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ɸʅʆʊɸʎɯʗ 

ʉʣʦʥʴ ɺ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚ ʟ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.22.20 "ɽʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʨʝʤʦʥʪ ʟʘʩʦʙʽʚ 

ʪʨʘʥʩʧʦʨʪʫ" (274 ï ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ). ï ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ.ʇ.ɺʘʩʠʣʝʥʢʘ ʄʆʅ ʋʢʨʘʾʥʠ, 

ʍʘʨʢʽʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ ʥʘ 2011-2020ʨʨ., ʘ ʩʘʤʝ ï ʥʦʚʽʪʥʽ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ 

ʢʦʤʧʣʝʢʩʽ; ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʎʅʊʋ) ʟʘ ʪʝʤʘʤʠ: "ʇʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷʤ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ" 

(ˉɼʈ0116U008055); "ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʤʦʪʦʨʥʠʭ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʧʦʪʦʢʘʤʠ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ" 

(ˉɼʈ0116U008112); "ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ" (ˉɼʈ0116U008110). 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʙʦʯʠʭ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʡ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʪʘ ʨʝʩʫʨʩʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʝʥʥʷ, ʪʝʦʨʽʡ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʝʦʨʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʩʠʩʪʝʤ ʽ ʘʛʨʝʛʘʪʽʚ ʤʘʰʠʥ, ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, 
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ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʨʽʚʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʚʠʟʥʘʯʘʣʠ ʧʦ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʤ 

ʤʝʪʦʜʠʢʘʤ. ʄʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʦʙʨʦʙʢʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ 

ʥʘ ʇʂ. 

ʇʦʙʫʜʦʚʘʥʦ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʜʽʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʣʠʚʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʧʨʦʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ: ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʾʾ ʰʘʨʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʦʩʥʦʚʽ ʨʫʭʫ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘʢʠʭ ʦʣʠʚ 

ʣʝʞʘʪʴ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʜʽʾ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʽʥʽʮʽʶʶʪʴ 

ʪʨʠʙʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ 

ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʦʛʦ ʬʘʢʪʦʨʫ 

ʩʧʨʘʮʴʦʚʫʶʪʴʩʷ ʪʘ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʪʘ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʚʟʘʻʤʥʦ ʧʽʜʩʠʣʶʶʪʴ ʜʽʶ ʦʜʥʘ ʦʜʥʦʾ, ʟʛʽʜʥʦ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʢʦʥʮʝʧʮʽʾ.  

ʇʦʙʫʜʦʚʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʞʠʤʽʚ ʟʤʘʱʝʥʥʷ, ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʢʨʠʪʝʨʽʶ 

ɿʦʤʤʝʨʬʝʣʴʜʘ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʨʝʞʠʤʘʤʠ ʟʤʘʱʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʷʢʽ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʣʠʚʘʭ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʫʢʫʧʥʽʩʪʶ ʦʜʠʥʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʥʘ ʫʤʦʚʘ 

ʨʽʚʥʦʚʘʛʠ. ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʜʦ ʦʣʠʚ ʽ ʰʚʠʜʢʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ, 

ʚʥʝʩʝʥʦʾ ʧʨʠʩʘʜʢʠ, ʤʘʶʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʽ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʚʽʜ 

ʥʘʧʨʘʮʶʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʤʦʞʣʠʚʦ 

ʦʮʽʥʠʪʠ ʟʘ ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ ʾʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ.  

ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʜʦ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. ʇʨʠ 
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ʜʦʜʘʚʘʥʥʽ ʾʾ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʄ-10ɻ2ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʥʘ ʤʘʰʠʥʽ ʏʄʊ-1 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 23,5 %, ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 29,6 %, ʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 27,4 %. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʫ 

ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʫ ʊʄ-3-18ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʟʤʝʥʰʠʚʩʷ ʥʘ 36,2 %, ʢʨʠʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 18,4 %, ʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ï 7,3 %. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠʩʘʜʢʘ ʅʀʆɼ-5 ʟʘ ʫʩʝʨʝʜʥʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʟʥʦʩʫ ʥʘ 2,5...4,0 

%, ʘ ʧʨʠʩʘʜʢʘ Roil Gold ï ʥʘ 1,5...2,0 % ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ ʥʽʞ ʢʦʤʧʦʟʠʮʽʡʥʘ 

ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

ʇʨʠ ʟʤʘʱʝʥʥʽ ʙʘʟʦʚʦʶ ʩʚʽʞʦʶ ʦʣʠʚʦʶ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʭʠʤ ʪʝʨʪʷʤ ʧʦʯʘʪʢʦʚʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,3...1,7 ʨʘʟʠ, ʘ ʧʨʠ ʧʨʠʧʨʘʮʶʚʘʥʥʽ ï ʚ 3,5...5,0 ʨʘʟʽʚ. ɺ ʨʝʞʠʤʽ 

"ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʟʽ ʟʤʘʱʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ 

ʧʝʨʽʦʜʽʚ ʧʽʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʥʠʢʘʻ. ɿʘʬʽʢʩʦʚʘʥʦ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʚ 

ʨʦʙʦʯʫ ʦʣʠʚʫ ʾʾ  ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʤʦʤʝʥʪ ʪʝʨʪʷ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟʘ ʨʽʟʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʠ 

"ʧʫʩʢ-ʟʫʧʠʥʢʘ".  

ɺʠʷʚʣʝʥʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʘʨʘʣʝʣʴʥʽ ʣʽʥʽʾ ʧʦʜʨʷʧʠʥ, ʘ ʫ ʜʨʫʛʦʤʫ ï ʻ ʩʣʽʜʠ 

ʩʭʦʧʣʶʚʘʥʥʷ ʽ ʨʦʟʤʠʪʦʩʪʽ ʣʽʥʽʡ ʧʦʜʨʷʧʠʥ. 

ʇʦʙʫʜʦʚʘʥʦ ʟʦʚʥʽʰʥ ʁʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ 

ʅʀʆɼ-5, Roil Gold ʽ ʂɻʄʊ-1 ʟʙʽʣʴʰʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʦʣʠʚʠ ʄ-

10ɻ2ʢ+ʅʀʆɼ-5 ʩʢʣʘʣʦ ʥʘ 1,2...1,4 %; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 

2,6...3,0%; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,9...4,3%. ʇʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ ʧʨʠ 

ʨʦʙʦʪʽ ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 1,1...1,3 %; ʥʘ ʦʣʠʚʽ ʄ-

10ɻ2ʢ+RoilGold ï ʥʘ 2,5...2,9%; ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,9...4,2%. 

ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʫ ʦʣʠʚʫ ʩʢʣʘʣʦ: ʄ-

10ɻ2ʢ+ʅʀʆɼ-5 ï ʥʘ 1,24...1,26 %; ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,73...2,77%; ʄ-10ɻ2ʢ 

+ ʂɻʄʊ-1 ï ʥʘ 3,95...4,15%. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʦʣʴʥʽʩʪʴ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʄ-10ɻ2ʢ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʪʝʨʤʽʥʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ Roil 

Gold ʽ ʂɻʄʊ-1 ï 300 ʽ 310 ʤʦʪʦ-ʛʦʜ. ʂʦʢʩʽʚʥʽʩʪʴ ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ ʦʣʠʚʠ ʜʦʩʷʛʘʻ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 200 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʩʘʜʦʢ  ʥʝ 

ʜʦʩʷʛʘʻ ʧʨʠ 300 ʤʦʪʦ-ʛʦʜ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 
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ʛʫʩʪʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ, ʣʫʞʥʦʛʦ ʯʠʩʣʘ, ʜʠʩʧʝʨʛʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚ. ʇʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʊʄ, ʷʢʽ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʾʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʘ 

ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʩʚʽʞʦʾ ʦʣʠʚʠ ʛʫʩʪʠʥʘ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

280 ʤʦʪʦ-ʛʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ ï 230 ʤʦʪʦ-ʛʦʜ, ʣʫʞʥʝ ʯʠʩʣʦ ï 245 ʤʦʪʦ-ʛʦʜ, 

ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ï250 ʤʦʪʦ-ʛʦʜ, ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ï 250 ʤʦʪʦ-ʛʦʜ. ʇʨʠ 

ʜʦʜʘʚʘʥʥʽ ʜʦ ʦʣʠʚʠ ʧʨʠʩʘʜʦʢ Roil Gold ̔  ʂɻʄʊ-1 ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʠ 

ʥʘʙʫʚʘʶʪʴ ʧʨʠ ʙʽʣʴʰʦʤʫ ʥʘʧʨʘʮʶʚʘʥʥʽ: ʛʫʩʪʠʥʘ ï 360 ʽ 390 ʤʦʪʦ-ʛʦʜ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ ï 340 ʽ 350 ʤʦʪʦ-ʛʦʜ; ʣʫʞʥʦʛʦ ʯʠʩʣʘ ï 335 ʽ 380 ʤʦʪʦ-ʛʦʜ; 

ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ï 280 ʽ 310; ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ï 290 ʽ 310 ʤʦʪʦ-ʛʦʜ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ: Roil Gold ï ʥʘ 23,5%, ʂɻʄʊ-1 ï 3,7...5,6%. 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ 

ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 225...250 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ 

ï 290...330 ʤʦʪʦ-ʛʦʜ.  

ʈʝʩʫʨʩʥʘ ʦʮʽʥʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊʄ ʫ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʘʭ ʪʘ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʇɺ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʾʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʙʘʟʦʚʽʡ ʦʣʠʚʽ ʩʪʘʥʦʚʠʪʴ 101 ʤʦʪʦ-ʛʦʜʠʥʫ, ʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂɻʄʊ-1, ï 132 ʤʦʪʦ-ʛʦʜʠʥ, ʱʦ ʥʘ 30 % ʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ 

ʩʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʦʣʠʚʽ ʄ-10ɻ2 ʩʢʣʘʣʦ 7530 ʤʦʪʦ-ʛʦʜ, ʩʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï 283 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʧʨʠʩʘʜʢʦʶ Roil 

Gold ï ʚʽʜʧʦʚʽʜʥʦ 8716 ʽ 2252 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʂɻʄʊ-1 ï 

ʚʽʜʧʦʚʽʜʥʦ 9250 ʽ 249 ʤʦʪʦ-ʛʦʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʤʽʞʨʝʤʦʥʪʥʠʡ ʨʝʩʫʨʩ ʟʘ ʨʘʭʫʥʦʢ 

ʜʽʾ ʧʨʠʩʘʜʢʠ Roil Gold ʟʙʽʣʴʰʠʚʩʷ ʥʘ 16%, ʘ ʂɻʄʊ-1 ʥʘ 23%, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʚʽʞʦʶ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ. ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʊʆ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ, ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʧʨʠʩʘʜʢʠ, ʜʣʷ ʦʜʥʽʻʾ ʦʜʠʥʠʮʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʘʰʠʥʠ ʩʪʘʥʦʚʠʪʴ 13686,4 ʛʨʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʷʜ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʘʜʦʢ ʜʣʷ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʦʣʠʚ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʨʦʙʦʯʠʭ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ 

ʨʘʥʽʰʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʧʝʨʰʝ: 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʜʽʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-

1, ʟʤʝʥʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʟʩʫʚʫ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ"; 

ï ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1, ʟʤʽʥʶʻʪʴʩʷ ʾʾ ʩʪʘʥ, ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʪʘ ʝʥʪʨʦʧʽʷ 

ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʟʙʽʣʴʰʠʪʠ ʾʭ ʨʝʩʫʨʩ ʪʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʩʠʩʪʝʤʥʦ-ʩʧʨʷʤʦʚʘʥʠʡ ʪʘ ʩʠʥʝʨʛʝʪʠʯʥʽʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʩʢʣʘʜʦʤ ʽ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 

ʆʜʝʨʞʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʷʢ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, ʪʘʢ ʽ 

ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʽ 

ʟʘʭʦʜʠ, ʱʦʜʦ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʦʢʨʘʱʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ 

ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʫ 1,3...1,5 ʨʘʟʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʣʫʞʙʘʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʾʭ ʨʝʩʫʨʩʫ ʟʤʝʥʰʝʥʥʷʤ ʟʥʦʩʫ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʩʧʦʩʽʙ ʝʢʩʧʨʝʩ ʜʽʘʛʥʦʩʪʠʢʠ 

ʩʠʩʪʝʤ ʟʤʘʱʝʥʥʷ, ʟʤʽʥʠ ʥʦʨʤʫʚʘʥʥʷ ʊʆ ʊʄ ʚ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʨʝʩʫʨʩʫ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʪʨʠʤʘʥʠʤʠ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ: 74249, 74645, 74646, 74656. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʠʡʥʷʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʪʝʭʥʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʇɸʊ "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ", ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ, ʊʆɺ "ɸʛʨʦʬʽʨʤʘ 

ʂʦʣʦʩ", ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʎʅʊʋ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʜʠʩʮʠʧʣʽʥ ʟ ʥʘʧʨʷʤʢʽʚ ʧʽʜʛʦʪʦʚʢʠ 274 "ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ", 275 

"ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ)" ʪʘ 208 

"ɸʛʨʦʽʥʞʝʥʝʨʽʷ": "ʈʝʤʦʥʪ ʤʘʰʠʥ", "ɸʚʪʦʤʦʙʽʣʽ", "ʊʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʘʚʪʦʤʦʙʽʣʽʚ", "ɼʽʘʛʥʦʩʪʠʢʘ ʤʘʰʠʥ", "ɽʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ ɼɺɿ", "ʅʘʜʽʡʥʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʽʚ", "ʅʘʜʽʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ", "ɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ". 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʣʦʚʠʡ ʘʛʨʝʛʘʪ, ʪʨʘʥʩʧʦʨʪʥʘ ʤʘʰʠʥʘ, ʨʦʙʦʯʘ ʦʣʠʚʘ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ, ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ. 

 

ʇɽʈɽʃɯʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʋ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

1. ɸʫʣʽʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ., ʂʫʟʠʢ ʆ.ɺ. ɿʤʽʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʠʟʝʣʽʚ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʙ. 

ʥʘʫʢ. ʧʨʘʮʴ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ /ʪʝʭʥʽʢʘ ʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʛʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ.  2012. ɺʠʧ. 25., ʏ.1. ʉ. 98-103.   

2. ɸʫʣʽʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ., ʃʠʩʝʥʢʦ ʉ.ɺ. ɽʢʩʧʨʝʩ-ʦʮʽʥʢʘ ʚʧʣʠʚʫ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʽ ʧʨʠʩʘʜʦʢ ʜʦ ʥʠʭ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʽʚ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɺʽʩʥʠʢ ʽʥʞʝʥʝʨʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ. 

2013. ˉ2. ʉ. 166-170. 

3. ɸʫʣʽʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ., ʃʠʩʝʥʢʦ ʉ.ɺ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʞʝʥʴ ʜʠʟʝʣʽʚ ʧʨʠ ʾʭ ʨʦʙʦʪʽ ʚ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ. ʇʨʦʙʣʝʤʠ ʪʨʠʙʦʣʦʛʽʾ. 2013. ˉ3. ʉ.89-96. 

4. ɸʫʣʽʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ., ɻʦʣʫʙ ɼ.ɺ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʧʨʘʮʶʶʯʠʭ ʚ 
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ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 2014. ɺʠʧ. 148. ʉ.18-25.   

6. ʉʣʦʥʴ ɺ.ɺ. ʄʦʜʠʬʽʢʫʶʯʠʡ ʚʧʣʠʚ ʧʨʠʩʘʜʦʢ ʥʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ 

ʤʽʞʚʽʜʦʤʯʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ ʂʅʊʋ. ʂʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 2015. ɺʠʧ. 45. ʉ. 308-313. 

7. ɸʫʣʽʥ ɺ.ɺ., ʃʠʩʝʥʢʦ ʉ.ɺ., ɻʨʠʥʴʢʽʚ ɸ.ɺ., ʉʣʦʥʴ ɺ.ɺ. ʪʘ ʽʥ. ɺʧʣʠʚ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ 

ʧʽʜ ʜʽʻʶ ʢʦʤʧʦʥʝʥʪʽʚ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʠʙʦʪʝʭʥʦʣʦʛʽʡ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ. ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ. ʊʝʭʥʽʯʥʽ 

ʥʘʫʢʠ. 2020. ɺʠʧ. 3(34). ʉ.250-265. 

8. Slon V.V., Lysenko S.V., Hrinkiv A.V., Slon V.V. et al. Creation of 

theoretical bases of tribotechnologies of running-in and restoration as means of 

effective increase of operational wear resistance of motor transport and mobile 

agricultural machinery. Problems of Tribology. V. 26. No 1/99-2021. 51-58. 

ɺ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ 

9. V. Aulin, V. Slon, S. Lysenko, D. Golub. Research of the change of 

power of diesel vehicles operating in non-stationary conditions. MOTROL. 

Commission of Motorization and Energetics in Agriculture. 2015. Vol.17. No.2. P. 

103-108. 

10. ɸʫʣʠʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʙʣʝʤʳ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ: 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʤʘʪʝʨʠʘʣʳ X ʤʝʞʜʫʥʘʨ. 

ʟʘʦʯʥ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. 21 ʥʦʷʙʨʷ 2013 ʛ. ʇʝʥʟʘ: ʇɻʋɸʉ, 2013.ʉ. 22-29. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʡ 

11. ɸʫʣʽʥ ɺ.ɺ., ʃʠʩʝʥʢʦ ʉ.ɺ., ʆʥʦʣʦʚ ʄ.ɺ., ʇʘʥʯʫʣ ʉ.ʆ., ʉʣʦʥʴ ɺ.ɺ. 

ɸʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ɼɺɿ ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ: ʄʦʣʦʜʝʞʴ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ ʚ XXI ʚʝʢʝ. 

ʤʘʪʝʨʠʘʣʳ V-ʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦʨʫʤʘ ʤʦʣʦʜʝʞʠ. ʍʘʨʴʢʦʚ: ʍʅʊʋʉʍ, 2009. 

ʉ. 6-7. 
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12. ɸʫʣʽʥ ɺ.ɺ., ʉʣʦʥʴ ɺ.ɺ. ɽʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʽʾ 
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SUMMARY  

Slon V.V. Increasing the durability of power units of transport vehicles using 

oils with additives based on geomodifier. ï Qualifying scientific work on the rights of 

the manuscript. 

Thesis for the scientific degree of the candidate of technical sciences (PhD) in 

specialty 05.22.20 "Maintenance and repair of transport means" (274 ï Automobile 

transport).ï Kharkiv Petro Vasylenko National Technical University of Agriculture, 

Ministry of Education and Science of Ukraine, Kharkiv, 2021. 

The dissertation was performed according to the strategic priority areas of 

science and technology development in Ukraine for 2011-2020, namely - the latest 

and resource-saving technologies in energy, industry and agro-industrial complex; 

according to latest scientific researches of the Central Ukrainian National Technical 

University (CUNTU) on the topics: "Improving the reliability of vehicles by 

managing their technical condition" (ˉDR0116U008055); "Improving the reliability 

of trucks in non-stationary operating conditions by modifying motor and transmission 

oils by fluxes of matter and energy of physical fields" (ˉDR0116U008112); 

"Forecasting the operational reliability of vehicles to ensure the quality of transport 

services" (DR0116U008110). 

The aim of the work is to increase the durability of power units of transport 

machines operating in hard operating conditions, based on the changes of patterns of 

working oils and modes of operation of moving couplings of parts when modifying 

oils with composite additives using geomodifier "ʂɻʄʊ-1". 

The object of research ï the process of changing the characteristics and 

properties of working oils with a composite additive based on the geomodifier 

"ʂɻʄʊ-1" and increasing the durability of transport vehicles power units. 

The subject of research ï patterns of indicators and properties change of the 

modified working oil and a resource of the power unit of transport vehicles during 

operation. 

Research methods. Theoretical research uses methods of systems analysis, 

hydrodynamic theory of lubrication, theories of reliability and technical diagnostics, 

theories of information, control and efficiency of technical condition of systems and 

machines units, theory of probability and mathematical statistics, mathematical 

planning of the experiment. Experimental studies and the formation of a diagnostic 
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database on changes in the technical condition and level of durability of power units 

of transport vehicles were carried out on the basis of methods and techniques of 

diagnosis and reliability. Physico-chemical parameters and properties of engine and 

transmission oils were determined according to generally accepted methods. 

Mathematical planning of the experiment, calculations and processing of research 

results were performed using PC software. 

A physical model of the action of a composite additive based on a geomodifier 

on the working surfaces of moving parts is built. It is determined that the near-surface 

layer of oil with a composite additive shows the properties of a non-Newtonian fluid: 

the kinematic viscosity decreases, the shear rate of its layers increases. It was found 

that the motion and heat exchange of such oils are based on elastic-plastic 

deformations and rheological properties. 

It was found that the actions of the components of the composite additive 

initiate tribochemical reactions and phase transformations with the formation on the 

surfaces of parts of secondary structures, which under the action of load-speed factor 

are triggered and restored, providing the formation of a surface layer of composite oil 

and antifriction protective film. 

It was found that the composite additive should have components that mutually 

reinforce each other, according to the synergetic concept. 

The equation of lubrication modes is constructed, the formula for Sommerfeld's 

criterion is obtained, which makes it possible to control the lubrication modes in the 

system of moving couplings of power units parts. It is shown that the processes 

occurring in oils can be described by a set of individual diagnostic parameters and 

performance indicators of their properties. The equilibrium condition is obtained. It is 

found out that the regularities of the rate of receipt of wear products of parts of power 

units to oils and the speed of operation of the applied additive are exponential. Using 

the laws of wear of the working surfaces of the parts of the couplings and the 

operation of the additive, the equation of the dependence of the amount of wear on the 

operating time is obtained. It is shown that the residual life of transport vehicles can 

be estimated by the rate of flow of iron into the oil of its dielectric constant. 

The rational and optimal composition of the composite additive for motor and 

transmission oils based on the "ʂɻʄʊ-1" geomodifier has been determined. When it 
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is added to "M-10ɻ2ʢ" engine oil, the wear rate on the "ʏMT-1" machine decreases by 

23.5%, the critical load increases by 29.6%, and the welding load increases by 27.4%. 

When adding the additive to the transmission oil "TM-3-18ʢ", the wear rate decreased 

by 36.2%, the critical load increases by 18.4%, and the welding load ï 7.3%. It was 

determined that the additive "ʅʀʆɼ-5" is less effective on the average wear 

parameter by 2.5...4.0%, and the additive "Roil Gold" ï by 1.5...2.0% than the 

composite additive based on geomodifier "ʂɻʄʊ-1". 

When lubricating with base fresh oil in a continuous mode in comparison with 

dry friction the initial maximum value of the moment of friction decreases in 1.3...1.7 

times, and at running in ï in 3.5...5.0 times. In the "start-stop" mode with lubrication 

at each of the intervals of laboratory tests the value of the initial friction moment 

decreases and after a few periods the peak of the friction moment disappears. It is 

recorded that when the additive is added to the working oil, its properties are restored, 

as the moment of friction decreases, but it is happening in the continuous mode and 

the "start-stop" modes according to different patterns. 

The improvement of the quality of the working surfaces of the moving parts in 

the continuous mode and the "start-stop" mode is revealed. In the first case, almost 

parallel lines of scratches are traced, and in the second ï there are traces of setting and 

blurring of scratch lines. 

The external speed characteristics were constructed with the addition of 

"ʅʀʆɼ-5", "Roil Gold" and "ʂɻʄʊ-1" additives, the increase in torque for "M-

10ɻ2ʢ + ʅʀʆɼ -5" oil was 1.2...1.4%; for "M-10ɻ2ʢ + RoilGold" oil ï by 2.6...3.0%; 

for "M-10ɻ2ʢ + "ʂɻʄʊ-1" oil ï by 3.9...4.3%. Diesel power increased by 

1.1...1.3% when working on oil "M-10ɻ2ʢ + ʅʀʆɼ-5";ï by 2.5...2.9 % on "M-10ɻ2ʢ 

+ RoilGold" oil; by 3.9...4.2% on oil "M-10ɻ2ʢ + "ʂɻʄʊ-1". The reduction of the 

specific fuel consumption after adding of additives to the oil was: "M-10ɻ2ʢ + 

ʅʀʆɼ-5" ï by 1.24...1.26%; "M-10ɻ2ʢ + RoilGold" ï by 2.73...2.77%; "M-10ɻ2ʢ + 

ʂɻʄʊ-1" ï by 3.95...4.15%. 

It is determined that the ash content in motor oil "M-10ɻ2ʢ" becomes the limit 

value at the service life of 250 motor hours, and when adding additives Roil Gold and 

"ʂɻʄʊ-1" ï 300 and 310 motor hours. The coking capacity of the base fresh oil 

reaches the limit value at 200 moto-hours, and when adding these additives it does not 
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reach the limit at 300 moto-hours according to the operational tests of density, flash 

point, alkalinity, dispersibility, kinematic viscosity of base and modified oils. 

Mathematical models of the dependence of the values of indicators on the operating 

time of transport vehicles, which make it possible to determine the operating time 

when reaching their limit values, as well as to make predictions. 

It was determined that for fresh oil the density acquires a limit value at 280 

moto-hours, flash point ï 230 moto-hours, alkaline number ï 245 moto-hours, 

dispersing ability ï 250 moto- hours, kinematic viscosity ï 250 moto-hours. When Roil 

Gold and "ʂɻʄʊ-1" additives are added to the oil, the limit values become higher with 

the operating time increase: density ï 360 and 390 motor hours; flash point ï 340 and 

350 moto-hours; alkaline number ï 335 and 380 moto-hours; dispersing ability ï 280 

and 310 moto-hours; kinematic viscosity ï 290 and 310 moto-hours. 

The linear dependence of the dielectric constant on the concentration of iron in 

oil has been established. When adding additives, the value of dielectric constant 

decreases: Roil Gold ï by 23.5%, "ʂɻʄʊ-1" ï by 3.7...5.6%. 

Limit values of iron concentration in motor and transmission oils were reached 

at 225...250 motor-hours, and with the addition of additives ï 290...330 moto-hours. 

Resource assessment of the studied transport vehicles in open pits and 

enterprises of agro-industrial production of Kirovograd region showed that their 

average monthly operating time on the base oil is 101 motor-hours, and with the use 

of oil modified "ʂɻʄʊ-1" ï 132 motor-hours, which is 30% higher. The average 

operating time on "M-10ɻ2ʢ" oil was 7530 motor-hours, the standard deviation was 

283 motor-hours, on oil modified with "Roil Gold" additive ï 8716 and 2252 motor-

hours, respectively, on oil modified with "ʂɻʄʊ-1" ï 9250 and 249 moto-hours. It is 

determined that the service life due to the Roil Gold additive increased by 16%, and 

"ʂɻʄʊ-1" by 23%, compared to fresh base oil. The economic effect due to the 

reduction of the number of maintenance and increase the resource, due to the use of 

the proposed additive, for one unit of transport vehicle is 13686.4 UAH. The results of 

theoretical, laboratory, bench and operational studies made it possible to formulate a 

number of generalized recommendations for increasing the durability of transport 

vehiclesô power units, taking into account the operating conditions of transport 

vehicle and the characteristics of additives for oil modification. 
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The scientific novelty of the obtained results is to solve the scientific and 

practical problem of increasing the durability of power units of transport vehicles by 

modifying working oils with composite additives based on geomodifier "ʂɻʄʊ-1", 

which in contrast to the previously known operation. 

For the first time: 

ï the mechanism of action of the additive on the basis of geomodifier    

"ʂɻʄʊ-1", reduction of viscosity of composite oil in near-surface layers and increase 

of efficiency of its shift that essentially reduces operation of working surfaces in 

conjugations of details and provides necessary level of durability of power units of the 

transport machines working in the mode "start-stop" are suggested; 

ï it is theoretically substantiated and experimentally proved that when adding a 

composite additive based on "ʂɻʄʊ-1" geomodifier to the working oil, its state, 

internal energy of parts coupling and system entropy depending on the content of 

additive components and mechanical impurities during operation change, which 

allows to improve indicators and properties of motor and transmission oils, increase 

their service life and replacement period. 

Improved: 

ï system-oriented and synergistic approach to the modification of working oil 

with a composite additive based on geomodifier "ʂɻʄʊ-1", which allows you to 

control the composition and particle size of its components in accordance with the 

operating conditions of transport vehicles. 

Received further development: 

ï regularities of change of operational indicators and properties of modified 

working oils of power units of transport machines with operating time that gives the 

ability to control a technical condition of conjugations of details in nonstationary 

conditions of operation: both in a continuous mode and in a start-stop mode. 

The practical significance of the results. 

On the basis of theoretical and experimental researches methods of diagnosing 

a condition of motor and transmission oils and increase of durability of power units of 

transport vehicles with addition of composite additives are developed. It is shown that 

composite additives based on geomodifier "ʂɻʄʊ-1" improve the performance and 

operational properties of motor and transmission oils, prolongs their service life and 
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increases the life of power units by 1.3...1.5 times. Recommendations of transport 

vehicles operation services at the enterprises on increase of their resource by 

reduction of wear of conjugations of details of power units during start-up, a way of 

express diagnostics of systems of greasing, changes of rationing of transport vehiclesô 

maintenance in connection with prolongation of service life of motor oil are 

developed. This is confirmed by the received patents of Ukraine for utility model: 

74249, 74645, 74646, 74656. 

The results of the work are accepted for implementation in technical operation 

of transport vehicles at the enterprises of PJSC "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ", LLC 

"ʍʫʪʽʨʩʴʢʝ", LLC "ɸʛʨʦʬʽʨʤʘ ʢʦʣʦʩ", and are also used in the educational process 

of CUNTU in the study of disciplines 274 "Road transport", 275 "Transport 

technologies (on motor transport) "and 208" Agroengineering": "Repair of cars", 

"Cars", "Technical operation of cars", "Diagnostics of cars", "Operation and repair of 

internal combustion engines", "Reliability of cars", "Reliability of agricultural 

machinery", "Information technologies on motor transport". 

Key words: power unit, transport vehicle, operating oil, durability, geomodifier, 

composite additive. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ ɯ ʇʆɿʅɸʏɽʅʔ 

 

ɸʇɺ ï ʘʛʨʦʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ; 

ɸʌʇ ï ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʧʨʠʩʘʜʢʠ; 

ɻʄʊ ï ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʪʝʨʪʷ; 

ɽɹʂ ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ; 

ɯʇ ï ̔ ʥʘʢʪʠʚʥʽ ʧʨʠʩʘʜʢʠ; 

ʄʇ ï ʤʝʪʘʣʦʧʣʘʢʫʶʯʽ ʧʨʠʩʘʜʢʠ; 

ʄʉ ï ʤʘʩʪʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ; 

ʇɸʇ ï ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʧʨʠʩʘʜʢʠ; 

ʇɸʈ ï ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ; 

ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨ; 

ʊʄ ï ʪʨʘʥʩʧʦʨʪʥʘ ʤʘʰʠʥʘ; 

ʊʆ ï ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

ʋɼʇ ï ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ ʧʨʠʩʘʜʢʠ; 

ʌʇ ï ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ʍɸʇ ï ʭʽʤʽʯʥʦ-ʘʢʪʠʚʥʽ ʧʨʠʩʘʜʢʠ; 

ʎʇɻ ï ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʘ ʛʨʫʧʘ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ (ʊʄ) ʧʦʜʦʚʞʝʥʥʷʤ ʨʝʩʫʨʩʫ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʪʘ ʪʝʨʤʽʥʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʟ ʯʘʩʦʤ ʥʝʫʭʠʣʴʥʦ 

ʟʨʦʩʪʘʻ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʊʄ ʚ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ", ʟʘʧʠʣʝʥʦʩʪʽ, ʧʨʠ ʚʝʣʠʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ʩʢʣʘʜʥʦʛʦ 

ʧʨʦʬʽʣʶ. ʅʘʜʚʘʞʢʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ ʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʡ ʟʥʠʞʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ 

ʧʦʛʽʨʰʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʦʪʞʝ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘʤʽʥʠ ʽ 

ʚʠʪʨʘʪ ʥʘ ʾʭ ʟʘʢʫʧʽʚʣʶ ʪʘ ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʨʝʩʫʨʩʫ, ʟʘʢʣʘʜʝʥʦʛʦ ʚ 

ʩʠʣʦʚʽ ʘʛʨʝʛʘʪʠ ʊʄ, ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢʽʩʥʠʭ ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʽ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʄʦʪʦʨʥʽ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʗʢʽʩʪʴ ʦʣʠʚ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ. ʇʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚ ʥʘʧʨʷʤʢʫ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʨʦʙʦʪʠ ʦʣʠʚ ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ 

ʾʭ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʤʽʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʝ ʚʠʷʚʣʝʥʦ ʤʝʭʘʥʽʟʤʫ ʜʽʾ 

ʪʘʢʠʭ ʧʨʠʩʘʜʦʢ, ʦʩʪʘʪʦʯʥʦ ʥʝʦʙˇʨʫʥʪʦʚʘʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ ʪʘ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʚʽʜ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ, ʱʦ ʻ ʙʝʟʫʤʦʚʥʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʪʝʨʤʽʥʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. 
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ ʥʘ 2011-2020ʨʨ., ʘ ʩʘʤʝ ï ʥʦʚʽʪʥʽ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ; ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʎʅʊʋ) ʟʘ 

ʪʝʤʘʤʠ: "ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷʤ ʾʭ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ" (ˉɼʈ0116U008055);  "ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ 

ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʧʦʪʦʢʘʤʠ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ" 

(ˉɼʈ0116U008112); "ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ" (ˉɼʈ0116U008110). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ: 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʞʦʨʩʪʢʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ ʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʪʘ ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ; 

ï ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʧʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʠʥʪʝʟ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʚʥʝʩʝʥʥʷ ʷʢʦʾ ʚ ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʠ, ʥʘʜʘʩʪʴ ʾʤ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡ 

ʧʽʜʚʠʱʠʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ; 
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ï ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ ʩʪʝʥʜʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʟʦʚʥʽʰʥʴʦ-ʰʚʠʜʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ; 

ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʦʮʽʥʠʪʠ ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ; 

ï ʜʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʩʣʫʞʙʘʤ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʙʦʯʠʭ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

ʡ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʪʘ ʨʝʩʫʨʩʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʽ 

ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʝʥʥʷ, ʪʝʦʨʽʡ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʝʦʨʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ ʽ ʘʛʨʝʛʘʪʽʚ ʤʘʰʠʥ, ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ 

ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ 

ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʨʽʚʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ 

ʚʠʟʥʘʯʘʣʠ ʧʦ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʠʢʘʤ. ʄʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʇʂ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚôʷʟʘʥʥʽ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 
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ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʨʦʙʦʯʠʭ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ 

ʨʘʥʽʰʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʧʝʨʰʝ: 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʜʽʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1, ʟʤʝʥʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʘʭ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʟʩʫʚʫ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ 

ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ"; 

ï ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʟʤʽʥʶʻʪʴʩʷ ʾʾ ʩʪʘʥ, ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʪʘ ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ ʪʘ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʟʙʽʣʴʰʠʪʠ ʾʭ ʨʝʩʫʨʩ 

ʪʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ: 

ï ʩʠʩʪʝʤʥʦ-ʩʧʨʷʤʦʚʘʥʠʡ ʪʘ ʩʠʥʝʨʛʝʪʠʯʥʽʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-

1, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʩʢʣʘʜʦʤ ʽ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 

ʆʜʝʨʞʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʷʢ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, 

ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". 

 



31 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʽ 

ʟʘʭʦʜʠ, ʱʦʜʦ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ. ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʨʠʩʘʜʢʠ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʦʢʨʘʱʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʫ 1,3...1,5 ʨʘʟʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʣʫʞʙʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦ 

ʧʽʜʚʠʱʝʥʥʶ ʾʭ ʨʝʩʫʨʩʫ ʟʤʝʥʰʝʥʥʷʤ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʩʧʦʩʽʙ ʝʢʩʧʨʝʩ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʟʤʘʱʝʥʥʷ, ʟʤʽʥʠ 

ʥʦʨʤʫʚʘʥʥʷ ʊʆ ʊʄ ʚ ʟʚ'ʷʟʢʫ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʨʝʩʫʨʩʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʪʨʠʤʘʥʠʤʠ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ: 74249, 

74645, 74646, 74656. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʠʡʥʷʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʪʝʭʥʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʊʄ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʇɸʊ "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ", ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ, ʊʆɺ 

"ɸʛʨʦʬʽʨʤʘ ʂʦʣʦʩ", ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʎʅʊʋ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥ ʟ ʥʘʧʨʷʤʢʽʚ ʧʽʜʛʦʪʦʚʢʠ 274 "ɸʚʪʦʤʦʙʽʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪ", 275 "ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ)" ʪʘ 

208 "ɸʛʨʦʽʥʞʝʥʝʨʽʷ": "ʈʝʤʦʥʪ ʤʘʰʠʥ", "ɸʚʪʦʤʦʙʽʣʽ", "ʊʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʘʚʪʦʤʦʙʽʣʽʚ", "ɼʽʘʛʥʦʩʪʠʢʘ ʤʘʰʠʥ", "ɽʢʩʧʣʫʘʪʘʮʽʷ ʽ ʨʝʤʦʥʪ ɼɺɿ", 

"ʅʘʜʽʡʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ", "ʅʘʜʽʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ", 

"ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ". 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ʇʣʘʥʫʚʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʦʙʛʦʚʦʨʝʥʥʷ ʾʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʚʠʩʥʦʚʢʽʚ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ, ʘ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨ ʦʪʨʠʤʘʚ ʩʘʤʦʩʪʽʡʥʦ. ʆʩʦʙʠʩʪʦ ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʥʘʫʢʦʚʫ ʧʨʘʮʶ [6]. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ 

ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ: ʦʪʨʠʤʘʥʽ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ [3]; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 
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ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʘʥʘʣʽʟ ʙʘʟʠ ʜʘʥʠʭ [1]; 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʨʝʩ-ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʥʘ ʨʦʙʦʯʫ 

ʧʦʚʝʨʭʥʶ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ [2]; ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ [23]; ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʦʣʠʚ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [4]; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ [5,6,15,16]; ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʽ ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʚʧʣʠʚ ʥʘ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

[7,8,22]; ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [9]; ʚʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʣʠʚ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [10,19]; ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" [13,14]; 

ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [11]; ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʦʣʠʚʠ ʥʘ ʟʤʽʥʫ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ [12,17]; 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ 

ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʦʣʠʚʠ [18]; ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʥʘ ʟʦʚʥʽʰʥʴʦ-ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʽʚ [20-23]; 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʧʨʘʮʶʚʘʥʥʷ [24]; ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ [25-29,32,33]; ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʠʧʨʘʮʶʚʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 [26,27] ʪʘ 

ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʘ ʪʝʨʪʷ [34].  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʪʘ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ ʎʅʊʋ (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2011-

2021 ʨʨ.); "ʄʦʣʦʜʝʞʴ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ ʚ XXI ʚʝʢʝ" (ʍʘʨʴʢʦʚ, 

2009ʨ.); "ʆʣʴʚʽʡʩʴʢʠʡ ʬʦʨʫʤ 2012: ʉʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʚ ʛʝʦʧʦʣʽʪʠʯʥʦʤʫ 

ʧʨʦʩʪʦʨʽ" (ʗʣʪʘ, 2012ʨ.); "ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʽʥʞʝʥʝʨʥʦʾ ʤʝʭʘʥʢ̔ʠ" 

(ʄʠʢʦʣʘʾʚ, 2012ʨ.); "ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ" 

(ʂʽʨʦʚʦʛʨʘʜ, 2011ʨ., 2013-2015 ʨʨ.); "ʇʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 
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ʩʠʩʪʝʤ ʽ ʣʦʛʽʩʪʠʢʠ" (ɭʚʧʘʪʦʨʽʷ, 2013ʨ.); "ʊʨʠʙʦʣʦʛʽʷ, ʝʥʝʨʛʦ- ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ" (ʄʠʢʦʣʘʾʚ, 2013ʨ.); "ʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ" (ɼʦʥʝʮʴʢ, 2013); "ʇʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʽʚ" (ʂʽʨʦʚʦʛʨʘʜ 2013ʨ.); "ʉʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ" (ɺʽʥʥʠʮʷ, 

2015ʨ.); "ʇʨʦʙʣʝʤʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩ.-ʛ. 

ʪʝʭʥʽʢʠ" (ʂʽʨʦʚʦʛʨʘʜ, 2015ʨ.); "ʂʨʘʤʘʨʦʚʩʴʢʽ ʯʠʪʘʥʥʷ" (ʂʠʾʚ, 2021ʨ.); 

"ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ, ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ" 

(ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2021ʨ.). ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʨʦʙʦʪʘ ʜʦʧʦʚʽʜʘʣʘʩʴ ʪʘ 

ʦʙʛʦʚʦʨʶʚʘʣʘʩʴ ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʨʝʤʦʥʪʫ ʤʘʰʠʥ ʎʅʊʋ (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʣʶʪʠʡ 2021ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 34 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ, 8 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 15 

ʧʫʙʣʽʢʘʮʽʡ ʪʝʟ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 9 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ʪʘ ʜʚʽ 

ʧʫʙʣʽʢʘʮʽʾ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʜʘʥʥʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʽʟ 152 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 18 ʩʪʦʨʽʥʢʘʭ ʪʘ ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʡ ʦʙʩʷʛ 

ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 165 ʩʪʦʨʽʥʢʘʭ ʽ ʤʽʩʪʠʪʴ 16 ʪʘʙʣʠʮʴ ʽ 57 ʨʠʩʫʥʢʽʚ.  
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ʈʆɿɼɯʃ 1  

ɸʅɸʃɯɿ ɾʆʈʉʊʂʀʍ ʅɽʉʊɸʎɯʆʅɸʈʅʀʍ ʋʄʆɺ ɯ ʈɽɾʀʄɯɺ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ʊʈɸʅʉʇʆʈʊʅʀʍ ʄɸʐʀʅ, ʄɽʊʆɼɯɺ 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɯ ʈɽʉʋʈʉʋ ɰʍ ʈʆɹʆʏʀʍ ʆʃʀɺ ʊɸ 

ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʉʀʃʆɺʀʍ ɸɻʈɽɻɸʊɯɺ 

 

1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʦʨʩʪʢʠʭ, ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʫ ʢʘʨ'ʻʨʘʭ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ  

 

ɺ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʪʘ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 

ʪʨʘʥʩʧʦʨʪʥʽ ʤʘʰʠʥʠ (ʊʄ) ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʘʝʨʦʧʦʨʪʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʫʤʦʚ ʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1. ɼʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʝʨʝʜʫʩʽʤ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʘʢʪʦʨʘʤʠ: ʟʘʧʠʣʝʥʽʩʪʴ, ʟʘʙʨʫʜʥʝʥʽʩʪʴ, 

ʚʦʣʦʛʽʩʪʴ; ʜʦʨʦʞʥʽ ʫʤʦʚʠ ʽʟ ʬʘʢʪʦʨʘʤʠ: ʢʫʪʠ ʧʽʜʡʦʤʫ, ʦʧʽʨ ʢʦʯʝʥʥʶ, 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʦʨʦʪʽʚ, ʢʫʪʠ ʧʦʚʦʨʦʪʫ, ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ; ʛʽʨʥʠʯʦ-

ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ: ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ, ʛʣʠʙʠʥʘ ʢʘʨôʻʨʫ, ʱʽʣʴʥʽʩʪʴ ʧʦʨʽʜ; ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ: ʤʽʥʽʤʘʣʴʥʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʜʥʽʚ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʠʞʯʝ ʪʘ ʚʠʱʝ ʥʫʣʷ, ʞʦʨʩʪʢʽʩʪʴ ʢʣʽʤʘʪʫ. ɼʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʊʄ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʞʠʤʠ: ʙʝʟʧʝʨʝʨʚʥʠʡ, 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, "ʧʫʩʢ-ʟʫʧʠʥʢʘ", "ʨʦʟʛʽʥ-ʥʘʢʘʪ" [1]. 

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʄ ʚ ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʦʛʦ ʩʧʦʩʦʙʫ ʨʦʙʦʪʠ 

ʚ ʢʘʨ'ʨ̒ʘʭ ʻ:  

ï ʙʝʟʧʝʨʝʨʚʥʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ; 

ï ʩʢʣʘʜʥʠʡ ʧʨʦʬʽʣʴ ʧʽʜ'ʾʟʥʠʭ ʜʦʨʽʛ (ʩʧʫʩʢʠ ʽ ʧʽʜʡʦʤʠ ʟ ʚʝʣʠʢʠʤʠ 

ʧʦʜʦʚʞʥʽʤʠ ʫʭʠʣʘʤʠ, ʟ ʢʫʪʦʤ ʫʭʠʣʫ ʧʦʨʷʜʢʫ 6%, ʧʨʠ ʥʘʷʚʥʦʩʪ̔ ʩʝʨʧʘʥʪʠʥʽʚ 

ʪʘ ʟʘʪʷʞʥʠʭ ʧʦʚʦʨʦʪʽʚ); 

ï ʧʝʨʝʚʘʞʘʻ ʚ ʨʝʘʣʽʟʘʮʽʾ ʥʘʧʨʷʤ ʨʫʭʫ ʟ ʚʘʥʪʘʞʝʤ ʥʘ ʧʽʜʡʦʤ; 
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ï ʪʠʤʯʘʩʦʚ ̔ʜʦʨʦʛʠ ʟ ʱʝʙʝʥʝʚʠʤ ʧʦʢʨʠʪʪʷʤ (ʜʦ 85...90%) ʪʘ ʥʝʷʢʽʩʥʠʡ 

ʾʭ ʩʪʘʥ; 

ï ʝʢʩʧʣʫʘʪʘʮʽʷ ʊʄ ʚ ʫʤʦʚʘʭ ʩʠʣʴʥʦʾ ʟʘʧʠʣʝʥʦʩʪʽ ʪʘ ʧʝʨʝʚʘʞʥʦ ʤʽʞ 

ʚʝʨʭʥʴʦʶ ʪʘ ʥʠʞʥʽʤʠ ʚʽʜʤʽʪʢʘʤʠ ʢʘʨ'ʻʨʫ; 

ï ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʨʫʭʫ ʥʘ ʧʽʜ'ʾʟʥʠʭ ʰʣʷʭʘʭ (ʚʫʟʴʢʽ ʧʨʦʾʟʜʠ, ʢʨʫʪʽ 

ʧʦʚʦʨʦʪʠ ʟ ʤʘʣʠʤʠ ʨʘʜʽʫʩʘʤʠ ʢʨʠʚʠʟʥʠ ʜʦ 20é25 ʤ, ʟʥʘʯʥʽ ʫʭʠʣʠ ʜʦ 

8é10%, ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʘʩʪʦʾ ʧʦʜʘʯʽ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʜ ʚʘʥʪʘʞʝʥʥʷ-

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘʜʥʽʤ ʭʦʜʦʤ ʽ ʪ. ʜ.); 

ï ʚʘʞʢʽ ʜʦʨʦʞʥʽ ʫʤʦʚʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʊʄ (ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʾʭ ʚ ʢʘʨ'ʻʨʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 5, 6 ʨʦʢʽʚ) [2]. 

ʇʨʠ ʨʦʙʦʪʽ ʫ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʘʭ ʩʭʝʤʘ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ-ʩʘʤʦʩʢʠʜʽʚ 

ʤʦʞʝ ʙʫʪʠ ʟʫʩʪʨʽʯʥʦʶ, ʪʫʧʠʢʦʚʦʶ ʘʙʦ ʢʽʣʴʮʝʤ, ʚʠʙʽʨ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʘʣʴʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʰʠʨʠʥʠ ʨʦʙʦʯʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʽ ʩʭʝʤʠ ʫʩʪʘʥʦʚʢʠ 

ʝʢʩʢʘʚʘʪʦʨʽʚ ʚ ʟʘʙʦʾ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʨʫʭʫ, ʚʝʣʠʯʠʥʠ ʚʠʪʨʘʪʠ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʚʤʽʩʪ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʨʠʩ. 1.2). 

 

       

   ʘ          ʙ            ʚ 

 

       

  ʛ          ʜ      ̒
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ʞ         ʟ 

ʈʠʩ.1.2. ʍʘʨʘʢʪʝʨ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʨʦʙʦʪʠ ʢʘʨ'ʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ: ʘ ï 

ʚʠʜ ʟʚʝʨʭʫ; ʙ ï ʩʝʨʧʘʥʪʠʥʦʚʽ ʜʦʨʦʛʠ; ʚ ï ʥʘʭʠʣ ʛʦʣʦʚʥʦʾ ʜʦʨʦʛʠ; ʛ ï ʩʪʘʥ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ; ʜ ï ʤʽʩʮʝ ʟʘʚʘʥʪʘʞʝʥʥʷ; ʻ ï ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ 

ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ; ʞ ï ʜʦʨʦʛʘ ʥʘ ʧʽʜʡʦʤ; ʟ ï ʚʠʾʟʜ 

 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʨôʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʤʦʞʣʠʚʦ ʫʤʦʚʥʦ 

ʧʦʜʽʣʠʪʠ ʥʘ ʧôʷʪʴ ʢʘʪʝʛʦʨʽʡ: I ï ʣʝʛʢʽ; II ï ʩʝʨʝʜʥʽ; ʐ ï ʚʘʞʢʽ; IV ï ʥʘʜʚʘʞʢʽ; 

V ï ʝʢʩʪʨʝʤʘʣʴʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʊʄ ʫ ʅʦʚʦʧʘʚʣʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" ʂʨʫʧʩʴʢʦʤʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʪʘ ʂʘʧʫʩʪʷʥʩʴʢʦʤʫ 

ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʫʤʦʚʠ, ʚ ʷʢʠʭ 

ʧʨʘʮʶʶʪʴ ʜʠʟʝʣʽ ʢʘʨôʻʨʥʠʭ ʩʘʤʦʩʢʠʜʽʚ, ʤʦʞʣʠʚʦ ʚʽʜʥʝʩʪʠ ʜʦ ʥʘʜʚʘʞʢʠʭ 

ʫʤʦʚ. ɿʘʟʥʘʯʝʥʝ ʥʝ ʤʦʞʝ ʥʝ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ ʚ 

ʢʘʨ'ʻʨʘʭ ʻ ʥʘʷʚʥʽʩʪʴ ʧʨʦʩʪʦʾʚ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʦʯʽʢʫʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʟʘʩʦʙʽʚ ʽ ʩʘʤʦʩʢʠʜʽʚ [3]. ʎʝ ʧʦʚ'ʷʟʘʥʦ, ʧʝʨʝʜʫʩʽʤ ʟ ʞʦʨʩʪʢʠʤʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʫʤʦʚʘʤʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʜʦʨʦʛʠ ʥʘ ʛʨʘʥʽʪʥʠʭ ʢʘʨ'ʻʨʘʭ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦ III ʢʘʪʝʛʦʨʽʾ. ɺʦʥʠ ʤʘʶʪʴ ʱʝʙʝʥʝʚʝ ʧʦʢʨʠʪʪʷ, 

ʚʣʘʰʪʦʚʘʥʝ ʟʘ ʤʝʪʦʜʦʤ ʟʘʢʣʠʥʢʠ. ʉʪʘʥ ʽ ʨʽʚʥʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʨʠ ʨʦʢʫ. ʆʩʢʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʟ ʩʝʨʝʜʥʽʤʠ ʜʦʙʦʚʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʠʱʝ 0Áʉ ʩʪʘʥʦʚʠʪʴ 150 ʜʽʙ, ʪʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʨʦʢʫ (ʟ ʪʨʘʚʥʷ 
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ʧʦ ʞʦʚʪʝʥʴ) ʜʦʨʦʛʠ ʤʘʶʪʴ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʨʽʚʥʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ. ʃʶʪʠʡ ʽ ʙʝʨʝʟʝʥʴ ʻ ʥʘʡʙʽʣʴʰ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʤʽʩʷʮʷʤʠ. 

ɿ ʥʘʩʪʘʥʥʷʤ ʧʦʟʠʪʠʚʥʠʭ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʯʠʥʘʻʪʴʩʷ 

ʚʽʜʪʘʶʚʘʥʥʷ ʧʦʨʽʜ, ʽ ʥʘ ʜʦʨʦʛʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʷʤʠ ʽ ʚʠʙʦʾʥʠ. ʇʦʜʽʙʥʘ ʢʘʨʪʠʥʘ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʚ ʧʝʨʽʦʜ ʜʦʱʽʚ ʫ ʞʦʚʪʥʽ. 

ʂʘʨ'ʻʨʥʽ ʘʚʪʦʩʘʤʦʩʢʠʜʠ ʧʨʘʮʶʶʪʴ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʽ, ʧʝʨʝʚʘʞʥʦ, 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʝʣʠʢʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ ʥʠʟʴʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ, ʽʩʪʦʪʥʦʾ ʟʘʧʠʣʝʥʦʩʪʽ, ʩʢʣʘʜʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ. ʎʝ 

ʦʙʫʤʦʚʣʶʻ ʨʷʜ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ: ʟʨʦʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʠʪʨʘʪ ʚ 

ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ, ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ ʪʘ ʦʣʠʚʠ ʥʘ ʚʠʛʘʨ; 

ʧ̔ ʜʚʠʱʝʥʥʷ ʧʨʦʨʠʚʫ ʛʘʟʽʚ ʚ ʢʘʨʪʝʨ; ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʙʦʯʠʭ 

ʦʣʠʚ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʘʨ'ʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʚ ʮʽʣʦʤʫ [4]. ɿʘʢʦʥʦʤʽʨʥʠʤ ʻ  ̔

ʽʥʪʝʨʝʩ ʧʨʦʚʽʜʥʠʭ ʬʽʨʤ ʩʚʽʪʫ ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʦʻʾ ʧʨʦʜʫʢʮʽʾ ʚ ʥʘʜʚʘʞʢʠʭ 

ʫʤʦʚʘʭ ʛʨʘʥʽʪʥʠʭ ʢʘʨ'ʻʨʽʚ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ, ʦʩʦʙʣʠʚʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ: "ɹʝʣɸɿ" (ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ), "Komatsu" (ʗʧʦʥʽʷ), ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʛʽʨʥʠʯʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʘʭ, ʜʝ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ 

ʟʘʧʠʣʝʥʽʩʪʴ ʥʝ ʚʠʢʣʶʯʝʥʦ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ ʽ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʦʣʠʚ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʾʾ ʩʪʘʨʽʥʥʷ. 

ʊʄ ʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ (ɸʇɺ) ʧʨʘʮʶʶʪʴ ʚ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʚʠʱʝʥʦʾ 

ʟʘʧʠʣʝʥʦʩʪʽ, ʚʟʘʻʤʦʜʽʾ ʟ ʘʢʪʠʚʥʠʤʠ ʪʘ ʘʛʨʝʩʠʚʥʠʤʠ ʨʦʙʦʯʠʤʠ 

(ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ) ʩʝʨʝʜʦʚʠʱʘʤʠ, ʘ ʪʦʤʫ ʥʝ ʚʠʨʦʙʣʷʶʪʴ ʟʘʧʣʘʥʦʚʘʥʦʛʦ 

ʨʝʩʫʨʩʫ ʽ 80...90% ʦʙʩʷʛʫ ʾʭ ʚʽʜʤʦʚ ʩʧʨʠʯʠʥʷʶʪʴ ʧʨʦʮʝʩʠ ʪʝʨʪʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ. ɺ ɸʇɺ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʊʄ ʟ ʜʠʟʝʣʷʤʠ. 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʾʭ ʜʝʪʘʣʝʡ, ʩʧʨʷʞʝʥʴ, ʩʠʩʪʝʤ ʪʘ ʘʛʨʝʛʘʪʽʚ 

ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʧʨʦʮʝʩʘʤʠ 

ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ. ʏʝʨʝʟ ʥʝʦʙʦʨʦʪʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ ʟʥʠʞʫʻʪʴʩʷ ʘʙʦ 

ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʊʄ ʚ [5].  

ʅʘʧʨʫʞʝʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʫ ɸʇɺ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʘ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʚʽʜʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ.1.3.  
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ʈʠʩ.1.3. ɼʝʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʫʯʘʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ: ʘ- ʧʦʩʽʚʥʽ ʨʦʙʦʪʠ; ʙ ï ʟʙʠʨʘʥʥʷ 

ʚʨʦʞʘʶ; ʚ ï ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʫ ʩʘʜʽʚʥʠʮʪʚʽ ʪʘ ʚʠʥʦʛʨʘʜʘʨʩʪʚʽ 

 

ʎʝ ʦʙʫʤʦʚʣʶʻ ʜʦ ʧʽʜʚʠʱʝʥʥ ̫ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ, 

ʫʜʘʨʥ ̔ ʥʘʚʘʥʪʘʞʝʥʥ,̫ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʜʝʪʘʣʝʡ ʪʘ ʽʥ. ɿʘ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ  ̒ ʥʝʧʦʩʪʽʡʥʠʤ, ʘ ʫʤʦʚʠ 

ʨʝʘʣʽʟʘʮʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ 

ʧʝʨʝʤʽʱʝʥʥʶ ʊʄ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ 

ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ 

ʪʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʦʜʦʣʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʽ 

ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ [6]. 

ʅʝʩʪʘʮʽʦʥʘʨʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʫ ʩʧʝʮʪʝʭʥʽʢʠ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʻ ʘʝʨʦʧʦʨʪʠ. ʎʝ ʧʝʨʝʜʫʩʽʤ ʊʄ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ: ʜʦʩʪʘʚʢʘ 

ʚʘʥʪʘʞʽʚ ʽ ʧʘʩʘʞʠʨʽʚ; ʘʚʪʦʟʘʧʨʘʚʢʘ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʷʛʘʯʽʚ; ʧʨʠʙʠʨʘʥʥ̫ ʧʦʣʷ 

ʣʝʪʦʚʠʱʘ; ʨʦʙʦʪʘ ʧʦʞʝʞʥʠʭ ʤʘʰʠʥ ʪʘ ʽʥ. (ʨʠʩ.1.4). 
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ʈʠʩ.1.4. ʋʤʦʚʠ ʨʦʙʦʪʠ ʩʧʝʮʪʝʭʥʽʢʠ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʾʾ 

ʨʦʙʦʪʽ ʚ ʘʝʨʦʧʦʨʪʘʭ: ʘ ï ʜʦʩʪʘʚʢʘ ʧʘʩʘʞʠʨʽʚ ʽ ʚʘʥʪʘʞʽʚ ʜʦ ʣʽʪʘʢʽʚ; ʙ ï 

ʘʚʪʦʤʠʡʢʘ ʧʦʣʷ ʣʝʪʦʚʠʱʘ; ʚ ï ʧʨʠʙʠʨʘʥʥ ̫ʩʥʽʛʫ  
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ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʘʭ "ʧʫʩʢ-ʟʫʧʠʥʢʘ", ʜʣʷ ʷʢʠʭ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʟʥʘʢʦʟʤʽʥʥʝ 

ʮʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʧʨʷʞʝʥʥʽ ʜʝʪʘʣʽ ʡ ʽʥʪʝʥʩʠʚʥʝ ʾʭ ʟʥʦʰʫʚʘʥʥʷ ʥʘ 

ʧʦʯʘʪʢʫ ʮʠʢʣʽʚ. ɾʦʨʩʪʢʽ, ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʦʛʦ ʱʦ, 

ʨʝʩʫʨʩ ʾʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʩʢʣʘʜʘʻ 26...47% [7], ʘ ʟʥʦʩ ʜʝʪʘʣʝʡ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚ 2,0...5,0 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊʄ ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [8, 9]. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʘ ʜʽʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʩʧʨʘʮʶʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʷʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʝʨʪʷʤ [9]. ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʚʚʘʞʘʶʪʴ, ʱʦ ʾʭ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʞʠʤʦʤ 

ʤʘʱʝʥʥʷ ʪʘ ʥʘʧʨʘʮʶʚʘʥʥʷʤ (ʧʨʦʙʽʛʦʤ). ɺ ʪʦʡ ʯʘʩ ʱʦʙ ʟʘʧʦʙʽʛʘʪʠ ʚʪʨʘʪʘʤ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʩʧʝʢʪʨ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ ʩʪʘʥʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʪʘ 

ʧʨʠʤʫʩʦʚʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʧʦʣʝʛʰʠʪʠ ʫʤʦʚʠ ʨʦʙʦʪʠ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ [10]. ʇʦ ʦʮʽʥʢʘʭ ʝʢʩʧʝʨʪʽʚ ʪʽʣʴʢʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʣʠʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʚ 1,5 

ʨʘʟʠ ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʙʝʟ ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʾʭʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ [11]. 

ʆʜʥʘʢ ʥʘʷʚʥʽ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʟʘʭʠʩʪʠʪʠ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʩʧʨʷʞʝʥʠʭ 

ʜʝʪʘʣʝʡ ʚʽʜ ʟʥʦʰʫʚʘʥʥʷ: ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʦʣʠʚʠ ʚ ʟʦʥʽ ʪʝʨʪʷ ʫ ʤʦʤʝʥʪʠ 

ʭʦʣʦʜʥʠʭ ʧʫʩʢʽʚ ʜʠʟʝʣʷ; ʟʘʙʨʫʜʥʝʥʥ ̫ʦʣʠʚʥʠʭ ʢʘʥʘʣʽʚ ʪʘ ʧʨʠ ʟʤʠʚʽ ʦʣʠʚʥʦʛʦ 

ʰʘʨʫ ʧʘʣʠʚʦʤ; ʣʦʢʘʣʴʥʝ ʧʝʨʝʛʨʽʚʘʥʥʷ ʦʣʠʚʠ ʚ ʦʢʨʝʤʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ 

ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʘʙʦ ʧʦʛʽʨʰʝʥʠʡ ʪʝʧʣʦʚʽʜʚʽʜ ʪʘ ʽʥ. 

ʋʜʘʨʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ, ʚʽʙʨʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʧʦʨʰʥʷ, ʧʘʣʴʮʷ, 

ʢʽʣʝʮʴ ʽ ʛʽʣʴʟʠ ʮʠʣʽʥʜʨʘ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ, 

ʫʩʢʣʘʜʥʶʶʪʴ ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ [2, 3]. ɺ ʦʙʣʘʩʪʽ ɺʄʊ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʦʣʠʚʥʦʾ ʧʣʽʚʢʠ. ɺ ʦʙʣʘʩʪʽ ʧʽʜʚʠʱʝʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ ʧʦʨʰʥʷ ʥʝʩʫʯʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʦʣʠʚʥʦʾ ʧʣʽʚʢʠ 
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ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʨʝʞʠʤʠ ʥʘʧʽʚʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ. ʇʨʠ ʤʘʣʠʭ 

ʦʙʝʨʪʘʭ ʟʦʥʘ ʥʘʧʽʚʩʫʭʦʛʦ ʪʝʨʪʷ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʮʠʣʽʥʜʨʘ, ʥʽʞ ʧʨʠ ʚʠʩʦʢʠʭ ʦʙʝʨʪʘʭ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʥʘ ʧʦʨʰʥʝʚʽ ʢʽʣʴʮʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ "ʛʽʣʴʟʘ ʮʠʣʽʥʜʨʘ-

ʧʦʨʰʥʝʚʝ ʢʽʣʴʮʝ" ʧʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʘʟʥʘʯʝʥʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʻ 

ʧʦʪʨʝʙʘ ʚ ʧʽʜʚʠʱʝʥʥʽ ʤʘʩʪʠʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʡ ʨʦʟʨʦʙʮʽ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʟʥʦʩʦʩʪʽʡʢʦʩʪ̔ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥ ̫ʜʦʚʛʦʚʽʯʥʦʩʪʽ [12]. 

ɺʠʷʚʣʝʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ ʪʽ, ʱʦ ʤʘʶʪʴ  ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ 

ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʮʝʩ; ʪʽ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʤʝʥʪ ʚʠʧʘʜʢʦʚʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ, ʾʭ ʩʧʝʮʠʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ. 

ɿʤʽʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʨʝʯʦʚʠʥʦʶ (ʧʨʠʩʘʜʢʘʤʠ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʦʚʞʠʪʠ ʨʝʩʫʨʩ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʩʧʨʷʞʝʥʴ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ï ʚʽʜʥʦʚʠʪʠ 

ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʬʦʨʤʫʚʘʥʥʷʤ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʘʣʝ ʮʽ 

ʧʠʪʘʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʥʽ. ɼʦʮʽʣʴʥʠʤ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʨʦʟʨʦʙʢʘ 

ʧʽʜʭʦʜʽʚ ʢʝʨʦʚʘʥʦʾ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʧʨʠʩʘʜʢʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʦʩʥʦʚʥʠʭ ʩʧʨʷʞʝʥʥʷʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ [13]. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʜʦ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚʠʩʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 

ï ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʪʘ ʚʠʪʨʘʪ ʥʘ ʩʪʝʥʜʦʚʫ ʽ, ʦʩʦʙʣʠʚʦ, ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʦʙʢʘʪʢʫ; 

ï ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ ʧʽʩʣʷ ʦʙʢʘʪʢʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘ ʥʠʭ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ ʘʙʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ 

ʪʘ ʢʦʤʧʣʝʢʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʧʽʜ ʯʘʩ 
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ʩʪʝʥʜʦʚʦʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʦʙʢʘʪʦʢ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. 

ɿʘʟʥʘʯʝʥʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ, ʷʢʽ ʜʦʜʘʶʪʴʩʷ ʫ ʤʦʪʦʨʥʽ 

ʽ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʽʜ ʯʘʩ ʾʭ ʦʙʢʘʪʢʠ. 

 

1.2 ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ  ̔ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʪʘ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʥʠʭ 

 

1.2.1 ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʪʘ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʤʦʪʦʨʥʠʭ  ̔ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʦʣʠʚ 

ʄʦʪʦʨʥʽ  ̔ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʧʨʠ ʨʦʙʦʪʽ ʊʄ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽʡ ʜʽʾ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʠʩʥʶ ʪʘ ʟʘʧʠʣʝʥʦʩʪʽ ʧʦʚʽʪʨʷ, ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʽ 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʦʩʥʦʚʥʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ [14] ʪʘ ʚʤʽʩʪʫ ʩʪʦʨʦʥʥʽʭ 

ʜʦʤʽʰʦʢ, ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ (ʨʠʩ.1.5). ʇʨʠ ʮʴʦʤʫ ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢ̔ʩʪɹ ʦʣʠʚ, 

ʟʤʽʥʶʻʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʪʝʨʤʽʥ ʭʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʞʝʨʝʣʘ ̔ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʥ̫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʙʨʫʜʥʝʥɹ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ̔ʜ 

ʨ̔ʟʥʠʭ ʜʞʝʨʝʣ

ʇʨʦʜʫʢʪʠ ʟʥʦʩʫ 

ʩʧʨ̫ʞʝʥɹ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪ̔ʚ

ʇʘʣʠʚʦ ̔ ʧʨʦʜʫʢʪʠ 

ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʘʥʥ̫

ʇʨʦʜʫʢʪʠ ʦʢʠʩʣʝʥʥ̫ 

 ̔ʧʦʣ̔ʤʝʨ̔ʟʘʮ̔ʾ ʦʣʠʚʠ
ʇʠʣ, ʧ̔ʩʦʢ, ʚʦʜʘ

Fe, Al, Cu, Pb, Cr ʊʘ 

ʥ̔.

ʉʘʞʘ, ʚʫʛʣʝʮɹ, 

ʦʢʠʩʣʠ, ʩ̔ʨʢʘ, ʚʦʜʘ, 

ʧʘʣʠʚʦ

Ba, Ca, Zn, ʭʾ ʩʦʣ̔ ̔ 

ʤʝʪʘʣʦʦʨʛʘʥ̔ʯʥ̔ 

ʟʚô̫ʟʢʠ

AlO, SiO, 

ʘʣʁ ʤʦʩ̔ʣ̔ʢʘʪʠ 

ʨ̔ʟʥʦʛʦ ʩʢʣʘʜʫ, ʚʦʜʘ

 

ʈʠʩ.1.5. ɼʞʝʨʝʣʘ ʽ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ 

 



43 

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ, ʷʢʫ ʚʠʢʦʥʫʶʪʴ ʤʦʪʦʨʥʽ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ï ʮʝ 

ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʽ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʦʣʠʚʥʦʾ ʧʣʽʚʢʠ. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʦʣʠʚʠ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ [15]: 

ï ʫʱʽʣʴʥʝʥʥʷ ʟʘʟʦʨʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʝʪʘʣʝʡ ʎʇɻ; 

ï ʝʬʝʢʪʠʚʥʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʽ ʚʠʜʘʣʝʥʥʷ ʽʟ ʟʦʥ ʪʝʨʪʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ 

ʪʘ ʽʥʰʠʭ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ;  

ï ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʨʦʟʽʡʥʦʛʦ ʚʧʣʠʚʫ 

ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʦʣʠʚʠ ʽ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ; 

ï ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʚʩʽʭ ʚʠʜʽʚ ʚʽʜʢʣʘʜʝʥʴ (ʥʘʛʘʨʫ, ʣʘʢʽʚ, ʟʦʣʴʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ, ʰʣʘʤʽʚ) ʥʘ ʜʝʪʘʣʷʭ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʾʭ ʨʦʙʦʪʠ;  

ï ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʦʢʠʩʥʝʥʥʽ, ʤʝʭʘʥʽʯʥʦʤʫ ʚʧʣʠʚʽ ʽ 

ʦʙʚʦʜʥʶʚʘʥʥʽ, ʪʦʙʪʦ ʟʙʝʨʝʞʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʟʘ ʫʤʦʚ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʽ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥ;̫ 

ï ʤʝʥʰʘ ʚʠʪʨʘʪʘ ʥʘ ʯʘʜ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ; 

ï ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʦ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ. 

ɺʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ ʦʣʠʚʘʤʠ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʷʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ [16]:  

ï ʚʦʣʦʜʽʪʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʚ'ʷʟʢʽʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʚʠʟʥʘʯʘʪʠ 

ʥʘʜʽʡʥʫ ʽ ʝʢʦʥʦʤʽʯʥʫ ʨʦʙʦʪʫ ʘʛʨʝʛʘʪʽʚ ʥʘ ʚʩʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ;  

ï ʤʘʪʠ ʜʦʙʨʫ ʟʤʘʱʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʽ ʪʨʘʥʩʤʽʩʽʾ; 

ï ʚʦʣʦʜʽʪʠ ʜʦʩʪʘʪʥʴʦʶ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʫ 

ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ï ʙʫʪʠ ʩʪʽʡʢʠʤʠ ʜʦ ʧʨʦʮʝʩʽʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʩʧʽʥʶʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ 

ʝʤʫʣʴʩʽʡ; 

ï ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʪʠ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʚʽʜ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʦʟʽʾ 

[12, 13]. 

ʄʦʪʦʨʥʽ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʤʘʶʪʴ ʥʘʙʽʨ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʚ'ʷʟʢʽʩʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʛʘʪʦʩʪʦʨʦʥʥʻ 

ʟʥʘʯʝʥʥʷ. ɺ'ʷʟʢʩ̔ʪɹ ʦʣʠʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ, 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʫʱʽʣʴʥʝʥʥʷ ʟʘʟʦʨʽʚ, ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʚʪʨʘʪ ʚ ʜʚʠʛʫʥʽ ʽ ʪʨʘʥʩʤʽʩʽʾ, ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ, ʰʚʠʜʢʽʩʪʴ ʟʘʧʫʩʢʫ 

ʜʚʠʛʫʥʘ, ʧʨʦʢʘʯʫʚʘʥʥʷ ʦʣʠʚʠ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ [17]. 

ʄʠʡʥʦ-ʜʠʩʧʝʨʛʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʫʪʨʠʤʫʚʘʪʠ ʧʨʦʜʫʢʪʠ ʦʢʠʩʣʝʥʥʷ 

ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ, ʱʦʙ ʚʦʥʠ ʥʝ ʚʽʜʢʣʘʜʘʣʠʩʴ ʥʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʷʭ. ʏʠʤ ʚʠʱʝ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʠʤ ʙʽʣʴʰʝ ʥʝʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ 

(ʧʨʦʜʫʢʪʽʚ ʩʪʘʨʽʥʥʷ) ʤʦʞʝ ʫʪʨʠʤʫʚʘʪʠʩʷ ʚ ʨʦʙʦʯʽʡ ʤʦʪʦʨʥʽʡ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽʡ 

ʦʣʠʚʘʭ ʙʝʟ ʚʠʧʘʜʘʥʥʷ ʚ ʦʩʘʜ [18]. 

ɺʽʜʦʤʦ [19, 20], ʱʦ ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʘʨʽʥʥʷ. ɿʘʧʦʙʽʛʪʠ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʶ ʤʦʪʦʨʥʠʭ 

ʦʣʠʚ ʯʝʨʝʟ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʧʦʚʥʽʩʪʶ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʦʣʠʚ ʚʽʜ ʥʝʙʘʞʘʥʠʭ ʟ'ʻʜʥʘʥʴ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔ ʩʠʥʪʝʪʠʯʥʠʭ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʘʜʦʢ, ʱʦʙ ʤʦʞʣʠʚʦ ʟʘʛʘʣʴʤʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʦʢʠʩʥʝʥʥʷ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʦʣʠʚ ʟʨʦʩʪʘ ̒ʾʭ 

ʚ'ʷʟʢʩ̔ʪɹ ʪʘ ʢʦʨʦʟʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʢʣʘʜʝʥʴ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʬʽʣʴʪʨʽʚ. 

ʇʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʩʧʨʠʷʶʪʴ 

ʧʝʨʝʰʢʦʜʞʘʥʥʶ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ, ʫʪʚʦʨʝʥʥʷ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ 

ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʬʘʢʪʠʯʥʠʡ ʢʦʥʪʘʢʪ ʜʝʪʘʣʝʡ [21]. 

ʇʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʚ'ʷʟʢʦʩʪʽ ʽ ʚ'ʷʟʢʽʩʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʜʘʪʥʦʩʪʽ ʟʤʘʱʝʥʥʷ, ʯʠʩʪʦʪʠ ʦʣʠʚʠ. 

ɸʥʪʠʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʢʣʘʜʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʘʥʪʠʦʢʠʩʥʠʭ ʧʨʠʩʘʜʦʢ, ʘ 

ʪʘʢʦʞ ʤʝʪʘʣʽʚ ʜʝʘʢʪʠʚʘʪʦʨʽʚ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʢʦʨʦʟʽʡʥʽʩʪʴ 

ʦʣʠʚ ʟʨʦʩʪʘʻ. ʆʣʠʚʠ ʟ ʤʘʣʦʩʽʨʯʠʩʪʠʭ ʥʘʬʪ ʪʘ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʘʨʘʬʽʥʦʚʠʭ 
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ʚʫʛʣʝʚʦʜʥʽʚ ʙ̔ ʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦʟʽʡʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ 

ʫʪʚʦʨʶʶʪʴʩ ̫ ʘʛʨʝʩʠʚʥʽ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽ ̫ ʟ 

ʢʦʣʴʦʨʦʚʠʤʠ ʤʝʪʘʣʘʤʠ ʽ ʾʭ ʩʧʣʘʚʘʤʠ [18, 22]. 

ɺʠʭʦʜʷʯʠ ʽʟ ʟʘʟʥʘʯʝʥʦʛʦ ʤʦʪʦʨʥʽ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʧʦʚʠʥʥ ̔

ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʽʶʯʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʨʝʛʣʘʤʝʥʪʦʤ, ʟʘʪʚʝʨʜʞʝʥʠʤ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ, ʘ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʽ ʥʦʨʤʘʤ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʦʣʠʚ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʤʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʘʨʘʢʪʝʨ ʾʭ 

ʟʘʙʨʫʜʥʝʥʴ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʪʘʙʣ.1.1). ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʢʣʘʜʫ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʦʣʠʚ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [23, 25].  

ʊʘʙʣʠʮʷ 1.1 

ɼʞʝʨʝʣʘ ʪʘ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ɼʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʴ ʉʢʣʘʜ ʟʘʙʨʫʜʥʝʥʴ 

ʇʨʦʜʫʢʪʠ ʟʥʦʩʫ Fe, Al, Cu, Pb, Cr ʪʘ ʽʥ. 

ʇʘʣʠʚʦ ʽ ʧʨʦʜʫʢʪʠ ʡʦʛʦ 

ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ 
ʉʘʞʘ, ʚʫʛʣʝʮʴ, ʦʢʠʩ ʩʽʨʠ, ʚʦʜʘ, ʧʘʣʠʚʦ 

ʇʨʦʜʫʢʪʠ ʦʢʠʩʣʝʥʥʷ ʽ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʦʣʠʚʠ 
ʂʠʩʣʦʪʠ, ʦʢʩʠʢʠʩʣʦʪʠ, ʩʤʦʣʠ, ʧʦʣʽʤʝʨʠ 

ʇʨʦʜʫʢʪʠ ʩʧʨʘʮʶʚʘʥʥʷ 

ʧʨʠʩʘʜʦʢ ʚ ʦʣʠʚʽ 

Ba, Ca, Zn ʾʭ ʩʦʣʽ ʽ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʽ 

ʟʚôʷʟʢʠ 

ʅʘʷʚʥʽʩʪʴ ʧʠʣʫ, ʧʽʩʢʫ, ʚʦʜʠ AlO, SiO ʽ ʚʦʜʘ 

 

ɺ ʢʘʨʪʝʨʽ ʧʨʘʮʶʶʯʦʛʦ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʩʫʤʽʰ 

ʚʠʭʽʜʥʦʾ ʦʣʠʚʠ ʟ ʨʽʟʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʪʘʨʽʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜ ʥʠʭ 

ʧʦʚʥʽʩʪʶ ʦʯʠʩʪʠʪʠ ʦʣʠʚʫ ʥʝ ʚʜʘʻʪʴʩʷ  ̔ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʯʘʩʪʠʥʦʢ ʚ ʦʣʠʚʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʜʠʥʘʤʽʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: 

ʚʠʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ; ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ, 

ʡʦʛʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʽ ʨʝʞʠʤ ʨʦʙʦʪʠ; ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ 

ʜʣʷ ʜʦʣʠʚʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʊʄ 

[26]. 
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ʇʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʝʦʜʤʽʥʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, ʧʨʠʯʦʤʫ ʟʘʚʞʜʠ ʚ 

ʛʽʨʰʫ ʩʪʦʨʦʥʫ [27]. ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʦʣʠʚʠ ʟʘʟʚʠʯʘʡ ʦʮʽʥʶʶʪʴ ʧʦ ʦʜʥʦʤʫ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʧʦʢʘʟʥʠʢʘʭ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ [28], ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʽʚ, 

ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʪ. ʧ. (ʪʘʙʣ. 1.2). 

ʊʘʙʣʠʮʷ 1.2 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʂ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 
ɻʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚʠ ʄ-10ɻ
2
ʢ 

ʂʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʤ
2
/ʩ 10,5é11,5 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ, ʥʝ ʤʝʥʰ 2,0 

ɿʘʛʘʣʴʥʝ ʣʫʞʥʝ ʯʠʩʣʦ, ʤʛ  ʂʆʅ/ʛ, ʥʝ ʤʝʥʰʝ 6,0 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ, ʥʝ ʤʝʥʰ, Üʉ 220 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ, ʥʝ ʤʝʥʰ, Üʉ 180 

ɼʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ, ʫ.ʝ. 0,3 

ɺʤʽʩʪ ʚʦʜʠ, ʥʝ ʙʽʣʴʰʝ,% 1,0 

ɿʦʣʴʥʽʩʪʴ, % 1,15 

ʂʦʢʩʽʚʥʽʩʪʴ, % 4 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 0,905 

ɸʝʨʘʮʽʷ, % 12,5 

 

ʇʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ [29, 30] 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ'ʷʟʢʽʩʪʴ, ʜʠʩʧʝʨʛʫʶʯʦ-ʩʪʘʙʽʣʽʟʫʶʯʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ (ɼʉʉ), ʣʫʞʥʝ ʯʠʩʣʦ, ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʥʝʾ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ. ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʜʘʪʠ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ, ʟʛʽʜʥʦ 

ʟ ʦʬʽʮʽʡʥʦʶ ʽʥʩʪʨʫʢʮʽʾ - ʈɼ 37.001.019-84 "ʄʝʪʦʜʠʢʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 
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ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ". 

ɿʘ ʢʦʨʜʦʥʦʤ ʻ ʪʘʢʦʞ ʨʷʜ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʠʪʘʥʥʷʤ ʟʤʽʥʠ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʣʠʚ ʽ ʪʝʨʤʽʥʘʤ ʾʭ ʟʤʽʥ [31-33]. ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʚ ʷʢʦʩʪʽ 

ʙʨʘʢʫʚʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ: ʣʫʞʥʽʩʪʴ, 

ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʽ ʜʠʩʧʝʨʛʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʦʣʠʚʠ, ʦʮʽʥʶʚʘʥʫ ʢʨʘʧʝʣʴʥʦʶ 

ʧʨʦʙʦʶ, ʢʦʢʩʽʚʥʽʩʪʴ, ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʽ ʪ. ʧ. ʇʝʨʽʦʜʠʯʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʟʘʤʽʥʫ ʦʣʠʚ ʧʦ ʬʘʢʪʠʯʥʦʤʫ ʾʭ 

ʩʪʘʥʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʚʘʪʠ ʧʦʪʨʝʙʫ ʚ ʩʚʽʞʠʭ ʦʣʠʚʘʭ, ʚʠʷʚʣʷʪʠ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʽ ʧʦʧʝʨʝʜʞʘʪʠ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʩʧʨʷʞʝʥʴ 

ʾʭ ʜʝʪʘʣʝʡ [34]. 

ʗʢʽʩʪʴ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʚʧʣʠʚʘʻ ʥʘ: ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤ ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ, ʟʘʛʘʣʴʥʠʡ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʚ 

ʮʽʣʦʤʫ, ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʦʣʠʚʠ. ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘʛʘʣʴʥʘ ʩʚʽʪʦʚʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ (ʪʘʙʣ.1.3). 

ʊʘʙʣʠʮʷ 1.3 

ʊʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʥʘ ʜʠʟʝʣʷʭ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ɺʠʨʦʙʥʠʢʠ ʊʝʨʤʽʥ ʟʘʤʽʥʠ, ʪʠʩ.ʢʤ. 
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ɼʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʢʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʣʠʚʠ ʧʨʠʩʚʷʯʝʥʦ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [35, 36], ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʟʚʦʜʪ̫ʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ: ʟʤʽʥʘ 

ʙʽʣʴʰʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʣʠʚʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʝʨʰʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ 
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ʜʚʠʛʫʥʘ ʪʘ ʪʨʘʥʩʤʽʩʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ, 

ʧʨʠ ʯʦʤʫ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʦʣʠʚʠ. ɺ ʨʦʙʦʪʽ [37] ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʚ'ʷʟʢʽʩʪʴ 

ʦʣʠʚʠ, ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʚʤʽʩʪ ʧʘʣʠʚʥʠʭ ʬʨʘʢʮʽʡ ʙʫʣʠ 

ʩʪʘʙʽʣʴʥʠʤʠ ʥʘʚʽʪʴ ʧʨʠ ʪʝʨʤʽʥʽ ʩʣʫʞʙʠ ʦʣʠʚʠ ʙʽʣʴʰʝ 60 ʪʠʩ, ʢʤ. ɸʥʘʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʽ ʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ ʚ 

ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʘʭ [38]. ʉʪʘʙʽʣʽʟʘʮʽʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫʩʢʣʘʜʥʶʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʩʪʨʦʢʽʚ ʩʣʫʞʙʠ ʦʣʠʚʠ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʭ ʟʤʽʥʠ ʻ 

ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʚʠʛʫʥʘ ʘʙʦ ʪʨʘʥʩʤʽʩʽʾ. ɯʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ 

ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʜʽʡʩʥʶʻ ʪʘʢʦʞ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

 

1.2.2 ɺʧʣʠʚ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʘ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ . 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ. 

ʇʨʠ ʨʦʙʦʪʽ ʚ ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʦʛʦ ʢʘʨ'ʻʨʫ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʠʛʫʥʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʘʮʶʶʪʴ ʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ. ʊʘʢʘ ʨʦʙʦʪʘ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ 

ʩʧʨʠʷʻ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʥʝʥʥʶ, ʟʘʙʨʫʜʥʝʥʥʶ ʦʣʠʚʠ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʶ ʚ ʥʽʡ ʢʦʨʦʟʽʡʥʦ-ʘʛʨʝʩʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʘʢʠʭ ʥʝʙʘʞʘʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʷʢ ʧʨʠʛʦʨʘʥʥʷ ʧʦʨʰʥʝʚʠʭ 

ʢʽʣʝʮʴ [39, 40]. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʝʩʪʨʫʢʮʽʾ ʪʘ ʛʽʜʨʦʣʽʟʽ ʜʝʷʢʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʦʪʦʨʥʠʭ ʦʣʠʚʘʭ, 

ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴ ʢʦʨʦʟʽʡʥʦ-ʘʛʨʝʩʠʚʥʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ 

ʭʽʤʽʯʥʫ ʢʦʨʦʟʽʶ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʩʧʣʘʚʽʚ [41]. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʫʧʽʥʴ ʩʪʘʨʽʥʥʷ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʥʝ ʧʨʦʧʦʨʮʽʡʥʦ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʗʢʱʦ ʧʨʠ 293 ʂ ʧʨʦʮʝʩʠ ʾʭ ʦʢʠʩʣʝʥʥʷ ʧʽʩʣʷ 2 ʛʦʜ. ʨʦʙʦʪʠ 

ʫʩʪʘʥʦʚʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝʧʦʤʽʪʥʽ [42], ʪʦ ʚ ʽʥʪʝʨʚʘʣʽ 393é473 ʂ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʚ'ʷʟʢʽʩʪʴ, ʟʥʠʞʝʥʥʷ ʣʫʞʥʦʛʦ ʯʠʩʣʘ (ʨʠʩ. 1.6, 1.7). 
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ʈʠʩ.1.5. ɿʤʽʥʘ ʣʫʞʥʦʛʦ ʽ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʝʣ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ: 1 ï ʣʫʞʥʝ ʯʠʩʣʦ; 2 ï ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ 

 

ʈʠʩ.1.6. ɿʤʽʥʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʊʦʤʫ ʜʣʷ ʜʚʠʛʫʥʽʚ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ ʟʠʤʦʚʠʡ 

ʯʘʩ ʨʦʢʫ) ʧʨʠ ʧʨʦʙʽʛʘʭ ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ, ʯʘʩʪʠʭ ʧʫʩʢʘʭ ʽ ʟʫʧʠʥʢʘʭ, 

ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ, ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʨʦʙʦʪʘ ʥʘ ʟʥʠʞʝʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ. ʋʤʦʚʠ ʨʦʙʦʪʠ ʦʣʠʚ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʤʝʥʰ 

ʞʦʨʩʪʢʠʤʠ, ʥʽʞ ʧʨʠ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ [42, 43]: ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʢʘʨʪʝʨ ʦʙʚʫʛʣʝʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʚʘʞʢʠʭ ʬʨʘʢʮʽʡ ʧʘʣʠʚʘ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʪʘʢʦʞ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʩʪʘʨʽʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚʠ, ʧʦʷʚʣʷʻʪʴʩʷ ʦʩʘʜ. ʇʨʠ ʨʦʙʦʪʽ ʥʘ ʟʥʠʞʝʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʽʚ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʫ 20é30 ʨʘʟʽʚ ʫ 

ʧʦʨʽʚʥʷʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʝʧʣʦʚʠʤ (ʨʠʩ. 1.7) [44].  
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ʈʠʩ.1.7. ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʥʘ ʜʠʩʧʝʨʛʫʶʯʫ ʟʜʘʪʥʽʩʪʴ 

 

ʇʦʧʝʨʝʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʚʠʩʦʢʠʭ 

ʜʠʩʧʝʨʛʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʣʠʚʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʾ ʨʽʟʢʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʽʜʠʥʥʦʾ ʢʦʨʦʟʽʾ  

[45]. ʎʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʽʦʜ ʧʫʩʢʫ ʜʚʠʛʫʥʘ (ʚʟʠʤʢʫ ʪʘ ʚ ʦʩʽʥʥʴʦ-ʚʝʩʥʷʥʠʡ 

ʯʘʩ ʨʦʢʫ ʟʥʘʯʥʽʰʝ), ʘ ʪʘʢʦʞ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʯʘʩʪʠʤʠ ʽ ʪʨʠʚʘʣʠʤʠ 

ʟʫʧʠʥʢʘʤʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʧʨʠ ʟʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ) ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʤʽʥʠ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ [46-48]. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚʠ ʯʘʩʪʢʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʧʠʣʫ. 

 

1.2.3 ʇʦʢʘʟʥʠʢʠ ʙʨʘʢʫʚʘʥʴ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʢʘʨ'ʻʨʽʚ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʽʜ ʧʦʢʘʟʥʠʢʦʤ ʙʨʘʢʫʚʘʥʥʷ ʨʦʟʫʤʽʶʪʴ ʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʯʦʾ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ, ʜʦʩʷʛʰʠ ʷʢʠʡ ʚʦʥʠ 

ʙʽʣʴʰʝ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʽ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʟʘʤʽʥʫ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʚ ʥʴʦʤʫ [49]. ɼʣʷ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʠʟʝʣʽʚ 

ʢʘʨ'ʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʄ-10ɻ2ʢ, ʷʢʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʭʥʽʢʠ ʚʝʣʠʢʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʙʽʣʴʰʝ 40 ʪ. 
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ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʙʨʘʢʫʚʘʥʥʷ ʦʣʠʚ, ʨʽʟʥʽ ʘʚʪʦʨʠ [50-52] 

ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʨʽʟʥʠʤ ʢʨʠʪʝʨʽʷʤ ʧʨʠʜʘʪʥʦʩʪʽ ʦʣʠʚ ʜʣʷ ʨʦʙʦʪʠ ʚ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʘʭ ʊʄ. ʅʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʚʽʜʥʦʩʥʦ ʩʘʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʨʘʢʫʚʘʥʴ ʽ ʾʭ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ. ɺ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʙʨʘʢʫʚʘʥʥʷ ʦʣʠʚʠ ʧʨʦʧʦʥʫʶʪʴʩʷ 

[53-55] ʧʽʜʚʠʱʝʥʘ ʚ'ʷʟʢʽʩʪʴ, ʟʤʽʥʘ ʚʤʽʩʪʫ ʧʨʠʩʘʜʢʠ, ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚʠ, ʾʭ ʩʢʣʘʜ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʚʤʽʩʪ ʩʤʦʣ ʚ ʨʦʙʦʯʽʡ ʦʣʠʚʽ ʪʘ 

ʽʥ. ʋ ʟʘʨʫʙʽʞʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘʢʦʞ ʥʝʤʘʻ ʻʜʠʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦ ʪʝ, ʷʢʽ 

ʧʘʨʘʤʝʪʨʠ ʩʣʽʜ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʷʢʽ ʟʥʘʯʝʥʥʷ ʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ [46, 56, 

57]. ɺ ʪʘʙʣʠʮʽ 1.4 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ 

ʙʨʘʢʫʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʬʽʨʤʘʤʠ, ʘ ʚ ʪʘʙʣʠʮʽ 1.5 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʽ ʟʤʽʥʦʶ ʩʪʘʥʫ 

ʦʣʠʚʠ. 

ʊʘʙʣʠʮʷ 1.4 

ɿʥʘʯʝʥʥʷ ʙʨʘʢʫʚʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚʠ ʄ-10ɻ2ʢ 

ʇʦʢʘʟʥʠʢʠ ʄ-10ɻ2ʢ 

ɿʤʽʥʘ ʚ'ʷʟʢʦʩʪʽ,% °15 

ɺʤʽʩʪ ʚʦʜʠ, ʥʝ ʙʽʣʴʰʝ,% 1 

ɺʤʽʩʪ ʅʈɹ, ʥʝ ʙʽʣʴʰʝ,% 2 

ɿʘʛʘʣʴʥʝ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ ʤʛʂʆʅ/ʛ, ʥʝ ʙʽʣʴʰʝ 2 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ, ʥʝ ʤʝʥʰʝ,Áʉ 2 

ɿʘʛʘʣʴʥʝ ʣʫʞʥʝ ʯʠʩʣʦ, ʤʽʣʽʛʨʘʤ ʂʆʅ/ʛ, ʥʝ ʤʝʥʰʝ ï 

ɺʤʽʩʪ ʧʘʣʠʚʘ ʚ ʦʣʠʚʽ, ʥʝ ʙʽʣʴʰʝ, % ï 
 

ʊʘʙʣʠʮʷ 1.5 

ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ (R) ʤʽʞ ʜʝʷʢʠʤʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʟʤʽʥʦʶ ʩʪʘʥʫ ʦʣʠʚʠ [62]. 

ʇʦʢʘʟʥʠʢ ʇʦʟʥʘʯʝʥʥʷ R 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʤʛʂʆʅ/ʛ ʂ 0,732 

ʃʫʞʥʝ ʯʠʩʣʦ, ʤʛʂʆʅ/ʛ ʃ 0,717 

ɺ'ʷʟʢʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʘ, ʤʤ
2
/ʩ n 0,549 

ɼʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ɼ 0,627 

ɿʦʣʴʥʽʩʪʴ, % ʤ 3 0,486 

ʂʦʢʩʽʚʥʽʩʪʴ, % ʤ ʂʦ 0,442 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 r 0,452 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʨʘʥʥʷ, ʂ ʊʟʘʛ 0,133 
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ʅʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʽ ʚʽʜʥʦʩʥʦ ʙʨʘʢʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʣʠʚ ʧʨʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʭʦʯʘ ʽ ʧʨʠʡʤʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʥʽ ʽ ʪʽ ʞ ʧʦʢʘʟʥʠʢʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ: ʟʤʽʥʘ ʚ'ʷʟʢʦʩʪʽ; ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ; ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʜʠ; 

ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʧʘʣʠʚʘ; ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʥʝʨʦʟʯʠʥʥʠʭ ʜʦʤʽʰʦʢ; ʟʘʛʘʣʴʥʝ ʣʫʞʥʝ 

ʯʠʩʣʦ; ʟʘʛʘʣʴʥʝ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ. ʋ ʤʝʥʰʽʡ ʤʽʨʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ 

ʚʠʟʥʘʯʝʥʥʶ ʚʤʽʩʪʫ ʦʢʨʝʤʠʭ ʤʝʪʘʣʽʚ ʚ ʦʣʠʚʽ, ʭʦʯʘ ʚʦʥʦ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʦʣʠʚʠ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ 

ʽ ʜʦʟʚʦʣʷʻ ʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʡʦʛʦ ʟʥʦʰʫʚʘʥʽʩʪʴ. ʆʪʞʝ, ʧʠʪʘʥʥʷ ʩʪʘʨʽʥʥʷ 

ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʻ ʥʘʛʘʣʴʥʠʤ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊʄ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʽ ʩʘʤʽ ʩʠʣʦʚʽ ʘʛʨʝʛʘʪʠ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʥʠʭ ʦʣʠʚʠ. 

 

1.3 ɸʥʘʣʽʟ ʧʨʠʩʘʜʦʢ ʪʘ ʜʦʙʘʚʦʢ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ  

 

ʄʦʪʦʨʥʘ ʽ ʪʨʘʥʩʤʽʩʽʡʥʘ ʦʣʠʚʠ ʚ ʩʠʣʦʚʦʤʫ ʘʛʨʝʛʘʪʽ ʊʄ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʩʪʽʡʢʦʾ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ, ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʫʤʦʚ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʝʨʪʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʟʥʦʰʫʚʘʥʥʷ. 

ʑʦʙ ʧʦʢʨʘʱʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔ ʚʣʘʩʪʠʚʦʩʪ ̔ ʽ ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʨʠʩʘʜʢʠ [58-62]. ɺʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ 

ʪʠʧʠ: ʚ'ʷʟʢʽʩʥʽ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʚ'ʷʟʢʽʩʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ; 

ʜʝʧʨʝʩʦʨʥʽ, ʱʦ ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʠʛʘʥʥʷ ʦʣʠʚʠ; ʘʥʪʠʦʢʠʩʥʶʚʘʣʴʥʽ ʽ 

ʥʝʡʪʨʘʣʽʟʫʶʯʽ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʫʪʚʦʨʝʥʥ ʁʢʠʩʣʠʭ ʽ ʩʤʦʣʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʦʢʠʩʥʝʥʥʷ ʦʣʠʚʠ, ʘ ʪʘʢʦʞ ʧʨʦʷʚʣʷʶʪʴ ʥʝʡʪʨʘʣʽʟʫʶʯʫ ʜʽʁ ʩʽʨʯʠʩʪʠʭ ʟ'ʻʜʥʘʥʴ; 

ʤʠʡʥʦ-ʜʠʩʧʝʨʛʫʶʯʽ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʚʽʜʢʣʘʜʝʥʴ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʥʘ ʜʝʪʘʣʷʭ ʜʚʠʛʫʥʽʚ ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʟʘʙʨʫʜʥʶʶʯʽ ʜʦʤʽʰʢʠ ʚ ʦʣʠʚʽ ʚ 

ʟʚʘʞʝʥʦʤʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ; ʟʘʭʠʩʥʽ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʢʦʨʦʟʽʾ 

ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʜʝʪʘʣʝʡ; ʘʥʪʠʧʽʥʥʽ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʦʣʠʚʠ ʜʦ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ; ʘʥʪʠʢʦʨʦʟʽʡʥʽ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ 

ʧʽʜʰʠʧʥʠʢʠ ʚʠʢʦʥʘʥʽ ʟ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ; ʧʨʦʪʠʟʥʦʩʥʽ, ʱʦ 
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ʟʥʠʞʫʶʪʴ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ; ʧʨʦʪʠʟʘʜʠʨʥʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʙʝʟ ʟʘʾʜʘʥʥʷ ʘʙʦ ʜʣʷ ʧʦʤ'ʷʢʰʝʥʥʷ 

ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʘʜʦʢ ʚ ʧʨʦʮʝʩʘʭ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʘʤʘʛʘʶʪʴʩʷ ʜʦʩʷʛʪʠ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ 

ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽʩʪ,ɹ ʧʨʦʪʠʟʘʜʠʨʢʦʚʽʩʪ,ɹ ʘʥʪʠʬʨʠʢʮʽʡʥʽʩʪʴ, 

ʘʥʪʠʢʦʨʦʟʽʡʥʽʩʪʴ ʪʘ ʽʥʰʽ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʦʣʠʚʠ ʟ 

ʧʨʠʩʘʜʢʘʤʠ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʣʽʚʦʢ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ 

ʜʝʪʘʣʝʡ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʦʣʠʚʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ "ʟʦʣʴ-ʛʝʣʴ" 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ. 

ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʪʘ ʧʨʦʪʠʟʘʜʠʨʢʦʚʽ ʧʨʠʩʘʜʢʠ (ʪʘʙʣ. 1.6) ʩʪʚʦʨʶʶʪʴ 

ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʘʜʩʦʨʙʮʽʡʥʽ, ʭʝʤʦʩʦʨʙʮʽʡʥʽ ʧʣʽʚʢʠ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʣʚ̔ʢʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʧʨʠʩʘʜʦʢ ʟ ʤʝʪʘʣʦʤ [63-65]. 

ʊʘʙʣʠʮʷ 1.6 

ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʪʘ ʧʨʦʪʠʟʘʜʠʨʢʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʨʠʩʘʜʢʠ 

ɺʠʜ ʧʨʠʩʘʜʢʠ ʄʘʪʝʨʽʘʣ ʅʝʜʦʣʽʢʠ 

ʇʨʦʪʠʟʘʜʠʨʢʦʚʘ 
ʆʜʥʦʯʘʩʥʦ  

ʚʤʽʱʫʶʪʴ S, Cl 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʤʘʱʝʥʥʷ 

ʦʙʤʝʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ 

ʟʦʥʽ ʪʝʨʪʷ (ʜʦ 423ʂ) 

ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʘ 

ʇʦʣʷʨʥʽ ʛʨʫʧʠ (COOH, 

OH) ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

P, S, Cl 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʤʘʱʝʥʥʷ 

ʦʙʤʝʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ 

ʟʦʥʽ ʪʝʨʪʷ (ʜʦ 423ʂ) ʽ 

ʧʠʪʦʤʠʤ ʪʠʩʢʦʤ (7é8ʄʇʘ) 

 

ʇʨʦʪʠʟʘʜʠʨʢʦʚ ̔ʧʨʠʩʘʜʢʠ ʤʽʩʪʷʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ 

ʤʽʩʪʷʪʴ S ʽ Cl [58, 63], ʘ ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥ ̔ʧʨʠʩʘʜʢʠ ï ʢʦʤʧʦʟʠʮʽʾ ʟ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ P, S, Cl [66, 67]. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʟʘʭʠʩʥʽ ʧʣʽʚʢʠ 

ʬʦʩʬʘʪʽʚ, ʩʫʣʴʬʽʜʽʚ ʪʘ ʭʣʦʨʠʜʽʚ. ʊʦʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 
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ʧʨʠʩʘʜʦʢ ʩʠʥʪʝʟʫʶʪʴ ʦʨʛʘʥʽʯʥ ̔ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʤʽʱʫʶʪʴ ʦʜʥʦʯʘʩʥʦ P, S, Cl. 

ʈʘʟʦʤ ʟ ʪʠʤ ʻ ʤʘʣʘ ʾʭ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʬʘʢʪʦʨʦʤ ʽ ʧʠʪʦʤʠʤ ʪʠʩʢʦʤ ʫ ʟʦʥʽ ʪʝʨʪʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. 

ɯʩʥʫʶʯʽ ʤʝʪʘʣʦʚʤʽʩʥʽ ʧʨʠʩʘʜʢʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʦʜʠʥ ʤʝʪʘʣ; ʜʝʢʽʣʴʢʘ 

ʤʝʪʘʣʽʚ; ʟ ʢʦʤʧʦʟʠʮʽʾ ʤʝʪʘʣʽʚ ʪʘ ʝʣʝʤʝʥʪʦʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ɿʘ ʩʚʦʻʶ ʜʽʻʶ 

ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ [68] ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʧʨʠʩʘʜʢʠ: ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ 

(ʇɸʇ); ʭʽʤʽʯʥʦ-ʘʢʪʠʚʥʽ (ʍɸʇ); ʽʥʘʢʪʠʚʥʽ (ɯʇ); ʤʝʪʘʣʦʧʣʘʢʫʶʯʽ ʽ ʧʣʘʩʪʠʯʥʦ-

ʜʝʬʦʨʤʫʶʯʽ (ʄʇ). ɼʦ ʩʢʣʘʜʫ ʇɸʇ ʚʭʦʜʷʪʴ ʞʠʨʥʽ ʢʠʩʣʦʪʠ (ʦʣʝʾʥʦʚʘ, 

ʩʪʝʘʨʠʥʦʚʘ ʽ ʧʘʣʴʤʽʪʠʥʦʚʘ), ʝʬʽʨʠ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʽ ʩʧʠʨʪʽʚ, ʪʝʭʥʽʯʥʠʡ 

ʣʝʮʝʪʠʥ ʪʦʱʦ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʽʮʥʝʥʥ ̫ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʣʘʩʪʠʬʽʢʫʚʘʥʥ ̫

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ. ʅʝʜʦʣʽʢʦʤ ʇɸʇ ʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʾʭ ʦʙʤʝʞʝʥʽʩʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʬʘʢʪʦʨʦʤ. 

ɼʦ ʩʢʣʘʜʫ ʍɸʇ ʚʭʦʜʷʪʴ ʘʪʦʤʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ P, S, Cl. ʅʘʡʙʽʣʴʰʠʤ 

ʧʦʰʠʨʝʥʦ  ʁ  ̒ʧʨʠʩʘʜʢʘ ʃɿ-301 [69]. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʟʦʨʫ ʨʽʜʠʥʫ, ʷʢʘ 

ʚʤʽʱʫʻ 50% ʩʽʨʢʠ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʚʤʽʩʪ ʪʘʢʦʾ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ ï 1,5...2,0%. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʜʠʧʨʦʢʩʠʜ ʟ 48% 

ʚʤʽʩʪʦʤ ʩʽʨʢʠ, ʷʢʫ ʜʦʜʘʶʪʴ ʜʦ ʦʣʠʚʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 2,5%. 

ʋ ʷʢʦʩʪʽ ɯʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ [70], ʛʨʘʬʽʪ, 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ ʢʘʦʣʽʥ ʪʘ ʽʥ. ʑʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʧʨʠʩʘʜʢʠ ʻ ʚʠʩʦʢʘ 

ʘʥʪʠʬʨʠʢʮʽʡʥʘ ʪʘ ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʘ ʜʽʷ, ʘ ʥʝʜʦʣʽʢʦʤ ï ʚʠʧʘʜʘʥʥʷ ʾʭ ʚ ʦʩʘʜ. 

ɺ ʢ̫ʦʩʪʽ ʄʇ ʧʨʠʩʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ: ʂʊʎʄʉ-1, "ɻʨʝʪʝʨʠʥ 3", 

ʆɻʄ ʪʘ ʽʥ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʤʽʰʽ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʩʦʣʝʡ ʤʝʪʘʣʽʚ (ʚ 

ʦʩʥʦʚʥʦʤʫ ʦʣʦʚʘ ʪʘ ʤʽʜʽ) [71, 72]. 

ʅʘ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʢʣʘʩʠ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ 

(ɸʌʇ) [18, 25, 73, 74]: ʤʦʜʠʬʽʢʘʪʦʨʠ ʪʝʨʪʷ; ʨʝʤʝʪʘʣʽʟʘʥʪʠ; ʢʦʥʜʠʮʽʦʥʝʨʠ 

ʤʝʪʘʣʫ. ʇʝʨʰʠʡ ʢʣʘʩ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʝʧʘʨʘʪʘʤʠ: 

ɸʩʧʝʢʪ-ʤʦʜʠʬʽʢʘʪʦʨ (ʈʦʩʽʷ), ʈʊFɽ (ʉʐɸ), 8X747 (ʉʐɸ), ʌʨʠʢʪʦʣ 

(ʋʢʨʘʾʥʘ), ʄʦʣʠʪʨʘʥʩ (ʈʦʩʽʷ), ʄʦtorol (ʉʐɸ), ʍʘʜʦ (ʋʢʨʘʾʥʘ) Sʊʈ ʟ ʍɽʈ2 

(ʉʐɸ), Vʈ-357 (ʅʽʤʝʯʯʠʥʘ) ʪʘ ʽʥ. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʮʠʭ ʧʨʠʩʘʜʦʢ 

ʧʦʚ'ʷʟʫʶʪʴ ʟ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ ʽ ʧʨʦʪʠʟʥʦʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʪʦʨʥʦʾ 
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ʦʣʠʚʠ. ʇʨʠ ʧʦʧʘʜʘʥʥ ̔ʥʘʡʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʩʧʨʷʞʝʥʥʷ 

ʜʝʪʘʣʝʡ ʦʙʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ [75-77]. ɿʦʚʩʽʤ ʥ̔ʰʠʡ ʤʝʭʘʥʽʟʤ 

ʜʽʾ ʟʘʢʣʘʜʝʥʦ ʚ ʧʨʠʩʘʜʢʘʭ ʥʘ ʦʩʥʦʚʽ ʦʣʠʚʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʤʦʣʽʙʜʝʥʫ 

(ʌʨʠʢʪʦʣ, ʄʦʣʠʪʨʘʥʩ, ʄʦʣʠʧʨʠʟ ʪʘ ʽʥ.).  

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʣʠʚʦʨʦʟʯʠʥʥʽ ʙʝʟʟʦʣʴʥʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ 

ʧʨʠʩʘʜʢʠ, ʱʦ ʤʘʶʪʴ ʩʽʨʢʫ, ʬʦʩʬʦʨ, ʘʟʦʪ. ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʤʽʮʥ ̔ʘʜʩʦʨʙʮʽʡʥ ̔

ʰʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟ ʧʦʣʷʨʥʦʶ ʙʫʜʦʚʦʶ ʽ "ʭʚʦʩʪʦʚʦʶ" ʯʘʩʪʠʥʦ  ʁ

ʤʦʣʝʢʫʣ ʧʨʠʩʘʜʢʠ [67]. ɺ ʷʢʦʩʪʽ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʨʠʩʘʜʦʢ ʟʘʩʪʦʩʦʚʫʪʁʴ 

ʛʨʘʬʽʪ ʩʧʽʣʴʥʦ ʟ ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ [78, 79]. ʈ̫ ʜ ʤʦʪʦʨʥʠʭ ʦʣʠʚ Marly 

(ɹʝʣʴʛʽʷ) ʽ ʧʨʠʩʘʜʦʢ ʜʦ ʥʠʭ, ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʮʶ ʢʦʤʧʦʟʠʮʽʶ. 

ʋ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʦʢ ʚ ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʠ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʝʬʝʢʪ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [80, 81]. ɺʽʥ ʨʝʛʫʣʶʻ ʧʨʦʮʝʩʠ ʟʥʦʩʫ ʽ ʨʝʛʝʥʝʨʘʮʽʾ ʧʦʚʝʨʭʦʥʴ 

ʪʝʨʪʷ ʚʠʙʽʨʢʦʚʠʤ ʧʝʨʝʥʦʩʦʤ ʙʝʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʽʜʦʤʽ ʧʨʠʩʘʜʢʠ 

[70, 82, 83] ʱʝ ʦʜʥʽʻʾ ʛʨʫʧʠ: ʰʘʨʫʚʘʪʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʪʝʨʪʷ. ɺʦʥʠ ʤʽʩʪʷʪʴ 

ʝʣʝʤʝʥʪʠ ʟ ʥʠʟʴʢʠʤ ʦʧʦʨʦʤ ʟʩʫʚʫ ʤʽʞ ʰʘʨʘʤʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʠ- ʽ 

ʪʨʠʩʫʣʴʬʽʜʠ ʤʦʣʽʙʜʝʥʫ, ʜʠʩʝʣʝʥʽʜ ʤʦʣʽʙʜʝʥʫ, ʜʠʩʫʣʴʬʽʜʠ ʚʦʣʴʬʨʘʤʫ ʪʘ ʽʥ. 

ɼʦ ʢʣʘʩʫ ʨʝʤʝʪʘʣʽʟʘʥʪʽʚ ʚʽʜʥʦʩʷʪʴ ʧʨʝʧʘʨʘʪʠ: ʈʠʄɽʊ (ʈʦʩʽʷ), Metalyz-6 

(ʐʚʝʡʮʘʨʽʷ), Lubrifilm (ʐʚʝʡʮʘʨʽʷ) ʪʘ ʽʥ. ɸʌʇ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ, 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʽ ʧʦʨʦʰʢʠ (ʋɼʇ) ʢʦʣʴʦʨʦʚʠʭ ʽ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ. 

ʅʘʡʯʘʩʪʽʰʝ ʮʝ ʤʽʜʴ, ʩʚʠʥʝʮʴ, ʦʣʦʚʦ, ʩʨʽʙʣʦ, ʮʠʥʢ, ʘʣʶʤʽʥʽʡ, ʥʽʢʝʣʴ, ʘ ʪʘʢʦʞ 

ʾʭ ʩʧʣʘʚʠ [63]. ʄʝʭʘʥʽʟʤ ʜʽʾ ʧʨʠʩʘʜʦʢ ʮʴʦʛʦ ʢʣʘʩʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ʯʘʩʪʠʥʢʠ ʋɼʇ ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ (ʈʠʄɽʊ) ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʭʽʤʽʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʽ ʚʠʩʦʢʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʣʝʛʢʦ ʦʩʽʜʘʶʪʴ ʥʘ ʜʝʬʝʢʪʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʦʥʴ ʪʨʠʙʦʢʦʥʪʘʢʪʫ ʽ ʥʘ ʩʪʘʣʝʚʠʭ ʯʘʩʪʠʥʢʘʭ ʟʥʦʩʫ, ʩʪʚʦʨʶʶʯʠ 

ʘʢʪʠʚʥʽ ʤʽʜʥʽ ʦʩʪʨʽʚʮʽ. ʏʘʩʪʠʥʢʠ ʧʨʠʩʘʜʢʠ ʬʦʨʤʫʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʨʠʙʦʢʦʥʪʘʢʪʫ ʥʦʚʽ ʟʥʦʩʦʩʪʽʡʢʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʩʪʨʫʢʪʫʨʠ. ɺʦʥʠ ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ 

ʽ ʪʨʘʥʩʤʽʩʽʾ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ ʨʝʞʠʤʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʤʽʥʽʤʽʟʘʮʽʾ ʩʠʣ ʽ 
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ʤʦʤʝʥʪʽʚ ʪʝʨʪʷ, ʟʤʝʥʰʝʥʥʶ ʟʥʦʩʫ [84] 

ʇʨʠʩʘʜʢʘʤ ʚʣʘʩʪʠʚʽ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʧʨʠʪʘʤʘʥʥʽ ʽ ʥʝʜʦʣʽʢʠ: ʾʭ ʜʽʷ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʧʦʢʠ ʚʦʥʠ ʧʨʠʩʫʪʥʽ ʚ ʦʣʠʚʽ ʚ ʜʦʩʪʘʪʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ; 

ʧʨʠʩʘʜʢʠ ʥʝ ʪʽʣʴʢʠ ʥʝ ʻ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ, ʘʣʝ ʟʜʘʪʥʽ ʟʙʽʣʴʰʠʪʠ ʦʧʽʨ ʪʝʨʪʶ; 

ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʧʨʠʩʘʜʢʠ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʦʣʦʛʽʶ 

ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; ʯʝʨʝʟ ʩʢʣʘʜʥʩ̔ʪɹ ʧʨʦʮʝʩʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʚʦʥʠ ʥʝ ʚʦʣʦʜʽʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ʅʘ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʧʨʝʧʘʨʘʪʠ ER (ʉʐɸ), MILITEC - l (ʉʐɸ) ʽ 

FENOM (ʈʦʩʽʷ). ʂʦʥʜʠʮʽʦʥʝʨʠ ʤʝʪʘʣʽʚ, ʷʢ ʩʢʣʘʜʥ ̔ʦʨʛʘʥʽʯʥ ̔ʪʝʨʤʦʘʢʪʠʚʫʶʯʽ 

ʧʨʝʧʘʨʘʪ ʚ ʟʦʥʽ ʪʝʨʪʷ ʬʦʨʤʫʶʪʴ ʟʘʭʠʩʥʫ ʧʣʽʚʢʫ (ʙʣʠʟʴʢʦ 25 ʥʤ) ʟ ʭʽʤʽʯʥʦ 

ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ (ɽR) ʽ ʬʘʟ ʚʫʛʣʝʮʶ ʚ ʘʣʤʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ (RɽNʆʄ) [85, 86]. 

ʋ ʬʦʨʤʫʚʘʥʥʽ ʧʣʽʚʢʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ  ̔ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʟʥʦʩʫ ʤʝʪʘʣʫ. ʊʘʢʘ 

ʰʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʜʦʟʚʦʣʷʻ ʢʦʥʪʘʢʪʫʶʯʠʤ ʜʝʪʘʣʷʤ 

ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʥʘ ʟ ʦʜʥʦʶ ʟʘʟʥʘʶʯʠ ʪʽʣʴʢʠ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ 

ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, ʘ ʥʘʷʚʥʽʩʪʴ ʬʘʟ ʚʫʛʣʝʮʶ 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʤʝʞʽ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʣʘʩʪʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʥʠʭ ʪʦʥʢʦʛʦ ʰʘʨʫ 

ʩʝʨʚʦʚʠʪʥʦʾ ʧʣʽʚʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʝʬʝʢʪʫ ʚʠʙʽʨʢʦʚʦʛʦ ʧʝʨʝʥʦʩʫ. 

ʇʨʠʩʘʜʢʠ ʜʘʥʦʛʦ ʢʣʘʩʫ ʜʦʟʚʦʣʷʶʪʴ ʚ 3...5 ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʠ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʪʘ 

ʾʭ ʩʧʨʷʞʝʥʴ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʦʪʨʠʤʘʪʠ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ 

10...40% [87-89]. 

ɻʝʦʤʦʜʠʬʽʢʘʪʦʨʠ ʪʝʨʪʷ (ɻʄʊ) ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ɻʄʊ ʧʦʜʽʙʥʽ ʜʦ ʧʨʠʨʦʜʥʠʭ 

ʤʽʥʝʨʘʣʽʚ ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʧʦʨʽʜ [90, 91]. ɺʠʨʦʙʥʠʢʘʤʠ ʧʨʦʜʫʢʪʽʚ ʜʘʥʦʛʦ 

ʢʣʘʩʫ ʻ ʅʇʆ "ʈʎʉ ʇʨʦʤʨʝʤʦʥʪ" (ʈʦʩʽʷ) ʽ ʢʦʨʧʦʨʘʮʽʷ "ʍɸɼʆ" (ʋʢʨʘʾʥʘ). ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʦʣʠʚʽ ɻʄʊ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʪʝʨʪʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʜʽʣʝʥʥʷ ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ, ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ ʥʘ ʟʥʘʯʥʫ ʛʣʠʙʠʥʫ [92]. ɺ ʭʦʜʽ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʧʦʩʪʫʧʦʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʾʭ 
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ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʥʠʭ ʚʨʽʚʥʦʚʘʞʝʥʦʾ ʰʦʨʩʪʢʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʠʭ 

ʨʝʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘ ʭʽʤʽʯʥʠʤ ʽ ʬʘʟʦʚʠʤ ʩʢʣʘʜʘʤʠ ɻʄʊ ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʷʚʣʷʶʪʴ ʩʫʤʽʰ 

ʢʣʘʩʠʯʥʦʛʦ ʤʘʛʥʝʟʽʷʣʴʥʦ-ʟʘʣʽʟʠʩʪʦʛʦ ʩʠʣʽʢʘʪʫ (ʩʝʨʧʝʥʪʠʥʫ 

Mg6[(Si4O10)(OH)8], ʦʣʽʚʽʥʽʚ, ʢʽʥʮʝʚʠʤʠ ʬʘʟʘʤʠ ʷʢʦʛʦ ʻ ʬʦʨʩʪʝʨʠʪ (Mg2SiO4) ʽ 

ʬʘʷʣʽʪ (Fe2SiO4), ʘ ʪʘʢʦʞ, ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʢʨʝʤʥʝʟʝʤʫ SiO2 ʽ ʜʦʣʦʤʽʪʫ 

CaMg(CO3)2 [93, 94]. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʤʽʩʪʠʪʴ ʜʦʙʘʚʢʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʨʦʰʢʫ ʟ ʦʩʥʦʚʦʶ ʩʝʨʧʝʥʪʠʥʫ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ 

ʨʦʙʦʪʘʭ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʚʽʜʦʙʨʘʞʘʣʠ ʧʦʨʽʚʥʷʣʴʥʦʾ ʢʘʨʪʠʥʠ ʟʥʦʰʫʚʘʥʥʷ 

ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʜʦʙʘʚʦʢ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʘʚʪʦʨʠ ʚ 

ʨʦʙʦʪʘʭ [95, 96] ʥʘʚʝʣʠ ʧʝʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʘʩʪʠʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ ʜʝʷʢʠʤʠ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʪʝʨʪʷ ʮʴʦʛʦ ʪʠʧʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ. 

ɻʝʦʤʦʜʠʬʽʢʘʪʦʨʠ ʩʧʨʠʷʶʪʴ ʤʝʭʘʥʦʭʽʤʽʯʥʠʤ ʨʝʘʢʮʽʷʤ, ʧʽʨʦʣʽʟʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʣʠʚ ʪʘ ʪʨʠʙʦʢʘʪʘʣʽʪʠʯʥʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ, ʛʨʘʬʽʪʠʟʘʮʽʾ ʽ 

ʫʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʠʭ ʚʫʛʣʝʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʟ ʦʣʠʚ. ɺʠʷʚʣʝʥʦ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ ʽ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʇʨʠʚʝʜʝʥʽ ʚʠʩʥʦʚʢʠ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʟ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ Mg6Si4O10(OH)8 [93].  

ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʦʩʥʦʚʽ ʬʨʠʢʮʽʡʥʠʭ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʣʝʞʠʪʴ ʚʝʣʠʢʘ 

ʛʨʫʧʘ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʜʝ ʤʘʛʥʽʡ ʤʦʞʝ ʙʫʪʠ 

ʟʘʤʽʥʝʥʦ ʟʘʣʽʟʦʤ ʪʘ ʥʽʢʝʣʝʤ [97, 98]. ʉʝʨʧʝʥʪʠʥʦʚʘ ʧʦʨʦʜʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʩʝʨʧʝʥʪʠʥʫ, ʤʘʛʥʝʪʠʪʦʚʠʭ ʪʘ ʭʨʦʤʦʚʠʭ ʚʢʣʶʯʝʥʴ ʽ ʚʘʨʽʘʮʽʶ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʷʢʦʩʪʽ ʩʫʤʽʰʽ ʛʝʦʤʦʜʠʬʽʢʘʮʽʡʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʤʦʜʠʬʽʢʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʚʠʩʚʽʪʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [93-95] ʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʨʠʙʦʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʍʽʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ ʰʘʨʫ ʟ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʨʦʟʨʦʙʣʝʥʘ ʚ ʨʦʙʦʪʽ [96], ʘʣʝ ʥʝ ʥʘʚʝʜʝʥʦ 



58 

ʽʥʬʦʨʤʘʮʽʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʡ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʰʘʨʽʚ. ʊʘʢʽ 

ʨʦʟʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ɺ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʦʪʘʭ ʧʨʠʧʫʩʢʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʝʣʘʩʪʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʪʠʩʢʘʤʠ ʚ ʦʣʠʚʥʦʤʫ ʢʣʠʥʽ, ʚʠʢʣʠʢʘʶʯʠ ʧʨʫʞʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʝʣʠʯʠʥʘ 

ʟʘʟʦʨʫ ʤʽʞ ʜʝʪʘʣʷʤʠ ʟʨʦʩʪʘʻ, ʜʘʥʝ ʷʚʠʱʝ, ʦʯʝʚʠʜʥʦ, ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʨʦʙʦʪʽ 

ʰʘʨʫ ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚ ʦʣʠʚʽ. ɻʣʠʙʦʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʧʨʠ ʦʙʨʦʙʮʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʫ ʚʽʜʢʨʠʪʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ 

ʚʠʷʚʣʝʥʦ. 

 

1.4 ʐʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʦʣʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ  

 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚ ʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʻ ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʠʩʘʜʦʢ ʽ ʜʦʙʘʚʦʢ. ʇʨʦʪʝ, ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʧʦʻʜʥʘʥʥʷ ʾʭ ʟ ʨʽʟʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʫ ʷʢʽʩʪʴ ʤʦʪʦʨʥʠʭ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʚʽʜʦʤʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʦʜʥʽ ʧʨʠʩʘʜʢʠ ʧʦʛʽʨʰʫʶʪʴ ʜʽʶ 

ʽʥʰʠʭ [97-99], ʘ ʚʟʘʻʤʥʦʧʦʩʠʣʶʶʯʘ ʜʽʷ ʧʨʠʩʘʜʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʦ 

ʨʽʜʰʝ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʦʚʘʨʥʠʭ ʦʣʠʚ ʤʦʞʝ 

ʙʫʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʨʠʩʘʜʦʢ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʯʘʩ ʙʝʟʘʚʘʨʽʡʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʘʙʦ ʩʘʤʦʛʦ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ [100]. 

ɼʦ ʦʣʠʚ ʜʦʜʘʶʪʴ ʘʥʪʠʦʢʠʩʣʶʶʯʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ 

ʦʣʠʚ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ; ʧʨʦʪʠʟʥʦʩ ʽ ʧʨʦʪʠʟʘʜʠʨʠ, ʧʦʢʨʘʱʫʶʪʴ 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʚ'ʷʟʢʽʩʥʽ ʽ ʜʠʩʧʝʨʩʥʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ 

ʚʷʟʢʽʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʽ ʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʟʘʧʦʙʽʛʘʶʯʽ 

ʩʧʽʥʶʚʘʥʥʶ ʦʣʠʚʠ, ʤʠʶʯʦ-ʜʠʩʧʝʨʛʫʶʯʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 
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ʚʽʜʢʣʘʜʝʥʥʶ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʣʝʥʥʷ ʥʘ ʜʝʪʘʣʷʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʠʩʘʜʢʠ, ʱʦ 

ʧʦʢʨʘʱʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʨʽʟʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

[101]. 

ʇʠʪʘʥʥʷ ʧʨʦ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʘʢʪʫʘʣʴʥʝ ʽ 

ʚʠʢʣʠʢʘʻ ʩʫʧʝʨʝʯʢʠ ʩʝʨʝʜ ʜʦʩʣʽʜʥʠʢʽʚ. ʅʘʩʴʦʛʦʜʥʽ ʥʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʧʨʦ 

ʦʧʪʠʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʩʣʫʞʙʠ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʦʩʢʽʣʴʢʠ ʾʭ ʩʪʘʥ 

ʦʮʽʥʶʶʪʴ ʟʘ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʇʦʪʨʽʙʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʽʥʘ ʨʽʚʥʽʚ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦ ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʨʫ 

ʩʪʘʨʽʥʥʷ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʽ, ʦʪʞʝ, ʥʘ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ [102]. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ [103-105] ʚʚʘʞʘʶʪʴ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʜʽʡʩʥʠʡ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ ʧʦ ʬʘʢʪʠʯʥʦʤʫ ʩʪʘʥʫ, ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʢʦʤʧʣʝʢʩʥʽʡ ʦʮʽʥʮʽ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʨʤʽʥ ʾʭ ʩʣʫʞʙʠ. ʏʘʩʪʘ ʟʤʽʥʘ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʥʝ ʚʠʛʽʜʥʘ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʦ, ʘʣʝ ʽ ʪʝʭʥʽʯʥʦ, ʦʩʢʽʣʴʢʠ ʦʣʠʚʘ 

ʥʘʙʫʚʘʻ ʦʧʪʠʤʫʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʧʨʦʪʠʟʥʦʩʥʠʭ, 

ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʷʶʯʠ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, 

ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʧʣʠʚʦʚʽ ʯʠʥʥʠʢʠ: ʧʦʧʘʜʘʥʥʽ ʘʙʨʘʟʠʚʫ ʚ 

ʟʤʘʱʫʚʘʣʴʥʫ ʩʠʩʪʝʤʫ; ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʩʽʨʢʠ ʚ ʧʘʣʠʚʽ; ʥʘʢʦʧʠʯʝʥʥʽ ʚ ʦʣʠʚʽ 

ʚʦʜʠ ʘʙʦ ʽʥʰʦʾ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ; ʧʽʜʚʠʱʝʥʥʽ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʣʠʚʠ; 

ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʦʣʠʚʠ ʥʘ ʯʘʜ ʫʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʩʫ ʎʇɻ ʽ ʪ.ʜ. 

ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʥʦʩ, ʱʦ ʚʠʥʠʢʘʻ ʫ ʤʦʤʝʥʪ ʧʫʩʢʫ 

ʜʚʠʛʫʥʘ. ʊʘʢʠʡ ʟʥʦʩ ʙʽʣʴʰʝ, ʥʽʞ ʟʥʦʩ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʥʘ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ. 

ɺʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚʠ ï ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʘʣʦʶ ʚ'ʷʟʢʽʩʪʶ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʟʥʦʩ ʫʥʘʩʣʽʜʦʢ ʢʨʘʱʦʛʦ ʧʽʜʪʽʢʘʥʥʷ ʦʣʠʚʠ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. ɼʣʷ ʨʦʙʦʪʠ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʙʽʣʴʰ 

ʚ'ʷʟʢʠʤ ʦʣʠʚʘʤ [96, 106-107]. ʑʦʙ ʟʤʝʥʰʠʪʠ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ 
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ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʣʠʚʠ ʟ ʭʦʨʦʰʠʤʠ 

ʚôʷʟʢʽʩʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʧʫʩʢ 

ʽ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʚ ʧʦʜʘʣʴʰʠʡ ʧʝʨʽʦʜ. 

ɼʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʢʦʨʦʟʽʡʥʦ-ʘʛʨʝʩʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ 

ʥʘʛʨʦʤʘʜʞʫʶʪʴʩʷ ʚ ʦʣʠʚʽ ʚ ʧʨʦʮʝʩʽ ʾʾ ʨʦʙʦʪʠ, ʚ ʥʽʡ ʚʘʨʽʶʻʪʴʩʷ ʚʤʽʩʪ 

ʜʝʪʝʨʛʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʫʤʦʚʠ ʨʦʙʦʪʠ ʦʣʠʚʠ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʽ ʩʧʝʮʠʬʽʢʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʠʶʯʠʭ ʧʨʠʩʘʜʦʢ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʦʶ. ɯʥʘʢʰʝ 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʽʜʚʠʱʝʥʝ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʟʦʣʴʥʽʩʪʴ 

ʦʣʠʚʠ [108, 109]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʽ ʽʥʰʽ ʩʧʦʩʦʙʠ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʥʦʩʫ 

[110-112]. ɼʣʷ ʮʴʦʛʦ ʟʙʽʣʴʰʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʟʘʩʦʙʽʚ ʦʯʠʱʝʥʥʷ, ʱʦ 

ʚʠʜʘʣʷʶʪʴ ʟ ʦʣʠʚʠ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʚʦʜʫ ʽ ʽʥʰʽ ʧʨʦʜʫʢʪʠ, ʧʨʠʩʫʪʥʽʩʪʴ 

ʷʢʠʭ ʤʦʞʝ ʥʝʛʘʪʠʚʥʠʤ ʯʠʥʦʤ ʚʽʜʦʙʨʘʟʠʪʠʩʷ ʥʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ ʚ ʦʣʠʚʽ ʚʦʜʠ ʟʥʠʞʫʻ ʾʾ 

ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʜʽʷʪʠ ʟʥʦʰʫʚʘʥʥʶ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. 

ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʘʢʦʞ ʩʧʨʘʮʴʦʚʫʚʘʥʥʶ ʧʨʠʩʘʜʦʢ ʽ ʜʦʙʘʚʦʢ 

ʧʨʠ ʨʦʙʦʪʽ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʘʭ ʊʄ [34, 105]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʝʨʰʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʝ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʤʽʩʪ ʤʠʶʯʠʭ ʧʨʠʩʘʜʦʢ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʘʜ ʧʨʠʩʘʜʦʢ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʣʠʚʽ. ɸʥʘʣʽʟ 

ʨʦʙʽʪ [105, 113] ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʤʠʶʯʠʭ ʧʨʠʩʘʜʦʢ ʚ ʦʣʠʚʠ 

ʚʠʢʣʠʢʘʥʝ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʉʝʨʝʜ ʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʷ ʘʜʩʦʨʙʮʽʷ ʧʨʠʩʘʜʢʠ 

ʥʘ ʝʣʝʤʝʥʪʘʭ ʦʣʠʚʥʠʭ ʬʽʣʴʪʨʽʚ, ʱʦ ʬʽʣʴʪʨʫʶʪʴ, ʘ ʪʘʢʦʞ ʚʠʜʘʣʷʶʪʴ 

ʝʣʝʤʝʥʪʘʤʠ ʦʣʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʥʝʨʦʟʯʠʥʥʽ ʚ ʦʣʠʚʽ ʧʨʦʜʫʢʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ 

ʬʽʣʴʪʨʫʶʪʴ, ʨʘʟʦʤ ʟ ʘʜʩʦʨʙʦʚʘʥʦʶ ʥʘ ʥʠʭ ʧʨʠʩʘʜʢʦʶ; ʟʨʝʰʪʦʶ, ʨʦʟʧʘʜ 

ʧʨʠʩʘʜʢʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʠʭ ʚ ʦʣʠʚʽ ʧʨʦʜʫʢʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʪʝʭʥʽʯʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʽ 
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ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʫʢʫʧʥʦʩʪʽ ʽʟ ʧʨʦʙʣʝʤʦʶ ʟʙʝʨʝʞʝʥʥʷ ʟʤʘʱʫʚʘʥʠʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ. ɿʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʯʦʾ 

ʦʣʠʚʠ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʟʥʦʩ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʘʙʦ ʜʝʬʝʢʪʠ ʦʢʨʝʤʠʭ ʡʦʛʦ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʘʻ 

ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʜʦ 

ʥʠʭ ʜʦʜʘʶʪʴ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʦʣʠʚ ʧʨʠ 

ʦʢʠʩʥʝʥʥʽ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ; ʧʨʦʪʠʟʥʦʩʥʽ ʽ ʧʨʦʪʠʚʦʟʘʜʠʨʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʚ'ʷʟʢʽʩʥʽ ʽ ʜʝʧʨʝʩʦʨʥʽ ʧʨʠʩʘʜʢʠ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ 

ʚ'ʷʟʢʽʩʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʽ ʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʧʨʦʪʠʧʽʥʥʽ, 

ʟʘʧʦʙʽʛʘʶʯʽ ʩʧʽʥʶʚʘʥʥʶ ʦʣʠʚʠ; ʤʠʶʯʽ-ʜʠʩʧʝʨʛʫʨʶʶʯʽ ʧʨʠʩʘʜʢʠ, ʱʦ 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʽʜʢʣʘʜʝʥʥʶ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʥʘ ʜʝʪʘʣʷʭ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ.  

ɿʘ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ ʨʦʙʽʪ [32, 35, 105, 114] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʻ ʜʚʘ 

ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, 

ʧʨʘʮʶʶʯʠʭ ʙʝʟ ʨʦʟʙʠʨʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʪʘʢʽ ʷʢ ʚʧʣʠʚ 

ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʨʦʙʦʪʫ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʫ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" 

ʤʝʪʦʜʦʤ ʧʦʜʘʯʽ ʦʣʠʚʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʫʩʢʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ [56, 115]. ʋ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʤʦʪʦʨʥʘ ʽ ʪʨʘʥʩʤʽʩʽʡʥʘ ʦʣʠʚʠ ʚ ʾʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʘʭ 

ʟʘʟʥʘʻ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ, ʭʘʨʘʢʪʝʨ ʽ ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʠʭ ʦʣʠʚ [40, 44, 116].  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʮʽ ʟʤʽʥʠ ʪʘʢʽ, ʱʦ ʥʝ ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʣʠʚ ʧʽʩʣʷ ʥʘʣʝʞʥʦʛʦ ʦʯʠʱʝʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʩʪʘʨʽʥʥʷ. ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʮʽʣʢʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: ʭʘʨʘʢʪʝʨʦʤ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ 

ʷʢʦʩʪʽ ʩʚʽʞʦʾ ʦʣʠʚʠ ʜʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; ʧʨʠʨʦʜʦʶ ʽ ʢʽʣʴʢʽʩʪʶ ʟʘʙʨʫʜʥʝʥʴ ʽ 

ʧʨʦʜʫʢʪʽʚ ʩʪʘʨʽʥʥʷ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʦʣʠʚʽ. ʏʠʤ ʚʠʱʝ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʩʚʽʞʦʛʦ 

ʦʣʠʚʠ ʽ ʯʠʤ ʜʘʣʽ ʟʘʡʰʦʚ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ, ʪʠʤ ʙʽʣʴʰʽ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʦʪʨʽʙʥʽ 

ʜʣʷ ʾʾ ʚʽʜʥʦʚʣʝʥʥʷ [117-120]. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʚʽʜʥʦʚʣʝʥʥʷ 
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ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʩʚʽʞʠʭ ʦʣʠʚ ʽ ʚʠʤʦʛ, ʷʢʽ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʾʭ ʷʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʦʣʠʚʠ ʽ ʭʘʨʘʢʪʝʨ ʧʨʦʜʫʢʪʽʚ 

ʩʪʘʨʽʥʥʷ ʽ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʟʟʦʚʥʽ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ. ʄʝʪʘ ʪʘ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ  

 

ɸʥʘʣʽʟ ʫʤʦʚ ʨʦʙʦʪʠ ʊʄ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʽʚ ʪʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʪʘ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ, ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɸʥʘʣʽʟ ʫʤʦʚ ʨʦʙʦʪʠ ʊʄ, ʟʨʦʙʣʝʥʠʡ ʥʘ ʙʘʟʽ ʢʘʨ'ʻʨʽʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ 

ʉɻɺ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣ., ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" 

ʧʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʨʫʭ ʧʨʠ ʩʢʣʘʜʥʦʤʫ 

ʧʨʦʬʽʣʶ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʨʫʩʽ ʟ ʚʘʥʪʘʞʝʤ ʥʘ ʧʽʜʡʦʤ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʚ 

ʫʤʦʚʘʭ ʟʘʧʠʣʝʥʦʩʪʽ ʤʽʞ ʚʝʨʭʥʴʦʶ ʽ ʥʠʞʥʽʤʠ ʚʽʜʤʽʪʢʘʤʠ ʢʘʨ'ʻʨʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢ ʥʘʜʚʘʞʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʨʝʩʫʨʩ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʪʘ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 

2. ɺʠʷʚʣʝʥʦ ʱʦ ʪʨʘʥʩʤʽʩʽʡʥʽ ʽ ʤʦʪʦʨʥʽ ʦʣʠʚʠ ʧʨʠ ʨʦʙʦʪʽ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʧʽʜʜʘʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽʡ ʜʽʾ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʢʠʩʥʶ ʧʦʚʽʪʨʷ, ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʦʩʥʦʚʥʠʭ ʩʧʨʷʞʝʥʴ ʜʚʠʛʫʥʘ ʽ ʪʨʘʥʩʤʽʩʽʾ ʽ ʩʪʦʨʦʥʥʽʭ 

ʜʦʤʽʰʦʢ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʯʝʨʝʟ ʚʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ. ɿʘʟʥʘʯʝʥʝ ʩʧʨʠʷʻ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʣʠʚʠ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ ʟʤʽʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʤʝʥʰʫʻ ʪʝʨʤʽʥ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

3. ɿʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʥʦʩ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʊʄ ʪʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ, ʘ ʦʪʞʝ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʤʦʪʦʨʥʽ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʚ ʩʠʣʦʚʦʤʫ ʘʛʨʝʛʘʪʽ ʊʄ 
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ʫʪʚʦʨʶʶʪʴ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʤʘʩʪʠʣʴʥʽ ʧʣʽʚʢʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʪʝʨʪʷ ʽ ʟʘʧʦʙʽʛʘʶʪʴ ʟʥʦʰʫʚʘʥʥʶ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʯʠʭ ʦʣʠʚ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ 

ʧʨʠʩʘʜʦʢ. ʅʘʚʝʜʝʥʦ ʾʭ ʚʧʣʠʚʠ ʥʘ ʦʣʠʚʫ ʽ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ. ʆʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʚʧʣʠʚʫ ʥʘ ʨʝʩʫʨʩ ʦʣʠʚ ʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʧʨʠʜʽʣʝʥʦ ʩʠʥʪʝʟʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʦ ʾʭ 

ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʜʽʾ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʇʦʢʘʟʘʥʦ, ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤ ʜʽʾ ʪʘʢʠʭ ʧʨʠʩʘʜʦʢ ʷʢ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢ ʽ ʥʘ 

ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʝʡ ʪʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʘʙʦ 

ʧʣʽʚʦʢ, ʘ ʪʘʢʦʞ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʦʣʠʚʠ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʟʥʘʯʝʥʦ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʦʣʠʚ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʘʚʝʜʝʥʠʭ ʚʠʩʥʦʚʢʽʚ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ: 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʞʦʨʩʪʢʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ ʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʪʘ ʤʦʞʣʠʚʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ; 

ï ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʧʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʥʘ ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʦʣʠʚ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ; 

ï ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʠʥʪʝʟ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʚʥʝʩʝʥʥʷ ʷʢʦʾ ʚ ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʠ, ʥʘʜʘʩʪʴ ʾʤ 
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ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡ 

ʧʽʜʚʠʱʠʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ; 

ï ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʩʪʝʥʜʦʚʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ; 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʡ ʦʮʽʥʠʪʠ ʨʝʩʫʨʩ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ; 

ï ʜʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʩʣʫʞʙʘʤ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 
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ʈʆɿɼɯʃ 2 

ʊɽʆʈɽʊʀʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɺʇʃʀɺʋ ʂʆʄʇʆɿʀʎɯʁʅʆɰ 

ʇʈʀʉɸɼʂʀ ʅɸ ʆʉʅʆɺɯ ɻɽʆʄʆɼʀʌɯʂɸʊʆʈɸ ʅɸ 

ɼʆɺɻʆɺɯʏʅɯʉʊʔ ʈʋʍʆʄʀʍ ʉʇʈʗɾɽʅʔ ɼɽʊɸʃɽʁ ʉʀʃʆɺʀʍ 

ɸɻʈɽɻɸʊɯɺ ʊʈɸʅʉʇʆʈʊʅʀʍ ʄɸʐʀʅ 

 

2.1 ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʜʽʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʚʥʝʩʝʥʦʾ ʚ ʦʣʠʚʫ, ʥʘ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ  

 

ʄʘʩʪʠʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʧʦʢʨʘʱʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʘʜʦʢ, 

ʷʢʽ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʬʦʨʤʫʶʪʴ ʤʽʮʥʽ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʽ ʰʘʨʠ, 

ʟʘʧʦʙʽʛʘʶʯʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʊʄ [35, 96, 121]. ʇʽʜ ʜʽʻʶ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʚ ʟʦʥʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʢʦʥʢʫʨʝʥʪʥʦʾ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʇɸʈ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ. 

ɹʽʣʴʰ ʘʢʪʠʚʥʽ ʤʦʣʝʢʫʣʠ ʚʠʪʽʩʥʷʶʪʴ ʟ ʧʦʚʝʨʭʥʽ ʤʝʥʰ ʘʢʪʠʚʥʽ ʽ ʯʝʨʝʟ 

ʣʘʪʝʥʪʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʥʘʩʪʘʻ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ʧʨʠ ʷʢʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ 

ʬʦʨʤʫʻʪʴʩʷ ʘʥʪʠʬʨʠʢʮʽʡʥʠʡ ʰʘʨ ʘʙʦ ʧʣʽʚʢʘ. ʊʦʚʱʠʥʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ 

(ʧʣʽʚʢʠ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʘʢʪʠʚʥʦʩʪʽ ʤʦʣʝʢʫʣ, ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʩʪʘʥʫ [122, 123]. ʆʩʢʽʣʴʢʠ ʧʽʩʣʷ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʝ ʧʦʣʝ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ, ʪʦ ʧʦʚʝʨʭʥʝʚʘ ʘʢʪʠʚʥʽʩʪʴ ʤʦʣʝʢʫʣ ʇɸʈ ʧʨʠʩʘʜʦʢ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʾʭ ʧʦʣʷʨʥʦ-ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ. 

ʄʦʣʝʢʫʣʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙ'ʻʤʽ ʦʣʠʚʠ, 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʫʪʚʦʨʶʶʯʠ ʨʽʟʥʽ ʟʘ ʙʫʜʦʚʦʶ ʽ ʬʦʨʤʦʶ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ [97, 124]. ʊʘʢʘ ʚʟʘʻʤʦʜʽʷ ʤʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʧʨʠʨʦʜʫ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʫ ʦʣʠʚʽ ʪʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʦʣʝʢʫʣ ʇɸʈ. ɿʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʝʢʫʣ ʫ ʦʣʠʚʽ, ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʨʦʩʪʝ ʢʽʣʴʢʽʩʪʴ ʾʭ ʟʽʪʢʥʝʥʴ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʘʩʦʮʽʘʪʽʚ. ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʜʝʷʢʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʤʦʣʝʢʫʣʠ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʩʦʮʽʡʦʚʘʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ. 2.1).  

 

ʘ    ʙ      ʚ 

ʈʠʩ.2.1. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʢʨʠʚʦʾ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʘ) ʪʘ 

ʩʭʝʤʠ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʟ ʧʦʚʝʨʭʥʝʶ ʪʝʨʪʷ (ʙ) ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ (ʚ): 1 ï ʢʨʠʚʘ 

ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ; 2, 3 ï ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʨʘʜʠʢʘʣ ʪʘ ʧʦʣʷʨʥʦ-

ʘʢʪʠʚʥʘ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣʠ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʧʨʠʩʘʜʢʠ; 

4 ï ʷʜʨʦ ʤʽʮʝʣʠ; 5, 6 ï ʤʦʥʦ- ʪʘ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʽ ʰʘʨʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ 

 

ʄʦʣʝʢʫʣʠ ʧʨʠʩʘʜʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʦʥʦʤʽʨʥʦʤʫ ʩʪʘʥʽ ʽ ʬʦʨʤʫʶʪʴ 

ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʨ ʤʘʩʪʠʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʄʉ) (ʨʠʩ. 2.1, ʚ). ʇʨʠ 

ʮʴʦʤʫ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ (ʨʠʩ. 2.1, ʘ) ʚʠʩʪʘʯʘʻ, ʱʦʙ 

ʟʨʫʡʥʫʚʘʪʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.1, ʙ) ʚ ʟʦʥʽ ʪʝʨʪʷ. ʆʩʥʦʚʥʠʤ 

ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ, ʻ ʤʽʨʘ ʘʩʦʮʽʘʮʽʾ ʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ ʚ ʦʙ'ʻʤʽ ʄʉ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʯʘʩʥʠʭ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ 

ʚ ʥʠʭ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ [33], ʪʦʙʪʦ ʙʽʣʴʰʽʩʪʴ ʤʦʣʝʢʫʣ 

ʧʨʠʩʘʜʦʢ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʩʦʮʽʘʪʠʚʥʦʤʫ ʩʪʘʥʽ ʽ ʤʘʶʪʴ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʡ ʩʪʘʥ ʦʣʠʚʠ ʧʝʨʝʰʢʦʜʞʘʻ ʝʬʝʢʪʠʚʥʦʤʫ ʬʦʨʤʫʚʘʥʥʶ 
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ʛʨʘʥʠʯʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʰʘʨʽʚ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ, ʦʩʢʽʣʴʢʠ 

ʧʦʣʷʨʥʦ-ʘʢʪʠʚʥʽ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫʩʝʨʝʜʠʥʽ 

ʘʩʦʮʽʘʪʫ, ʘ ʥʝʧʦʣʷʨʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʨʘʜʠʢʘʣʠ ï ʟʦʚʥʽ [105].  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ [78], ʱʦ ʜʝʷʢʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʦʣʠʚʠ ʧʦʙʣʠʟʫ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʨʦʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ ʤʝʥʰʫ ʢʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ 

ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʾʾ ʰʘʨʽʚ: 

() ( )zgfdzdv ,tt+= ,     (2.1) 

ʜʝ ()tf  ï ʬʫʥʢʮʽʷ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ; ( ) 0, ¸zgt  ï ʬʫʥʢʮʽʷ ʟʩʫʚʫ 

ʰʘʨʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʽ hz d> , hd ï 

ʚʜ̔ʨʽʟʦʢ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ.  

ʈʦʟʚ'ʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʥɹʦʛʦ ʨʽʚʥʷʥʥʷ (2.1) ʤʘʻ ʚʠʛʣʷʜ: 

() ( )ñ+=
h

dzzgzfv

d

tt
0

, ,     (2.2) 

ʜʝ ( ) ()tt

d

evdzzg
h

=ñ
0

,  ï ʝʬʝʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʦʣʠʚʠ ʫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʪʘʥʥʻ, ʤʘʻʤʦ: 

() ()dzfvv e tt=- .      (2.3) 

ʈʽʚʥʷʥʥʷ (2.2) ʽ (2.3) ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʦʩʥʦʚʽ ʨʫʭʫ ʽ ʪʝʧʣʦʦʙʤʽʥʫ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʣʝʞʘʪʴ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʙʪʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʝʭʘʥʽʢʠ [124, 

125]. ʆʪʞʝ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ, ʧʦʷʩʥʶʻʪʴʩʷ ʧʦʚʝʜʽʥʢʘ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʷʢ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ, ʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʦʣʦʛʽʾ ï 

ʩʪʚʦʨʶʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʘʙʦ ʬʽʟʠʯʥʘ ʤʦʜʝʣʽ ʾʾ ʧʦʚʝʜʽʥʢʠ. 

ʏʝʨʝʟ ʩʪʨʫʢʪʫʨʥʽ ʫʩʢʣʘʜʥʝʥʥʷ ʰʘʨʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʾʭ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʝʟʦʤʦʨʬʽʟʤʫ. ɺʠʷʚʣʝʥʥʷ ʮʽʻʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʧʨʷʤʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ [126]. ʇʝʨʝʜʫʩʽʤ ʮʝ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʦʩʢʽʣʴʢʠ ʯʠʤ 
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ʚʠʱʘ ʧʦʚʝʨʭʥʝʚʘ ʘʢʪʠʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʪʠʤ ʙʽʣʴʰʦʶ 

ʤʽʨʦʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʚʠʭʦʜʫ ʾʾ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʨʪʷ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʜʩʦʨʙʮʽʾ. ʆʮʽʥʠʪʠ ʧʦʚʝʨʭʥʝʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʯʽ 

ʪʘ ʢʨʠʪʠʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʤʦʞʣʠʚʦ ʟʘ 

ʧʦʙʫʜʦʚʦʶ ʽʟʦʪʝʨʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ (ʨʠʩ. 2.2). 

 

ʈʠʩ. 2.2. ɯʟʦʪʝʨʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘ ʦʩʥʦʚʽ ʧʨʠʩʘʜʢʠ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʦʣʠʚʠ ʟʥʠʞʫʻ 

ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʇʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ 

ʪʝʥʜʝʥʮʽʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʚ ʾʾ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʝʤʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʢʨʠʚʠʭ ʽʟʦʪʝʨʤ ʥs ( vʉ ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʜʽʣʠʪʠ ʜʚʽ ʰʠʨʦʢʽ ʦʙʣʘʩʪʽ ʨʽʟʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚ ʷʢʠʭ ʧʦʚʝʨʭʥʝʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɺ 

ʧʨʦʤʽʞʥʦʤʫ, ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪ̫ʛʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ [127]. ʇʦʚʝʨʭʥʝʚʫ ʘʢʪʠʚʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʦʣʠʚʠ ʧʦ ɻʽʙʙʩʫ 
vʥ dʉds  ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

( ) vvʥʦʥʥ ʉdʉd Ö+= sss ,     (2.4) 

ʜʝ ʦʥs , vʉ  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʩʚʽʞʦʾ ʦʣʠʚʠ ʪʘ ʚʤʽʩʪ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʟ ʨʽʟʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 
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ʧʨʠʩʘʜʢʠ [35, 37]. ʅʘʡʙʽʣʴʰʘ ʘʢʪʠʚʥʽʩʪʴ ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʶ 

ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʩʭʠʣʴʥʽʩʪʴ ʾʾ 

ʤʦʣʝʢʫʣ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʩʦʮʽʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʧʨʦʤʽʞʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ. ɿʤʽʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʚʠʟʥʘʯʘʻ ʪʫ ʯʠ ʽʥʰʫ ʩʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʩʦʮʽʘʪʽʚ 

ʤʦʣʝʢʫʣ [82] ʧʽʜ ʯʘʩ ʾʭ ʘʜʩʦʨʙʮʽʾ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 2.3). 

 

ʘ      ʙ 

ʈʠʩ. 2.3. ʉʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʩʦʮʽʘʪʽʚ ʤʦʣʝʢʫʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ: ʘ ï ʘʩʦʮʽʘʪʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ 

ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ; ʙ ï ʘʩʦʮʽʘʪʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʫ ʥʘʧʨʷʤʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

 

ʉʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.3, ʘ ʧʝʨʝʚʘʞʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʠʩʘʜʢʠ ʛʣʽʮʝʨʘʪʫ ʤʽʜʽ );( min voptvv CCʉ= , ʘ ʥʘ ʨʠʩ. 2.3, ʙ-

);( maxvvoptv CCʉ= . ɺ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʛʦʜʞʝʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʘʩʦʮʽʘʪʽʚ ʟ ʧʝʨʝʚʘʛʦʶ ʧʝʨʰʦʾ ʩʭʝʤʠ, 

ʱʦ ʩʧʨʠʯʠʥʷʻ ʩʪʨʠʙʦʢ ʚôʷʟʢʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʩʦʮʽʘʪʽʚ ʟʘ ʜʨʫʛʦʶ ʩʭʝʤʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʱʽʣʴʥʽʰʝ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʘʜʩʦʨʙʫʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʧʨʠʩʘʜʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʝʜʝʥʽ ʥʘ ʽʥʰʠʭ ʧʨʠʩʘʜʢʘʭ 

[78]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ [57]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ [41, 42] ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʦʚʽ ʧʨʠʩʘʜʦʢ ʧʦʯʠʥʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ 
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ʧʝʨʝʙʫʜʦʚʘʤʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ. ʇʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ ʜʦʚʛʽ ʦʩʽ ʤʦʣʝʢʫʣ ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ, ʱʦ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻ ʩʠʣʫ ʪʝʨʪʷ, ʘ ʦʪʞʝ ʟʥʦʩ ʜʝʪʘʣʽ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʘʥ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ 

ʜʦʚʛʽ ʦʩʽ ʤʦʣʝʢʫʣ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ, ʟʙʽʣʴʰʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʪʦʙʪʦ ʬʦʨʤʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʘʥʫ ʦʙʣʽʪʝʨʘʮʽʾ ʚ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ [124]. 

ɺ'ʷʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʻ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ vC  [53], ʱʦ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʩʧʽʚʧʘʜʘʻ ʟ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ɽʡʥʰʪʝʡʥʦʤ: 

( )vʬ CÖ+= ahh 10 ,      (2.5) 

ʜʝ ʬa  ï ʤʥʦʞʥʠʢ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ, 5,2=ʬa  ï 

ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ; 0h  ï ʚ'ʷʟʢʽʩʪʴ ʙʘʟʦʚʦʾ ʦʣʠʚʠ; vC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʧʨʠʩʘʜʢʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ'ʷʟʢʦʩʪʽ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ, ʷʢʽ ʟʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʨʘʞʝʥʽ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ h. ɿ ʨʝʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʜʦʮʽʣʴʥʦ 

ʦʮʽʥʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ 

ʟʩʫʚʫ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʙʫʚʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [91, 95, 

97] ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʪʘ ʘʩʦʮʽʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ [9]. ʇʨʠ ʥʝʟʥʘʯʥʦʤʫ 

ʥʘʧʨʫʞʝʥʥʽ ʟʩʫʚʫ ʩʪʨʫʢʪʫʨʥʠʡ ʢʘʨʢʘʩ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʟʘʟʥʘʻ ʧʨʫʞʥʠʭ, 

ʮʽʣʢʦʤ ʟʚʦʨʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɼʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʦ ʤʝʞʽ 

ʧʣʠʥʥʦʩʪʽ, ʧʨʦʪʽʢʘʶʪʴ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʪʘ 

ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ [128]. ʊʘʢʠʡ ʩʪʘʥ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʤʦʜʝʣʣʶ ʐʚʝʜʦʚʘ-ɹʽʥʛʘʤʘ. 

ʋ ʜʝʷʢʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʩʪʨʫʢʪʫʨʥʠʡ ʢʘʨʢʘʩ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʭʦʜʫ 

ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʨʫʡʥʫʻʪʴʩʷ ʪʘʢ ʽʥʪʝʥʩʠʚʥʦ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ 

ʟʩʫʚʫ ʥʝ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ ʟʥʠʞʫʻʪʴʩʷ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ. 



71 

ɿʘʟʥʘʯʝʥʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ, 

ʟʜʽʡʩʥʶʻ ʥʝ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ, ʘ ʤʽʨʘ ʾʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ 

ʘʩʦʮʽʘʮʽʾ.  

ʅʘʩʴʦʛʦʜʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʷʚʣʝʥʦ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ ʢʦʞʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʘʜʢʠ ʤʽʞ ʩʦʙʦʶ, ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʦʣʠʚʦʶ ʽ ʟ ʨʦʙʦʯʦʶ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʝʡ. ʅʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʤʝʭʘʥʽʟʤʠ ʘʩʦʮʽʘʮʽʾ 

ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʩʧʦʣʫʢ ʽ pïpï ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʟʘʨʷʜʫ [43, 95]. ʇʝʨʰʠʡ ʤʝʭʘʥʽʟʤ ï ʮʝ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʌʇ) ʤʽʞ 

ʱʽʣʴʥʦʫʧʘʢʦʚʘʥʦʶ ʽ ʩʣʘʙʦ ʟʚ'ʷʟʘʥʦʶ ʩʪʨʫʢʪʫʨʘʤʠ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʰʘʨʫ 

ʤʦʣʝʢʫʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʘ ʜʨʫʛʠʡ ï ʟʤʽʥʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʩʪʦʚʧʯʘʩʪʠʭ p ï ʘʩʦʮʽʘʪʽʚ ʩʧʦʣʫʢ ʧʨʠʩʘʜʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʌʇ [107, 129]. 

ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʤʘʶʪʴ ʤʝʥʰʠʡ 

ʦʧʽʨ ʧʣʠʥʫ, ʥʽʞ ʥʝʦʨʽʻʥʪʦʚʘʥʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʥʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʧʨʠ 

ʧʝʚʥʠʭ ʨʽʚʥʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʡ ʧʦʣʽʧʰʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚʠ: ʧʣʘʩʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʟ ʤʘʩʪʠʣʴʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ [130, 131]. ʇʨʠ ʮʴʦʤʫ ʜʽʷ ʩʢʣʘʜʫ ʧʨʠʩʘʜʦʢ, ʾʭ ʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʽʥʽʮʽʶʚʘʪʠ ʪʨʠʙʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʧʽʜ ʜʽʻʶ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʦʛʦ ʬʘʢʪʦʨʫ ʩʧʨʘʮʴʦʚʫʶʪʴʩʷ ʪʘ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʰʘʨʫ ʘʙʦ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ 

ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ. 

ɺʚʘʞʘʶʯʠ ʧʨʦʮʝʩ ʪʝʨʪʷ, ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʘʢʪʽʚ ʤʝʭʘʥʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʨʦʟʛʣʷʥʝʤʦ 

ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʨʫʰʫʻʪʴʩʷ 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʽʥʽʤʫʤʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʦʚʘʥʦʾ ʟʦʥʠ. ʅʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ 
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ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʜʝʪʘʣʝʡ ʟʤʽʥʶʻ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʤʘʣʽʩʪʴ ʦʙ'ʻʤʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʟʥʘʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʴ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʡʦʛʦ ʚ ʦʩʦʙʣʠʚʠʡ, ʥʘʜʟʙʫʜʞʝʥʠʡ ʩʪʘʥ ï 

ʪʨʠʙʦʧʣʘʟʤʫ [132]. ʊʘʢʠʡ ʩʪʘʥ ʻ ʥʝʩʪʽʡʢʠʤ ʽ ʰʚʠʜʢʦ ʨʝʣʘʢʩʫʻ, ʧʝʨʝʭʦʜʷʯʠ ʜʦ 

ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ, ʧʦʩʪʘʜʽʡʥʦ ʩʪʚʦʨʶʶʯʠ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʩʧʦʣʫʢʠ, ʱʦ 

ʤʘʶʪʴ ʨʘʜʠʢʘʣʴʥʫ, ʽʦʥʦʨʘʜʠʢʘʣʴʥʫ ʘʙʦ ʽʦʥʥʫ ʩʪʨʫʢʪʫʨʫ [102, 110], ʘ ʪʘʢʦʞ 

ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɿʘʟʥʘʯʝʥʽ ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʝʤʽʩʽʻʶ ʝʣʝʢʪʨʦʥʽʚ ʟ ʧʦʚʝʨʭʥʽ 

ʪʝʨʪʷ ʚ ʢʦʤʧʦʟʠʮʽʡʥʫ ʦʣʠʚʫ [99]. ɽʣʝʢʪʨʦʥʠ, ʩʧʽʚʫʜʘʨʷʶʯʠʩʴ ʟ ʤʦʣʝʢʫʣʘʤʠ 

ʦʣʠʚʠ ʽ ʘʪʦʤʘʤʠ ʨʝʯʦʚʠʥ ʢʦʤʧʦʥʝʥʪ ʧʨʠʩʘʜʢʠ, ʟʙʫʜʞʫʶʪʴ ʾʭ. ʎʝ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʽʦʥʥʦʛʦ ʨʦʟʧʘʜʫ ʩʪʨʫʢʪʫʨʠ ʤʦʣʝʢʫʣ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ, ʱʦ ʻ 

ʩʧʫʩʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ 

ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ ʟ ʧʨʦʜʫʢʪʽʚ ʪʨʠʙʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʅʘʩʣʽʜʢʦʤ ʦʧʠʩʘʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʙʽʨʢʦʚʘ ʘʜʩʦʨʙʮʽʷ ʽʦʥʽʚ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʟʥʘʢʫ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʜʦʙʫʜʦʚʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʥʘ 

ʤʝʪʘʣʝʚʽʡ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʽʜ ʜʽʻʶ ʢʦʛʝʟʽʡʥʠʭ ʩʠʣ ʘʙʦ ʬʦʨʤʫʚʘʥʥʽ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʦʣʴ-ʛʝʣʴ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ʨʠʩ. 2.4). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ 

ʧʣʽʚʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʠʭ ʟʚ'ʷʟʢʽʚ ʚ ʾʾ ʣʦʢʘʣʴʥʠʭ 

ʦʙʣʘʩʪʷʭ. ʉʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ, ʦʩʦʙʣʠʚʦ ʥʘʷʚʥʽʩʪʴ ʚ ʥʽʡ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʤʦʣʝʢʫʣʘʤʠ ʇɸʈ, ʦʙʫʤʦʚʣʶʻ ʧʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʘʢʪʠʚʥʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʥʠʭ ʟʘʭʠʩʥʦʾ 

ʧʣʽʚʢʠ [77, 100], ʷʢʘ ʻ ʭʽʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʶ, ʤʘʻ ʚʠʩʦʢʽ ʽʦʥʦʦʙʤʽʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽ ʜʦʩʪʘʪʥʴʦ ʽʥʝʨʪʥʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʭʽʤʽʯʥʦ ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʇʦʨʠ, ʱʦ 

ʥʘʷʚʥʽ ʚ ʩʬʦʨʤʦʚʘʥʽʡ ʧʣʽʚʮʽ, ʻ ʦʙʣʘʩʪʷʤʠ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʘʙʩʦʨʙʮʽʾ ʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʫʪʨʠʤʫʚʘʪʠ ʦʣʠʚʫ, ʟʤʽʥʶʶʯʠ ʨʝʞʠʤʠ ʪʝʨʪʷ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʈʠʩ.2.4. ʉʭʝʤʘ ʟʤʽʥʠ ʩʪʘʥʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʴ ʚ ʫʤʦʚʘʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ p, u, T (ʪʠʩʢ, ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ, ʪʝʤʧʝʨʘʪʫʨʘ): ʧʽʜʛʦʪʦʚʯʠʡ (ʘ); ʟ ʶʚʝʥʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʙ); ʟ 

ʜʦʙʫʜʦʚʦʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʦʩʥʦʚʠ ʜʝʪʘʣʝʡ ʛʨʘʪʢʘʤʠ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ 

ʧʣʽʚʢʠ ʤʘʪʝʨʽʘʣʫ (ʚ); ʟʦʣʴ-ʩʪʘʥ ʦʣʠʚʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦ ʁʧʨʠʩʘʜʢʦ ;ʁ (ʛ); ʛʝʣʴ-

ʩʪʘʥ ʦʣʠʚʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦ ʁʧʨʠʩʘʜʢʦ ;ʁ (ʜ); 1 ï ʦʩʥʦʚʘ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ; 2 ï 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʝʪʘʣʽ, ʱʦ ʚʢʣʶʯʘʻ ʦʢʩʠʜʥʽ ʧʣʽʚʢʠ ʪʘ ʥʝʩʢʦʤʧʝʥʩʦʚʘʥʽ 

ʟʚ'ʷʟʢʠ; 3 ï ʰʘʨ ʟʘʙʨʫʜʥʝʥʴ; 4 ï ʘʙʨʘʟʠʚʥʽ ʯʘʩʪʠʥʢʠ; 5 ï ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ, 

ʦʯʠʱʝʥʘ ʚʽʜ ʦʢʩʠʜʽʚ; 6, 7 ï ʟʘʭʠʩʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ 

ʧʣʽʚʢʠ ʪʘ ʧʦʨʠ ʚ ʥʴʦʤʫ; 8 ï ʢʦʤʧʦʟʠʮʽʡʥʘ ʦʣʠʚʘ; 9 ï ʟʦʣʴ-ʩʪʘʥ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʣʠʚʠ; 10 ï ʛʝʣʴ-ʩʪʘʥ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʣʠʚʠ 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʽʜ ʟʘʭʠʩʥʦʶ ʘʥʪʠʬʨʠʢʮʽʡʥʦʶ ʧʣʽʚʢʦʶ ʬʦʨʤʫʻʪʴʩʷ 

ʧʝʨʝʥʘʩʠʯʝʥʠʡ ʜʠʩʣʦʢʘʮʽʷʤʠ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʛʨʫʧ ʤʦʣʝʢʫʣ ʩʢʣʘʜʦʚʠʭ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ [63]. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʝʬʝʢʪʫ ʇ.ɸ. ʈʝʙʽʥʜʝʨʘ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʥʘʜʥʠʟʴʢʦʛʦ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʷʢʠʡ ʚ ʢʦʣʝʢʪʠʚʥʽʡ ʚʟʘʻʤʦʜʽʾ ʽʟ 



74 

ʩʪʨʫʢʪʫʨʦʶ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ ʤʘʻ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ ʽ ʩʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʛʨʘʥʠʯʥʦ ʥʠʟʴʢʠʭ ʨʽʚʥʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʝʬʝʢʪ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [6]. 

 

2.2 ɿʤʽʥʘ ʨʝʞʠʤʽʚ ʪʝʨʪʷ ʫ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʤʘʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

 

ɿʥʠʞʝʥʥʷ ʪʝʨʪʷ ʧʽʜ ʜʽʻʶ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ, ʚʥʝʩʝʥʠʭ ʚ ʤʦʪʦʨʥʫ 

ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟ ʧʦʟʠʮʽʡ ʪʝʦʨʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʪʝʨʪʷ 

[21, 59, 60] ʪʘ ʟʤʽʥʠ ʡʦʛʦ ʨʝʞʠʤʫ ʟʤʘʱʝʥʥʷ (ʨʠʩ. 2.5). 

ʘ     ʙ 

ʈʠʩ.2.5. ʉʭʝʤʘ ʧʝʨʝʭʦʜʫ ʨʝʞʠʤʫ ʟʤʘʱʝʥʥʷ ʚ ʨʫʭʦʤʦʤʫ ʩʧʨʷʞʝʥʥʽ ʜʝʪʘʣʝʡ ʽʟ 

ʟʤʽʰʘʥʦʛʦ (ʘ) ʚ ʛʨʘʥʠʯʥʠʡ (ʙ) ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ: ʪʨF
C

 ï ʩʠʣʘ ʪʝʨʪʷ; ʧʨF
C

 ï ʩʠʣʘ ʧʨʦʦʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʪʝʨʪʷ; N ï ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; v  ï ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ; i

kS , ʽʥ

kS  ï 

ʤʽʢʨʦʢʦʥʪʘʢʪʥʽ ʧʣʦʱʠʥʢʠ 

 

ʉʠʣʘ ʪʝʨʪʷ ʫ ʚʠʧʘʜʢʫ ʟʤʽʰʘʥʦʛʦ ʟʤʘʱʝʥʥʷ (ʨʠʩ. 2.5, ʘ) ʜʦʨʽʚʥʶʻ: 

( )( ) ʧʨ

ʟʨ

ʢʢ

ʪʚ

ʢʢʢʪʨ FůŬůŬSF +-+= 1 ,    (2.6) 

ʜʝ ʢa  ï ʯʘʩʪʢʘ ʧʣʦʱʽ, ʥʘ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʘʢʪ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ; 

ʟʨ

ʢů  ï ʤʽʮʥʽʩʪʴ ʢʦʥʪʘʢʪʫ ʥʘ ʟʨʽʟ; ʢS  ï ʥʦʤʽʥʘʣʴʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ. ʇʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚ ʢʦʥʪʘʢʪʽ ʜʝʪʘʣʝʡ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ (ʨʠʩ. 2.5, 

ʙ) ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʪʨʠ ʪʠʧʠ ʢʦʥʪʘʢʪʥʠʭ ʜʽʣʷʥʦʢ: 
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ï ʫ ʧʦʨʦʞʥʠʥʘʭ ʛʦʤʦʛʝʥʥʘ ʦʣʠʚʘ ʟʘʤʽʥʶʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʡʥʦʶ, 

ʯʘʩʪʠʥʢʠ ʷʢʦʾ ʟʘ ʨʦʟʤʽʨʦʤ ʤʝʥʰʽ ʚʝʣʠʯʠʥʠ ʧʨʦʤʽʞʢʫ, ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʪʝʨʪʷ, ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʤʦʜʝʣʣʶ ɽʡʥʰʪʝʡʥʘ 

[64]; 

ï ʥʘ ʯʘʩʪʠʥʽ ʜʽʣʷʥʦʢ ʪʚʝʨʜʦʛʦ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʛʝʟʽʷ ʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʞʠʤ ʪʝʨʪʷ, ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʠʩʘʜʢʠ; 

ï ʥʘ ʯʘʩʪʠʥʽ ʜʽʣʷʥʦʢ ʪʚʝʨʜʦʛʦ ʢʦʥʪʘʢʪʫ ʬʦʨʤʫʻʪʴʩʷ ʟʘʭʠʩʥʘ ʧʣʽʚʢʘ 

ʨʝʯʦʚʠʥʠ ʧʨʠʩʘʜʢʠ.  

ʇʨʠ ʮʴʦʤʫ ʩʠʣʘ ʪʝʨʪʷ ʜʦʨʽʚʥʶʻ: 

( ) ʧʨ

ʧʣ

ʢ

ʧʣ

ʢ

ʪʚ

ʢ

ʪʚ

ʢ

ʟʨ

ʢ

ʨ

ʢʢʪʨ FSF +++= sasasa ,   (2.7) 

ʜʝ ʨʢa , ʪʚ

ʢa , ʧʣ

ʢa  ï ʯʘʩʪʢʠ ʧʣʦʱ ʨʽʜʠʥʥʦʛʦ, ʪʚʝʨʜʦʛʦ ʘʜʛʝʟʽʡʥʦʛʦ ʽ 

ʪʚʝʨʜʦʛʦ, ʧʦʢʨʠʪʦʛʦ ʧʣʽʚʢʦʶ ʟ ʨʝʯʦʚʠʥʠ ʧʨʠʩʘʜʢʠ, ʢʦʥʪʘʢʪʽʚ: 

1=++ ʧʣ

ʢ

ʪʚ

ʢ

ʨ

ʢ aaa .      (2.8) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʦʣʠʚʦʶ ʜʦʨʽʚʥʶʻ: 

ʧʣʪʚʨʪʨ ffff ++=       (2.9) 

ʜʝ ʨf , ʪʚf , ʧʣf  ï ʩʢʣʘʜʦʚʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʜʣʷ ʨʽʜʠʥʥʦʛʦ, ʪʚʝʨʜʦʛʦ 

ʘʜʛʝʟʽʡʥʦʛʦ ʽ ʪʚʝʨʜʦʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ ʚ ʢʦʥʪʘʢʪʘʭ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ. ʏʝʨʝʟ ʪʝ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

ʚ ʘʜʛʝʟʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʙʘʛʘʪʦ ʚʠʱʘ ʟʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚ 

ʨʽʜʠʥʥʦʤʫ ʽ ʪʚʝʨʜʦʟʤʘʱʫʚʘʣʴʥʦʤʫ ʢʦʥʪʘʢʪʘʭ, ʪʦ ʧʝʨʝʚʘʞʘʶʯʘ ʨʦʣʴ ʚ 

ʟʥʠʞʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʽʜʚʦʜʠʪʴʩʷ ʟʤʘʱʫʚʘʣʴʥʦʤʫ 

ʤʝʭʘʥʽʟʤʫ, ʘ ʪʦʤʫ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʚʟʘʻʤʥʦ ʧʽʜʩʠʣʶʶʪʴ ʜʽʶ ʦʜʥʘ ʦʜʥʦʾ, ʟʛʽʜʥʦ ʩʠʥʝʨʛʝʪʠʯʥʦʾ ʢʦʥʮʝʧʮʽʾ [65]. 

ʆʩʢʽʣʴʢʠ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʘ ʛʨʫʧʘ (ʎʇɻ) ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʻ 

ʨʝʩʫʨʩʦʚʠʟʥʘʯʘʣʴʥʦʶ, ʪʦ ʨʦʟʛʣʷʜʘʶʯʠ ʨʝʞʠʤʠ ʪʝʨʪʷ ʚ ʦʩʥʦʚʥʠʭ ʾʾ 

ʩʧʨʷʞʝʥʥʷʭ, ʦʣʠʚʫ ʚʚʘʞʘʣʠ ʦʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ. ʌʦʨʤʫʚʘʥʥʷ ʧʣʽʚʢʠ ʦʣʠʚʠ ʥʘ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ [96, 102], ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ 
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ɼʝʣʘʤʙʝʨʘ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ. ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽʩʥʫʶʪʴ ʫ ʬʦʨʤʽ ʃʘʛʨʘʥʞʘ, 

ʅʘʚʴʻ-ʉʪʦʢʩʘ ʽ ʃʘʤʝ [91, 116]. ʇʨʠ ʨʦʟʛʣʷʜʽ ʨʝʞʠʤʽʚ ʟʤʘʱʝʥʥʷ ʾʭ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʬʦʨʤʽ ʈʝʡʥʦʣʴʜʩʘ: 

dx

dh
v

dx

dp
h

dx

d ʰ
ʰ h6

3
=ö
÷

õ
æ
ç

å
,     (2.10) 

ʜʝ p  ï ʪʠʩʢ, v  ï ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, x , hh  ï ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʚʞʠʥʘ ʪʘ ʪʦʚʱʠʥʘ ʰʘʨʫ (ʧʣʽʚʢʠ) ʦʣʠʚʠ, h ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ. ɿʘ 

ʨʽʚʥʷʥʥʷʤ (2.10) ʧʽʩʣʷ ʧʦʜʚʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʠʩʢ ʚ 

ʧʣʽʚʮʽ ʦʣʠʚʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

2

6

hh

vx
p
h

= .      (2.11) 

ɿʘ ʫʤʦʚʠ ʟʘʜʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʫ ʬʦʨʤʫʣʽ (2.11), ʚʘʞʣʠʚʠʤ ʟ 

ʷʢʠʭ ʻ ʚ'ʷʟʢʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ ʪʘ ʪʠʧ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʜʦ ʥʝʾ, ʘ ʪʘʢʦʞ ʨʝʞʠʤ ʨʦʙʦʪʠ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ. ɿʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ v  ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʛʨʘʥʠʯʥʠʡ, ʟʤʽʰʘʥʠʡ ʘʙʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ 

[44, 46, 51]. 

ɺʠʭʦʜʷʯʠ ʟ ʛʽʜʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʾ 

ʄ.ʇ. ʇʝʪʨʦʚʠʤ, ʩʠʣʘ ʪʝʨʪʷ ʪʨF  ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʪʨf  ʜʦʨʽʚʥʶʶʪʴ: 

ʰʪʨʪʨ hSɖvF Ö= ;  ʰʪʨ hpɖvf Ö= ,  (2.12) 

lh =Ö pv ,      (2.13) 

ʜʝ ʪʨS  ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ.  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.13), ʻ ʧʦʩʪʽʡʥʠʤ ʜʣʷ ʜʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ. ʅʘʷʚʥʽʩʪʴ ʰʘʨʫ ʦʣʠʚʠ ʚ ʩʧʨʷʞʝʥʥʽ ʜʝʪʘʣʝʡ 

"ʛʽʣʴʟʘ ʮʠʣʽʥʜʨʘ-ʧʦʨʰʥʝʚʝ ʢʽʣʴʮʝ" ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʝʨʽʻʤ ɿʦʤʤʝʨʬʝʣʴʜʘ 0S  

[128]: 

ʢʛʢ bpɖvS Ö= -0 ,      (2.14) 
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ʜʝ ʢb  ï ʚʠʩʦʪʘ ʧʦʨʰʥʝʚʦʛʦ ʢʽʣʴʮʷ; ʛʢp -  ï ʫʩʝʨʝʜʥʝʥʠʡ ʪʠʩʢ ʢʽʣʴʮʷ ʥʘ 

ʛʽʣʴʟʫ ʮʠʣʽʥʜʨʘ; v  ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ. ʇʨʠ ʮʴʦʤʫ ʪʦʚʱʠʥʘ 

ʰʘʨʫ ʦʣʠʚʠ, ʚʨʘʭʦʚʫʶʯʠ (2.14), ʜʦʨʽʚʥʶʻ: 

0Sbpɖɜbh ʢʛʢʢʰ == - .     (2.15) 

ʊʦʚʱʠʥʫ ʰʘʨʫ ʦʣʠʚʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʽ ʟʘ ʾʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ: 

ʝʣʙʰ GSh Ö=c ,      (2.16) 

ʜʝ ʝʣG  ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʰʘʨʫ ʦʣʠʚʠ; c ï ʧʠʪʦʤʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʦʣʠʚʠ; ʙS  ï ʧʣʦʱʘ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʢʽʣʴʮʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʝʣR  ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʝʣG  ʰʘʨʫ 

ʦʣʠʚʠ ʚʟʘʻʤʦʦʙʦʨʦʪʥʽ ʚʝʣʠʯʠʥʠ (ʝʣʝʣ GR 1= ) ʤʘʻʤʦ: 

ʙʢʝʣ SɢSbR ÖÖ= 0 .     (2.17,ʘ) 

ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʦʨʽʚʥʶʻ: 

0Sbpvɖf ʢʛʢʪʨ ÖÖÖ= -
.    (2.17,ʙ) 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʟʤʘʱʝʥʥʷ [102], ʚ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʽʘʛʨʘʤʫ ɻʝʨʩʽ-ʐʪʨʠʙʝʢʘ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʘʬʽʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʘʙʦ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʦʣʠʚʠ (2.15) ʚʽʜ ʢʨʠʪʝʨʽʶ 

ɿʦʤʤʝʨʬʝʣʴʜʘ. 

ɼʣʷ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ "ʛʽʣʴʟʘ ʮʠʣʽʥʜʨʘ-ʧʦʨʰʥʝʚʝ ʢʽʣʴʮʝ" ʢʨʠʪʝʨʽʡ 

ɿʦʤʤʝʨʬʝʣʴʜʘ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

p
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,     (2.18) 

ʜʝ D  ï ʜʽʘʤʝʪʨ ʛʽʣʴʟʠ; D ï ʟʘʟʦʨ ʚ ʨʫʭʦʤʦʤʫ ʩʧʨʷʞʝʥʥʽ; w ï ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ; h ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ. 

ʌʦʨʤʫʣʘ (2.18) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʨʝʞʠʤʘʤʠ ʟʤʘʱʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʟʤʽʥʶʶʯʠ ʚ'ʷʟʢʽʩʪʴ 

ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ. 

ɼʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʷʢʠʤʠ, ʻ ʤʦʪʦʨʥʘ ʽ ʪʨʘʥʩʤʽʩʽʡʥʘ 

ʦʣʠʚʘ, ʱʦ ʤʽʩʪʷʪʴ ʯʘʩʪʠʥʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʪʘ 

ʯʘʩʪʠʥʢʠ ʟʥʦʩʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʪʘʢʦʾ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ [96]. 
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ʎʝʡ ʟʚ'ʷʟʦʢ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɽʡʥʰʪʝʡʥʘ: 
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-
jj
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,  (2.19)  

ʜʝ ʧʨh  ʽ ʟʥh  ï ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʦʢ ʪʘ 

ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ; 1k , 2k  ï ʢʦʥʩʪʘʥʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʽ 

ʟʥʦʩʫ; 
0

1
V

Vʧʨ
=j ; 

V

Vʟʥ=2j  ï ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʧʨʠʩʘʜʢʠ ʧʨV  ʽ 

ʟʥʦʰʫʚʘʥʥʷ ʟʥV  ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ ʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ 0V . 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʤʘʻʤʦ: 

0

21

0 V

VkVk ʟʥʧʨʟʥʧʨ +
=

-

h

hh
.     (2.20) 

ɼʣʷ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʽ ʟʥʦʩʫ 5,2
21
== FF kk  [89], ʤʘʻʤʦ:   

)5,21( 10 jhh +=ʧʨ ;  )5,21( 20 jhh +=ʟʥ .   (2.21) 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ S0 = 10
ï5 
ï ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʞʠʤ ʛʨʘʥʠʯʥʦʛʦ 

ʟʤʘʱʝʥʥʷ, ʧʨʠ S0<10
ï5
ï ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʝʞʠʤ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʟʤʽʥʥʦʛʦ 

ʟʤʘʱʝʥʥʷ, ʘ ʧʨʠ S0>10
ï5

 ï ʨʝʞʠʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. ɿʤʽʥʫ ʨʝʞʠʤʫ 

ʟʤʘʱʝʥʥʷ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʽ ʟʘ ʟʤʽʥʦʶ ʚ'ʷʟʢʦʩʪʽ: ʧʨʠ ʤʘʣʽʡ ʚ'ʷʟʢʦʩʪʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʝʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʘʣʝ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʫʤʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʟʙʽʣʴʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚʠ ʧʽʜʚʠʱʫʻ ʦʧʽʨ ʪʝʨʪʶ. 

ʇʨʦʪʠʣʝʞʥʫ ʜʽʶ ʧʨʦʷʚʣʷʻ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʧʨʠ ʚʝʣʠʢʦʤʫ ʪʠʩʢʫ ʫʤʦʚʠ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ ʥʝʩʧʨʠʷʪʣʠʚʽ; ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʦ ʜʝʷʢʦʾ ʚʝʣʠʯʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ "ʩʧʣʠʚʘʥʥʷ"; ʧʦʜʘʣʴʰʝ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʰʘʨʫ ʟʤʘʱʫʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ.  

 

2.3 ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʣʠʚʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ  

 

2.3.1. ɿʤʽʥʘ ʩʪʘʥʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʤʦʪʦʨʥʦʾ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʨʘʮʶʶʯʽ ʤʦʪʦʨʥʫ ʘʙʦ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚ, ʷʢ 
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ʢʦʤʧʦʟʠʮʽʡʥʫ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʩʪʘʥʽ ʥʝʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ, ʚʥʘʩʣʽʜʦʢ ʥʘʜʣʠʰʢʫ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʥʘ 

ʤʝʞʽ "ʦʣʠʚʘ-ʯʘʩʪʠʥʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ". ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ 

ʥʘʜʣʠʰʢʦʚʠʭ ʩʠʣ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ ʽ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʢʦʤʧʦʥʝʥʪ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ. 

ɹʫʜʴ-ʷʢʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʤʦʪʦʨʥʽʡ ʘʙʦ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʽ 

ʤʦʞʣʠʚʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʘʙʦʨʦʤ ʾʭ ʦʜʠʥʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʦʣʠʚʘʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʢʠʩʣʽ, ʣʫʞʥʽ, ʚ'ʷʟʢʽ ʧʨʦʜʫʢʪʠ ʪʘ ʪʚʝʨʜʽ ʧʨʦʜʫʢʪʠ ʟʥʦʩʫ ʜʝʪʘʣʝʡ 

ʩʧʨʷʞʝʥʴ ʜʚʠʛʫʥʘ ʪʘ ʪʨʘʥʩʤʽʩʽʾ ʊʄ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʣʠʚʫ [107]. 

ʆʜʥʦʯʘʩʥʦ ʚ ʦʣʠʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʨʠʩʘʜʦʢ ʘʙʦ ʚʠʪʨʘʯʘʥʥʷ ʥʠʤʠ ʧʨʠʨʦʜʥʠʭ ʇɸʈ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʧʨʦʪʽʢʘʥʥʶ ʪʝʨʤʦʭʽʤʽʯʥʠʤ ʪʘ ʬʘʟʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ (ʥʘʧʨʠʢʣʘʜ, "ʟʦʣʴ-

ʛʝʣʴ"). 

ɺʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʘʜʘʥʥʷ ʚ ʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ [133] ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʪʘ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ: 

ʟʥʟʥʧʨʧʨʟʥʧʨ dSwdSwdUdUdU +=+= ,   (2.22) 

ʜʝ ʧʨw , ʟʥw  ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʨʽʜʢʦʾ ʽ 

ʪʚʝʨʜʦʾ ʬʘʟ, ɼʞ/ʤ
2
, ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʽ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʜʝʪʘʣʝʡ; ʧʨS , ʟʥS  ï 

ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʽ ʧʦʜʽʣʫ "ʯʘʩʪʠʥʢʘ ʧʨʠʩʘʜʢʠ-ʦʣʠʚʘ" ʽ "ʯʘʩʪʠʥʢʘ ʟʥʦʩʫ-

ʦʣʠʚʘ", ʤ
2
.  

ʇʦʚʥʽ ʧʦʚʝʨʭʥʽ ʮʠʭ ʧʦʜʽʣʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ʧʨʧʨʧʨ dNddS Ö= 225,0 ;  ʟʥʟʥʟʥ dNddS Ö= 225,0 ,   (2.23) 

ʜʝ ʧʨd , ʟʥd  ï ʫʩʝʨʝʜʥʝʥʽ ʜʽʘʤʝʪʨʠ ʯʘʩʪʠʥʢʠ ʧʨʠʩʘʜʢʠ ʽ ʯʘʩʪʠʥʢʠ ʟʥʦʩʫ ʚ 

ʦʣʠʚʽ, ʤ; ʧʨN , ʟʥN  ï ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʽ ʟʥʦʩʫ, ʦʜ.  

ɿʤʽʥʠ ʩʪʘʥʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʚ ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ 
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ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʟʤʽʥ ʚʥʫʪʨʽʰʥʴʦʾ 

ʝʥʝʨʛʽʾ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʙʦ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ ʧʨʦʧʦʨʮʽʡʥʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ɿʘʛʘʣʴʥʘ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʤʘʻ ʚʠʛʣʷʜ: 

)(25,025,0 22

ʢʧʨʟʥʪʨʟʥʟʥʟʥʧʨʧʨʧʨ dUdUdUfdNdwdNdwdU +-++=S , (2.24,ʘ) 

ʜʝ 
ʪʨf  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ.  

ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʝʞʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʦʯʝʚʠʜʥʦ, ʤʘʪʠʤʝ ʤʽʩʮʝ 

ʨʽʚʥʦʚʘʛʘ: 

ʢʟʥʧʨ dUdUdU += .      (2.24,ʙ) 

ʆʪʞʝ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʽʜʭʦʜʫ, ʦʙ'ʻʢʪʠʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʤʦʪʦʨʥʦʾ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ 

ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʘʙʦ ʞ ʟʜʘʪʥʦʩʪʽ ʦʣʠʚʠ ʟʘʧʦʙʽʛʘʪʠ ʾʤ 

[43]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʩʪʘʥʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ: ʨʽʟʢʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʝʨʰʠʡ ʧʝʨʽʦʜ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʟ 

ʦʣʠʚʦʶ, ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚ ʜʨʫʛʦʤʫ ʽ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʪʨʝʪʴʦʤʫ ʧʝʨʽʦʜʽ. 

ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʚʠʪʨʘʪ ʦʣʠʚʠ ʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʷʢʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʥʦʾ ʘʙʦ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ.  

 

2.3.2. ʐʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʜʦ ʦʣʠʚ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

ɺʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ (ʥʝʨʦʟʯʠʥʥʽ ʜʦʤʽʰʢʠ) ʫ ʤʦʪʦʨʥʫ 

(ʪʨʘʥʩʤʽʩʽʡʥʫ) ʦʣʠʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:  

%100
0

Ö=
m

m
C ʟʥ
ʟʥ .     (2.25) 

ɿʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʚʤʽʩʪʫ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚ ʤʦʪʦʨʥʽʡ 

(ʪʨʘʥʩʤʽʩʽʡʥʽʡ) ʦʣʠʚʽ ʚ ʯʘʩʽ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ:  
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)/exp(0 ppʟʥʟʥ VTkCC = ,     (2.26)  

ʜʝ 0ʟʥC  ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʦʜ/ʤ
3
 

( constCʟʥ=0 ); pk  ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ, ʤ
3
/ʛʦʜ.; ʊ ï ʥʘʧʨʘʮʶʚʘʥʥʷ, ʛʦʜ; pV  ï ʨʦʙʦʯʠʡ ʦʙ'ʻʤ ʦʣʠʚʠ ʚ 

ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʽʚ, ʤ
3
.  

ʇʦʯʘʪʢʦʚʘ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 0ʟʥC  ʚʠʥʠʢʘʻ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʟʘʧʨʘʚʮʽ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʽʭ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʯʝʨʝʟ ʥʝʛʝʨʤʝʪʠʯʥʽ ʟ'ʻʜʥʘʥʥʷ 

[134]. 

ɺʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʟʥʬC , ʚʠʪʨʘʯʘʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʥʘ ʯʘʜ ʟʥʯC  ʽ ʜʦʣʠʚʘʥʥʷ ʩʚʽʞʦʾ ʦʣʠʚʠ ʟʥʜʦC . 

ʗʢʱʦ ʜʦʣʠʚʘʥʥʷ ʩʚʽʞʦʾ ʦʣʠʚʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ 

(ʥʘʧʨʘʮʶʚʘʥʥʷ), ʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʦʢʽʚ ʯv  ʧʦʩʪʽʡʥʘ, ʪʦ ʩʪʫʧʽʥʴ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ Vʚ ʟʘ ʥʘʧʨʘʮʶʚʘʥʥʷ ʊ ʩʢʣʘʜʝ:  

TkVTvC ʦʥpʜʦʥ == / ,     (2.27)  

ʜʝ ʚʜ vv =  ï ʰʚʠʜʢʽʩʪʴ ʜʦʣʠʚʫ (ʚʠʪʦʢʽʚ) ʤʦʪʦʨʥʠʭ ʦʣʠʚ, ʤ
3
/ʛʦʜ; 

ʨʜʦʥ Vvk /=  ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ, ʛʦʜ
-1
. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʘʩʪʠʥʘ ʜʦʤʽʰʦʢ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʦʥC  ʚʠʥʦʩʠʪʴʩʷ ʨʘʟʦʤ ʟ ʚʠʪʦʢʘʤʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʘ 

ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʚʠʜʘʣʷʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʦʯʠʱʝʥʥʷ ʟʥʬC , ʪʦ ʙʘʣʘʥʩ ʩʫʤʘʨʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʜʦʤʽʰʦʢ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ Vp ʧʽʩʣʷ ʥʘʧʨʘʮʶʚʘʥʥʷ ʊ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:  

TkCVTkTkCTkCVTkCC ʜʦʟʥʜʦʟʥʬʟʥʬʯʟʥʯʟʥʟʥʟʥ +--= )/exp()/exp(0 , (2.28)  

ʜʝ ʟʥC  ï ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʦʜ/ʤ
-1
; ʟʥʯC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʜʦʤʽʰʦʢ 

ʚʠʪʨʘʯʘʶʪʴʩʷ ʧʨʠ ʯʘʜʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʦʜ/ʤ
-1
; ʟʥʬC  ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʚʠʜʘʣʷʶʪʴʩʷ ʬʽʣʴʪʨʘʤʠ ʟ ʦʜʠʥʠʮʽ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ, ʦʜ/ʤ
3
; ʟʥʜʦC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʯʘʩʪʠʥʦʢ ʜʦʤʽʰʦʢ ʧʦʪʨʘʧʣʷʶʪʴ ʧʨʠ ʜʦʣʠʚʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʦʜ/ʤ
3
. 
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ɺʚʘʞʘʶʯʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ 

Vp ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʙʩʷʛʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʪʦ ʚʝʣʠʯʠʥʫ 

ʧʦʯʘʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ 0ʟʥC  ʚ ʨʽʚʥʷʥʥʽ (2.28) ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ 

ʯʝʨʝʟ ʦʙ'ʻʤ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʟʥʧʨV : 

TkVVkTTkVTkVVTkVV ʜʦʟʥʜʦʬʟʥʬʯʟʥʯpʟʥʟʥ +--= )/exp()/exp(0 .  (2.29)  

ɺʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʘʮʽʾ ʬk  ʽ ʩʪʫʧʝʥʷ ʜʦʣʠʚʫ 
ʜʦk  ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʘʜʫ ʯk  ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ, ʦʪʞʝ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ 
ʦʥk . 

ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʥʜʦʯʬ kkkk === .  

ʇʝʨʝʪʚʦʨʶʶʯʠ ʚʠʨʘʟ (2.29), ʦʪʨʠʤʘʻʤʦ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʦʙ'ʻʤʽ ʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʧʝʨʽʦʜ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

( )
TkVV

TkVkVV

V

Tk

ʬʟʥʜʬʟʥʦ

ʜʦʟʥʜʦʯʟʥʯʟʥp

-

-+
=öö
÷

õ
ææ
ç

å

0

exp .    (2.30)  

ʏʘʩ, ʟʘ ʷʢʠʡ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʜʦʩʷʛʥʝ ʩʚʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʽʚ (2.28) ʽ (2.30). ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʣʦʛʘʨʠʬʤʫʚʘʪʠ ʧʨʘʚʫ ʽ ʣʽʚʫ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (2.30) ʽ 

ʟʥʝʭʪʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʚʠʪʨʘʪ ʥʘ ʯʘʜ ʽ ʬʽʣʴʪʨʘʮʽʶ, ʦʩʢʽʣʴʢʠ ʾʭ ʧʠʪʦʤʘ ʚʘʛʘ 

ʥʝʟʥʘʯʥʘ:  

ö
ö
÷

õ
æ
æ
ç

å

-
=

)1(
ln

0 ʚʟʥ

ʟʥ

p

p

SV

V

k

V
T ,    (2.31)  

ʜʝ ʚS  ï ʡʤʦʚʽʨʥʽʩʪʴ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʊʄ. 

ʋ ʚʠʨʘʟʽ (2.31) ʢʦʝʬʽʮʽʻʥʪ pk  ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [135]. ʁʦʛʦ 

ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʤʽʩʪʫ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ, ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʷʢʦʛʦ ʤʦʪʦʨʥʘ ʘʙʦ ʪʨʘʥʩʤʽʩʽʡʥʘ ʦʣʠʚʘ ʚʠʙʨʘʢʦʚʫʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ 
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ʰʚʠʜʢʽʩʪʶ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʦʣʠʚʠ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ, ʢʽʣʴʢʦʩʪʽ ʜʦʣʠʚʘʥʦʾ ʦʣʠʚʠ, ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʚ 

ʜʚʠʛʫʥʽ ʽ ʪ.ʧ. ʂʦʝʬʽʮʽʻʥʪ pk  ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

maxV

V
k

ʬ

p =        (2.32) 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟʠ (2.31)  ̔ (2.32), ʟʘʟʥʘʯʠʤʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ 

ʚʧʣʠʚʦʚʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʻ ʧʦʯʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʩʪʫʧʽʥʴ ʦʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ ʦʣʠʚʠ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʘʮʽʾ 

[136]. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʪʦʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚʽʜ ʩʧʨʘʮʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʪʝʦʨʝʪʠʯʥʦ ʦʯʽʢʫʚʘʥʦʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʦʣʠʚʫ, ʘ ʩʪʫʧʽʥʴ ʦʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʘʜʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʩʠʣʦʚʦʤʫ ʘʛʨʝʛʘʪʽ. ʇʨʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʦʣʠʚʫ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ, ʨʦʙʦʯʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʞʝ ʥʘʚʽʪʴ ʟʥʠʞʫʚʘʪʠʩʷ ʟʘʚʜʷʢʠ 

ʦʥʦʚʣʝʥʥʶ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ ʦʣʠʚʠ ʧʨʠ ʜʦʣʠʚʘʭ. 

 

2.3.3. ʉʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʦʢ, ʚʥʝʩʝʥʠʭ ʜʦ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʦʣʠʚ, ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 

ʇʦʨʷʜ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚʘʭ ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ. ʉʧʨʘʮʶʚʘʥʥʷ 

ʧʨʠʩʘʜʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦ ʚ ʧʝʨʰʠʡ, ʥʝʫʩʪʘʣʝʥʠʡ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʽʡ ʦʢʠʩʥʶʚʘʥʦʩʪʽ ʩʚʽʞʦʾ ʦʣʠʚʠ ʟ ʧʦʜʘʣʴʰʦʶ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ, ʢʦʣʠ ʚ ʦʣʠʚʽ ʨʫʡʥʫʶʪʴʩʷ ʥʘʡʤʝʥʰ ʩʪʘʙʽʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ [137]. ʇʦʪʨʝʙʘ ʚ ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʽʡ ʽ ʤʠʶʯʽʡ ʧʨʠʩʘʜʢʘʭ ʧʨʠ 

ʮʴʦʤʫ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʊʦʤʫ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʧʨʠʩʘʜʦʢ ʥʝ ʟʘʚʞʜʠ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʤʽʥʠ ʦʣʠʚʠ.  

ɿʘʣʝʞʥʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʦʢ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʜʦʣʠʚʘ) ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ: 

)/exp(0 VTkCC ʧʨʧʨʧʨ -= ,     (2.33) 

ʜʝ 0ʧʨC  ï ʧʦʯʘʪʢʦʚʠʡ ʚʤʽʩʪ ʧʨʠʩʘʜʢʠ; ʧʨk  ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ 
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ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʢʛ/ʛʦʜ.  

ɿʤʽʥʘ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʧʨʠʩʘʜʢʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʊ ʪʘ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪʠ ʥʘ ʯʘʜ, ʚʠʪʦʢʽʚ ʦʣʠʚʠ ʽ ʾʾ ʜʦʣʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ: 

)/exp()/exp( 0000 ʨʬʬʧʨʯʧʨʜʦʧʨʨʧʨʧʨ VTkTkCTkCTkCVkTCC ---+-= , (2.34)  

ʜʝ 
ʨ

ʜʦ
V

v
k =  ï ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʪʦʪʠ ʜʦʣʠʚʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʩʠʩʪʝʤʫ 

ʟʤʘʱʝʥʥʷ, ʛʦʜ
-1
. 

ɺʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʘʮʽʾ ʬk  ʽ ʩʪʫʧʝʥʷ ʜʦʣʠʚʫ 
ʜʦk  ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʘʜʫ ʯk  ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ, ʦʪʞʝ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ 
0k . 

ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʥʜʦʯʬ kkkk === .  

ʇʝʨʝʪʚʦʨʶʶʯʠ ʚʠʨʘʟ (2.34), ʦʪʨʠʤʘʻʤʦ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʠʩʘʜʦʢ ʚ ʨʦʙʦʯʦʤʫ ʦʙ'ʻʤʽ ʩʠʩʪʝʤʠ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊ: 
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.     (2.35) 

ʊʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ:  

ï ʢʦʝʬʽʮʽʻʥʪ ʦʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙ'ʻʤʫ ʦʣʠʚʠ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ 

ʧʨʠ ʚʩʽʡ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ (constkʦʥ= ); 

ï ʜʦʣʠʚʘʥʥʷ ʩʚʽʞʦʾ ʦʣʠʚʠ ʟʙʝʨʽʛʘʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʥʘ ʚʩʴʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ;  

ï ʚʠʪʦʢʫ ʚ ʦʣʠʚʥʽʡ ʩʠʩʪʝʤʽ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ.  

ʎʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʘʟʦʚʦʤʫ ʘʙʦ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʦʣʠʚʫ 

ʟʥʘʯʥʠʭ ʟʘ ʦʙʩʷʛʦʤ ʧʦʨʮʽʡ ʩʚʽʞʦʛʦ ʦʣʠʚʠ ʟ ʧʦʯʘʪʢʦʚʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ [138]. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʣʠʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʥʦ, ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ, ʘ ʮʝ ʚʥʦʩʠʪʴ ʧʝʚʥʽ 

ʢʦʨʝʢʪʠʚʠ ʚ ʧʨʦʮʝʩ ʦʥʦʚʣʝʥʥʷ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʜʦʣʠʚʫ ʟ ʽʥʪʝʨʚʘʣʦʤ tD ʧʦʨʮʽʾ tkS ʦʥʜʦ= , 
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ʤʽʥʽʤʘʣʴʥʝ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ, ʜʦ ʷʢʦʛʦ ʧʨʘʛʥʝ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʧʨʠ ʪʨʠʚʘʣʽʡ 

ʨʦʙʦʪʽ ʦʣʠʚʠ, ʜʦʨʽʚʥʶʻ:  
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.     (2.36) 

ʏʘʩ, ʟʘ ʷʢʠʡ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ (2.36)  
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0 .     (2.37) 

ɺʚʘʞʘʶʯʠ, ʱʦ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʙ'ʻʤʥʦʶ ʯʘʩʪʢʦʶ, ʚʠʨʘʟ (2.36), ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʧʦʪʦʯʥʠʡ ʦʙ'ʻʤ 

ʧʨʠʩʘʜʦʢ ʧʨV :  
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ʏʘʩ, ʟʘ ʷʢʠʡ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʚʠʨʘʟʫ: 
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ʋ ʚʠʨʘʟʽ (2.35)-(2.39) ʢʦʝʬʽʮʽʻʥʪ pk  ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʷʢʦʩʪʽ ʦʣʠʚʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʩʘʜʦʢ ʟʤʝʥʰʫʻʪʴʩʷ [139]. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʥʘʨʦʩʪʘʥʥʷ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʢʽʣʴʢʦʩʪʽ ʜʦʣʠʚʘʥʦʾ 

ʦʣʠʚʠ, ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ ʜʚʠʛʫʥʽ, ʨʦʙʦʪʘ ʬʽʣʴʪʨʽʚ. ʂʦʝʬʽʮʽʻʥʪ pk  ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

0V

V
k

ʬ

p = .     (2.40) 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʩʘʜʢʠ ʚ ʥʴʦʤʫ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʥʠʞʯʝ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʝʣʠʯʠʥʦʶ ʽ ʯʘʩʪʦʪʦʶ ʜʦʣʠʚʫ ʩʚʽʞʦʾ 

ʦʣʠʚʠ. 
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ɼʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʤʽʩʪ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʾʭ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʾʭ ʧʦʪʦʯʥʠʡ 

ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʉʧʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:  

( )[ ] ( ){ } %100100/100/1 0

)/(

0 Ö---=
-

ʧʨ

vvv

ʟʥʧʨʧʨ CmTvvC ʟʥʧʨʧʨ , (2.41) 

ʜʝ 0ʧʨC  ï ʧʝʨʚʽʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠʩʘʜʦʢ; ʟʥv , ʧʨv  ï ʰʚʠʜʢʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʽ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ.  

ʇʦʚʥʝ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʉʧʨ=0 ʚʽʜʙʫʜʝʪʴʩʷ ʟʘ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʯʝʨʝʟ ʊ ʛʦʜʠʥ ʥʘʧʨʘʮʶʚʘʥʥʷ: 
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ʏʘʩ ʧʦʚʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʚʠʱʝ 

ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʦʣʠʚʠ 0m  ʽ ʯʠʤ ʤʝʥʰʝ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʝʡ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʧʨv , ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʟʥv  [88].  

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʩʧʨʘʮʴʦʚʫʻʪʴʩʷ ʽ ʚ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʊʢʨ ʾʾ ʚʤʽʩʪ ʩʪʘʻ ʨʽʚʥʦʶ ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚʽʜ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. ʇʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʤʽʩʪ ʧʨʠʩʘʜʢʠ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʟʨʦʩʪʘʻ (ʨʠʩ.2.6).  

ʅʘʧʨʘʮʁ ʚʘʥʥ̫ ʊ, ʤʦʪʦ-ʛʦʜ
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ʈʠʩ.2.6. ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʥʘ ʟʤʽʥʫ ʚʤʽʩʪʫ:  

1 ï ʧʨʠʩʘʜʦʢ; 2 ï ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ [132] 
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ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʪʘʨʽʥʥʷ ʤʦʪʦʨʥʦʾ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʻ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʾʭ ʦʯʠʱʝʥʥʷ ʪʘ ʜʦʣʠʚʫ ʩʚʽʞʦʾ ʦʣʠʚʠ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʤʦʪʦʨʥʽʡ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ ʚʤʽʩʪ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʽ ʚʤʽʩʪ ʧʨʠʩʘʜʦʢ ʟʤʽʥʶʶʪʴʩʷ ʜʦ ʪʘʢʦʛʦ ʩʪʘʥʫ, ʱʦ 

ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʮʽʡ ʦʣʠʚʽ ʥʝʧʨʠʧʫʩʪʠʤʘ ʯʝʨʝʟ 

ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ. 

 

2.4 ʇʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ ʧʦʢʨʘʱʝʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ  

 

ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʽ 

ʩʧʨʘʮʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʶ 

ʜʠʥʘʤʽʢʠ ʾʭ ʢʽʣʴʢʦʩʪʽ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ, ʥʦʩʷʪʴ ʡʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʎʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʷʢ ʦʜʥʠʤ ʨʝʩʫʨʩʦʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ 

ʘʙʦ ʜʽʘʛʥʦʩʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʪʘʢ ʽ ʾʭ ʩʫʢʫʧʥʽʩʪʶ. ɿʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʧʝʚʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʩʪʘʥʫ ʦʣʠʚʠ ʦʧʠʩʫʶʪʴʩʷ 

ʬʫʥʢʮʽʻʶ ʱʽʣʴʥʦʩʪʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʧʨʠ 0²ʇ  [12]:  

)exp()( ʇʇf ʇʇ ll -= ,     (2.43)  

ʜʝ ʇl  ï ʧʘʨʘʤʝʪʨ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ ʟʘ ʚʝʢʪʦʨʦʤ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇ ʾʭ ʩʪʘʥʫ. 

ʆʩʥʦʚʥʠʡ ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʩʢʣʘʜ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ ʦʣʠʚ ʥʝ ʟʘʟʥʘʻ 

ʽʩʪʦʪʥʠʭ ʟʤʽʥ, ʘ ʪʦʤʫ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʨʝʩʫʨʩ. ʉʪʘʥ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʝʭʘʥʽʯʥʽ 

ʜʦʤʽʰʢʠ, ʚʥʘʩʣʽʜʦʢ ʩʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, ʚ'ʷʟʢʽʩʪʴ, ʣʫʞʥʝ ʪʘ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ ʦʣʠʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʭʦʨʦʰʽʡ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽʟ ʟʤʽʥʘʤʠ ʘʥʪʠʦʢʠʩʥʠʭ, 

ʧʨʦʪʠʟʥʦʩʥʠʭ ʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɿʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʤʦʞʥʘ ʟ ʜʦʩʪʘʪʥʴʦʶ 
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ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘ ʨʝʟʫʣʴʪʫʶʯʠʤ ʢʨʠʪʝʨʽʻʤ ʫ ʚʠʛʣʷʜʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʧʘʩʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧk , ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

ʟʤʽʥʠ ʨʽʟʥʠʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʽ ʚʨʘʭʦʚʫʻ ʟʤʽʥʠ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧk , ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ: 

ʧʨʟʥʟʘʧ kkk -=1 .      (2.44) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʚ'ʷʟʢʦʩʪʽ (2.20, 2.39, 

2.46) ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʷʢ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ, ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʪʘ ʚʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ 

ʟʘʤʽʥʠ ʦʣʠʚʠ:  
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ʜʝ ʧʣT  ï ʧʣʘʥʦʚʝ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʜʦ ʟʤʽʥʠ ʦʣʠʚʠ, ʤʦʪʦ-

ʛʦʜ.  

ʌʦʨʤʫʣʘ (2.45) ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʜʦʟʚʦʣʷʻ 

ʢʦʨʠʛʫʚʘʪʠ ʥʦʨʤʘʪʠʚʥʝ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʠʟʝʣʷ ʊʄ ʜʦ ʯʝʨʛʦʚʦʾ ʟʤʽʥʠ ʦʣʠʚʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʤʽʥʠ ʚ'ʷʟʢʦʩʪʽ, ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʪʘ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ. ɺʦʥʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʯʠʩʝʣʴʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ: 

ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ, ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ.  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʝʧʨʷʤʠʤ 

ʰʣʷʭʦʤ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʣʫʞʥʦʛʦ ʯʠʩʣʘ, ʘʙʦ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ: 

( )00 / ʣʯʣʯʧʨʧʨ ʇʇVV = , ʘʙʦ ( )ʢʯʢʯʧʨʧʨ ʇʇVV /00= ,    (2.46)  

ʜʝ ʣʯʇ , ʢʯʇ  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʣʫʞʥʦʛʦ ʯʠʩʣʘ, ʤʛ ʂʆʅ/ʛ; 0ʣʯʇ , 0ʢʯʇ   ï 

ʟʥʘʯʝʥʥʷ ʣʫʞʥʦʛʦ ʯʠʩʣʘ ʚ ʥʝʧʨʘʮʶʶʯʽʡ ʦʣʠʚʽ, ʤʛ ʂʆʅ/ʛ.  

)exp(0 tbʇʇ ʣʯʣʯʣʯ -= ; )exp(0 tbʇʇ ʢʯʢʯʢʯ -= .  (2.47) 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘʢ ʩʘʤʦ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʥʝʧʨʷʤʠʤ ʰʣʷʭʦʤ ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ:  
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( )00 / ʟʥʟʥʟʥʟʥ ʉʉVV = ,      (2.48)  

ʜʝ ʟʥʉ  ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, %; 0ʟʥʉ  ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʫ ʥʝʧʨʘʮʶʶʯʽʡ ʦʣʠʚʽ, %. 

ɿʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ ʽ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʟʜʽʡʩʥʶʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʧʨʠʩʘʜʢʠ ʽ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ ʚʠʧʘʜʘʶʪʴ ʚ ʦʩʘʜ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʧʦʢʘʟʥʠʢ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ: 

( )0/ ʟʥʬʨʧʨʟʥʦʧʪʱ ʉʉVVVʇ =+= ,    (2.49)  

ʜʝ ʦʧʪʱʇ  ï ʧʦʢʘʟʘʥʥʷ ʧʨʠʣʘʜʫ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʦʣʠʚʠ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (2.47) ʽ (2.49) ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʠʟʝʣʷ ʊʄ ʜʦ 

ʯʝʨʛʦʚʦʾ ʟʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʜʠʩʧʝʨʩʥʦʛʦ 

ʾʾ ʩʪʘʥʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.46), ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʬʘʢʪʠʯʥʽ ʪʝʨʤʽʥʠ ʊ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʧʨʝʜʩʪʘʚʠʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ 

ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʦʢ, ʣʫʞʥʦʛʦ (ʢʠʩʣʦʪʥʦʛʦ) ʯʠʩʣʘ ʽ ʜʠʥʘʤʽʯʥʦʾ 

(ʢʽʥʝʤʘʪʠʯʥʦʾ) ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚʠ [4, 31]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʠʥʦʢ 

ʟʥʦʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ɺʘʞʣʠʚʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʦʯʠʱʝʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʩʠʩʪʝʤʽ 

ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ ʻ ʦʣʠʚʥʠʡ ʬʽʣʴʪʨ, ʯʝʨʝʟ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ 8...20% ʦʣʠʚʠ. 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʦʣʠʚʘ ʚʽʜ 

ʥʘʩʦʩʘ ʥʘʜʭʦʜʠʪʴ ʫ ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʬʽʣʴʪʨʘ ʯʝʨʝʟ ʧʨʦʪʠʜʨʝʥʘʞʥʠʡ 

ʢʣʘʧʘʥ, ʧʨʦʭʦʜʠʪʴ ʬʽʣʴʪʨʦʝʣʝʤʝʥʪ ʽ ʧʨʷʤʫʻ ʚ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʠʡ ʰʪʫʮʝʨ. ɿʘʩʤʽʯʝʥʥʷ ʬʽʣʴʪʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʽʚ ʜʦ 0,05...0,06 ʄʇʘ, ʧʨʠ ʷʢʠʭ ʩʧʨʘʮʴʦʚʫʻ ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ, 
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ʧʨʦʧʫʩʢʘʶʯʠ ʦʣʠʚʫ ʧʦʚʟ ʬʽʣʴʪʨʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʻ ʽʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ.  

ʇʨʠ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʦʝʣʝʤʝʥʪʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 25...40 ʤʢʤ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʝʣʝʤʝʥʪʽ ʟʨʦʩʪʘʻ, ʽ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ ʜʚʠʛʫʥʘ 400...500 

ʤʦʪʦ-ʛʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʰʝ ʚʽʜʢʨʠʪʪʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. ʇʨʠ ʮʴʦʤʫ 

ʚʝʣʠʢʽ ʯʘʩʪʢʠ ʟʤʠʚʘʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʧʦʪʦʢʦʤ ʦʣʠʚʠ ʯʝʨʝʟ 

ʚʽʜʢʨʠʪʠʡ ʢʣʘʧʘʥ ʚ ʤʘʛʽʩʪʨʘʣʴ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʨʠʩʢʦʨʝʥʠʡ ʟʥʦʩ ʽ 

ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ.  

ʅʘ ʚʠʩʦʢʦʬʦʨʩʦʚʘʥʠʭ ʜʠʟʝʣʷʭ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʨʠʩʪʨʦʾ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʦʣʠʚʠ, ʘ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʘ ï ʮʝʥʪʨʠʬʫʛʫ. ʎʝʥʪʨʠʬʫʛʘ ʟʘʙʝʟʧʝʯʫʻ 

ʭʦʨʦʰʝ ʦʯʠʱʝʥʥʷ ʦʣʠʚ ʚʽʜ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʝ 0,5...1,0 ʤʢʤ ʧʨʠ ʤʘʣʦʤʫ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʦʧʦʨʽ, ʪʦʤʫ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʽ ʧʘʨʘʣʝʣʴʥʦʤʫ 

ʚʢʣʶʯʝʥʠʭ ʚ ʦʣʠʚʥʽʡ ʩʠʩʪʝʤʽ. ʇʨʠ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʦʯʠʱʝʥʥʶ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʘʙʨʘʟʠʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦʤʫ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʪʘʢʦʤʫ 

ʦʯʠʱʝʥʽ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ 3...4 ʨʘʟʠ [137]. 

ʂʣʘʩʠʯʥʘ ʩʭʝʤʘ ʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʻ ʽʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ï 

ʧʝʨʽʦʜʠʯʥʦ ʚ ʜʚʠʛʫʥ ʥʘʜʭʦʜʠʪʴ ʥʝʦʯʠʱʝʥʘ ʤʦʪʦʨʥʦʾ ʦʣʠʚʘ ʽ ʪʘʢʦʾ 

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʟʤʽʥʠʪʠ ʨʝʞʠʤ ʪʝʨʪʷ, ʢʦʣʠ ʚ 

ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʽ "ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-ʤʦʪʦʨʥʘ ʦʣʠʚʘ-ʩʝʨʝʜʦʚʠʱʝ" 

ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʠʡ ʪʠʧ ʩʠʩʪʝʤʠ, ʘ ʢʨʠʚʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʨʘʮʶʚʘʥʥʷ, ʟʘ ʚʝʩʴ 

ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʘ ʤʘʪʠʤʝ ʩʪʫʧʽʥʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ. 

ʋʩʫʚʘʻʪʴʩʷ ʮʝʡ ʥʝʜʦʣʽʢ ʜʦʧʦʚʥʝʥʥʷʤ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʘʪʯʠʢʦʤ 

ʢʦʥʪʨʦʣʶ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ʇʦʢʘʟʠ ʜʘʪʯʠʢʘ ʟʯʠʪʫʶʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʦ, ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʧʽʜ ʯʘʩ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ. ʋ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʥʽʬʽʣʴʪʨ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʘ ʧʝʨʝʧʫʩʢʥʦʤʫ 

ʢʣʘʧʘʥʦʤ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠ 
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ʚʽʜʢʨʠʪʦʤʫ ʧʝʨʝʧʫʩʢʥʠʤ ʢʣʘʧʘʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʧʦʧʘʜʘʥʥʷ ʥʝʦʯʠʱʝʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʦ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

 

2.5 ʇʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ  

 

ʋʩʝʨʝʜʥʝʥʘ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʨʠʩʘʜʢʘʤʠ ʦʣʠʚʦʶ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ t 

ʜʦʨʽʚʥʶʻ: 

)()()( 21 tututu += ,     (2.51) 

ʜʝ )(1 tu , )(2 tu  ï ʟʥʦʩ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʙʘʟʦʚʽʡ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

ʦʣʠʚʘʭ: 

2121 )()()( -=+= dtututu ,    (2.52) 

ʜʝ 21-d  ï ʟʘʟʦʨ ʤʽʞ ʩʧʨʷʞʝʥʠʤʠ ʜʝʪʘʣʷʤʠ, ʷʢʠʡ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 

ʟʨʦʩʪʘʻ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʚʠʜ ʬʫʥʢʮʽʾ ʟʚôʷʟʢʫ ʟʥʦʩʫ ʜʝʪʘʣʝʡ 

ʪʘ ʾʭ ʩʧʨʷʞʝʥʴ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷ (ʧʨʦʙʽʛʦʤ) ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ [140, 141]: 

uɯtKu ʨ

a
Ö= ,       (2.53) 

ʜʝ ʂʨ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʧʨʷʞʝʥʥʷ; 
uɯ
a  ï 

ʧʦʢʘʟʥʠʢ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʥʦʩʫ 

ʜʦʨʽʚʥʶʻ: 

() ()tmKtKdttdu ʧʨʨʨɯ
uɯ

u
-Ö=

-1a
a ,     (2.54) 

ʜʝ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʥʦʩʫ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ ʚ 

ʙʘʟʦʚʽʡ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ, ʘ ʜʨʫʛʠʡ ï ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʘ 

ʤʘʩʠ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʪʘʥʦʚʠʪʴ:  

() ( )( )tVɯmtm ʄʄuʧʨʧʨ Ö-= rexp0 ,    (2.55) 

ʜʝ 0ʧʨm  ï ʧʦʯʘʪʢʦʚʘ ʤʘʩʘ ʧʨʠʩʘʜʢʠ; ʄV  ï ʦʙ'ʻʤ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ʄr  ï ʛʫʩʪʠʥʘ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; uɯ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ. 
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ɺʨʘʭʦʚʫʶʯʠ (2.55) ʚ ʨʽʚʥʷʥʥʽ (2.54), ʤʘʻʤʦ: 

() öö
÷

õ
ææ
ç

å
--=öö

÷

õ
ææ
ç

å
--= ññ

-
t

V

ɯ

ɯ

Vmʂ
tʂdtt

V

ɯ
mʂdttʂtu

ʄʄ

u

u

ʄʄʨ

ʨ

t

ʄʄ

u
ʨ

t

ʨI
uII

r

r

r
a

aa
expexp

0

0

0

0

1 . (2.56) 

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʥʦʩʫ ʩʧʨʷʞʝʥʥʷ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʜʦ 

ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʟ ʘʢʪʠʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʠʷʚʣʝʥʦ [29], 

ʱʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʠʷʪʣʠʚʦʾ ʟʤʽʥʠ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʪʘ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ, 

ʘʙʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʟ ʛʝʣʴ-ʟʦʣʴʥʠʤ ʬʘʟʦʚʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ [60]. 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚʽ [130, 135] ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ, ʨʦʟʚôʷʟʫʶʯʠ ʨʽʚʥʷʥʥʷ (2.56), ʚʠʟʥʘʯʠʪʠ ʾʭ ʨʝʩʫʨʩ. ɼʣʷ ʮʴʦʛʦ 

ʬʦʨʤʫʣʫ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʧʦʜʘʻʤʦ ʫ ʚʠʛʣʷʜʽ: 

() () () ()tvtvtvtv uuuʙu 21 --= ,     (2.57) 

ʜʝ vuʙ(t), vu1(t), ()tvu2  ï ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʚ ʦʣʠʚʽ, ʜʦ ʽ ʧʽʩʣʷ 

ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʽ ʬʦʨʤʫʚʘʥʥʽ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ. ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʜʦʨʽʚʥʶʻ: 

() ( )tbatvu 111 exp-= ,  () ( )tbatvu 222 exp-= ,   (2.58) 

ʜʝ 1a , 2a  ï ʧʘʨʘʤʝʪʨʠ ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ: 

11 uuʙ vva -= , 22 uuʙ vva -= ; 1b , 2bï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʥʝʩʝʥʦʾ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ ʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʟʦʚʦʾ ʦʣʠʚʠ. 

ɺʨʘʭʦʚʫʶʯʠ (2.58), ʚʠʨʘʟ (2.57) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

() () ( ) ( )tbatbatvtv uʙu 2211 expexp ----= .    (2.59) 

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ uʙu vv 11=e , uʙu vv 22=e  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʦʣʠʚʠ ʧʨʠʩʘʜʢʦʶ ʽ ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ () () 11 --=== aaa kttʂdttdutv ʨu , ʤʘʻʤʦ: 
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() ( ) ( )[ ]( ) ( )tbtbtʂvtv ʨuʙu 2211

1 exp1exp1 ------= - eea .   (2.60) 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʧʽʜ ʟʘʣʠʰʢʦʚʠʤ ʨʝʩʫʨʩʦʤ ʩʧʨʷʞʝʥʥʷ 

ʜʝʪʘʣʝʡ Rt  ʨʦʟʫʤʽʶʪʴ ʡʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʟʥʦʩʫ, 

ʦʪʨʠʤʘʻʤʦ: 

( ) ( )( ) ( )[ ]RRRʨuʙʛʨu tbtbtʂvv 2211

1 exp1exp1 ------= - eea .  (2.61) 

ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦ ʯʠʩʝʣʴʥʠʤʠ ʘʙʦ 

ʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʠʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ. ʂʦʥʪʨʦʣʶʚʘʪʠ 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ 

ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʚ ʦʣʠʚʫ ʪʘ ʟʘ ʟʤʽʥʦʶ ʾʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʝʥʦʩʪʽ: 

0t
v

ȹm
t

Fe

ʛʨʘʥ.Fe

R -= ,      (2.62) 

ʜʝ 0t  ï ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʣʽʜʞʝʥʥʷ; Fev  ï ʰʚʠʜʢʽʩʪʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʟ ʯʘʩʪʠʥʢʘʤʠ ʟʥʦʩʫ ʚ ʦʣʠʚʥʫ ʩʠʩʪʝʤʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ: 

()( ) )()( 1212 ttmmdttmdv FeFeFeFe -D-DºD= ,  (2.63) 

ʜʝ 1FemD , 2FemD  ï ʚʤ̔ʩʪ ʟʘʣʽʟʘ ʚ ʤʦʪʦʨʥʽʡ (ʪʨʘʥʩʤʽʩʽʡʥʽʡ) ʦʣʠʚʽ ʧʨʠ 

ʥʘʧʨʘʮʶʚʘʥʥʽ t1 ʽ t2.  

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ, 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) 0/ eee ɯt ʛʨR -= ,       (2.64) 

ʜʝ e, ʛʨŮ  ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ; Ůoɯ  ï

ʚʠʤʽʨʶʚʘʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘ ʧʦʧʝʨʝʜʥʽʡ 

ʧʝʨʽʦʜ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ, ʚ 

ʩʢʣʘʜʽ ʷʢʦʾ ʥʘʷʚʥʠʡ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ, ʚʥʝʩʝʥʦʾ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʘʜʢʠ ʤʦʣʝʢʫʣʘʤʠ ʇɸʈ, ʚʟʘʻʤʦʜʽʶʯʠ ʤʽʞ 
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ʩʦʙʦʶ, ʫʪʚʦʨʶʶʪ ɹʨʽʟʥʽ ʟʘ ʙʫʜʦʚʦʶ ʽ ʬʦʨʤʦʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ ʪʘ ʾʭ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ. 

ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʻ ʘʩʦʮʽʘʮʽʾ ʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ ʚ ʦʙ'ʻʤʽ 

ʤʘʩʪʠʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

2. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʙʣʠʟʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʢʦʤʧʦʟʠʮʽʡʥʽ ʦʣʠʚʠ 

ʧʨʦʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ ʤʝʥʰʫ 

ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʾʾ ʰʘʨʽʚ. 

ʅʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʘ ʡʦʛʦ ʨʦʟʚ'ʷʟʦʢ, ʷʢʽ ʩʚʽʜʯʘʪʴ, 

ʱʦ ʚ ʦʩʥʦʚʽ ʨʫʭʫ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘʢʠʭ ʦʣʠʚ ʣʝʞʘʪʴ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

3. ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʥʽ ʫʩʢʣʘʜʥʝʥʥʷ ʰʘʨʽʚ ʦʣʠʚʠ ʟ 

ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʤʝʟʦʤʦʨʬʽʟʤʫ. ʎʶ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʥʝʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʽʟʦʪʝʨʤʘʤʠ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʟʽ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʤʧʦʟʠʪʥʦʾ 

ʧʨʠʩʘʜʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʫ ʘʢʪʠʚʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʧʦ 

ɻʽʙʙʩʫ ʤʦʞʣʠʚʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʩʦʮʽʘʪʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

4. ɺ'ʷʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʻ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ, ʮʝ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ 

ɸ. ɽʡʥʰʪʝʡʥʦʤ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʩʪʘʥ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʷʢʠʡ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʤʦʜʝʣʣʶ ʐʚʝʜʦʚʘ-ɹʽʥʛʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʫ, ʷʢʠʡ 

ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʤʽʨʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʘʩʦʮʽʘʮʽʾ ʡ 

ʫʪʚʦʨʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʧʣʽʚʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ "ʟʦʣʴ-ʛʝʣʴ" 

ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ. 

5. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʤʽʥʫ ʨʝʞʠʤʽʚ ʪʝʨʪʷ ʫ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʟ 

ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʤʘʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʌʦʨʤʫʚʘʥʥʷ ʧʣʽʚʢʠ ʦʣʠʚʠ ʥʘ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ, ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ ɼʝʣʘʤʙʝʨʘ, 
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ʦʧʠʩʘʥʦ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫ ʬʦʨʤʽ 

ʈʝʡʥʦʣʴʜʩʘ. ɺʠʢʦʨʠʩʪʘʥʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʪʝʦʨʽʶ ʄ.ʇ. ʇʝʪʨʦʚʘ ʪʘ ʢʨʠʪʝʨʽʡ 

ɿʦʤʤʝʨʬʝʣʴʜʘ. ʆʪʨʠʤʘʥʦ ʮʝʡ ʢʨʠʪʝʨʽʡ ʜʣʷ ʨʝʩʫʨʩʦʚʠʟʥʘʯʘʣʴʥʠʭ ʩʧʨʷʞʝʥʴ 

ʜʚʠʛʫʥʘ. ɺʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʨʝʞʠʤʘʤʠ ʟʤʘʱʝʥʥʷ ʫ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ, ʟʤʽʥʶʶʯʠ ʚ'ʷʟʢʽʩʪʴ ʤʦʪʦʨʥʦʾ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ. 

6. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʤʽʥʫ ʩʪʘʥʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʦʣʠʚʘʭ ʧʨʦʪʽʢʘʶʪʴ ʧʨʦʮʝʩʠ 

ʷʢʽ ʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʩʫʢʫʧʥʽʩʪʶ ʦʜʠʥʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʭʾ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʝ ʧʝʨʝʜʫʩʽʤ ʫʪʚʦʨʝʥʥʷ ʢʠʩʣʠʭ, 

ʣʫʞʥʠʭ, ʚ'ʷʟʢʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʪʘ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ. ɿʘʚʜʷʢʠ ʮʠʤ ʧʨʦʮʝʩʘʤ ʟʤʽʥʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 

ʦʣʠʚ. ʇʦʢʘʟʘʥʦ ʾʾ ʟʤʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʯʘʩʪʠʥʦʢ ʧʨʠʩʘʜʢʠ ʽ ʟʥʦʩʫ. 

ʆʪʨʠʤʘʥʘ ʫʤʦʚʘ ʨʽʚʥʦʚʘʛʠ. 

7. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʜʦ ʦʣʠʚ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʘ 

ʪʘʢʦʞ ʩʧʨʘʮʶʚʘʥʥʷ ʚʥʝʩʝʥʦʾ ʧʨʠʩʘʜʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʤʘʶʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ, ʘʣʝ ʟʚʦʨʦʪʥʽʡ ʭʘʨʘʢʪʝʨ. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʦʣʠʚʘ ʤʘʻ 

ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ. 

8. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʪʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ ʤʦʞʣʠʚʦ ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʾʭ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʰʚʠʜʢʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ, ʟʤʽʥʫ ʣʫʞʥʦʛʦ 

ʽ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʝʣ ʪʘ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʟʫʣʴʪʫʶʯʠʡ ʢʨʠʪʝʨʽʡ 

ʫ ʚʠʛʣʷʜʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʣʠʚ ʪʘ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ 

ʦʮʽʥʢʠ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʦʣʠʚʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʜʦʣʠʚ ʩʚʽʞʦʾ ʦʣʠʚʠ ʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʦʣʠʚʠ.  

9. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 
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ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʽ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ 

ʟʥʦʩʫ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ. ɺʨʘʭʦʚʘʥʽ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʜʦ ʜʦʜʘʚʘʥʥʷ ʽ ʧʽʩʣʷ 

ʜʦʜʘʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʰʚʠʜʢʽʩʪʶ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ ʪʘ ʾʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ.  
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ʈʆɿɼɯʃ 3  

ʄɽʊʆɼʀ ɯ ʄɽʊʆɼʀʂʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ  

 

3.1 ʇʨʦʛʨʘʤʘ ʪʘ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʠ ʽ ʨʦʟʚôʷʟʘʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚ ʜʘʥʽʡ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʾʭ ʚʠʨʽʰʝʥʥʷ (ʨʠʩ.3.1) ʪʘ 

ʧʨʦʛʨʘʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʾʭ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ, ʩʧʨʘʮʶʚʘʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚ. ɿôʷʩʫʚʘʥʥʷ ʟʤʽʥ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ. 

2. ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, ʧʨʠ 

ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʧʨʠʩʘʜʢʘʤʠ. ʆʪʨʠʤʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʟʘ ʤʦʪʦʨʥʦʶ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʤʠ ʦʣʠʚʘʤʠ. 

ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʽ 

ʤʦʪʦʨʥʽʡ ʦʣʠʚʘʭ. 

3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ. ʄʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ, ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ 

ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʣʠʚʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʽʟʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ. ɺʠʙʽʨ ʤʝʪʦʜʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʪʦʨʥʦʾ ʪʘ 
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ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʩʘʜʦʢ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ 

ʪʝʨʪʷ ʏʄʊ-1 ʪʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʘ ʪʝʨʪʷ. ʄʝʪʦʜʠʢʘ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ 

ʦʙʢʘʪʦʯʥʦ-ʛʘʣʴʤʽʚʥʦʤʫ ʩʪʝʥʜʽ ʂʉ-276-032. ʄʝʪʦʜʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɿʘʙʝʟʧʝʯʝʥʥ̫ ʜʦʚʛʦʚ̔ʯʥʦʩʪ̔ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪ̔ʚ ʊʄ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮ̔ʾ

ɸʥʘʣ̔ʟ ʫʤʦʚ ʨʦʙʦʪʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘhʠʥ

ʊʝʦʨʝʪʠʯʥʝ 

ʦʙʛʨʫʥʪʫʚʘʥʥ̫ ʚʧʣʠʚʫ 

ʞʦʨʩʪʢʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮ̔ʾ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ̔ ʚʣʘʩʪʠʚʦʩʪ̔ 

ʦʣʠʚ ʪʘ ʜʦʚʛʦʚ̔ʯʥ̔ʩʪɹ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪ̔ʚ ʊʄ 

ʆʙʛʨʫʥʪʫʚʘʥʥ̫ ʚʠʙʦʨʫ 

ʤʝʪʦʜ̔ʚ ̔ ʤʝʪʦʜʠʢ 

ʧ̔ʜʚʠɦ ʝʥʥ̫ 

ʜʦʚʛʦʚ̔ʯʥʦʩʪ̔ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪ̔ʚ ʪʘ ʪʝʨʤ̔ʥʫ 

ʟʘʤ̔ʥʠ ʚʠʢʦʨʠʩʪʘʥʥʦʾ 

ʦʣʠʚʠ

ʈʝʟʫʣɹʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣɹʥʠʭ 

ʜʦʩʣ̔ʜʞʫʚʘʥɹ ʚʧʣʠʚʫ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚ̔ 

ʛʝʦʤʦʜʠʬ̔ʢʘʪʦʨʘ ʥʘ 

ʨʦʙʦʪʫ ʩʧʨ̫ʞʝʥɹ 

ʜʝʪʘʣʝʡ ʊʄ, ʧʦʢʘʟʥʠʢ̔ʚ 

 ̔ʚʣʘʩʠʚʦʩʪʝʡ ʦʣʠʚʠ

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮ̔ʾ 

ʢʘʨô̒ʨʥʦʾ, ʩ̔ʣɹʩɹʢʦ-

ʛʦʩʧʦʜʘʨʩɹʢʦʾ ʪʘ 

ʘʝʨʦʜʨʦʤʥʦʾ 

ʪʝʭʥ̔ʢʠ

ɺʧʣʠʚ ʢʦʤʧʦʟʠʮ̔ʡʥʠʭ 

ʧʨʠʩʘʜʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪ̔ 

 ̔ʧʦʢʘʟʥʠʢʠ ʤʦʪʦʨʥʦʾ ̔ 

ʪʨʘʥʩʤ̔ʩ̔ʡʥʦʾ ʦʣʠʚ

ɿʘʛʘʣɹʥ̔ ʧʨʠʥʮʠʧʠ 

ʧʦʙʫʜʦʚʠ ʤʝʪʦʜʠʢ 

ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣ̔ʜʞʝʥɹ

ʃʘʙʦʨʘʪʦʨʥ̔ 

ʜʦʩʣ̔ʜʞʝʥʥ̫ ʤʦʤʝʥʪʫ 

ʪʝʨʪ̫ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤ̔ ʪʘ ʨʝʞʠʤ̔ 

òʧʫʩʢ-ʟʫʧʠʥʢʘò

ʉʧʨʘʮʁ ʚʘʥʥ̫ 

ʤʦʪʦʨʥʠʭ ʪʘ 

ʪʨʘʥʩʤ̔ʩ̔ʡʥʠʭ ʦʣʠʚ

ʉʧʨʘʮʁ ʚʘʥʥ̫ 

ʢʦʤʧʦʟʠʮ̔ʡʥʦʾ 

ʧʨʠʩʘʜʢʠ, ʥʘʜʭʦʜʞʝʥʥ̫ 

ʧʨʦʜʫʢʪ̔ʚ ʟʥʦʩʫ ʚ 

ʦʣʠʚʫ, ʪʝʨʤ̔ʥ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ 

ʤʦʜʠʬ̔ʢʦʚʘʥʠʭ ʦʣʠʚ

ɿʘʛʘʣɹʥ̔ ʧʨʠʥʮʠʧʠ 

ʧʦʙʫʜʦʚʠ ʤʝʪʦʜʠʢ 

ʩʪʝʥʜʦʚʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮ̔ʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥɹ

ʉʪʝʥʜʦʚ̔ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ 

ʚʠʧʨʦʙʫʚʘʥʥ̫ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪ̔ʚ ʊʄ

ɺʧʣʠʚ ʧʨʠʩʘʜʦʢ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ 

ʚʣʘʩʪʠʚʦʩʪ̔ ʪʘ 

ʜ̔ʘʛʥʦʩʪʠʯʥ̔ 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ 

ʦʣʠʚ

ɺʧʣʠʚ ʤʦʜʠʬ̔ʢʫʚʘʥʥ̫ 

ʦʣʠʚ ʢʦʤʧʦʟʠʮ̔ʡʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʥʘ 

ʟʥʦʩʦʩʪ̔ʡʢ̔ʩʪɹ 

ʩʧʨ̫ʞʝʥɹ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪ̔ʚ ʊʄ

ɸʥʘʣ̔ʟ ʨʝʟʫʣɹʪʘʪ̔ʚ ʜʦʩʣ̔ʜʞʝʥʥ̫

ɽʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ ʚʠʧʨʦʙʫʚʘʥʥ̫ ʊʄ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮ̔ʾ, ʪʝʭʥ̔ʢʦ-ʝʢʦʥʦʤ̔ʯʥʘ 

ʝʬʝʢʪʠʚʥ̔ʩʪɹ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʢʦʤʧʦʟʠʮ̔ʡʥʦʾ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1, ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮ̔ʡ
 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ 
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4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥ ̫ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʥʘ ʤʦʤʝʥʪ ʪʝʨʪʷ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ".  

5. ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ, 

ʧʨʘʮʶʶʯʠʭ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʩʘʜʦʢ ʥʘ ʪʝʨʤʽʥ 

ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʪʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʊʄ. 

6. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʚʽʜʜʽʣʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ ʊʄ ʫ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ. 

ʇʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʣʠʚ ʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ (ʨʠʩ.3.2) 

ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

ï ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʨʦʮʝʩʽʚ ʩʧʨʘʮʶʚʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ; 

ï ʧʽʜʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʤʦʪʦʨʥʦʾ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʪʝʨʤʽʥʫ ʾʾ ʟʘʤʽʥʠ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʟʘ ʧʣʦʱʝʶ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʪʘ ʟʘ ʟʤʽʥʦʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʯʦʪʠʨʴʦʭʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-

1; 

ï ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʥʘ ʦʧʪʠʯʥʦʤʫ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʘʭ;  

ï ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʜʦ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʘ 

ʪʝʨʪʷ ʪʘ ʥʘ ʦʙʢʘʪʦʯʥʦ-ʛʘʣʴʤʽʚʥʦʤʫ ʩʪʝʥʜʽ ʂʉ-276-032; 

ï ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʨʦʙʦʯʠʭ ʦʣʠʚʘʭ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1; 
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ï ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʨʦʙʦʪʫ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʪʘ ʪʝʨʤʽʥ ʾʭ ʟʘʤʽʥʠ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʝʨʤʽʥʫ 

ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʥʘ ʜʚʠʛʫʥʘʭ ʗʄɿ ï 240 ʽ COMATSU SAA6D140E-3; 

ï ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʇʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʨʽʟʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʩʪʝʥʜʽ ʂʉ-276-032. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʨʦʙʽʛ (ʢʤ), ʯʘʩ ʨʦʙʦʪʠ 

(ʛʦʜ), ʥʘʧʨʘʮʶʚʘʥʥʷ (ʤʦʪʦ-ʛʦʜ) ʽ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ (ʤʦʪʦ-ʛʦʜ) 

ʜʠʟʝʣʽʚ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʎʇɻ ʜʠʟʝʣʽʚ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʣʷ ʜʠʟʝʣʽʚ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʦʪʦʨʥʫ 

ʦʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

 

3.2 ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʠʩʘʜʢʘʤʠ 

ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ (ɻʆʉʊ 8581-78) 

ʪʨʘʥʩʤʽʩʽʡʥʘ ʦʣʠʚʘ ʊʄ-3-18ʢ (ɻʆʉʊ 17479.2-2015), ʩʠʥʪʝʟʦʚʘʥʘ 

ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʘ ʪʘʢʦʞ 

ʧʦʨʽʚʥʷʣʴʥʽ ʧʨʠʩʘʜʢʠ ʅʀʆɼ-5, Roil Gold. 

ʄʦʪʦʨʥʫ ʦʣʠʚʘ ʄ-10ɻ2ʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʩʫʯʘʩʥʠʭ ʊʄ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ. ʆʣʠʚʠ ʛʨʫʧʠ ɻ2 ʚʠʨʦʙʣʷʶʪʴ 

ʠʟ ʟʝʨʥʠʩʪʦʾ ʽ ʤʘʣʦʟʝʨʥʠʩʪʦʾ ʥʘʬʪʠ. ʄʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʢʘʨ'ʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʪʘ ʪʝʭʥʽʢʠ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ 

ʷʢʦʾ ʩʢʣʘʜʘʻ ʚʠʱʝ 40 ʪʦʥʥ. ʅʘ ʟʘʟʥʘʯʝʥʽʡ ʦʣʠʚʽ ʧʨʘʮʶʶʪʴ ʜʚʠʛʫʥʠ ʗʄɿ 

(ʩʘʤʦʩʢʠʜʠ: ɹʝʣɸɿ-75471, 75481, 7423; ʪʷʛʘʯʽ: ʄɿʂʊ-7413, 74131, 79191, 
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ʂɿʂʊ-7427, 7428, 74287, 7428-011) ʽ COMATSU SAA6D140E-3 (ʩʘʤʦʩʢʠʜʠ: 

Comatsu HD 405-6, ʅʄ 350-1; ʙʫʣʴʜʦʟʝʨʠ: Comatsu d155ax-3; ʝʢʩʢʘʚʘʪʦʨʠ: 

PC 750-7). 

ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʩʪʽ ʦʣʠʚʠ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʚ ʥʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʘʜʦʢ. ɿʘʟʥʘʯʝʥʝ ʜʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ  ̔

ʜʦʙʘʚʦʢ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ. ɼʣʷ ʢʦʞʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʬʦʨʤʫʶʪʴʩʷ ʩʚʦʾ ʨʝʞʠʤʠ: ʙʝʟʧʝʨʝʨʚʥʠʡ ʪʘ ʨʝʞʠʤ 

"ʧʫʩʢ-ʟʫʧʠʥʢʘ". ʅʘ ʮʠʭ ʨʝʞʠʤʘʭ ʪʘʢʦʞ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʪʨʠʙʦʣʦʛʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ [142]. 

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʣʠʚʫ ʊʄ-3-18ʢ 

(API GL-3), ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʩʝʩʝʟʦʥʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʆʣʠʚʘ ʊʅʂ ʊʨʘʥʩ ʊʄ-3-18ʢ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʽ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʙʘʟʦʚʠʭ ʦʣʠʚ ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ ʽ 

ʟʘʣʠʰʢʦʚʦʛʦ ʙʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʠʩʦʢʦʾ ʚ'ʷʟʢʦʩʪʽ. 

ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʚ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʢʨʘʱʽ ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʽ, ʤʠʡʥʦ-

ʜʠʩʧʝʨʛʫʶʯʽ, ʥʝʡʪʨʘʣʽʟʫʶʯʽ ʽ ʧʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʠʩʦʢʦʦʙʦʨʦʪʥʽ 

ʜʠʟʝʣʽ, ʟʤʘʱʫʚʘʥʽ ʨʦʙʦʯʠʤʠ ʦʣʠʚʘʤʠ, ʝʢʩʧʣʫʘʪʫʶʪʴ ʥʘ ʜʠʩʪʠʣʷʪʽʚ ʧʘʣʠʚʘʭ ʟ 

ʚʤʽʩʪʦʤ ʩʽʨʢʠ ʜʦ 0,5% (ʤʘʩʦʚʘ ʯʘʩʪʢʘ), ʩʝʨʝʜʥʴʦ- ʽ ʤʘʣʦʦʙʦʨʦʪʥʠʭ ʜʠʟʝʣʽ ʟ 

ʚʝʣʠʢʠʤ ʜʽʘʤʝʪʨʦʤ ʮʠʣʽʥʜʨʘ ï ʜʦ 1,5% (ʤʘʩʦʚʘ ʯʘʩʪʢʘ). 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʾ ʜʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠʩʘʜʢʠ ʅʀʆɼ-5 ʪʘ Roil Gold. 

ʅʀʆɼ-5 ï ʮʝ ʪʨʠʙʦʪʝʭʥʽʯʥʠʡ ʩʢʣʘʜ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʢʨʦʜʠʩʧʝʨʩʥʫ 

(10é50 ʤʢʤ) ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ ʩʫʭʫ ʩʫʤʽʰ (ʧʦʨʦʰʦʢ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ), ʱʦ 

ʤʽʩʪʷʪʴ 40é60% ʤʽʥʝʨʘʣʫ  ʩʝʨʧʝʥʪʠʥʫ, ʘ ʪʘʢʦʞ ʩʠʣʽʢʘʪʥʽ ʟ'ʻʜʥʘʥʥʷ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ, ʚ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʘʤʦʨʬʥʠʭ ʬʘʟʘʭ. ʇʨʠʩʘʜʢʘ ʭʽʤʽʯʥʦ 

ʘʙʩʦʣʶʪʥʦ ʽʥʝʨʪʥʘ, ʥʝ ʚʟʘʻʤʦʜʽʻ ʥʽ ʟ ʷʢʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʥʝ 
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ʛʽʛʨʦʩʢʦʧʽʯʥʘ. ʇʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫ ʚʫʟʣʘʭ ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʠʭ 

ʬʨʠʢʮʽʡʥʦ-ʘʜʘʧʪʦʚʘʥʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ. ʅʀʆɼ (ʩʧʨʷʤʦʚʘʥʘ ʽʦʥʥʘ 

ʜʠʬʫʟʽʷ) ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʩʧʝʮʽʘʣʴʥʫ ʚʽʜʥʦʚʥʫ, ʧʨʦʪʠʟʥʦʩʥʫ, 

ʘʥʪʠʬʨʠʢʮʽʡʥʫ, ʟʤʽʮʥʶʚʘʣʴʥʫ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʚ ʨʝʞʠʤʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʩʚʽʞʫ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʅʀʆɼ-5 ʜʦʙʘʚʣʷʶʪʴ ʫ ʨʦʟʨʘʭʫʥʢʫ 5...7 ʛ ʥʘ 

ʣʽʪʨ ʦʣʠʚʠ, ʘ ʚ ʩʚʽʞʫ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʫ ï 8...10 ʛ ʥʘ 1 ʣʽʪʨ ʦʣʠʚʠ. 

Roil Gold ï ʧʨʠʩʘʜʢʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ 

Neways ʜʦʜʘʻʪʴʩʷ ʜʦ ʦʣʠʚ ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷʤ ʤʝʪʘʣʫ ʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʽ ʘʛʨʝʛʘʪʽʚ 

ʊʄ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʠʩʘʜʢʠ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 

ʦʩʦʙʣʠʚʦʛʦ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʤʽʢʨʦʰʘʨʫ ʟ ʛʘʣʦʛʝʥʽʟʦʚʘʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʎʝʡ 

ʰʘʨ ʚʦʣʦʜʽʻ ʦʜʥʦʯʘʩʥʦ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʽ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ 

[143]. ʅʘʧʨʘʮʴʦʚʘʥʠʡ ʰʘʨ ʩʢʣʘʜʘʻ ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ. ʊʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʛʣʘʜʞʫʶʪʴʩʷ 

ʜʨʽʙʥʽ ʧʦʜʨʷʧʠʥʠ ʽ ʟʘʜʠʨʠ. ʉʪʚʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ "ʟʥʦʩ-

ʚʽʜʥʦʚʣʝʥʥʷ", ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʄʝʭʘʥʽʟʤ ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʚ'ʷʟʘʥʠʡ ʽʟ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ ʟ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʅʘ ʤʦʣʝʢʫʣʘʭ ʛʘʣʦʛʝʥʽʟʦʚʘʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʷʢ ʧʦʟʠʪʠʚʥʠʡ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜʠ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ï ʥʝʛʘʪʠʚʥʠʡ. ʄʦʣʝʢʫʣʠ ʧʨʠʩʘʜʢʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ 

ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʟʘʨʷʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʯʘʪʢʫ 

ʚʠʥʠʢʘʻ ʥʝʚʝʣʠʢʠʡ ʟʥʦʩ, ʘʣʝ ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʦʣʠʚʘ ʨʘʟʦʤ ʟ ʧʨʠʩʘʜʢʦʶ ʧʦʯʠʥʘʻ 

ʜʽʷʪʠ, ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʙʫʜʴ-ʷʢʘ ʧʦʰʢʦʜʞʝʥʘ 

ʧʦʚʝʨʭʥʷ. 

ɺ ʩʚʽʞʫ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʜʦʙʘʚʣʷʶʪʴ Roil Gold ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ: 72 ʤʣ 

ʜʦʙʘʚʢʠ ʥʘ 1000 ʤʣ ʦʣʠʚʠ. ɺ ʩʚʽʞʫ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʫ ʜʦʙʘʚʣʷʶʪʴ 25 ʤʣ 

Roil Gold ʥʘ 1000 ʤʣ ʦʣʠʚʠ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʂɻʄʊ-1, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʠʩʧʝʨʩʽʡʥʠʡ ʧʦʨʦʰʦʢ 
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ʛʣʠʥʠ ʟ ʂʘʪʝʨʠʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ; ʦʣʝʘʪ ʥʘʪʨʽʶ; 

ʩʫʣʴʬʘʪ ʤʽʜʽ; ʣʶʤʠʥʦʬʦʨ ʊɸʊ 33. ʂʦʞʝʥ ʟ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ 

ʨʦʣʴ ʧʽʜʯʘʩ ʪʝʨʪʷ. ʂɻʄʊ-1 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʫʚʘʪʠ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ 

ʤʝʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʪʘ ʬʦʨʤʫʻ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʢʝʨʘʤʽʯʥʝ ʧʦʢʨʠʪʪʷ, 

ʘ ʪʘʢʦʞ ʘʨʤʫʻ ʩʚʦʾʤʠ ʯʘʩʪʠʥʢʘʤʠ ʛʝʣʝʚʫ ʩʢʣʘʜʦʚʫ, ʷʢʘ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠʩʴ ʟ 

ʦʣʝʘʪʫ ʥʘʪʨʽʶ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. ʊʘʢʦʞ ʡʦʛʦ ʯʘʩʪʠʥʢʠ ʯʘʩʪʢʦʚʦ 

ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʽ ʩʣʫʛʫʶʪʴ ʪʚʝʨʜʠʤ 

ʟʤʘʱʝʥʥʷʤ ʚ ʛʨʘʥʠʯʥʠʭ ʨʝʞʠʤʘʭ ʪʝʨʪʷ. ʃʶʤʽʥʦʬʦʨ ʊɸʊ 33 ʜʘʻ ʟʤʝʥʰʝʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʟʘʜʠʨʽʚ ʧʽʜʯʘʩ ʘʢʪʠʚʘʮʽʾ ʂɻʄʊ-1. ʂʽʣʴʢʽʩʪʴ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʧʽʜʙʠʨʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ʂɻʄʊ-1 ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʭʦʜʠʪʴ ʝʪʘʧ ʦʯʠʱʝʥʥʷ ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ. ʆʯʠʱʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʤʦʯʫʚʘʥʥʷ ʥʝʦʯʠʱʝʥʦʛʦ ʧʦʨʦʰʢʫ 300 ʛ/ʣ ʚ 

ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘ ʧʨʦʪʷʟʽ 30 ʭʚ. ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ, ʨʽʚʥʽʡ 300 ʦʙ/ʭʚ. ʛʦʤʦʛʝʥʽʟʘʪʦʨʦʤ HG-15A ʨʠʩ. 3.3. 

 
ʈʠʩ. 3.3. ɻʦʤʦʛʝʥʽʟʘʪʦʨ HG-15A (ʇʽʚʜʝʥʘ ʂʦʨʝʷ) 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʨʦʟʯʠʥ ʟʘʣʠʰʘʶʪʴ ʥʘ 3 ʭʚ., ʱʦʙ ʚʘʞʢʽ ʯʘʩʪʠʥʢʠ ʘʙʨʘʟʠʚʥʠʭ 

ʜʦʤʽʰʢʽʚ ʦʩʽʣʠ. ɺʝʨʭʥʽʡ ʰʘʨ 95% ʚʽʜ ʦʙ'ʻʤʫ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟʣʠʚʘʣʠ ʽ 

ʧʽʜʜʘʚʘʣʠ ʚʠʧʘʨʦʚʫʚʘʥʥʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 373 ʂ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʧʦʜʨʽʙʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ. ʎʝ ʧʨʦʭʦʜʠʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʘʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʣʠʥʘ FM 100 (ʨʠʩ. 3.4). ʇʦʜʨʽʙʥʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ 35 ʭʚ. ʜʣʷ 

ʢʦʞʥʦʾ ʧʦʨʮʽʾ ʧʦʨʦʰʢʫ. 

 

ʈʠʩ. 3.4. ɺʽʜʮʝʥʪʨʦʚʠʡ ʤʣʠʥ FM100 (ɹʽʣʦʨʫʩʽʷ) 
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ɿʘʢʽʥʯʠʚʰʠ ʦʧʝʨʘʮʽʶ ʧʦʤʦʣʫ, ʧʦʨʦʰʦʢ ʧʨʦʩʽʶʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʩʠʪʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʬʨʘʢʮʽʶ ʨʦʟʤʽʨʦʤ ʥʝ ʙʽʣʴʰʝ 100 ʤʢʤ ʽ ʯʘʩʪʠʥʢʠ 

ʧʨʠʩʘʜʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʟʥʘʚʘʣʠ ʷʚʠʱʘ ʩʝʜʠʤʝʥʪʘʮʽʾ. ɼʣʷ ʧʨʦʩʽʶʚʘʥʥʷ 

ʦʙʨʘʥʦ ʣʘʙʦʨʘʪʦʨʥʝ ʩʠʪʦ GB/T6003.1-2012 ʟ ʨʦʟʤʽʨʦʤ ʢʦʤʽʨʢʠ 74 ʤʢʤ 

(ʨʠʩ. 3.5). 

 

ʈʠʩ. 3.5. ʉʠʪʦ GB/T6003.1-2012 ʟ ʢʦʤʽʨʢʦʶ 74ʤʢʤ (ʂʠʪʘʡ) 

 

ʇʽʩʣʷ ʧʨʦʩʽʶʚʘʥʥ ̫ ʬʨʘʢʮʽʾ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʭʦʜʠʪʴ ʝʪʘʧ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ. ɿʚʘʞʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

ʧʨʠʩʘʜʢʠ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʚʘʛʘʭ TBE-0.21-0.001, ʜʨʫʛʠʡ ʢʣʘʩ ʪʦʯʥʦʩʪʽ ɼʉʊʋ 

EN 45501 ʨʠʩ. 3.6. 

 

ʈʠʩ. 3.6. ʃʘʙʦʨʘʪʦʨʥʽ ʚʘʛʠ TBE-0.21-0.001 (ʋʢʨʘʾʥʘ) 

 

ʇʦʧʝʨʝʜʥʽʤ ʧʽʜʙʦʨʦʤ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʩʪʘʥʦʚʣʝʥʦ: ʙʘʟʦʚʘ ʦʣʠʚʘ 50 ʤʣ; ʂɻʄʊ-1 

(1500...3000 ʤʛ); ʦʣʝʘʪ ʥʘʪʨʽʶ (500...2000 ʤʛ); ʩʫʣʴʬʘʪ ʤʽʜʽ (500...2000 ʤʛ); 

ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33 (500...2000 ʤʛ). 

ʈʽʜʢʫ ʜʠʩʧʝʨʩʽʶ ʬʦʨʤʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʤʦʛʝʥʽʟʘʪʦʨʘ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʦʞʥʦʾ ʧʨʦʙʠ ʥʘ ʧʨʦʪʷʟʽ 20 ʭʚ. ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʟʙʽʣʴʰʫʚʘʣʠ ʯʝʨʝʟ ʢʦʞʥʽ 5 ʭʚ. ʥʘ 1000 ʦʙ/ʭʚ., ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʦʙʝʨʪʽʚ ʛʦʤʦʛʝʥʽʟʘʪʦʨʽʚ 1000 ʦʙ/ʭʚ. ʌʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʦʣʠʚʠ 
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ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 50 ʤʣ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʜʦʙʘʚʢʠ ʟ 1 ʣ ʩʚʽʞʦʾ 

ʦʣʠʚʠ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʛʦʤʦʛʝʥʽʟʘʪʦʨʦʤ 10 ʭʚ. ʧʨʠ 1000 ʦʙ/ʭʚ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʦʪʦʨʥʫ 

ʦʣʠʚʫ ʜʦʜʘʚʘʣʠ ʢʦʤʧʦʟʠʮʽʡʥʫ ʧʨʠʩʘʜʢʫ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 70 ʛ/ʣ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʢʦʤʧʦʟʠʮʽʷ ʟʘʧʦʚʥʶʻ ʩʠʩʪʝʤʫ 

ʟʤʘʱʝʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʨʦʙʦʪʽ ʪʨʘʥʩʤʽʩʽʾ ʟʙʽʣʴʰʫʶʪʴʩʷ ʢʦʥʪʘʢʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʫʙʯʘʩʪʦʛʦ ʩʧʨʷʞʝʥʥʷ, 

ʪʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʜʣʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠʩʘʜʢʫ ʚ 

2 ʨʘʟʠ ʙʽʣʴʰʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪʦʙʪʦ 140 ʛ/ʣ, ʘʣʝ ʩʢʣʘʜ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʣʠʰʘʣʘʩʴ ʘʥʘʣʦʛʽʯʥʠʤ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ. 

 

3.3 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ 

ʦʣʠʚ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-1 

 

ʇʨʦʪʠʟʥʦʩʥʽ ʽ ʧʨʦʪʠʟʘʜʠʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ 

ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-1 ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ɻʆʉʊ 9490-75. ʉʪʘʥʜʘʨʪʥʠʤ 

ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚʠ ʧʝʨʝʜʙʘʯʘʣʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ (ʏʄʊ-1) 

(ʨʠʩ. 3.7).  

 

ʈʠʩ. 3.7. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʯʦʪʠʨʠʢʫʣʴʢʦʚʦ ʾʤʘʰʠʥʠ ʪʝʨʪʷ ʏʄʊ-1 
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ɺʫʟʦʣ ʪʝʨʪʷ ʧʨʠʣʘʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʢʫʣʴʦʢ ʜʽʘʤʝʪʨʦʤ 12,7 ʤʤ. 

ʊʨʠ ʥʝʨʫʭʦʤʠʭ ʢʫʣʴʢʠ ʨʦʟʤʽʱʝʥʽ ʚ ʦʙʦʡʤʽ ʟ ʚʠʧʨʦʙʫʚʘʥʦʶ ʦʣʠʚʦʶ, ʘ 

ʯʝʪʚʝʨʪʘ ʢʫʣʴʢʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʘ ʥʘ ʪʦʨʮʽ ʚʘʣʫ. ʅʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʢʣʘʜʝʥʝ ʧʦ ʦʩʽ ʚʘʣʫ. ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ. ʇʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ ʦʮʽʥʶʶʪʴ ʧʦ ʜʽʘʤʝʪʨʫ ʧʣʷʤʠ 

ʟʥʦʩʫ ʢʫʣʴ (ʤʤ). ʎʝʡ ʧʦʢʘʟʥʠʢ ʚʠʟʥʘʯʘʣʠ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʜʽʘʤʝʪʨʽʚ ʧʣʷʤ ʟʥʦʩʫ ʪʨʴʦʭ ʥʠʞʥʽʭ ʢʫʣʴʦʢ ʧʽʩʣʷ ʨʦʙʦʪʠ ʏʄʊ-1 ʧʨʦʪʷʛʦʤ 

ʦʜʥʦʛʦ ʯʘʩʫ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 0,4 ʢʅ. ʇʨʦʪʠʟʘʜʠʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʢʨʠʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘʜʠʨʫ ʢʨP  (ʛʨʘʥʠʯʥʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʩ̔ʪɹ), 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʟʚP  (ʥʝʩʫʯʘ ʟʜʘʪʥʩ̔ʪɹ). 

ɺ ʨʦʙʦʪʽ [144] ʧʦʢʘʟʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʠ ʪʝʨʪʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʽ ʙʽʣʴʰʝ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʧʨʘʢʪʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʧʨʠʥʮʠʧʽ ʟʥʷʪʪʷ ʽ 

ʟʽʩʪʘʚʣʝʥʥʷ ʜʽʘʛʨʘʤ ʐʪʨʠʙʝʢ. 

ʄʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʨʦʟʛʣʷʜʘʣʠ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ. 

ʊʨʠʙʦʣʦʛʽʯʥʽ (ʟʤʘʱʫʚʘʣʴʥʽ) ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ ʚʠʢʦʥʫʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ʂʦʥʪʨʦʣʴ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʝʘʣʴʥʠʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ [137]. ɿ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʦʚʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʮʠʢʣ ʚʠʧʨʦʙʫʚʘʥʴ (ɻʆʉʊ 30480, DIN 50 322).  

ʊʦʯʢʦʚʠʡ ʢʦʥʪʘʢʪ ʟʨʘʟʢʽʚ ʚ ʏʄʊ-1 ʩʣʫʞʠʪʴ ʥʘʜʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʪʠʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʘʟʦʚʠʭ ʦʣʠʚ ʪʘ ʾʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʩʘʜʦʢ ʪʘ ʜʦʙʘʚʦʢ ʜʦ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʏʄʊ-1 

ʪʨʠʙʦʩʧʨʷʞʝʥʥ ̫ ʚ ʧʽʨʘʤʽʜʽ ʟ ʯʦʪʠʨʴʦʭ ʢʫʣʴʦʢ, ʽʟ ʷʢʠʭ ʪʨʠ ʥʠʞʥʽ ʢʫʣʴʢʠ 

ʟʘʢʨʽʧʣʝʥʽ ʥʝʨʫʭʦʤʦ ʚ ʯʘʰʮʽ, ʢʫʜʠ ʟʘʣʠʚʘʻʪʴʩʷ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʦʣʠʚʘ, ʘ 

ʚʝʨʭʥʷ ʢʫʣʴʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʰʧʠʥʜʝʣʽ. ʎʶ ʩʭʝʤʫ  ʟʨʘʟʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  ̔ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʪʠʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʫʩʝʨʝʜʥʝʥʥʽ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ, ʧʦʢʘʟʥʠʢʘ 
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ʟʥʦʩʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʽʘʤʝʪʨʦʤ ʧʣʷʤʠ ʟʥʦʩʫ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʪʠʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ 

ʤʘʰʠʥʽ ʏʄʊ-1 ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʜʥʦʪʠʧʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ɻʆʉʊ 9490-

75, ʚ ʅʽʤʝʯʯʠʥʽ DIN 51350, ʚ ʉʐɸ ASTM D2783 ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ: 

ï ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ D  ̔(ʤʤ), ʷʢʠʡ ʻ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʧʣʷʤ ʟʥʦʩʫ ʥʠʞʥʽʭ 

ʥʝʨʫʭʦʤʠʭ ʢʫʣʴʦʢ. ʍʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʪʠʣʴʥʦʾ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʚ ʦʣʠʚʽ. 

ʏʠʤ ʤʝʥʰʝ ʧʦʢʘʟʥʠʢ D ,̔ ʪʠʤ ʢʨʘʱʠʤʠ ʧʨʦʪʠʟʥʦʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʻ 

ʤʘʩʪʠʣʴʥʘ ʩʝʨʝʜʦʚʠʱʝ;  

ï ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʨP  (ʅ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʝʞʘ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʇɸʈ ʚ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʂʨʠʪʠʯʥʠʤ ʚʚʘʞʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʨP , 

ʧʨʠ ʷʢʦʤʫ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʣʷʤ ʟʥʦʩʫ ʢʫʣʴʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʟʥʘʯʝʥʴ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʦʩʫ (15,0=ʛʨD ) ʜʣʷ ʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ, ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʛʦ ʜʦ 

ʚʝʣʠʯʠʥʠ ʧʦʜʘʣʴʰʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʨʷʜʽʚ), ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʧʣʷʤ ʟʥʦʩʫ ʥʘ ʚʝʣʠʯʠʥʫ 

ʙʽʣʴʰ 0,1 ʤʤ. ʏʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʢʨP  ʫ ʤʘʩʪʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱ,̔ ʪʠʤ 

ʙʽʣʴʰʝ ʟʘʧʘʩ ʨʦʙʦʪʠ ʘʜʩʦʨʙʮʽʡʥʦʾ ʦʣʠʚʥʦʾ ʧʣʽʚʢʠ ʽ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ 

ʧʨʦʪʠʟʥʦʩʥʠʭ ʧʨʠʩʘʜʦʢ; 

ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʟʚP  (ʅ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚ 

ʤʘʩʪʠʣʴʥʦʾ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʩʘʜʦʢ ʫ ʚʠʛʣʷʜʽ ʭʽʤʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʍɸʈ), 

ʤʝʞʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʮʠʭ ʧʨʠʩʘʜʦʢ ʽ ʤʘʩʪʠʣʴʥʦʾ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʽʣʦʤʫ. ʏʠʤ 

ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʟʚP  ʫ ʦʣʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱ,̔ ʪʠʤ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽ ʚʠʱʝ ʧʨʦʪʠʜʽʾ ʟʘʜʠʨʫ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ɻʆʉʊ 9490-75, ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʩ̔ʪɹ ʜʽʘʤʝʪʨʘ 

ʧʣʷʤʠ ʟʥʦʩʫ ʝʪʘʣʦʥʥʠʭ ʟʨʘʟʢʽʚ-ʢʫʣʴʦʢ (ʩʪʘʣʴ ʐʍ15) ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʮʽʻʾ 

ʟʘʣʝʞʥʦʩʪʽ, ʟ ʥʝʟʥʘʯʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʚʠʧʨʦʙʫʚʘʥʴ, 
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ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. 

 

3.4 ʆʧʪʠʤʽʟʘʮʽʷ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʚ ʨʦʙʦʯʽʡ ʦʣʠʚʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ 

 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʽʡ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

ʏʄʊ-1. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʥʘ ʟʤʽʥʫ ʪʨʠʙʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʽʜʛʫʢʘʤʠ ʘʙʦ ʨʝʟʫʣʴʪʫʶʯʠʤʠ ʦʟʥʘʢʘʤʠ ʧʽʜʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʙʨʘʥʦ: Y1 ï ʧʦʢʘʟʥʠʢ ʟʥʦʤʫ (ʤʤ) Ÿ min; Y2 ï ʢʨʠʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ (ʅ) Ÿ max, ʷʢʽ ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʘʰʠʥʽ ʏʄʊ-1 ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ 

ʨʽʚʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ʌʦʨʤʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʨʽʚʥʽʚ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʌʘʢʪʦʨʠ 

ʈʽʚʥʽ 

ʅʠʞʥʽʡ  

(ï1) 

ɺʝʨʭʥʽʡ 

(+1) 

ʍ1 ï ʂɻʄʊ-1, ʤʛ/50ʤʣ 1500 3000 

ʍ2 ï ʦʣʝʘʪ ʥʘʪʨʽʶ, ʤʛ/50ʤʣ 500 2000 

ʍ3 ï ʩʫʣʴʬʘʪ ʤʽʜʽ, ʤʛ/50ʤʣ 500 2000 

ʍ4 ï ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33, ʤʛ/50ʤʣ 500 2000 

 

ɹʫʣʦ ʧʨʠʡʥʷʪʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʯʦʪʠʨʠ ʬʘʢʪʦʨʠ ʪʘ ʾʭ ʜʚʘ ʨʽʚʥʽ. ʇʨʠ ʮʴʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʴ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 



110 

2 fn

eN =        (3.1) 

ʜʝ 2 ï ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ, nf  ï ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ 16 ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʛʫʢʫ, 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʫ ʚʠʧʘʜʢʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʜʘʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʥʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (Statistica 10.0.1011.0, CD-key 

42347678921334567692). ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʯʠʥʘʣʠ ʟ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʦʙʪʦ ʙʫʜʫʚʘʣʠ ʤʦʜʝʣʴ ʪʘ ʚʠʟʥʘʯʘʣʠ ʥʝʚʽʜʦʤʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

( ) ( ) ( ) ( )
2 2 2 2

0 1 2 3 4

5 6 7 8

9 10

1 2 3 4
1 2 1 3 1 4 2 3

2 4 3 4

Y b b X b X b X b X
b X X b X X b X X b X X

b X X b X X

= + Ö + Ö + Ö + Ö +
+ Ö Ö + Ö Ö + Ö Ö + Ö Ö +

+ Ö Ö + Ö Ö
.   (3.2) 

ɺʠ̫ ʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʬʘʢʪʦʨʽʚ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʘ ʪʦʤʫ 

ʚʦʥʠ ʥʝ ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʚ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ 

(3.2). ɺʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʩʪʘʣʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ  

(3.2) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ä
=

=
N

i

i NYb
1

0 / ; ä
=

=
N

i

ij NYb
1

/ ; ä
=

=
N

i

jiij
NXYb

1

2 /)(2 .  (3.3) 

ʆʧʠʩ ʬʘʢʪʦʨʽʚ ʪʘ ʚʽʜʛʫʢʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (3.2) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 0,95. ɼʣʷ ʷʢʽʩʥʦʛʦ 

ʦʧʠʩʫ ʦʙ'ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( )
2

2 22

2
1 1

Ĕ1 1 / ,
N N

zl
i i i i

i iY

R Y Y Y Y
s

s = =

å õ
= - = - - -æ ö

ç ÷
ä ä    (3.4) 

ʜʝ 2zls , 2

Ys  ï ʜʠʩʧʝʨʩʽʾ ʟʘʣʠʰʢʽʚ ʨʝʛʨʝʩʽʾ, ʚʽʜʛʫʢʫ; iY , Y , iYĔ ï ʬʘʢʪʠʯʥʝ, 

ʩʝʨʝʜʥʻ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ. 

ʉʪʘʥʜʘʨʪʥʘ ʧʦʤʠʣʢʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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( )

2

1

2

1

Ĕ( )
1

,
2r

j

N

i i
i

b N

ij j
i

Y Y

S
nX X

=

=

-

= Ö
--

ä

ä

     (3.5) 

ʜʝ n ï ʦʙ'ʻʤ ʚʠʙʽʨʢʠ. 

ɿ ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʫ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʶʜʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʨʽʚʥʶʚʘʣʠ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʟ ʪʘʙʣʠʯʥʠʤ ʧʨʠ ʟʘʜʘʥʦʤʫ ʜʦʚʽʨʯʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ 0,05, ʪʘ 

ʚʨʘʭʦʚʫʚʘʣʠ ʩʪʫʧʥ̔ɹ ʚʽʣʴʥʦʩʪʽ: 

, /2,

r

tb

r
j

j

f f

b

b
t t

S
a a= > ,      (3.6) 

ʜʝ r
j

b  ï ʦʮʽʥʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ, a ï ʜʦʚʽʨʯʦʾ ʡʤʦʚʽʨʥʦʩʪʽ 0,95, f ï 

ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ. ʇʨʠ ʟʥʘʯʠʤʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʨʝʛʨʝʩʽʾ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʢʨʠʪʝʨʽʡ ʉʪʶʜʝʥʪʘ ʙʽʣʴʰʠʡ ʟʘ ʪʘʙʣʠʯʥʠʡ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʨʘʥʠʯʥʦʾ ʧʦʭʠʙʢʠ ʚʽʜʭʠʣʝʥʥʷ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

, .r
r

j
f tb bj

t SaD = Ö.      (3.7) 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʛʨʝʩʽʾ 

ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʥʝʨʽʚʥʦʩʪʽ: 

r r r r r
j j j j j

b b b-D ¢ ¢ +D.     (3.8) 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦ ʾʨʝʛʨʝʩʽʡʥʦ ʾʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʙʘʟʽ 

ʜʘʥʠʭ, ʪʦʙʪʦ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ, ʚʠʟʥʘʯʘʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ F. ʇʨʠ ʮʴʦʤʫ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽ ʁʧʦʚʠʥʥʦ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ ʡʦʛʦ ʪʘʙʣʠʯʥʝ 

ʟʥʘʯʝʥʥʷ:  

2 2

2
, .2 2

11

X
f tbl

Y

fR
F F

fR
a

s

s
= = Ö ²

-
,    (3.9) 

ʜʝ ( )
22

1
1

/
N

X i
i

X X fs
=

å õ
= -æ ö
ç ÷
ä  ï ʜʠʩʧʝʨʩʽʷ ʬʘʢʪʦʨʫ; f1 ï ʩʪʫʧʽʥʴ ʚʽʣʴʥʦʩʪʽ; 

( )
22

1
1

/ 1
N

Y i
i

Y Y N fs
=

å õ
= - - -æ ö
ç ÷
ä  ï ʜʠʩʧʝʨʩʽʷ ʚʽʜʛʫʢʫ, N ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

2R  ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ɽ.ʂ.ʍʘʨʨʽʥʛʪʦʥʘ [82]. ɼʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʢʦʨʠʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ, ʤʦʥʦʪʦʥʥʽʩʪʴ ʪʘ ʛʣʘʜʢʽʩʪʴ. ɺ ʤʝʪʦʜʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʝʨʝʨʘʭʫʥʦʢ ʢʦʥʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʘʙʩʪʨʘʢʪʥʽ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ. ɿʘ ʦʩʥʦʚʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ ʚʠʛʣʷʜʫ: 

exp( exp( ))i id Y= - - ,      (3.10) 

ʜʝ Y̔ ï ʬʫʥʢʮʽʷ ʚʽʜʛʫʢʫ. 

ʌʫʥʢʮʽʷ (3.10) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʜʽʣʷʥʢʘʤʠ ʥʘʩʠʯʝʥʥʷ (0d­  ʪʘ 

1d­ ) ʪʘ ʣʽʥʽʡʥʦʶ ʜʽʣʷʥʢʦʶ (0.2d­  ʪʘ 0.63d­ ). ɼʣʷ ʙʽʣʴʰ ʷʢʽʩʥʦʛʦ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʫʷʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʾʾ ʨʦʟʙʠʪʠ ʥʘ ʜʽʘʧʘʟʦʥʠ, 

ʜʝ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʙʘʞʘʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʤ 

ʧʦʢʘʟʥʠʢʘʤ. ʌʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʶ ʙʘʞʘʥʦʩʪʽ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

1

n

n
i

i

Z d
=

= Ô .      (3.11) 

ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʣʦ ʘʥʘʣʽʟ ʚʽʜʥʦʩʥʦ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʛʫʢʽʚ ʪʘ ʬʘʢʪʦʨʽʚ ʧʨʦʮʝʩʫ. ɿʥʘʯʝʥʥʷ ʫʤʦʚʠ ʦʧʪʠʤʫʤʫ 

ʚʽʜʛʫʢʫ ʟʘʜʘʚʘʣʠ ʤʝʞʘʤʠ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʚʽʜʛʫʢʫ. ɺ ʮʠʭ ʤʝʞʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʽʜʙʽʨ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʤʝʪʦʜ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ ʻ ʚʽʟʫʘʣʴʥʠʤ. 

 

3.5 ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚ  

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ, ʱʦ 

ʧʽʜʣʷʛʘʣʠ ʤʦʜʠʬʽʢʫʚʘʥʥʶ ʧʨʠʩʘʜʢʠ ʧʨʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʊʄ ʦʮʽʥʶʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʤʽʩʪ 

ʥʝʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ, ʢʠʩʣʦʪʥʝ ʪʘ ʣʫʞʥʝ ʯʠʩʣʦ, ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ, ʚʤʽʩʪ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʦʣʠʚʠ ʪʘ ʽʥ. 
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ʄʘʩʪʠʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʙʘʟʦʚʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʽ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʦʮʽʥʶʚʘʣʠ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʥʘʣʽʟʦʤ ʧʨʦʙ ʦʣʠʚ ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʆʙʩʷʛ ʧʨʦʙʠ 500 ʤʣ. ʇʽʩʣʷ ʜʦʙʦʨʫ ʧʨʦʙʠ ʦʣʠʚʫ ʜʦʣʠʚʘʣʠ ʜʦ ʚʝʨʭʥʴʦʾ ʤʽʪʢʠ 

ʦʣʠʚʦʤʽʨʥʦʛʦ ʱʫʧʫ. 

ʋ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʧʝʨʚʠʥʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʾʭ 

ʩʪʘʨʽʥʥʷ. ʎʝ ʧʝʨʝʜʫʩʽʤ ʚʤʽʩʪ ʥʝʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʘʷʚʥʽʩʪʴ ʚ ʦʣʠʚʽ ʩʤʦʣ, ʘʩʬʘʣʴʪʝʥʽʚ, ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ 

ʧʨʠʩʘʜʦʢ ʽ ʦʩʥʦʚʠ ʦʣʠʚʠ, ʩʘʞʽ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʟʛʦʨʘʥʥʽ ʧʘʣʠʚʘ, ʢʘʨʙʝʥʽʚ 

ʽ ʢʘʨʙʦʾʜʽʚ [145, 146]. ʇʦ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʨʝʩʫʨʩʥʽʡ 

ʟʥʦʰʫʚʘʥʦʩʪʽ ʜʨʫʛʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʘ ʪʨʝʪʽʤ ï ʣʫʞʥʝ ʯʠʩʣʦ 

ʦʣʠʚʠ, ʟʤʝʥʰʝʥʥʷ ʷʢʦʛʦ ʧʦʙʽʯʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʠʭ, ʤʠʶʯʝ-ʜʠʩʧʝʨʛʫʶʯʠʭ ʽ ʧʨʦʪʠʟʥʦʩʥʠʭ ʧʨʠʩʘʜʦʢ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʩʧʦʚʽʣʴʥʝʥʥʶ ʧʨʦʮʝʩʽʚ ʩʪʘʨʽʥʥʷ ʦʣʠʚʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʩʪʘʨʽʥʥʷ ʦʣʠʚʠ ʪʘʢ ʩʘʤʦ ʚʘʞʣʠʚʦ 

ʟʥʘʪʠ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ, ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʾʭ ʟʨʦʩʪʘʥʥʷʤ. ʊʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʧʦʢʘʟʥʠʢ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ ʧʨʦʪʠʩʪʦʷʪʠ 

ʦʢʠʩʣʝʥʥʶ. 

ʅʘ ʨʠʩʫʥʢʫ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʝ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʝ ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚʠ. 
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ʈʠʩ. 3.8. ʋʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ: ʢʠʩʣʦʪʥʦʛʦ ʽ ʣʫʞʥʦʛʦ ʯʠʩʣʘ ʦʣʠʚʠ 

ʈʅ-ʤʝʪʨ (ʘ); ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ʚ ʟʘʢʨʠʪʦʤʫ ʪʠʛʣʽ (ʙ); ʚʠʟʥʘʯʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʦʣʠʚʠ (ʚ); ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʣʠʚʠ ʘʧʘʨʘʪ "ʊʝʢ" (ʛ) 

 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʙ ʩʚʽʞʦʾ ʦʣʠʚʠ, ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʨʽʟʥʦʾ ʤʽʨʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʟ ʯʘʩʦʤ 

ʥʘʧʨʘʮʶʚʘʥʥʷ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʣʠʚʠ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʘʤʠ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ 

ɼʉʊʋ: ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ï ɻʆʉʊ 332003; ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ ʪʘ ʣʫʞʥʝ ʯʠʩʣʦ 

ï ɼʉʊʋ 5094:2008; ʢʦʣʽʨ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ï ɻʆʉʊ 2070-82; ʚʤʽʩʪ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ï ɻʆʉʊ 6370-83; ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ï ɻʆʉʊ 18136-

72; ʚʤʽʩʪ ʥʝʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ ï ɻʆʉʊ 18136-72. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥ ̔ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʤʦʪʦʨʥʦʾ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ, ʾʭ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. ʆʢʨʽʤ ʦʮʽʥʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʛʽʜʥʦ ɼʉʊʋ, 

ʧʨʦʚʦʜʠʚʩʷ ʾʭ ʝʢʩʧʨʝʩ-ʘʥʘʣʽʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʫ "ɹʽʦʣʘʤ ʈ-11" ʽ 

ʤʽʢʨʦʬʦʪʦʟʡʦʤʢʠ ʟʨʘʟʢʽʚ ʧʨʦʙ ʚ ʫʤʦʚʘʭ ʭʽʤʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ. 

ʂʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʩʢʦʟʠʤʝʪʨʘ ɺʋ 

(ɻʆʉʊ 33-82). ʂʠʩʣʦʪʥʦ-ʣʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʠʩʣʘʤʠ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ: ʢʠʩʣʦʪʥʠʤ ʯʠʩʣʦʤ, ʱʦ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʢʠʩʣʠʭ ʧʨʦʜʫʢʪʽʚ ʫ 

ʦʣʠʚʽ, ʽ ʣʫʞʥʠʤ ʯʠʩʣʦʤ, ʱʦ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʣʫʞʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 
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(ʜʝʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʘʥʪʠʦʢʠʩʥʦʾ ʽ ʤʠʶʯʦʾ ʧʨʠʩʘʜʢʠ, ʦʨʛʘʥʽʯʥʽ ʪʘ ʥʝʦʨʛʘʥʽʯʥʽ 

ʧʽʜʩʪʘʚʠ, ʤʠʣʘ). ɺʠʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʽ ʣʫʞʥʦʩʪʽ ʦʣʠʚ ʧʨʦʚʦʜʠʣʠ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʩʧʠʨʪʦ-ʙʝʥʟʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʦʣʠʚʠ ʘʙʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʜʠʢʘʪʦʨʽʚ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʩʧʠʨʪʦ-

ʙʝʥʟʦʣʴʥʠʡ ʨʦʟʯʠʥ ʦʣʠʚʠ ʪʠʪʨʫʶʪʴ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʂʆʅ, ʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʣʫʞʥʦʩʪʽ ï 0,1 ʥ ʨʦʟʯʠʥʦʤ HCI. ʏʠʩʣʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʚʠʨʘʞʘʶʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ 

ʤʛ ʂʆʅ ʥʘ 1 ʛ ʦʣʠʚʠ. ʃʫʞʥʝ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʩʧʘʣʘʭʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 4333-87 ʥʘ ʘʧʘʨʘʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʪʠʛʣʽ ʊɺʆ (ʨʠʩ. 3.9).  

 

ʈʠʩ. 3.9. ɸʧʘʨʘʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʪʠʛʣʽ 

ɻʆʉʊ 4333 (ISO 2592) 

 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʧʨʦʙʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʪʠʛʣʽ ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʚʽʜʙʫʜʝʪʴʩʷ ʩʧʘʣʘʭ ʧʘʨʽʚ 

ʥʘʛʨʽʪʦʾ ʦʣʠʚʠ ʥʘʜ ʡʦʛʦ ʧʦʚʝʨʭʥʝʶ ʚʽʜ ʟʘʧʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʄʝʪʦʜʠʢʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʘʜʘʣʘʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

ï ʘʧʘʨʘʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʪʦʣʽ ʚ ʪʘʢʦʤʫ ʤʽʩʮʽ, ʜʝ 

ʥʝʤʘʻ ʧʦʤʽʪʥʦʛʦ ʨʫʭʫ ʧʦʚʽʪʨʷ ʽ ʩʧʘʣʘʭ ʜʦʙʨʝ ʚʠʜʥʦ; 

ï ʫ ʪʠʛʝʣʴ ʧʦʤʽʱʘʻʪʴʩʷ ʪʝʨʤʦʤʝʪʨ ʫ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʪʘʢ, ʱʦʙ ʥʠʞʥʽʡ ʢʽʥʝʮʴ ʪʝʨʤʦʤʝʪʨʘ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 6 ʤʤ ʚʽʜ ʜʥʘ ʪʠʛʣʷ 

ʽ ʥʘ ʨʽʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʫ ʽ ʚʽʜ ʩʪʽʥʦʢ ʪʠʛʣʷ; 

ï ʧʨʦʙʘ ʦʣʠʚʠ ʨʝʪʝʣʴʥʦ ʽ ʦʙʝʨʝʞʥʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ. 

ï ʪʠʛʝʣʴ ʟʘʧʦʚʥʶʻʪʴʩʷ ʦʣʠʚʦʶ ʪʘʢ, ʱʦʙ ʚʝʨʭʥʽʡ ʤʝʥʽʩʢ ʪʦʯʥʦ ʟʙʽʛʘʚʩʷ ʟ 
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ʤʽʪʢʦʶ. ʇʨʠ ʥʘʧʦʚʥʝʥʥʽ ʪʠʛʣʷ ʚʠʱʝ ʤʽʪʢʠ ʥʘʜʣʠʰʦʢ ʦʣʠʚʠ ʚʠʜʘʣʷʻʪʴʩʷ 

ʧʽʧʝʪʢʦʶ ʘʙʦ ʽʥʰʠʤ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ. ɺʠʜʘʣʷʶʪʴʩʷ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʟ 

ʧʦʚʝʨʭʥʽ ʧʨʦʙʠ. ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʤʦʯʫʚʘʥʥʷ ʩʪʽʥʦʢ ʪʠʛʣʷ ʚʠʱʝ ʨʽʚʥʷ ʨʽʜʠʥʠ. 

ï ʪʠʛʝʣʴ ʟ ʧʨʦʙʦʶ ʥʘʛʨʽʚʘʻʪʴʩʷ ʧʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʫ 

ʩʧʦʯʘʪʢʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 14...17 Áʉ ʚ ʭʚʠʣʠʥʫ. ʂʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʙʠ ʙʫʜʝ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 56 Áʉ ʥʠʞʯʝ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ, ʰʚʠʜʢʽʩʪʴ 

ʧʽʜʽʛʨʽʚʫ ʨʝʛʫʣʶʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʦʩʪʘʥʥʽ 28 Áʉ ʧʝʨʝʜ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʧʘʣʘʭʫ  

ʦʣʠʚʘ ʥʘʛʨʽʚʘʣʦʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 5...6Á  ʚ ʭʚʠʣʠʥʫ; 

ï ʧʦʯʠʥʘʶʯʠ ʟ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 28 Áʉ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʘʣʘʭʫ, ʱʦʨʘʟʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʧʘʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʙʠ ʥʘ 2 Áʉ. ʇʦʣʫʤ'ʷ ʟʘʧʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʝʨʝʤʽʰʘʻʪʴʩʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʥʝ ʟʫʧʠʥʷʶʯʠʩʴ ʥʘʜ ʢʨʘʻʤ ʪʠʛʣʷ, ʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʾʤ ʥʘʜ ʮʝʥʪʨʦʤ ʪʠʛʣʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʷʛʦʤ 1 ʩ. ʇʨʠ ʥʘʩʪʫʧʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦʣʫʤ'ʷ ʟʘʧʘʣʶʚʘʥʥʷ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ï ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʘʣʘʭʫ ʧʨʠʡʤʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʷʢʝ ʧʦʢʘʟʫʻ 

ʪʝʨʤʦʤʝʪʨ ʧʨʠ ʧʦʷʚʽ ʧʝʨʰʦʛʦ ʩʠʥʴʦʛʦ ʧʦʣʫʤ'ʷ ʥʘʜ ʯʘʩʪʠʥʦʶ ʘʙʦ ʥʘʜ ʚʩʽʻʶ 

ʧʦʚʝʨʭʥʝʶ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʦʣʠʚʠ. 

ʉʪʘʥʜʘʨʪʥʠʡ ʩʧʦʩʽʙ ʢʽʣʴʢʽʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʜʠ ʧʦ ɻʆʉʊ 2477-65 

ʪʨʫʜʦʤʽʩʪʢʠʡ (0,5...1,5 ʛʦʜ), ʘ ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʩʢʦʨʠʩʪʘʣʠʩʷ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʠ ʚ ʦʣʠʚʽ [31]. 

ʄʝʭʘʥʽʯʥʦ-ʝʤʫʣʴʩʽʦʥʥʘ ʚʦʜʘ ʚʠʷʚʣʷʣʘʩʴ ʟʘ ʧʦʤʫʪʥʽʥʥʷʤ ʩʚʽʞʦʾ ʦʣʠʚʠ, 

ʚʩʧʽʥʶʚʘʥʥʶ, ʫʪʚʦʨʝʥʥʶ ʙʫʣʴʙʘʰʦʢ ʽ ʢʠʧʽʥʥʶ ʥʘʛʨʽʚʘʶʯʦʾ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʪʠʛʣʽ ʦʣʠʚʠ ʚʞʝ ʚʽʜ 85 Üʉ. 

ɿʘʙʨʫʜʥʝʥʽʩʪʴ ʦʣʠʚʠ ʚʠʟʥʘʯʘʣʠ ʟʘ "ʤʝʭʘʥʽʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ". ɼʦ 

ʩʢʣʘʜʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚʭʦʜʷʪʴ ʦʨʛʘʥʽʯʥʽ ʽ ʥʝʦʨʛʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ɿʘʙʨʫʜʥʝʥʽʩʪʴ ʦʣʠʚʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʟʥʘʯʘʣʠ ʧʦ ʝʣʝʤʝʥʪʥʦʤʫ ʩʢʣʘʜʫ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʩʧʝʢʪʨʘʣʴʥʠʤ ʤʝʪʦʜʦʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʤʽʩʽʡʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ ʄʌʉ-7 (ʨʠʩ.3.10) 
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ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʪʽʣʴʢʠ ʥʝʛʦʨʶʯʫ ʯʘʩʪʠʥʘ ʜʦʤʽʰʦʢ, ʮʠʤ ʤʝʪʦʜʦʤ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʝʛʦʨʶʯʠʭ ʜʦʤʽʰʦʢ, ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʦʣʠʚʽ. 

   

ʈʠʩ. 3.10. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʄʌʉ-7 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʽ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʥʷ ʦʣʠʚ ʦʮʽʥʶʚʘʣʠ ʮʽʣʠʤ ʨʷʜʦʤ 

ʧʦʢʘʟʥʠʢʽʚ, ʟ ʷʢʠʭ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʪʘʢʽ ʢʽʣʴʢʽʩʥʽ, ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ 

ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʴ. ɼʠʩʧʝʨʩʥʠʤ ʩʢʣʘʜʦʤ ʟʘʙʨʫʜʥʝʥʴ ʚʠʟʥʘʯʘʣʠ 

ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʟʘʙʨʫʜʥʝʥʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʪʘ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʷʮʽʾ. ʂʽʣʴʢʽʩʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʴ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʤʽʢʨʦʩʢʦʧʽʾ, ʟʘʩʥʦʚʘʥʦʤʫ ʥʘ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʚʠʧʘʣʠ ʥʘ ʜʥʦ ʢʶʚʝʪʠ ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤ ʦʙ'ʻʤʦʤ ʦʣʠʚʠ. 

ɿʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʯʘʩʪʠʥʢʠ, ʱʦ ʥʘʷʚʥʽ ʚ ʦʣʠʚʽ, 

ʨʦʟʤʽʨʦʤ ʚʽʜ 0,1 ʜʦ 5 ʤʢʤ. ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʧʽʜʨʘʭʫʥʢʫ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ 

ʟʘʙʨʫʜʥʝʥʴ ʽ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ 

ʫ ʬʽʢʩʦʚʘʥʦʤʫ ʦʙ'ʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʟʘʪʦʨʘ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ 

ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʨʘʭʫʥʢʦʚʦʛʦ ʪʠʧʫ ʌʉ-151 (ʨʠʩ.3.11). 

ɸʥʘʣʽʟʘʪʦʨ ʤʽʩʪʠʪʴ ʧʨʦʪʦʯʥʫ ʩʢʣʷʥʫ ʢʶʚʝʪʫ ʽ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ, ʱʦ 

ʩʪʚʦʨʶʻ ʚ ʮʝʥʪʨʽ ʢʶʚʝʪʠ ʷʩʢʨʘʚʦ ʦʩʚʽʪʣʝʥʫ ʟʦʥʫ. ʋ ʨʝʞʠʤʽ ʚʠʤʽʨʫ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʦʣʠʚʠ ʽʟ ʟʚʘʞʝʥʠʤʠ ʚ ʥʴʦʤʫ ʯʘʩʪʢʘʤʠ ʟʘʙʨʫʜʥʝʥʴ ʯʝʨʝʟ ʢʶʚʝʪʫ, 

ʯʘʩʪʠʥʢʠ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʦʩʚʽʪʣʝʥʫ ʟʦʥʫ ʚʠʢʣʠʢʘʶʪʴ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʫ 

ʩʚʽʪʣʘ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʽʡʥʫ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʯʘʩʪʠʥʢʠ ʚ ʧʣʦʱʠʥʽ, 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʦʧʪʠʯʥʽʡ ʦʩʽ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʾʭ ʨʦʟʤʽʨʠ ʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʨʦʟʤʽʨʠ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʟ ʦʜʥʘʢʦʚʦʶ ʧʣʦʱʝʶ ʧʝʨʝʨʽʟʫ.  

 

ʈʠʩ. 3.11. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʘʥʘʣʽʟʘʪʦʨʘ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʨʘʭʫʥʢʦʚʦʛʦ ʪʠʧʫ ʌʉ-151 

 

ʇʽʩʣʷ ʧʽʜʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʽ ʟʤʽʩʪ ʯʘʩʪʠʥʦʢ 

ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ ʧʨʠʩʪʨʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʭ ʜʠʩʢʨʠʤʽʥʘʮʽʾ: ʥʠʞʥʴʦʤʫ ï 0,1, ʚʝʨʭʥʴʦʤʫ ï 0,99, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʽʜ 5 ʜʦ 500 ʤʢʤ.  

ɺʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ ʨʦʙʦʯʦʾ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, 

ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʣʠ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ 

ʬʦʪʦʛʨʘʬʽʡ, ʟʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ. ʈʦʙʦʯʘ ʦʣʠʚʘ ʟ ʯʘʩʦʤ 

ʪʝʤʥʽʰʘʻ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦ ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʚʢʣʶʯʝʥʴ. ɺʠʟʥʘʯʠʪʠ ʚʽʜʩʦʪʦʢ ʜʘʥʠʭ ʚʢʣʶʯʝʥʴ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ ʪʘ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ 

ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʧʨʦʛʨʘʤ ʤʦʞʣʠʚʦ ʫ ʾʭʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʢʣʶʯʝʥʴ, ʷʢʽ 

ʟʘʪʝʤʥʶʶʪʴ ʢʦʣʽʨ ʦʣʠʚʠ, ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʽ ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʮʠʬʨʦʚʘ ʬʽʢʩʘʮʽʷ [147]. ɼʦʜʘʻʤʦ ʜʘʥʫ ʮʠʬʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʩʝʨʝʜʦʚʠʱʝ 

ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʬʫʥʢʮʽʶ ʛʽʩʪʦʛʨʘʤʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʢʦʣʴʦʨʽʚ. ɼʦʜʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʢʦʥʚʝʨʪʫʚʘʪʠ ʫ ʯʦʨʥʦ-ʙʽʣʫ ʛʘʤʫ 

ʽ ʚʽʜʽʙʨʘʪʠ ʨʦʟʧʦʜʽʣ ʚʽʜ 0é132 ʛʘʤʠ ʢʦʣʴʦʨʽʚ, ʽ ʥʘ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʢʣʶʯʝʥʥʷ, ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʴʦʶʯʠʭ ʪʘ 
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ʩʧʨʘʮʴʦʚʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ. 

ʆʩʥʦʚʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʙʦʯʠʭ ʦʣʠʚ ʻ ʾʭ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʷʢʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʇʄʄ 

ɸʂ-3, ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʣʠʚ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʜ ʘʥʘʣʽʟʘʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.12. 

 
ʈʠʩ.3.12. ɺʠʤʽʨʶʚʘʯ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ɸʂ-3 

 

ʇʨʠʣʘʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʪʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠʥʮʠʧ ʜʽʾ ʘʥʘʣʽʟʘʪʦʨʘ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʤʝʪʦʜʽ ʻʤʥʽʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʪʘʥʛʝʥʩʘ ʢʫʪʘ 

ʚʪʨʘʪ ʤʦʪʦʨʥʠʭ ʦʣʠʚ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʘʥʘʣʽʟʘʪʦʨ ʧʨʦʛʨʽʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 30 ʭʚ. ʋʩʽ ʢʥʦʧʢʠ ʥʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʞʘʪʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. ʇʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʧʨʠʣʘʜʫ ʚ ʨʦʙʦʯʠʡ ʩʪʘʥ ʥʘʪʠʩʢʘʣʠ ʢʥʦʧʢʫ 

"ʉɽʊʔ" ʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ "ʋʉʊ 1" ʧʦʢʘʟʥʠʢ ʽʥʜʠʢʘʪʦʨʘ 

"1.000", ʢʥʦʧʢʦʶ e\tgd ï "ʋʉʊ 0" ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʥʠʢ ʽʥʜʠʢʘʪʦʨʘ "0.000", 

ʜʘʣʽ ʥʘʪʠʩʢʘʣʠ ʢʥʦʧʢʫ "ʋʉʊ tgd". 

ʇʨʦʩʪʽʨ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʘʧʦʚʥʶʚʘʣʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʦʣʠʚʦʶ ʜʦ ʚʝʨʭʥʴʦʛʦ ʢʨʘʶ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ʅʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ e\tgd ʧʦ ʽʥʜʠʢʘʪʦʨʫ ʟʥʽʤʘʣʠ ʚʽʜʣʽʢ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʦʣʠʚʠ ʧʨʦʚʦʜʠʣʠ ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ ʨʘʟʽʚ ʪʘ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ. ʇʽʩʣʷ 

ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʠ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʨʝʪʝʣʴʥʦ 

ʧʨʦʪʠʨʘʣʠ ʩʝʨʚʝʪʢʦʶ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʙʘʭ ʙʘʟʦʚʦʾ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 
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3.6 ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ 

ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ  

 

3.6.1 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ. 

ʄʦʤʝʥʪ ʪʝʨʪʷ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ 

ʤʘʰʠʥ ̔ ʪʝʨʪʷ ʉʄʎ-2, ʚ ʷʢʽʡ ʚʚʝʜʝʥʦ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʪʝʨʪʷ [ʧʘʪʝʥʪ], ʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʧʨʠʩʪʨʽʡ ʥʘʚʘʥʪʘʞʝʥʥʷ  ̔ʟʤʘʱʝʥʥʷ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.13, ʘ ʩʭʝʤʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ï ʥʘ ʨʠʩ. 3.14. 

 
ʈʠʩ. 3.13. ʄʘʰʠʥʘ ʪʝʨʪʷ ʉʄʎ-2, ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ 

 
ʈʠʩ. 3.14. ʉʭʝʤʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʤʘʰʠʥʠ ʪʝʨʪʷ ʉʄʎ-2 ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʫ ʩʧʨʷʞʝʥʥʽ ʟʨʘʟʢʘ ʜʝʪʘʣʝʡ:1 ï ʨʦʣʠʢ; 2 ï 

ʢʦʣʦʜʦʯʢʘ ʟ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; 3 ï ʧʨʠʩʪʨʽʡ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 4 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʟʤʘʱʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ; 5 ï ʬʽʢʩʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ; 6 ï ʜʘʪʯʠʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ; 7 ï ʤʽʢʨʦʩʭʝʤʘ ʟ ʜʘʪʯʠʢʦʤ ʦʙʝʨʪʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ; 8 ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ; 9 ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ (ʇʂ) [142] 
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ɽʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʘʪʯʠʢʘ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʣʘʪʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʥʘ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʣʘʚʽʘʪʫʨʠ, ʤʦʥʽʪʦʨʘ (ʚʠʚʦʜʠʪʴʩʷ ʤʝʥʶ ʪʘ ʚʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʘʰʠʥʠ), 

ʢʦʥʪʨʦʣʝʨʘ ʚ ʷʢʠʡ ʯʝʨʝʟ ʧʨʦʛʨʘʤʘʪʦʨ ʟʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʘ ʽʥʪʝʨʬʝʡʩʫ. 

ʆʙʨʦʙʢʘ ʽ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʦʥʽʪʦʨ ʇʂ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ RS-232 

ʧʦʨʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʪʝʨʪʷ.  

ɼʣʷ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʚʽʜʢʨʠʚʘʣʠ ʤʝʥʶ 

"COM ʇʆʈʊ" ʽ ʚʽʜʢʨʠʚʘʣʠ ʢʦʤʽʨʢʫ "ʦʪʢʨʪrʴ". ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʘʪʫʨʠ 

ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ ʙʣʦʮ,̔ ʚ ʡʦʛʦ ʤʝʥʶ, ʚʠʙʠʨʘʣʠ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ 

"ʇʦ ʚʨʝʤʝʥʠ" ʽ ʟʘʧʫʩʢʘʣʠ ʤʘʰʠʥʫ. ʊʠʤ ʯʘʩʦʤ ʥʘ ʝʢʨʘʥʽ ʇʂ ʙʫʜʫʚʘʚʩʷ ʛʨʘʬʽʢ 

ʤʦʤʝʥʪʫ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʣʘ ʷʢ ʩʚʽʞʘ, ʪʘʢ ʽ ʨʦʙʦʯʘ ʤʦʪʦʨʥʘ ʄ-10ɻ2ʢ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʘ ʊʄ-3-18ʢ ʦʣʠʚʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ ʅʀʆɼ-5, Roil Gold ʽ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. ɺ ʟʦʥʫ ʪʝʨʪʷ ʙʘʟʦʚʘ ʽ 

ʢʦʤʧʦʟʠʮʽʡʥʘ ʦʣʠʚʠ ʧʦʜʘʚʘʣʠʩʴ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʟʤʘʱʝʥʥʷ. ɺ ʷʢʦʩʪʽ 

ʧʦʨʽʚʥʷʥʥ ̫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʧʨʦʚʦʜʠʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ [148]. ʂʦʣʦʜʦʯʢʫ ʟʘʢʨʽʧʣʶʚʘʣʠ 

ʬʽʢʩʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ, ʘ ʨʦʣʠʢ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ ʥʠʞʥʽʡ ʚʘʣ ʤʘʰʠʥʠ ʪʝʨʪʷ. 

ɼʦ ʽ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʠ ʟʥʝʞʠʨʶʚʘʣʠ ʽ ʧʨʦʪʠʨʘʣʠ ʩʧʠʨʪʦʤ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʩʧʨʷʞʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʽ "ʧʫʩʢ-

ʟʫʧʠʥʢʘ". 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʶʚʘʣʠ ʟʫʩʠʣʣʷ ʚ ʤʝʞʘʭ 

20...80 ʅ. ɼʦʩʣʽʜʞʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ ʬʽʢʩʦʚʘʥʦʛʦ, ʥʘʨʦʩʪʘʶʯʦʛʦ ʪʘ 

ʩʧʘʜʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʴ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʘʪʫʨʠ ʚ ʤʝʥʶ ʚʚʦʜʠʣʠ ʽʥʪʝʨʚʘʣ ʚʠʧʨʦʙʫʚʘʥʴ ʚʽʜ 50 

ʩ ʜʦ 3600 ʩ, ʬʽʢʩʫʚʘʣʠ ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ ʫ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ʏʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʣʠʢʘ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʣʠʰʘʣʘʩʷ ʩʪʘʣʦʶ: 

n = 2,5 ʩ
ï1
. ɯʥʬʦʨʤʘʮʽʷ ʥʘʢʦʧʠʯʫʚʘʣʘʩʴ ʽ ʦʙʨʦʙʣʷʣʘʩʴ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʙʣʦʮʽ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʽ ʚʠʚʦʜʠʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʤʦʥʽʪʦʨ ʇʂ. 
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ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʣʠʢʘ 30 ʤʤ. ʈʦʣʠʢ ʽ ʢʦʣʦʜʦʯʢʘ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ 

ʘʣʶʤʽʥʽʶ ʪʘ  ʤʘʪʝʨʽʘʣʫ ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʦʩʥʦʚʥʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ 

ʊʄ: ʗʄɿ ï 240 ʽ COMATSU SAA6D140E-3. ʇʦʜʘʯʫ ʦʣʠʚʠ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʣʠ ʩʘʤʦʟʘʭʚʘʪʦʤ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ ʱʦ ʨʦʣʠʢ ʙʫʚ ʟʘʥʫʨʝʥʠʡ ʫ ʚʘʥʥʫ ʟ 

ʦʣʠʚʦʶ. ʈʦʟʤʽʨʠ ʨʦʣʠʢʘ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 50 ʤʤ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 15 ʤʤ, 

ʪʦʚʱʠʥʘ ʨʦʣʠʢʘ 15 ʤʤ, ʤʘʩʘ  200 ʛ.  

ɺʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ 

ʚʧʣʠʚʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʥʘ 

ʨʦʙʦʪʫ ʩʚʽʞʦʾ ʽ ʨʦʙʦʯʦʾ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʪʘ ʜʝʪʘʣʝʡ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ 

ʟʫʧʠʥʢʘ". 

ɺʠʤʽʨʶʚʘʣʠ ʯʘʩ ʨʦʙʦʪʠ ʢʽʣʴʢʽʩʪʴ ʟʫʧʠʥʦʢ ʽ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘ 

ʟʥʦʩ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʽ ʜʝʪʘʣʝʡ. 

 

3.6.2 ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟʨʘʟʢʽʚ.  

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʾʭ ʩʪʨʫʢʪʫʨʦʶ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʽ ʪʚʝʨʜʦʩʪʽ. ʉʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ Selmi ʈʕʄ-106ʀ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʪʨʘʚʣʝʥʥʷ 

ʾʭ ʧʦʚʝʨʭʥʽ ʧôʷʪʠ ʚʽʜʩʦʪʢʦʚʠʤ ʨʦʟʯʠʥʦʤ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʧʦʧʝʨʝʜʥʴʦ 

ʦʛʣʷʜʘʣʠ ʩʪʨʫʢʪʫʨʫ ʥʘ ʤʽʢʨʦʩʢʦʧʘʭ ʇʄʊ-3 ʪʘ ʄʀʄ-8. ʐʦʨʩʪʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʣʠ ʟʛʽʜʥʦ ɻʆʉʊ 2786-73 (ɼʉʊʋ 2413-94) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʨʦʬ̔ʣʦʛʨʘʬʠ-ʧʨʦʬʽʣʦʤʝʪʨʠ "ʊʘʤʩʵʨʬ-5" ʘʥʛʣʽʡʩʴʢʦʾ ʬʽʨʤʠ "ʊʵʡʣʦʨ 

ʍʦʙʩʦʥ" ʪʘ ʟʘʚʦʜʫ "ʂʘʣʽʙʨ" (ʤ. ʄʦʩʢʚʘ) ʤʦʜʝʣʴ 21. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ ʅʀʆɼ-5; Roil Gold ʽ ʂɻʄʊ-1. 

ʊʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʰʢʘʣʦʶ ɹʨʠʥʝʣʷ 2109ʊɹ (ɻʆʉʊ 

23677-79) ʪʘ ʰʢʘʣʦʶ ʈʦʢʚʝʣʣʘ ʥʘ ʧʨʠʣʘʜʽ ʊʂ-2ʄ (ɻʆʉʊ 13407-67).  

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ ʪʝʨʪʷ ʽ ʧʦʟʘ ʥʝʶ, ʘ ʪʘʢʦʞ ʧʦ ʛʣʠʙʠʥʽ 
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ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʚʠʤʽʨʶʚʘʣʠ ʥʘ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʇʄʊ-3ʄ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʭ487 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ɻʆʉʊ 9450-76. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʜʝʥʪʦʨʽ ʩʢʣʘʜʘʣʦ 

0,49...0,98 ʅ.  

ʆʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ ʥʘ ʇʂ. ʇʦʭʠʙʢʘ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 8%. 

 

3.7 ʄʝʪʦʜʠʢʘ ʩʪʝʥʜʦʚʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ  

 

3.7.1 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥ ̫ ʟʦʚʥʽʰʥʴʦʾ hʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʠʟʝʣʽʚ ʚ ʧʨʦʮʝʩʽ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʩʝʨʽʾ ʗʄɿ ʽ COMATSU ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʦʣʠʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʝʥʜʽ ʂʀ-1363ɺ ʥʘ ʢʘʬʝʜʨʽ "ɽʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ ʤʘʰʠʥ" 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  (ʨʠʩ. 3.15). 

 

ʈʠʩ.3.15. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʦʙʢʘʪʦʯʥʦ-ʛʘʣʴʤʽʚʥʦʛʦ ʩʪʝʥʜʫ ʂʀ-1363ɺ 
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ʆʙʢʘʪʦʯʥʦ-ʛʘʣʴʤʽʚʥʠʡ ʩʪʝʥʜ ʤʘʻ ʥʘʩʪʫʧʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʜʽʘʧʘʟʦʥ ʪʠʩʢʫ ʦʣʠʚʠ ï ʜʦ 1,0 ʄʇʘ; ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ï 

293...383 ʂ; ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ï 1000...3250 ʦʙ/ʭʚ. ʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʪʘʭʦʤʝʪʨʦʤ ʪʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʮʠʬʨʦʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ; ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʦʤʝʥʪ ï ʜʦ 1850 

ʅĀʤ; ʪʘ ʽʥ. ʉʪʝʥʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʽʚ 

ʚ ʨʝʞʠʤʘʭ: ʚ ʭʦʣʦʜʥʦʤʫ, ʚ ʛʘʨʷʯʦʤʫ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʛʘʨʷʯʦʤʫ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʉʪʝʥʜʦʚʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʚʽʞʽʡ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʄ-10ɻ2ʢ ʟʜʽʡʩʥʶʚʘʣʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛʘʭ ʜʣʷ ʜʠʟʝʣʽʚ ʗʄɿ-240, 

ʘ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʧʨʠʩʘʜʢʘʤʠ Roil Gold ʽ ʂɻʄʊ-1 ï ʚ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʢʘʨ'ʻʨʥʠʭ ʘʚʪʦʩʘʤʦʩʢʠʜʽʚ ʪʘ ʤʦʙʽʣʴʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ. 

ʊʨʠʚʘʣʽʩʪʴ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʘʥʦʚʠʣʘ 150 ʛʦʜʠʥ. ɺ ʧʨʦʮʝʩʽ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʜʘʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ, ʚʠʤʽʨʶʚʘʣʠ ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ɤ̔ ʪʘ ʦʙʯʠʩʣʶʚʘʣʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ 

ʧʦʪʫʞʥʽʩʪʴ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʽ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

ï ʧʦʪʫʞʥʽʩʪʴ N, ʢɺʪ: 
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ʜʝ iw ï ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʦʙ/ʭʚ.; maxw  ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʦʙ/ʭʚ.; maxN  ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ, ʢɺʪ; ʘ, b ï ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ.  

ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʄk, ʅÖʤ:  
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)( iN w  ï ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ. 

ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ )( igw , ʛ/ʢɺʪĿʛʦʜ, ʚʠʟʥʘʯʘʣʘʩʴ ʟ ʬʦʨʤʫʣʦʶ: 
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ng  ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʛ/ʢɺʪÖʛʦʜ; ʘ, b, ʩ ï ʝʤʧʽʨʠʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. 

ʇʨʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷʭ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʘʧʘʨʘʪʫʨʘ: ʪʘʭʦʤʝʪʨʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ 

(ɻʆʉʊ 13082-71); ʚʘʛʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʽ ʦʣʠʚʠ; ʤʘʥʦʤʝʪʨʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʫ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ, ʞʠʚʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ (ɻʆʉʊ 

9933-81); ʧʩʠʭʨʦʤʝʪʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ (ɻʆʉʊ 6353-82); 

ʤʝʭʘʥʽʯʥʠʡ ʩʝʢʫʥʜʦʤʽʨ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʢʨʫʯʫʚʘʥʥʷ 

ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ ʚ ʤʦʤʝʥʪ ʧʫʩʢʫ ʜʚʠʛʫʥʘ ï ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʘʪ ʢʦʥʪʨʦʣʴʥʠʭ 

ʜʦʟ ʨʽʜʠʥʠ ʽ ʧʦʚʽʪʨʷ (ɻʆʉʊ 5072-72). 

ʇʨʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʽʚ ʨʝʻʩʪʨʫʚʘʣʠʩʷ 

ʟʛʽʜʥʦ ɻʆʉʊ 18509-88. ɺʽʜʙʽʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʧʦ ɻʆʉʊ 2517-85 ʽ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʦʣʠʚ ʷʢ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ. 

 

3.7.2 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ 

ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ. 

ɺʠʨʦʙʥʠʢʠ ʊʄ, ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʤʘʰʠʥʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʦʙʦʚ'ʷʟʢʦʚʦ 

ʚʢʘʟʫʶʪʴ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʝʨʽʦʜ ʦʙʢʘʪʢʠ, ʘ ʚ ʢʥʠʞʮʽ ʩʝʨʚʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʟʘʤʽʥʫ ʦʣʠʚ ʚ 

ʜʠʟʝʣʷʭ ʥʘ ʧʝʨʽʦʜ ʛʘʨʘʥʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʽʘʛʥʦʩʪʫʶʯʠ ʤʦʪʦʨʥʫ 

ʦʣʠʚʫ ʧʨʠ ʟʘʤʽʥʽ ʧʽʩʣʷ ʦʙʢʘʪʢʠ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʙ'ʻʢʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʨʦʮʝʩ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʣʠʚʠ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʜʠʟʝʣʽʚ ʽ ʨʦʙʦʪʽ ʡʦʛʦ ʩʠʩʪʝʤ ʚ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

[149]. ɺʠʨʦʙʥʠʢʠ ʘʚʪʦʤʦʙʽʣʽʚ ʜʘʶʪʴ ʩʚʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʥʘʚʘʥʪʘʞʝʥʦ-

ʰʚʠʜʢʽʩʥʦʤʫ ʨʝʞʠʤʫ ʨʫʭʫ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʛʨʘʥʠʯʥʽ ʰʚʠʜʢʦʩʪʽ (80...90 ʢʤ/ʛʦʜ) ʘʙʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ (ʥʝ ʙʽʣʴʰʝ 4000 ʭʚ
ï1
), ʷʢʽ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʥʘ ʟʘʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʦʙʽʛʫ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʧʨʠʩʘʜʢʠ ʥʘ 
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ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ  

ʦʣʠʚʫ ʻ ʫʟʘʛʘʣʴʥʶʶʯʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʦʣʠʚ, ʚʠʭʽʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʨʘʥʩʤʽʩʽʾ ʽ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ 

ʥʘʚʘʥʪʘʞʝʥʦ-ʰʚʠʜʢʽʩʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ [135, 136]. 

ʐʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʫ ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦ :ʁ 

ʤʤʤʟʥʟʥ LVʉv /rÖÖ= ,     (3.15) 

ʜʝ ʟʥʉ  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʽ, ʛ/ʪ; ʤV  ï ʦʙôʻʤ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʘʛʨʝʛʘʪʫ, ʤ
3
; ʤr  ï ʛʫʩʪʠʥʘ ʦʣʠʚʠ, ʪ/ʤ

3
; ʤL  ï ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ ʚ 

ʘʛʨʝʛʘʪʽ, ʢʤ (ʛʦʜ). 

ʄʝʪʦʜʠʢʦʶ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʪʨʠ ʝʪʘʧʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʇʝʨʰʠʡ ʝʪʘʧ ʩʢʣʘʜʘʚʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ "ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʩʫ ʚ ʦʣʠʚʽ" ʽ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥʠ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ "ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʽ" ʚʽʜ 

ʫʤʦʚ ʪʘ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʷʚʣʷʣʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʤʦʪʦʨʥʫ (ʪʨʘʥʩʤʽʩʽʡʥʫ) ʦʣʠʚʫ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʣʘʩʷ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʤʽʥʫ 

ʟʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʤʽʨʽʚ ʽ ʩʪʫʧʝʥʷ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʜʠʟʝʣʷʭ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʊʄ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʰʚʠʜʢʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʫ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.16-3.17. 

ʐʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʚʠʟʥʘʯʘʶʪʴ 

ʟʘ ʤʝʪʦʜʠʢʦʶ, ʨʦʟʨʦʙʣʝʥʦʶ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʝʨʚʽʩʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʍʅɸɼʋ (ɻʆʉʊ 20759-75, ʈɼ 37.001.004-82). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʬʽʣʴʪʨʫʶʯʘ ʘʧʘʨʘʪʫʨʘ ʥʘ ʜʚʠʛʫʥʽ ʚʽʜʢʣʶʯʘʣʘʩʷ. 
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ʈʠʩ. 3.16. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽ ʧʫʣʴʪ ʫʧʨʘʚʣʽʥʥʷ ʫʩʪʘʥʦʚʢʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʫ ʜʚʠʛʫʥʘ ʽ ʂʇ ʊʄ 

 

 

ʈʠʩ.3.17. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʂ-736 

 

ɺʽʜʙʽʨ ʧʨʦʙ ʦʣʠʚʠ ʧʨʦʚʦʜʠʚʩʷ ʟ ʜʚʠʛʫʥʘ ʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʯʝʨʝʟ 30 

ʭʚʠʣʠʥ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ ʽ ʚ ʢʽʥʮʽ ʮʠʢʣʫ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʽʜʙʠʨʘʥʥʷ ʧʨʦʙ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʟʘʤʽʩʪʴ ʧʦʢʘʞʯʠʢʘ ʨʽʚʥʷ ʦʣʠʚʠ ʚ ʢʘʨʪʝʨʽ ʜʚʠʛʫʥʘ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ, 

ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ʦʣʠʚʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʤʽʞ ʚʽʜʙʦʨʘʤʠ 

ʧʨʦʙ ʧʦʩʪʽʡʥʠʤ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʫ ʽ 

ʚʠʪʨʘʪʘ ʦʣʠʚʠ ʤʽʞ ʜʦʣʠʚʫ [150]. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʘʥʘʣʽʟʫ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʦʣʠʚʠ ʧʝʨʝʤʽʰʫʚʘʣʠʩʷ 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʚʩʷ ʘʥʘʣʽʟ ʧʨʦʙʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʄʌʉ-7. 
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ʂʽʣɹʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ ʦʣʠʚʫ, ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 

[3, 90, 99, 100]: 

11
1

2
--

- Ö-
+

Ö+Ö= ii
ii

yiii KQ
KK

QKQG ,   (3.16) 

ʜʝ 1-iQ , iQ  ï ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʽʩʪʴ ʦʣʠʚʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʛʨʝʛʘʪʽ ʥʘ 

ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʜʘʥʦʛʦ ʮʠʢʣʫ, ʛ; yQ  ï ʚʠʪʨʘʪʘ ʦʣʠʚʠ ʟʘ ʜʘʥʠʡ ʮʠʢʣ, ʛ; 

1-iK , iK  ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʫ ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʜʘʥʦʛʦ ʮʠʢʣʫ, 

ʛ/ʪ.  

ʐʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʫ ʟʘ ʮʠʢʣ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʦ-ʰʚʠʜʢʽʩʥʦʤʫ ʨʝʞʠʤʽ ʚ ʛ/ʭʚ. ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

t

G
v i
ʟʥʮ= ,       (3.17) 

ʜʝ t ï ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟʘ ʜʘʥʠʡ ʮʠʢʣ, ʭʚ.  

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʥʪʨʦʣʶʚʘʣʠ ʧʦʢʘʟʥʠʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ ʫ ʚʝʨʭʥʴʦʤʫ ʙʘʯʢʫ ʨʘʜʽʘʪʦʨʘ, ʂ; ʪʝʤʧʝʨʘʪʫʨʘ ʦʣʠʚʠ ʚ 

ʢʘʨʪʝʨʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ, ʂ; ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ, ʂ; ʪʠʩʢ ʦʣʠʚʠ 

ʚ ʦʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ, ʢʇʘ; ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʽ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʭʚ
ï1
; ʧʦʢʘʟʠ ʚʘʛʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʘʣʴʤʽʚʥʦʛʦ ʩʪʝʥʜʫ, ʅ ʤ.  

ɺ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʨʝʻʩʪʨʫʚʘʣʦʩʷ ʢʽʣʴʢʽʩʪʴ ʚʠʪʨʘʯʝʥʦʛʦ ʧʘʣʠʚʘ ʽ 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

 

3.7.3 ʄʝʪʦʜʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʽʚ ʢʘʨôʻʨʥʠʭ 

ʩʘʤʦʩʢʠʜʽʚ ʥʘ ʅʦʚʦʧʘʚʣʽʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ ʇɸʊ "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʪʘʙʣ. 3.2) ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ 

ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʚʠʛʫʥʠ ʧʨʘʮʶʚʘʣʠ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ï ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʚ ʦʣʠʚʥʫ ʩʠʩʪʝʤʫ ʜʦʜʘʚʘʣʠ ʧʨʠʩʘʜʢʫ Roil Gold ʪʘ 

ʢʦʤʧʦʟʠʮʽʡʥʫ ʧʨʠʩʘʜʢʫ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. ʅʘ ʦʙʦʭ ʝʪʘʧʘʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʨʽʚʥʦʶ 25 ʤʦʪʦ-ʛʦʜ. ɹʫʣʠ 
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ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ ʥʘ ʘʥʘʣʽʟ. ʊʨʠʚʘʣʽʩʪʴ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʢʣʘʣʘ 

300 ʤʦʪʦ-ʛʦʜ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʨ'ʻʨʥʠʭ ʩʘʤʦʩʢʠʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʅʦʚʦʧʘʚʣʽʚʩʴʢʦʤʫ ʢʘʨ'ʻʨʽ ʇɸʊ "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʤʦʙʽʣʴʥʽʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʮʽ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ" ʪʘ ʊʆɺ "ɸʛʨʦʬʽʨʤʘ ʂʦʣʦʩ" 

ʄʘʣʦʚʠʩʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺʽʜʙʽʨ ʧʨʦʙ ʤʦʪʦʨʥʦʾ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʜʠʟʝʣʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ɹʝʣɸɿ-75800, Comatsu 

HD 405-6 ʪʘ ʪʨʘʢʪʦʨʽʚ ʍʊɿ-17021. 

ʊʘʙʣʠʮʷ 3.2 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʽʚ ʗʄɿ ʽ COMATSU 

 ̄ ɻʦʩʧʦʜʘʨʩʪʚʦ 
ʄʦʪʦʨʥʘ 

ʆʣʠʚʘ 

ʇʦʯʘʪʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʂʽʥʝʮʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʉʝʨʝʜʥʷ 

ʪʨʠʚʘʣʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʤʽʩʷʮʴ 

ɹʝʣɸɿ-75471 

1 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 
ʄ-10ɻ2ʢ 

ʊʨʘʚʝʥʴ  

2012 

ɺʝʨʝʩʝʥʴ  

2015 
3 

2 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 

ʄ-10ɻ2ʢ + Roil 

Gold 

ʊʨʘʚʝʥʴ  

2012 

ɺʝʨʝʩʝʥʴ  

2015 
3 

3 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 

ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʂɻʄʊ-1 

ʊʨʘʚʝʥʴ  

2012 

ɺʝʨʝʩʝʥʴ  

2015 
3 

Comatsu HD 405-6 

4 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 
ʄ-10ɻ2ʢ 

ʊʨʘʚʝʥʴ  

2015 

ɺʝʨʝʩʝʥʴ  

2017 
3 

5 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 

ʄ-10ɻ2ʢ + Roil 

Gold 

ʊʨʘʚʝʥʴ  

2015 

ɺʝʨʝʩʝʥʴ  

2017 
3 

6 
ʇɸʊ 

"ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ" 

ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʂɻʄʊ-1 

ʊʨʘʚʝʥʴ  

2015 

ɺʝʨʝʩʝʥʴ  

2017 
3 

ʍʊɿ-17021 

7 ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ" ʄ-10ɻ2ʢ 
ɾʦʚʪʝʥʴ  

2017 

ɾʦʚʪʝʥʴ  

2019 
3 

8 ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ" 
ʄ-10ɻ2ʢ + Roil 

Gold 

ɾʦʚʪʝʥʴ  

2017 

ɾʦʚʪʝʥʴ  

2019 
3 

9 ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ" 
ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʂɻʄʊ-1 

ɾʦʚʪʝʥʴ  

2017 

ɾʦʚʪʝʥʴ  

2019 
3 

ʍʊɿ-17021 

10 
ʊʆɺ "ɸʛʨʦʬʽʨʤʘ 

ʂʦʣʦʩ" 
ʄ-10ɻ2ʢ 

ɾʦʚʪʝʥʴ  

2016 

ʃʠʩʪʦʧʘʜ  

2018 
3 

11 
ʊʆɺ "ɸʛʨʦʬʽʨʤʘ 

ʂʦʣʦʩ" 

ʄ-10ɻ2ʢ + Roil 

Gold 

ɾʦʚʪʝʥʴ  

2016 

ʃʠʩʪʦʧʘʜ  

2018 
3 

12 
ʊʆɺ "ɸʛʨʦʬʽʨʤʘ 

ʂʦʣʦʩ" 

ʄʦʜʠʬʽʢʦʚʘʥʘ 

ʂɻʄʊ-1 

ɾʦʚʪʝʥʴ  

2016 

ʃʠʩʪʦʧʘʜ  

2018 
3 
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ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʧʘʨʢ ʤʘʰʠʥ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʪʨʠ 

ʯʘʩʪʠʥʠ: ʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʚʽʞʘ ʦʣʠʚʘ, ʦʣʠʚʘ ʟ ʧʨʠʩʘʜʢʦʶ Roil Gold ʪʘ 

ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʂɻʄʊ-1. 

ʄʝʪʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʤʽʥʠ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ "ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ" ʽ ʰʚʠʜʢʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʠ ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ 

ʬʽʢʩʫʚʘʣʠʩʷ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɯʥʪʝʨʚʘʣʠ ʤʽʞ ʚʠʤʽʨʘʤʠ ʙʫʣʠ ʢʨʘʪʥʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʊʆ. 

ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʧʨʦʙ ʦʣʠʚʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʘʧʨʘʮʶʚʘʥʥʷ 

(ʧʨʦʙʽʛʦʤ) ʊʄ: 

n

k
LL TO

1=D ,      (3.18) 

ʜʝ Lʊʆ ï ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʊʆ; k1 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʪʫʚʘʥʥʷ ʧʨʦʙʽʛʫ 

ʘʚʪʦʩʘʤʦʩʢʠʜʘ (ʤʦʙʽʣʴʥʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ) ʜʦ ʊʆ; nïʢʽʣʴʢʽʩʪʴ 

ʚʽʜʙʦʨʽʚ ʧʨʦʙ ʦʣʠʚʠ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʬʦʨʤʫʣʫ (3.18) 250=TOL  ʤʦʪʦ-ʛʦʜ., 2,11=k , 12=n  

ʦʪʨʠʤʫʻʤʦ, ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʽʜʙʦʨʫ ʧʨʦʙ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʩʪʘʥʦʚʠʪʴ 25 ʤʦʪʦ-

ʛʦʜ. ʂʽʣʴʢʽʩʪʴ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʩʧʝʢʪʨʦʛʨʘʬʦʤ ʄʌʉ-7. 

ʏʠʩʣʦ ʚʠʤʽʨʽʚ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ "ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ", 

ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ ʽ ʙʨʘʢʫʚʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʦʣʠʚʠ ʢʦʣʠʚʘʣʦʩʷ ʚʽʜ ʪʨʴʦʭ ʜʦ ʧ'ʷʪʠ. ɸʥʘʣʽʟ ʷʢʦʩʪʽ ʦʣʠʚʠ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʙʨʘʢʫʚʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʘʤ [151]. ɺ ʷʢʦʩʪʽ ʙʨʘʢʫʚʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʣʠʚʠ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚ'ʷʟʢʽʩʪʴ, ɜ; ʣʫʞʥʝ ʯʠʩʣʦ, ʃʏ; ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʂʏ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ, ʊʉ; ʢʦʢʩʽʚʥʽʩʪʴ; ʚʤʽʩʪ ʚʦʜʠ; ʜʠʩʧʝʨʛʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ɼɿ; ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ɼʇ.  

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʽʟ ʧʦʨʽʚʥʷʥʥʷ 

ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ "Roil Gold" ʪʘ 

ʂɻʄʊ-1 ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʧʨʠʩʘʜʢʘʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 
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ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʩʧʨʘʮʴʦʚʘʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. ɺʠʟʥʘʯʘʣʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ ʪʘ ʾ ʾ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ɿʘ 

ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ ʦʮʽʥʶʚʘʣʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦ ʾʦʣʠʚ [89], ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʾʭ ʥʘ ʨʝʩʫʨʩ ʜʠʟʝʣʽʚ 

ʩʘʤʦʩʢʠʜʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ, ʪʨʘʢʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪ ɹʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʭʘʨʘʢʪʝʨ ʾʭ ʟʤʽʥʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʬʘʢʪʦʨʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [152] 

ʝʢʩʧʦʥʝʥʮʽʘʣʥɹʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

)exp(0 tbʇʇ ÖÖ= ,      (3.19)  

ʜʝ ʇ, ʇ0 ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʣʠʚʠ; b ï ʧʦʩʪʽʡʥʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ; t ï ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʠʟʝʣʷ ʚ ʤʦʪʦ-

ʛʦʜ. ʇʦʩʪʽʡʥʽ ʘ ʽ b ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʽʥʪʝʨʚʘʣʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʚʽʜ t1 ʜʦ t2:  
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ʈʦʟʚ'ʷʟʘʚʰʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3.20) ʚʽʜʥʦʩʥʦ b, ʦʪʨʠʤʫʚʘʣʠ: 
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ɺʽʜʧʦʚʽʜʥʦ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʢʦʞʥʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʙʘʟʦʚʠʭ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ʂʦʞʥʦʤʫ 

ʨʝʛʨʝʩʽʡʥʦʤʫ ʨʽʚʥʷʥʥʽ ʜʘʥʦ ʛʨʘʬʽʯʥʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʟʷʣʠ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʇʊ.ʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ; ʇʊ.ʂ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ; ʇɻ ï ʛʫʩʪʠʥʘ; ʇʂ.ʏ ï ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ; ʇɼ.ɿ ï 

ʜʠʩʧʝʨʛʠʨʫʶʯʘ ʟʜʘʪʥʽʩʪʴ; ʇʂ.ɺ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ. 

ï ʙʘʟʦʚʘ ʦʣʠʚʘ ʽ ʦʣʠʚʘ ʟ ʧʨʠʩʘʜʢʘʤʠ: 1 ï ʙʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 2 ï 
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ʧʨʠʩʘʜʢʘ Roil Gold; 3 ï ʧʨʠʩʘʜʢʘ ʂɻʄʊ-1; 4 ï ʧʨʠʩʘʜʢʘ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʘ.  

ɸʢʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʢʽʚ ʤʘʰʠʥ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʘʢʪʠ ʧʨʠʡʥʷʪʪʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ 

ʜʦʜʘʪʢʫ ɹ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʘʥʦ ʝʪʘʧʠ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

2. ɺʠʟʥʘʯʝʥʦ ʚʠʙʽʨ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ 

ʧʨʠʩʘʜʦʢ ʜʣʷ ʾʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʩʫʢʫʧʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʚʠʙʽʨ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʽ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʦʣʠʚ. 

3. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʚ ʦʣʠʚʽ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥ ̔ʪʝʨʪʷ ʏʄʊ-1. ɺ ʷʢʦʩʪʽ ʦʧʪʠʤʽʟʫʶʯʠʭ 

ʦʟʥʘʢ ʦʙʨʘʥʽ: ʧʘʨʘʤʝʪʨ ʟʥʦʩʫ ʢʫʣʴʦʢ ʪʘ ʫʩʝʨʝʜʥʝʥʝ ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʚʝʜʝʥʽ ʤʝʪʦʜʠʢʠ ʨʝʘʣʽʟʘʮʽʾ ʨʝʛʨʝʩʽʡʥʦʛʦ ʪʘ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ. 

4. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ, ʷʢʽ ʻ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ.  

5. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ ʽ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ; ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʤʝʥʪʫ ʪʝʨʪʷ) ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 
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ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ"; ʥʘʚʝʜʝʥʦ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʰʦʨʩʪʢʦʩʪ̔. 

6. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʟʦʚʥʽʰʥʴʦ-ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʽʚ ʚ 

ʧʨʦʮʝʩʽ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ, ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʪʘ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʴ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʦʣʠʚʫ. 

7. ʈʦʟʨʦʙʣʝʥʥ ̔ ʤʝʪʦʜʠʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʪʘ ʨʝʩʫʨʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʥʘ ʷʢʠʭ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ. 
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ʈʆɿɼɯʃ 4  

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʉʀʃʆɺʀʍ 

ɸɻʈɽɻɸʊɯɺ ʊʈɸʅʉʇʆʈʊʅʀʍ ʄɸʐʀʅ, ʑʆ ʇʈɸʎʖʖʊʔ ɺ 

ɾʆʈʉʊʂʀʍ ʋʄʆɺɸʍ ɽʂʉʇʃʋɸʊɸʎɯɰ ɼʆɼɸɺɸʅʅʗʄ ɺ ʈʆɹʆʏʋ 

ʆʃʀɺʋ ʂʆʄʇʆɿʀʎɯʁʅʆɰ ʇʈʀʉɸɼʂʀ ʅɸ ʆʉʅʆɺɯ 

ɻɽʆʄʆɼʀʌɯʂɸʊʆʈɸ 

 

4.1 ɺʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ 

ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-1 ʩʚʽʞʦʾ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʟʛʽʜʥʦ 

ʤʝʪʦʜʠʢʠ ʥʘʚʝʜʝʥʦʾ ʫ ʧ.ʧ. 3.2-3.4, ʩʬʦʨʤʦʚʘʥʦ ʥʘʩʪʫʧʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʙʘʟʫ ʜʘʥʠʭ (ʪʘʙʣ. 4.1). 

ʊʘʙʣʠʮʷ 4.1 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʾ

ʧʨʠʩʘʜʢʠ ʜʣʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʊʄ-3-18ʢ 

ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʌʘʢʪʦʨʠ ʌʫʥʢʮʽʾ (ɺʽʜʛʫʢʠ) 

X1 X2 X3 X4 Y1, ʤʤ Y2, ʅ 

1 ï1 ï1 ï1 ï1 0,366 844 

2 +1 ï1 ï1 ï1 0,332 881 

3 ï1 +1 ï1 ï1 0,281 956 

4 +1 +1 ï1 ï1 0,316 896 

5 ï1 ï1 +1 ï1 0,287 963 

6 +1 ï1 +1 ï1 0,351 938 

7 ï1 +1 +1 ï1 0256 1014 

8 +1 +1 +1 ï1 0,377 911 

9 ï1 ï1 ï1 +1 0,308 892 

10 +1 ï1 ï1 +1 0,328 915 

11 ï1 +1 ï1 +1 0,231 1033 

12 +1 +1 ï1 +1 0,322 952 

13 ï1 ï1 +1 +1 0,252 973 

14 +1 ï1 +1 +1 0,367 931 

15 ï1 +1 +1 +1 0,227 1041 

16 +1 +1 +1 +1 0,402 925 
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ʇʨʠ ʧʦʙʫʜʦʚʽ ʪʘʙʣ.4.1 ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʪʘʙʣ.3.1 (ʧ.3.4) ʪʘ ʬʦʨʤʫʣʠ 

(3.1) ʽ (3.2). ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ, ʟʘ 

ʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (3.3)-(3.8) ʫ ʧ.3.4. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʷʭ ɺ.1 ʽ ɺ.2, ʜʦʜʘʪʢʫ ɺ. 

ʅʝʟʥʘʯʠʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʥʠʭ ʥʝ ʟʘʧʠʩʫʚʘʣʠ. ɼʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʾ b0, b1,..., b10 ʜʣʷ ʦʧʪʠʤʽʟʫʶʯʠʭ ʦʟʥʘʢ Y1 ï ʧʘʨʘʤʝʪʨ ʟʥʦʰʫʚʘʥʥʷ 

ʢʫʣʴʦʢ ʤʘʰʠʥʠ ʏʄʊ-1 ̔  Y2 ï ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʫʩʢʣʘʜʥʶʚʘʣʠ ʜʦ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʟʘʣʝʞʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʟ ʾʭ ʚʟʘʻʤʦʜʽʻʶ, ʧʨʠ ʫʤʦʚʽ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ 

(3.4) ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʥʝ ʥʠʞʯ ̔ 0,95. ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʪʘʙʣʠʮʴ ɺ1, ɺ2, ʜʦʜʘʪʢʫ ɺ, ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʩʽ ʚʢʣʶʯʝʥʽ 

ʬʘʢʪʦʨʠ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʽ. ʇʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʨʽʚʝʥʴ ʾʭ ʟʥʘʯʠʤʦʩʪʽ ʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʷʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʪʝʨʪʷ ʢʫʣʴʦʢ ʚ 

ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʏʄʊ-1 ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ 

(ʧ.3.3). ʇʽʜʩʪʘʚʣʷʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʴ ɺ.1 ʽ ɺ.2 ʫ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʛʨʝʩʽʡʥʠʭ 

ʨʽʚʥʷʥʴ (3.2), ʧ.3.4, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚʠ ʊʄ-3-18ʢ: 

ï ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʟʥʦʩʫ (ʫʩʝʨʝʜʥʝʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʣʷʤ ʟʥʦʩʫ ʢʫʣʴʦʢ): 

( ) ( ) ( ) ( )
2 2 2 25 5 5 5

1
9 9 8 8

8 8

0.53 5.67 10 1 9.45 10 2 8.51 10 3 9.09 10 4

9.22 10 1 2 3.67 10 1 3 2.39 10 1 4 2.1 10 2 3

4.03 10 2 4 2.86 10 3 4

Y X X X X

X X X X X X X X

X X X X

- - - -

- - - -

- -

= - Ö Ö - Ö Ö - Ö Ö - Ö Ö +

+ Ö Ö Ö + Ö Ö Ö + Ö Ö Ö + Ö Ö Ö +

+ Ö Ö Ö + Ö Ö Ö

;    (4.1) 

ï ʜʣʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

( ) ( ) ( ) ( )
2 2 2 2

2
5 6 6

5 5 5

675.60 0.04 1 0.13 2 0.09 3 0.06 4

1.9 10 1 2 9.89 10 1 3 7.22 10 1 4

2.43 10 2 3 2.28 10 2 4 3.92 10 3 4

Y X X X X

X X X X X X

X X X X X X

- - -

- - -

= + Ö + Ö + Ö + Ö -

- Ö Ö Ö + Ö Ö Ö - Ö Ö Ö -

- Ö Ö Ö - Ö Ö Ö - Ö Ö Ö

.         (4.2) 

ʆʮʽʥʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟʘ ʬʦʨʤʫʣʘʤʠ (3.9), ʥʘʚʝʜʝʥʠʤʠ ʚ ʧ.3.4  ̔

ʚʠʟʥʘʯʘʣʠ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ F. ʈʝʘʣʽʟʘʮʽʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʙʨʘʞʝʥʘ 

ʚ ʪʘʙʣʠʮʷʭ ɺ.3, ɺ.4, ʜʦʜʘʪʢʫ ɺ. ɼʘʥʽ ʪʘʙʣʠʮʴ ɺ.3  ̔ɺ.4, ʩʚʽʜʯʘʪʴ, ʱʦ ʚʢʣʶʯʝʥʽ 
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ʬʘʢʪʦʨʠ ʚ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ (4.1) ʽ (4.2) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ ʪʝʨʪʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʣʠʚʠ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʧʨʠʩʘʜʢʦʶ, ʦʩʢʽʣʴʢʠ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʨ, ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ ʻ ʥʠʞʯʠʤ ʟʘ 

ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥɹ. 

ɼʦʜʘʪʢʦʚʦ ʦʮʽʥʠʤʦ ʚʠʢʠʜʠ ʟʘʣʠʰʢʽʚ ʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘʣʴʥʠʤʠ ʪʘ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ (4.1) ʽ (4.2). ɿʥʘʯʥʽ 

ʚʠʢʠʜʠ ʚ ʨʦʟʤʽʨʽ 10% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ 

ʚʠʧʣʠʚʘʶʪʴ ʟ ʛʨʘʬʽʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ, ʥʝ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝ ʙʫʜʝ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʚʘʪʠ ʬʽʟʠʯʥʠʡ 

ʟʤʽʩʪ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ɻʨʘʬʽʯʥʦ ʟʘʟʥʘʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 4.1. 

 
ʘ                                                                          ʙ 

 
ʚ                                                                          ʛ 

ʈʠʩ. 4.1. ɻʨʘʬʽʢ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʪʘ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʘʣʠʰʢʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ 

ʾʭʥʴʦʛʦ ʨʦʟʤʘʭʫ: ʘ, ʙ ï ʜʣʷ ʬʫʥʢʮʽʾ ʚʝʣʠʯʠʥʠ ʟʥʦʰʫʚʘʥʥʷ; ʚ, ʛ ï ʜʣʷ ʬʫʥʢʮʽʾ 

ʚʝʣʠʯʠʥʠ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ 
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ɿ ʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ (ʨʠʩ.4.1) ʚʽʟʫʘʣʴʥʦ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʥʠʭ ʚʠʢʠʜʽʚ 

ʙʘʟʠ ʜʘʥʠʭ ʥʝʤʘʻ, ʘ ʪʦʤʫ ʤʘʪʝʤʘʪʠʯʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ (4.1) ʽ (4.2) ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʷʢ ʜʦʩʪʦʚʽʨʥ.̔ 

ʇʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʫʥʢʮʽʡ ʧʨʦʮʝʩʫ ʪʝʨʪʷ ʟ 

ʥʘʷʚʥʽʩʪʶ ʚ ʦʣʠʚʽ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1 ʟ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ ʪʘ ʰʢʘʣʦʶ ʙʘʞʘʥʦʩʪʽ ʤʘʶʪʴ 

ʽʜʝʥʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.2. ʈʽʚʥʽ ʚʽʜʛʫʢʫ ʬʫʥʢʮʽʾ ʟʘ 

ʰʢʘʣʦʶ ʙʘʞʘʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.3.  

        
ʘ                                                                 ʙ 

        
ʚ                                                                 ʛ 

        
ʜ                                                                 ʝ 

ʈʠʩ. 4.2. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ ʟʘ ʰʢʘʣʦʶ ʙʘʞʘʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ: ʘ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ2 ʪʘ ʍ1; ʙ ï 

ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ3 ʪʘ ʍ1; ʚ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ3 ʪʘ ʍ2; ʛ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ 

ʍ4 ʪʘ ʍ1; ʜ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ4 ʪʘ ʍ2; ʝ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ4 ʪʘ ʍ3 
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ʘ                                                                 ʙ 

        
ʚ                                                                 ʛ 

        
ʜ                                                                 ʝ 

ʈʠʩ. 4.3. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʽʚʥʽʚ ʚʽʜʛʫʢʫ ʟʘ ʰʢʘʣʦʶ ʙʘʞʘʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1: 

ʘ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ2 ʪʘ ʍ1; ʙ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ3 ʪʘ ʍ1; ʚ ï ʟʘʣʝʞʥʽʩʪʴ Z 

ʚʽʜ ʍ3 ʪʘ ʍ2; ʛ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ4 ʪʘ ʍ1; ʜ ï ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ4 ʪʘ ʍ2; ʝ ï 

ʟʘʣʝʞʥʽʩʪʴ Z ʚʽʜ ʍ4 ʪʘ ʍ3 

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʛʨʘʬʽʢʽʚ (ʨʠʩ.4.2 ʽ ʨʠʩ.4.3), ʤʦʞʣʠʚʦ ʦʜʥʦʟʥʘʯʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʷʢ ʪʨʠʙʦʣʦʛʽʯʥʦʾ ʜʦʙʘʚʢʠ, ʧʨʠʩʫʪʥʽ, ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ ʍ1, ʍ2, ʍ3 ʍ4, ʍ5. ʈʝʘʣʽʟʘʮʽʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 
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ʂɻʄʊ-1 ʜʦ ʦʣʠʚʠ, ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʦʜʝʣʣʶ ʤʦʞʣʠʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʙʘʞʘʥʦʩʪʽ. ʌʫʥʢʮʽʶ ʙʘʞʘʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʤʝʞʘʭ [0; 1,0]. ɺʩʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʤʝʞʘʤʠ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʙʠʚʢʘ ʟʥʘʯʝʥʴ ʰʢʘʣʠ ʙʘʞʘʥʦʩʪʽ [0; 1,0] ʚʽʜʥʦʩʥʦ 

ʨʽʟʥʠʭ ʛʨʫʧ ʬʘʢʪʦʨʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 10 ʜʦ 20 % ʟʤʽʥʠ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. ʅʠʞʥʽ ʽ ʚʝʨʭʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ 

ʦʙʤʝʞʫʶʪʴʩʷ ʟʘʜʘʥʠʤʠ ʨʽʚʥʷʤʠ ʬʘʢʪʦʨʽʚ ʪʘʙʣ.4.1.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʚʩʪʘʥʦʚʠʤʦ ʤʝʞʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʛʫʢʽʚ ʟʘ 

ʨʽʚʥʷʥʥʷʤʠ ʨʝʛʨʝʩʽʾ (4.1) ʽ (4.2), ʱʦ ʙʫʜʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʚʝʩʴ ʦʙʩʷʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾ ʙʘʟʠ ʜʘʥʠʭ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʘʥʘʣʽʟʫ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ 

ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʟʘ ʬʫʥʢʮʽʻʶ 

ʙʘʞʘʥʦʩʪʽ (3.10) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ (3.11). 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʢʦʞʥʠʡ ʬʘʢʪʦʨ ʪʘ ʢʦʞʥʫ ʬʫʥʢʮʽ ʁ ʚʽʜʛʫʢʫ. ʈʝʘʣʽʟʘʮʽʶ 

ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.4. 
ʇʨʦʬʠʣʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʬʫʥʢʮʠʠ ʞʝʣʘʪʝʣʴʥʦʩʪʠ
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ʈʠʩ. 4.4. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʟʘ 

ʧʨʦʬʽʣʝʤ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ 
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ɿ ʨʠʩʫʥʢʫ 4.4 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʷʞʥʘ ʙʘʞʘʥʽʩʪʴ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ ʪʘ ʫʤʦʚʘʤʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʘʻ 1,0. ɼʣʷ ʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʙʘʞʘʥʦʩʪʽ ʨʘʮʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʙʫʜʝ ʤʽʩʪʠʪʠ: ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʂɻʄʊ-1 ʥʘ ʧʨʦʤʽʞʢʫ 

[1500,0...3000,0 ʤʛ/50ʤʣ]; ʦʣʝʘʪ ʥʘʪʨʽʶ ʥʘ ʧʨʦʤʽʞʢʫ [500,0...2000,0 ʤʛ/50ʤʣ]; 

ʩʫʣʴʬʘʪ ʤʽʜʽ ʥʘ ʧʨʦʤʽʞʢʫ [500,0...2000,0 ʤʛ/50ʤʣ]; ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33 ʥʘ 

ʧʨʦʤʽʞʢʫ [500,0...2000,0 ʤʛ/50ʤʣ]. ʇʨʠ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ: 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʂɻʄʊ-1 3000,0 ʤʛ/50ʤʣ; ʦʣʝʘʪ ʥʘʪʨʽʶ 2000,0 ʤʛ/50ʤʣ; 

ʩʫʣʴʬʘʪ ʤʽʜʽ 2000,0 ʤʛ/50ʤʣ; ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33 500,0 ʤʛ/50ʤʣ, ʤʦʞʣʠʚʦ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʫʩʝʨʝʜʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʣʷ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ (ʪʘʙʣ. 4.2). ɸʥʘʣʦʛʽʯʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ 

ʟʘʜʦʚʦʣʴʥʷʻ ʽ ʪʨʠʙʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ. 

ɺʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.4.3.  

ʊʘʙʣʠʮʷ 4.2 

ʋʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

ʏʄʊ-1 ʫ ʪʨʘʥʩʤʽʩʽʡʥʦʤʫ ʤʘʩʪʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʋʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ɹʘʟʦʚʘ ʦʣʠʚʘ ʊʄ-3-18ʢ  
ɹʘʟʦʚʘ ʦʣʠʚʘ ʊʄ-3-18ʢ +  

+ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʠʩʘʜʢʘ 

ʇʦʢʘʟʥʠʢ ʟʥʦʩʫ, ʤʤ 0,351Ñ0,02 0,2247Ñ0,02 

ʂʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ 889Ñ4,0 1053Ñ5,0 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ, ʅ 2252Ñ12,0 2416Ñ11,0 
 

ʊʘʙʣʠʮʷ 4.3 

ʋʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

ʏʄʊ-1 ʫ ʤʦʪʦʨʥʦʤʫ ʤʘʩʪʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱ ̔

ʋʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ɹʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ  
ɹʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ +  

+ ʩʬʦʨʤʦʚʘʥʘ ʧʨʠʩʘʜʢʘ 

ʇʦʢʘʟʥʠʢ ʟʥʦʩʫ, ʤʤ 0,548Ñ0,02 0,419Ñ0,02 

ʂʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ 1235Ñ5,0 1,602Ñ4,0 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ, ʅ 1960Ñ12,0 2497Ñ11,0 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʷʢʽʩʪʴ ʷʢ ʤʦʪʦʨʥʦʾ, ʪʘʢ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ ʪʘʙʣʠʮ ɹ 4.2 ʽ 4.3. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʪʨʠʙʦʣʦʛʽʯʥʦʤʫ 

ʢʦʥʪʘʢʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ. 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʄ-10ɻ2ʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

23,5%. ʂʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 29,6%, ʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʚʘʨʶʚʘʥʥʷ ï ʥʘ 27,4%. ɼʣʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʊʄ-3-18ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 36,2%, ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 18,4%, ʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ï ʥʘ 7,3%. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʫ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ ʚʽʜʛʫʢʫ ʧʨʠ ʧʨʦʮʝʩʽ ʪʝʨʪʷ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ, ʧʨʠ ʷʢʦʤʫ ʬʫʥʢʮʽʷ 

ʚʽʜʛʫʢʫ ʤʘʻ ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʫʤʫ ʟʘ ʬʫʥʢʮʽʻʶ ʙʘʞʘʥʦʩʪʽ [3].  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʣʦʢʘʣʴʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʤʘʶʪʴ 

ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʚʦʨʶʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʘʙʦ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʣʽʚʦʢ ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟ "ʟʦʣʴ-ʛʝʣʴ" ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʦʜʠʪʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʦʣʠʚ ʪʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ  ̔ ʜʝʪʘʣʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ 

ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

4.2 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʦʣʠʚ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥ ʪʝʨʪʷ ʏʄʊ-1 

 

ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʨʦʡʰʦʚ ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-1, ʟʛʽʜʥʦ ɻʆʉʊ 9490-75. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʤʘʣʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʧʨʠʩʘʜʢʫ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʄ-

10ɻ2ʢ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ. ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ 
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ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʟʥʘʯʘʣʠ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ, ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʶ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

"ʞʦʨʩʪʢʠʭ" ʚʠʧʨʦʙʫʚʘʥʴ. ʊʦʤʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʦʾ ʥʦʚʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʟʥʦʩʫ ʟ ʽʥʰʠʤʠ ʧʨʠʩʘʜʢʘʤʠ (ʅʀʆɼ-5, Roil Gold) ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.4.5-4.7. 

 

ʈʠʩ. 4.5. ɿʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟʥʦʩʫ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ: 1 ï 

ʙʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ, 2 ï ʄ-10ɻ2ʢ+ʅʀʆɼ-5; 3 ï ʄ-10ɻ2ʢ+Roil Gold;            

4ïʄ-10ɻ2ʢ + "ʂɻʄʊ-1" 

 

 
ʈʠʩ. 4.6. ɿʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟʥʦʩʫ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: 1 ï ʙʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ, 2 ï ʄ-10ɻ2ʢ+ʅʀʆɼ-5;                       

3ïʄ-10ɻ2ʢ+Roil Gold; 4 ï ʄ-10ɻ2ʢ + "ʂɻʄʊ-1" 
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ʈʠʩ. 4.7. ɿʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʟʥʦʩʫ ʚʽʜ ʢʽʥʮʝʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: 1 ï ʙʘʟʦʚʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ, 2 ï ʄ-10ɻ2ʢ+ʅʀʆɼ-5;                      

3 ï ʄ-10ɻ2ʢ+Roil Gold; 4 ï ʄ-10ɻ2ʢ + "ʂɻʄʊ-1" 

 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ 

ʙʘʟʦʚʦʤʫ ʤʘʩʪʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʂ, (ʢʨʠʚʘ 1, 

ʨʠʩ. 4.5), ʤʘʩʪʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʄ-10ɻ2ʢ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ: ʅʀʆɼ-5 

(ʢʨʠʚʘ 2, ʨʠʩ.4.5) ʪʘ Roil Gold (ʢʨʠʚʘ 3, ʨʠʩ.4.5). ʈʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 

ʚʽʜʦʙʨʘʞʘʻ ʢʨʠʚʘ 4, ʨʠʩ.4.5.  

ʇʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ ʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʟʤʽʥʦʶ ʜʽʘʤʝʪʨʫ ʧʣʷʤʠ 

ʢʦʥʪʘʢʪʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʨʠʩʘʜʢʠ Roil Gold ʪʘ ʂɻʄʊ-1. ɼʦʜʘʚʘʥʥʷ ʪʘʢʠʭ 

ʧʨʠʩʘʜʦʢ ʧʦʢʨʘʱʫʻ ʧʨʦʪʠʟʘʜʠʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʟʦʚʦʾ ʦʣʠʚʠ (ʢʨʠʚʘ 1). 

ʇʨʠʩʘʜʢʘ ʅʀʆɼ-5 ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʜʽʘʤʝʪʨʫ 

ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1 ʚ ʙʘʟʦʚʫ ʦʣʠʚʫ ʟʙʽʣʴʰʫʻ ʈʢʨ, ʷʢʝ ʫʩʝʨʝʜʥʝʥʦ ʜʦʨʽʚʥʶʻ 1602 ʅ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʟʦʚʦʾ ʦʣʠʚʠ 

ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʽ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ 

ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʪʠ ʧʨʦʪʠʟʥʦʩʥʠʭ ʧʨʠʩʘʜʦʢ. 

ɺ ʮʽʣʦʤʫ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʦʜʽʙʥʘ ʜʦ ʧʨʠʩʘʜʢʠ Roil Gold ʟʘ ʧʨʦʪʠʟʘʜʠʨʥʠʤʠ 
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ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʽ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʥʽʞ ʧʨʦʪʠʟʥʦʩʥ ̔ʧʨʠʩʘʜʢʠ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ Ŭ ʠ ɓ ï ʢʫʪʠ ʥʘʭʠʣʫ 

ʧʨʷʤʠʭ (ʨʠʩ.4.6), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʪʠʟʥʦʩʥʽ (ʣʽʚʘ ʯʘʩʪʠʥʘ ʛʨʘʬʽʢʽʚ) ʽ 

ʧʨʦʪʠʟʘʜʠʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʨʠʩ.4.7) (ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʛʨʘʬʽʢʽʚ) ʤʘʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʊʘʥʛʝʥʩʠ ʢʫʪʽʚ Ŭ ʠ ɓ ʻ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʩʘʜʦʢ. ʏʠʤ 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʪʠʤ ʤʝʥʰʝ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪ ʪʨʠʙʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʥʘʶʯʠ ʧʦʢʘʟʥʠʢʠ ʟʥʦʩʫ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʝʨʰʦʛʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʨʷʜʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʮʽ 

ʢʦʝʬʽʮʽʻʥʪʠ [38]. ʊʘʥʛʝʥʩ ʢʫʪʘ Ŭ ʨʽʟʥʠʭ ʦʣʠʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,103 ʜʦ 0,846. 

ʆʪʞʝ, ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʪʘʢʽʡ ʦʣʠʚʽ ʥʘ ʥʝʚʝʣʠʢʠʭ ʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʭ 

ʨʝʞʠʤʘʭ ʟʥʦʰʫʚʘʥʥʷ ʙʫʜʝ ʥʠʞʯʝ, ʘ ʨʝʩʫʨʩ ʘʛʨʝʛʘʪʫ ʚʠʱʠʤ. ʊʘʥʛʝʥʩ ʢʫʪʘ ɓ 

(ʨʠʩ.4.7), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʙʦʪʫ ʧʨʠʩʘʜʦʢ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,384 ʜʦ 1,04. 

ʇʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʢʦʥʢʫʨʝʥʪʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʤʧʦʟʠʮʽʡʥʽʡ 

ʧʨʠʩʘʜʮʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʜʽʡʩʥʶʻ ʧʨʠʩʘʜʢʘ Roil Gold, ʘ ʪʦʤʫ ʧʨʠ ʩʪʝʥʜʦʚʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʦʣʠʚ ʮʽʻʶ ʧʨʠʩʘʜʢʦʶ 

ʟʘʣʠʰʝʥʦ, ʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʠʩʘʜʢʦʶ ʅʀʆɼ-5 ʟʥʷʪʦ ʟ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

4.3 ʆʮʽʥʢʘ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ 

ʜʝʪʘʣʝʡ ʟ ʤʘʩʪʠʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʧʨʠʩʘʜʢʘʤʠ ʪʘ 

ʷʢʦʩʪʽ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

 

4.3.1 ʆʮʽʥʢʘ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ 

ʟ ʤʘʩʪʠʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʩʠʣʠ ʪʝʨʪʷ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʾʾ 
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ʟʘʤʽʥʠ ʽ ʦʮʽʥʢʠ ʟʤʽʥʠ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʟʨʘʟʢʽʚ ʨʫʭʦʤʠʭ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ 

ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʥʘ ʤʘʰʠʥ ̔ ʪʝʨʪʷ ʉʄʎ-2 ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ (ɽɹʂ). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʤʝʥʪʫ ʪʝʨʪʷ) ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʚʽʜʦʙʨʘʞʝʥʘ ʚ ʧ.3.6. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʦʚʽʡ ʩʚʽʞʽʡ ʽ ʨʦʙʦʯʽʡ ʦʣʠʚʘʭ ʪʘ ʧʨʠ ʾʭ 

ʤʦʜʠʬʽʢʫʚʘʥʥ̔  ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5, Roil Gold ʽ ʂɻʄʊ-1. 

ʆʩʢʽʣʴʢʠ ʜʠʟʝʣʽ ʊʄ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʪʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ, ʨʦʙʦʯʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʦʪʦʨʥʦʾ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʨʽʟʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʧʨʦʚʦʜʠʣʠ ʽʤʽʪʫʚʘʥʥʷʤ ʷʢ 

ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

ʉʄʎ-2 (ʨʠʩ.3.13, ʨʠʩ. 3.14). 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʥʘ 

ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʬʽʢʩʫʚʘʣʠ ʟʘ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʤʦʤʝʥʪʫ 

ʩʠʣʠ ʪʝʨʪʷ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʪʝʨʪʷ [89]. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʩʠʣʠ ʪʝʨʪʷ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ, ʚ ʫʤʦʚʘʭ 

ʩʫʭʦʛʦ ʪʝʨʪʷ ʽ ʤʘʱʝʥʥʷ ʩʚʽʞʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ, ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʨʝʞʠʤʘʭ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ", ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 4.8. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ 

ʩʧʨʷʞʝʥʥʷ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ (ʨʠʩ. 4.8, ʘ) ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʝʨʪʷ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɺ ʪʦʡ ʯʘʩ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʧʨʘʮʶʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʪʁʴ ʪʝʥʜʝʥʮʽʶ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ. ɺ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʧʨʠ 

ʩʫʭʦʤʫ ʪʝʨʪʽ (ʨʠʩ. 4.8, ʙ) ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʪʝʨʪʷ ʟʥʠʞʫʻʪʴʩʷ 

ʥʘ 10é15 %. ɺ ʧʦʜʘʣʴʰʠʭ ʽʥʪʝʨʚʘʣʘʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʠʷʚʣʝʥʦ, ʱʦ ʨʽʚʝʥʴ 

ʤʦʤʝʥʪʽʚ ʪʝʨʪʷ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʥʝ ʤʝʥʰʠʡ ʚʽʜ ʾʭ 

ʨʽʚʥʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ.  
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ʈʠʩ. 4.8. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 20 ʅ 

ʜʣʷ ʩʫʭʦʛʦ ʪʝʨʪʷ (ʘ, ʙ), ʽʟ ʤʘʱʝʥʥʷ ʙʘʟʦʚʦʶ ʩʚʽʞʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-

10ɻ2ʢ (ʚ, ʛ), ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʘ, ʚ) ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" (ʙ, ʛ) ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

 

ʇʨʠ ʟʤʘʱʝʥʥʽ ʩʚʽʞʦʶ ʦʣʠʚʦʶ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ. 4.8, ʚ) 

ʧʦʯʘʪʢʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,3é1,7 ʨʘʟʠ, ʘ ʧʨʠ 

ʧʨʠʧʨʘʮʶʚʘʥʥʽ ï ʚ 3,5é5,0 ʨʘʟʽʚ. ʇʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" 

(ʨʠʩ. 4.8, ʛ) ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ ʧʝʨʽʦʜʽʚ ʧʽʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʥʠʢʘʻ. 

ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʽ ʪʝ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚ ʜʦʩʣʽʜʞʝʥʠʭ 

ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʩʧʨʷʞʝʥʴ 

ʟʨʘʟʢʽʚ "ʢʦʣʦʜʦʯʢʘ-ʨʦʣʠʢ" ʧʨʠ ʟʤʘʱʝʥʥʽ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʧʨʠʩʘʜʦʢ ʅʀʆɼ-5, Roil Gold ʪʘ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.9. 
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ʈʠʩ. 4.9. ʍʘʨʘʢʪʝʨʥʽ ʢʨʠʚʽ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚ ʪʨʠʙʦʩʧʨʷʞʝʥʥʽ ʟʨʘʟʢʽʚ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 20 ʅ, ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ 

ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʧʨʠ ʟʤʘʱʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʩʘʜʢʠ ʅʀʆɼ-5 (ʘ, ʙ), Roil Gold (ʚ, ʛ), ʂɻʄʊ-1 (ʜ, ʝ), ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ (ʘ, ʚ, ʜ) ʪʘ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" (ʙ, ʛ, ʝ) ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ  

 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʪʝʨʪʷ ʥʘ ʤʦʜʠʬʽʢʦʚʘʥʦʽʡ ʦʣʠʚʽ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʤʝʥʰʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʽ ʟʘ ʰʠʨʠʥʦʶ. ɿʘʬʽʢʩʦʚʘʥʦ 
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ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʠʩʘʜʦʢ ʚʞʝ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽ 

ʧʨʦ ʡʦʛʦ ʧʨʠʩʢʦʨʝʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʠʤʠ 

ʥʘ ʙʘʟʦʚʽʡ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ [143]. 

ʆʪʨʠʤʘʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʟʤʽʥ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ 

ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʦʣʠʚʽ ʧʨʠ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʩʘʜʢʘʭ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʩʥʫʻ ʧʦʯʘʪʢʦʚʠʡ 

ʧʽʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ (ʨʠʩ. 4.9, ʙ, ʛ, ʝ) ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʢʽʚ ʚ ʥʘʩʪʫʧʥʽ ʧʝʨʽʦʜʠ. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʽ ʰʠʨʠʥʦʶ ʧʦʯʘʪʢʦʚʽ ʧʽʢʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʞʠʤʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʤʽʩʪʫ ʽ ʪʠʧʫ ʧʨʠʩʘʜʦʢ. ɺʽʜʤʽʪʥʠʤ ʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʜʦʩʣʽʜʞʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ. 4.9, 

ʘ, ʚ, ʜ), ʪʘʢ ʽ ʫ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" (ʨʠʩ. 4.9, ʙ, ʚ, ʝ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʨʝʞʠʤʽ 

ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʧʨʠ ʧʨʠʧʨʘʮʶʚʘʥʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʪʝʨʪʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ 

ʪʝʨʪʷ ʽ ʟʤʘʱʝʥʥʷ ʙʘʟʦʚʦʶ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʧʨʠʩʘʜʢʘʤʠ ʚ 

ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.10. 

 

ʈʠʩ. 4.10. ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʽʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ": 1 ï ʩʫʭʝ ʪʝʨʪʷ; 2 ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 3 ï ʄ-

10ɻ2ʢ+ʅʀʆɼ-5; 4 ï ʄ-10ɻ2ʢ+Roil Gold; 5 ï ʄ-10ɻ2ʢ+ʂɻʄʊ-1 

 

ɿʦʙʨʘʞʝʥ ̔ ʢʨʠʚ ̔ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʤʽʥʥʽʩʪʴ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʧʨʠ ʩʫʭʦʤʫ 

ʪʝʨʪʽ (ʨʠʩ. 4.10, ʢʨʠʚʘ 1), ʟʤʘʱʝʥʥʽ ʩʚʽʞʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ (ʨʠʩ. 4.10, 

ʢʨʠʚʘ 2) ʪʘ ʦʣʠʚʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʨʠʩʘʜʢʘʤʠ, (ʨʠʩ. 4.10, ʢʨʠʚʽ 3-5). ɺʠʜʥʦ, 
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ʱʦ ʤʦʤʝʥʪ ʪʝʨʪʷ ʟ ʨʦʙʦʯʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʧʨʠ ʧʫʩʢʫ ʥʘ ʧʝʨʰʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʜʦʩʷʛʘʻ ʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ (102 ʅÖʤ) ʥʽʞ ʟ ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5 ï 

140 ʅÖʤ, Roil Gold ï 117 ʅÖʤ, ʂɻʄʊ-1 ï 132 ʅÖʤ, ʘʣʝ ʥʘ ʜʨʫʛʦʤʫ, ʪʨʝʪʴʦʤʫ, 

ʯʝʪʚʝʨʪʦʤʫ ʪʘ ʧôʷʪʦʤʫ ʽʥʪʝʨʚʘʣʘʭ ʽʩʪʦʪʥʦ ʚʠʱʝ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʥʠʤʠ. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʝʰʝʚʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʟʘ ʚʠʷʚʣʝʥʠʤʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʪʘʢʠʤ ʧʨʠʩʘʜʢʘʤ ʷʢ ʅʀʆɼ-5 ʽ Roil Gold.  

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ ʟ ʧʨʠʩʘʜʢʦʶ ʂɻʄʊ-1 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.11. 

       

ʘ      ʙ 

       

ʚ      ʛ 

ʈʠʩ. 4.11. ɿʘʣʝʞʥʽʩʪʴ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʚʽʜ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʦʣʠʚʽ ʟ ʧʨʠʩʘʜʢʦʶ ʂɻʄʊ-1 ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

(ʘ, ʚ) ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" (ʙ, ʛ) ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ: 20 ʅ (ʘ, ʙ); 

40 ʅ (ʚ, ʛ) 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʽʡ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ 2 ʨʘʟʠ (ʨʠʩ.4.11, ʘ,ʚ) ʪʘ (ʨʠʩ. 4.11, ʙ,ʛ) ʚ 1,4é1,7 ʨʘʟʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ ʧʽʢʫ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ 

ʰʠʨʠʥʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʨʘʟʢʽʚ. ʅʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚ ʫʤʦʚʘʭ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʜʽʻʶ ʧʨʠʩʘʜʢʠ ʥʘ ʩʧʨʷʞʝʥʽ ʟʨʘʟʢʠ ʜʝʪʘʣʝʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ [142]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽʡ ʦʣʠʚʽ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʽ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʩʘʜʦʢ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.12. 

 

       

ʘ      ʙ 

       

ʚ      ʛ 
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ʜ      ʝ 

       

ʞ      ʟ 

ʈʠʩ. 4.12. ɿʘʣʝʞʥʽʩʪʴ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʩʧʨʷʞʝʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʨʦʙʦʯʽʡ ʦʣʠʚʽ 

ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ (ʘ, ʙ) ʪʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ (ʚ, ʛ, ʜ, ʝ) ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʘ, ʚ, ʜ) ʽ ʨʝʞʠʤʽ "ʧʫʩʢ ʟʫʧʠʥʢʘ" (ʙ, ʛ, 

ʝ); (ʚ, ʛ) ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ+ʅʀʆɼ-5; (ʜ, ʝ) ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-

10ɻ2ʢ+Roil Gold; (ʞ, ʟ) ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ+ʂɻʄʊ-1 

 

ʍʘʨʘʢʪʝʨ ʜʽʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ (ʨʠʩ. 4.12, ʘ, ʙ) ʚʽʜ ʩʚʽʞʦʾ ʙʘʟʦʚʦʾ (ʨʠʩ. 4.12, 

ʚ, ʛ) ʟʘ ʤʦʤʝʥʪʦʤ ʩʠʣ ʪʝʨʪʷ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʥʘ ʧʦʚʝʨʭʥʶ 

ʪʝʨʪʷ ʥʘʷʚʥʠʭ ʚ ʨʦʙʦʯʽʡ ʦʣʠʚʽ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ. 

ʊʘʢʦʞ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʪʨʠʙʦʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢ 

ʤʦʤʝʥʪ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟʘ ʨʽʟʥʦʶ ʟʘʢʦʥʦʤʽʨʥʩ̔ʪʁ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤʽ (ʨʠʩ. 4.12, ʚ, ʜ) ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" (ʨʠʩ. 4.12, ʛ, ʝ). ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʨʝʞʠʤʽ ʻ ʥʝʚʝʣʠʢʽ ʧʨʦʤʽʞʥʽ ʧʽʢʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ï ʾʭ ʚʽʜʩʫʪʥʽʩʪ.ɹ ɹ̔ ʣʴʰʠʡ ʨʽʚʝʥʴ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʝʞʠʤʦʤ ʦʙʫʤʦʚʣʝʥʽ ʜʽʷʤʠ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʫ 
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ʨʦʙʦʯʽʡ ʦʣʠʚʽ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʘʰʠʥʽ 

ʪʝʨʪʷ ʉʄʎ-2 ʦʪʨʠʤʘʥʽ ʽ ʜʣʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʊʄ-3-18ʢ. 

 

4.3.2 ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʫʶʯʠʭ ʦʣʠʚʫ ʧʨʠʩʘʜʦʢ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ Selmi ʈʕʄ-106ʀ ʜʦʩʣʽʜʞʝʥʦ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʟʦʥ ʪʝʨʪʷ ʟʨʘʟʢʽʚ, ʚʠʧʨʦʙʫʚʘʥʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ 

ʤʘʰʠʥʽ ʉʄʎ-2 (ʨʠʩ. 4.13). 

    

              ʘ                               ʙ                                  ʚ                                ʛ 

    

              ʜ    ʝ    ̒   ʞ 

     

              ʟ    ʢ   ʣ   ʤ 

ʈʠʩ. 4.13. ʗʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ 

ʤʘʰʠʥʠ ʪʝʨʪʷ ʉʄʎ-2 ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 20 ʅ ʜʣʷ ʩʫʭʦʛʦ ʪʝʨʪʷ 

(ʘ, ʙ) ʽ ʟʤʘʱʝʥʥʷ ʙʘʟʦʚʦʶ ʩʚʽʞʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ (ʚ, ʛ) ʪʘ ʟ 

ʧʨʠʩʘʜʢʠ "ʅʀʆɼ-5" (ʜ, ʝ), "Roil Gold" (ʻ, ʞ), "ʂɻʄʊ-1" (ʟ, ʢ, ʣ, ʤ), ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʘ, ʚ, ʜ, ʻ, ʟ, ʣ) ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" 

(ʙ, ʛ, ʝ, ʞ, ʢ, ʤ) ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 
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ɸʥʘʣʽʟ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʫ 

ʷʢʽʩʪʴ ʟʦʥ ʪʝʨʪʷ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 4.13, ʘ, ʚ, ʜ, ʻ, ʟ, ʣ) ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʧʘʨʘʣʝʣʴʥʽ ʣʽʥʽʾ ʧʦʜʨʷʧʠʥ, ʘ ʫ ʜʨʫʛʦʤʫ (ʨʠʩ. 4.13, ʙ, ʛ, ʝ, ʞ, ʢ, ʤ) ï ʻ ʩʣʽʜʠ 

ʩʭʦʧʣʶʚʘʥʥʷ ʽ ʨʦʟʤʠʪʦʩʪʽ ʣʽʥʽʡ ʧʦʜʨʷʧʠʥ. ɿʘʟʥʘʯʝʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ 

ʫʤʦʚ ʧʨʦʷʚʫ ʽ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ. 

ʉʣʽʜʠ ʧʦʜʨʷʧʠʥ ʻ ʥʘʡʙʽʣʴʰ ʛʣʠʙʦʢʠʤʠ ʧʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ (ʨʠʩ. 4.13,ʘ,ʙ). 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʤʘʱʝʥʥʷ ʚ ʟʦʥʽ ʪʝʨʪʷ ʜʝʷʢʽ ʣʽʥʽʾ ʧʦʜʨʷʧʠʥ ʟʥʠʢʘʶʪʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʫ ʚʠʧʘʜʢʘʭ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʚʽʞʦʾ ʦʣʠʚʠ 

ʧʨʠʩʘʜʢʘʤʠ, ʟʚʦʜʷʪʴ ʥʘʥʽʚʝʮʴ ʣʽʥʽʾ ʧʦʜʨʷʧʠʥ.  

ʆʪʨʠʤʘʥʘ ʨʽʟʥʘ ʷʢʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʦʣʠʚʫ ʧʨʠʩʘʜʢʠ ʧʽʜʪʚʝʨʜʞʫ ̒ ʨʝʘʣʽʟʘʮʽʶ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

ʜʝʪʘʣʝʡ ʨʝʞʠʤʽʚ ʩʫʭʦʛʦ, ʛʨʘʥʠʯʥʦʛʦ, ʟʤʽʰʘʥʦʛʦ, ʘ ʧʨʠ ʨʷʩʥʦʤʫ ʟʤʘʱʝʥʥʽ ï 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ [130]. ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ 

ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʩʚʽʜʯʘʪʴ ʪʘʢʦʞ ʽ ʧʨʦ ʧʨʦʪʽʢʘʥʥʷ ʪʨʠʙʦʬʽʟʠʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ 

ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʙʦʪʠ ʩʠʣ ʪʝʨʪʷ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʘʪʝʨʽʘʣʽʚ ʟʨʘʟʢʽʚ ʽ ʜʝʪʘʣʝʡ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʦʣʠʚʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜ ʯʘʩ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʟʤʽʥʶʻʪʴʩʷ, ʥʘʙʫʚʘʶʯʠ 

ʚʨʽʚʥʦʚʘʞʝʥʦʛʦ ʩʪʘʥʫ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʪʝʨʪʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.14. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʤʽʥʶʶʯʠ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ 

ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ ʧʨʦʮʝʩʘʤʠ ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʫ ʊʄ, ʟʦʩʝʨʝʜʞʫʶʯʠ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1. 
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ʈʠʩ. 4.14. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʧʨʠ ʧʨʠʧʨʘʮʶʚʘʥʥʽ 

ʟʨʘʟʢʽʚ (ʈ=8 ʄʇʘ; v=1 ʤ/ʩ) ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ: 1 ï ʤʘʱʝʥʥʷ ʙʘʟʦʚʦʶ 

ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ; 2 ï ʧʨʠʩʘʜʢʠ ʅʀʆɼ-5; 3 ï Roil Gold; 4 ï ʂɻʄʊ-1 

 

ʂʨʽʤ ʮʴʦʛʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʚʦʣʦʜʽʶʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʡ ʤʦʞʣʠʚʽʩʪʶ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʬʦʨʤʫʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʝʬʝʢʪ ʪʨʠʙʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʤʽʞ ʩʧʨʷʞʝʥʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʜʝʪʘʣʝʡ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʽʩʪʦʪʥʦ ʪʘʢʦʞ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩ 

ʜʦʩʷʛʥʝʥʥʷ ʚʨʽʚʥʦʚʘʞʝʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʾʭ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʦʩʫ ʯʝʨʝʟ ʧʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [89]. 

ʈʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʯʠʥʘ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʧʨʘʮʶʶʯʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʧʽʜʚʠʱʫʻʪʴʩʷ. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ, ʱʦ ʤʽʩʪʠʪʴ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʂɻʄʊ-1, 

ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʘʢʪʠʚʦʚʘʥ ̔

ʤʦʣʝʢʫʣʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʮʽʡʥʦ ʾ ʧʨʠʩʘʜʢʠ ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʧʣʘʩʪʠʯʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʝʬʝʢʪʫ ʪʨʠʙʦʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʘ ʦʩʪʘʥʥʻ ʩʧʨʠʷʻ ʟʛʣʘʜʞʫʚʘʥʥʶ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʽ ʧʨʠʩʢʦʨʝʥʦʤʫ ʬʦʨʤʫʚʘʥʥʶ ʚʨʽʚʥʦʚʘʞʝʥʦʾ ʰʦʨʩʪʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ (Ra = 0,08 ʤʢʤ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ 

ʦʣʠʚ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʽ 

ʊʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʭʚ. 
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ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʾʭ ʩʧʨʷʞʝʥʴ ʽ ʧʨʠʩʢʦʨʶʻ ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʦʚʘʞʥʦʾ 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 

ʥʘ ʥʠʭ ʪʦʥʢʦʛʦ ʰʘʨʫ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʘʢʪʠʚʥʦʛʦ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʪʽʢʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʴ "ʛʝʣʴ-

ʟʦʣʴ". 

 

4.4 ʈʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʦʚʥʽʰʥʴʦʾ 

ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ 

 

ʇʨʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʜʠʟʝʣʽʚ ʩʝʨʽʾ COMATSU ʽ ʗʄɿ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʝʥʜʽ ʂʀ-1363ɺ, ʟʥʽʤʘʣʠ ʾʭ ʟʦʚʥʽʰʥʶ ʰʚʠʜʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʧ.3.7). ʇʦʪʫʞʥʽʩʪʴ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʽ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ 

ʦʮʽʥʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.12)-(3.14). ʇʨʦʙʠ ʤʦʪʦʨʥʦʾ ʙʘʟʦʚʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʂɻʄʊ-1, ʦʣʠʚ ʙʨʘʣʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʦʾ ʚ 

ɻʆʉʊ 2517-85. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʩʚʽʞʽʡ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ, ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5, Roil Gold ʽ ʂɻʄʊ-1 (ʨʠʩ.4.15).  
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ʏʘʩʪʦʪʘ ʦʙʝʨʥʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ,  nÖ103, ʭʚ-1

ɹʘʟʦʚʘ ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʄ-10ɻ2ʢ+RoilGold ʄ-10ɻ2ʢ+ʂɻʄʊ-1  

ʚ 

ʈʠʩ. 4.15. ɿʦʚʥʽʰʥʷ ʰʚʠʜʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʟʝʣʷ ʗʄɿ-240 ʟ̔  ʩʚʽʞʦʶ 

ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ ʪʘ ʦʣʠʚʦʶ ʟ ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5, RoilGold ʽ 

ʂɻʄʊ-1: ʘ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ; ʙ ï ʧʦʪʫʞʥʽʩʪʴ; ʚ ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

 

ɸʥʘʣʽʟ ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʦʜʘʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ 

ʽ ʽʥʰʠʭ ʧʨʠʩʘʜʦʢ ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʽʡʢʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ ʚ ʫʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ (ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ). 
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ɿʙʽʣʴʰʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʩʢʣʘʣʦ ʥʘ 

1,2...1,4 %; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,6...3,0%; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ + 

ʂɻʄʊ-1 ï ʥʘ 3,9...4,3%. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʦ ʚ 

ʨʝʞʠʤʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʠʟʝʣʷ. 

ʇʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʟʙʽʣʴʰʠʣʘʩʴ 

ʥʘ 1,1...1,3 %; ʥʘ ʦʣʠʚ ̔ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,5...2,9%; ʥʘ ʦʣʠʚ ̔ʄ-10ɻ2ʢ + 

ʂɻʄʊ-1 ï ʥʘ 3,9...4,2%. 

ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʫ ʦʣʠʚʫ 

ʩʢʣʘʣʦ: ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ï ʥʘ 1,24...1,26 %; ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 

2,73...2,77%; ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,95...4,15%. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦ ʧʨʠʩʘʜʢʘʤ ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʠʩʘʜʢʠ Roil Gold ʽ ʂɻʄʊ-1. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʝ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʪʘ ʧʨʦʮʝʩʽʚ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʧʨʠ ʧʫʩʢʫ ʜʠʟʝʣʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ ʜʦ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʪʘ ʧʦʛʦʜʠʥʥʦʾ 

ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʦʙʫʤʦʚʣʝʥʝ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʩʘʜʢʠ. 

 

4.5 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʘʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ  

 

ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʥʘʚʝʜʝʥʦʾ ʚ ʧ. 3.5, ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʩʚʽʞʦʾ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ ʽ ʦʣʠʚʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʠʩʘʜʢʘʤʠ RoilGold ʽ ʂɻʄʊ-1 ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

ʥʘ ʪʘʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʷʢ ʟʦʣʴʥʽʩʪʴ, 

ʢʦʢʩʽʚʥʽʩʪʴ ʪʘ ʛʫʩʪʠʥʘ. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʠʣʘʜʠ 

ʊʃ-ʇʍʇ (ɻʆʉʊ 19932), ʘʝʨʦʤʝʪʨ (ɻʆʉʊ 3900-85) (ʧ.3.5). 

ɿʘʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʻ ʚʧʣʠʚʦʚʠʤʠ ʥʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʣʠʚʠ. 

ɸʥʘʣʽʟ ʾʭ ʟʥʘʯʝʥʴ ʧʨʦʚʦʜʠʣʠ ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ ʟ 
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ʥʘʧʨʘʮʶʚʘʥʥʷʤ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ ʚʠʙʠʨʘʣʠ ʟʛʽʜʥʦ ʾʭ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʤʦʪʦʨʥʫ ʦʣʠʚʫ.  

ɿʘʣʝʞʥʽʩʪʴ ʟʦʣʴʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʽ ʩʚʽʞʦʾ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʚʽʜ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.16. 

 

ʈʠʩ. 4.16. ɿʤʽʥʘ ʟʦʣʴʥʦʩʪʽ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ: 1 ï ʩʚʽʞʘ ʤʦʪʦʨʥʘ ʦʣʠʚʘ          

ʄ-10ɻ2ʢ; 2 ï ʄ-10ɻ2ʢ+Roil Gold; 3 ï ʄ-10ɻ2ʢ+ʂɻʄʊ-1 

 

ɸʥʘʣʽʟ ʚʽʜʦʙʨʘʞʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʦʣʴʥʦʩʪʽ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʟʦʣʴʥʽʩʪʴ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʄ-10ɻ2ʢ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʪʝʨʤʽʥ ̔ʝʢʩʧʣʫʘʪʘʮʽʾ 250 ʤʦʪʦ-ʛʦʜʠʥ (ʨʠʩ. 4.16, ʢʨʠʚʘ 1), ʘ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʧʨʠʩʘʜʦʢ Roil Gold ʽ ʂɻʄʊ-1 ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ 

ʧʦʢʘʟʥʠʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʪʝʨʤʽʥ ̔ʝʢʩʧʣʫʘʪʘʮʽʾ 300 ʽ 310 ʤʦʪʦ-ʛʦʜʠʥ (ʨʠʩ. 

4.16, ʢʨʠʚʽ 2-4). ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʧʨʠʩʘʜʢʠ ʧʦ ʨʽʟʥʦʤʫ ʨʝʘʛʫʶʪʴ ʥʘ 

ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʦʩʢʽʣʴʢʠ ʤʘʻʤʦ ʨʽʟʥʝ ʟʨʦʩʪʘʥʥʷ ʟʦʣʴʥʦʩʪʽ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ [136]. ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʟʦʣʴʥʦʩʪʽ ʬʽʢʩʫʚʘʣʠ ʫ 

ʧʨʘʮʶʶʯʽʡ ʦʣʠʚʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

ɿʤʽʥʘ ʢʦʢʩʽʚʥʦʩʪʽ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ ʤʦʪʦʨʥʠʭ ʦʣʠʚ 

ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.17.  
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ʈʠʩ. 4.17. ɿʤʽʥʘ ʢʦʢʩʽʚʥʦʩʪʽ ʦʣʠʚʠ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ: 1 ï 

ʩʚʽʞʘ ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 2 ï ʄ-10ɻ2ʢ+Roil Gold; 3 ï ʄ-10ɻ2ʢ + ʂɻʄʊ-1 

 

ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʢʦʢʩʽʚʥʽʩʪʴ ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ (ʢʨʠʚʘ 1, 

ʨʠʩ. 4.17) ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 200 ʤʦʪʦ-ʛʦʜʠʥ ʜʦʩʷʛʘʻ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ, ʨʽʚʥʦʛʦ 4 %. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʤʽʥʠ ʢʦʢʩʽʚʥʦʩʪʽ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʣʝʥʥʷ 

ʪʘ ʧʨʦʜʫʢʪʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʜʦʙʘʚʦʢ ʽ ʧʨʠʩʘʜʦʢ ʜʦ ʥʝʾ, ʥʘʜʭʦʜʞʝʥʥʷʤ ʚ 

ʦʣʠʚʫ ʯʘʩʪʠʥʦʢ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʽ ʚʽʜ ʟʘʧʠʣʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʶ 

ʯʘʩʪʠʥʦʢ ʩʘʞʽ, ʷʢʽ ʻ ʧʨʦʜʫʢʪʘʤʠ ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ. 

ɼʦʜʘʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʩʘʜʦʢ ʜʦ ʦʣʠʚʠ (ʨʠʩ. 4.17, ʢʨʠʚʽ 2-3) 

ʦʙʫʤʦʚʣʶʻ ʝʬʝʢʪ ʾʭ ʜʽʾ ʥʘ ʧʦʢʘʟʥʠʢʠ ʢʦʢʩʽʚʥʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ: 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʦʣʠʚʠ ʟ ʨʽʟʥʠʭ ʧʨʠʩʘʜʦʢ ʥʝ ʜʦʩʷʛʘʶʪʴ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʢʦʢʩʽʚʥʦʩʪʽ ʥʘʚʽʪʴ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 300 ʤʦʪʦ-ʛʦʜʠʥ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʣʠʚʠ ʻ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʪʘ 

ʚʤʽʩʪ ʚʦʜʠ, ʧʘʣʠʚʘ, ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʦʙʫʤʦʚʣʝʥʦʾ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʚ 

ʨʦʙʦʪʽ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʜʚʠʛʫʥʘ ʪʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [138]. ʇʨʠ ʨʦʙʦʪʽ ʥʘ 

ʦʙʚʦʜʥʝʥʽʡ ʦʣʠʚʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʘʛʫʣʷʮʽʷ ʜʠʩʧʝʨʛʫʶʯʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʧʽʜʚʠʱʫʻ ʦʩʘʜʦʫʪʚʦʨʝʥʥʷ ʚ ʦʣʠʚʽ, ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʾʾ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʢʩʽʚʥʦʩʪʽ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʫʩʪʠʥʘ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʤʦʞʝ 
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ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘ ʤʦʞʝ ʽ ʟʤʝʥʰʫʚʘʪʠʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʨʘʮʶʶʯʦʾ 

ʦʣʠʚʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʦʢʠʩʣʝʥʥʷ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʥʽʡ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʅʘ ʟʤʝʥʰʝʥʥʷ 

ʛʫʩʪʠʥʠ ʦʣʠʚʠ ʚʧʣʠʚʘʻ ʥʘʷʚʥʽʩʪʴ ʧʘʣʠʚʘ ʚ ʦʣʠʚʽ, ʷʢʝ ʤʘʻ ʛʫʩʪʠʥʫ ʜʝʱʦ 

ʥʠʞʯʫ, ʚʽʜ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʧʽʜʣʷʛʘʣʘ 

ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʡ ʦʜʝʨʞʘʥʥʶ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

ʈʽʚʥʷʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ (4.3), ʘ ʾʭ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ï ʥʘ 

ʨʠʩ. 4.18. 
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).00017,0exp(845,0)(
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    (4.3) 

 

ʈʠʩ. 4.18. ɿʤʽʥʘ ʛʫʩʪʠʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 

ʊʄ: )(1 tʇr  ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; )(2 tʇr  ï ʄ-10ɻ2ʢ+Roil Gold; )(3 tʇr  ï ʄ-

10ɻ2ʢ +ʂɻʄʊ-1 

 

ʂʨʠʚʘ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ ʦʣʠʚʠ ʧʝʨʝʪʠʥʘʻ ʣʽʥʽʶ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 0,9 ʛ/ʩʤ
3
 ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 280 ʤʦʪʦ-ʛʦʜ, ʘ ʚ ʨʘʟʽ ʾʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʧʨʠʩʘʜʢʘʤʠ ï 360-390 ʤʦʪʦ-ʛʦʜ. 

ʇʨʠ ʪʝʨʤʽʥ ̔ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʚʥʦʤʫ 210 ʤʦʪʦ-ʛʦʜʠʥ ʚʝʣʠʯʠʥʘ ʛʫʩʪʠʥʠ 

ʧʨʘʮʶʶʯʦʾ ʦʣʠʚʠ ʨʽʚʥʘ 0,900 ʛ/ʩʤ
3
. ʉʘʤʝ ʮʝ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʫʶʪʴ, ʷʢ 
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ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ ʜʣʷ ʛʫʩʪʠʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘʤʽʥʫ ʦʣʠʚʠ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʨʝʛʨʝʩʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ʙʘʟʦʚʦʾ 

ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ (4.4).  
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    (4.4) 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʮʠʭ ʨʽʚʥʷʥʴ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.19. 
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ʈʠʩ. 4.19. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ʦʣʠʚʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ: )(1. tʇ ʉʊ  ï 

ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; )(2. tʇ ʉʊ  ï ʄ-10ɻ2ʢ+Roil Gold; )(3. tʇ ʉʊ  ï ʄ-

10ɻ2ʢ+ʂɻʄʊ-1  

 

ʅʘ ʛʨʘʬʽʢʘʭ (ʨʠʩ.4.19) ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʠʩʘʜʢʘʤʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʦʩʢʽʣʴʢʠ ʢʨʠʚʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ 

ʩʚʽʞʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ )(1. tʇ ʉʊ , ʧʝʨʝʪʠʥʘʻ ʣʽʥʽʶ ʛʨʘʥʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʧʘʣʘʭʫ 493 ʂ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 230 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʾʾ ʤʦʜʠʬʽʢʫʚʘʥʥʽ 

ʧʨʠʩʘʜʢʘʤʠ, ʢʨʠʚʠʤʠ )(2. tʇ ʉʊ , )(3. tʇ ʉʊ  ï 340 ʽ 350 ʤʦʪʦ-ʛʦʜ.  

ʈʽʚʥʷʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʣʫʞʥʦʛʦ ʯʠʩʣʘ ʩʚʽʞʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ (4.5), ʘ ʾʭ ʛʨʘʬʽʯʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ï ʥʘ ʨʠʩ. 4.20. 
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ʈʠʩ. 4.20. ɿʤʽʥʘ ʣʫʞʥʦʛʦ ʯʠʩʣʘ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʫ ʊʄ: 1.ʏʃʇ  ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 2.ʏʃʇ  ï ʄ-10ɻ2ʢ+Roil Gold; 

3.ʏʃʇ  ï ʄ-10ɻ2ʢ +ʂɻʄʊ-1 

 

ɿ ʛʨʘʬʽʢʘ (ʨʠʩ.4.20) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʨʠʚʘ ʟʤʽʥʠ ʣʫʞʥʦʛʦ ʯʠʩʣʘ ʩʚʽʞʦʾ 

ʙʘʟʦʚʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʧʝʨʝʪʠʥʘʻ ʣʽʥʽʶ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ 6 ʤʛ ʂʆʅ/ʛ ʧʨʠ 

ʥʘʧʨʘʮʶʚʘʥʥʽ 245 ʤʦʪʦ-ʛʦʜ, ʘ ʢʨʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ ï 335 ̔  380 ʤʦʪʦ-ʛʦʜ. 

ʈʽʚʥʷʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʜʠʩʧʝʨʛʠʨʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʚʽʞʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʦʶ ʤʦʪʦʨʥʠʭ ʦʣʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ (4.6), ʘ ʾʭ 

ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ï ʥʘ ʨʠʩ. 4.21. 
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ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʢʨʠʚʘ ʜʠʩʧʝʨʛʠʨʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʚʽʞʦʾ ʙʘʟʦʚʦʾ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʧʝʨʝʪʠʥʘʻ ʣʽʥʽʶ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ 0,85 ʫ.ʦ. ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 

250 ʤʦʪʦ-ʛʦʜ , ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʦʣʠʚʫ ʧʨʠʩʘʜʦʢ Roil Gold ̔  ʂɻʄʊ-1 ï 280 ʪʘ 

310 ʤʦʪʦ-ʛʦʜ. 
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ʈʠʩ. 4.21. ɿʘʣʝʞʥʦʩʪʽ ʜʠʩʧʝʨʛʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ: )(1. tʇ ɿɼ  ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 

)(. tʇ ɿɼ  ï ʄ-10ɻ2ʢ+Roil Gold; )(3. tʇ ɿɼ  ï ʄ-10ɻ2ʢ +ʂɻʄʊ-1 

 

ʈʽʚʥʷʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʙʘʟʦʚʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʨʠʩʘʜʢʦʶ ʤʦʪʦʨʥʠʭ ʦʣʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ (4.7), ʘ ʾʭ 

ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ï ʥʘ ʨʠʩ. 4.22. 
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ʈʠʩ. 4.22. ɿʘʣʝʞʥʦʩʪʽ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʊʄ ʚʽʜ 

ʥʘʧʨʘʮʶʚʘʥʥʷ: 1.ɺʂʇ  ï ʤʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ; 2.ɺʂʇ  ï ʄ-10ɻ2ʢ+Roil Gold; 

3.ɺʂʇ  ï ʄ-10ɻ2ʢ +ʂɻʄʊ-1  
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ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʩʚʽʞʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʦʩʷʛʘʻ 

ʩʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʧʨʠʩʘʜʢʘʤʠ 

Roil Gold ̔  ʂɻʄʊ-1 ï 290 ʽ 310 ʤʦʪʦ-ʛʦʜ.  

ʗʢʽʩʪʴ ʦʣʠʚʠ ʽ ʪʝʨʤʽʥ ʾʾ ʟʘʤʽʥʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ů ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʉFe [129]. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʦʜʥʠʤ ʽʟ 

ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ 

ʾʾ ʟʘʤʽʥʠ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʾʾ ʧʨʠʩʘʜʢʘʤʠ [130]. ʈʘʟʦʤ ʟ ʪʠʤ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʽʟʥʦʛʦ ʪʠʧʫ ʧʨʠʩʘʜʦʢ ʥʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʧʨʠ ʨʦʙʦʪʽ ʊʄ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʦʪʦʨʥʫ 

ʦʣʠʚʫ ʤʦʜʠʬʽʢʫʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ Roil Gold ʪʘ ʂɻʄʊ-1 ʟ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʽʩʥʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʥʽʡ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ (ʨʠʩ.4.23). 
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͍͋͊ͦ͊͘ ͣͦͭͦͪͤ͊ ͙͍ͦ͊͡ ˸-мл˥н R͟oil Gold ˴˥˸́-1  

ʈʠʩ. 4.23. ɿʤʽʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʤʦʪʦʨʥʽʡ 

ʦʣʠʚʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʻ ʣʽʥʽʡʥʦʶ. ɼ̔ ʘʛʥʦʩʪʫʶʯʠ ʤʦʪʦʨʥʫ 
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ʦʣʠʚʫ ʟʘ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʟ ʚʝʣʠʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʾʾ ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ ʽ ʪʝʨʤʽʥ ʥʘʧʨʘʮʶʚʘʥʥʷ [132]. ɺʠʷʚʣʝʥʦ, 

ʱʦ ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ: Roil 

Gold ï ʥʘ 2,2...3,5 %, ʂɻʄʊ-1 ï 3,7...5,6%. ʍʘʨʘʢʪʝʨ ʟʤʝʥʰʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʨʠʩʘʜʢʠ.  

ɺʧʣʠʚ ʧʨʠʩʘʜʦʢ ʥʘ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ, 

ʦʙʫʤʦʚʣʶʻ ʟʤʝʥʰʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ʄʦʞʥʘ ʙʘʯʠʪʠ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʩʧʨʠʡʥʷʪʣʠʚʠʤʠ ʚ ʮʽʡ ʟʘʣʝʞʥʦʩʪʽ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

ɿʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʊʄ ʻ 

ʥʝʣʽʥʽʡʥʦʶ (ʨʠʩ.4.24).  
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͍͋͊ͦ͊͘ ͙͍ͦ͊͡ ˸-мл˥н͟Roil Gold ˴˥˸́-1
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͙͍́ͪ͊ͫͭ͜͡Έ ͙ͪͦ͋ͦͭΣ ͣͦͭͦ-͎ͦ͒

͍͋͊ͦ͊͘ ͙͍ͦ͊͡ ˸-мл˥н͟Roil Gold ˴˥˸́-1  
ʈʠʩ. 4.24. ɿʤʽʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʾʾ ʨʦʙʦʪʠ 

 

ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʦʣʠʚʠ ʙʝʟ ʧʨʠʩʘʜʦʢ, ʘ ʫ ʚʠʧʘʜʢʫ ʜʦʜʘʚʘʥʥʷ 

ʜʦ ʦʣʠʚʠ ʧʨʠʩʘʜʦʢ Roil Gold ʽ ʂɻʄʊ-1: ʥʘ 2,1...3,5% ʽ 3,6...6,4% ʤʝʥʰʝ ʥʽʞ ʥʘ 

ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ ʦʣʠʚʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʦʣʦʛʽʶ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʘ ʟʘʤʽʥʠ ʦʣʠʚʠ ʚ ʜʠʟʝʣʷʭ ʊʄ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʜʠʟʝʣʷ, ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʬʽʨʤʠ ʚʠʨʦʙʥʠʢʘ. 
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ʇʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʠʟʝʣʽʚ ʟʘʤʽʥʘ ʦʣʠʚʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ "ʇʦʣʦʞʝʥʥʷ ʧʨʦ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ" ʘʙʦ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʧʦ ʩʝʨʚʽʩʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʟʘʚʦʜʫ ʚʠʨʦʙʥʠʢʘ. ɼʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʊʄ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʩʣʽʜ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʧʘʣʘʭʫ, ʱʽʣʴʥʽʩʪʴ, ʣʫʞʥʝ ʯʠʩʣʦ, ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ, ʢʽʥʝʤʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ, ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ 

Roil Gold, ʂɻʄʊ-1 ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʤʦʜʝʣʷʤʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʽ ʜʦʜʘʚʘʥʥʷ ʚ ʤʦʪʦʨʥʫ ʽ ʪʨʘʥʩʤʽʩʽʡʥʫ 

ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʜʘʻ 

ʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʧʦʢʨʘʱʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʽʞ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʢʠ Roil Goold, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʦʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ ʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷʤ: ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ (4.3)-(4.7), ʨʠʩ.4.16-4.22.  

 

4.6 ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚ ʤʦʪʦʨʥʫ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʠ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

4.6.1 ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ  

ɿʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʙʘʟʦʚʫ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʦʪʦʨʥʫ ʦʣʠʚʠ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʾʭ ʥʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʨʝʩʫʨʩ ʜʠʟʝʣʽʚ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ  ̔ ʚʠʟʥʘʯʝʥʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʟʘʟʥʘʯʝʥʦʶ ʚ 

ʧ.ʧ.2.3.2, ʧ.ʧ2.4.4., ʧ.ʧ.3.7.2. 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʊʄ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ 

ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʢʘʟʘʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʽ ʧʨʦʚʝʜʝʥʦ ʾʭ ʘʥʘʣʽʟ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʪʘʙʣ. 4.4) ʽ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ 

ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʟʘ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ [129] ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.5. 
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ʊʘʙʣʠʮʷ 4.4 

ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

ʪʨʘʢʪʦʨʘ ʍʊɿ-17021 

ʅʘʧʨʘʮʶʚʘʥʥʷ, 

ʤʦʪʦ-ʛʦʜ 

ʄʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ ʄ-10ɻ2ʢ +Roil Gold ʄ-10ɻ2ʢ +ʂɻʄʊ-1 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ, ʛ/ʪ 

0 0 0 0 

25 9 6 7 

50 15 11 11 

75 20 16 18 

100 25 20 19 

125 28 22 20 

150 30 24 23 

175 32 26 25 

200 33 28 28 

225 35 32 30 

250 40 34 32 

275 47 36 34 

300 55 39 36 
 

ʊʘʙʣʠʮʷ 4.5 

ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

ʪʨʘʢʪʦʨʘ ʍʊɿ-17021 

ʅʘʧʨʘʮʶʚʘʥʥʷ, 

ʤʦʪʦ-ʛʦʜ 

ʄʦʪʦʨʥʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ ʄ-10ɻ2ʢ +Roil Gold ʄ-10ɻ2ʢ +ʂɻʄʊ-1 

ʐʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ, ʤʛ/ʤʦʪʦ-ʛʦʜ 

0 0 0 0 

25 0,018 0,014 0,012 

50 0,065 0,059 0,057 

75 0,060 0,053 0,055 

100 0,058 0,050 0,052 

125 0,052 0,049 0,048 

150 0,050 0,046 0,045 

175 0,049 0,043 0,040 

200 0,048 0,040 0,038 

225 0,045 0,039 0,037 

250 0,043 0,036 0,035 

275 0,041 0,035 0,035 

300 0,039 0,034 0,034 
 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʟʦʚʦʾ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ          

ʄ-10ɻ2ʢ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 

225...250 ʤʦʪʦ-ʛʦʜ. ɼʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʦʢ Roil Gold ʽ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʫ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʣʠʚʠ ʚʠʷʚʣʝʥʦ, ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʦʣʠʚ,̔ ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʜʽʾ ʧʨʠʩʘʜʦʢ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘ ʪʘʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʢ ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʽ 
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ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʝʪʘʣʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ. 

 

4.6.2 ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʝʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʫ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʧʨʠʩʘʜʢʘʤʠ ʦʣʠʚʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. 

ʆʩʢʽʣʴʢʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʨʽʟʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ, ʪʦ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʨʽʟʥʫ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ Al, Pb, Cr ʪʘ Fe ʚ 

ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʨʦʙʦʪʠ ʩʘʤʦʩʢʠʜʽʚ (ʨʠʩ.4.25). 

          
ʘ     ʙ 

 
ʚ 

ʈʠʩ. 4.25. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ: ʘ ï ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ʛ2ʢ; ʙ ï ʄ-10ʛ2ʢ + 

Roil Gold; ʚ ï ʄ-10ʛ2ʢ+ʂɻʄʊ-1, ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ: ɸl-17 ʛ/ʪ, Pb-

37 ʛ/ʪ, Cr-40 ʛ/ʪ, Fe-175 ʛ/ʪ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʝʢʪʨʦʛʨʘʬʽʾ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʧʨʠʩʘʜʢʠ Roil Gold ī 275-300 ʤʦʪʦ-ʛʦʜ.: ɸl-275 ʤʦʪʦ-ʛʦʜ., Pb-290 ʤʦʪʦ-ʛʦʜ., 
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Cr-295 ʤʦʪʦ-ʛʦʜ., Fe ʧʨʠ 300 ʤʦʪʦ-ʛʦʜ., (ʉFe ï 148 ʛ/ʪ), ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ī 285-310 ʤʦʪʦ-ʛʦʜ.: ɸl-285 ʤʦʪʦ-ʛʦʜ., Pb-295 ʤʦʪʦ-ʛʦʜ., 

Cr-300 ʤʦʪʦ-ʛʦʜ., Fe-310 ʤʦʪʦ-ʛʦʜ., (ʉFe ï 130 ʛ/ʪ). 

ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʨʠʩʘʜʢʠ, ʚʥʝʩʝʥʽ ʫ ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʧʦ-ʨʽʟʥʦʤʫ 

ʩʪʨʠʤʫʶʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʩʫ ʚ ʥʝʾ. ʅʘʡʙʽʣʴʰʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʫ ʜʘʥʽʡ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ 

ʂɻʄʊ-1. ʂʦʥʮʝʥʪʨʘʮʽʶ Cr ʪʘ Pb ʚ ʦʣʠʚʽ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦ 

ʟʤʝʥʰʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʘʜʦʢ ʂɻʄʊ-1, ʘ Al ī Roil Gold ʪʘ ʂɻʄʊ-1.  

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʞʦʾ ʙʘʟʦʚʦʾ 

ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʠʩʘʜʢʘʤʠ Roil Gold ʪʘ ʂɻʄʊ-1 ʦʣʠʚ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʙʫʜʫʚʘʪʠ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʣʽʟʘ, ʭʨʦʤʫ ʪʘ ʘʣʶʤʽʥʽʶ ʽ 

ʚʠʟʥʘʯʠʪʠ ʪʝʥʜʝʥʮʽʶ ʟʤʽʥʠ ʾʭ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʚ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʦʣʠʚʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.ɺ.1, ʜʦʜʘʪʦʢ ɺ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʚʽʞʦʶ ʤʦʪʦʨʥʦʶ ʦʣʠʚʦʶ ʄ-10ɻ2ʢ ʚʠʷʚʣʝʥʦ ʨʽʟʥʠʡ 

ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥ ʥʘʷʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ 

ʦʣʠʚʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʤʽʱʫʻʪʴʩʷ 

ʚ ʙʽʢ ʟʤʝʥʰʝʥʥʷ ʥʘʷʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʦʣʠʚʽ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚʠ ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʩʪʘʶʪʴ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʠʤʠ.  

ʇʦʙʫʜʦʚʘʥʽ ʨʦʟʧʦʜʽʣʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ, ʥʘʷʚʥʠʭ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʪʝʥʜʝʥʮʽʶ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʾʭ ʚʝʣʠʯʠʥʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ [130]. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʚʝʣʠʯʠʥ ʫ ʩʚʽʞʽʡ ʙʘʟʦʚʽʡ ʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

ʧʨʠʩʘʜʢʘʤʠ ʤʦʪʦʨʥʽʡ ʦʣʠʚ ̔ʩʪʚʝʨʜʞʫʻ ʱʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʷʛʥʫʪʴ ʧʨʠ ʙʽʣʴʰʦʤʫ ʥʘʧʨʘʮʶʚʘʥʥʽ, ʪʦʙʪʦ 

ʧʦʜʦʚʞʫʻʪʴʩʷ ʪʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʘʭ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʽʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʦʜʥʦʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʽʟʘ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʚʥʠʡ 
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ʟʥʦʩ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ (ʛʽʣʴʟ, ʢʽʣʝʮʴ, ʢʫʣʘʯʢʽʚ ʰʪʦʚʭʘʯʽʚ ʽ ʽʥ.), ʟʨʦʩʪʘʥʥʷ 

ʚʤʽʩʪʫ ʭʨʦʤʫ ī ʧʨʦ ʧʦʧʘʜʘʥʥʷ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʟ 

ʽʥʛʽʙʽʪʦʨʦʤ ʢʦʨʦʟʽʾ, ʱʦ ʤʽʩʪʠʪʴ ʭʨʦʤ, ʘʙʦ ʧʨʦ ʟʥʦʩ ʧʦʨʰʥʝʚʠʭ ʭʨʦʤʦʚʘʥʠʭ 

ʢʽʣʝʮʴ. ɿʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʘʣʶʤʽʥʽʶ ʪʘ ʩʚʠʥʮʶ ī ʧʨʦ ʟʥʦʩ ʧʽʜʰʠʧʥʠʢʽʚ, ʜʦ 

ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ Al ʪʘ Pb. 

 

4.7 ʆʮʽʥʢʘ ʨʝʩʫʨʩʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʦʣʠʚ  

 

ʈʝʩʫʨʩʥʘ ʦʮʽʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʊʄ 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ (ʧ.ʧ.3.7.3). 

ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ ʜʠʟʝʣʽʚ ʊʄ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʙʘʟʦʚʽʡ ʦʣʠʚʽ ʩʪʘʥʦʚʠʪʴ 101 ʤʦʪʦ-ʛʦʜʠʥʫ, ʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂɻʄʊ-1, ï 132 ʤʦʪʦ-ʛʦʜʠʥ, ʱʦ ʥʘ 30 % 

ʚʠʱʝ. 

ɼʘʥʽ ʧʨʦ ʤʽʞʨʝʤʦʥʪʥʠʡ ʨʝʩʫʨʩ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʠʟʝʣʽʚ, ʱʦ ʧʨʘʮʶʚʘʣʠ 

ʥʘ ʙʘʟʦʚʽʡ ʩʚʽʞʦʾ ʦʣʠʚʽ ʄ-10ɻ2ʢ ʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʧʨʠʩʘʜʢʘʤʠ Roil Gold ʽ 

ʂɻʄʊ-1 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.6. 

ʊʘʙʣʠʮʷ 4.6 

ʄʽʞʨʝʤʦʥʪʥʠʡ ʨʝʩʫʨʩ ʜʠʟʝʣʽʚ ʗʄɿ-240, ʱʦ ʧʨʘʮʶʚʘʣʠ ʥʘ ʙʘʟʦʚʽʡ ʽ 

ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʦʣʠʚʘʭ 

ˉ ʜʠʟʝʣʷ 

ʅʘʧʨʘʮʶʚʘʥʥʷ ʜʠʟʝʣʷ, ʤʦʪʦ-ʛʦʜʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʄ-10ɻ2ʢ 
ʆʣʠʚʘ ʄ-10ɻ2ʢ + Roil 

Gold 

ʆʣʠʚʘ ʄ-10ɻ2ʢ + 

ʂɻʄʊ-1 

1 7035 8560 8800 

2 7240 8580 8890 

3 7250 8620 9010 

4 7285 8710 9090 

5 7425 8750 9165 

6 7505 8780 9280 

7 7690 8790 9295 

8 7610 8760 9370 

9 7745 8680 9425 

10 7830 8760 9485 

11 7870 8790 9560 

12 7900 8810 9615 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 
7530 8716 9250 
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ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʦʣʠʚʽ ʄ-10ɻ2 ʩʢʣʘʣʦ 7530 ʤʦʪʦ-

ʛʦʜ, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï 283 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

ʧʨʠʩʘʜʢʦʶ Roil Gold ï ʚʽʜʧʦʚʽʜʥʦ 8716 ʽ 2252 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʂɻʄʊ-1 ï ʚʽʜʧʦʚʽʜʥʦ 9250 ʽ 249 ʤʦʪʦ-ʛʦʜ. 

ʄʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʧʨʠʩʘʜʢʠ Roil Gold ʤʽʞʨʝʤʦʥʪʥʠʡ 

ʨʝʩʫʨʩ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 16%, ʘ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʥʘ 23%, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʚʽʞʦʶ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʷʚʣʝʥʦ, ʱʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʫ ʜʠʟʝʣʽʚ ʗʄɿ-240, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʙʘʟʦʚʽʡ 

ʦʣʠʚʽ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂɻʄʊ-1, ʧʽʜʢʦʨʷʶʪʴʩʷ ʟʘʢʦʥʫ 

ɺʝʡʙʫʣʣʘ-ɻʥʝʜʝʥʢʘ. ɼʦʚʽʨʯʫ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʤʘʣʠ ʨʽʚʥʦʶ 0,95. 

 

4.8 ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʨʦʙʦʯʠʭ ʦʣʠʚ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ  

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʪʘ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʜʠʟʝʣʷ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʫʩʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʘ ʦʪʞʝ ʽ ʟʤʽʥʠ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʊʆ 

ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 2020 ʨʽʢ (ʪʘʙʣ.4.7). 

ʊʘʙʣʠʮʷ 4.7 

ɹʘʟʦʚʽ ʜʘʥʽ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʫ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ 

ʇʦʢʘʟʥʠʢ ɺʠʤʽʨʶʚʘʥʥʷ 

ʎʽʥʘ ʄ-10ɻ2ʢ ʛʨʥ./ʣ 65,80 

ʆʙ'ʻʤ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ, ʣ 52 

ɺʘʨʪʽʩʪʴ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʛʨʥ. 3421,6 

ʊʆ-2, ʛʨʥ. 
3077,5 

3754 

ʂʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ, ʛʨʥ. 
- 

108136,7 



172 

ʆʩʢʽʣʴʢʠ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʧʦʜʦʚʞʫʻʪʴʩʷ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʽʥʪʝʨʚʘʣ ʤʽʞ ʊʆ, ʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʘ ʨʦʙʦʯʠʡ ʩʝʟʦʥ ʟʤʝʥʰʫʻʪʴʩʷ (ʪʘʙʣ.4.8). 

ʊʘʙʣʠʮʷ 4.8 

ɺʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʩ̔ʪɹ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ ʟʘ ʨʦʙʦʯʠʡ ʩʝʟʦʥ 

ʇʦʢʘʟʥʠʢ 

ʉʚʽʞʘ ʦʣʠʚʘ ʄ-10ɻ2ʢ 
ʉʚʽʞʘ ʦʣʠʚʘ            

ʄ-10ɻ2ʢ+ʂɻʄʊ-1 

ʊʆ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʪʝʨʤʽʥʦʤ ʟʘʤʽʥʠ ʦʣʠʚʠ 

ʊʆ ʟ ʧʦʜʦʚʞʝʥʥʷʤ 

ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʦʣʠʚʠ 

ʂʽʣʴʢʽʩʪʴ ʊʆ ʟʘʤʽʥʠ ʦʣʠʚʠ 15 11 

ɺʘʨʪʽʩʪʴ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ,ʛʨʥ 
51324 37637,6 

 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʦʮʽʥʶʚʘʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʊʆ ʟʘ ʚʝʩʴ ʮʠʢʣ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʟʘ ʨʦʙʦʯʠʡ ʩʝʟʦʥ. ɽʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʦʜʥʽʻʾ 

ʦʜʠʥʠʮʽ ʪʝʭʥʽʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [164]: 

TO TO TOʧE C C= -       (4.8) 

ʜʝ TOC  ï ʚʠʪʨʘʪʠ ʥʘ ʊʆ ʧʨʠ ʩʚʽʞʽʡ ʙʘʟʦʚʽʡ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʥʘ ʦʜʠʥ 

ʘʚʪʦʤʦʙʽʣʴ;TOʧC  ï ʚʠʪʨʘʪʠ ʥʘ ʊʆ ʧʨʠ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʦʣʠʚʽ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʊʄ; 

4,136866,3763751324 =-=ʊʆɽ  ʛʨʥ.    (4.9) 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʊʄ ʜʦ ʂʈ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 

23é30%. ʎʝ ʩʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʝʬʝʢʪʽ, ʱʦ 

ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʪʝʭʥʽʢʠ.  

ʉʫʤʘʨʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʊʆ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʣʷ ʦʜʥʽʻʾ ʦʜʠʥʠʮʽ ʊʄ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ [132]: 

ʊʆɽ ɽ ʧ= Ö.                                                (4.10) 

ʜʝ ʧ ï ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ, ʧʨʘʮʶʶʯʠʭ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 
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4,8211864,13686 =Ö=ɽ  ʛʨʥ.    (4.11) 

ʊʦʙʪʦ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʜʽʡ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʥʝ ʤʝʥʰʝ 82118,4 ʛʨʥ. ʇʨʠ ʨʽʯʥʽʡ ʧʨʦʛʨʘʤʽ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʜʽʡ ʟ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʦʙʩʷʛʦʤ ʚ 20 ʦʜʠʥʠʮʴ ʪʝʭʥʽʢʠ, 

ʤʦʞʣʠʚʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʥʘ ʪʘʢʫ ʧʨʦʛʨʘʤʫ ʩʢʣʘʜʝ ʚʽʜʧʦʚʽʜʥʦ 

273728,00 ʛʨʥ. ɺ ʜʘʥʽʡ ʝʢʦʥʦʤʽʯʥʽʡ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʚ ʋʢʨʘʾʥʽ ʮʝ ʜʘʻ 

ʧʦʰʪʦʚʭ ʜʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʊʄ ʚ 

ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

4.9 ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʥʩʧʦʨʪʥʽ 

ʤʘʰʠʥ ʫ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

4.9.1 ɿʘʛʘʣʴʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʩʣʫʞʙʘʤ ʧʦ ʧʽʜʚʠʱʝʥʥʶ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʙʨ̌ʫʥʪʦʚʘʥʦ, ʱʦ ʙʫʜʴ-ʷʢʘ ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ ʧʨʦʪʷʛʦʤ ʪʝʨʤʽʥʫ ʩʚʦʛʦ 

ʽʩʥʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʽ ʨʝʞʠʤʘʭ. ɿʥʘʶʯʠ ʨʝʘʣʴʥʠʡ 

ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʝʨʤʽʥʘʤʠ ʊʆ ʪʘ ʚʠʟʥʘʯʘʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʜʽʡ ʧʨʠ 

ʧʦʜʦʚʞʝʥʽ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʦʣʠʚʠ, ʦʩʦʙʣʠʚʦ ʮʝ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʊʄ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʷʜ ʫʟʘʛʘʣʴʥʝʥʠʭ ʥʘʩʪʫʧʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ:  

1. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʪʘ ʊʆ 

ʊʄ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʫʤʦʚʠ ʽ ʨʝʞʠʤʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

2. ʅʘ ʝʪʘʧʽ ʧʨʠʧʨʘʮʶʚʘʥʥʷ, ʢʨʘʱʝ ʟʨʦʙʠʪʠ ʦʙʢʘʪʢʫ ʜʠʟʝʣʽʚ ʊʄ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʽ ʨʝʞʠʤʘʭ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʥʘ 

ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1.  

3. ʇʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʦʣʠʚʠ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʦʶ 

ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʾʾ ʟʘʤʽʥʫ ʟ 
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ʧʝʨʽʦʜʠʯʥʽʩʪʶ 275é350 ʤʦʪʦ-ʛʦʜ.  

4. ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʧʨʠʩʘʜʢʦʶ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʰʢʽʜʣʠʚʠʭ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʜʫʢʪʘʭ ʟʥʦʩʫ. 

ɼʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʢʣʘʩʪʠ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʫ ʟʘʤʽʥʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʜʣʷ ʜʠʟʝʣʽʚ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ. 

 

4.9.2 ʇʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʊʄ ʟʤʝʥʰʝʥʥʷʤ ʟʥʦʩʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʫʩʢʫ. 

ʉʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʧʽʜ 

ʯʘʩ ʧʫʩʢʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʫ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʜʦʜʘʪʢʦʚʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʪʠʩʢ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʫʩʢʫ ʜʚʠʛʫʥʘ (ʨʠʩ. 4.26).  

 

ʈʠʩ. 4.26. ʉʭʝʤʘ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʊʄ ʧʽʜ ʯʘʩ ʾʭ ʧʫʩʢʫ (ʧʘʪʝʥʪ ˉ74656): 1 ï ʜʦʜʘʪʢʦʚʠʡ ʥʘʩʦʩ; 2 ï 

ʩʠʩʪʝʤʘ ʤʘʱʝʥʥʷ; 3 ï ʝʣʝʢʪʨʦʧʨʠʚʦʜ; 4 ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ (ɽɹʂ); 

5 ï ʦʣʠʚʥʠʡ ʥʘʩʦʩ 

 

ʉʧʦʩʽʙ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʦʜʘʪʢʦʚʠʡ ʥʘʩʦʩ (1) ʩʪʚʦʨʶʻ 

ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ (2) ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʫʩʢʫ ʜʚʠʛʫʥʘ. ɼʦʜʘʪʢʦʚʠʡ ʥʘʩʦʩ 
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(1) ʚʤʠʢʘʻʪʴʩʷ ʽ ʢʝʨʫʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ (3), ʥʘ ʷʢʠʡ ʧʦʜʘʻ ʢʦʤʘʥʜʫ ɽɹʂ 

(4) ʽ ʷʢʠʡ ʚʠʤʠʢʘʻʪʴʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʦʣʠʚʥʠʡ ʥʘʩʦʩ (5) 

ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ 

ʜʠʟʝʣʷ ʊʄ ʙʫʜʫʪʴ ʟʘʚʞʜʠ ʨʦʟʜʽʣʝʥʽ ʧʣʽʚʢʦʶ ʦʣʠʚʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʫʻ ʟʥʦʩ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʦʤʫ ʥʘʩʦʩʫ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʪʠʩʢ ʚ 

ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʫʩʢʫ ʜʠʟʝʣʷ. ʉʧʦʩʽʙ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʻ ʚ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ "ʧʫʩʢ-ʟʫʧʠʥʢʘ", ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʟʥʦʩ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʈʝʞʠʤ ʨʦʙʦʪʠ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʝʢʦʥʦʤʠʪʠ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦ 15% ʪʘ ʟʙʽʣʴʰʫʚʘʪʠ ʪʝʨʤʽʥ 

ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. 

ʆʩʢʽʣʴʢʠ, ʚʠʭʦʜʷʯʠ ʟ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ 

ʤʦʞʥʘ ʧʦʜʦʚʞʫʚʘʪʠ ʥʘ 25é40%, ʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʊʆ ʟ 

ʧʦʜʦʚʞʝʥʥʷʤ ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʧʦʨʽʚʥʷʪʠ ʟ ʥʦʤʽʥʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʊʆ. 

 

4.9.3 ɽʢʩʧʨʝʩ-ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʩʽʙ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʠʟʝʣʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʷʢʦʛʦ ʚ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʤʠʪʫ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ ʟʘʧʨʘʚʣʷʶʪʴ ʦʣʠʚʫ, 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ, ʦʯʠʱʘʶʪʴ ʨʦʪʦʨ 

ʤʘʩʪʠʣʴʥʦʛʦ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʧʨʦʛʨʽʚʘʶʪʴ ʦʣʠʚʫ ʚ ʩʠʩʪʝʤʽ ʜʦ 

ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [134]. ɺʩʪʘʥʦʚʣʶʶʪʴ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʚʽʜʧʦʚʽʜʥʫ ʨʝʞʠʤʫ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ, ʪʘ 

ʚʠʤʽʨʶʶʪʴ ʪʠʩʢ ʦʣʠʚʠ ʚ ʛʦʣʦʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ, ʘ ʨʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʶʶʪʴ ʟ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʥʽʤʘʣʴʥʦ ʩʪʽʡʢʫ ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ ʽ ʨʽʟʢʦ ʚʤʠʢʘʶʪʴ ʧʦʚʥʫ ʧʦʜʘʯʫ ʧʘʣʠʚʘ, ʚʠʤʽʨʶʶʪʴ ʪʘ ʬʽʢʩʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʦʣʠʚʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʨʠʚʘʣʦʩʪʽ ʨʦʟʛʦʥʫ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦ ʩʪʽʡʢʦʾ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʜʦ ʤʦʤʝʥʪʫ 
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ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʜʽʘʛʥʦʩʪʫʶʪʴ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ ʊʄ. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʠʩʢʫ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.27. 

 

ʈʠʩ. 4.27. ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ (ʧʘʪʝʥʪ ˉ98561): 

1 ï ʧʨʘʮʝʟʜʘʪʥʘ; 2 ï ʥʝʧʨʘʮʝʟʜʘʪʥʘ 

 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʤʦʞʣʠʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʶ ʪʠʩʢʫ ʦʣʠʚʠ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʷ ʊʄ. ʇʨʠ 

ʫʤʦʚʽ, ʷʢʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣ ̫ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʪʠʩʢ  ʚ ʩʠʩʪʝʤʽ 

ʟʤʘʱʝʥʥʷ (ʨʠʩ. 4.27, ʢʨʠʚʘ 1), ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ʇʨʠ 

ʫʤʦʚʽ, ʷʢʱʦ ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʟʨʦʩʪʘʻ 

ʧʦʚʽʣʴʥʦ, ʘʙʦ ʥʝ ʟʨʦʩʪʘʻ (ʨʠʩ. 4.27, ʢʨʠʚʘ 2), ʪʦ ʩʠʩʪʝʤʘ ʟʤʘʱʝʥʥʷ 

ʩʧʨʘʮʴʦʚʘʥʘ ʘʙʦ ʥʝʧʨʘʮʝʟʜʘʪʥʘ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʽʘʛʥʦʩʪʠʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʩʧʨʘʚʥʦʤʫ ʤʘʩʣʷʥʦʤʫ ʥʘʩʦʩʽ ʥʘ ʜʚʠʛʫʥʽ ʗʄɿ-240. 

 

4.9.4 ɿʤʽʥʘ ʥʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʟʚôʷʟʢʫ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʨʝʩʫʨʩʫ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚʠ ʧʨʠʩʘʜʢʦʶ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʫ ʇɸʊ "ʂʽʨʦʚʦʛʨʘʜʛʨʘʥʽʪ", 

ʉʊʆɺ "ʍʫʪʽʨʩʴʢʝ", ʊʆɺ "ɸʛʨʦʬʽʨʤʘ ʂʦʣʦʩ" (ʜʦʜʘʪʦʢ ɹ) ʧʦʢʘʟʘʣʠ 

ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʧʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʠʩʘʜʢʦʶ ʂɻʄʊ-1 ʡ ʧʦʜʦʚʞʝʥʥʷʤ 

ʪʝʨʤʽʥʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ɿ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʤʦʞʣʠʚʦ 

ʧʦʜʦʚʞʫʚʘʪʠ ʥʘ 25é40%, ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʊʆ ʫ 

ʟʚôʷʟʢʫ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʨʝʩʫʨʩʫ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʽ ʧʦʨʽʚʥʷʪʠ ʟ 

ʥʦʤʽʥʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʊʆ (ʪʘʙʣ. 4.9), ʪʦʙʪʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʝʢʪʫʚʘʥʥʷ 

ʪʝʨʤʽʥʽʚ ʊʆ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʙʣʠʮʷ 4.8 

ʂʦʨʝʢʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʊʆ ʊʄ ʪʝʨʤʽʥʽʚ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

 

* ,  ï ʊʝʨʤʽʥʠ ʊʆ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʘʤʽʥʠ ʩʚʽʞʦʾ ʙʘʟʦʚʦʾ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ- 1 ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ.        

 

ɿ ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʨʦʙʦʯʠʡ ʩʝʟʦʥ ʢʽʣʴʢʽʩʪʴ ʊʆ ʊʄ, ʧʦʚ'ʷʟʘʥʠʭ ʟ̔ 

ʟʘʤʽʥʦʶ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʪʘ ʩʧʦʩʦʙʫ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʪʨʠʙʦʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʫʩʢʫ ʜʚʠʛʫʥʽʚ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ 

ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʊʆ 



178 

ʪʝʨʤʽʥʫ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʊʄ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ 

ʚʽʜʢʨʠʪʠʭ ʢʘʨôʻʨʽʚ ʽ ʧʽʜʧʨʠʻʤʩʪʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʊʆ, 

ʟ ʤʝʪʦʶ ʨʘʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʚʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʜʽʡ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʊʄ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʡʥʷʪʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʾʭ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʏʄʊ-1 ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʛʨʝʩʽʡʥʠʤʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʙʫʜʦʚʘʥ ̔ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʟ ̔ʰʢʦʣʦʶ ʙʘʞʘʥʦʩʪʽ, 

ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʜʦ ʤʦʪʦʨʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1: ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ 

ʂɻʄʊ-1 ï 1500...3000 ʤʛ/50 ʤʣ; ʦʣʝʘʪ ʥʘʪʨʽʶ ï 500...2000 ʤʛ/50 ʤʣ; ʩʫʣʴʬʘʪ 

ʤʽʜʽ ï 500...2000 ʤʛ/50 ʤʣ; ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33 ï 500...2000 ʤʛ/50 ʤʣ. ʉʢʣʘʜ 

ʧʨʠʩʘʜʢʠ: ʛʝʦʤʦʜʠʬʽʢʘʪʦʨ ʂɻʄʊ-1 ï 3000 ʤʛ/50 ʤʣ; ʦʣʝʘʪ ʥʘʪʨʽʶ ï 2000 

ʤʛ/50 ʤʣ; ʩʫʣʴʬʘʪ ʤʽʜʽ ï 2000 ʤʛ/50 ʤʣ; ʣʶʤʽʥʦʬʦʨ ʊɸʊ 33 ï 500 ʤʛ/50 ʤʣ. ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ. 

2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʾʾ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʄ-10ɻ2ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʥʘ ʤʘʰʠʥʽ ʏʄʊ-1 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 23,5 %, ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 29,6 %, ʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 27,4 %. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ 

ʫ ʪʨʘʥʩʤʽʩʽʡʥʫ ʦʣʠʚʫ ʊʄ-3-18ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʟʤʝʥʰʠʚʩʷ ʥʘ 36,2 %, 

ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 18,4 %, ʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʚʘʨʶʚʘʥʥʷ ï 7,3 %. 

3. ʇʦʨʽʚʥʷʣʴʥʠʤ ʣʘʙʦʨʘʪʦʨʥʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʤʘʰʠʥʽ ʏʄʊ-1 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠʩʘʜʢʘ ʅʀʆɼ-5 ʟʘ ʫʩʝʨʝʜʥʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʟʥʦʩʫ ʥʘ 

2,5...4,0 %, ʘ ʧʨʠʩʘʜʢʘ Roil Gold ï ʥʘ 1,5...2,0 % ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ ʥʽʞ 

ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 
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4. ʆʮʽʥʢʫ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʟ 

ʩʚʽʞʠʤ ʪʘ ʨʦʙʦʯʠʤ ʤʘʩʪʠʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʟʤʘʱʝʥʥʽ ʙʘʟʦʚʦʶ ʩʚʽʞʦʶ ʦʣʠʚʦʶ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʭʠʤ ʪʝʨʪʷʤ ʧʦʯʘʪʢʦʚʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,3...1,7 ʨʘʟʠ, ʘ ʧʨʠ ʧʨʠʧʨʘʮʶʚʘʥʥʽ ï ʚ 3,5...5,0 

ʨʘʟʽʚ. ɺ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʟʽ ʟʤʘʱʝʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʪʝʨʪʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ ʧʝʨʽʦʜʽʚ ʧʽʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʥʠʢʘʻ. 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʦʣʠʚʫ ʧʨʠʩʘʜʦʢ ʅʀʆɼ-5, Roil Gold ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʧʽʢʦʚʽ ʤʦʤʝʥʪʠ ʪʝʨʪʷ ʟʤʝʥʰʫʶʪʴʩʷ ʷʢ ʟʘ 

ʚʝʣʠʯʠʥʦʶ, ʪʘʢ ʽ ʟʘ ʰʠʨʠʥʦʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʧʨʠʩʘʜʦʢ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ, ʘ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʩʢʦʨʝʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʨʠʧʨʘʮʶʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʝʰʝʚʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʟʘ ʩʠʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʦʰʠʨʝʥʠʤ 

ʚ ʪʝʭʥʽʮʽ ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5 ʽ Roil Gold. ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʽʡ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ ʚ 1,4...1,7 ʨʘʟʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʽʢʫ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ ʰʠʨʠʥʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʜʽʻʶ ʧʨʠʩʘʜʢʠ ʥʘ ʩʧʨʷʞʝʥʽ ʟʨʘʟʢʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ. 

5. ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʟʘ ʩʠʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ 

ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ, ʭʘʨʘʢʪʝʨ ʜʽʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʥʘ ʧʦʚʝʨʭʥʶ ʪʝʨʪʷ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʠʭ ʚ ʨʦʙʦʯʽʡ ʦʣʠʚʽ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ. ɿʘʬʽʢʩʦʚʘʥʦ, 

ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʾʾ  ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʤʦʤʝʥʪ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟʘ ʨʽʟʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʚ 
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ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʠ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ɺ ʦʩʪʘʥʥʴʦʤʫ ʨʝʞʠʤʽ ʻ 

ʥʝʚʝʣʠʢʽ ʧʨʦʤʽʞʥʽ ʧʽʢʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ï 

ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ. ɹʽʣʴʰʠʡ ʨʽʚʝʥʴ ʚʝʣʠʯʠʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʝʞʠʤʦʤ, ʦʙʫʤʦʚʣʝʥʽ ʜʽʷʤʠ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʫ ʨʦʙʦʯʽʡ ʦʣʠʚʽ. 

6. ɺʠʷʚʣʝʥʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ 

ʜʝʪʘʣʝʡ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ". ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʘʨʘʣʝʣʴʥʽ ʣʽʥʽʾ ʧʦʜʨʷʧʠʥ, ʘ ʫ 

ʜʨʫʛʦʤʫ ï ʻ ʩʣʽʜʠ ʩʭʦʧʣʶʚʘʥʥʷ ʽ ʨʦʟʤʠʪʦʩʪʽ ʣʽʥʽʡ ʧʦʜʨʷʧʠʥ, ʱʦ ʟʘʣʝʞʠʪʴ ʷʢ 

ʚʽʜ ʫʤʦʚ ʽ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʽʟʥʘ ʷʢʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʨʝʘʣʽʟʘʮʽʶ ʚ ʟʦʥʽ ʾʭ ʢʦʥʪʘʢʪʫ ʨʝʞʠʤʽʚ ʩʫʭʦʛʦ, ʛʨʘʥʠʯʥʦʛʦ, ʟʤʽʰʘʥʦʛʦ ʪʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʦʣʠʚʫ ʧʨʠʩʘʜʦʢ ʧʨʦʪʽʢʘʶʪʴ 

ʪʨʠʙʦʬʽʟʠʯʥʽ ʨʝʘʢʮʽʾ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʙʦʪʠ ʩʠʣ ʪʝʨʪʷ, 

ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʨʘʟʢʽʚ ʽ ʜʝʪʘʣʝʡ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʦʣʠʚʘʤʠ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ 

ʟʤʽʥʶʻʪʴʩʷ, ʥʘʙʫʚʘʶʯʠ ʚʨʽʚʥʦʚʘʞʝʥʦʛʦ ʩʪʘʥʫ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʧʨʦʮʝʩʘʤʠ 

ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ, 

ʟʦʩʝʨʝʜʠʚʰʠ ʜʝʬʦʨʤʘʮʽʶ ʟʩʫʚʫ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ 

ʦʣʠʚʠ ʢʦʤʧʦʟʠʮʽʡʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʂɻʄʊ-1.  

7. ɺʠʧʨʦʙʫʚʘʥʥʷ ʜʠʟʝʣʽʚ ʩʝʨʽʾ COMATSU ̔  ʗʄɿ ʚʽʜʙʫʚʘʣʠʩʴ ʥʘ ʩʪʝʥʜʽ 

ʂʀ-1363ɺ, ʧʦʙʫʜʦʚʘʥʦ ʾʭ ʟʦʚʥʽʰʥʽ ʰʚʠʜʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʦʢ ʅʀʆɼ-5, Roil Gold ʽ ʂɻʄʊ-1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʽ ʽʥʰʠʭ 

ʧʨʠʩʘʜʦʢ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʟʘʙʝʟʧʝʯʫ ̒ʩʪʽʡʢʝ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʽʚ 

ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ. ɿʙʽʣʴʰʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ 

ʦʣʠʚʠ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʩʢʣʘʣʦ ʥʘ 1,2...1,4 %; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+RoilGold ï 

ʥʘ 2,6...3,0%; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,9...4,3%. ʅʘʡʙʽʣʴʰʠʡ 

ʧʨʠʨʽʩʪ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʦ ʚ ʨʝʞʠʤʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 
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ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʠʟʝʣʷ. ʇʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʦʣʠʚʽ 

ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 1,1...1,3 %; ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 

2,5...2,9%; ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,9...4,2%. ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʫ ʦʣʠʚʫ ʩʢʣʘʣʦ: ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ï 

ʥʘ 1,24...1,26 %; ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,73...2,77%; ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 

3,95...4,15%. 

8. ɺ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʟʦʣʴʥʽʩʪʴ, ʢʦʢʩʽʚʥʽʩʪʴ, ʛʫʩʪʠʥʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʘʣʘʭʫ, ʜʠʩʧʝʨʛʫʶʯʫ ʟʜʘʪʥʽʩʪʴ, 

ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ Fe, Cr, Pb, Al. 

ɿʘʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʻ ʚʧʣʠʚʦʚʠʤʠ ʥʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʣʠʚʠ. ɺʠʟʥʘʯʝʥʦ, 

ʱʦ ʟʦʣʴʥʽʩʪʴ ʚ ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ ʄ-10ɻ2ʢ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʪʝʨʤʽʥʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥ ̔ʧʨʠʩʘʜʦʢ Roil Gold ʽ 

ʂɻʄʊ-1 ï 300 ʽ 310 ʤʦʪʦ-ʛʦʜ. ʂʦʢʩʽʚʥʽʩʪʴ ʙʘʟʦʚʦʾ ʩʚʽʞʦʾ ʦʣʠʚʠ ʜʦʩʷʛʘʻ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 200 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʩʘʜʦʢ  

ʥʝ ʜʦʩʷʛʘʻ ʧʨʠ 300 ʤʦʪʦ-ʛʦʜ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʛʫʩʪʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ, ʣʫʞʥʦʛʦ ʯʠʩʣʘ, ʜʠʩʧʝʨʛʫʶʯʦʾ 

ʟʜʘʪʥʦʩʪʽ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʙʘʟʦʚʦʾ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʦʣʠʚ. ʇʦʙʫʜʦʚʘʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ ʊʄ, ʷʢʽ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʾʭ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʩʚʽʞʦʾ ʦʣʠʚʠ ʛʫʩʪʠʥʘ ʥʘʙʫʚʘʻ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʨʠ 280 ʤʦʪʦ-ʛʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ ï 230 ʤʦʪʦ-ʛʦʜ, ʣʫʞʥʝ ʯʠʩʣʦ ï 245 

ʤʦʪʦ-ʛʦʜ, ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ï250 ʤʦʪʦ-ʛʦʜ, ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ï 250 

ʤʦʪʦ-ʛʦʜ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʦʣʠʚʠ ʧʨʠʩʘʜʦʢ Roil Gold ʽ ʂɻʄʊ-1 ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʠ ʥʘʙʫʚʘʶʪʴ ʧʨʠ ʙʽʣʴʰʦʤʫ ʥʘʧʨʘʮʶʚʘʥʥʽ: ʛʫʩʪʠʥʘ ï 360 ʽ 

390 ʤʦʪʦ-ʛʦʜ; ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ ï 340 ʽ 350 ʤʦʪʦ-ʛʦʜ; ʣʫʞʥʦʛʦ ʯʠʩʣʘ ï 335 

ʽ 380 ʤʦʪʦ-ʛʦʜ; ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ï 280 ʽ 310; ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ï 290 

ʽ 310 ʤʦʪʦ-ʛʦʜ.  

9. ʗʢʽʩʪʴ ʦʣʠʚʠ ʽ ʤʦʞʣʠʚʠʡ ʪʝʨʤʽʥ ʾʾ ʟʘʤʽʥʠ ʚʠʟʥʘʯʘʣʠ ʪʘʢʦʞ ʟʘ ʾʾ 
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ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʦʣʠʚʽ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʦʢ 

ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ: Roil Gold ï ʥʘ 23,5%, 

ʂɻʄʊ-1 ï 3,7...5,6%. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟʙʽʣʴʰʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʣʠʚʠ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʙʘʟʦʚʦʾ ʦʣʠʚʠ, ʥʘ 2,1...3,5% ʤʝʥʰʝ ʜʣʷ ʦʣʠʚ ʟ ʧʨʠʩʘʜʢʦʶ 

Roli Gold ʽ ʥʘ 3,6...6,4% ʤʝʥʰʝ ʜʣʷ ʦʣʠʚ ʟ ʧʨʠʩʘʜʢʦʶ ʂɻʄʊ-1 ʥʽʞ ʙʘʟʦʚʦʾ 

ʦʣʠʚʠ. 

10. ʅʘ ʧʨʦʙʘʭ ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʊʄ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʴ ʚ 

ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʢʪʦʨʘ ʍʊɿ-17021 ʜʦʩʣʽʜʠʣʠ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʣʠʚʫ. ɼʦʩʣʽʜʞʝʥʥʶ 

ʧʽʜʣʷʛʘʣʠ ʩʚʽʞʘ ʙʘʟʦʚʘ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʦʣʠʚʠ ʧʨʠʩʘʜʢʘʤʠ Roil Gold ̔  ʂɻʄʊ-

1. ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʚ ʤʦʪʦʨʥʽʡ ʽ ʪʨʘʥʩʤʽʩʽʡʥʽʡ ʦʣʠʚʘʭ 

ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 225...250 ʤʦʪʦ-ʛʦʜ, ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʧʨʠʩʘʜʦʢ ï 290...330 ʤʦʪʦ-ʛʦʜ. ɼʘʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʜʽʾ ʧʨʠʩʘʜʦʢ, ʦʩʦʙʣʠʚʦ ʥʘ ʜʠʩʧʝʨʛʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʽ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ 

ʨʽʟʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ Al, Pb, Cr, ʪʘ Fe ʚ ʤʦʪʦʨʥʽʡ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚʘʭ. ʅʘʡʙʽʣʴʰʝ ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ Fe ʚ ʦʣʠʚ ̔ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚ ̔ ʛʝʦʤʦʜʠʬʢ̔ʘʪʦʨʘ ʂɻʄʊ-1. 

ʂʦʥʮʝʥʪʨʘʮʽʶ Cr ʪʘ Pb ʚ ʦʣʠʚʽ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʫʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʘʜʦʢ ʂɻʄʊ-1, ʘ Al ï Roil Gold ʪʘ ʂɻʄʊ-1. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʢʠ Roil Gold ī 275-

300 ʤʦʪʦ-ʛʦʜ.: ɸl-275 ʤʦʪʦ-ʛʦʜ., Pb-290 ʤʦʪʦ-ʛʦʜ., Cr-295 ʤʦʪʦ-ʛʦʜ., Fe ʧʨʠ 

300 ʤʦʪʦ-ʛʦʜ., (ʉFe ï 148 ʛ/ʪ), ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ī 285-310 

ʤʦʪʦ-ʛʦʜ.: ɸl-285 ʤʦʪʦ-ʛʦʜ., Pb-295 ʤʦʪʦ-ʛʦʜ., Cr-300 ʤʦʪʦ-ʛʦʜ., Fe-310 ʤʦʪʦ-

ʛʦʜ., (ʉFe ï 130 ʛ/ʪ). 
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11. ʈʝʩʫʨʩʥʘ ʦʮʽʥʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊʄ ʫ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʘʭ ʪʘ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʇɺ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʾʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʙʘʟʦʚʽʡ ʦʣʠʚʽ ʩʪʘʥʦʚʠʪʴ 101 ʤʦʪʦ-ʛʦʜʠʥʫ, ʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂɻʄʊ-1, ï 132 ʤʦʪʦ-ʛʦʜʠʥ, ʱʦ ʥʘ 30 % 

ʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʦʣʠʚʽ ʄ-10ɻ2 ʩʢʣʘʣʦ 7530 ʤʦʪʦ-

ʛʦʜ, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï 283 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ 

ʧʨʠʩʘʜʢʦʶ Roil Gold ï ʚʽʜʧʦʚʽʜʥʦ 8716 ʽ 2252 ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ 

ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʂɻʄʊ-1 ï ʚʽʜʧʦʚʽʜʥʦ 9250 ʽ 249 ʤʦʪʦ-ʛʦʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʤʽʞʨʝʤʦʥʪʥʠʡ ʨʝʩʫʨʩ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʧʨʠʩʘʜʢʠ Roil Gold ʟʙʽʣʴʰʠʚʩʷ ʥʘ 16%, ʘ 

ʂɻʄʊ-1 ʥʘ 23%, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʚʽʞʦʶ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʊʆ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ, ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ, ʜʣʷ ʦʜʥʽʻʾ ʦʜʠʥʠʮʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʘʰʠʥʠ 

ʩʪʘʥʦʚʠʪʴ 13686,4 ʛʨʥ. 

12. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʷʜ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʄ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʩʘʜʦʢ ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʦʣʠʚ. ʂʨʽʤ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʩʧʦʩʦʙʫ 

ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʩʧʦʩʦʙʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʤʘʱʝʥʥʷ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʊʄ ʟʘ ʟʘʣʝʞʥʽʩʪʶ ʪʠʩʢʫ ʚ ʦʣʠʚʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ. ɺʠʟʥʘʯʝʥʦ, ʷʢʱʦ ʪʠʩʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʪʦ 

ʩʠʩʪʝʤʘ ʧʨʘʮʝʟʜʘʪʥʘ, ʷʢʱʦ ʧʦʚʽʣʴʥʦ ï ʪʦ ʥʝʧʨʘʮʝʟʜʘʪʥʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʪʘʙʣʠʮʶ ʢʦʨʝʢʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ. ɺʨʘʭʦʚʘʥʦ, ʱʦ ʟʘ 

ʨʦʙʦʯʠʡ ʩʝʟʦʥ ʢʽʣʴʢʽʩʪʴ ʊʆ ʊʄ, ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʤʽʥʦʶ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4.  
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ 

ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʥʘ ʦʩʥʦʚʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʾʭ ʩʪʘʥʫ ʪʘ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʤʦʪʦʨʥʠʭ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ ʜʦʜʘʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. ʆʪʨʠʤʘʥʦ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊʄ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʽʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ ɸʇɺ, 

ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʞʦʨʩʪʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʟʘʧʠʣʝʥʦʩʪʽ, ʚʝʣʠʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʽ ʤʘʣʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ, ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʛʘʪʠʚʥʠʡ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʤʦʪʦʨʥʠʭ ʪʘ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʻ ʜʦʜʘʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦ ʨʦʙʦʯʠʭ ʦʣʠʚ. 

2. ɿ ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʦʟʛʣʷʥʫʪʦ ʤʝʭʘʥʽʟʤ ʜʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʚʥʝʩʝʥʠʭ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ, ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ɺʠʷʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʦʣʠʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʾʭ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʙʦʯʦʾ ʦʣʠʚʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ. ɼʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʽ 

ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʦʣʠʚʠ.  

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 

ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʨʦʙʦʯʫ ʦʣʠʚʫ ʟʤʽʥʶʻʪʴʩʷ ʩʪʘʥ, ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 

ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʪʘ ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ. ɿ'ʷʩʦʚʘʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʚ ʤʦʪʦʨʥʽʡ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚʘʭ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

4. ʆʙˇʨʫʥʪʦʚʘʥʦ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ 
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ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1, ʚʠʟʥʘʯʝʥʘ ʾʭ ʨʦʣʴ ʚ ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ. ʄʝʪʦʜʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʯʦʪʠʨʠʢʫʣʴʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

ʏʄʊ-1 ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʽ ʊʄ-3-18ʢ: ʂɻʄʊ-1 (1500...3000 ʤʛ/50 ʤʣ), 

ʦʧʪʠʤʫʤ ï 3000 ʤʛ/50 ʤʣ; ʦʣʝʘʪ ʥʘʪʨʽʶ (500...2000 ʤʛ), ʦʧʪʠʤʫʤ ï 2000 ʤʛ/50 

ʤʣ; ʩʫʣʴʬʘʪ ʤʽʜʽ (500...2000 ʤʛ), ʦʧʪʠʤʫʤ ï 2000 ʤʛ/50 ʤʣ; ʣʶʤʽʥʦʬʦʨ ʊɸʊ33 

(500...2000 ʤʛ), ʦʧʪʠʤʫʤ ï 500 ʤʛ/ 50 ʤʣ. ɸʥʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʽ ʚʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʘʜʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʜʣʷ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʄ-10ɻ2ʢ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʘʰʠʥʽ ʏʄʊ-1 ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ ʚ ʦʣʠʚʫ ʄ-10ɻ2ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 23,5 %, ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 29,6 %, ʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 27,4 %. ɼʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʦʣʠʚʠ ʊʄ-3-18ʢ ʧʦʢʘʟʥʠʢ ʟʥʦʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 36,2 %, ʢʨʠʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 18,4 %, ʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ï ʥʘ 7,3%. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠʩʘʜʢʘ ʅʀʆɼ-5 ʟʘ ʫʩʝʨʝʜʥʝʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʟʥʦʩʫ ʥʘ 

2,5...4,0 %, ʘ ʧʨʠʩʘʜʢʘ Roil Gold ï ʥʘ 1,5...2,0 % ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ ʥʽʞ ʧʨʠʩʘʜʢʘ 

ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1. 

5. ʆʮʽʥʢʘ ʩʠʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʦʤʠʭ ʩʧʨʷʞʝʥʴ ʟʨʘʟʢʽʚ ʜʝʪʘʣʝʡ ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʤʘʰʠʥʠ ʪʝʨʪʷ ʉʄʎ-2 ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʟʤʘʱʝʥʥʽ ʙʘʟʦʚʦʶ 

ʩʚʽʞʦʶ ʦʣʠʚʦʶ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʧʦʯʘʪʢʦʚʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʤʝʥʰʫʶʪʴʩʷ ʫ 1,3...1,7 ʨʘʟʠ, ʘ ʧʨʠ ʧʨʠʧʨʘʮʶʚʘʥʥʽ ï ʫ 3,5...5,0 

ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʭʠʤ ʪʝʨʪʷʤ. ɺ ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ʥʘ ʢʦʞʥʦʤʫ ʟ 

ʽʥʪʝʨʚʘʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʮʷ ʚʝʣʠʯʠʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ ʧʝʨʽʦʜʽʚ 

ʧʽʢ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʟʥʠʢʘʻ. ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʚ 

ʤʦʪʦʨʥʽʡ ʦʣʠʚʽ (70 ʛ/ʣ) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ ʚ 1,4...1,7 

ʨʘʟʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ ʧʽʢʫ ʤʦʤʝʥʪʫ ʪʝʨʪʷ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʠʩʘʜʢʘ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʦʜʠʬʽʢʘʪʦʨʘ ʂɻʄʊ-1 ʟʘ ʩʠʣʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʨʠʩʘʜʢʘʤʠ ʅʀʆɼ-5 ʽ Roil Gold. 

ɺʠʷʚʣʝʥʦ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʠ ʟʦʥ ʩʧʨʘʮʶʚʘʥʥʷ: ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 
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ʨʝʞʠʤʽ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʘʨʘʣʝʣʴʥʽ ʣʽʥʽʾ ʜʽʾ ʩʠʣ ʪʝʨʪʷ, ʘ ʫ 

ʨʝʞʠʤʽ "ʧʫʩʢ-ʟʫʧʠʥʢʘ" ï ʩʣʽʜʠ ʩʭʦʧʣʶʚʘʥʥʷ ʽ ʨʦʟʤʠʪʽʩʪʴ ʣʽʥʽʡ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʤʘʰʠʥʽ ʉʄʎ-2, ʜʦʚʝʜʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ 

ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ ʂɻʄʊ-1 ʜʦ ʨʦʙʦʯʠʭ ʤʦʪʦʨʥʦʾ ʽ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ 

ʚʽʜʥʦʚʣʶʻ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

6. ʈʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ʚ ʤʦʪʦʨʥʫ ʦʣʠʚʫ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʧʦʢʨʘʱʝʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʙʽʣʴʰʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ʩʢʣʘʣʦ ʥʘ 

1,2...1,4 %; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,6...3,0%; ʜʣʷ ʦʣʠʚʠ ʄ-10ɻ2ʢ + 

ʂɻʄʊ-1 ï ʥʘ 3,9...4,3%. ʇʦʪʫʞʥʽʩʪʴ ʜʠʟʝʣʷ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʦʣʠʚʽ ʄ-

10ɻ2ʢ+ʅʀʆɼ-5 ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 1,1...1,3 %; ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 

2,5...2,9%; ʥʘ ʦʣʠʚʽ ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 3,9...4,2%. ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʦʢ ʫ ʦʣʠʚʫ ʩʢʣʘʣʦ: ʄ-10ɻ2ʢ+ʅʀʆɼ-5 ï 

ʥʘ 1,24...1,26 %; ʄ-10ɻ2ʢ+RoilGold ï ʥʘ 2,73...2,77%; ʄ-10ɻ2ʢ + ʂɻʄʊ-1 ï ʥʘ 

3,95...4,15%.  

7. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ 

ʟʦʣʴʥʦʩʪʽ ʽ ʢʦʢʩʽʚʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʠʩʘʜʢʠ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ 300 ʤʦʪʦ-ʛʦʜʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ, ʛʫʩʪʠʥʠ, ʣʫʞʥʦʛʦ ʯʠʩʣʘ, ʜʠʩʧʝʨʛʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ ʜʣʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʦʪʦʨʥʠʭ ʽ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʦʣʠʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʘ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʦʣʠʚʠ ʚ 

ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʞʦʨʩʪʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

8. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʊʄ ʫ 

ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʦʣʠʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʧʨʠʩʘʜʢʦʶ ʫ 1,5...1,6 ʨʘʟʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʽʟʘ ʪʘ ʫ 1,1...1,3 ʨʘʟʠ ʩʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʡʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʦʣʠʚʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʦʶ. ʇʦʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʠ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ Al, Pb, Cr ʽ Fe ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 
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ʨʦʙʦʪʠ ʊʄ. ɺʠʷʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, 

ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʩʚʽʞʫ ʤʦʪʦʨʥʫ ʦʣʠʚʫ, ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ 250 ʤʦʪʦ-ʛʦʜ, ʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʨʠʩʘʜʢʠ Roil 

Gold ī 275-300 ʤʦʪʦ-ʛʦʜ., ʘ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʂɻʄʊ-1 ī 285-310 ʤʦʪʦ-

ʛʦʜ. ɿʘʟʥʘʯʝʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʪʦʨʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚ ʊʄ. 

9. ʈʝʩʫʨʩʥʘ ʦʮʽʥʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊʄ ʫ ʚʽʜʢʨʠʪʠʭ ʢʘʨ'ʻʨʘʭ ʪʘ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɸʇɺ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʣʘ, ʱʦ ʾʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʙʘʟʦʚʽʡ ʦʣʠʚʽ ʩʪʘʥʦʚʠʪʴ 101 ʤʦʪʦ-ʛʦʜʠʥʫ, ʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚʠ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʂɻʄʊ-1 ï 132 ʤʦʪʦ-ʛʦʜʠʥ, ʱʦ ʥʘ 30 % 

ʚʠʱʝ. ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʩʚʽʞʽʡ ʦʣʠʚʽ ʄ-10ɻ2 ʩʢʣʘʣʦ 7530 

ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʧʨʠʩʘʜʢʦʶ Roil Gold ï ʚʽʜʧʦʚʽʜʥʦ 8716 

ʤʦʪʦ-ʛʦʜ, ʥʘ ʦʣʠʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʂɻʄʊ-1 ï 9250 ʤʦʪʦ-ʛʦʜ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʤʽʞʨʝʤʦʥʪʥʠʡ ʨʝʩʫʨʩ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʧʨʠʩʘʜʢʠ Roil Gold ʟʙʽʣʴʰʠʚʩʷ ʥʘ 16%, ʘ 

ʂɻʄʊ-1 ï ʥʘ 23%, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʚʽʞʦʶ ʙʘʟʦʚʦʶ ʦʣʠʚʦʶ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʨʠʩʘʜʢʠ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʊʆ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʣʷ ʦʜʥʽʻʾ ʦʜʠʥʠʮʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʘʰʠʥʠ ʩʪʘʥʦʚʠʪʴ 

13686,4 ʛʨʥ. 

10. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʝʥʜʦʚʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʥʘʫʢʦʚʦ-

ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ ʊʄ ʫ ʞʦʨʩʪʢʠʭ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ: ʟʥʘʶʯʠ ʨʝʘʣʴʥʠʡ ʪʝʨʤʽʥ ʟʘʤʽʥʠ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ, 

ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ ʪʝʨʤʽʥʘʤʠ ʊʆ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ; ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ 

ʟʤʝʥʰʝʥʥʷ ʩʧʨʘʮʶʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʫ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ; 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʨʝʩ-ʜʽʘʛʥʦʩʪʠʢʫ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʪʘ ʥʝʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ; ʨʦʟʨʦʙʣʝʥʦ ʪʘʙʣʠʮʶ ʢʦʨʝʢʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ʟʘʤʽʥʠ 

ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ. 
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