜʦʤʽʰʢʠ). ɿʨʦʩʪʘʥʥʷ Ŭ2-ʬʨʘʢʮʽʾ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʨʝʢʠʩʫ ʙʝʥʟʦʾʣʫ ʜʫʞʝ ʥʝʟʥʘʯʥʝ (ʥʘ 3,4 % ʙʽʣʴʰʝ ʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ñʯʠʩʪʦʶò ʪʝʨʤʦʦʙʨʦʙʢʦʶ).  

ʇʨʠ ʩʫʤʽʩʥʽʡ ʢʘʨʙʦʥʽʟʘʮʽʾ ʧʝʢʫ ʪʘ ʣʽʛʥʽʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ 

ʢʦʢʩʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ ʧʝʢʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʧʣʠʚ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ 

ʣʽʛʥʽʥʫ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʫ [60]. 

ɺ ʨʦʙʦʪʽ [61] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʉʊʇ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʜʦʤʽʰʢʠ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʫ ʭʣʦʨʠʜʫ ʟʘʣʽʟʘ III (FeCl3Ĭ6ʅ2ʆ) ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦ-

ʘʮʝʪʦʥʦʚʦʛʦ ʨʦʟʯʠʥʫ ʫ ʢʽʣʴʢʦʩʪʽ 0,8-1,8 % ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 320-350 Áʉ. ʄʦʜʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʟʘʛʘʣʴʤʫʚʘʪʠ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ Ŭ1-ʬʨʘʢʮʽʾ ʪʘ ʚʝʩʪʠ ʥʘʢʦʧʠʯʝʥʥʷ Ŭ-ʬʨʘʢʮʽʾ ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ 

Ŭ2-ʬʨʘʢʮʽʾ. ɸʚʪʦʨ ʚʚʘʞʘʻ, ʱʦ ʤʦʜʠʬʽʢʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʧʝʢ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʨʦʙʣʷʪʴ 

ʧʘʨʠ ʪʘ ʧʨʦʜʫʢʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʜʘʥʦʛʦ ʨʝʘʛʝʥʪʫ ï ʭʣʦʨʠʜ ʟʘʣʽʟʘ II  ̔III, ʷʢʽ ʻ ʩʠʣʴʥʠʤʠ 

ʢʠʩʣʦʪʘʤʠ ʃʴʶʾʩʘ (ʽʥʽʮʽʘʪʦʨʠ ʽʦʥʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ). 

ɼʦʤʽʰʢʠ ʜʦ ʧʝʢʽʚ ʢʠʩʣʦʪ ʃʴʶʾʩʘ (AlCl 3 ʪʘ FeCl3) ʧʦʤʽʪʥʦ ʧʽʜʚʠʱʫʶʪʴ ʚʠʭʽʜ 

ʢʦʢʩʫ [62]. 

ʍʣʦʨʠʜʠ ʤʝʪʘʣʽʚ, ʷʢʽ ʻ ʢʠʩʣʦʪʘʤʠ ʃʴʶʾʩʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʜʦʤʽʰʢʠ ʜʦ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʫ ʨʦʙʦʪʽ [63]. SnCl2Ŀ2H2O, FeCl3Ŀ6H2O, ʽ ZnCl2 ʫ ʢʽʣʴʢʦʩʪʽ 3 

% ʟʤʽʰʫʚʘʣʠ ʟ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʤ ʧʝʢʦʤ ʟ tʨʦʟʤ. = 110 Áʉ, ʷʢʫ ʚʠʟʥʘʯʘʣʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʂʦʥʨʘʜʩʦʥʘ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʜʦʤʽʰʢʠ ʧʽʜʚʠʱʫʚʘʣʠ ʚʠʭʽʜ 

ʢʦʢʩʫ ʥʘ 4,6-9,7 % ̔  ʥʝʟʥʘʯʥʦ ʚ'ʷʟʢʽʩʪʴ ʧʝʢʫ. ɯʟ ʧʝʢʫ ʟ ʜʦʤʽʰʢʘʤʠ SnCl2Ŀ2H2O ʥʘ 

ʧʽʣʦʪʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 850 Áʉ ʛʦʪʫʚʘʣʠ 150 ʤʽʣʽʤʝʪʨʦʚʽ ʝʣʝʢʪʨʦʜʠ. 
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ʑʽʣʴʥʽʩʪʴ ʛʦʪʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʜʝʱʦ (ʥʘ 0,017 ʛ/ʩʤ
3
) ʟʙʽʣʴʰʫʚʘʣʘʩʷ, ʟʥʠʞʫʚʘʣʘʩʷ ʾʭ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪʨʦʜʘʤʠ ʟ ʧʝʢʫ ʙʝʟ ʜʦʤʽʰʦʢ, ʦʜʥʘʢ ʟʨʦʩʪʘʥʥʷ 

ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʚʠʛʠʥ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. 

 

1.4.3. ʄʦʜʠʬʽʢʘʮʽʷ ʧʝʢʽʚ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ. ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ 

ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ, ʪʝʨʤʦʦʢʠʩʥʝʥʥʷ ʘʙʦ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ [64]. 

ɺ ʦʩʥʦʚʽ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʣʝʞʠʪʴ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʬʨʘʢʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʣʝʛʢʦʣʝʪʢʦʾ ʯʘʩʪʢʠ ʧʝʢʫ. ɺʘʢʫʫʤ-ʜʠʩʪʠʣʴʦʚʘʥʽ 

ʧʝʢʠ ʦʜʝʨʞʫʶʪʴ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʘʙʦ ʩʤʦʣʠ, ʘʙʦ 

ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 350-380 Áʉ ʚ ʫʤʦʚʘʭ ʨʦʟʨʽʜʞʝʥʥʷ [40]. 

ɺʘʢʫʫʤ-ʜʠʩʪʠʣʴʦʚʘʥʽ ʧʝʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʽʩʪʷʪʴ ʚʪʦʨʠʥʥʦʾ a1-ʬʨʘʢʮʽʾ. 

ʇʨʠ ʪʨʠʚʘʣʦʤʫ ʧʝʨʝʙʫʚʘʥʥʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400-430 Áʉ 

ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʪʽʢʘʶʪʴ ʨʝʘʢʮʽʾ ʜʝʛʽʜʨʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʾʭʥʴʦʾ ʘʨʦʤʘʪʠʟʘʮʽʾ. ʊʝʨʤʦʦʙʨʦʙʣʝʥʠʡ ʧʝʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʤʝʟʦʬʘʟʥʠʭ ʩʪʨʫʢʪʫʨ,  ̔

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ  ̔ʧʽʜʚʠʱʝʥʦʶ ʚ'ʷʟʢʽʩʪʶ. 

ʋ ʧʨʦʮʝʩʽ ʪʝʨʤʦʦʢʠʩʥʝʥʥʷ ʧʝʢʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʦʣʽʛʦʤʝʨʽʚ ʟ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. ʇʨʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʥʝʥʥʽ 

(ʜʦ 300 Áʉ) ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʚʫʛʣʝʚʦʜʥʽ ʫʪʚʦʨʶʶʪʴ ʪʘʢ ʟʚʘʥʽ b-ʩʤʦʣʠ. ɿʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʨʤʦʦʢʠʩʥʝʥʥʷ (> 350 ʉ) ʧʨʠʩʫʪʥʽ ʫ ʧʘʨʦʚʽʡ ʬʘʟʽ ʚʫʛʣʝʚʦʜʥʽ 

ʫʪʚʦʨʶʶʪʴ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʦʣʽʛʦʤʝʨʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʩʢʣʘʜʫ b-ʩʤʦʣ, 

ʘʣʝ ʡ ʜʦ a1-ʬʨʘʢʮʽ.ʾ ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʦʦʢʠʩʥʝʥʠʡ ʧʝʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʠʩʦʢʠʤʠ ʛʫʩʪʠʥʦʶ  ̔

ʢʦʢʩʦʚʠʤ ʟʘʣʠʰʢʦʤ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʧʝʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʦʜʠʬʽʢʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ, ʧʦʜʽʙʥʦ ʜʦ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʧʦʣʽʤʝʨʽʚ. 

ʇʣʘʩʪʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʚʦʭ ʚʠʜʽʚ: ʚʥʫʪʨʽʰʥʴʦʩʪʨʫʢʪʫʨʥʦʶ, ʧʨʠ 

ʷʢʽʡ ʤʦʣʝʢʫʣʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʨʦʥʠʢʘʶʪʴ ʜʦ ʬʘʟʠ ʧʦʣʽʤʝʨʫ ʪʘ ʟʤʽʥʶʶʪʴ ʡʦʛʦ 
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ʩʪʨʫʢʪʫʨʫ,  ̔ʤʽʞʩʪʨʫʢʪʫʨʥʦʶ, ʷʢʱʦ ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʻ ʧʦʛʘʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʧʦʣʽʤʝʨʫ 

ʽ ʟʤʽʰʫʻʪʴʩʷ ʟ ʥʠʤ ʫ ʜʫʞʝ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʤʦʣʝʢʫʣʠ 

ʧʨʦʥʠʢʘʶʪʴ ʪʽʣʴʢʠ ʜʦ ʤʽʞʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʘ ʚʥʫʪʨʽʰʥʴʦʩʪʨʫʢʪʫʨʥʦ ʾ

ʧʣʘʩʪʠʬʽʢʘʮʽ ʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʧʦʣʽʤʝʨʽ ʚ ʙʫʜʴ-ʷʢʠʭ ʢʽʣʴʢʦʩʪʷʭ  ̔

ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʬʦʨʤʘʮʽʶ  ̔ʛʥʫʯʢʽʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʥʦʾ 

ʯʘʩʪʢʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ ʩʘʤʦʛʦ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ [65]. ʏʠʤ ʢʨʘʱʝ ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʷʢ 

ʨʦʟʯʠʥʥʠʢ  ̔ ʯʠʤ ʤʝʥʰʝ ʡʦʛʦ ʚ'ʷʟʢʽʩʪʴ, ʪʠʤ ʤʝʥʰʝ ʚ'ʷʟʢʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʥʠʞʯʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ. 

ɿʘ ʫʤʦʚ ʤʽʞʩʪʨʫʢʪʫʨʥʦʾ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʨʦʟʯʠʥʷʻ ʤʽʟʝʨʥʫ 

ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʤʝʨʫ, ʤʦʣʝʢʫʣʠ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʤʽʞʩʪʨʫʢʪʫʨʥʽʡ ʧʦʚʝʨʭʥʽ ʨʦʟʧʦʜʽʣʫ, 

ʫʪʚʦʨʶʶʯʠ ʥʘʡʪʦʥʰʽ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʽ ʰʘʨʠ ʪʘʢ ʟʚʘʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʨʫʭʣʠʚʽʩʪʴ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ. ɺʠʥʠʢʘʻ ʢʦʣʦʾʜʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʛʨʘʻ ʨʦʣʴ ʇɸʈ. ʉʪʦʩʦʚʥʦ ʧʝʢʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʦʙʠʜʚʘ 

ʤʝʭʘʥʽʟʤʠ ʧʣʘʩʪʠʬʽʢʘʮʽʾ [65]. ɼʦʙʨʝ ʚʽʜʦʤʠʡ ʧʣʘʩʪʠʬʽʢʘʪʦʨ ʧʦʣʽʤʝʨʽʚ ʜʠʙʫʪʠʣʦʚʠʡ 

ʝʬʽʨ ʘʜʠʧʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʜʠʙʫʪʠʣʘʜʠʧʽʥʘʪ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʢʽʣʴʢʦʩʪʷʭ 1-10 % ʚʽʜ 

ʤʘʩʠ ʧʝʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʜʝʢʩʫ ʩʧʽʢʣʠʚʦʩʪʽ [66]. ʉʫʤʽʰ ʧʝʢʫ ʟ 

ʜʠʙʫʪʠʣʘʜʠʧʽʥʘʪʦʤ ʥʘʛʨʽʚʘʣʠ ʜʦ 150 Áʉ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜʚʠʱʫʚʘʚʩʷ ʽʥʜʝʢʩ 

ʩʧʽʢʣʠʚʦʩʪʽ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʧʝʢʫ, ʘ tʨʦʟʤ. ʟʨʦʩʪʘʣʘ ʟ 71,7 ʜʦ 79,1 Áʉ. 

ʇʽʜʚʠʱʝʥʥʷ tʨʦʟʤ. ʂɺʇ ʩʧʦʩʪʝʨʽʛʘʣʠ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [64] ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʧʝʢʫ 

ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ ʜʦʤʽʰʦʢ, ʧʽʩʣʷ ʜʝʷʢʠʭ ʤʝʞʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ (ʨʠʩ. 

1.7). ɺʦʥʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʦʙʣʘʩʪʴ, ʷʢʘ ʣʝʞʠʪʴ ʧʽʜ ʣʽʚʦʶ ʛʽʣʢʦʶ ʢʨʠʚʦʾ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʚ ʷʢʽʡ ʘʨʦʤʘʪʠʯʥʠʡ ʢʦʤʧʦʥʝʥʪ ʛʨʘʻ ʨʦʣʴ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʘ ʦʙʣʘʩʪʴ, ʱʦ ʣʝʞʠʪʴ ʧʽʜ ʧʨʘʚʦʶ ʛʽʣʢʦʶ, ï ʷʢ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ, 

ʚ ʷʢʽʡ ʘʨʦʤʘʪʠʯʥʠʡ ʢʦʤʧʦʥʝʥʪ ʯʘʩʪʢʦʚʦ ʚʠʩʪʫʧʘʻ ʫ ʨʦʣʽ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 1.7). 

 



48 

 

ɸʥʘʣʽʟ ʮʠʭ ʜʽʘʛʨʘʤ ʩʢʣʘʜʫ-

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʽ ʧʝʢʽʚ ʟ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʘʨʦʤʘʪʠʯʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʢʘʟʫʻ, ʱʦ 

ʨʝʯʦʚʠʥʠ, ʷʢʽ ʜʦʜʘʶʪʴʩʷ ʜʦ ʧʝʢʫ, ʚ 

ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʘʮʶʶʪʴ ʷʢ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʾʭʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʫʪʴ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʧʝʢ ʽ ʧʽʜʚʠʱʫʚʘʪʠ 

ʡʦʛʦ tʨʦʟʤ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʠ 

ʨʦʙʦʪʠ [64] ʚʽʜʟʥʘʯʘʶʪʴ, ʯʠʤ 

ʤʝʥʰʝ ʫ ʧʝʢʫ g-ʬʨʘʢʮʽʾ, ʷʢʘ ʻ 

ʘʚʪʦʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʧʝʢʫ, ʪʠʤ 

ʥʠʞʯʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʩʪʠʬʽʢʘʮʽʾ. 

 

ʈʠʩ. 1.7. ï ɼʽʘʛʨʘʤʠ ʩʢʣʘʜ-ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʣʷ ʩʠʩʪʝʤ ñʧʝʢ-ʧʣʘʩʪʠʬʽʢʘʪʦʨò: [ʘ ï 

ʧʝʢ ʟ tʨʦʟʤ.72 ̄ ʉ; ʙ ï ʧʝʢ ʟ tʨʦʟʤ. = 136 ̄ʉ; 1 

ï ʥʘʬʪʘʣʽʥ; 2 ï ʬʣʫʦʨʝʥ; 3 ï b-ʥʘʬʪʦʣ; 4 

ï ʘʥʪʨʘʮʝʥ; 5 ï ʽʥʜʦʣ] 

ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʦʤʽʰʢʠ ʧʦʛʣʠʥʘʣʴʥʦʾ 

ʬʨʘʢʮʽʾ [67], ʘʥʪʨʘʮʝʥʦʚʦ ʾ ʬʨʘʢʮʽʾ [68], ʢʫʙʦʚʠʭ ʟʘʣʠʰʢʽʚ ʜʠʩʪʠʣʷʮʽʾ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʥʘʬʪʘʣʽʥʦʚʤʽʩʥʠʭ ʤʘʩʪʠʣ [69]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʤʽʰʢʠ 2 % ʧʦʛʣʠʥʘʣʴʥʦʾ ʬʨʘʢʮʽʾ ʜʦ ʧʝʢʫ ʽʩʪʦʪʥʦ ʟʥʠʞʫʶʪʴ 

tʨʦʟʤ. ɿʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ, ʧʝʢ ʟʘʣʠʰʠʚʩʷ ʫ ʤʝʞʘʭ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɼʦ ʧʝʢʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʩʪʘʜʽʾ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ, ʜʦʜʘʚʘʣʠ ʘʥʪʨʘʮʝʥʦʚʫ ʬʨʘʢʮʽʶ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ñʧʝʢ-

ʘʥʪʨʘʮʝʥʦʚʘ ʬʨʘʢʮʽʷò ʷʢ 9:1. ʉʫʤʽʰ ʦʙʨʦʙʣʷʣʠ ʧʦʚʽʪʨʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔370 Áʉ ʽ 

ʧʠʪʦʤʽʡ ʚʠʪʨʘʪʽ 8 ʤ
3 
ʥʘ ʪʦʥʥʫ ʟʘ ʛʦʜʠʥʫ ʧʨʦʪʷʛʦʤ 4 ʛʦʜ. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʝʢ ʚʽʜʧʦʚʽʜʘʚ ʥʦʨʤʘʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʜʦ ʧʝʢʫ ʤʘʨʢʠ ɹ1, ʟʘ ɼʉʊʋ 8389:2015. 

ɹʽʣʴʰ ʙʣʠʟʴʢʠʤ ʟʘ ʽʥʪʝʨʚʘʣʘʤʠ ʚʠʢʠʧʘʥʥʷ ʻ ʧʝʢʦʚʠʡ ʜʠʩʪʠʣʷʪ. ʇʨʠ ʧʦʜʘʯʽ 

ʧʝʢʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʪʦʚʘʨʥʦʛʦ 

ʧʝʢʫ. 
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ʈʽʟʥʽ ʬʨʘʢʮʽʾ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʧʝʢʽʚ ʜʣʷ ʾʭʥʴʦʾ ʤʦʜʠʬʽʢʘʮʽʾ, ʻ ʩʫʤʽʰʘʤʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʤʝʭʘʥʽʟʤʦʤ ʜʽʾ, ʧʦʜʽʙʥʽʤ ʜʦ ʤʝʭʘʥʽʟʤʫ ʜʽʾ 

ʾʭʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 1 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʶʚʘʥʥʷ ʧʝʢʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʷʚʣʷʻ, ʱʦ: 

¶ ʟʤʦʯʫʚʘʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ 

ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʽʜʦʙʨʘʞʫʻ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ 

ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ; 

¶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʜʣʷ ʩʠʩʪʝʤʠ ñʧʝʢ-

ʥʘʧʦʚʥʶʚʘʯò ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʥʝʨʽʚʥʦʚʘʞʥʽʡ ʩʠʩʪʝʤʽ ʜʘʻ ʣʠʰʝ ʜʝʷʢʝ ʫʷʚʥʝ 

ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʣʠʰʝ ʧʨʦ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ 

ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ; 

¶ ʢʝʨʫʚʘʥʥʷ ʤʽʮʥʽʩʪʶ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʤʦʞʣʠʚʝ ʜʚʦʤʘ ʰʣʷʭʘʤʠ ï 

ʟʥʠʞʝʥʥʷʤ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ (ʧʽʜʚʠʱʝʥʥʷʤ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʦʤ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ)  ̔ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʟʘʣʠʰʢʫ. ɿʥʠʞʝʥʥʷ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʧʦʚʝʨʭʥʝʚʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʜʦʤʽʰʦʢ-ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʟʘʣʠʰʢʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʤʫʚʘʣʴʥʠʭ ̔ ʩʪʨʫʢʪʫʨʫʶʯʠʭ 

ʜʦʤʽʰʦʢ ʫ ʧʝʢ. 

2. ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʢʽʚ ʪʘ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʧʦʢʘʟʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ ʟʘ 

ʤʽʮʥʽʩʪʶ ʩʧʝʯʝʥʠʭ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʦʩʢʽʣʴʢʠ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʩʧʝʯʝʥʠʭ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʜʦʩʪʘʪʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò. 

3. ʑʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʣʷ. ʎʝʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ  ̔ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʜʣʷ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò.
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ʈʆɿɼɯʃ 2. ɺʀɹɯʈ ʅɸʇʈʗʄʂɯɺ ɼʆʉʃɯɼɾɽʅʔ ʊɸ ʆʉʅʆɺʅʀʍ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ʄɽʊʆɼɯɺ 

 

2.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʘʚʪʦʨʦʤ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʧʦʢʘʟʥʠʢʠ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʧʝʢʽʚ ʻ ʥʝʦʙʭʽʜʥʠʤ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʯʫʱʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ  ̔ʱʦ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʻ ʦʮʽʥʶʚʘʥʥ ̫ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ-ʟʚ'ʷʟʫʶʯʦʛʦ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ʊʦʤʫ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ ʧʨʠʡʥʷʪʘ ʨʦʙʦʯʘ ʛʽʧʦʪʝʟʘ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ ʩʧʽʢʣʠʚʽʩʪʴ ʽ ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʚʟʘʻʤʦʜʽʶ 

ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ.  

 

2.2. ɺʠʙʽʨ ʧʨʝʜʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ 

2.2.1. ʇʝʢ-ʟʚôʷʟʫʶʯʝ 

ɿʘ ʚʠʭʽʜʥʫ ʩʠʨʦʚʠʥʫ ʥʘʤʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʧʝʢʠ, ʧʦʰʠʨʝʥʽ ʪʘ 

ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʝʣʝʢʪʨʦʜʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʥʘ ʇʈɸʊ 

çɿɸʇʆʈɯɾʂʆʂʉè ʪʘ ʇʈɸʊ çɸɺɼɯɰɺʉʔʂʀʁ ʂʆʂʉʆʍɯʄɯʏʅʀʁ ɿɸɺʆɼè. 

ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʠʡ ʝʣʝʢʪʨʦʜʥʠʡ ʧʝʢ ʧʦʚʠʥʝʥ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ɼʉʊʋ 8389:2015 ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ, ʷʢʠʡ ʟʘʪʚʝʨʜʞʝʥʦ ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ 

ʧʦʨʷʜʢʫ ʥʘ ʢʦʞʥʦʤʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚ-ʚʠʨʦʙʥʠʢʽʚ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʟʚ'ʷʟʫʶʯʝ ʧʝʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣ. 2.1. 

ʋʩʽ ʜʦʩʣʽʜʞʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʨʘʟʢʠ ʧʝʢʽʚ ʚʽʜʙʠʨʘʣʠ ʫ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʟʘʚʦʜʽʚ ʟʛʽʜʥʦ ʽʟ ɻʆʉʊ 32270-2013. ʆʙôʻʤ 

ʟʤʽʰʘʥʦʾ ʧʨʦʙʠ ʙʫʚ ʜʦ 4 ʜʤ
3
, ʧʝʢʠ ʧʝʨʝʤʽʰʫʚʘʣʠ, ʢʚʘʨʪʫʚʘʣʠ ʪʘ ʧʨʦʩʽʶʚʘʣʠ ʢʨʽʟʴ 

ʩʠʪʘ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʧʨʦʙʠ ʬʨʘʢʮʽʻʶ 0,5-0,25 ʤʤ. 
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ʊʘʙʣʠʮʷ 2.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʥʠʭ ʧʝʢʽʚ 

ʇʦʢʘʟʥʠʢ ɺ ɹ1 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ, Áʉ 85,0 72 

ɺʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, % 53,8 59 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʨʝʯʦʚʠʥ, ʥʝʨʦʟʯʠʥʥʠʭ ʚ ʭʽʥʦʣʽʥʽ, % 10,5 8,2 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʨʝʯʦʚʠʥ, ʥʝʨʦʟʯʠʥʥʠʭ ʫ ʪʦʣʫʦʣʽ, % 33,2 28,2 

ɿʦʣʴʥʽʩʪʴ, % 0,11 0,13 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʜʠ ʫ ʪʚʝʨʜʦʤʫ ʧʝʢʫ, ʥʝ ʙʽʣʴʰ % 4,0 4,0 

 

2.2.2. ʅʘʧʦʚʥʶʚʘʯʽ 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʚôʷʟʫʶʯʠʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʷʜ ʥʘʧʦʚʥʶʚʘʯʽʚ: ʩʣʘʥʮʝʚʠʡ (ʩʤʦʣʷʥʠʡ) ʢʦʢʩ, ʧʝʢʦʚʠʡ ʢʦʢʩ, 

ʧʝʢʦʚʠʡ ʥʘʧʽʚʢʦʢʩ, ʘʥʪʨʘʮʠʪ, ʧʽʩʦʢ ʢʘʨ'ʻʨʥʠʡ, ʩʢʣʦ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.2 [70-75]. 

ʊʘʙʣʠʮʷ 2.2  

ʊʠʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 
ʉʣʘʥʮʝʚʠʡ 

ʢʦʢʩ 

ʇʝʢʦʚʠʡ 

ʢʦʢʩ 

ʇʽʩʦʢ 

ʢʘʨôʻʨʥʠʡ 

ʉʢʣʦ 

ɻʫʩʪʠʥʘ ʽʩʪʠʥʥʘ, ʛ/ʩʤ
3
 2,10 2,03 ʅʝ ʙʽʣʴʰ 

2,8 

2,5 

ɺʠʭʽʜ ʣʝʪʶʯʠʭ, %  5,1 4,0 - - 

ɺʤʽʩʪ ʟʘʛʘʣʴʥʦʾ ʩʽʨʢʠ, % 0,58 0,15 0,1 - 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʟʘʛʘʣʴʥʦʾ 

ʚʦʣʦʛʠ, ʥʝ ʙʽʣʴʰ % 

1,4 3,0 - - 

ɿʦʣʴʥʽʩʪʴ, % 0,39 0,27 ʥʝ ʚʠʧʨ. ʥʝ ʚʠʧʨ. 

ʆʮʽʥʶʚʘʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʙʘʣ 

4,3 2,2 - - 

 

ɺʽʜʙʽʨ ʧʨʦʙ ʫʩʽʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʘʤʠ, ʜʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʢʨʽʟʴ ʩʠʪʦ ʟ ʨʦʟʤʽʨʦʤ ʦʪʚʦʨʽʚ 0,5-0,2 ʤʤ.  

ɸʥʘʣʽʪʠʯʥʫ ʧʨʦʙʫ ʜʦʚʦʜʠʣʠ ʜʦ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʛʦ ʩʪʘʥʫ, ʨʦʟʢʣʘʚʰʠ ʪʦʥʢʠʤ 

ʰʘʨʦʤ ʥʘ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʙʣʠʟʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʚʦʣʦʛʽʩʪʶ 

ʧʨʦʙʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʾ ʘʪʤʦʩʬʝʨʠ. 
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ɿ ʪʘʙʣ. 2.2 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʤʦʣʷʥʠʡ ʢʦʢʩ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʝʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʽʨʢʠ. 

ɸʥʪʨʘʮʠʪ ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʦʩʥʦʚʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʨʦʚʠʥʦʶ 

(ʥʘʧʦʚʥʶʚʘʯʝʤ) ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʷʢʠʭ ʚʠʜʽʚ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʦʤʫ ʡʦʛʦ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʷʢ ʥʘʧʦʚʥʶʚʘʯ. ɺʽʜʙʽʨ ʘʥʪʨʘʮʠʪʫ ʪʘ ʧʽʜʛʦʪʦʚʢʫ ʧʨʦʙʠ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ISO 13909-4:2005 [76] 

(ʪʘʙʣ..2.3)  

ʊʘʙʣʠʮʷ 2.3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʨʘʮʠʪʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ɿʥʘʯʝʥʥʷ 

ɿʦʣʴʥʽʩʪʴ (ʥʘ ʩʫʭʫ ʤʘʩʫ), % 4,0 

ɺʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ, % 5,5 

ɻʫʩʪʠʥʘ ʽʩʪʠʥʥʘ, ʛ/ʩʤ
3
 1,65 

ɿʘʛʘʣʴʥʘ ʚʦʣʦʛʘ, % 9,0 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʦʜʠʥ ʟʨʘʟʦʢ ʧʝʢʦʚʦʛʦ 

ʢʦʢʩʫ ʧʦʧʝʨʝʜʥʴʦ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 200 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ (ʂ-ʊ) ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʡʚʦʾ ʚʦʣʦʛʠ, (ʪʘʙʣ..2.4) 

ʊʘʙʣʠʮʷ 2.4 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʢʦʚʠʭ ʢʦʢʩʽʚ 

ʂʦʢʩ 
ɿʘʛʘʣʴʥʘ 

ʚʦʣʦʛʘ, % 

ɺʠʭʽʜ 

ʣʝʪʢʠʭ 

ʨʝʯʦʚʠʥ, 

% 

ɻʫʩʪʠʥʘ d,̔ ʛ/ʩʤ
3
 

ʂʦʢʩ ʩʣʘʥʮʝʚʠʡ-1 3,0 0,8 1,53 

ʂʦʢʩ ʩʣʘʥʮʝʚʠʡ-2 0,9 0,5 1,68 

 

2.3. ʃʘʙʦʨʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʽʚ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʽʚ, 

ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 2.1.  

ʄʝʪʦʜʠ ʘʥʘʣʽʟʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʨʦʙʦʪʽ:  

ï ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ï ʩʢʘʥʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè [77]; 
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ï ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʟʘ ʨʦʙʦʪʘʤʠ [78-

80]. 

2.3.1. ʆʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʟʘ ʚʽʜʦʤʦʶ ʤʝʪʦʜʠʢʦʶ [81, 82] 

ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʝʢʘʤʠ. 

ʆʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ (ʟʙʽʣʴʰʝʥʥʷ ʭ500) ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ OLYMPUS BX51M. ɸʥʰʣʽʬ-ʰʪʫʬ ʛʦʪʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɻʆʉʊ 12113-94 (ISʆ 7404-2-84) [81]. 

2.3.2. ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʉɽʄ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʩʢʘʥʫʚʘʣʴʥʦʤʫ (ʨʘʩʪʨʦʚʦʤʫ) ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ Jeol JSM 840, ʫ ʷʢʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʧʨʦʤʝʥʝʤ ʝʣʝʢʪʨʦʥʽʚ, ʩʬʦʢʫʩʦʚʘʥʠʤ ʜʦ 5-10 ʥʤ. ʊʘʢʠʡ ʧʨʦʤʽʥʴ ʥʘʟʠʚʘʶʪʴ 

ʝʣʝʢʪʨʦʥʥʠʤ ʟʦʥʜʦʤ [83, 84]. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʽʚ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʪʽʢʘʻ ʨʷʜ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠʥʠ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʙʠʪʽ 

ʝʣʝʢʪʨʦʥʠ ʽ ʚʪʦʨʠʥʥʽ ʝʣʝʢʪʨʦʥʠ. ʉʪʚʦʨʝʥʽ ʥʠʤʠ ʩʠʛʥʘʣʠ ʧʽʩʣʷ ʾʭʥʴʦʾ ʨʝʻʩʪʨʘʮʽʾ 

ʧʨʠʩʪʨʦʷʤʠ, ʧʽʜʩʠʣʶʶʪʴ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʷʩʢʨʘʚʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʽʡ ʪʨʫʙʮʽ, ʨʦʟʛʦʨʪʢʘ ʷʢʦʾ ʩʠʥʭʨʦʥʥʘ ʽʟ 

ʟʤʽʱʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ. ɼʚʦʚʠʤʽʨʥʘ ʢʘʨʪʘ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ, ʽ ʻ 

ʟʦʙʨʘʞʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʚ ʉɽʄ.  

  

ʘ ʙ 

ʈʠʩ.2.1 ʇʨʠʢʣʘʜ ʉɽʄ-ʟʦʙʨʘʞʝʥʴ: a ï ʧʝʢʦʚʠʡ ʢʦʢʩ, ʭ100; b ï ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ, ʭ100. 
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2.3.3. ʆʮʽʥʶʚʘʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ  

ɿʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʦʮʽʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʠʤ ʫ ʨʦʟʜʽʣʽ 1 [77]. 

ʇʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ W ʧʝʢʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (1.10), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʷʢ ʨʝʟʫʣʴʪʘʪ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʯʦʪʠʨʴʦʭ ʚʠʟʥʘʯʝʥʴ. 

ʊʘʢʦʞ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ñʣʝʞʘʯʦʾ 

ʢʨʘʧʣʽò, ʷʢʠʡ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʠ ʢʨʘʧʝʣʴ, ʘ 

ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

2.3.4. ɺʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ̔ ʟʚôʷʟʫʶʯʠʤ ʻ ʤʝʪʦʜ, ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʽʥʩʪʠʪʫʪʽ 

ɼʇ çʋʍɯʅè ʜʣʷ ʚʫʛʽʣʣʷ  ̔ʰʠʭʪ [85-87]. 

ʇʦʢʘʟʥʠʢʘʤʠ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʻ ʤʽʮʥʽʩʪʴ 

ʩʧʝʯʝʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʚʫʛʽʣʣʷ ʪʘ ʾʭʥʽʭ ʩʫʤʽʰʝʡ, ʟʘʚʝʨʰʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ (ʥʘʧʽʚʢʦʢʩʫ) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 500-600 ʉ̄, ʪʦ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘʧʽʚʢʦʢʩʫ ʻ ʦʙ'ʻʢʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʧʽʢʣʠʚʦʩʪʽ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʑʦʜʦ ʩʧʝʯʝʥʠʭ ʪʚʝʨʜʠʭ ʟʘʣʠʰʢʽʚ, ʪʦ ʧʨʦʛʨʽʚʘʥʥʷ ʾʭ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʾʭʥ ̫ʤʽʮʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʥʝ ʪʽʣʴʢʠ 

ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ, ʘʣʝ ʡ ʤʦʞʣʠʚʠʤʠ ʫʩʘʜʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʷʤʠ ʪʘ ʫʪʚʦʨʝʥʥʷʤ 

ʪʨʽʱʠʥ. 

ʉʧʽʢʣʠʚʽʩʪʴ ʪʘ ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʦʙʯʠʩʣʶʶʪʴʩʷ ʧʦ ʢʨʠʚʽʡ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ 

ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʩʧʝʢʣʠʩʷ, ʫʟʷʪʠʭ ʫ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ çʥʘʧʦʚʥʶʚʘʯ-

ʟʚôʷʟʫʶʯʝè. ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʧʝʢʫ ʙʝʟ ʪʚʝʨʜʦʛʦ ʚʠʩʦʢʦʤʦʜʫʣʴʥʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʽʮʥʦʩʪ,̔ ʙʦ ʦʪʨʠʤʘʥʠʡ ʙʝʟ 

ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʦʜʫʢʪ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦ ʩʫʪʽ ʚʫʛʣʝʮʝʚʫ ʧʽʥʫ ï ʚʠʩʦʢʦʧʦʨʠʩʪʠʡ 

ʤʘʪʝʨʽʘʣ ʟ ʥʝʚʨʝʛʫʣʴʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʽʨ. ʇʦʨʠ ʪʘʢʦʞ ʻ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʱʦ 

ʟʤʝʥʰʫʻ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʘ. 
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ʉʫʪʥʽʩʪʴ ʘʜʘʧʪʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ [8, 80, 88] ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: ʚ ʢʦʤʽʨʢʠ 

ʢʝʨʘʤʽʯʥʦʾ ʢʘʩʝʪʠ (1), ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2, ʧʦʧʝʨʝʜʥʴʦ ʟʘʬʽʢʩʦʚʘʥʦʾ ʫ 

ʩʧʝʮʽʘʣʴʥʽʡ ʢʘʤʝʨʽ ʢʦʢʩʫʚʘʥʥʷ (2), ʟʘʚʘʥʪʘʞʫʶʪʴ ʧʨʦʙʠ ʩʫʤʽʰ ̔ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ 

ʧʝʢʫ ʟ ʽʥʝʨʪʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʟ ʨʽʟʥʠʤʠ ʤʘʩʦʚʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 3:1 ʜʦ 15:1. ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʫʣʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʫ ʧʨʦʮʝʩʽ ʘʜʘʧʪʘʮʽʾ ʤʝʪʦʜʫ [88] ʜʦ ʟʥʘʯʝʥ ɹʩʧʽʢʣʠʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʽʚ. ɼʣʷ ʨʽʟʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʜʽʘʧʘʟʦʥ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ. 

ʇʝʨʝʜ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʙʠ ʧʝʢʫ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ ʟʚʦʣʦʞʫʶʪʴ ʽ ʫʱʽʣʴʥʶʶʪʴ 

ʜʦ ʛʫʩʪʠʥʠ 1,0 ʛ/ʩʤ
3
. ɿʘʚʘʥʪʘʞʝʥʫ ʢʘʤʝʨʫ 

ʢʦʢʩʫʚʘʥʥʷ ʟʘʩʠʧʘʶʪʴ ʽʥʝʨʪʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʽ ʟʘʢʨʠʚʘʶʪʴ ʢʨʠʰʢʦʶ. ʏʝʨʝʟ 

ʢʘʥʘʣ ʫ ʢʨʠʰʮʽ ʚʚʦʜʷʪʴ ʪʝʨʤʦʧʘʨʫ ʚ 

ʮʝʥʪʨʘʣʴʥʫ ʢʦʤʽʨʢʫ ʢʘʩʝʪʠ (1) (ʨʠʩ. 2.2), 

ʧʽʩʣʷ ʯʦʛʦ ʢʘʤʝʨʫ ʢʦʢʩʫʚʘʥʥʷ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʫ ʝʣʝʢʪʨʦʧʽʯ. 

ɿʘʚʘʥʪʘʞʝʥʝ ʥʘʛʨʽʚʘʶʪʴ ʜʦ 550 Üʉ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 10 Üʉ/ʭʚ., ʧʦʪʽʤ 

ʧʨʦʚʦʜʷʪʴ ʽʟʦʪʝʨʤʽʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 

ʧʦʩʪʽʡʥʦʾ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 

30 ʭʚ.  

ʇʽʯ ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʪʷʛʫʶʪʴ ʢʘʩʝʪʫ. ʆʪʨʠʤʘʥʽ 

ʮʠʣʽʥʜʨʠʯʥʽ ʟʨʘʟʢʠ ʥʘʧʽʚʢʦʢʩʫ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʠʧʨʦʙʦʚʫʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʫ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ (ʨʠʩ. 2.3) ʟ ʮʠʬʨʦʚʠʤ ʜʠʥʘʤʦʤʝʪʨʦʤ. 

ʂʦʞʝʥ ʟʨʘʟʦʢ ʨʦʟʤʽʱʫʶʪʴ ʫ ʛʥʽʟʜʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ (ʨʠʩ. 2.4) ʪʘʢ, ʱʦʙ ʟʥʠʟʫ 

(ʟ ʙʦʢʫ ʥʘʛʨʽʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ) ʢʽʥʝʮʴ ʟʨʘʟʢʘ ʥʝ ʚʠʩʪʫʧʘʚ ʟʘ ʟʚʦʨʦʪʥʫ ʩʪʦʨʦʥʫ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ. 

ʈʠʩ. 2.2. ʂʘʤʝʨʘ ʢʦʢʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ: [1 ï ʢʘʩʝʪʘ 

ʢʝʨʘʤʽʯʥʠʭ ʢʦʤʽʨʦʢ; 2 ï ʢʘʤʝʨʘ 

ʢʦʢʩʫʚʘʥʥʷ; 3 ï ʥʘʛʨʽʚʘʯ] 
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ʆʙʣʘʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʭ 

ʟʨʘʟʢʽʚ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʽʡ 

ʞʝ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʘʛʨʽʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʷʢ ʽ ʩʧʘʡ  ʨʝʻʩʪʨʫʚʘʣʴʥʦʾ 

ʪʝʨʤʦʧʘʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʽ ʟʨʘʟʢʠ 

ʚ ʦʙʣʘʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʤʘʣʠ ʦʜʥʘʢʦʚʫ 

ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʈʫʡʥʫʚʘʥʥʷ 

ʢʦʨʦʣʴʢʘ ʥʘʧʽʚʢʦʢʩʫ, ʱʦ ʩʧʽʢʩʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʦʩʠʪʴ ʪʦʥʢʦʤʫ ʰʘʨʽ 

ʟʨʘʟʢʘ. ʋ ʥʘʰʾʡ ʨʦʙʦʪʽ, ʷʢ ʽ ʚ ʨʦʙʦʪʽ 

[80], ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʦʜʥʦʩʪʦʨʦʥʥʻ ʥʘʛʨʽʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʦʪʨʠʤʫʶʪʴ ʟʨʘʟʦʢ ʥʘʧʽʚʢʦʢʩʫ, 

ʟ ʛʨʘʜʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʠʩʦʪʦʶ 

[86]. ʆʪʞʝ, ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ 

ʧʝʢʫ ʟʘ ʤʽʮʥʽʩʪʶ ʩʧʝʯʝʥʦʛʦ ʟʨʘʟʢʘ 

ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʰʘʨʽ. 

ɺ ʨʦʙʦʪʽ [86] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʟʨʘʟʢʘ ʚʠʱʝ, ʙʦ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ʟʨʘʟʢʘ, 

ʷʢʠʡ ʩʧʽʢʩʷ, ʧʨʦʭʦʜʠʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ 

ʙʽʣʴʰ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʥʽʞ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʰʘʨʫ, ʘ ʦʪʞʝ, ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʚ ʰʘʨʽ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ 

ʟʛʦʜʦʤ ʤʝʭʘʥʽʯʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʶ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʟʦʪʝʨʤʽʯʥʝ ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʘ 

ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʫ. 

ɿʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʜʚʦʭ 

ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʫʰʝʥʥʷ ůʟʨʫʰ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʥʘʧʽʚʢʦʢʩʫ.  

ʈʠʩ. 2.3. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ: [1 ï 

ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ; 2 ï 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʢʦʤʽʨʢʘ; 3 ï ʮʠʬʨʦʚʠʡ 

ʜʠʥʘʤʦʤʝʪʨ; 4 ï ʢʥʦʧʢʘ 

çʅʘʧʨʫʞʝʥʥʷè; 5 ï ʢʥʦʧʢʘ çʇʫʩʢè] 

ʫʧʨʘʚʣʽʥʥʷ. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʥʘʧʽʚʢʦʢʩʫ ʚʽʜ ʤʘʩʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯ-ʧʝʢ ʫ 

ʧʦʯʘʪʢʦʚʠʭ ʧʨʦʙʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ 

ʥʘʧʦʚʥʝʥʥʷ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʝʢʩʪʨʝʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʤʘʢʩʠʤʫʤʫ (ʨʠʩ. 2.5).  

 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ, ʱʦ ʚʟʷʪʦ ʟʘ ʧʨʦʪʦʪʠʧ [80], ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʜʦʩʠʪʴ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ:  

.        (2.1) 

ʗʢ ʧʨʠʢʣʘʜ ʥʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʦ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʥʠʭ ʥʘʧʦʚʥʶʚʘʯʘ (ʘʥʪʨʘʮʠʪʫ)  ̔ ʟʚô̫ ʟʫʶʯʦʛʦ (ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʧʝʢʫ).  

ʈʠʩ. 2.4. ï ɺʠʧʨʦʙʫʚʘʣʴʥʘ ʢʦʤʽʨʢʘ: [F ï ʩʠʣʘ; S ï ʧʝʨʝʪʠʥ ʟʨʘʟʢʘ] 
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ʂʨʽʤ ʪʦʛʦ, ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʩʧʘʜʘʶʯʽʡ ʛʽʣʮʽ 

ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʢʨʠʚʦʾ, ʘʧʨʦʢʩʠʤʫʶʯʠ ʾ ʭ ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ, ʷʢ ʚ ʤʝʪʦʜʽ [79]. 

 

2.4. ʄʦʜʠʬʽʢʘʮʽʷ ʧʝʢʽʚ 

ʗʢ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʠ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʽʚ-

ʟʚôʷʟʫʶʯʠʭ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʤʽʰʢʠ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʣʝʛʢʽ ʧʝʢʦʚʽ 

ʜʠʩʪʠʣʷʪʠ, ʧʦʛʣʠʥʘʣʴʥʘ ʪʘ ʘʥʪʨʘʮʝʥʦʚʘ ʬʨʘʢʮʽʾ. ʗʢ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʝʯʦʚʠʥʠ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʝʘʢʪʠʚʠ ʭʨʽʟʝʥ, ʘʥʪʨʘʮʝʥ, ʷʢʽ ʟʜʘʪʥʽ ʟʥʠʞʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʽʚ  ̔ʧʦʢʨʘʱʫʚʘʪʠ ʾʭʥ  ʁʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ 

ʢʦʞʝʥ ʟ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʜʘʚʘʚʩʷ ʜʦ ʧʝʢʫ ʫ ʢʽʣʴʢʦʩʪʽ 2-5 %. ɿʘʢʨʠʪʫ ʧʦʩʫʜʠʥʫ ʟ̔ 

ʩʫʤʽʰʰʶ ʧʝʢʫ ʟ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʫ ʰʘʬʫ, ʷʢʘ ʙʫʣʘ ʨʦʟʽʛʨʽʪʘ 

ʜʦ 170 ϊʉ, ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʪʘʤ 20 ʭʚ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʨʝʪʝʣʴʥʦ 

ʫʩʝʨʝʜʥʶʚʘʣʠ ʧʨʦʙʫ ʡ ʟʘʣʠʰʘʣʠ ʦʩʪʠʛʘʪʠ. ɼʘʣʽ ʛʦʪʫʚʘʣʠ ʢʦʤʧʦʟʠʪʠ ʟʛʽʜʥʦ ʽʟ 

ʤʝʪʦʜʦʤ ʨʦʙʦʪʠ [79] ʪʘ ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʥʘ ʤʽʮʥʽʩʪʴ.  

ʈʠʩ. 2.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʨʽʚʥʷʥʥʷʤ ʧʘʨʘʙʦʣʠ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚ ʥʴʦʤʫ ʥʘʧʦʚʥʶʚʘʯʘ 

(ʘʥʪʨʘʮʠʪʫ). 
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ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʢʫ ʧʘʨʘʣʝʣʴʥʦ ʚʠʟʥʘʯʘʣʠ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ [76]. 

ʉʠʧʢ̔ ʢʦʤʧʦʥʝʥʪʠ ʚʥʦʩʠʣʠʩʷ ʫ ʧʦʜʨʽʙʥʝʥʠʡ ʧʝʢ, ʷʢʠʡ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʢʚʘʨʪʫʚʘʥʥʷʤ [60]. 

ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ, ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʜʠʩʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. 

ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʢʣʶʯʘʣʘ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʽ 

ʧʦʰʫʢ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʢʽʚ ʪʘ ʾʭʥʴʦʶ ʟʤʦʯʫʚʘʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. 

ɹʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʩʧʽʢʣʠʚʽʩʪʴ ʪʘ ʩʧʽʢʣʠʚʫ ʟʜʘʪʥʽʩʪʴ ʧʝʢʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ [88] ʪʘ ʪʦʚʱʠʥʠ 

ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ [89]. 

 

2.5. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʜʘʥʦʾ ʨʦʙʦʪʠ ʤʽʩʪʷʪʴ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ:  

¶ ʟʚʘʞʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ; 

¶ ʩʢʣʘʜʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʚʠʪʨʠʤʫʚʘʥʥʷ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʟʨʘʟʢʽʚ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ, ʥʽʞ 

ʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘʧʽʚʢʦʢʩʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ʧʝʢʫ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʪʘ ʚʠʥʠʢʘʶʯʠʭ ʧʨʠ ʮʴʦʤʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʉʢʣʘʜʘʥʥʷ ʚʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʧʦʭʠʙʦʢ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʚʠʟʥʘʯʘʶʪʴ ʧʦʤʠʣʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ. ʊʦʤʫ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʪʽʣʴʢʠ ʜʣʷ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ 

ʩʘʤʝ ʜʣʷ ʚʩʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʤʝʞʽ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʧʨʠ 

ʛʨʘʬʽʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 
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ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤ Microsoft Excel, Statistica 6 ʪʘ OriginPro, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʢʦʤʧ'ʶʪʝʨʘʭ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Microsoft 

Windows. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʧʦʣʷʛʘʣʘ ʫ ʯʠʩʣʝʥʥʦʤʫ ʘʥʘʣʽʟʽ ʜʘʥʠʭ  ̔ʥʘʫʢʦʚʦʾ ʛʨʘʬʽʢʠ. 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʢʽʚ (ʨʦʟʜʽʣ 2.3.4) ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʥʘʧʽʚʢʦʢʩʫ ʟ̔ ʩʫʤʽʰʝʡ ʧʝʢʫ ʤʘʨʢʠ ɹ1  ̔

ʩʤʦʣʷʥʦʛʦ (ʩʣʘʥʮʝʚʦʛʦ) ʢʦʢʩʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2.1.  ̔2.2. ɿʘʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʛʦʪʫʚʘʣʠ ʟʨʘʟʢʠ ʥʘʧʽʚʢʦʢʩʫ ʟ̔ 

ʩʫʤʽʰʝʡ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʫ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ. ɼʣʷ ʟʨʘʟʢʽʚ ʥʘʧʽʚʢʦʢʩʫ ʟ̔ 

ʩʫʤʽʰʝʡ ʧʝʢʫ ʽʟ ʩʤʦʣʷʥʠʤ (ʩʣʘʥʮʝʚʠʤ) ʢʦʢʩʦʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò 

3:1, 5:1, 7:1 ʪʘ 9:1 ʧʨʦʚʦʜʠʣʠ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ï ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ. 

ʇʦʨʷʜʦʢ ʦʧʝʨʘʮʽʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ: 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʝʞʽ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

ä
=

=
n

i
ix

n
x

1

1
.          (2.2) 

2. ɿʥʘʭʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ SD (standard deviation) ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʡ ʧʦʢʘʟʥʠʢ ʚʘʨʽʘʮʽʾ ʢʽʣʴʢʽʩʥʦʾ ʟʤʽʥʥʦʾ, ʱʦ ʚʽʜʦʙʨʘʞʫʻ ʩʝʨʝʜʥʽʡ ʨʦʟʢʠʜ 

ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʱʦʜʦ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʇʨʠ 30¢n  

)1/()( 2

1

--= ä
=

nxxSD
n

i
i ,       (2.3) 

ʜʝ  ʭi ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʍ ʟ ʥʦʤʝʨʦʤ i; 

x  ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʜʣʷ ʧʝʨʝʤʽʥʥʦʾ ʍ; 

 n ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ. 

3. ʐʫʢʘʣʠ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ SE (standard error), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʢʦʣʠʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ: 

n

s
SE=  ,          (2.4) 
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ʜʝ s ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʥʦʾ; 

 n ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ. 

4. ɺʠʟʥʘʯʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ CV (coefficient of variation), ʷʢʠʡ ʻ ʤʽʨʦʶ 

ʤʽʥʣʠʚʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ: 

100Ö=
x

SD
CV H  %.         (2.5) 

5. ʇʨʦʚʦʜʠʣʠ ʧʝʨʝʚʽʨʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ/ʥʘʷʚʥʽʩʪʴ 

ʛʨʫʙʠʭ ʧʦʭʠʙʦʢ: ʰʫʢʘʣʠ ʚʽʜʭʠʣʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ, ʧʨʠ ʮʴʦʤʫ 

SD

xx
t

i -
=           (2.6) 

ʟ ʪʘʙʣʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ npt , . ʗʢʱʦ t > tp,n. T > t p,n, ʪʦ ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ P 

ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʚʚʘʞʘʣʠ ʛʨʫʙʦ  ʁ ʧʦʭʠʙʢʦʶ. ʇʨʠ t< tp,n, ʚʚʘʞʘʣʠ, ʱʦ ʥʝ 

ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʛʨʫʙʦʾ ʧʦʤʠʣʢʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽ ʧʽʜʩʪʘʚʠ 

ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʜʘʥʦʛʦ ʚʠʤʽʨʫ. 

ʇʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ʛʨʫʙʠʭ ʧʦʭʠʙʦʢ ʟʥʦʚ ʧʝʨʝʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ 

ʩʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ. 

ʋ ʪʘʙʣ. 2.5 ʥʘʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʛʨʘʥʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1  ̔

ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ. 

ʊʘʙʣʠʮʷ 2.5 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ 

ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ  

ʉʧʽʚʚʽʜʥʦʰʝʥ

ʥʷ 

ñʥʘʧʦʚʥʶʚʘʯ-

ʧʝʢò ʚ ʧʝʢʦʚʽʡ 

ʢʦʤʧʦʟʠʮʽʾ  

ʂʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʽʚ, n 

ʄʽʮʥʽʩʪʴ 

ʥʘʧʽʚʢʦʢʩʫ 

ʟ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽ

ʡs, ʄʇʘ 

ʉʪʘʥʜʘʨʪʥ

ʝ 

ʚʽʜʭʠʣʝʥʥʷ 

SD, ʄʇʘ 

ʉʪʘʥʜʘʨʪʥʘ 

ʧʦʭʠʙʢʘ 

ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ 

SE, ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ 

CV, % 

5:1 5 7,8 14,6 6,5 18,1 

7:1 7 10,9 9,5 3,6 9,1 
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ʉʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ SD ʻ ʤʽʨʦʶ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ [89]. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 

2.5, ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ 

ʟʙʽʞʥʽʩʪʴ, ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. 

ɼʣʷ ʛʨʘʬʽʯʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʟʘʣʝʞʥʦʩʪ ̔ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʚʽʜ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʘʭ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʬʽʣʴʪʨ ʉʘʚʠʮʴʢʦʛʦ-ɻʦʣʽ [90] 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʌʽʣʴʪʨ ʉʘʚʠʮʴʢʦʛʦ-ɻʦʣʽ ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʬʨʦʚʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʥʘʙʦʨʫ ʮʠʬʨʦʚʠʭ ʪʦʯʦʢ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʟʛʣʘʜʞʫʚʘʥʥʷ ʜʘʥʠʭ ʙʝʟ 

ʩʫʪʪʻʚʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ. ʎʝʡ ʬʽʣʴʪʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʽʟ çʟʘʰʫʤʣʝʥʠʭè ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʧʨʠ ʜʦʮʽʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ, ʥʝ 

ʦʩʦʙʣʠʚʦ ʨʦʟʤʠʚʘʶʯʠ ʧʽʢʠ, ʬʨʦʥʪʠ  ̔ ʩʧʘʜʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʜʘʥʠʭ. ʇʦʣʽʥʦʤʽʘʣʴʥʽ ʬʽʣʴʪʨʠ ʉʘʚʠʮʴʢʦʛʦ-ɻʦʣʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʽʡ ʞʝ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʜʣʷ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ñʟʘʯʫʤʣʝʥʠʭò ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ  ̔ʚʠʜʽʣʝʥʥʷ ʧʽʢʽʚ ʫ ʩʧʝʢʪʨʘʭ 

[91]. ʇʦ ʩʫʪʽ ʬʽʣʴʪʨ ʉʘʚʠʮʴʢʦʛʦ-ɻʦʣʽ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʤʝʪʦʜʫ ʟʤʽʥʥʦʾ ʩʝʨʝʜʥʴʦʾ. ʋ 

ʥʴʦʤʫ ʟʘʤʽʩʪʴ ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʧʨʠʢʽʥʮʽ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʙʫʜʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʄʝʪʦʜ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʤʘʻ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʟʛʣʘʜʞʫʚʘʥʥʷ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ: ʧʦ-

ʧʝʨʰʝ, ʚʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ, ʧʦ-ʜʨʫʛʝ, ʜʦʧʫʩʢʘʻ ʜʦʩʠʪʴ ʚʘʛʦʤʝ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ [92].  
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ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 2 

1. ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚʩʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʾʭʥ ̔ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʨʠ ʢʦʥʪʘʢʪʥʽʡ ʚʟʘʻʤʦʜʽʾ.  

2. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠ ʟ ʚʠʚʯʝʥʥʷ ʙʫʜʦʚʠ  ̔ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʢʦʢʩʫ, ʷʢʠʡ 

ʦʪʨʠʤʘʥʠʡ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʢʘʥʥʷ ʧʝʢʽʚ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʧʨʠʥʮʠʧʦʚʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʧʽʢʘʥʥʷ ʚʫʛʽʣʴʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʤʘʩʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʘʜʘʧʪʫʚʘʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʣʷ ʜʣʷ ʧʝʢʽʚ. 

ɸʜʘʧʪʦʚʘʥʠʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʨʽʟʥʠʭ ʤʘʨʦʢ ʧʝʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʟ ʨʽʟʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʽ ʥʘʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʠʡʦʤʠ ʟʛʣʘʜʞʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. 
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ʈʆɿɼɯʃ 3. ɺɿɸɭʄʆɼɯʗ ʇɽʂɯɺ ɿ ɺʋɻʃɽʎɽɺʀʄʀ 

ʅɸʇʆɺʅʖɺɸʏɸʄʀ 

 

3.1. ɸʥʘʣʽʟ ʙʫʜʦʚʠ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʘ ʩʧʽʢʣʠʚʽʩʪʶ  ̔ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ ʧʝʢʽʚ 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʜʥʠʭ ʧʝʢʽʚ ʽʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʨʦʟʛʣʷʥʝʤʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʦʚʝʜʝʥʽ ʥʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘ ʤʝʪʦʜʘʤʠ 

ʦʮʽʥʶʚʘʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʫ ʩʠʩʪʝʤʽ ñʧʝʢ-ʟʚôʷʟʫʶʯʝò. 

ʈʦʟʨʦʙʣʝʥʘ ʜʣʷ ʧʦʣʽʤʝʨʥʠʭ  ̔ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʣʽʩʪʨʫʢʪʫʨʥʘ ʪʝʦʨʽʷ 

[93, 94] ʧʦʜʘʻ ʢʦʤʧʦʟʠʪʠ ʷʢ ʽʻʨʘʨʭʽʶ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʩʪʨʫʢʪʫʨ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʚʽʜ 

ʘʪʦʤʥʠʭ ʜʦ ʛʨʫʙʠʭ, ʷʢʽ ñʧʨʦʨʦʩʪʘʶʪʴò ʦʜʥʘ ʚ ʦʜʥʫ (ñʩʪʨʫʢʪʫʨʘ ʫ ʩʪʨʫʢʪʫʨʽò). ʋ 

ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʽ ʯʠʥʥʠʢʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʽʚʥʷ ʪʘ ʦʪʨʠʤʘʥʦ ʢʽʣʴʢʽʩʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ 

ʮʠʭ ʯʠʥʥʠʢʽʚ [94]. 

ɼʘʥʘ ʪʝʦʨʽʷ ʮʽʣʢʦʤ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʽ ʜʦ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. ɼʣʷ 

ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʜʦʩʪʘʪʥʴʦ ʫʷʚʠʪʠ ʩʪʨʫʢʪʫʨʫ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʷʢ ʜʚʦʨʽʚʥʝʚʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʚʢʣʶʯʘʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʫʪʚʦʨʝʥʫ ʧʝʢʦʤ-ʟʚôʷʟʫʶʯʠʤ,  ̔

ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʤʧʦʟʠʪ ʚ ʮʽʣʦʤʫ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ  ̔

ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʟʘʪʚʝʨʜʥ̔ʥʷ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʪʘ ʢʦʤʧʦʟʠʪʘ ʚ ʮʽʣʦʤʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥ ̫ ʥʘʧʦʚʥʝʥʥʷ, 

ʜʠʩʧʝʨʩʥʦʩʪʽ  ̔ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʢʦʥʮʝʥʪʨʘʮʽʾ  ̔ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʤʘʩʠ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʧʝʢʫ-ʟʚ'ʷʟʫʶʯʦʛʦ. 

ʇʝʢʦʚʠʡ ʢʦʤʧʦʟʠʪ ʟʘ ʧʦʣʽʩʪʨʫʢʪʫʨʥʦʶ ʪʝʦʨʽʻʶ ʻ ʜʚʦʬʘʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʦʢʨʝʤʦ ʥʝʘʛʨʝʛʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʛʨʫʧʠ ʯʘʩʪʠʥʦʢ, 

ʧʦʚ'ʷʟʘʥʠʭ ʧʝʢʦʤ, ï ʘʛʨʝʛʘʪʠ ʽ ʢʣʘʩʪʝʨʠ. ɺʠʥʠʢʥʝʥʥʷ ʜʚʦʬʘʟʥʦʾ ʩʠʩʪʝʤʠ ʻ 

ʥʝʤʠʥʫʯʠʤ ʽ ʚ ʥʝʥʘʧʦʚʥʝʥʦʤʫ ʧʝʢʫ ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ ʜʦ ʥʘʧʽʚʢʦʢʩʫ/ʢʦʢʩʫ. 

ʋʪʚʦʨʝʥʽ ʚ ʧʨʦʮʝʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʧʝʢʫ ʟʘʨʦʜʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʜʠʩʧʝʨʩʥʦ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʫ ʤʘʪʨʠʮʽ ʧʝʢʫ ʪʘ ʬʘʢʪʠʯʥʦ ʛʨʘʶʪʴ ʨʦʣʴ ʥʘʧʦʚʥʶʚʘʯʽʚ.  
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ʅʘ ʨʠʩ. 3.1 ʥʘʚʝʜʝʥʦ ʥʘʰʫ ʤʦʜʝʣʴ ʤʽʞʬʘʟʦʚʦʛʦ ʰʘʨʫ (ʄʌʐ) ʜʣʷ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʘ. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʰʘʨ ʧʝʢʦʚʦʾ 

ʤʘʪʨʠʮʽ, ʪʘʢ ʟʚʘʥʠʡ ʛʨʘʥʠʯʥʠʡ ʰʘʨ, ʘʙʦ ʤʽʞʬʘʟʥʠʡ (ʨʠʩ. 3.1, a) [95]. ʏʽʪʢʦʾ ʤʝʞʽ ʤʽʞ 

ʄʌʐ ʪʘ ʧʝʢʦʚʦʶ ʤʘʪʨʠʮʝʶ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʄʌʐ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚôʷʟʫʶʯʦʛʦ, ʷʢʠʡ 

ʟʘʧʦʚʥʶʻ ʨʝʰʪʫ ʦʙôʻʤʫ ʤʘʪʨʠʮʽ [96]. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʯʘʩʪʠʥʢʠ ʫ ʢʦʤʧʦʟʠʪʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʽʜʢʦ [97]. ʆʩʢʽʣʴʢʠ 

ʟʚôʷʟʫʶʯʽ, ʷʢʽ ʪʚʝʨʜʽʶʪʴ, ʻ ʪʠʧʦʚʠʤʠ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦ ʚʪʨʘʪʘ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʠʤʦʚʽʣʴʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʣʘʩʪʝʨʽʚ ï 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʤʽʞʬʘʟʥʦʾ 

ʧʦʚʝʨʭʥʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʘʛʨʝʛʘʮʽʾ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ [98]. ʇʨʠ ʘʛʨʝʛʘʮʽʾ ʯʘʩʪʠʥʦʢ 

ʤʦʞʣʠʚʽ ʜʦʪʠʢ ʽ ʧʝʨʝʢʨʠʪʪʷ ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ (ʨʠʩ. 3.1, b). ɹʽʣʷ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽʩʥʫʻ ʰʘʨ ʨʘʜʽʘʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʧʝʢʦʚʦʾ 

ʤʘʪʨʠʮʽ (ʨʠʩ. 3.1, a), ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʤʘʣʽ ʚʽʜʩʪʘʥʽ ʧʦʰʘʨʦʚʦ. 

 

ʈʠʩ. 3.1, ʘ) ʩʭʝʤʘ ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ: 

1 ï ʘʜʩʦʨʙʦʚʘʥʠʡ ʰʘʨ; 2 ï ʫʧʦʨʷʜʢʦʚʘʥʠʡ (ʦʨʽʻʥʪʦʚʘʥʠʡ) ʰʘʨ; 3 ï ʧʝʨʝʭʽʜʥʠʡ ʰʘʨ; 4 

ï ʦʙ'ʻʤʥʘ ʬʘʟʘ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ; b) ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ: 5 ï ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʯʘʩʪʠʥʢʠ ʟʘ ʥʘʜʣʠʰʢʫ ʧʝʢʫ; 6 ï ʢʣʘʩʪʝʨ ʟ ʧʝʨʝʢʨʠʚʘʶʯʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʰʘʨʘʤʠ; 7 ï 

ʟʘʤʢʥʝʥʠʡ ʢʣʘʩʪʝʨ 

ʇʝʨʝʭʽʜ ʫʱʽʣʴʥʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʜʦ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʤʘʪʨʠʮʽ 

ʟʜʽʡʩʥʶʪ̒ʴʩʷ ʯʝʨʝʟ ʢʨʠʭʢʠʡ ʜʝʬʝʢʪʥʠʡ ʰʘʨ, ʷʢʠʡ ʻ ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʠʤ ʽ ʨʫʡʥʫʻʪʴʩʷ ʚ 
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ʧʝʨʰʫ ʯʝʨʛʫ, ʽ ʥʘʚʧʘʢʠ ï ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʢʘʤʠ ʥʘ ʚʽʜʩʪʘʥʽ ʪʦʚʱʠʥʠ ʛʨʘʥʠʯʥʦʛʦ 

ʰʘʨʫ ʬʦʨʤʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʤʽʮʥʘ ʜʦʣʷ ʤʘʪʨʠʮʽ (ʫ ʧʣʽʚʢʦʚʽʡ ʬʦʨʤʽ). 

ʋ ʨʦʙʦʪʘʭ [99, 100] ʧʦʢʘʟʘʥʦ, ʱʦ ʪʦʚʱʠʥʘ ʤʽʞʬʘʟʦʚʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʘʜʽʫʩʘ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ʋ ʨʦʙʦʪʽ 

[101] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 

çʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ï ʘʢʪʠʚʦʚʘʥʠʡ ʢʘʣʴʮʠʪè ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʚʱʠʥʘ 

ʄʌʐ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʯʘʩʪʦʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʪʦʤʫ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʘ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʘ ʚʢʣʶʯʝʥʴ ʪʘ ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ 

ʥʘʧʦʚʥʶʚʘʯʘ. ʄʌʐ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʥʘʧʦʚʥʝʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʢʦʤʧʦʟʠʪʘ. 

ʅʘʤʠ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʨʦʱʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʄʌʐ [89]. 

ɿʥʘʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò ʚ ʦʙʣʘʩʪʽ ʤʘʢʩʠʤʫʤʫ ʤʽʮʥʦʩʪʽ 

ʧʝʢʦʢʦʢʩʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ ʧʝʢʫ ʥʘ ʟʝʨʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʟʘʜʘʶʯʠ ʩʬʝʨʠʯʥʫ ʦʜʥʦʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʟʝʨʥʘ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ 

ʚʚʘʞʘʶʯʠ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʤʘʢʩʠʤʫʤʫ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ ʨʦʟʧʣʘʚʣʝʥʠʡ ʧʝʢ ʧʦʚʥʽʩʪʶ 

ʧʦʢʨʠʚʘʻ ʧʦʚʝʨʭʥʶ ʟʝʨʝʥ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʙôʻʤ ʥʘʧʦʚʥʶʚʘʯʘ Vʥʘʧ.: 

;
.

.

.

ʥʘʧ

ʥʘʧ
ʥʘʧ

m
V

r
=           (3.1) 

ʜʝ mʥʘʧ. ʪʘ ɟʥʘʧ. ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʩʘ ʪʘ ʛʫʩʪʠʥʘ ʥʘʧʦʚʥʶʚʘʯʘ. ɿʥʘʶʯʠ ʦʙôʻʤ ʦʜʥʦʛʦ 

ʟʝʨʥʘ (R ï ʨʘʜʽʫʩ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ) 

;3/4 3

. RVʟ p=           (3.2) 

 ̔ʡʦʛʦ ʧʦʚʝʨʭʥ ʁS 

;4 2RSʟ p=           (3.3) 

ʦʙʯʠʩʣʶʻʤʦ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ n: 

.. / ʟʥʘʧVVn=            (3.4) 

ʪʘ ʾʭʥ  ʁʟʘʛʘʣʴʥʫ ʧʦʚʝʨʭʥʶ Sʟʘʛ.: 

.           (3.5) 



67 

ʆʩʢʽʣʴʢʠ ʫ ʮʽʡ ʤʦʜʝʣʽ ʥʘʤʠ ʧʨʠʡʥʷʪʦ, ʱʦ ʦʙôʻʤ ʧʝʢʫ-ʟʚô̫ ʟʫʶʯʦʛʦ Vʧʝʢʫ.  

         (3.6) 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ (ʫʷʚʣʷʻʤʦ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ) ʧʦ ʚʩʡ̔ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʪʦ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʧʝʢʫ l ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

.          (3.7) 

ʇʨʦʚʽʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʤʽʥʠ, ʦʜʝʨʞʠʤʦ 

          (3.8) 

ʘʙʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ D  

           (3.9) 

ʎʁ  ʤʦʜʝʣʴ ʟʤʦʯʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʨʽʜʢʠʤ ʧʝʢʦʤ ʜʣʷ 

ʩʬʝʨʠʯʥʠʭ ʟʝʨʝʥ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʨʘʚʣʝʥʴʽ ʜʣʷ ʟʝʨʝʥ 

ʥʝʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟʝʨʥʘ 

[102]. ʋ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʄʌʐ ʜʣʷ ʧʝʢʽʚ ɹ1 ʽ ɺ ʟ 

ʨʽʟʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ʊʘʙʣʠʮʷ 3.1 

ʆʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʄʌʐ ʜʣʷ ʧʝʢʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ 

ʦʙôʻʤʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò 

ʄʘʨʢʘ 

ʧʝʢʫ 
ʅʘʧʦʚʥʶʚʘʯ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ñʥʘʧʦʚʥʶʚʘʯ-

ʧʝʢò 

ʊʦʚʱʠʥʘ ʄʌʐ, ʤʢʤ 

ɹ1 ʉʣʘʥʮʝʚʠʡ ʢʦʢʩ 4:1 25,0 

ɺ ʉʣʘʥʮʝʚʠʡ ʢʦʢʩ 6:1 10,5 

ɹ1 ɸʥʪʨʘʮʠʪ 4:1 10,2 

ɺ ɸʥʪʨʘʮʠʪ 6:1 7,0 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ (ʪʘʙʣ. 3.1) ʩʚʽʜʯʘʪʴ, ʱʦ ʪʦʚʱʠʥʘ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʨʘʜʽʫʩʦʤ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ (ʯʠʥʥʠʢʠ ʟʤʦʯʫʚʘʥʥʷ, 
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ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʘʧʽʣʷʨʥʦʛʦ ʚʪʷʛʫʚʘʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ ʫ 

ʧʦʨʠ ʥʘʧʦʚʥʶʚʘʯʘ ʪʫʪ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ). 

ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʽʟ ʨʽʜʢʠʤ 

ʟʚôʷʟʫʶʯʠʤ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʘʜʛʝʟʠʚʫ ʫ ʥʘʧʦʚʥʶʚʘʯ. ʏʘʩʪʠʥʘ 

ʧʝʢʫ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʫ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘʚʜʷʢʠ ʢʘʧʽʣʷʨʥʠʤ ʷʚʠʱʘʤ, 

ʪʦʤʫ ʨʝʘʣʴʥʘ ʪʦʚʱʠʥʘ ʄʌʐ ʙʫʜʝ ʥʠʞʯʝ ʦʮʽʥʦʯʥʦʾ. 

ɺʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ ʟ ʧʝʢʫ ʧʽʜ ʯʘʩ ʡʦʛʦ ʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘʢʦʞ ʧʦʚʠʥʥʦ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʄʌʐ ʽ ʧʦʷʚʠ ʯʝʨʝʟ ʮʝ ʫʩʘʜʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʝʢʪʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʩʘʜʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʧʣʽʚʢʠ. ʊʦʙʪʦ 

ʢʘʨʙʦʥʽʟʦʚʘʥʠʡ ʜʦ ʩʪʘʥʫ ʥʘʧʽʚʢʦʢʩʫ ʧʝʢ ʤʦʞʝ ʥʝ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʪʠ ʧʦʚʝʨʭʥʶ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. 

ɸʚʪʦʨ ʨʦʙʦʪʠ [99] ʜʘʻ ʦʮʽʥʶʻ ʪʦʚʱʠʥʫ ʧʣʽʚʢʠ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚô̫ ʟʫʶʯʦʛʦ ʜʣʷ 

ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʜʽʘʤʝʪʨʦʤ 10 ʤʢʤ ʫ 1,4 ʤʢʤ. ʅʘʰʘ ʦʮʽʥʢʘ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʄʌʐ ʫ ʧʝʢʘʭ ʜʣʷ ʟʝʨʝʥ ʪʘʢʦʛʦ ʜʽʘʤʝʪʨʘ ʩʢʣʘʜʘʻ 0,7 ʤʢʤ. 

ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ ʟʘ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ ʷʚʥʦ 

ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʪʦʤʫ ʱʦ ʥʽʷʢ ʥʝ ʧʦʚ'ʷʟʘʥʘ 

ʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʽ ʟ ʡʦʛʦ ʜʠʩʧʝʨʩʥʽʩʪʶ, ʘ ʷʢ ʚʽʜʦʤʦ, ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʽʚ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʭ ʯʠʥʥʠʢʽʚ. ɿʤʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʧʝʢʦʤ ï ʮʝ ʣʠʰʝ 

ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʘ, ʘʣʝ ʥʝ ʤʦʞʝ ʜʘʪʠ ʫʷʚʣʝʥʴ ʧʨʦ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʫʪʚʦʨʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ 

ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʩʧʽʢʘʪʠʩʷ  ̔ʟʘʧʽʢʘʪʠ ʥʘʧʦʚʥʶʚʘʯ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʽʻʾ ʪʝʟʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʥʘʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʧʝʢʘʤʠ ʤʘʨʦʢ ɹ1 ʪʘ ɺ. 

ʅʘ ʤʝʪʘʣʝʚʫ ʧʣʘʩʪʠʥʫ, ʷʢʘ ʦʙʽʛʨʽʚʘʻʪʴʩʷ, ʥʘʥʦʩʠʣʠ ʨʽʚʥʠʡ ʰʘʨ ʯʘʩʪʠʥʦʢ 

ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ (ʧʽʜʢʣʘʜʢʫ), ʧʦʜʨʽʙʥʝʥʦʛʦ ʜʦ ʨʦʟʤʽʨʫ ʟʝʨʝʥ Ò 0,1 ʤʤ, ʥʘ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠ ʛʨʘʥʫʣʠ (ʪʚʝʨʜʽ ʢʨʘʧʣʽ) ʧʝʢʽʚ. ʂʨʘʧʣʽ ʧʝʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʢʩʫ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʫ ʧʝʨʝʚʝʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ (ʨʠʩ. 3.2). 



69 

 

ʈʠʩ. 3.2. ɿʝʨʥʘ ʧʝʢʽʚ ʤʘʨʦʢ ɹ1 ʽ ɺ ʜʦ ʥʘʛʨʽʚʘʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ ʚʠʤʽʨʶʚʘʣʠ ʧʦʙʣʠʟʫ ʢʨʘʧʝʣʴ. ʇʨʦʮʝʩ ʟʤʽʥʠ ʬʦʨʤʠ 

ʢʨʘʧʝʣʴ ʬʽʢʩʫʚʘʚʩʷ ʚʽʜʝʦʟʡʦʤʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ USB-ʤʽʢʨʦʩʢʦʧʘ ʟ ʧʽʜʩʚʽʯʫʚʘʥʥʷʤ 

ʦʙ'ʻʢʪʘ ʟʡʦʤʢʠ. ɻʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʝʢʦʚʠʭ ʢʨʘʧʝʣʴ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ ToupView. 

ʅʘ ʨʠʩ. 3.3 ʚʠʜʥʦ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʘʧʝʣʴ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʌʦʨʤʘ ʢʨʘʧʝʣʴ ʧʝʢʽʚ ʊʝʤʧʝʨʘʪʫʨʘ, ʉ̄ 
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ʈʠʩ. 3.3. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʘʧʝʣʴ ʧʝʢʽʚ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʂʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʟʥʘʭʦʜʠʣʠ ʟʘ ʦʩʥʦʚʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʨʘʧʣʽ ʨʽʜʠʥʠ, 

ʱʦ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʪʚʝʨʜʫ ʧʦʚʝʨʭʥʶ, ʪʦʙʪʦ ʟʘ ʧʦʧʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʢʨʘʧʣʽ d  ̔ʾʾ 

ʚʠʩʦʪʦʶ h: 

cosq =  .         (3.10) 

ʅʘ ʨʠʩ. 3.4 ʧʦʜʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʘʤʠ ʤʘʨʦʢ 

ɹ1 ʽ ɺ ʧʦʚʝʨʭʥʽ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ. 
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ʈʠʩ. 3.4 ɿʘʣʝʞʥʽʩʪʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʘʥʥʷ:  

a ï ʧʝʢʫ ʤʘʨʢʠ ɹ1; ʙ ï ʧʝʢʫ ʤʘʨʢʠ ɺ  
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ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣ. 

3.2. 

ʊʘʙʣʠʮʷ 3.2 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʦʧʠʩ ʟʘʣʝʞʥʦʩʪʽ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʇʝʢ 

ʤʘʨʢʠ 
ʈʽʚʥʷʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ  

r 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 

R
2
 

ɹ1 y = 758,4 ï 10,3ʭ 0,998 0,996 

ɺ y = 380,2 ï 3,52ʭ 0,989 0,976 

 

ɿʘ ʥʘʜʘʥʠʤʠ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʜʥʦ, ʱʦ ʟ̔ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʘʤʠ ʧʦʚʝʨʭʥʽ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ 

(ʟʤʝʥʰʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ)  ̔ ʚʙʠʨʘʥʥʷ ʧʝʢʽʚ ʫ ʧʽʜʢʣʘʜʢʫ ʟ ʢʦʢʩʫ. 

ʐʚʠʜʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʢʫ ʧʦʩʪʽʡʥʘ  ̔ʩʪʘʥʦʚʠʣʘ ʜʣʷ 

ʧʝʢʫ ʤʘʨʢʠ ɹ1 ï 10,3 ʛʨʘʜ./Áʉ, ʘ ʧʝʢʫ ʤʘʨʢʠ ɺ ï 3,52 ʛʨʘʜ./Áʉ, ʪʦʙʪʦ ʤʘʡʞʝ ʚ ʪʨʠ ʨʘʟʠ 

ʰʚʠʜʰʝ. ɺʽʜʧʦʚʽʜʥʦ ʯʘʩ ʧʨʦʩʦʯʝʥʥʷ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ ʧʝʢʦʤ ɹ1 ʫ ʩʪʽʣʴʢʠ ʞ ʨʘʟʽʚ 

ʰʚʠʜʰʝ, ʥʽʞ ʧʝʢʦʤ ʤʘʨʢʠ ɺ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʦʩʪʽ ʧʝʢʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʪʽʣʴʢʠ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʨʽʜʢʠʭ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ, 

ʘʜʛʝʟʽʡʥʘ ʾʭʥ ̫ʚʟʘʻʤʦʜʽʷ ʟ ʧʦʚʝʨʭʥʝʶ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʦʟʚʠʪʦʢ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʧʽʢʘʥʥʷ ʧʝʢʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʩʘʤʝ ʦʮʽʥʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʝʯʝʥʠʭ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʤʦʞʝ ʜʘʪʠ ʙʽʣʴʰ ʧʨʝʜʩʪʘʚʥʠʮʴʢʝ ʦʮʽʥʶʚʘʥʥʷ ʧʝʢʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʣʽʩʪʨʫʢʪʫʨʥʘ ʪʝʦʨʽʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʦʟʠʪʽʚ ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʫ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò. ʊʦʤʫ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʨʦʟʨʦʙʢʠ ʤʽʮʥʦʩʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʤʠ 

ʟʘʩʪʦʩʫʚʘʣʠ ʧʦʣʽʩʪʨʫʢʪʫʨʥʫ ʪʝʦʨʽʶ ʙʫʜʦʚʠ ʢʦʤʧʦʟʠʪʽʚ. 
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ʑʦʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʽʮʥʦʩʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʨʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʡʦʛʦ ʥʘʧʦʚʥʝʥʥʷ. 

ɺʽʜʦʤʦ [95, 97], ʱʦ ʤʽʮʥʽʩʪʴ ʥʘʧʦʚʥʝʥʠʭ ʩʠʩʪʝʤ ñʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯò 

ʝʢʩʪʨʝʤʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ. ɿʘʣʝʞʥʽʩʪʴ R = f(ʩ) ʜʣʷ ʢʦʤʧʦʟʠʪʽʚ 

ʫʥʽʚʝʨʩʘʣʴʥʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚô̫ ʟʫʶʯʝò, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʷʢ ʥʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʽ ʜʣʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ (ʨʠʩ. 3.5, ʙ).  
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯ-ʟʚ'ʷʟʫʶʯʝ, ʚʽʜʥ. ʦʜ..

ʙ 

ʈʠʩ. 3.5. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ R ʚʽʜ ʩʪʫʧʝʥ ̫ʥʘʧʦʚʥʝʥʥʷ C: 

a ï ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [97]; ʙ ï ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʧʝʢʦʚʠʡ 

ʢʦʢʩ ʧʣʶʩ ʧʝʢ ʤʘʨʢʠ ɹ1) 

ɿʘ ʤʘʣʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʧʝʢʦʚʽʡ ʤʘʪʨʠʮʽ ʛʨʘʥʠʯʥʽ ʰʘʨʠ 

ʚʽʜʜʘʣʝʥʠʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʥʝ ʻ ʚʠʜʽʣʝʥʦʛʦ ʚ ʦʙôʻʤʽ ʢʦʤʧʦʟʠʪʘ 

ʩʘʤʦʩʪʽʡʥʦʶ ʬʘʟʦʶ, ʟʜʘʪʥʦʶ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʦʢʨʝʤʽ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʟʙʣʠʞʫʶʪʴʩʷ, ʘ ʾʭʥʽ ʛʨʘʥʠʯʥʽ 

ʰʘʨʠ ʧʦʯʠʥʘʶʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ, ʫʪʚʦʨʶʶʯʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʣʽʚʢʦʚʫ 

ʩʪʨʫʢʪʫʨʫ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʄʌʐ ʻ ʦʨʽʻʥʪʦʚʘʥʦ-ʫʧʦʨʷʜʢʦʚʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ [96], ʧʣʽʚʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʩʠʣʝʥʦʶ ʤʽʮʥʽʩʪʶ ʧʦʨʽʚʥʝʥʦ ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʨʝʰʪʠ ʦʙôʻʤʫ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ. ʇʝʨʝʭʽʜ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʫ ʧʣʽʚʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʄʌʐ 

ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʟʤʽʮʥʝʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʜʽʣʷʥʮʽ ʉ1-ʉ0 (ʨʠʩ. 3.5). 

ɿʘ ʧʝʚʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʢʦʚʦʾ 

ʤʘʪʨʠʮʽ ʟ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʫ ʧʣʽʚʢʦʚʠʡ, ʪʦʙʪʦ ʚʩʷ ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 
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ʄʌʐ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʰʽʡ ʤʦʜʝʣʽ (ʨʠʩ. 3.6, a). 

ʄʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ï ʪʦʯʢʘ ʉ0 ʥʘ  

ʨʠʩ. 3.5. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʜʦʣʽ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʠ ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ 

ʧʦʢʨʠʪʪʷ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʦʥʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ñʦʩʪʨʽʚʮʽò (ʨʠʩ. 

3.6, b), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʫʮʽʣʴʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʩʢʝʣʝʪʘ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʥʝ ʤʦʞʝ ʙʫʪʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʨʘʙʦʣʽʯʥʫ ʜʽʣʷʥʢʫ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ ʚʽʜ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ (ʜʽʣʷʥʢʘ ʉ1-ʉ2, ʨʠʩ. 3.5), ʘ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ï ʩʧʘʜʥʫ ʜʽʣʷʥʢʫ ʢʨʠʚʦʾ (ʜʽʣʷʥʢʘ ʉ0-ʉ2, ʨʠʩ. 3.5) ʚ 

ʦʙʣʘʩʪʽ ʜʝʬʽʮʠʪʫ ʟʤʽʮʥʝʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ.  

 

3.1.2. ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ 

ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤ çʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤè 

ʧʦʢʘʟʥʠʢʦʤ, ʪʦʤʫ ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ 

ʈʠʩ.3.6. ʉʭʝʤʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ. ʐʘʨ ʥʘʧʽʚʢʦʢʩʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ: a ï ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ; b ï ʟʘ ʜʝʬʽʮʠʪʫ ʧʝʢʫ. 1 ï 

ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, 2 ï ʩʧʝʯʝʥʝ ʟʚôʷʟʫʶʯʝ. 
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ʥʘʧʦʚʥʶʚʘʯʝʤ. ɺʦʥʘ ʻ ʤʽʨʦʶ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʡ ʦʜʥʦʯʘʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

çʘʢʪʠʚʥʽʩʪʴè ʥʘʧʦʚʥʶʚʘʯʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʜʘʥʦʛʦ ʧʝʢʫ. 

ʅʘʚʝʜʝʥʠʡ ʫ ʨʦʟʜʽʣʽ ʜʝ 2.3.4 ʜʘʥʦʾ ʨʦʙʦʪʠ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʽʚ ʟʘ 

ʤʽʮʥʽʩʪʶ ʢʦʤʧʦʟʠʮʽʾ ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ  ̔ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʤʘʨʦʢ ɹ1  ̔ ɺ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ [103, 104]. 

ʇʝʨʝʣʽʢ ʥʘʧʦʚʥʶʚʘʯʽʚ  ̔ʾʭʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʦ ʫ ʨʦʟʜʽʣʽ 2.2.2. 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʤʝʪʦʜʫ, ʥʘʚʝʜʝʥʝ ʫ ʨʦʟʜʽʣʽ 2.5, ʧʦʢʘʟʫʻ, ʱʦ ʤʝʪʦʜ ʤʘʻ 

ʥʝʧʦʛʘʥʫ ʟʙʽʞʥʽʩʪʴ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʝʢʫ. 

ɺʟʘʛʘʣʽ, ʜʣʷ ʥʘʰʠʭ ʢʦʤʧʦʟʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʝʢʩʪʨʝʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʤʽʮʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥ ̫ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ (ʨʠʩ. 2.5, 3.5 ʙ). ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʦʙʣʘʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ñʥʘʧʦʚʥʶʚʘʯ-

ʟʚôʷʟʫʶʯʝò 3:1-5:1 ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʟʛʣʘʜʞʫʚʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ 

ʉʘʚʠʮʴʢʦʛʦ-ɻʦʣʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ (ʨʦʟʜʽʣ 2.5). 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʩʪʫʧʝʥʷ 

ʥʘʧʦʚʥʝʥʥʷ ʜʦʩʠʪʴ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ: 

 

ʘx
2
 + bx + c = 0,         (3.11) 

ʜʝ a 0̧. 

ʆʙʯʠʩʣʶʚʘʣʠ ʢʚʘʜʨʘʪʥʽ ʨʽʚʥʷʥʥʷ ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ ʪʘ ʥʘʭʦʜʠʣʠ ʢʦʨʥʽ 

x1, x2. 

ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥʦ ʢʨʠʚʽ, ʱʦ ʚʽʜʦʙʨʘʞʫʶʪʴ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʜʣʷ ʨʽʟʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. 
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y= -1,02+0,59x-0,05x
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯ-ʧʝʢ, ʚʽʜʥ. ʦʜ.

 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ

  ʘʧʨʦʢʩʠʤʘʮʽ

R
2
=0,71

y= 0,22+0,31x-0,02x
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 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ

 ʘʧʨʦʢʩʠʤʘʮʽʷ

y=0,005+0,27x-0,005x
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R
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯ-ʧʝʢ, ʚʽʜʥ. ʦʜ.

y=0,66+0,53x-0,028x
2

R
2
=0,95

 

e 

 

ʋ ʪʘʙʣ. 3.3 ʥʘʚʝʜʝʥ ̔ ʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʽʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ ʩʢʣʘʜʫ ʫʩʽʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, 

ʱʦ ʧʨʦʭʦʜʠʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʢʦʨʝʥʽ ʮʠʭ ʨʽʚʥʷʥʴ ʭ1 ʽ ʭ2 ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʪʝʨʤʽʥʘʮʽʾ 

R
2
 ʚʟʘʻʤʦʜʽʾ y = f(x). 

ʈʠʩ.3.7. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ 

ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚʽʜ ʩʪʫʧʝʥʷ 

ʥʘʧʦʚʥʝʥʥʷ [ʘ ï ʧ̔ ʩʦʢ, ʙ ï ʩʢʣʦ; c ï 

ʢʦʢʩ; ʜ ï ʢʦʢʩ-ʊ, e ï ʘʥʪʨʘʮʠʪ] 
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ʊʘʙʣʠʮʷ 3.3 

ɿʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʽʚ ʽʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ  

ʇʝʢʦʚʘ 

ʢʦʤʧʦʟʠʮʽʷ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʈʽʚʥʷʥʥʷ 
W, 

ʫ.ʦ. 
R

2
 

ʂʦʨʥʽ 

ʨʽʚʥʷʥʥʷ  

x1 x2 

ʂʦʢʩ-ʊ y=5Ö10
-3
+0,27x-5Ö10

-3
x

2
 24,2 0,70 -0,02 54,02 

ʂʦʢʩ y=0,22+0,31x-0,02x
2
 16,0 0,71 -0,68 16,18 

ʉʢʣʦ y=5Ö10
-2
+0,14x-9Ö10

-3
x

2
 6,47 0,99 -0,14 15,7 

ʇʽʩʦʢ  y=-1,02+0,59x-0,05x
2
 4,98 0,95 -1,53 13,33 

ɸʥʪʨʘʮʠʪ y=0,66+0,53x-0,03x
2
 44,7 0,95 -1,07 18,83 

 

ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʢʦʨʝʥʽʚ x2 ʨʽʚʥʷʥʥʷ ʧʘʨʘʙʦʣʠ ï ʜʝʷʢʽ ʛʽʧʦʪʝʪʠʯʥʽ 

ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò, ʟʘ ʷʢʠʭ ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʙʣʠʟʴʢʘ ʥʫʣʶ. ʇʦʢʘʟʥʠʢ x2 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʫʤʦʚʥʫ ʤʽʨʫ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ (ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʟʘʧʽʢʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ 

ʥʘʧʦʚʥʶʚʘʯʘ). ʎʝʡ ʞʝ ʧʦʢʘʟʥʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʧʦʚʥʶʚʘʯʽ ʟʘ ʘʢʪʠʚʥʽʩʪʶ ʾʭʥʴʦʾ 

ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʝʢʦʤ (ʧʝʢʦʚʦʶ ʤʘʪʨʠʮʝʶ). ʊʦʙʪʦ ʧʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʻ ʚʝʣʠʯʠʥʦʶ, ʟʚʦʨʦʪʥʴʦʶ ʩʧʽʢʣʠʚʽʡ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ [104]. 

ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʥʘʧʽʚʢʦʢʩʫ ʟ ʢʦʤʧʦʟʠʪʽʚ ʻ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ï ʨʦʙʦʪʦʶ ʨʫʡʥʫʚʘʥʥʷ. ʊʝʨʤʽʥ çʨʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷè 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʬʽʟʠʮʽ ʧʦʣʽʤʝʨʽʚ [105, 106]. ʈʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ ʧʦ ʩʫʪʽ ʻ 

ʝʥʝʨʛʽʻʶ, ʚʠʪʨʘʯʝʥʦʶ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʟʯʝʧʣʝʥʥʷ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʩʧʽʢʘʥʥʷ) 

ʤʽʞ ʧʝʢʦʚʦʶ ʤʘʪʨʠʮʝʶ  ̔ʥʘʧʦʚʥʶʚʘʯʝʤ, ʪʦʤʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʘ 

ʧʦʢʘʟʥʠʢ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. ɺʠʭʦʜʝ, ʱʦ ʜʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʘ çʩʧʽʢʣʠʚʘ 

ʟʜʘʪʥʽʩʪʴè ʤʘʻ ʮʽʣʢʦʤ ʧʝʚʥʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʫ 

ʚʫʛʣʝʭʽʤʽʾ: ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʧʽʢʘʪʠ ʪʫ ʯʠ ʽʥʰʫ ʢʽʣʴʢʽʩʪʴ ʽʥʝʨʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ [107]. 

ʆʩʢʽʣʴʢʠ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʧʘʨʘʙʦʣʽʯʥʫ ʜʽʣʷʥʢʫ, ʪʦ ʨʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ W, ʫʤ. 

ʦʜ., ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʣʦʱʽ ʧʽʜ ʧʘʨʘʙʦʣʦʶ: 

ñ ++=
2

1

)( 2

x

x

dxcbxaxW .         (3.12) 
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ʈʽʚʥʷʥʥʷ (3.11) ʧʽʩʣʷ ʥʝʩʢʣʘʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʘʻ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʨʦʙʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ: 

)()(
2

)(
3 12

2

1

2

2

3

1

3

2 xxcxxbxxaW -+-+-= .     (3.13) 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʨʦʙʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʨʽʟʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.4.  

ʊʘʙʣʠʮʷ 3.4 

ʈʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ ʥʘʧʽʚʢʦʢʩʽʚ ʟ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ  

ʅʘʧʦʚʥʶʚʘʯ ʧʝʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ 

ʂʦʦʨʜʠʥʘʪʠ 

ʤʘʢʩʠʤʫʤʫ 
ʈʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ 

W, ʫʤ. ʦʜ. 
x0 y0 

ʂʦʢʩ-ʊ  5,4 1,49 24,18 

ʂʦʢʩ 9,0 1,26 16,02 

ʉʢʣʦ  8,0 0,64 6,47 

ʇʽʩʦʢ  6,3 0,89 4,98 

ɸʥʪʨʘʮʠʪ 9,4 3,15 44,69 

 

ʂʦʦʨʜʠʥʘʪʠ ʤʘʢʩʠʤʫʤʫ ʧʘʨʘʙʦʣ ʱʦʜʦ ʨʽʚʥʷʥʥʷ (3.11), ʚʠʟʥʘʯʘʣʠ ʷʢ: 

a

b
x

2
0 -=           (3.14) 

ʪʘ 

a

acb
y

4

42

0

-
= .         (3.15) 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʜʘʥʠʭ ʪʘʙʣ. 3.4 ʪʘ ʜʽʘʛʨʘʤʠ ʨʠʩ. 3.8 ʥʘʡʙʽʣʴʰʫ ʩʧʽʢʣʠʚʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʢ ʤʘʻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʥʪʨʘʮʠʪʫ, ʘ ʥʘʡʤʝʥʰʫ ï ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʽʩʢʫ ʪʘ ʩʢʣʘ. ʊʦʙʪʦ ʘʜʛʝʟʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʥʘʡʩʠʣʴʥʽʰʘ ʫ ʧʘʨʠ ʧʝʢ-

ʘʥʪʨʘʮʠʪ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʘʥʪʨʘʮʠʪ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʷʢ ʝʪʘʣʦʥʥʠʡ ʥʘʧʦʚʥʶʚʘʯ 

ʚʽʜʥʦʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ, ʷʢ ʮʝ ʧʨʠʡʥʷʪʦ ʟʘ ʤʝʪʦʜʦʤ ʈʦʛʘ 

[34]. 
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ɿʚ̔ʩʥʦ ʞ, ʱʦ ʟʘ ʚʝʣʠʯʠʥʱʶ ʨʦʙʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʥʘʧʽʚʢʦʢʩʫ ʫ ʧʝʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʟ ʧʨʦʛʨʽʪʠʤ  ̔ʥʝʧʨʦʛʨʽʪʠʤ ʧʝʢʦʚʠʤ ʢʦʢʩʦʤ [108] ʚʽʜʤʽʥʥʦʩʪʽ ʤʦʞʫʪʴ 

ʜʘʪʠ ʦʮʽʥʢʫ ʚʢʣʘʜʫ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʢʨʘʱʠʪʠ 

ʚʟʘʻʤʦʜʽʶ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʧʦʣʽʤʝʨʫ, ʪʦʙʪʦ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʾʭʥʴʦʛʦ ʘʜʛʝʟʽʡʥʦʛʦ 

ʟʯʝʧʣʝʥʥʷ, ʤʦʞʥʘ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘ ʤʝʞʽ ʨʦʟʧʦʜʽʣʫ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʤʽʮʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ, ʘ ʥʝ ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʘʧʦʚʥʶʚʘʯʝʤ  ̔ʟʚôʷʟʫʶʯʠʤ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʣʝʢʫʣʷʨʥʘ ʨʫʭʣʠʚʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʙʣʠʟʫ ʤʝʞʽ 

ʨʦʟʧʦʜʽʣʫ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʞʦʨʩʪʢʦʩʪʽ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʪʘ 

ʚʠʥʠʢʥʝʥʥʶ ʚ ʥʴʦʤʫ ʩʠʣʴʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ [14]. ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʰʚʠʜʢʦʾ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ ʧʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

3.1.3. ʉʧʽʢʣʠʚʽʩʪʴ ʧʝʢʽʚ 

ʆʮʽʥʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʽʟ ʯʠʩʪʦʛʦ (ʙʝʟ ʥʘʧʦʚʥʶʚʘʯʘ) ʧʝʢʫ. ʇʨʠʯʠʥʘ ʚ 

ʪʦʤʫ, ʱʦ ʪʘʢʠʡ ʥʘʧʽʚʢʦʢʩ ʻ ʥʝʦʜʥʦʨʽʜʥʠʤ ʟʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʈʠʩ. 3.8 ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʟʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ  
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[109]. ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʝʢʦʚʦʛʦ ʥʘʧʽʚʢʦʢʩʫ, ʘ ʧʦʪʽʤ ʽ ʢʦʢʩʫ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʝʢʫ ʪʘ ʡʦʛʦ ʩʧʽʢʘʥʥʽ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʨʦʜʢʠ 

ʪʚʝʨʜʦʾ ʬʘʟʠ, ʷʢʽ ʬʘʢʪʠʯʥʦ ʛʨʘʶʪʴ ʨʦʣʴ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʟʘ ʦʙôʻʤʦʤ. ɼʦ ʪʦʛʦ ʞ ʩʧʝʯʝʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʨ, ʷʢʽ 

ʻ ʧʦ ʩʫʪʽ ʥʠʟʴʢʦʤʦʜʫʣʴʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ.  

ʋ ʨʘʟʽ ʢʨʠʪʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝò ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ 

ʧʦʚʥʽʩʪʶ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ 

(ʤʽʞʬʘʟʥʦʤʫ) ʰʘʨʽ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʧʦʚʥʝʥʥʽ ʚ ʦʙôʻʤʽ ʢʦʤʧʦʟʠʮʽʾ ñʧʣʽʚʢʦʚʘò 

ʤʘʪʨʠʮʷ ʩʪʘʻ ʧʝʨʝʨʠʚʯʘʩʪʦʶ  ̔ʧʝʨʝʭʦʜʠʪʴ ʫ ʪʦʥʢʽ ñʦʩʪʨʽʚʢʠò ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ. ɯ ʭʦʯʘ ʤʽʮʥʽʩʪʴ ʩʧʝʯʝʥʦʾ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, 

ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʘ ʟʥʠʞʫʻʪʴʩʷ. ɿʚʽʩʥʦ ʞ, ʱʦ ʩʘʤʝ ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʤʦʞʝ ʩʣʫʞʠʪʠ ʤʽʨʦʶ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ. 

ɺ ʦʙʣʘʩʪʽ ʥʘʧʦʚʥʝʥʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʘʜʘʶʯʦʶ ʜʽʣʷʥʢʦʶ ʢʨʠʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ ʚʽʜ ʩʪʫʧʝʥ ̫ʡʦʛʦ ʥʘʧʦʚʥʝʥʥʷ (ʉ0-ʉ2 ʥʘ ʨʠʩ. 3.5 ʘ), 

ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ 

ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʊʦʤʫ ʘʧʨʦʢʩʠʤʘʮʽʷ ʮʽʻʾ ʩʧʘʜʘʶʯʦʾ ʜʽʣʷʥʢʠ ʟʘʧʠʩʫʻʪʴʩʷ ʧʨʷʤʦʶ 

ʣʽʥʽʻʶ ʚʠʜʫ  

axby -= ,          (3.15) 

ʜʝ y ï ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʭ ï ʩʪʫʧʥ̔ʴ ʥʘʧʦʚʥʶʚʘʥʥʷ. ʄʦʞʥʘ ʦʮʽʥʠʪʠ ʤʽʮʥʽʩʪʴ 

çʧʣʽʚʢʦʚʦʾè ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ (ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʫ). ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʮʽʻʾ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʚʽʩʴ ʦʨʜʠʥʘʪ ʜʘʻ ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʫ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʙʝʟ 

ʥʘʧʦʚʥʶʚʘʯʘ (ʧʨʠ ʭ = 0). 

ʗʢ ʽ ʚ ʨʘʟʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ, ʩʧʽʢʣʠʚʽʩʪʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ. ʊʦʡ ʩʘʤʠʡ ʧʝʢ ʟ ʽʥʰʠʤ 

ʥʘʧʦʚʥʶʚʘʯʝʤ ʤʘʪʠʤʝ ʽʥʰʫ ʩʧʽʢʣʠʚʽʩʪʴ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ ʡʦʛʦ ʟ ʧʝʢʦʤ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʝʢʽʚ ʤʽʞ ʩʦʙʦʶ ʤʦʞʥʘ ʚʚʝʩʪʠ ʧʦʢʘʟʥʠʢʠ ʩʧʽʢʣʠʚʦʩʪʽ ʽ 

ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʪʘʣʦʥʘ-ʥʘʧʦʚʥʶʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ ʘʥʪʨʘʮʠʪʫ. 

ɼʦ ʨʝʯʽ ʘʥʪʨʘʮʠʪ ʷʢ ʝʪʘʣʦʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʟʘ ʩʧʽʢʣʠʚʽʩʪʶ 
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ʚ ʨʦʙʦʪʘʭ [38, 39]. ʋ ʮʠʭ ʞʝ ʨʦʙʦʪʘʭ ʧʦʢʘʟʥʠʢ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʨʠ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʧʨʷʤʦʾ ʥʘ ʚʽʩʴ ʤʽʮʥʦʩʪʽ ʟʘ ʥʫʣʴʦʚʠʤ ʥʘʧʦʚʥʝʥʥʷʤ. 

ɿʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʜʦʩʣʽʜʽʚ ʥʘʜʘʥʦ ʚ ʪʘʙʣ. 3.5. 

ʊʘʙʣʠʮʷ 3.5 

ɿʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 

ʜʦʩʣʽʜ 
ʊʨʦʟʤ, 

ʉ̄ 
A, % 

V
daf

, 

% 
a, % a1,% 

ʂʦʢʩ. 

ʟʘʣ. % 

ɺôʷʟʢʽʩʪʴ 

ɖ140 ʇʘ*ʩ 

ɿʤʦʯ. 

ɿʜʘʪʥʽʩʪʴ, 

ʫʤʦʚ.ʦʜ. 

I 72 0,11 58,1 29,7 9,5 52,5 1,51 1,47 

II  72 0,12 58 29,6 9,6 52,7 1,48 1,43 

III  72 0,12 58,1 29,5 8,1 53 1,37 1,48 

IV 72 0,11 57 29,8 9,8 52,8 1,37 1,37 

V 72 0,11 57,7 29,5 9,5 53,6 1,42 1,55 

VI  72 0,11 57,5 30,1 10 53,9 1,58 1,28 

ɿʤʽʥʠ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʟʨʘʟʢʽʚ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʟʘ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.6. 

ʗʢ ʧʦʢʘʟʥʠʢ ʩʧʽʢʣʠʚʦʩʪʽ ʧʨʠʡʥʷʪʦ ʚʽʣʴʥʠʡ ʯʣʝʥ ʨʽʚʥʷʥʴ ʚʠʛʣʜ̫ʫ ʨʽʚʥʷʥʥʷ 

(3.10 ʚ ʪʘʙʣ. 3.6 ï ʨʽʚʥʷʥʥʷ 1-6). ʌʽʟʠʯʥʠʡ ʩʝʥʩ ʚʽʣʴʥʦʛʦ ʯʣʝʥʘ ʮʠʭ ʨʽʚʥʷʥʴ ï 

ʤʽʮʥʽʩʪʴ ʥʘʧʽʚʢʦʢʩʫ ʧʝʢʦʚʦʾ ʧʣʽʚʢʠ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʤʽʰʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʢʦʣʠ ʭ = 0. 

ʊʘʙʣʠʮʘ 3.6 

ɿʤʽʥʠ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1  

ʜʦʩʣʽʜ ʈʽʚʥʷʥʥʷ 
ʉʧʽʢʣʠʚʽʩʪʴ, 

ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 

R
2
 

1 xy 4,3782,0 -=  0,782 0,97 

2 xy 8,5327,1 -=  1,327 0,87 

3 9,6469,1 -=y  1,496 1,0 

4 xy 3,10926,1 -=  1,926 0,97 

5 xy 8,3838,0 -=  0,838 0,76 

6 xy 9,6158,1 -=  1,158 0,95 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʛʽʧʦʪʝʟʠ ʧʨʦ ʟʚ'ʷʟʢʠ ʤʽʞ ʩʧʽʢʣʠʚʽʩʪʶ, ʟʤʦʯʫʚʘʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʽ ʜʝʷʢʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʝʢʽʚ. ɼʣʷ ʧʝʢʫ ʤʘʨʢʠ ɹ1 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʦʤʽʨʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʩʧʽʢʣʠʚʦʩʪʽ (r = -0,41) ʽ 

ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʩʧʽʢʣʠʚʽʩʪʶ ʽ ʚʤʽʩʪʦʤ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ (r = ï0,56). ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʜʣʷ ʧʝʢʫ ʤʘʨʢʠ ɺ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʩʠʣʴʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʮʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ: r = 0,74 ʜʣʷ ʧʘʨʠ ʩʧʽʢʣʠʚʽʩʪʴ-ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽ r = 0,71 ʜʣʷ ʧʘʨʠ 

ʩʧʽʢʣʠʚʽʩʪʴ-ʚʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ. 
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ʊʘʙʣʠʮʷ 3.7 

ɿʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ 

ʜʦʩʣʽʜ 
ʊʨʦʟʤ, 

ʉ̄ 
A, % V

daf
, % a, % 

a1, 

% 

ʂʦʢʩ. 

ʟʘʣ.,

% 

ɺô̫ ʟʢʽʩʪʴ

, ɖ140, ʇʘĿʩ 

ɿʤʦʯ. 

ʟʜʘʪʥʽʩʪʴ,ʫʤʦʚ.ʦʜ

. 

1 85 0,11 53 32,2 11,7 57,1 2,89 0,8 

2 87 0,14 53 34,1 11,6 57,6 3,97 0,785 

3 86 0,14 53 33,6 11,9 57,5 3,96 0,86 

4 86 0,13 53,8 33,7 10,8 56,5 3,29 0,94 

5 86,5 0,13 53,7 33,7 10,9 57,3 3,88 0,9 

6 86 0,13 54,5 33,1 9,8 56,9 3,59 1,0 

7 86 0,14 54,5 31,6 9,1 55,6 3,42 0,85 

 

ʊʘʙʣʠʮʷ 3.8 

ɿʤʽʥʠ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ 

ʜʦʩʣʽʜ ʈʽʚʥʷʥʥʷ 
ʉʧʽʢʣʠʚʽʩʪʴ, 

ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ 

R
2
 

1 y=2,068-11,6x 2,062 0,89 

2 y=2,078-9,8x 2,078 0,89 

3 y=2,630-21,7x 2,630 0,86 

4 y=2,630-21,6x 2,630 0,64 

5 y=1,503-8,6x 1,503 0,82 

6 y=3,458-31,3x 3,458 0,81 

7 y=2,752-21,3 x 2,752 0,82 

 

ʇʦʢʘʟʥʠʢʠ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʙʦʭ ʧʝʢʽʚ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦ 

ʩʪʘʪʠʩʪʠʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʢʘʟʥʠʢʦʤ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ. ʄʦʞʥʘ ʦʮʽʥʠʪʠ 

ʯʫʪʣʠʚʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ. ʊʘʢ, ʧʨʠ ʟʤʽʥʽ ʚʠʭʦʜʫ ʣʝʪʢʠʭ ʜʣʷ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʥʘ 1,93 % (ʫ 

ʜʽʘʧʘʟʦʥʽ 57,0 ï 58,1 %) ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ 15,7 % (ʚʽʜ 1,28 ï 

ʜʦ 1,48 ʛ), ʘ ʩʧʽʢʣʠʚʦʩʪʽ ï 146, 3 % (ʚʽʜ 0,782 ï ʜʦ 1,926 ʄʇʘ). ɼʣʷ ʧʝʢʫ ʤʘʨʢʠ ɺ ʮʽ 

ʟʤʽʥʠ ʩʢʣʘʜʘʶʪʴ 3,2 %, 24,7 % ʽ 72,5 %, ʚʽʜʧʦʚʽʜʥʦ. ʋ ʪʘʙʣ. 3.9 ʥʘʜʘʥʦ ʜʘʥʽ, ʷʢʽ 

ʥʘʚʦʜʷʪʴ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʚʠʭʦʜʫ 

ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ 1%.  

ʊʘʙʣʠʮʷ 3.9 

ɿʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʚʠʭʦʜʫ ʣʝʪʢʠʭ 

ʧʨʦʜʫʢʪʽʚ ʥʘ 1%  

ʇʦʢʘʟʥʠʢ ʇʝʢ ʤʘʨʢʠ ɹ1 ʇʝʢ ʤʘʨʢʠ ɺ 

ɿʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʽʜʥ. ʦʜ. 
8,1 8,6 

ɿʤʽʥʠ ʩʧʽʢʣʠʚʦʩʪʽ, ʚʽʜʥ. ʦʜ. 75,8 22,7 
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ʊʦʙʪʦ, ʜʽʘʧʘʟʦʥ ʤʽʞ ʚʠʟʥʘʯʝʥʥʷʤ ʩʧʽʢʣʠʚʦʩʪʽ ʫ 2,6-9,4 ʨʘʟʫ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

ʤʝʪʦʜ ̔ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʽʢʣʠʚʦʩʪʽ ʦʮʽʥʶʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ:ʥʝ ʪʽʣʴʢʠ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ 

ʟʤʦʯʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʥʘʧʦʚʥʶʚʘʯʘ, ʘʣʝ ʡ ʟʜʘʪʥʽʩʪʴ ʟʚ'ʷʟʫʚʘʪʠ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ 

ʤʽʮʥʦʶ ʧʣʽʚʢʦʶ ʧʝʢʦʚʦʛʦ ʥʘʧʽʚʢʦʢʩʫ. 

 

3.2. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʗʢ ʥʘʧʦʚʥʶʚʘʯʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʰʪʫʯʥʠʭ ʛʨʘʬʽʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʢʩ ʽʟ 

ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [109]. ɻʦʣʯʘʩʪʽ ʢʦʢʩʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪ ɹʜʦ ʛʨʘʬʽʪʘʮʽʾ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʛʨʘʬʽʪʽʚ ʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ  ̔ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ 

[110]. ʂʦʢʩʠ ʟ ʽʟʦʪʨʦʧʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʛʨʘʬʽʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʤʽʮʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʶ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ.  

ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʚʠʙʽʨ ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʤʦʛ ʜʦ ʩʝʨʽʡʥʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʰʠʭʪʠ ʇʨɸʊ çʋʂʈɻʈɸʌɯʊè. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʩʢʘʥʫʚʘʣʴʥʦʤʫ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʪʘ ʦʧʪʠʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʘʭ (ʨʠʩ .3.9 ï 3.10).  

ʅʘ ʩʚʽʪʣʠʥʘʭ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʨʠʩ. 3.9 ï 3.10) ʜʦʙʨʝ ʚʠʜʥʦ 

ʨʽʟʥʠʮʶ ʫ ʩʪʨʫʢʪʫʨʽ ʾʭʥʴʦʾ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ (ʨʠʩ. 3.9, a, ʙ ʪʘ ʨʠʩ. 3.10, 

a, ʙ) ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ, ʷʢ ʤʽʥʽʤʫʤ, ʜʚʦʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨ: ʟʝʨʥʘ ʟ ʛʫʙʯʘʩʪʦʶ ʽ 

ʰʘʨʫʚʘʪʦ-ʚʦʣʦʢʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʇʦʚʝʨʭʥʷ ʟʝʨʝʥ ʧʝʢʦʚʦʛʦ ʢʦʢʩʫ ʥʘʡʙʽʣʴʰ ʰʦʨʩʪʢʘ [111] ʟ ʯʠʩʣʝʥʥʠʤʠ ʧʦʨʘʤʠ 

(ʨʠʩ.3.9 ʚ ʪʘ 3.10 ʚ, ʛ), ʱʦ ʧʨʠ ʜʦʙʨʽʡ ʟʤʦʯʫʚʘʥʦʩʪʽ ʧʝʢʦʤ ʤʦʞʝ ʜʘʚʘʪʠ ʤʽʮʥʠʡ 

ʘʜʛʝʟʽʡʥʠʡ ʢʦʥʪʘʢʪ ʪʘ ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʟʯʝʧʣʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʧʝʢʫ ʫ ʧʦʨʠ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʇʦʚʝʨʭʥʷ ʟʝʨʝʥ ʘʥʪʨʘʮʠʪʫ ʥʘʡʙʽʣʴʰ ʛʣʘʜʢʘ. ɼʦʙʨʝ ʚʠʜʥʦ ʩʢʦʣʠ ʧʦʚʝʨʭʥʽ, ʽʥʦʜʽ 

ʟʽ ʩʢʣʘʜʯʘʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘ ʟʥʽʤʢʘʭ ʧʨʠʩʫʪʥʽʡ ʘʥʪʨʘʮʠʪʥʠʡ 

ʧʠʣ (ʨʠʩ. 3.9, ʛ). 
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a ʙ 

ʚ ʛ 

ʈʠʩ. 3.9. ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʢʦʢʩʽʚ (ʉɽʄ): [a ï ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ, ʭ200; ʙï 

ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ, ʭ100); ʚ ï ʧʝʢʦʚʠʡ ʢʦʢʩ, ʭ200; ʛ ï ʘʥʪʨʘʮʠʪ, ʭ200] 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɽʄ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʽʜ ʯʘʩ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʝʢʦʤ. ɿʘ ʫʤʦʚ ʥʘʛʨʽʚʘʥʥʷ ʧʝʢʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʷʢ ʟʚô̫ ʟʫʶʯʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʡʦʛʦ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʪʘ 

ʧʣʘʚʣʝʥʥʷ. ʅʘ ʨʠʩ. 3.11 a, ʙ ʜʦʙʨʝ ʚʠʜʥʦ ʧʝʢʦʚʽ çʩʧʘʡʢʠè ʤʽʞ ʟʝʨʥʘʤʠ ʩʣʘʥʮʝʚʦʛʦ 

ʢʦʢʩʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯ (ʢʦʤʧʦʟʠʪʠ ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ-ʧʝʢ ʤʘʨʢʠ ɹ1 

(ʨʠʩ. 3.11, a) ʽ ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ-ʧʝʢ ʤʘʨʢʠ ɺ (ʨʠʩ. 3.11, b) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 4:1). 
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ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 3.10. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʢʦʢʩʽʚ (ʦʧʪʠʯʥʠʡ ʤʽʢʨʦʩʢʦʧ, ʧʦʣʷʨʠʟʦʚʘʥʝ 

ʩʚʽʪʣʦ, ʭ500):[ a, ʙ ï ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ; ʛ, ʜ ï ʧʝʢʦʚʠʡ ʢʦʢʩ] 

a ʙ 

ʈʠʩ. 3.11. ʇʝʢʦʚʽ ʢʦʤʧʦʟʠʪʠ ʟʽ ʩʣʘʥʮʝʚʠʤ ʢʦʢʩʦʤ ʷʢ ʥʘʧʦʚʥʶʚʘʯʝʤ ʦʪʨʠʤʘʥʽ ʟʘ 

200 ̄ ʉ: [a ï ʟ ʧʝʢʦʤ ʤʘʨʢʠ ɹ1; ʙ ï ʟ ʧʝʢʦʤ ʤʘʨʢʠ ɺ] 
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ɼʣʷ ʢʦʤʧʦʟʠʪʽʚ ʟʽ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ ʟ ʧʝʢʘʤʠ ʤʘʨʦʢ ɹ1  ̔ ɺ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 

ʢʽʥʮʝʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 200 Áʉ, ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ 

ʩʫʮʽʣʴʥʦʾ ʧʣʽʚʢʠ ʧʝʢʫ-ʟʚ'ʷʟʫʶʯʦʛʦ. ʎʷ ʧʣʽʚʢʘ ʟʛʣʘʜʞʫʻ ʛʦʩʪʨʽ ʢʫʪʠ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʟʘʧʦʚʥʶʻ ʪʨʽʱʠʥʠ ʪʘ ʫʪʚʦʨʶʻ çʩʧʘʡʢʠè ʤʽʞ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 

3.12, a, ʙ). ʇʣʽʚʢʘ ʩʪʚʦʨʶʻ ʩʢʣʘʜʯʘʩʪʽ ʝʣʝʤʝʥʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 

3.12, ʚ, ʛ). ɺʚʘʞʘʶʯʠ, ʱʦ ʩʢʣʘʜʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʜʚʦʤʘ ʰʘʨʘʤʠ ʧʣʽʚʢʠ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʾʾ 

ʪʦʚʱʠʥʫ. ʅʘʰʝ ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʉɽʄ ʜʘʻ ʪʦʚʱʠʥʫ ʧʝʢʦʚʦʾ ʧʣʽʚʢʠ ʙʣʠʟʴʢʦ 1 

ʤʢʤ. 

a ʙ 

ʚ ʛ 

ʈʠʩ. 3.12. ʇʦʚʝʨʭʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ̔  ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ ʟ ʧʝʢʘʤʠ ʤʘʨʦʢ ɹ1 

(a, ʚ)  ̔ɺ (ʙ, ʛ), ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʧʨʠ ʢʽʥʮʝʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 200ʉ̄ 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʧʝʢʦʚʽ çʩʧʘʡʢʠè ʤʽʞ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʪʘ 

ʧʝʢʦʚʘ ʧʣʽʚʢʘ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʘʧʽʚʢʦʢʩ. ʅʘ ʨʠʩ. 3.13 ʥʘʜʘʥʦ ʩʚʽʪʣʠʥʠ 
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ʧʦʚʝʨʭʥʽ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 550 Áʉ, ʟʨʦʙʣʝʥʽ ʥʘ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʢʘʥʫʚʘʣʴʥʦʤʫ (ʨʠʩ. 3.13 a, ʛ) ʪʘ ʦʧʪʠʯʥʦʤʫ (ʨʠʩ. 3.13 ʜ, ʝ) 

ʤʽʢʨʦʩʢʦʧʘʭ. ɺʠʜʽʣʝʥʘ ʜʽʣʷʥʢʘ d ʟ ʨʦʟʤʽʨʘʤʠ ~150ʭ100 ʤʢʤ ʥʘ ʩʚʽʪʣʠʥʽ ʢʦʤʧʦʟʠʪʘ ʟ 

ʧʝʢʦʤ ɹ1 (ʨʠʩ. 3.13, ʘ) ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 3.13, ʛ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭ600. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʷʤ ʭ100  ̔ʭ600 (ʨʠʩ. 3.13, a, b) ʙʘʯʠʤʦ, ʱʦ ʤʽʞʟʝʨʥʦʚʽ ʟ'ʻʜʥʘʥʥʷ 

ʥʝ ʤʘʶʪʴ ʨʝʛʫʣʷʨʥʦʾ ʙʫʜʦʚʠ, ʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʰʘʨʫʚʘʪʽ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʧʦʚʝʨʭʥʽ 

ʟʝʨʝʥ ʯʽʪʢʦ ʚʠʜʥʦ ʧʣʘʩʢʽ ʬʨʘʛʤʝʥʪʠ ʨʦʟʤʽʨʘʤʠ ~ 10ʭ150 ʤʢʤ ʽ ʪʦʚʱʠʥʦʶ ʚʽʜ 2 ʤʢʤ. 

ʆʩʢʽʣʴʢʠ ʮʠʭ ʧʣʘʩʢʠʭ ʫʪʚʦʨʝʥʴ ʥʝʤʘʻ ʥʘ ʩʚʽʪʣʠʥʘʭ ʚʠʭʽʜʥʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ (ʨʠʩ. 

3.9 ʘ, ʙ)  ̔ʥʘ ʩʚʽʪʣʠʥʘʭ ʢʦʤʧʦʟʠʪʽʚ, ʷʢʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔200 Áʉ (ʨʠʩ. 

3.11 ï 3.12), ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʮʝ ʬʨʘʛʤʝʥʪʠ ʧʝʢʦʚʦʾ ʧʣʽʚʢʠ. 

 

a b 

 

c d 
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e f 

ʈʠʩ. 3.13 ʇʦʚʝʨʭʥʷ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʽ ʩʣʘʥʮʝʚʠʤ ʢʦʢʩʦʤ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 550 ʉ̄; ʉɽʄ: a-d (a, b ï ʟʚôʷʟʫʶʯʝ ï ʧʝʢ ʤʘʨʢʠ ɹ1, c, d ï ʟʚôʷʟʫʶʯʝ ï 

ʧʝʢ ʤʘʨʢʠ ɺ); ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ (ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ, ʭ500): e, f (e ï ʟʚôʷʟʫʶʯʝ 

ʧʝʢ ʤʘʨʢʠ ɹ1, f ï ʟʚôʷʟʫʶʯʝ ʧʝʢ ʤʘʨʢʠ ɺ) 

ɼʣʷ ʢʦʤʧʦʟʠʪʽʚ ʩʣʘʥʮʝʚʠʡ ʢʦʢʩ-ʧʝʢ ʤʘʨʢʠ ɺ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ 

ʤʽʞʟʝʨʥʦʚʠʭ ñʩʧʘʡʦʢò  ̔ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʝʢʦʚʦʛʦ ʥʘʧʽʚʢʦʢʩʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 3.13 c, d). ɺʠʜʽʣʝʥʠʡ ʬʨʘʛʤʝʥʪ d ʩʚʽʪʣʠʥʠ (ʨʠʩ. 3.13, c), 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.13, d ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭ200, ʜʘʻ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʤʽʞʟʝʨʥʦʚʽ ʟ'ʻʜʥʫʚʘʣʴʥʽ ʜʽʣʷʥʢʠ. 

ʆʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ñʩʧʘʡʦʢò (ʦʙʣʘʩʪʽ, 

ʧʦʟʥʘʯʝʥʽ ʮʠʬʨʦʶ 1) ʤʽʞ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 3.13, e, f) [112]. 

ʅʘ ʉɽʄ-ʟʥʽʤʢʘʭ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ ʪʘ ʧʝʢʽʚ 

ʤʘʨʦʢ ɹ1  ̔ɺ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʥʝ ʽʩʥʫʻ ʩʫʮʽʣʴʥʦʛʦ ñʚʫʛʣʝʮʝʚʦʛʦ ʩʢʝʣʝʪʘò [113], ʘ 

ʥʘʧʽʚʢʦʢʩ ñʧʝʢ-ʟʚôʷʟʫʶʯʝò ʽʩʥʫʻ ʫ ʚʠʛʣʷʜʽ ʤʽʞʟʝʨʥʦʚʠʭ ñʩʧʘʡʦʢò  ̔ʧʣʘʩʪʠʥʯʘʩʪʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ. 
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ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 3 

1. ɿʘʩʪʦʩʦʚʘʥʦ ʧʦʣʽʩʪʨʫʢʪʫʨʥʫ ʪʝʦʨʽʶ ʜʦ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. ʇʝʢʦʚʠʡ 

ʢʦʤʧʦʟʠʪ ʟʘ ʧʦʣʽʩʪʨʫʢʪʫʨʥʦʶ ʪʝʦʨʽʻʶ ʻ ʜʚʦʬʘʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʦʢʨʝʤʦ 

ʥʝʘʛʨʝʛʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʛʨʫʧʠ ʯʘʩʪʠʥʦʢ, ʧʦʚ'ʷʟʘʥʠʭ ʧʝʢʦʤ ï 

ʘʛʨʝʛʘʪʠ  ̔ʢʣʘʩʪʝʨʠ. 

2. ʅʘʜʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʄʌʐ ʫ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʘʭ. 

ʊʦʚʱʠʥʘ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥ ̫ ʧʦʜʨʽʙʥʝʥʥʷ ʟʚ'ʷʟʫʶʯʦʛʦ ʪʘ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʦʜʥʝ ʜʦ ʦʜʥʦʛʦ.  

3. ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ ʟʘ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʥʝʜʦʩʪʘʪʥʻ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʪʦʤʫ ʱʦ ʥʽʷʢ ʥʝ ʧʦʚ'ʷʟʘʥʘ 

ʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʽ ʟ ʡʦʛʦ ʜʠʩʧʝʨʩʥʽʩʪʶ, ʘ ʷʢ ʚʽʜʦʤʦ, ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʽʚ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʭ ʯʠʥʥʠʢʽʚ. ɿʤʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʧʝʢʦʤ ï ʮʝ ʣʠʰʝ 

ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ ʩʧʨʠʷʪʣʠʚʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

4. ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʽʮʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʨʽʟʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò ʜʘʻ ʫʷʚʣʝʥʥ ̫ʱʦʜʦ ʟʜʘʪʥʦʩʪ̔ ʧʝʢʫ ʩʧʽʢʘʪʠʩʷ  ̔

ʟʘʧʽʢʘʪʠ ʥʘʧʦʚʥʶʚʘʯ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʘʨ ñʧʝʢ-ʥʘʧʦʚʥʶʚʘʯò, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

5. ʅʘʰʽ ʜʘʥʽ ʟʽ ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʯʽʪʢʦ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʧʝʢʦʚʝ ʟʚôʷʟʫʶʯʝ ʚ ʢʦʤʧʦʟʠʪʘʭ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʥʝ ʫʪʚʦʨʶʻ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʩʢʝʣʝʪ. 
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ʈʆɿɼɯʃ 4. ʉʊɸʊʀʉʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʃɽɾʅʆʉʊɯ 

ɿʄʆʏʋɺɸʃʔʅʆɰ ɿɼɸʊʅʆʉʊɯ ɯ ʉʇɯʂʃʀɺʆʉʊɯ ʂɸʄ'ʗʅʆɺʋɻɯʃʔʅʀʍ 

ʇɽʂɯɺ ɺɯɼ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʏʀʅʅʀʂɯɺ 

ʇʝʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʩʠʨʦʚʠʥʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʷʢʽʩʪʴ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʢʽʚ 

ʟʘʚʞʜʠ ʙʫʣʘ ʥʝʦʜʤʽʥʥʦʶ ʚʠʤʦʛʦʶ ʩʧʦʞʠʚʘʯʽʚ. ʉʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʽʚ ʢʦʢʩʫʚʘʥʥʷ, 

ʟʤʽʥʘ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʯʠʥʥʠʢʠ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ 

ʩʤʦʣʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ 

[114]. 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʝʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ï ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ [115]. ʅʘ ʢʦʨʠʩʪʴ ʮʴʦʛʦ ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʘʪʴ 

ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [116] ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ ʉʊʇ 

ʜʚʘʥʘʜʮʷʪʠ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʪʘ ʈʦʩʽʾ, ʟ ʷʢʠʭ ʚʠʭʦʜʠʪʴ, ʱʦ ʧʝʢʠ ʟ 

ʚʽʜʥʦʩʥʦ ʙʣʠʟʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴʩʷ, ʫ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ, ʟʘ ʽʥʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʎʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʥʘ ʜʫʤʢʫ ʜʝʷʢʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʧʦʷʩʥʶʶʪʴʩʷ ʚʧʣʠʚʦʤ ʩʢʣʘʜʫ ʚʠʩʦʢʦʢʦʥʜʝʥʩʦʚʘʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʫ ʤʘʩʫ ʧʝʢʽʚ, ʘ ʪʘʢʦʞ ʚʤʽʩʪʦʤ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ [3], ʷʢ ̔

ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ ʫ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʂʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʢʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʨʽʟʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʪʘ/ʘʙʦ ʟʤʽʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʨʦʙʢʠ ʩʤʦʣʠ.  

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʝʢʫ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ, ʚʢʣʶʯʘʶʯʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʝʨʝʨʦʙʢʠ ʩʤʦʣʠ [117]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʘ ʧʦʙʫʜʦʚʘ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʱʦ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʯʠʥʥʠʢʽʚ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ (ʢʦʞʥʦʛʦ 

ʯʠʥʥʠʢʘ ʦʢʨʝʤʦ, ʘ ʪʘʢʦʞ ʾʭʥʴʦʛʦ ʩʫʢʫʧʥʦʛʦ ʚʧʣʠʚʫ) ʥʘ ʤʦʜʝʣʴʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʘʙʦ 

ʥʘʙʽʨ ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʟʚ'ʷʟʢʫ ʟʤʽʥʥʦʾ ʷʢ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʯʠʥʥʠʢʽʚ (ʤʥʦʞʠʥʥʘ ʨʝʛʨʝʩʽʷ). 
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ɿʘ ʤʦʜʝʣʴʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʤʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʪʦʚʘʨʥʦʛʦ ʧʝʢʫ ʪʘ ʡʦʛʦ ʩʧʽʢʣʠʚʽʩʪʴ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ MS Excel ʪʘ Origin 

Pro. 

ʏʠʥʥʠʢʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ, ʙʫʣʠ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʷʥʽ ʪʘ ʥʝ 

ʧʝʨʝʙʫʚʘʣʠ ʫ ʩʪʨʦʛʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʟʚ'ʷʟʢʫ. ɺʢʣʶʯʝʥʥʷ ʜʦ ʤʦʜʝʣ ̔ʯʠʥʥʠʢʽʚ ʟ 

ʚʠʩʦʢʦʶ ʚʟʘʻʤʥʦʶ ʢʦʨʝʣʷʮʽʻʶ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʥʝʩʪʽʡʢʽʩʪʴ ʪʘ ʥʝʥʘʜʽʡʥʽʩʪʴ 

ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ [118]. ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʢʫ ʤʘʨʢʠ ɺ (ʪʘʙʣ. 4.1). ʇʨʦʚʦʜʠʚʩʷ ʧʦʰʫʢ ʟʚ'ʷʟʢʫ 

ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʟʘ ʨʝʞʠʤʘʤʠ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ. 

ɹʫʣʦ ʚʽʜʽʙʨʘʥʦ ʪʘʢʽ ʯʠʥʥʠʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʨʝʘʢʪʦʨʽ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʟʦʚʦʾ ʬʘʟʠ ʽ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ. ɿʛʦʜʦʤ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʣʦ 

ʚʠʢʣʶʯʝʥʦ ʷʢ ʯʠʥʥʠʢ ʟ̔ ʟʘʜʘʥʦʶ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ [119, 120]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʙʘʛʘʪʦʯʠʥʥʠʢʦʚʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʣʠ: 

¶ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ r;  

¶ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
; 

¶ ʟʥʘʯʥʽʩʪʴ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ; 

¶ ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ ʪʘ ʨʽʚʥʷʥʥʷ ʟʥʘʯʥʦʩʪʽ; 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʽ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʶ ʟ ʤʦʜʝʣʝʡ ʤʥʦʞʠʥʥʦʾ 

ʨʝʛʨʝʩʽʾ ʻ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ: 

ebbba +++++= pp xxxy '...''' 2211 .      (4.1) 

ɿʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʤʽʩʪʦʤ ʢʦʝʬʽʮʽʻʥʪʠ jb¡ ʫ ʨʽʚʥʷʥʥʽ (4.1) ʜʦʨʽʚʥʶʶʪʴ 

ʯʘʩʪʢʦʚʠʤ ʧʦʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ y ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: 
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ɺʝʣʠʯʠʥʘ Ů ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʧʘʜʢʦʚʫ ʧʦʭʠʙʢʫ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 
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ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ''...,,',' 21 pbbba  ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʚʠʟʥʘʯʠʪʠ 

ʾʭʥ ̔ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʚʠʙʽʨʢʦʶ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʟʘʤʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ (4.1) ʦʮʽʥʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʝ ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

exbxbxbay pp +++++= ...2211  .     (4.2) 

ʊʫʪ pbbba ,...,,, 21
 ï ʦʮʽʥʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʘʙʦ ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʝʛʨʝʩʽʾ, ʝ ï ʦʮʽʥʢʘ ʚʽʜʭʠʣʝʥʥʷ Ů. 

ɼʣ̫ ʪʦʛʦ ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʟʤʽʥʶʚʘʪʠ ʯʠʥʥʠʢʠ ʟʘ ʩʠʣʦʶ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ɺ ʮʴʦʤʫ 

ʧʦʣʷʛʘʻ ʦʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʠʯʘʡʥʦʾ ʨʝʛʨʝʩʽʾ, ʱʦ ʥʝʧʦʨʽʚʥʷʥʥʽ ʤʽʞ ʩʦʙʦʶ [91]: 

ebbb ++++=
pxpxxy tttt 2

21 21       (4.3) 

ʜʝ 
pxxxy tttt ,...,,,

21
 ï ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʟʤʽʥʥʽ 
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y ,1,; =
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=
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=

ss
,     (4.4) 

ʜʣʷ ʷʢʠʭ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 0...
21

=====
pxxxy tttt , ʘ ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ nj
jxty ,1,1 ===ss ; 

ɓj ï ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ.  

ʈʦʟʛʣʷʥʫʪʠʡ ʩʝʥʩ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʚʽʜʩʽʶʚʘʥʥʷ ʯʠʥʥʠʢʽʚ: ʟ ʤʦʜʝʣʽ ʚʠʢʣʶʯʘʶʪʴʩʷ ʯʠʥʥʠʢʠ ʟ 

ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ɓj. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫʚʘʣʠ ʟʚ'ʷʟʦʢ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ 

ʩʧʽʢʣʠʚʦʩʪʽ ʟ ʨʝʞʠʤʘʤʠ ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ ʫ ʢʫʙʽ-ʨʝʘʢʪʦʨʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʝʢʫ ʤʘʨʢʠ ɺ 

ʥʘ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʘʚ ʪʘʢ̔ ʨʝʟʫʣʴʪʘʪʠ. 

ʈʽʚʥʷʥʥʷ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ: 

y = 1,68 + 7,44Ö10
-4
x1-1,84Ö10

-3
x2,         (4.5) 
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ʘ ʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

y
0
 = 0,36x1 -0,212x2.         (4.6) 

ɼʣʷ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʯʠʥʥʠʢʽʚ ʚʨʘʭʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʝ: 

¶ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʦʟʥʘʢʦʶ ʪʘ ʯʠʥʥʠʢʘʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʱʝ 

ʤʽʞʯʠʥʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ; 

¶ ʟʚ'ʷʟʦʢ ʤʽʞ ʯʠʥʥʠʢʘʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 0,7. ʗʢʱʦ ʫ ʤʘʪʨʠʮʽ ʻ 

ʤʽʞʯʠʥʥʠʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ rxjxi > 0,7, ʪʦ ʫ ʜʘʥʽʡ ʤʦʜʝʣʽ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ 

ʽʩʥʫʻ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ; 

¶ ʟʘ ʚʠʩʦʢʠʤ ʤʽʞʯʠʥʥʠʢʦʚʠʤ ʟʚ'ʷʟʢʦʤ ʚʽʜʙʠʨʘʣʠʩʷ ʯʠʥʥʠʢʠ ʟ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʠʤʠ [121]. 

ɿʛʽʜʥʦ ʷʢʽʩʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ (ʟʘ 

ʰʢʘʣʦʶ ʏʝʜʜʦʢʘ [122]), ʷʢʱʦ |r |Ò 0,3 ï ʟʚ'ʷʟʦʢ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ;  

0,3 Ò |r| Ò 0,7 ï ʟʚ'ʷʟʦʢ ʩʝʨʝʜʥʽʡ; 0,7 Ò |r| Ò 0,9 ï ʟʚ'ʷʟʦʢ ʩʠʣʴʥʠʡ; |r| > 0,9 ï ʟʚ'ʷʟʦʢ 

ʜʫʞʝ ʩʠʣʴʥʠʡ. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʧʘʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʙʫʣʠ < 0,7, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʯʠʥʥʠʢʽʚ. ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [121], ʟ ʤʦʜʝʣʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʶʯʠʪʠ ʯʠʥʥʠʢʠ, ʫ ʷʢʠʭ |ryxi| < 0,5. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʫ ʦʟʥʘʢʫ ʥʘʜʘʻ ʬʘʢʪʦʨ x1, 

ʪʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʢʦʾ ʬʘʟʠ ʨʝʘʢʪʦʨʘ (r = 0,41). 

ʅʘ ʧʽʜʩʪʘʚʽ ʯʘʩʪʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʟʤʽʥʥʠʭ ʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ. 

ʂʦʝʬʽʮʽʻʥʪ ʯʘʩʪʢʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʩʪʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʾ 

ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʪʠʤ, ʱʦ ʚʽʥ ʚʠʤʽʨʶʻ ʧʘʨʥʫ ʢʦʨʝʣʷʮʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ʦʟʥʘʢ (y ʪʘ xi) ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʧʣʠʚ ʥʘ ʥʠʭ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ (xj) ʫʩʫʥʫʪʦ. 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʣʝ ʘʙʦ ʚʽʥ ʥʝʟʥʘʯʥʠʡ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʜʘʥʠʤ ʯʠʥʥʠʢʦʤ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʟʤʽʥʥʦʶ ʘʙʦ ʜʫʞʝ ʩʣʘʙʢʠʡ, ʘʙʦ ʟʦʚʩʽʤ 

ʚʽʜʩʫʪʥʽʡ, ʪʦʤʫ ʯʠʥʥʠʢ ʚʠʢʣʶʯʘʣʠ ʟ ʤʦʜʝʣʽ. 

 .     (4.7) 
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ɿ ʦʪʨʠʤʘʥʦʛʦ ʚʠʨʘʟʫ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʪʽʩʥʦʪʘ ʟʚ'ʷʟʢʫ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʢʫ  ̔ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʨʝʘʢʪʦʨʽ ʥʝ ʻ ʩʠʣʴʥʦ .ʁ  

(4.8) 

ʊʽʩʥʦʪʘ ʟʚ'ʷʟʢʫ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʦʚʦʾ ʬʘʟʠ ʫ 

ʨʝʘʢʪʦʨʽ ʥʠʟʴʢʘ. 

 .     (4.9) 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʽʚʥʷʥʥʷ (4.9) ʚʠʭʦʜʠʪʴ, ʱʦ ʤʽʞʯʠʥʥʠʢʦʚʠʡ ʟʚôʷʟʦʢ ʜʫʞʝ 

ʩʣʘʙʢʠʡ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʩʧʽʢʣʠʚʦʩʪʽ 

ʧʝʢʫ  ̔ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʦ  ʁʨʽʜʢʦ ʾ  ̔ʛʘʟʦʚʦʾ ʬʘʟ) (ʪʘʙʣ. 4.1), 

ʷʢ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ, ʥʝ ʽʩʥʫʻ. ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ (4.1) 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʢʘʟʥʠʢ ʩʧʽʢʣʠʚʦʩʪʽ ʚʽʜʦʙʨʘʞʫʻ 

ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ ʻ ʤʽʮʥʽʩʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʥʽʷʢ ʥʝ 

ʧʦʚ'ʷʟʘʥʦʶ (ʘʙʦ ʜʫʞʝ ʩʣʘʙʦ ʧʦʚ'ʷʟʘʥʦʶ) ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʨʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ 

ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʫ.  
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ʊʘʙʣʠʮ ̫4.1 

ʗʢʽʩʥʽ  ̔ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʢʫ ʤʘʨʢʠ ɺ 

ʊʝʤʧʝʨʘʪʫʨʘ t 
ɺʠʪʨʘʪʘ 

ʧʦʚʽʪʨʷ ʫ 

ʢʫʙ̔-

ʨʝʘʢʪʦʨ,̔ 

ʤ
3
/ʛʦʜ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤôʷʢʰʝʥʥʷ 

ʧʝʢʫ tʨʦʟʤ., ϊʉ 

ɺʠʭʽʜ ʣʝʪʢʠʭ 

ʨʝʯʦʚʠʥ, V, 

% 

ɺʠʭʽʜ ʬʨʘʢʮʽʡ, 

% ɺʠʭʽʜ 

ʢʦʢʩʦʚʦʛʦ 

ʟʘʣʠʰʢʫ ʂɿ, 

% 

ɺôʷʟʢʽʩʪʴ, 

ʩʇ 

ɿ
ʤ
ʦ
ʯ
ʫ
ʚ
ʘ
ʣ
ʴ
ʥ
ʘ

 

ʟ
ʜ
ʘ
ʪ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʦ
ʜ
.

 

C
ʧ
ʽ
ʢ
ʣ
ʠ
ʚ
ʽ
ʩ
ʪ
ʴ
,
 
ʄ
ʇ
ʘ

 

ʨ̔ ʜʢʦʾ 

ʬʘʟʠ, 

ϊʉ 

ʛʘʟʦʚʦʾ 

ʬʘʟʠ, 

ϊʉ 
a a1 ɔ 

ʧʨʠ 

155 

ʉ̄ 

ʧʨʠ 

185 

ʉ̄ 

355 338 85 85 53,6 33,2 12 33,5 56,5 2611 360 1,28 1,77 

351 333 85 85,5 54,4 33,7 12 28,7 55,8 2666 350 1,31 1,56 

349 333 85 85 54,8 33,5 11,9 36,4 55 2232 311 1,25 1,05 

348 331 85 85 54,6 33,3 11,6 32,5 55,8 2245 320 1,26 1,79 

348 331 85 85 54,9 32,8 11,5 32 54,6 1964 300 1,46 1,55 

348 331 85 85 56,1 32,2 10,5 29,9 54,2 1955 305 1,34 1,40 

340 322 85 85 56,6 31,4 10,7 29,4 54,1 1897 303 1,36 1,67 

340 322 85 85 53,9 33,5 11,7 33,3 55,5 2630 365 1,31 1,83 
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ʊʘʙʣʠʮʷ 4.2 

ʗʢʽʩʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 

ʊʝʤʧʝʨʘʪʫʨʘ, t ɺʠʪʨʘʪʘ 

ʧʦʚʽʪʨʷ ʫ 

ʢʫʙ̔-

ʨʝʘʢʪʦʨʽ, 

ʤ
3
/ʛʦʜ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤôʷʢʰʝʥʥʷ 

ʧʝʢʫ tʨʦʟʤ., ʉ̄ 

ɺʠʭʽʜ 

ʣʝʪʶʯʠʭ 

ʨʝʯʦʚʠʥ, V, % 

ɺʠʭʽʜ ʬʨʘʢʮʽʡ, 

% 

ɺʠʭʽʜ 

ʢʦʢʩʦʚʦʛʦ 

ʟʘʣʠʰʢʫ ʂɿ, 

% 

ɺôʷʟʢʽʩʪʴ, 

ʩʇ 

ɿ
ʤ
ʦ
ʯ
ʫ
ʚ
ʘ
ʣ
ʴ
ʥ
ʘ
 

ʟ
ʜ
ʘ
ʪ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʦ

ʜ
. 

ʉ
ʧ
ʽ
ʢ
ʣ
ʠ
ʚ
ʽ
ʩ
ʪ
ʴ
,
 
ʄ
ʇ
ʘ

 

ʨ̔ ʜʢʦʾ 

ʬʘʟʠ, ʉ̄ 

ʛʘʟʦʚʦʾ 

ʬʘʟʠ, ʉ̄ 
a a1 ɔ ʧʨʠ 140ʉ̄ 

342 329 56 72 59 28,6 8,5 31,2 50 1250 1,37 1,01 

342 330 55 72 59 27,5 7,5 34 50 1260 1,41 1,30 

348 329 60 72 59 28,2 8,2 36,5 50 1140 1,33 1,23 

358 336 68 72 59 28,8 8,8 30,5 50 1200 1,29 1,05 

342 330 70 72 59 29,8 9,8 37,6 50,6 1280 1,32 1,15 

359 340 95 72 59,01 30 10 37,5 51,5 1310 1,21 1,27 

359 342 103 73 58,3 29,4 9,4 36,5 52,5 1300 1,2 1,20 

352 339 100 72 58,8 29,9 9,8 30,2 52,1 1330 1,23 1,05 

347 342 90 72 58,8 30 10 39 52,24 1320 1,27 1,19 

347 344 103 73,5 58,3 30 10 38,6 52,5 1700 1,2 1,29 

347 343 70 72 58,2 28,6 8,5 32,6 53,3 1440 1,32 1,02 

347 344 96 72 58,3 30 10 34,9 51,8 1650 1,25 1,21 

347 344 100 72 59 29,8 9,85 33,5 51,5 1330 1,21 1,06 

343 339 69 72 58,7 29,6 9,6 32,5 52,8 1120 1,35 1,06 

349 343 113 72 58,6 27,7 10,2 31,9 52,23 1390 1,04 1,24 

348 342 100 72 59 28,7 8,5 38,6 52,3 1300 1,25 1,28 

349 343 95 72 58,9 28 8 35,9 51,2 1300 1,25 1,23 
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ʊʘʢʠʡ ʩʘʤʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ (ʪʘʙʣ. 4.2) ʥʘ ʧʦʢʘʟʥʠʢ  ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1. ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ 

ʦʜʝʨʞʘʥʝ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ  

y = 0,63 + 3,07Ö10
-4
x1-4,8Ö10

-3
x2 ,      (4.10) 

ʘ ʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ 

y
0
 = 0,205x1 - 1,069x2,        (4.11) 

ʜʝ y ï ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ɹ1, ʘ x1 ʪʘ x2, ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ 

ʬʘʟʠ ʫ ʨʝʘʢʪʦʨʽ ʟʘ ʫʤʦʚ ʪʝʨʤʦʦʢʠʩʥʝʥʥʷ ʧʝʢʫ.  

ʗʢ ʙʘʯʠʤʦ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.3 ʢʦʝʬʽʮʽʻʥʪʠ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ rx1 ʠ rx2 ʤʘʶʪʴ ʟʘ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʏʝʜʜʦʢʘ [121] ʩʠʣʴʥʠʡ ʟʚ'ʷʟʦʢ (|r| > 0,7), ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʯʠʥʥʠʢʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ ʟ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʦʧʠʩʫ ʟʚ'ʷʟʢʫ ʜʦʩʠʪʴ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʧʘʨʥʦʾ 

ʢʦʨʝʣʷʮʽʾ. 

ʊʘʙʣʠʮʷ 4.3  

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ r ʜʣʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ɹ1 

- y x1 x2 

y 1 -0,674 -0,901 

x1 -0,674 1 0,822 

x2 -0,901 0,822 1 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ɹ1 ʜʦʙʨʝ 

ʢʦʨʝʣʶʻ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʽʜʢʦʾ ʽ ʛʘʟʦʚʦʾ ʬʘʟ ʫ ʨʝʘʢʪʦʨʽ ʧʽʜ ʯʘʩ ʪʝʨʤʦʦʢʠʩʥʝʥʥʷ 

ʧʝʢʫ, ʪʦ ʙʫʣʦ ʙ ʜʦʩʪʘʪʥʴʦ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʯʠʥʥʠʢʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ɹ1. ʍʦʯʘ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʠʥʥʠʢ ʭ2 ï ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʜʢʦʾ 

ʬʘʟʠ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʚʦʯʠʥʥʠʢʦʚʦʾ ʤʦʜʝʣʽ ɸ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʩʪʘʥʦʚʠʪʴ 2,1 %. ʆʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ï se
2
 = 0,0206, ʥʝʟʤʽʱʝʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ï S

2 
= 

1,47Ŀ10
-3
. ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ S (ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʫ) ʜʦʨʽʚʥʶʻ 0,0383. 
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ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ, ʷʢʠʡ ʦʧʠʩʫʻ ʪʽʩʥʦʪʫ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ 

ʯʠʥʥʠʢʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ, R ʩʢʣʘʚ 0,908, ʘ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ï R 
2
= 0,825.  

ʊʦʙʪʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1  ̔

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʫʙʘ-ʨʝʘʢʪʦʨʘ ʽʩʥʫʻ ʽ, ʩʫʜʷʯʠ ʟ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ, ʫ 82,5 % ʚʠʧʘʜʢʽʚ ʟʤʽʥʘ ʯʠʥʥʠʢʽʚ ʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʦʧʠʩʫ ʟʚ'ʷʟʢʫ ʧʦʢʘʟʥʠʢʘ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʟ ʨʝʞʠʤʘʤʠ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

ʧʘʨʥʠʭ ʢʦʨʝʣʷʮʽʡ,  ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʮʽʻʾ ʤʦʜʝʣʽ. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ) ʪʘʢʝ: 

y = -0,01012 x + 4,6917.         (4.12) 

ʇʦʢʘʟʥʠʢʦʤ ʪʽʩʥʦʪʠ ʟʚ'ʷʟʢʫ ʻ ʚʠʙʽʨʢʦʚʠʡ ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ, ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 .          (4.13) 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʰʢʘʣʦʶ ʏʝʜʜʦʢʘ ʟʚ'ʷʟʦʢ ʻ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤ. 

ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ɸ ʜʦʨʽʚʥʶʻ 3,58 %, ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ -  R
2
= -

0,674
2
 = 0,455. ʊʦʙʪʦ ʚ 45,5 % ʚʠʧʘʜʢʽʚ ʟʤʽʥʘ ʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ y. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ,  ʪʦʯʥʽʩʪʴ ʧʽʜʙʦʨʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ï ʩʝʨʝʜʥʷ. ʈʝʰʪʘ 54,5 % ʟʤʽʥʠ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʧʦʷʩʥʶʻʪʴʩʷ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʥʝ ʻ ʚʨʘʭʦʚʘʥʠʤʠ 

ʫ ʤʦʜʝʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʯʠʥʥʠʢʦʚʘ ʤʦʜʝʣʴ ʥʝ ʻ ʪʦʯʥʦʶ ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨ ʨʽʜʢʦʾ ʽ ʛʘʟʦʚʦʾ ʬʘʟ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʝʢʫ ʤʘʨʢʠ 

ɹ1. 

ʈʦʟʨʘʭʫʥʦʢ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ɹ1 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʢʦʾ  ̔ʛʘʟʦʚʦʾ ʬʘʟ ʚ ʨʝʘʢʪʦʨʽ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

y = 382,42 - 0,89x1 + 0,4x2 ,       (4.14) 

ʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʬʦʨʤʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʚʠʛʣʷʜ  

y
0
 = -0,489x1 + 0,747x2.       (4.15) 

ʄʘʪʨʠʮ ʁʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ R ʥʘʜʘʥʦ ʫ ʪʘʙʣ. 4.4. 
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ʊʘʙʣʠʮʷ 4.4 

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ɹ1 

- y x1 x2 

y 1 0,125 0,345 

x1 0,125 1 0,822 

x2 0,345 0,822 1 

 

ʗʢ ʽ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʯʠʥʥʠʢʘʤʠ x1 ʪʘ x2  ʙʽʣʴʰʝ 0,7, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʯʠʥʥʠʢʽʚ ̔ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ ʟ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʣʘ 6,56 %, ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʜʦʨʽʚʥʶʻ  se
2
 = 

1373,14. ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ y) ï  S= 9,9. ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ ï R = 0,443, ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ ï R
2
 = 0,196. ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʥʘʯʥʠʡ 

ʪʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʥʘʜʽʡʥʝ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʚ'ʷʟʦʢ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ ʪʘ 

ʾʭ ʩʧʽʢʣʠʚʦʩʪʽ ʟʘ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʢʽʚ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣ. 4.1  ̔4.2. 

ɼʣʷ ʧʝʢʫ ʤʘʨʢʠ ɺ ʦʪʨʠʤʘʥʦ ʪʘʢʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʽʜ ʩʝʤʠ ʯʠʥʥʠʢʽʚ V, a, a1, ɔ, ʂʆ, ɖ155 ʪʘ ɖ185: 

y =23,59-0,19x1-0,0992x2+0,0417x3-0,0238x4-0,14x5+2,7e
-5
x6-0,00225x7 . (4.16) 

ʋ ʪʘʙʣ.  4.5 ʥʘʚʝʜʝʥʦ ʤʘʪʨʠʮ ʁʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʫʩʽʭ ʩʝʤʠ 

ʯʠʥʥʠʢʽʚ. ʇʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʯʠʥʥʠʢʽʚ xi , ʷʢ ʽ ʨʘʥʽʰʝ, ʚʨʘʭʦʚʫʚʘʣʠ 

ʪʘʢʝ: 

¶  ʟʚ'ʷʟʦʢ ʤʽʞ ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʦʟʥʘʢʦʶ ̔ ʯʠʥʥʠʢʘʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʱʝ 

ʤʽʞʯʠʥʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ; 

¶  ʟʚ'ʷʟʦʢ ʤʽʞ ʯʠʥʥʠʢʘʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 0,7. ʗʢʱʦ ʫ ʤʘʪʨʠʮʽ ʻ 

ʤʽʞʯʠʥʥʠʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ rxj xi > 0,7, ʪʦ ʚ ʮʽʡ ʤʦʜʝʣʽ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ 

ʽʩʥʫʻ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ, ʪʦʙʪʦ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʯʠʩʣʦ ʯʠʥʥʠʢʽʚ; 
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¶  ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʛʦ ʤʽʞʯʠʥʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʚʽʜʙʠʨʘʣʠ ʯʠʥʥʠʢʠ ʟ 

ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʠʤʠ. 

ʊʘʙʣʠʮʷ 4.5  

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ R 

- y x1 x2 x3 x4 x5 x6 x7 

y 1 0,381 -0,485 -0,412 -0,434 -0,572 -0,53 -0,434 

x1 0,381 1 -0,875 -0,898 -0,499 -0,901 -0,859 -0,801 

x2 -0,485 -0,875 1 0,894 0,484 0,761 0,789 0,621 

x3 -0,412 -0,898 0,894 1 0,517 0,828 0,788 0,633 

x4 -0,434 -0,499 0,484 0,517 1 0,31 0,194 0,119 

x5 -0,572 -0,901 0,761 0,828 0,31 1 0,872 0,811 

x6 -0,53 -0,859 0,789 0,788 0,194 0,872 1 0,957 

x7 -0,434 -0,801 0,621 0,633 0,119 0,811 0,957 1 

 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ rx1x2, rx1x3, rx1x5, rx1x6, rx1x7, rx2x3, rx2x5, rx2x6, rx3x5, rx3x6, rx5x6, 

rx5x7, rx6x7 ʤʘʶʪʴ |r| > 0,7, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʯʠʥʥʠʢʽʚ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʜʝʷʢʠʭ ʽʟ ʥʠʭ ʟ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʨʽʚʥʶʻ 4,74 %.  

ʆʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ se
2
 ʜʦʨʽʚʥʶʻ 0,0315, ʥʝʟʤʽʱʝʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ s

2 
ʩʢʣʘʜʘʻ 

0,0315. 

ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ S (ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʧʽʜ ʯʘʩ 

ʦʮʽʥʶʚʘʥʥʷ Y) ʜʦʨʽʚʥʶʻ 0,18, ʘ ʢʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ R  ̔ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
  

ï 1, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʫ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ. 

ʇʨʦʪʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ. ɿʘ ʧʝʨʰʠʤ ʨʷʜʢʦʤ ʮʽʻʾ ʤʘʪʨʠʮʽ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʽʜʙʽʨ ʯʠʥʥʠʢʦʚʠʭ ʦʟʥʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʤʦʜʝʣ ̔

ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʏʠʥʥʠʢʦʚʽ ʦʟʥʘʢʠ, ʫ ʷʢʠʭ |ryxi| < 0,5, ʟʘʟʚʠʯʘʡ 

ʚʠʢʣʶʯʘʶʪʴ ʟ ʤʦʜʝʣʽ. ʋ ʥʘʰʦʤʫ ʘʥʘʣʽʟʽ ʮʝ ʚʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ V, ʚʤʽʩʪ ʨʝʯʦʚʠʥ, 

ʥʝʨʦʟʯʠʥʥʠʭ ʫ ʪʦʣʫʦʣʽ  ̔ʭʽʥʦʣʽʥʽ (a ʪʘ a1), g ï ʬʨʘʢʮʽʷ ʽ ʚ'ʷʟʢʽʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 185 

Áʉ (ɖ185). 
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ʇʽʩʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ ʤʠ ʧʨʦʚʝʣʠ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ï ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ɺ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʚʦʭ 

ʯʠʥʥʠʢʽʚ, ʘ ʩʘʤʝ ʚʠʭʦʜʫ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʪʘ ʚ'ʷʟʢʦʩʪʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 155 Áʉ 

(ɖ155), ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚʢʣʶʯʝʥʦ ʜʦ ʫ ʢʦʥʪʨʘʢʪʥʠʭ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʘ. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʝ: 

y = 3,39-0,0363x1-2,7
e-5

x2.       (4.17) 

ʋ ʪʘʙʣ. 4.6 ʥʘʜʘʥʦ ʤʘʪʨʠʮʶ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʧʦʢʘʟʥʠʢʘ ɿɿ ʟ̔ 

ʯʠʥʥʠʢʘʤʠ ʂɿ ̔ ɖ155. 

ʊʘʙʣʠʮʷ 4.6 

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ R 

- y x1 x2 

y 1 -0,572 -0,53 

x1 -0,572 1 0,872 

x2 -0,53 0,872 1 

 

ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʣʘ 5,75 %. ʆʩʢʽʣʴʢʠ ʧʦʭʠʙʢʘ ʤʝʥʰʝ 15 %, ʪʦ ʜʘʥʝ 

ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʨʝʛʨʝʩʽʶ [121].  

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
= 0,52 ʧʦʢʘʟʫʻ ʯʘʩʪʢʫ ʚʘʨʽʘʮʽʾ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ, 

ʪʦʙʪʦ ʫ 52 % ʚʠʧʘʜʢʽʚ ʟʤʽʥʘ ʯʠʥʥʠʢʽʚ ʭ ʧʨʠʟʚʦʜʠ ʜʦ ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʢʫ ʤʘʨʢʠ ɺ ï y. 

ʗʢ ʽ ʨʘʥʽʰʝ, ʧʦʚʥʘ ʤʦʜʝʣʴ ʙʽʣʴʰ ʪʦʯʥʘ, ʪʦʤʫ ʱʦ ʟʤʽʥʠ ʯʠʥʥʠʢʽʚ ʫ 100 % 

ʚʠʧʘʜʢʽʚ ʦʧʠʩʫʶʪʴ ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ. 

ʇʦʜʽʙʥʠʡ ʘʥʘʣʽʟ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽ ʥʘ ʧʦʢʘʟʥʠʢ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʧʝʢʫ ʤʘʨʢʠ ɹ1. ʊʘʢʦʞ ʩʧʦʯʘʪʢʫ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ɿɿ ʚʽʜ ʫʩʽʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʧʝʢʫ, ʘ ʩʘʤʝ V, a, a1, ɔ, ʂʆ ʪʘ ɖ155. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʨʽʚʥʶʻ 

y = 5,79-0,0745x1 +0,0818x2-0,11x3-0,00258x4-0,0241x5-0,000162x6 .  (4.18) 
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ʄʘʪʨʠʮ ʁʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.7. 

 

ʊʘʙʣʠʮʷ 4.7 

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ R 

- Y x1 x2  x3 x4 x5 x6 

y 1 0,308 -0,134 -0,625 -0,0805 -0,452 -0,419 

x1 0,308 1 -0,212 -0,315 -0,0233 -0,705 -0,685 

x2 -0,134 -0,212 1 0,751 0,278 0,369 0,332 

x3 -0,625 -0,315 0,751 1 0,114 0,476 0,413 

x4 -0,080 -0,0233 0,278 0,114 1 0,145 0,228 

x5 -0,452 -0,705 0,369 0,476 0,145 1 0,428 

x6 -0,419 -0,685 0,332 0,413 0,228 0,428 1 

 

ɺʽʜʙʠʨʘʣʠ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʯʠʥʥʠʢʠ xi, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʦʟʥʘʢʦʶ  ̔ʯʠʥʥʠʢʦʚʦʶ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʱʝ ʤʽʞʯʠʥʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, 

ʤʦʞʣʠʚʦʾ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʯʠʥʥʠʢʽʚ ʪʘ ʽʥ. 

ɸʥʘʣʽʟ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʮʽʻʾ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʽʜʙʽʨ ʯʠʥʥʠʢʦʚʠʭ ʦʟʥʘʢ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʤʦʜʝʣʽ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʗʢʱʦ 

ʚʠʢʣʶʯʠʪʠ ʯʠʥʥʠʢʦʚʽ ʦʟʥʘʢʠ, ʫ ʷʢʠʭ |ryxi| < 0,5, ʪʦ ʫ ʥʘʩ ʟʘʣʠʰʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ 

ʯʠʥʥʠʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʽʡ ʫʤʦʚʽ, ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʬʨʘʢʮʽʾ, ʥʝʨʦʟʯʠʥʥʦʾ ʫ ʭʽʥʦʣʽʥʽ 

(a1), ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʷʢʦʾ ʽʟ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʝʢʫ ʩʢʣʘʚ 0,625. ɿʚ'ʷʟʦʢ 

ʤʽʞ ɿɿ ʪʘ a1 ̒  ʩʫʪʪʻʚʠʤ ʪʽ ʟʚʦʨʦʪʥʠʤ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʣʘ 2,82 %. ɼʠʩʧʝʨʩʽʷ s
2
 ï 3,07Ŀ10

-3
, ʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ S ï 0,055. 

ʄʥʦʞʠʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ (ʽʥʜʝʢʩ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ) ʩʢʣʘʚ 

0,859, ʘ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ï 0,738, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʡʞʝ ʫ 74 % 

ʚʠʧʘʜʢʽʚ ʟʤʽʥʘ ʯʠʥʥʠʢʽʚ ɢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ 

ʤʘʨʢʠ ɺ ï y.  
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ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʝʢʫ ʪʘ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 

ʬʨʘʢʮʽʾ, ʥʝʨʦʟʯʠʥʥʦʾ ʫ ʭʽʥʦʣʽʥʽ (a1), ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

y = -0,06212 x + 1,8371 .       (4.19) 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ, ï 0,625, ʪʦʙʪʦ 

ʟʚôʷʟʦʢ ʻ ʧʦʤʽʪʥʠʤ ʽ ʟʚʦʨʦʪʥʠʤ. 

ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʣʘ 3,86 %, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʙʨʠʡ ʧʽʜʙʨ̔ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʜʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ ʚʽʜ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ɼʣʷ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʦʚʥʦʯʠʥʥʠʢʦʚʫ 

ʤʦʜʝʣʴ. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʪʘʢʝ: 

y = -16961,83+123,99x1+129,86x2+143,32x3-7,62x4+63,41x5-1,13x6+11,33x7  (4.20) 

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʤʦʜʝʣʷʭ, ʤʠ ʢʝʨʫʚʘʣʠʩʷ ʧʨʘʚʠʣʘʤʠ, ʱʦ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʦʟʥʘʢʦʶ ʽ ʯʠʥʥʠʢʦʚʦʶ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʠʱʝ ʤʽʞʯʠʥʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ; 

ʘ ʧʨʠ ʚʠʩʦʢʦʤʫ ʤʽʞʯʠʥʥʠʢʦʚʦʤʫ ʟʚ'ʷʟʢʫ ʚʽʜʙʠʨʘʶʪʴʩʷ ʬʘʢʪʦʨʠ ʟ ʤʝʥʰʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʠʤʠ ʪʘʙʣ.4.8. 

ʊʘʙʣʠʮʷ 4.8 

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ 

- y x1 x2 x3 x4 x5 x6 x7 

y 1 -0,304 -0,0268 0,0545 -0,319 0,418 0,34 0,514 

X1 -0,304 1 -0,875 -0,898 -0,499 -0,901 -0,859 -0,801 

X2 -0,0268 -0,875 1 0,894 0,484 0,761 0,789 0,621 

X3 0,0545 -0,898 0,894 1 0,517 0,828 0,788 0,633 

X4 -0,319 -0,499 0,484 0,517 1 0,31 0,194 0,119 

X5 0,418 -0,901 0,761 0,828 0,31 1 0,872 0,811 

X6 0,34 -0,859 0,789 0,788 0,194 0,872 1 0,957 

X7 0,514 -0,801 0,621 0,633 0,119 0,811 0,957 1 
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ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ rx1x2, rx1x3, rx1x5, rx1x6, rx1x7, rx2x3, rx2x5, rx2x6, rx3x5, rx3x6, rx5x6, 

rx5x7, rx6x7 ʤʘʶʪʴ  |r| > 0,7, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʯʠʥʥʠʢʽʚ ̔ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʠʭ ʟ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ.  

ɸʥʘʣʽʟ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʮʽʻʾ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʽʜʙʽʨ ʯʠʥʥʠʢʦʚʠʭ ʦʟʥʘʢ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʤʦʜʝʣʽ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʏʠʥʥʠʢʦʚʽ 

ʦʟʥʘʢʠ, ʫ ʷʢʠʭ |ryxi| < 0,5 ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʣʶʯʘʪʠ ʟ ʤʦʜʝʣʽ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʣʘ 6,31Ö10
-3
 %, ʥʝʟʤʽʱʝʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ 

s
2
 ʜʦʨʽʚʥʶʻ 7,73Ö10

-4
, ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʦʮʽʥʢʠ ʩʧʽʢʣʠʚʦʩʪʽ ʟʘ ʨʽʚʥʷʥʥʷʤ (4.20) S ï 

0,0278. ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ ï R = 1, ʪʦʙʪʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʫʞʝ ʜʦʙʨʝ 

ʦʧʠʩʫʻ ʬʘʢʪʠʯʥʽ ʜʘʥʽ, ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʢʫ 

ʩʠʣʴʥʠʡ. ʆʩʢʽʣʴʢʠ ʽ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R 
2
= 1, ʪʦ ʥʝ ʽʩʥʫʻ ʥʝʚʨʘʭʦʚʘʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʟʜʘʪʥʠʭ ʚʧʣʠʚʘʪʠ ʥʘ ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʫ ʤʘʨʢʠ ɺ. 

ʇʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʤʦʜʝʣʽ ʯʠʥʥʠʢʽʚ, ʫ ʷʢʠʭ |ryxi| < 0,5, ʟʘʣʠʰʠʚʩʷ ʚʩʴʦʛʦ ʦʜʠʥ 

ʯʠʥʥʠʢ, ʷʢʠʡ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ, ï ʚ'ʷʟʢʽʩʪʴ ʧʝʢʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 185 Áʉ. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʚʠʛʣʷʜ 

y = 0,487 x -1,2536.       (4.21) 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʧʦʢʘʟʥʠʢ ʪʽʩʥʦʪʠ ʟʚ'ʷʟʢʫ. ʊʘʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʚʠʙʽʨʢʦʚʠʡ 

ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 0,514. 

 = 0,514.      (4.22) 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʚ'ʷʟʦʢ ʤʽʞ ʦʟʥʘʢʦʶ y ï ʯʠʥʥʠʢʦʤ  ʪʘ x  ̒ ʧʦʤʽʪʥʠʤ ʽ 

ʧʨʷʤʠʤ. 

ʂʦʝʬʽʮʽʻʥʪ b ʫ ʨʽʚʥʷʥʥʽ (4.22), ʱʦ ʜʦʨʽʚʥʶʻ 0,49, ʧʦʢʘʟʫʻ ʩʝʨʝʜʥʶ ʟʤʽʥʫ 

ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɺ ʟʘ ʧʽʜʚʠʱʝʥʥʷʤ ʘʙʦ ʧʦʥʠʞʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʯʠʥʥʠʢʘ ʭ 

(ʚ'ʷʟʢʦʩʪʽ ʧʝʢʫ ʧʨʠ 185 Áʉ) ʥʘ ʦʜʠʥʠʮʶ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʚ'ʷʟʢʦʩʪʽ ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʫ y ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 0,49. 
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ʂʦʝʬʽʮʽʻʥʪ a ʫ ʨʽʚʥʷʥʥʽ (4.21), ʱʦ ʜʦʨʽʚʥʶʻ -1,25, ʬʦʨʤʘʣʴʥʦ ʧʦʢʘʟʫʻ 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʽʚʝʥʴ ʫ, ʘʣʝ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʭ = 0 ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʨʷʜ ʟ 

ʚʠʙʽʨʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʚʽʜ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɼʣʷ ʧʦʢʘʟʥʠʢʘ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʦʚʥʦʯʠʥʥʠʢʦʚʫ 

ʤʦʜʝʣʴ ʪʘʙʣ. 4.9. 

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

y = 1,18 + 3,97x1-8,25x2 + 4,2x3 + 2,78x4- 0,78x5 + 0,0203x6  . (4.23) 

ʊʘʙʣʠʮʷ 4.9 

ʄʘʪʨʠʮʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ 

- y x1 x2 x3 x4 x5 x6 

y 1 -0,00927 -0,176 -0,0408 0,699 -0,015 0,276 

x1 -0,00927 1 -0,212 -0,315 -0,0233 -0,705 -0,685 

x2 -0,176 -0,212 1 0,751 0.,278 0,369 0,332 

x3 -0,0408 -0,315 0,751 1 0,114 0,476 0,413 

x4 0,99 -0,0233 0,278 0,114 1 0,145 0,228 

x5 -0,015 -0,705 0,369 0,476 0,145 1 0,428 

x6 0,276 -0,685 0,332 0,413 0,228 0,428 1 

 

ɸʥʘʣʽʟ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʮʽʻʾ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʽʜʙʽʨ ʯʠʥʥʠʢʦʚʠʭ ʦʟʥʘʢ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʤʦʜʝʣ ̔ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʯʠʥʥʠʢʦʚʽ 

ʦʟʥʘʢʠ, ʫ ʷʢʠʭ |ryxi| < 0,5,| ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʟ ʤʦʜʝʣʽ. 

ʉʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʦʨʽʚʥʶʻ 3,53 %, ʥʝʟʤʽʱʝʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ s
2
 

ï 42,11. ʆʮʽʥʢʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ Y) ʩʢʣʘʣʘ 6,49. ɹʘʛʘʪʦʯʠʥʥʠʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ï 0,868, ʘ 

ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ï 0,735. 

ʇʽʩʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʤʦʜʝʣʽ ʯʠʥʥʠʢʽʚ, ʫ ʷʢʠʭ |ryxi| < 0,5|, ʟʘʣʠʰʠʚʩʷ ʚʩʴʦʛʦ ʦʜʠʥ 

ʯʠʥʥʠʢ, ʷʢʠʡ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ, ï ʚʤʽʩʪ g-ʬʨʘʢʮʽʾ 

(ʥʝʨʦʟʯʠʥʥʽ ʨʝʯʦʚʠʥʠ ʚ ʽʟʦʦʢʪʘʥʽ). ʆʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 
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y = 2,4246 x + 32,254.        (4.24) 

ʈʦʟʛʣʷʜʘʻʤʦ ʧʦʢʘʟʥʠʢ ʪʽʩʥʦʪʠ ʟʚ'ʷʟʢʫ. ʊʘʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʚʠʙʽʨʢʦʚʠʡ 

ʣʽʥʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

.      (4.25) 

ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ ʤʝʞʘʭ 5-7 % ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʙʨʠʡ ʧʽʜʙʽʨ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʜʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ ʩʢʣʘʣʘ 4,9 %, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʬʘʢʪʠʯʥʠʭ ʥʘ 4,9 % [111]. 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ʟ ʬʦʨʤʫʣʠ (4.25) ʜʦʨʽʚʥʶʻ 0,489, ʪʦʙʪʦ ʫ 48,91% 

ʚʠʧʘʜʢʽʚ ʟʤʽʥʠ ʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ y. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʪʦʯʥʽʩʪʴ ʧʽʜʙʦʨʫ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ï ʩʝʨʝʜʥʷ. ʈʝʰʪʘ 51,09 % ʟʤʽʥʠ ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʫ ʤʘʨʢʠ ɹ1 ʧʦʷʩʥʶʻʪʴʩʷ 

ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʘʥʦ ʚ ʤʦʜʝʣʽ (ʘ ʪʘʢʦʞ ʧʦʭʠʙʢʘʤʠ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ ʨʽʚʥʷʥʥʷ (4.23) ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

(ʪʘʙʣ. 4.2) ʚʚʝʣʠ ʜʦʜʘʪʢʦʚʽ ʟʤʽʥʥʽ, ʘ ʩʘʤʝ: ʚʟʘʻʤʦʜʽʶ ʬʘʢʪʦʨʽʚ ʭ1ʭ2, ʭ1ʭ3 ʽ ʭ1ʭ4. ʂʨʽʤ 

ʪʦʛʦ, ʧʨʠʧʫʩʪʠʣʠ ʥʘʷʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʨʽʚʥʷʥʥʷ 

ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ. ʆʪʨʠʤʘʥʽ ʤʘʪʨʠʮʽ (ʪʘʙʣ. 4.9 ʽ ʪʘʙʣ. 4.10) ʦʙʨʦʙʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Excel ʚʙʫʜʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ çʃɯʅɭʁʅè. 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ ʭ1 ... .ʭ6 ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0,91: 

y=10,44016 - 2Ĭ10
-17
Ĭ x1

10 
- 3,5Ĭ10

11
Ĭ x2

-8 
+ 0,024866Ĭ x3

2 
- 2,86573Ĭ x4  + 

1,1Ĭ10
101
Ĭ x5

-60 
+ 1,62Ĭ10

8
Ĭ x6

-3 
- 6Ĭ10

-154
Ĭ (x1Ĭ x2)

47 
+ 661690,3Ĭ (x1Ĭ x3)

-2 
+ 0,037619Ĭ( 

x1Ĭ x4)
1,03 

ʊʠʤ ʩʘʤʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ 

 ʭ1 ... ʭ6 ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0,924: 

y=198,9432 + 0,000762Ĭ x1
3
 + 0,291196Ĭ x2

2
 - 5,05851Ĭ10

-5
Ĭ x3

5
 - 0,70148Ĭx4 + 

0,025669Ĭx5 + 0,000196Ĭx6  - 1,59938Ĭ(x1Ĭ x2)
0,8

 + 0,029849Ĭ(x1Ĭx3) + 

0,029459Ĭ(x1Ĭx4)
0,9 

 



 

ʊʘʙʣʠʮʷ 4.10 

ʄʘʪʨʠʮʷ ʦʪʨʠʤʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʟʤʦʯʫʚʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ ʭ1é.ʭ6 

x1 x2 x3 x4 x5 x6 ʭ1ʭ2 ʭ1ʭ3 ʭ1ʭ4 ʫ 

5,11E+17 2,23E-12 72,25 31,2 1,2E-102 5,12E-10 4,8E+151 3,98E-06 2306,518 1,37 

5,11E+17 3,06E-12 56,25 34 1,2E-102 4,999E-10 7,6E+150 5,11E-06 2520,002 1,41 

5,11E+17 2,5E-12 67,24 36,5 1,2E-102 6,75E-10 2,5E+151 4,27E-06 2711,061 1,33 

5,11E+17 2,11E-12 77,44 30,5 1,2E-102 5,787E-10 6,6E+151 3,71E-06 2253,235 1,29 

5,11E+17 1,61E-12 96,04 37,6 5,6E-103 4,768E-10 3,3E+152 2,99E-06 2795,253 1,32 

5,12E+17 1,52E-12 100 37,5 2E-103 4,448E-10 4,6E+152 2,87E-06 2788,082 1,21 

4,54E+17 1,79E-12 88,36 36,5 6,2E-104 4,552E-10 1E+152 3,33E-06 2677,936 1,2 

4,94E+17 1,57E-12 96,04 30,2 9,8E-104 4,251E-10 3,3E+152 3,01E-06 2222,623 1,23 

4,94E+17 1,52E-12 100 39 8,3E-104 4,348E-10 3,8E+152 2,89E-06 2892,379 1,27 

4,54E+17 1,52E-12 100 38,6 6,2E-104 2,035E-10 2,6E+152 2,94E-06 2836,766 1,2 

4,46E+17 2,23E-12 72,25 32,6 2,5E-104 3,349E-10 2,5E+151 4,09E-06 2379,495 1,32 

4,54E+17 1,52E-12 100 34,9 1,4E-103 2,226E-10 2,6E+152 2,94E-06 2557,106 1,25 

5,11E+17 1,61E-12 97,0225 33,5 2E-103 4,251E-10 3,3E+152 2,96E-06 2481,84 1,21 

4,86E+17 1,7E-12 92,16 32,5 4,4E-104 7,118E-10 1,9E+152 3,15E-06 2392,969 1,35 

4,78E+17 2,89E-12 104,04 31,9 8,4E-104 3,724E-10 7,7E+150 2,8E-06 2343,36 1,04 

5,11E+17 2,17E-12 72,25 38,6 7,8E-104 4,552E-10 5,6E+151 3,98E-06 2871,855 1,25 

5,03E+17 2,65E-12 64 35,9 2,8E-103 4,552E-10 1,6E+151 4,5E-06 2660,517 1,25 

 

 

 



 

ʊʘʙʣʠʮʷ 4.11 

ʄʘʪʨʠʮʷ ʦʪʨʠʤʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʽʚ ʭ1é.ʭ6 

X1 X2 X3 X4 X5 X6 ʍ1ʍ2 ʍ1ʍ3 ʍ1ʍ4 Y 

205379 817,96 44370,53 31,2 50 1250 381,7459479 501,5 867,9725 1,01 

205379 756,25 23730,47 34 50 1260 369,9540315 442,5 937,7732 1,3 

205379 795,24 37073,98 36,5 50 1140 377,468657 483,8 999,6095 1,23 

205379 829,44 52773,19 30,5 50 1200 383,8801002 519,2 850,4263 1,05 

205379 888,04 90392,08 37,6 50,6 1280 394,5069155 578,2 1026,682 1,15 

205483,4 900 100000 37,5 51,5 1310 396,6774342 590,1 1024,38 1,27 

198155,3 864,36 73390,4 36,5 52,5 1300 386,5562577 548,02 988,9294 1,2 

203297,5 894,01 90392,08 30,2 52,1 1330 394,492555 576,24 840,3222 1,05 

203297,5 900 100000 39 52,24 1320 395,547701 588 1057,786 1,19 

198155,3 900 100000 38,6 52,5 1700 392,8546044 583 1039,993 1,29 

197137,4 817,96 44370,53 32,6 53,3 1440 377,5993293 494,7 891,9213 1,02 

198155,3 900 100000 34,9 51,8 1650 392,8546044 583 949,8272 1,21 

205379 888,04 92721,65 33,5 51,5 1330 394,5069155 581,15 925,3524 1,06 

202262 876,16 81537,27 32,5 52,8 1120 390,790367 563,52 896,3329 1,06 

201230,1 767,29 110408,1 31,9 52,23 1390 370,0853623 597,72 880,0746 1,24 

205379 823,69 44370,53 38,6 52,3 1300 382,8133958 501,5 1051,224 1,28 

204336,5 784 32768 35,9 51,2 1300 374,8164654 471,2 983,3062 1,23 
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ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʚʠʧʘʜʢʘʭ, ʧʦʚʥʦʯʠʥʥʠʢʦʚʘ ʤʦʜʝʣʴ ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʦʶ. 

ʇʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ 

ʤʘʨʦʢ ɹ1 ʪʘ ɺ ʟ ʾʭʥʴʦʶ ʩʧʽʢʣʠʚʽʩʪʶ ʚʠʷʚʠʣʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʮʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ʊʘʢ, ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ r ʤʽʞ ʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʢʣʘʣʠ ʚʩʴʦʛʦ 

0,09 ʽ 0,28 ʚʽʜʧʦʚʽʜʥʦ.  
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ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 4 

1. ʆʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʚ'ʷʟʢʫ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʩʪʽ ʧʝʢʽʚ ʤʘʨʦʢ ɹ1 ʪʘ ɺ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʫʙʘ-

ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʦʪʨʠʤʘʥʠʭ ʧʝʢʽʚ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʥʦʯʠʥʥʠʢʦʚʽ ʤʦʜʝʣʽ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʦʧʠʩʫʶʪʴ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʬʘʢʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʝʢʽʚ ʪʘ ʾʭʥʴʦʶ 

ʩʧʽʢʣʠʚʽʩʪʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʤʽʞ ʯʠʥʥʠʢʘʤʠ. 

3. ʄʘʶʯʠ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ, ʪʝʭʥʽʯʥʽ ʘʙʦ ʷʢʽʩʥʽ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʫ ʟʘʣʝʞʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʠʩʪʠʣʷʮʽʾ ʩʤʦʣʠ ʪʘ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʧʝʢʫ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ, ʯʽʪʢʦ ʢʦʨʠʛʫʶʯʠʭ ʷʢʽʩʪʴ ʚʠʣʫʯʝʥʦʛʦ 

ʧʝʢʫ. 
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ʈʆɿɼɯʃ 5. ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅɯ ɿɸʉɸɼʀ ʆʇʊʀʄɯɿɸʎɯɰ ʉʇɯʂɸʅʅʗ 

ʂɸʄôʗʅʆɺʋɻɯʃʔʅʀʍ ʇɽʂɯɺ ɿ ɽʃɽʂʊʈʆɼʅʀʄʀ ʅɸʇʆɺʅʖɺɸʏɸʄʀ 

 

5.1. ɺʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʟ ʤʝʪʦʶ ʚʧʣʠʚʫ 

ʥʘ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʩʪʽ 

ʋ ʚʠʧʘʜʢʘʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʟ̔ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʟʦʢʨʝʤʘ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʤʝʪʦʶ ʤʦʞʣʠʚʦʩʪʽ ʜʦʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦ ʢʦʥʪʨʘʢʪʥʠʭ ʚʠʤʦʛ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ. 

ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʧʦʢʘʟʥʠʢʠ ʜʦ ʟʤʽʥʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪ̔ ï ʮʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ  ̔ ʪʝʢʫʯʽʩʪʴ. ʄʦʜʠʬʽʢʘʮʽʶ ʧʝʢʫ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʜʠʩʪʠʣʷʮʽʾ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʚʣʘʩʥʦʤʫ 

ʢʦʢʩʦʭʽʤʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʟʜʝʰʝʚʣʶʻ ʧʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ [123, 124]. 

ʄʦʜʠʬ̔ʢʘʪʦʨʠ ʦʙʨʘʥʦ ʧʨʦʜʫʢʪʠ ʚʣʘʩʥʦʛʦ ʢʦʢʩʦʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ 

ʩʘʤʝ ʘʥʪʨʘʮʝʥʦʚʫ ʪʘ ʧʦʛʣʠʥʘʣʴʥʫ ʬʨʘʢʮʽʾ, ʷʢʽ ʚʞʝ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ [125], ʘ 

ʪʘʢʦʞ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʘʥʪʨʘʮʝʥ ʪʘ ʭʨʽʟʝʥ. ʋ ʭʦʜʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʜʢʽ 

ʤʦʜʠʬʽʢʘʪʦʨʠ ʜʦʜʘʚʘʣʠ ʜʦ ʧʝʢʫ ʫ ʢʽʣʴʢʦʩʪʽ 2  ̔5%. ʇʦʛʣʠʥʘʣʴʥʫ ʪʘ ʘʥʪʨʘʮʝʥʦʚʫ 

ʬʨʘʢʮʽʾ ʚʥʦʩʠʣʠ ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʰʘʨ ʥʘʚʘʞʢʠ ʧʦʜʨʽʙʥʝʥʦʛʦ ʧʝʢʫ, ʧʽʩʣʷ ʯʦʛʦ ʟʚʝʨʭʫ 

ʟʘʩʠʧʘʣʠ ʽʥʰʫ ʧʦʣʦʚʠʥʫ ʥʘʚʘʞʢʠ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʚʥʦʩʠʣʠ ʫ ʧʦʜʨʽʙʥʝʥʠʡ (Ò 1 ʤʤ) ʧʝʢ ʫ ʚʠʛʣʷʜʽ 

ʧʦʨʦʰʢʫ, ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʯʠ ʩʫʤʽʰ ʢʚʘʨʪʫʚʘʥʥʷʤ. ʇʨʠʢʨʠʪʫ ʧʦʩʫʜʠʥʫ ʟ 

ʩʫʤʽʰʰʶ ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬ̔, ʨʦʟʽʛʨʽʪʽʡ ʜʦ 170 Áʉ,  ̔ʚʠʪʨʠʤʫʚʘʣʠ 20 ʭʚ. 

ʇʦʩʫʜʠʥʠ ʟ̔ ʩʫʤʽʰʰʶ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʧʽʜʩʪʘʚʢʫ, ʱʦʙ ʥʝ ʙʫʣʦ ʜʦʪʠʢʫ ʜʦ ʧʦʚʝʨʭʥʽ 

ʥʘʛʨʽʚʘʯʘ. ʇʽʩʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʝʢʫ, ʨʦʟʧʣʘʚ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ, ʧʨʠʢʨʠʚʘʣʠ 

ʢʨʠʰʢʦʶ  ̔ ʟʘʣʠʰʘʣʠ ʚʠʩʪʠʛʘʪʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʠʥʘʣʴʥʦʾ ʪʘ ʘʥʪʨʘʮʝʥʦʚʦʾ 

ʬʨʘʢʮʽʡ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ.. 5.1, ʘ ʩʢʣʘʜʠ ʮʠʭ ʬʨʘʢʮʽʡ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ.. 5.2 ʽ 5.3. 
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ʊʘʙʣʠʮʷ 5.1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʌ ʽ ʩʫʤʽʰʽ ɸʌ 

ʇʦʢʘʟʥʠʢʠ ɸʌ (ʧʝʨʰʘ ï 70 %, ʜʨʫʛʘ ï 30 %) ʇʌ 

1 2 3 

ɻʫʩʪʠʥʘ d20, ʢʛ/ʤ
3
 1135 1065 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ, %:   

1 2 3 

   

Ŭ-ʬʨʘʢʮʽʾ 0,1 0,05 

ɓ-ʬʨʘʢʮʽʾ 0,4 - 

ɔ-ʬʨʘʢʮʽʾ 99,5 - 

 

ʊʘʙʣʠʮʷ 5.2 

ʉʢʣʘʜ ʧʦʛʣʠʥʘʣʴʥʦʾ ʬʨʘʢʮʽʾ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʫ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, % (ʟʘ 

ʜʘʥʠʤʠ ʋʍɯʅʫ) 

ʂʦʥʮʝʥʪʨʘʮʽʷ, % (ʟʘ 

ʜʘʥʠʤʠ ʩʪʘʪʪʽ [125]) 

ʙʝʥʟʦʣ 0,022 

0,18-0,39 

ʪʦʣʫʦʣ 0,06 

ʵʪʠʣʙʝʥʟʦʣ 0,0055 

ʤ+ʧ-ʢʩʠʣʦʣ 0,028 

ʦ-ʢʩʠʣʦʣ 0,007 

ʽʥʜʝʥ 0,22 0,19-0,26 

ʥʘʬʪʘʣʽʥ 17,6 17,54-20,84 

ʪʽʦʥʘʬʪʝʥ 0,58 1,37-1,83 

a-ʤʝʪʠʣʥʘʬʪʘʣʽʥ 3,89 
9,39-11,78 

b-ʤʝʪʠʣʥʘʬʪʘʣʽʥ 6,18 

ʜʠʬʝʥʽʣ 11,7 7,67-9,18 

ʘʮʝʥʘʬʪʝʥ 13,5 11,15-14,28 

ʜʠʬʝʥʽʣʝʥʦʢʩʠʜ 8,1 8-8,92 

ʬʣʫʦʨʝʥ + ʽʥʜʦʣ 7,2 10,35-11,44 

ʬʝʥʘʥʪʨʝʥ+ʘʥʪʨʘʮʝʥ 0,017 7-9,26 

 

ɿ ʪʘʙʣ. 5.4 ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʤʽʰʦʢ 

ʻ ʚ'ʷʟʢʽʩʪʴ ʟʘ ɹʨʫʢʬʽʣʴʜʦʤ ʧʨʠ 170 Áʉ. ʊʘʢ, ʜʦʜʘʚʘʥʥʷ 2 % ɸʌ ʪʘ ʇʌ ʟʥʠʞʫʶʪʴ 

ʚ'ʷʟʢʽʩʪʴ ʥʘ 30,7 % ʽ 56,1 % ʚʽʜʧʦʚʽʜʥʦ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʢʠ ʜʦ 5 % ʟʥʠʞʫʻ 

ʚ'ʷʟʢʽʩʪʴ ʧʝʢʽʚ ʥʘ 53,5 % ɸʌ ʽ ʥʘ 68,7 % ʇʌ. 
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ʊʘʙʣʠʮʷ 5.3 
ʉʢʣʘʜ ʘʥʪʨʘʮʝʥʦʚʦʾ ʬʨʘʢʮʽʾ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 
ʢʦʤʧʦʥʝʥʪʫ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, % (ʟʘ 
ʜʘʥʠʤʠ ʋʍɯʅʫ)  

ʂʦʥʮʝʥʪʨʘʮʽʷ, % (ʟʘ 
ʜʘʥʠʤʠ ʩʪʘʪʪʽ [125]) 

ʙʝʥʟʦʣ 0,06 - 

ʪʦʣʫʦʣ 0,2 - 

ʵʪʠʣʙʝʥʟʦʣ 0,016 - 

ʤ+ʧ-ʢʩʽʣʦʣ 0,063 - 

ʦ-ʢʩʽʣʦʣ 0,014 - 

ʽʥʜʝʥ 0,17 - 

ʥʘʬʪʘʣʽʥ 6,13 5,35-8,36 

ʪʽʦʥʘʬʪʝʥ 0,22 0,69-1,32 

a-ʤʝʪʠʣʥʘʬʪʘʣʽʥ 0,43 
3,07-3,72 

b-ʤʝʪʠʣʥʘʬʪʘʣʽʥ 0,79 

ʘʮʝʥʘʬʪʝʥ 2,54 2,58-3,67 

ʜʠʬʝʥʽʣʝʥʦʢʩʠʜ 2,49 2,93-3,6 

ʬʣʫʦʨʝʥ + ʽʥʜʦʣ 3,69 2,85-5,49 

ʬʝʥʘʥʪʨʝʥ+ʘʥʪʨʘʮʝʥ 18,5 22,47-32,31 

ʢʘʨʙʘʟʦʣ 5,67 18,00-22,86 

 

ʊʘʙʣʠʮʷ 5.4 
 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʭ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ  

ʇʦʢʘʟʥʠʢ 

ʇʨʦʙʘ 1 ʇʨʦʙʘ 2 

ɺ
ʠ
ʭ
ʽ
ʜ

ʥ
ʽ
 

ʭ
ʘ
ʨ
ʘ
ʢ
ʪ
ʝ
ʨ
ʠ
ʩ
ʪ
ʠ

ʢ
ʠ 

ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʤʦʜʠʬʽʢʘʪʦʨʫ 

ɺ
ʠ
ʭ
ʽ
ʜ
ʥ
ʽ
 

ʭ
ʘ
ʨ
ʘ
ʢ
ʪ
ʝ
ʨ
ʠ
ʩ
ʪ
ʠ

ʢ
ʠ
 

ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʤʦʜʠʬʽʢʘʪʦʨʫ 

ɸʌ ʇʌ 

2% 5% 2% 5% 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤôʷʢʰʝʥʥʷ, C̄ 
85,5 

83,5 
-2,3* 

78 
-8,8 

84,5 
82 

-3,0 
75,5 
-10,6 

ɺôʷʟʢʽʩʪʴ ʟʘ ɹʨʫʢʬʽʣʴʜʦʤ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 170
 
ʉ̄, 

ʇʘĿʩ 

1,14 
0,79 
-30,7 

0,50 
-56,1 

0,99 
0,46 
-53,5 

0,31 
-68,7 

ʂʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ, % 57 
56,4 
-1,0 

56,0 
-1,8 

56 
54 

-3,6 
53 

-5,4 

ʃʝʪʶʯʽ ʨʝʯʦʚʠʥʠ, % 53,2 
54 
1,5 

55,3 
4,0 

55,2 
56 
1,4 

55,8 
1,1 

ʉʧʽʢʣʠʚʽʩʪʴ, ʄʇʘ 1,57 
152 
-3,5 

124 
-21,3 

1,4 
135 
-3,6 

120 
-14,3 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʦʜ. 1,05 
1,03 
-1,2 

1,08 
-1,25 

1,00 
1,15 
15,0 

1,14 
14,0 

*  ʪʫʪ ʽ ʥʘʜʘʣʽ ʫ ʟʥʘʤʝʥʥʠʢʫ ʥʘʚʝʜʝʥʦ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʫ %. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʧʝʢʫ ʧʨʠ ʚʥʝʩʝʥʥʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 2 %. 

ʟʥʠʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ, ʘ ʩʘʤʝ ʫ ʤʝʞʘʭ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʢʠ ɺ. 

ɺʚʝʜʝʥʥʷ ʜʦʤʽʦhʢ ʫ ʢʽʣʴʢʦʩʪʽ 5 % ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ 

ʧʝʢʽʚ: ʥʘ 8,8 % ʪʘ 10,6 % ʜʣʷ ɸʌ ʪʘ ʇʌ ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 5.4). 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʥʝ ʚʭʦʜʠʪʴ ʫ ʤʝʞʽ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʤʘʨʢʘ ɹ1: 1,3-

1,6; ʤʘʨʢʘ ɺ: 1,0-1,2). 

ɺʠʭʽʜ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʦʙʦʭ ʧʨʦʙ ʧʝʢʫ ʤʘʨʢʠ ɺ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 2 % 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʟʨʦʩʪʘʻ ʥʘ 1,4-1,5 %. ɼʦʤʽʢhʘ 5 % ɸʌ ʟʙʽʣʴʰʫʻ ʚʠʭʽʜ ʣʝʪʢʠʭ ʜʦ 4 %, ʘ 

tʨʦʟʤ. ʜʦʨʽʚʥʶʻ 85,5 Áʉ. ʊʦʜʽ ʷʢ ʜʦʤʽʢhʘ 5 % ʇʌ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻ ʚʠʭʽʜ ʣʝʪʢʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟ ʧʝʢʫ. 

ʂʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʚʥʝʩʝʥʥʷ ʜʦʤʽʰʦʢ ʟʥʠʞʫʚʘʚʩʷ. ɿʘ 

ʜʦʜʘʚʘʥʥʷʤ 2 % ʪʘ 5% ɸʌ ʥʝʟʥʘʯʥʦ ʥʘ 1,0 % ʽ 1,8 % ʚʽʜʧʦʚʽʜʥʦ. ɸ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ 

ʧʝʢ ʜʦʤʽʰʦʢ ʇʌ ʟʤʝʥʰʝʥʥʷ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ ʩʢʣʘʣʦ 3,6 % (ʧʨʠ ʜʦʜʘʚʘʥʥʽ 2 %) ʽ 

5,4 % (ʧʨʠ ʜʦʜʘʚʘʥʥʽ 5 %). 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ɸʌ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ, ʘ 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʇʌ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 14,0-15,0 %. 

ʉʧʽʢʣʠʚʽʩʪʴ ʧʝʢʽʚ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 2 % ɸʌ ʽ ʇʌ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 3,5-3,6 %. 

ɼʦʜʘʚʘʥʥʷ 5 % ɸʌ ʟʥʠʞʫʻ ʩʧʽʢʣʠʚʽʩʪʴ ʧʝʢʫ ʥʘ 21,3 %, ʘ ʜʦʤʽʰʢʘ ʇʌ ï ʥʘ 14,3 %. 

ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ: ʤʦʜʠʬʽʢʘʮʽʷ ʧʝʢʽʚ ʟ 

ʚʥʝʩʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʜʠʩʪʠʣʷʮʽʾ ʤʦʞʣʠʚʘ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʥʝʢʦʥʜʠʮʽʡʥʦʛʦ ʧʝʢʫ, ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʤʘʨʦʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʝʢʫ ʤʘʨʢʠ 

ɹ1 ʤʦʞʣʠʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʝʢʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ 78 Áʉ, ʜʣʷ ʤʘʨʢʠ ɺ ï 89 

Áʉ ʪʘ ʚʠʱʝ. 

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʤʠ ʜʦʤʽʰʢʠ ʟʤʽʥʶʶʪʴ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʝʢʽʚ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟʽ ʩʪʨʫʢʪʫʨʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʧʦʣʽʤʝʨʽʚ ʜʦʤʽʰʢʘʤʠ 

ʦʣʽʛʦʤʝʨʽʚ ʽ ʇɸʈ [127]. 
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ʊʘʙʣʠʮʷ 5.5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʈʝʯʦʚʠʥʘ ʌʦʨʤʫʣʘ 
ʄʦʣʝʢʫʣʷʨʥʘ 

ʤʘʩʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦ
ʉ ɻʫʩʪʠʥʘ, 

ʛ/ʩʤ
3
  ʧʣʘʚʣʝʥʥʷ ʢʠʧʽʥʥʷ 

ɸʥʪʨʘʮʝʥ  178,0 216,6 351,0 1,25 

ʍʨʽʟʝʥ 
 

228,3 254,0 448,0 1,27 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.6 

ʊʘʙʣʠʮʷ 5.6 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʤʘʨʢʠ ɺ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʇʦʢʘʟʥʠʢ ɺ
ʠ
ʭ
ʽ
ʜ

ʥ
ʽ
 
ʜ
ʘ
ʥ

 ̔

ɼʦʤʽʱʢʘ ʤʦʜʽʬʠʢʘʪʦʨʘ 

 

ɸʥʪʨʘʮʝʥ ʍʨʽʟʝʥ 

5 % 5 % 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ, C̄ 
85,5 

84 

-1,8 

84,5 

-1,2 

ɺôʷʟʢʽʩʪʴ ʟʘ ɹʨʫʢʬʽʣʴʜʦʤ ʧʨʠ 170
 
ʉ̄, ʇʘĿʩ 

1,14 
1,09 

-4,4 

1,10 

-3,5 

ʂʦʢʩʦʚʠʡ ʟʘʣʠʰʦʢ, % 
57 

56,0 

-1,8 

55 

-3,5 

ʃʝʪʢʽ ʨʝʯʦʚʠʥʠ, % 
53,2 

55,3 

3,9 

55,8 

4,9 

ʉʧʽʢʣʠʚʽʩʪʴ, ʄʇʘ 
157,5 

94 

-40,3 

115,5 

-26,7 

ɿʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʚʽʜʥ. ʦʜ. 
1,05 

1,1 

4,8 

1,14 

8,06 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʚʠʩʣʦʚʣʝʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʥʘʤʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʤʽʰʢʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʨʽʟʥʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʘʥʪʨʘʮʝʥʫ ʽ ʭʨʽʟʝʥʫ). ɰʭʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.7 

ʄʽʮʥʽʩʪʴ ʥʘʧʽʚʢʦʢʩʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʠʧʢʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʝʢʫ, ʷʢʘ 

ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʠʤ ʫ ʨʦʟʜʽʣʽ 2, ʟʤʽʥʶʚʘʣʘʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 
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ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʩʪʫʧʝʥ ̫ ʧʦʜʨʽʙʥʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ. 

ʊʘʙʣʠʮʷ 5.7 

ʄʽʮʥʽʩʪʴ  ʥʘʧʽʚʢʦʢʩʽʚ ʧʝʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

çʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʧʝʢ/ʢʦʢʩè 

ʍʨʽʟʝʥ ɸʥʪʨʘʮʝʥ 

ʌʨʘʢʮʽʾ ʧʝʢʫ, ʤʤ ʌʨʘʢʮʽʾ ʧʝʢʫ, ʤʤ 

0,1 0,25 0,5 0,1 0,25 0,5 

1 2 3 4 5 6 7 

15:1 8,95 6,25 5,6 9,2 4,3 2,95 

9:1 9,82 6,1 5,3 10,3 9,4 3,0 

1 2 3 4 5 6 7 

7:1 9,65 7,75 6,2 8,7 3,5 3,4 

5:1 11,55 8,55 4,9 13,6 4,7 3,3 

4:1 10,95 8,4 5,1 13,7 4,5 9,1 

3:1 11,05 9,4 12,0 14,7 7,5 6,5 

2:1 10,4 6,5 9,0 15,0 8,2 7,0 

 

ɿ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʤ̔ ʮʥʦʩʪʽ ʥʘʧʽʚʢʦʢʩʽʚ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: ʚʧʣʠʚ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘʣʝ ʡ ʟʘ ʩʪʫʧʝʥʝʤ ʧʦʜʨʽʙʥʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ. ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʭʨʽʟʝʥʫ ʜʦʨʽʚʥʶʻ 254 ÁC, ʘ  

ʘʥʪʨʘʮʝʥʫ ï 218 ÁC, ʪʦ ʧʽʜ ʯʘʩ ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʚʦʥʠ ʥʝ ʟʘʟʥʘʣʠ ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʷʚʠʣʠ ʣʠʰʝ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘʧʽʚʢʦʢʩʽʚ. ɸ 

ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʝʢʽʚ ʜʘʻ ʨʽʟʥʫ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʧʦʨʠ 

ʥʘʧʦʚʥʶʚʘʯʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʱʘ ʤʽʮʥʽʩʪʴ ʥʘʧʽʚʢʦʢʩʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟ̔ ʙʽʣʴʰʠʤ 

ʩʪʫʧʝʥʝʤ ʧʦʜʨʽʙʥʝʥʥʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʦ ʢʝʨʫʚʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʟʚôʷʟʫʶʯʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʧʝʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

 

5.1.1. ʄʦʜʠʬʽʢʘʮʽʷ ʧʝʢʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 1-10 ʥʤ ʥʘ ʩʧʽʢʣʠʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚʣʘʩʥʦʛʦ ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. 
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ɺʣʘʩʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʢʠ ʦʪʨʠʤʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʟʽʡ ʚ 

ʙʝʥʟʦʣʽ. ʉʫʩʧʝʥʟʽʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʦʜʝʨʞʫʚʘʣʠ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʠʤ ʚ 

ʨʦʙʦʪʽ [128]. ɿʛʽʜʥʦ ʟ ʥʠʤ 2,5 ʛ ʧʝʢʦʚʦʛʦ ʢʦʢʩʫ ʦʙʨʦʙʣʷʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʦʪʷʛʦʤ 30 

ʭʚ ʚ 50 ʤʣ ʙʝʥʟʦʣʫ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʚʘʣʠ ʦʩʽʩʪʠ ʛʨʫʙʠʤ ʚʫʛʣʝʮʝʚʠʤ ʯʘʩʪʠʥʢʘʤ. 

ʇʦʪʽʤ ʙʝʥʟʦʣ ʬʽʣʴʪʨʫʚʘʣʠ ʯʝʨʝʟ ʱʽʣʴʥʠʡ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ çʩʠʥʷ ʩʪʨʽʯʢʘè. 

ʅʘʷʚʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʙʝʥʟʦʣʽ ʚʠʟʥʘʯʘʣʠ ʧʦ ʨʦʟʩʽʶʚʘʥʥʷʤ ʩʚʽʪʣʘ (ʢʦʥʫʩ 

ʊʠʥʜʘʣʷ) ʯʝʨʚʦʥʦʛʦ ʣʘʟʝʨʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 615 ʥʤ. ʄʝʪʦʜʦʤ ʇɽʄ ʚʠʟʥʘʯʘʣʠ 

ʤʦʨʬʦʣʦʛʽʶ ʦʪʨʠʤʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 5.1) ʪʘ ʾʭʥ ̔ʨʦʟʤʽʨʠ. ʅʘ ʨʠʩ. 5.1 

ʥʘʚʝʜʝʥʦ ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ (ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭ150000) ɺʅʏ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʥʘʤʠ ʟ 

ʧʝʢʦʢʦʢʩʦʚʦʛʦ ʜʨʽʙʥʷʢʫ (ʨʠʩ. 5.1). ʗʢ ʚʠʜʥʦ ʥʘ ʩʚʽʪʣʠʥʽ, ɺʅʏ ʤʘʶʪʴ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ 

ʜʦ ʩʬʝʨʠʯʥʦʾ. ʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʷʢʘ ʧʨʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ImageJ 

[129, 130], ʧʦʢʘʟʘʣʘ, ʱʦ ʨʦʟʤʽʨʠ ɺʅʏ ʚ ʩʫʩʧʝʥʟʽʾ ʩʢʣʘʜʘʣʠ 6-16 ʥʤ. ʉʫʩʧʝʥʟʽʶ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʙʝʥʟʦʣʽ ʜʦʜʘʚʘʣʠ ʜʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʛʦʥʦʤ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400 ʉ̄ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʚʟʷʪʘ ʩʤʦʣʘ ʛʫʩʪʠʥʦʶ ɟ=1183 ʢʛ/ʤ
3
 ʟ 

ʥʝʨʦʟʯʠʥʥʠʤʠ ʚ ʪʦʣʫʦʣʽ Ŭï 13,5 %. 

 

 
 

ʈʠʩ. 5.1. ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʣʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʧʝʢʫ ʟ ʧʝʢʦʢʦʢʩʦʚʦʛʦ 

ʜʨʽʙʥʷʢʫ 

ʈʠʩ.5.2. ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ 

Tuball [121] 
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ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʢ ʤʘʨʢʠ ɺ. ʂʨʽʤ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟ ʧʝʢʦʚʦʛʦ ʢʦʢʩʫ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʥʦʤʦʜʠʬʽʢʘʪʦʨʠ Tuball 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çʈʆʉʅɸʅʆè ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʆʉɺʅʊ ï 75 %, ʚʤʽʩʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ 17 %. ʅʘ ʨʠʩ. 5.2 ʥʘʚʝʜʝʥʦ ʇɽʄ 

ʩʚʽʪʣʠʥʠ ʱʦʜʦ ʦʮʽʥʢʠ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʦʢ Tuball. ɺʠʨʦʙʥʠʢ Tuball 

ʟʘʧʝʚʥʷʻ [132], ʱʦ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʣʫ, ʱʦ ʤʦʜʠʬʽʢʫʻʪʴʩʷ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʞʝ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 0,01-0,1 % ʤʘʩʦʚʠʭ ʯʘʩʪʠʥʦʢ Tuball, ʪʦʤʫ ʥʘʤʠ 

ʙʫʣʦ ʦʙʨʘʥʦ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʫ ʮʠʭ ʤʝʞʘʭ, ʘ ʩʘʤʝ 0,01 % ʚʽʜ ʤʘʩʠ 

ʩʤʦʣʠ. 

ʇʝʢ ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʜʦʤ ʣʘʙʦʨʘʪʦʨʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʩʤʦʣʠ, ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤôʷʢʰʝʥʥʷ, ʚôʷʟʢʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʧʦʢʘʟʥʠʢʠ ʤʘʶʪʴ ʙʽʣʴʰ 

ʚʧʣʠʚʦʚʝ ʟʥʘʯʝʥʥʷ ʥʘ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʠʭ ʧʝʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʛʦʥʫ 

ʩʤʦʣʠ ʟ ʜʦʙʘʚʢʦʶ 36 ʛʨʘʤ ʩʫʩʧʝʥʟʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʙʝʥʟʦʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 5.8. 

ɺ ʦʜʝʨʞʘʥʠʭ ʧʝʢʘʭ ʚʠʟʥʘʯʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʚ'ʷʟʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ 

ʩʧʽʢʘʥʥʷ. ʪʘʙʣ. 5.9. 

ʊʘʙʣʠʮʷ 5.8 

ʈʝʢʪʠʬʽʢʘʮʽʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʩʤʦʣʠ  

ʊʝʤʧʝʨʘʪʫʨʠ ʚʠʭʦʜʫ 

ʬʨʘʢʮʽʡ 

ɺʠʭʽʜʥʘ 

ʩʤʦʣʘ 

ʉʤʦʣʘ ʟ ʤʦʜʠʬʽʢʘʪʦʨʦʤ 
ʉʤʦʣʘ 

ʧʦʨʽʚʥʷʥʥʷ 

(ʜʦʤʽʰʢʘ 

ʯʠʩʪʦʛʦ 

ʙʝʥʟʦʣʫ) 

ɺʅʏ ʟ 

ʧʝʢʦʚʦʛʦ 

ʢʦʢʩʫ 

ʅʘʥʦʪʨʫʙʢʠ 

Tuball 

 ɺʠʭʽʜ ʬʨʘʢʮʽʡ, % 

ɺʦʜʘ 0,97 1,0 1,0 1,2 

ʜʦ 180
0 
ʉ 1,6 18,3 18 16,6 

180-200 0,86 0,80 0,9 0,96 

200-230 4,2 4,5 4,9 4,8 

230-300 9,9 10,5 9,6 10,7 

300-360 28,7 27,4 30 29,4 

ʂʫʙʦʚʠʡ ʟʘʣʠʰʦʢ 52,7 51,5 49,4 49,4 

ɺʪʨʘʪʠ 2,04 2,4 1,6 3,5 
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ʊʘʙʣʠʮʷ 5.9 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʛʦ ʧʝʢʫ 

ʇʦʢʘʟʥʠʢʠ ʇʝʢ ʝʣʝʢʪʨʦʜʥʠʡ 

ʚʠʭʽʜʥʠʡ ʟ ɺʅʏ ʟ ʧʝʢʦʚʦʛʦ 

ʢʦʢʩʫ 

ʟ Tuball 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ, tʨ,̄ʉ 85 88 95 

ɺôʷʟʢʽʩʪʴ ʟʘ ɹʨʫʢʬʝʣʴʜʦʤ (170 ʉ̄), 

ʇaĿʩ 
1,24 1,80 2,3 

ʄʽʮʥʽʩʪʴ ʥʘʧʽʚʢʦʢʩʫ (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ), ʄʇʘ 
2,65 4,0 5,0 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 5.8, ʤʦʜʠʬʽʢʘʮʽʷ ʧʝʢʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ 

ʩʤʦʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʡʦʛʦ ʤʽʮʥʦʩʪʽ, ʘ ʩʘʤʝ ʟ 2,65 ʄʇa ʚʦʥʘ 

ʧʽʜʚʠʱʠʣʘʩʷ ʜʦ 4,0 ʄʇa, ʱʦ ʟʤʽʮʥʶʻ ʥʘʧʽʚʢʦʢʩʠ ʧʨʘʢʪʠʯʥʦ ʫ ʜʚʘ ʨʘʟʠ.  

ɼʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʩʧʽʢʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʨʘʢʮʽʶ ʧʝʢʽʚ ʟ ʨʦʟʤʽʨʘʤʠ ʟʝʨʝʥ <0,25ʤʤ, ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò 5:1 (ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʧʝʢò ʜʣʷ ʤʘʨʢʠ ɺ), 

ʨʝʰʪe ʧʝʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɺʅʏ, ʦʪʨʠʤʘʥʠʭ 

ʥʘʤʠ ʟ ʧʝʢʦʢʦʢʩʦʚʦʛʦ ʜʨʽʙʥʷʢʫ, ʥʘʥʦʯʘʩʪʠʥʢʠ Tuball ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʠʥʪʝʪʠʯʥʽ 

ʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ ʜʦ 2 ʥʤ ʽ ʚʤʽʱʫʶʪʴ ʚ ʩʦʙʽ ʯʘʩʪʠʥʢʠ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʷʢʽ ʜʦʙʨʝ ʚʠʜʥʦ 

ʥʘ ʨʠʩ. 5.2. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʫʩʽ 17 % ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ï ʮʝ ʯʘʩʪʠʥʢʠ 

ʢʘʪʘʣʽʟʘʪʦʨʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʣʘʩʪʠʬʽʢʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʽʚ. ʊʦʤʫ ʜʦʜʘʚʘʥʥʷ 

ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʚʠʨʘʭʦʚʫʚʘʪʠ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʜʦʜʘʚʘʥʥʷ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 5.3 
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ʈʠʩ. 5.3 ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʦʪʨʠʤʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʢʫ 

ʥʘʥʦʪʨʫʙʢʘʤʠ Tuball: 1 ï ʨʝʟʝʨʚʫʘʨ ʂɺʉ; 2 ï ʨʝʟʝʨʚʫʘʨ ɹʊʂ ʩ ʥʘʥʦʢʦʤʧʦʥʝʥʪʘʤʠ; 3 

ï ʪʨʫʙʯʘʪʘ ʧʽʯ; 4 ï ʧʝʢʦʚʘ ʢʦʣʦʥʘ; 5 ï ʨʝʢʪʠʬʽʢʘʮʽʡʥʘ ʢʦʣʦʥʘ; 6 ï ʥʘʛʨʽʚʘʯ; 7 ï 

ʟʙʽʨʥʠʢ ʧʝʢʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ; 8 ï ʢʫʙ-ʨʝʘʢʪʦʨ I; 9 ï ʢʫʙ-ʨʝʘʢʪʦʨ II 

ɼʦʜʘʚʘʥʥʷ ʥʘʥʦʢʦʤʧʦʥʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʟʽʾ ʟʽ ʟʙʽʨʥʠʢʘ 2 ʜʦ 

ʟʥʝʚʦʜʥʝʥʦʾ ʩʤʦʣʠ 1, ʷʢʘ ʜʘʣʽ ʡʜʝ ʥʘ ʧʝʨʝʨʦʙʢʫ. ʉʫʩʧʝʥʟʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʝʛʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʥʟʦʣʴʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɹʊʂ (ʙʝʥʟʦʣ-ʪʦʣʫʦʣ-ʢʩʠʣʦʣ)  ̔ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʘ ʩʤʦʣʘ ʟ ʜʦʜʘʥʦʶ ʜʦ ʥʝʾ ʩʫʩʧʝʥʟʽʻʶ ʧʦʪʨʘʧʣʷʻ ʫ ʪʨʫʙʯʘʪʫ ʧʽʯ 

ʜʝ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ, ʘ ʜʘʣʽ ʧʦʪʨʘʧʣʷʻ ʜʦ ʧʝʢʦʚʦʾ ʢʦʣʦʥʠ ʜʝ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 400 Üʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʨʘʟʦʚʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ  ̔ʨʦʟʜʽʣʝʥʥʷ ʩʤʦʣʠ ʥʘ 

ʧʝʢ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʠʟʫ ʢʦʣʦʥʠ ʪʘ ʣʝʛʢʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʦʪʽʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʨʝʢʪʠʬʽʢʘʮʽʡʥʫ ʢʦʣʦʥʫ ʜʝ, ʧʨʦʭʦʜʠʪʴ ʨʦʟʜʽʣʝʥʥʷ ʥʘ ʧʦʛʣʠʥʘʣʴʥʫ, 

ʥʘʬʪʘʣʽʥʦʚʫ, ʬʝʥʦʣʴʥʫ ʪʘ ʣʝʛʢʫ ʬʨʘʢʮʽʾ (I, II , III , VI ). ɺʠʣʫʯʝʥʠʡ ʧʝʢ ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʢʫʙʽʚ-ʨʝʘʢʪʦʨʽʚ ʜʝ ʧʨʦʭʦʜʠʪʴ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ̫ʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʜʦʜʘʚʘʥʥʷ ʥʘʥʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʢʫ, ʪʦ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ ʧʝʢʫ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʽʚ, ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʝʨʝʨʦʙʢʠ ʜʦ 

ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʢʫʙʽʚ-ʨʝʘʢʪʦʨʽʚ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʽ ʜʦʚʦʜʷʪʴ, ʱʦ ʢʦʨʝʛʫʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ ʘʙʦ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʝʢʽʚ, ʱʦ ʫ ʚʠʨʦʙʥʠʢʘ, ʪʦʡ ʫ ʩʧʦʞʠʚʘʯʘ 

ʧʦʪʨʝʙʫʶʪʴ ʚʚʝʜʝʥʥʷ ʜʦʩʠʪʴ ʚʘʨʪʽʩʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʘʜʽʡ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʩʠʨʦʚʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʢʣʘʜʥʠʭ ʦʜʠʥʠʮʴ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥ.. ɺ ʩʚʦʶ ʯʝʨʛʫ ʮʽʣʢʦʤ ʧʨʠʧʫʩʪʠʤʦ ʚʚʘʞʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʨʥʦʩʪʽ 

ʦʙʨʘʥʦʛʦ ʥʘʤʠ ʥʘʧʨʷʤʢʫ, ʘ ʩʘʤʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʩʘʜ ʪʘ 

ʟʘʩʦʙʽʚ ʧʦʢʨʘʱʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ ʧʝʢ-ʥʘʧʦʚʥʶʚʘʯ ʰʣʷʭʦʤ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʩʫʤʽʰʽ. 

 

5.2. ʈʦʟʨʘʭʫʥʦʢ ʦʯʽʢʫʚʘʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʜʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʢʽʚ  ̔ʥʘʧʦʚʥʶʚʘʯʽʚ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʢʦʢʦʢʩʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ  ̔ʚʠʧʨʦʙʫʚʘʥʥʷ ʾʭ 

ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʧʦʜʘʣʴʰʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ  ̔ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʝʢʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʘ ʩʘʤʝ 

ʦʧʪʠʯʥʫ ʪʘ ʩʢʘʥʫʶʯʫ ʝʣʝʢʪʨʦʥʫ ʤʽʢʨʦʩʢʦʧʽ,ʁ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ 

ʤʝʪʦʜʦʤ ʇʨɸʊ çʋʂɻʈɸʌɯʊè, ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʽʚ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʥʘʧʦʚʥʝʥʥʷ ʧʝʢʫ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ 

ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʝʢʩʪʨʝʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʚʽʜ 

ʩʪʫʧʝʥ ̫ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ 

ʦʙʣʘʩʪʽ ʥʘʡʢʨʘʱʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ñʥʘʧʦʚʥʶʚʘʯ-ʟʚô̫ ʟʫʶʯʝò. 

ʉʪʘʪʠʩʪʠʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʥʘʧʽʚʢʦʢʩʫ ʟ ʩʫʤʽʰʝʡ ʧʝʢʫ ʤʘʨʢʠ ɹ1, ɺ ʪʘ 

ʩʣʘʥʮʝʚʦʛʦ ʢʦʢʩʫ. ʇʨʠ ʮʴʦʤʫ ʜʦʚʝʜʝʥʦ, ʱʦ ʟʘ ʧʝʚʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʟ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʫ ʧʣʽʚʢʦʚʠʡ, ʪʦʙʪʦ 

ʚʩʷ ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʞʬʘʟʥʦʤʫ ʰʘʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʘ. ʄʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɿʘ ʧʦʜʘʣʴʰʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʠ ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ ʧʦʢʨʠʪʪʷ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʚʦʥʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ñʦʩʪʨʽʚʮʽò, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ 

ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʘ. ʉʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʻ ʤʽʨʦʶ ʘʜʛʝʟʽʡʥʦʾ 
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ʚʟʘʻʤʦʜʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ çʘʢʪʠʚʥʽʩʪʴè ʥʘʧʦʚʥʶʚʘʯʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʜʘʥʦʛʦ 

ʧʝʢʫ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʧʝʢʦʚʽ çʩʧʘʡʢʠè ʤʽʞ ʟʝʨʥʘʤʠ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʧʝʢʦʚʘ 

ʧʣʽʚʢʘ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʘʧʽʚʢʦʢʩ. 

ʆʪʞʝ, ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʶʚʘʥʥʷ ʧʝʢʽʚ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʤʦʯʫʚʘʥʥʷ ʧʝʢʘʤʠ ʧʦʚʝʨʭʥʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʻ ʥʝʦʙʭʽʜʥʦʶ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ 

ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʊʦʙʪʦ, ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ ʟʘ ʟʤʦʯʫʚʘʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʝʜʦʩʪʘʪʥʻ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʘ, ʪʦʤʫ ʱʦ ʥʽʷʢ ʥʝ ʧʦʚ'ʷʟʘʥʘ ʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʽ ʟ ʡʦʛʦ 

ʜʠʩʧʝʨʩʥʽʩʪʶ, ʘ ʷʢ ʚʽʜʦʤʦ, ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʭ ʯʠʥʥʠʢʽʚ.  

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʷʢʽʩʪʴ ʧʝʢʫ ʟʘ ʡʦʛʦ ʩʧʽʢʣʠʚʽʩʪʶ  ̔

ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ ʷʢ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʡʦʛʦ ʩʧʽʢʘʥʥʷ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 

ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ï 

ʛʨʘʬʽʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ; 

- ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟ ʦʮʽʥʶʚʘʥʥʷ 

ʧʝʢʫ; 

- ʩʢʦʨʦʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ 

ʟʥʠʞʫʻʪʴʩʷ ʚʘʨʪʽʩʪ ɹʚʠʪʨʘʪ ʧʨʘʮʽ ʥʘ 1 ʪ ʧʝʢʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʦʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ: 

- ʦʮʽʥʶʚʘʥʥʷ ʧʝʢʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ; 

- ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʟʘ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪ ʁ ʡʦʛʦ 

ʩʧʽʢʘʥʥʷ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ 

(ʽʥʚʝʩʪʠʮʽʡ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʚʘʨʽʘʥʪʽʚ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʽ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʝʢʪʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ; ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʟ ʚʠʙʦʨʫ 
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ʚʟʘʻʤʦʟʘʤʽʥʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʧʦʩʣʫʛ), ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʪʝʭʥʽʢʠ ʡ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ ʥʦʚʠʭ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʽʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʇʦʢʘʟʥʠʢʦʤ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʻ 

ʤʽʥʽʤʘʣʴʥʽ ʥʘʚʝʜʝʥʽ ʚʠʪʨʘʪʠ (ɿ):   

min* ­+= ʂɽʥʉɿ                                                                                   (5.1) 

ʜʝ: ʉ ï ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ, ʛʨʥ.;  

ʂ ï ʧʠʪʦʤʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʛʨʥ.; 

ɽʥ ï ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʩʝʥʩ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ʅʘʡʚʠʛʽʜʥʽʰʠʡ ʚʘʨʽʘʥʪ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʻ ʚʘʨʽʘʥʪʦʤ, ʱʦ ʚʠʤʘʛʘʻ ʤʽʥʽʤʫʤ 

ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ. ɿʘʟʚʠʯʘʡ ʚʘʨʽʘʥʪ, ʱʦ ʜʘʻ ʥʘʡʤʝʥʰʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ, ʚʠʤʘʛʘʻ 

ʙʽʣʴʰʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. 

ʇʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʟʘ ʚʘʨʽʘʥʪʘʤʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʚʠʜʘʤʠ ʚʠʪʨʘʪ (ʥʘ ʩʠʨʦʚʠʥʫ ʽ 

ʤʘʪʝʨʽʘʣʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʽ ʪ. ʧ.) ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ. 

ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʟʘ ʧʝʨʠhʤ ʽ ʜʨʫʛʠʤ ʚʘʨʽʘʥʪʘʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ 

ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʡʦʛʦ ʜʦʩʪʘʚʢʠ ʽ ʤʦʥʪʘʞʫ, ʘ ʪʘʢʦʞ ʟ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦ-

ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʧʦ ʜʘʥʦʤʫ ʽʥʚʝʩʪʠʮʽʡʥʦʤʫ ʧʨʦʝʢʪʫ. 

ʅʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʪʝʨʤʽʥʽʚ ʦʢʫʧʥʦʩʪʽ ʜʘʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ ʤʦʞʝ ʟʜʘʚʘʪʠʩʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,12 ʜʦ 0,15. 

ʅʘʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʧʨʦʝʢʪʫ ʻ ʩʫʤʦʶ ʧʦʪʦʯʥʠʭ ʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ, 

ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʦʜʥʘʢʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʜʘʥʦʤʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʜʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ. ʇʝʨʰʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ  ʟʜʘʪʥʦʩʪʽ ʟʤʦʯʫʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʧʝʢʫ (ʤʝʪʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ). ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʠ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʟʘ ʜʚʦʤʘ ʚʘʨʽʘʥʪʘʤʠ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 5.10 ʽ ʪʘʙʣ. 5.11. 
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ʊʘʙʣʠʮʷ 5.10  

ɺʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʢʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘ 1 

ʚʘʨʽʘʥʪʦʤ 

ɿʘʛʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ, 

ʛʨʥ. 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘ 2 

ʚʘʨʽʘʥʪʦʤ 

ɿʘʛʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ, 

ʛʨʥ. 

1. ʐʘʬʘ ʩʫʰʠʣʴʥʘ 

SNOL 58/350 

20112 

 

1.ʇʽʯ ʝʣʝʢʪʨʠʯʥʘ  

 

10200 

2.ɺʘʛʠ ʪʝʭʥʽʯʥʽ 

AXIS AD-1000 

17078 2.ʇʨʝʩ ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʤʝʭʘʥʽʯʥʠʡ  

4000 

3.ʇʨʠʩʪʦʩʫʚʘʥʥʷ 

1153.20.4 

1380 3.ɺʘʛʠ ʪʝʭʥʽʯʥʽ  

 

17078 

  4.ʇʨʠʩʪʨʽʡ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ 

5000 

ʋʩʴʦʛʦ 38570ʛʨʥ ʋʩʴʦʛʦ 36278 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʪʘʙʣ. 5.10, ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʧʝʢʫ ʥʠʞʯʝ ʥʘ 2292 ʛʨʥ. ʘʙʦ ʥʘ 6 %. 

ʊʘʙʣʠʮʷ 5.11  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʦʜʥʽʻʾ ʧʦʨʮʽʾ 

ʧʝʢʫ (5 ʛ ʧʝʢʫ) 

ʇʦʢʘʟʥʠʢʠ ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 

ʏʘʩ ʜʦʩʣʽʜʞʝʥʥʷ, ʛʦʜ 3 2,5 

ɺʠʪʨʘʪʠ ʥʘ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʜʠʥʦʛʦ 

ʩʦʮʽʘʣʴʥʦʛʦ ʚʥʝʩʢʫ, ʛʨʥ 

1362,42 

 

1135,35  

ɺʠʪʨʘʪʠ ʥʘ ʤʘʪʝʨʽʘʣʠ 120 ï 

ɺʠʪʨʘʪʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʥʝʨʛʽʶ 16 16 

ɸʤʦʨʪʠʟʘʮʽʡʥʽ ʚʠʪʨʘʪʠ (5 %) 5,96 4,1 

ɯʥʰʽ ʚʠʪʨʘʪʠ 1,5 % ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʩʫʤʠ ʚʠʪʨʘʪ 22,56 17,33 

ʋʩʴʦʛʦ ʚʠʪʨʘʪ 1510,94 1172,78 

 

ʈʽʯʥʘ ʩʫʤʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʥʘʨʘʭʫʚʘʥʴ ʟʘ ʧʝʨʰʠʤ ʚʘʨʽʘʥʪʦʤ ʩʢʣʘʜʘʻ 1928,5 

ʛʨʥ (38570 * 0,05), ʟʘ ʜʨʫʛʠʤ ï 1813,9 ʛʨʥ. (36278*0,05), ʘʣʝ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʢʫ 

ʟʘ ʧʝʨʰʠʤ ʚʘʨʽʘʥʪʦʤ ʩʪʘʥʦʚʠʪʴ 3 ʛʦʜ., ʟʘ ʜʨʫʛʠʤ 2,5 ʛʦʜ., ʪʦʜʽ ʩʫʤʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ 

ʥʘʨʘʭʫʚʘʥʴ ʟʘ ʮʝʡ ʯʘʩ ʙʫʜʝ ʪʘʢʘ: 

1 ʚʘʨʽʘʥʪ ï 2,88 ʛʨʥ. (1928,5: 251:8)*3; 

2 ʚʘʨʽʘʥʪ ï 2,25 ʛʨʥ. (1813,9: 251:8)*2,5. 
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ɼʝ 251ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʜʥʽʚ ʫ ʨʦʮʽ; 8 ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ; 3 ʪʘ 2,5 ʛʦʜ. ï ʪʨʠʚʘʣʽʩʪʴ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 1  ̔2 

ʚʘʨʽʘʥʪʽ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʦʜʽ ʚʝʣʠʯʠʥʘ ʥʘʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʧʦ ʚʘʨʽʘʥʪʘʭ ʟʘ ʬʦʨʤʫʣʦʶ 5.1 ʜʦʨʽʚʥʶʻ: 

ʟʘ 1 ʚʘʨʽʘʥʪʦʤ 6139,34 ʛʨʥ. (1510,94 +0,12*38570); 

ʟʘ 2 ʚʘʨʽʘʥʪʦʤ 5526,14 ʛʨʥ. (1172,78 + 0,12*36278). 

ɿ ʨʦʟʨʘʭʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʝʢʫ ʥʘ ʷʢʽʩʪʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʻ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ.  

ʇʦʢʘʟʥʠʢʠ ʥʘʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʨʽʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʨʽʰʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʚʜʘʥʥʷ. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ɽɻ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʨʽʟʥʠʮʷ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʟʘ ʧʦʨʽʚʥʶʚʘʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

ɽʛ= [(ʉ1+ɽʥʂ) ï (ʉ2+ ɽʥʂ2)] ʭ ɺ2                                                                                                          (5.2) 

 

ʜʝ: ʉ1 ʽ ʉ2 ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʜʦ ʽ ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ; 

ʂ1 ʽ ʂ2 ï ʧʠʪʦʤʽ ʢʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ ʟʘ ʚʘʨʽʘʥʪʘʤʠ; ɽʅ ï ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ; ɺ2 ï ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʧʽʩʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ. 

ʈʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 2 : 

ɽʛ = (6139,34 ï 5526,14) ʭ (20000 * 5 * 0,000005)= 306,6 ʛʨʥ 

ʜʝ ɺ2 ï ʨʯ̔ʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʫ, ʪ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʟʘʧʣʘʥʦʚʘʥʦʤʫ ʦʙʩʷʛʫ ʧʝʢʫ 

ʟʙʽʣʴʰʝʥʦʤʫ ʥʘ 5 %, ʦʩʢʽʣʴʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʦʙʩʷʛʠ ʙʨʘʢʫ ʧʨʦʜʫʢʮʽʾ ʥʘ 5 %.; 

5 ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʦʙʩʷʛ ʧʝʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻ 306,6 ʛʨʥ ʥʘ 1 ʪ ʧʝʢʫ. 
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ɺʀʉʅʆɺʂʀ 

1. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʝʢʦʚʦʛʦ ʢʦʤʧʦʟʠʪʫ ʦʙʫʤʦʚʣʶʶʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ ʷʢ 

ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʽ ʢʦʢʩʽʚʥʽʩʪʴ. ɿʤʦʯʫʚʘʥʥʷ ʻ 

ʥʝʦʙʭʽʜʥʠʤ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʽʤ ʯʠʥʥʠʢʦʤ ʦʪʨʠʤʘʥʥʷ ʤʽʮʥʦʛʦ ʧʝʢʦʚʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʠʰʝ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ. 

2. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʧʝʢʫ-ʟʚôʷʟʫʶʯʦʛʦ (7 ï 25 

% ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ çʧʝʢ-ʥʘʧʦʚʥʶʚʘʯè) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʧʝʢʦʚʦʾ ʤʘʪʨʠʮʽ ʟ ʦʙ'ʻʤʥʦʛʦ ʩʪʘʥʫ ʫ ʧʣʽʚʢʦʚʠʡ, ʪʦʙʪʦ ʚʩʷ ʧʝʢʦʚʘ ʤʘʪʨʠʮʷ 

ʚʽʜʙʫʜʦʚʫʻʪʴʩʷ ʫ ʤʽʞʬʘʟʥʦʤʫ ʰʘʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ. 

ʄʽʮʥʽʩʪʴ ʢʘʨʙʦʥʽʟʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʧʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɿʘ 

ʧʦʜʘʣʴʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʠ ʥʝ ʚʠʩʪʘʯʘʻ ʥʘ ʧʦʢʨʠʪʪʷ 

ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʦʥʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ çʦʩʪʨʽʚʮʽè, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʥʠʞʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʫ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʪʘ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʢʽʚ ʟʘ ʢʨʠʚʦʶ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʩʧʝʢʣʠʩʷ, ʫʟʷʪʠʭ ʫ 

ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ çʥʘʧʦʚʥʶʚʘʯ ï ʟʚôʷʟʫʶʯʝè. 

4. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʽʢʣʠʚʘ ʟʜʘʪʥʽʩʪʴ ʧʝʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʘʙʩʦʣʶʪʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʡʦʛʦ ʷʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʧʝʢʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʪʘʥʥʴʦʛʦ. 

5. ɺʧʝʨʰʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʢʦʢʩ ʟ ʧʝʢʫ-ʟʚôʷʟʫʶʯʦʛʦ ʥʝ ʫʪʚʦʨʶʻ ʧʨʦʩʪʦʨʦʚʠʡ 

çʚʫʛʣʝʮʝʚʠʡ ʩʢʝʣʝʪè ʫ ʤʽʞʟʝʨʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʧʦʚʥʶʚʘʯʘ. 

6. ɺʩʪʘʥʦʚʣʝʥʦ, ɦʦ ʧʦʚʥʦʯʠʥʥʠʢʦʚʽ ʤʦʜʝʣʽ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʦʧʠʩʫʶʪʴ ʟʚ'ʷʟʢʠ 

ʤʽʞ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ (V, a, a1, ɔ, ʂʆ, ɖ155 ʽ ɖ185) ʪʘ 

ʟʤʦʯʫʚʘʣʴʥʦʶ ʽ ʩʧʽʢʣʠʚʦʶ ʟʜʘʪʥʽʩʪʶ ʧʝʢʽʚ. 

7. ɼʦʚʝʜʝʥʦ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʽʚ ʥʝʜʦʮʽʣʴʥʦ ʥʘʤʘʛʘʪʠʩʴ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʩʪʘʜʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʢʫ, ʙʦ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʙʽʨʢʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʙʝʟ ʚʧʣʠʚʫ ʥʘ 

ʡʦʛʦ ʽʥʰʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ.  
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8. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʩʪʽ ʽ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʘʨ çʧʝʢ ï ʥʘʧʦʚʥʶʚʘʯè ʟʘ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʩʧʽʢʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ ʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟ ʥʘʷʚʥʠʭ ʚʠʭʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʟʘ ʯʫʪʣʠʚʽʩʪʶ ʧʝʨʝʚʠʱʫʻ ʜʽʶʯʠʡ ʥʘʨʘʟʽ ʚ 

ʋʢʨʘʾʥʽ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ Ó 2,5 ʨʘʟʠ. 

9. ʆʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʢʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʢʫ ʟʘʤʽʩʪʴ ʽʩʥʫʶʯʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʧʽʢʣʠʚʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʢʣʘʜʘʻ 306,6 ʛʨʥ. ʥʘ 1 ʪ ʧʝʢʫ. 

ʄʘʪʝʨʽʘʣʠ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚ 

ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè, ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʇʈɸʊ çɿɸʇʆʈɯɾʂʆʂʉè ʪʘ ʇʨɸʊ 

çʋʂʈɻʈɸʌɯʊè, ʇʈɸʊ çɸʂʍɿè. 
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