
 



ɸʅʆʊɸʎɯɰ 

ʅʘʟʘʨʝʥʢʦ ʆ.ʆ. ʂʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʢʦʥʜʫʢʪʠʚʥʠʡ ʢʘʣʦʨʠʤʝʪʨ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.11.04 ï ʇʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ (152 ï ʄʝʪʨʦʣʦʛʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ). ï ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾ ʚ, 2017. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʦʛʦ, ʨʽʜʢʦʛʦ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʣʘʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʘ ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʣʠʚ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʠʥʥʠʡ ʙʦʤʙʦʚʠʡ ʘʜʽʘʙʘʪʠʯʥʠʡ ʢʘʣʦʨʠʤʝʪʨ 

ʩʧʘʣʶʚʘʥʥʷ ɺ2-08, ʨʦʟʨʦʙʣʝʥʠʡ ʱʝ ʟʘ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ, ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ. 

ɺʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʨʽʜʠʥʠ 

ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʨʝʯʦʚʠʥʠ ʚ ʩʦʩʫʜʽ (çʙʦʤʙʽè), ʱʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʮʽʡ ʨʽʜʠʥʽ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʤ (ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 30ï40 ʭʚʠʣʠʥ) ʽ ʚ 

ʡʦʛʦ ʦʩʥʦʚʽ ʣʝʞʘʪʴ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ. ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʮʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ 

ʧʨʦʭʦʜʠʪʴ ʚ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʽ ʚʠʤʘʛʘʻ ʜʣʷ ʨʦʙʦʪʠ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ʈʦʟʨʦʙʣʝʥʽ ʬʘʭʽʚʮʷʤʠ ʅɸʅ ʋʢʨʘʾʥʠ ʙʦʤʙʦʚʽ ʘʥʝʨʦʾʜʥʽ (çʩʫʭʽè) 

ʢʘʣʦʨʠʤʝʪʨʠ ʩʝʨʽʾ ʂʊʉ ʭʦʯʘ ʡ ʯʘʩʪʢʦʚʦ ʟʘʜʦʚʦʣʴʥʠʣʠ ʧʦʪʨʝʙʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʘʭ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʘʣʝ ʥʘʨʘʟʽ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ ʪʘ ʦʜʥʦʯʘʩʥʦʛʦ ʩʫʪʪʻʚʦʛʦ (ʚ ʨʘʟʠ) 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ. ɹʽʣʴʰʽʩʪʴ ʤʘʨʦʢ ʢʘʣʦʨʠʤʝʪʨʽʚ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʚʽʪʯʠʟʥʷʥʠʤ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʘʣʝ ʚʠʛʨʘʶʪʴ ʫ ʪʦʯʥʦʩʪʽ, ʰʚʠʜʢʦʜʽʾ ʪʘ ʩʪʝʧʝʥʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʧʨʠ ʮʴʦʤʫ ʾʭ ʚʘʨʪʽʩʪʴ ʟʥʘʯʥʦ ʚʠʱʘ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʚ ʙʦʤʙʦʚʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ 

ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʤʽʯʝʥʦ ʰʣʷʭʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʜʫʢʪʠʚʥʦʛʦ 

ʽʟʦʧʝʨʽʙʦʣʽʯʥʦʛʦ ʘʥʝʨʦʾʜʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ.  

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʤʦʜʝʣʶʚʘʥʥʶ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʢʦʥʜʫʢʪʠʚʥʦʤʫ ʙʦʤʙʦʚʦʤʫ 

ʢʘʣʦʨʠʤʝʪʨʽ, ʜʦʩʣʽʜʞʝʥʥʶ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʶ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʫ. 

ʇʦʨʷʜ ʟ ʥʝʟʘʧʝʨʝʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʢʘʣʦʨʠʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

(ʢʦʥʜʫʢʪʠʚʥʽ ʢʘʣʦʨʠʤʝʪʨʠ), ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʦʜʷʥʠʤʠ, ʤʘʶʪʴ 

ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, ʛʦʣʦʚʥʠʡ ʟ ʷʢʠʭ - ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʯʝʨʝʟ 

ʚʧʣʠʚ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. ʗʢ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ 

ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʙʦʤʙʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʦʶ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʪʝʧʣʦʦʙʤʥ̔ʫ ʪʘ ʘʢʩʽʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʘʢʪʠʚʥʦʾ ʘʜʽʘʙʘʪʥʦʾ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʦʨʮʽʚ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ. 

ʇʨʦʪʝ, ʪʘʢʘ ʩʭʝʤʘ ʧʽʜʭʦʜʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʾ, ʘ 

ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʢʦʤʽʨʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʽ ʤʘʩʠ 

ʧʨʠʩʪʨʦʶ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
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ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʩʭʝʤʫ ʧʦʙʫʜʦʚʠ ʙʦʤʙʦʚʦʛʦ ʢʦʥʜʫʢʪʠʚʥʦʛʦ 

ʽʟʦʧʝʨʽʙʦʣʽʯʥʦʛʦ ʘʥʝʨʦʾʜʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʷʢʠʡ ʤʘʻ ʜʚʘ ʚʽʜʜʽʣʝʥʥʷ - 

ʦʩʥʦʚʥʫ ʨʦʙʦʯʫ ʢʦʤʽʨʢʫ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʧʦʩʫʜʠʥʠ (ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʙʦʤʙʠ) ʽ ʢʦʤʧʝʥʩʘʮʽʡʥʫ ʢʦʤʽʨʢʫ ʟʥʘʯʥʦ ʤʝʥʰʦʛʦ 

ʨʦʟʤʽʨʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ 

ʘʥʘʣʦʛʽʾ. ɽʣʝʢʪʨʠʯʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʻ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʪʨʫʤ ʽ ʥʘʧʨʫʛʘ. ʈʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʪʠʧʽʚ 

ʝʣʝʤʝʥʪʽʚ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʤʘʻ ʤʘʣʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʘ ʚʠʩʦʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʘ 

ʜʨʫʛʠʡ ï ʚʠʩʦʢʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʘ ʤʘʣʫ ʪʝʧʣʦʻʤʥʽʩʪʴ. ʅʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ 

ʩʭʝʤʽ ʟʘʤʽʱʝʥʥʷ, ʢʦʞʝʥ ʟ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʊ-

ʧʦʜʽʙʥʦʛʦ RC-ʬʽʣʴʪʨʘ, ʫ ʷʢʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʻ ʘʥʘʣʦʛʦʤ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʘ ʝʣʝʢʪʨʠʯʥʘ ʻʤʥʽʩʪʴ ï ʘʥʘʣʦʛ ʧʦʚʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ. 

ʈʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʝʜʝʥʽ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʠʭ 

ʩʪʨʫʤʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʃʘʧʣʘʩʦʤ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʥʘʡʢʨʘʱʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʪʘ ʽʤʽʪʘʪʦʨʘ ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʜʽʙʥʠʤʠ, ʜʣʷ ʯʦʛʦ ʧ̔ ʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʄ=10, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʚʠʩʦʪʠ ʨʦʙʦʯʦʾ ʢʦʤʽʨʢʠ ʜʦ ʚʠʩʦʪʠ 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʧʨʦʚʝʜʝʥʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʣʘʭ Micro-Cup. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʠʟʢʠ ʨʝʞʠʤʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʣʘʜʫ ʪʘ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥ ̫

ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʭʝʤʠ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ï ʫ ʚʠʧʘʜʢʫ ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 
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ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʪʘ ʽʤʽʪʘʪʦʨʘ ʚʧʣʠʚ ʟʙʫʨʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʧʫʩʫ 

ʥʽʚʝʣʶʻʪʴʩʷ.  

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘ ʩʚʦʾʤʠ ʦʩʥʦʚʥʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʩʘʤʝ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʴ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ 10 ï 35 ʢɼʞ ʪʘ ʛʨʘʥʠʮʝ  ʁʦʩʥʦʚʥʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʥʝ ʙʽʣʴʰʝ 

Ñ0,1% ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʽʤʧʦʨʪʥʠʤ ʘʥʘʣʦʛʘʤ, ʾʾ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʈʦʟʨʦʙʣʝʥʦ ʚʘʨʽʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʽʤʽʪʘʪʦʨʘ ʢʦʤʽʨʢʠ ʽ 

ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ. ɺ ʧʨʦʮʝʩʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʧʽʜʙʠʨʘʥʥʷʤ 

ʪʝʧʣʦʚʠʭ ʦʧʦʨʽʚ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʽʤʽʪʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘʢʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ 

ʩʠʛʥʘʣʫ ʽ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʩʠʛʥʘʣʫ ʦʩʥʦʚʥʦʾ 

ʦʙʦʣʦʥʢʠ ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʫ ʦʜʥʘʢʦʚʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ. 

ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʦʜʝʨʥʽʟʦʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʫʪʣʠʚʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ. ɿʘʤʽʩʪʴ ʦʢʨʝʤʦʛʦ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ 

ʚʠʛʣʷʜʽ ʤʦʥʦʣʽʪʥʦʛʦ ʮʠʣʽʥʜʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʽʯʢʫ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʚ 

ʩʢʣʦʚʦʣʦʢʥʠʩʪʽʡ ʽʟʦʣʷʮʽʾ ʤʦʥʪʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʤʽʜʥʦʛʦ ʩʪʘʢʘʥʫ ʦʩʥʦʚʥʦʾ ʨʝʘʢʮʽʡʥʦʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʦʢ. ɿʤʽʥʘ 

ʧʦʣʦʞʝʥʥʷ ʙʘʪʘʨʝʾ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʦʙʦʣʦʥʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʾʾ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʯʠʥʷʻ 

ʟʤʝʥʰʝʥʥʷ ʩʪʘʣʠʭ ʯʘʩʫ, ʘ ʰʚʠʜʢʦʜʽʷ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʴ ʟʨʦʩʪʘʻ ʚʜʚʽʯʽ. 

ɽʣʝʢʪʨʦʥʥʽ ʚʫʟʣʠ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽ ʽʥʜʠʢʘʮʽʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʯʘʩʦʤ ʟ 

ʤʦʤʝʥʪʫ ʧʽʜʧʘʣʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʽ ʥʘʜʘʥʥʷ ʢʽʥʮʝʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʫ ʬʦʨʤʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʛʦʨʷʥʥʷ ʧʨʦʙʠ ʧʘʣʠʚʘ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʤʝʞʘʭ 0,1%. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʽ 
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ʫʧʨʘʚʣʽʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʫ ʽ ʚʠʢʣʶʯʘʻ ʩʫʙ'ʻʢʪʠʚʥʽ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʠ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʫ, ʘ 

ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʙʽʦʧʘʣʠʚʘ.  

ʂʦʨʝʢʪʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʝʥʦ 

ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʠʥʥʦʾ ʧʦʚʽʨʢʠ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʟʘʪʚʝʨʜʞʝʥʦʶ ʚ ɼʇ çʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪè, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 0,1%, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʚʽʜʦʮʪʚʘʤʠ. ʊʘʢʫ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʥʴ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʣʴʥʠʡ ʩʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, 

ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʧʨʦʙʠ ʧʘʣʠʚʘ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʪʝʧʣʦʤʝʪʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʚʽʜ ʤʦʤʝʥʪʫ ʧʽʜʧʘʣʫ ʧʨʦʙʠ 

ʧʘʣʠʚʘ ʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʨʦʪʷʛʦʤ ʙʣʠʟʴʢʦ 

ʧʽʚʛʦʜʠʥʠ, ʘ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʫ ʩʷʛʘʻ ʜʚʦʭ ʛʦʜʠʥ. ɺ 

ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʣʽʩʪʠʯʥʦʛʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ, ʱʦ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʧʽʜʪʚʝʨʜʞʝʥʝ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ, ʜʘʣʦ ʟʤʦʛʫ ʟʜʽʡʩʥʠʪʠ ʽʤʧʦʨʪʦʟʘʤʽʱʝʥʥʷ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʠʪʠ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʩ̔ʪɹ 

ʨ̔ʟʥʦʤʘʥʽʪʥʠʭ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ  ̔

ʙʽʦʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʢʨʘʾʥʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʢʨʘɦ ʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʣʦʨʠʤʝʪʨʽʚ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʪʦʱʦ. ʉʝʨʝʜ 
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ʦʙôʻʢʪʽʚ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ï ʙʣʠʟʴʢʦ 2 ʪʠʩʷʯ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʨʦʙʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʠʚʦ, ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ, ʢʘʣʦʨʠʤʝʪʨ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʢʘʣʦʨʠʤʝʪʨ, ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʙʦʤʙʘ, ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ. 
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SUMMARY  

Nazarenko ʆ.ʆ. The combustion heat quasidifferential conductive 

calorimeter.  Manuscript.  

The thesis for a candidate of technical science degree (PhD degree), 

specialty 05.11.04 ï Devices and methods for measurement of thermal quantities 

(152 ï Metrology and information-measuring technique). ï Institute of 

Engineering Thermophysics Ukraine National Academy of Sciences. ï Kyiv, 2017. 

This thesis is devoted to solution of actual scientific and applied problem of 

increasing the accuracy and speed of measuring the combustion heat of solid, 

liquid and gaseous fuels. 

In the first section of the thesis a review and comparative analysis of existing 

methods and instruments for determination of the fuels combustion heat is given. 

Stated that to nowadays the majority of enterprises to determine the calorific value 

of different types of fuel mainly used liquid bomb adiabatic calorimeter 

combustion B2-08, was developed in Soviet times, and its modifications. They are 

based on measuring changes of temperature of the calorimeter liquid when 

substances are burning in the vessel ("bomb") that is placed in this liquid. The 

measurement process is quite long (around 30-40 minutes) and it is based on the 

empirical formula of the algorithm for converting temperature changes in the 

quantity of heat. The measurement process in these calorimeters is in semi-

automatic mode requiring a skilled operator. 

Developed by NAS of Ukraine specialists bomb aneroid ("dry") calorimeters 

series KTC though partially, meet the needs of the Ukraines energy market in the 

domestic calorimetric for determining the quality of different fuel types, but 

currently require improvement. This, in turn, requires additional research and 

development new constructive decisions aimed at ensuring the measurement error 

of the heat of combustion on a global level and a simultaneous significant 

(significantly) improve the performance of measuring instruments. Most foreing 

brands of calorimeters manufacturers use similar domestic measurement method, 

but they gain in precision, speed, and degree of automation, while their prise is 
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much higher. Therefore, the design and development of dynamic methods for 

measuring the combustion heat in the bomb calorimeter with the aim of improving 

accuracy and shortening measurement is actual scientific and applied tasks. 

According to the results of the analysis the purpose and objectives of the 

study, the ways of development and optimization the combustion heat conductive 

isoperibolic aneroid calorimeter were formulated.  

The second section of the thesis is devoted to modeling of thermal processes 

in quasidifferential conductive bomb calorimeter, the study of the main factors of 

influence on measurement error and definition of the main design parameters of 

the device. 

Along with the undeniable advantages the heat flow (conduction) 

calorimeters, in comparison with traditional water, have several disadvantages, the 

main of which - increase in measurement error due to the influence of 

uncontrolled external disturbances. As an effective way to solve this problem in the 

heat flow calorimeters suggested the use of a differential circuit connecting the 

sensing elements, the developed design of the differential of a bomb calorimeter 

according to the classical scheme and patented a method to reduce uncontrolled 

heat transfer and the axial heat losses through the adiabatic insulation of the ends 

of the heat block, which improves the accuracy of measuring the amount of heat. 

However, this scheme is suitable mostly for micro-calorimetry, and the 

presence of two identical cells leads to increased size and weight of the device. To 

eliminate these contradictions the quasidifferential formation of a conductive 

isoperibolic aneroid bomb calorimeter was proposed, which has two objects -  

main working cell the necessary size to accommodate the reaction vessel 

(calorimetric bomb) and the compensation cell smaller size. 

To determine the optimal parameters and modes of operation the modelling 

of quasidifferential calorimeter was made by the method of electrothermal analogy. 

Electrical analogues of the heat flux and temperature, respectively, are current and 

voltage. The model consists of two types of elements, the first of which has low 

thermal resistance and high heat capacity, and the second ï  high thermal 
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resistance and low thermal capacity. At the substitution equivalent circuit each of 

the elements are presented in the form of T-shaped RC-filter, in which electrical 

resistance is analogous to thermal resistance of the corresponding element, and 

capacitance ï analog full heat capacity. Calculations of heat flow and temperature 

was performed by the method of loop currents with the use of operational calculus 

in the area of representations for the Laplace transform. 

It is shown that for the best compensation of external disturbances, the 

dynamic characteristics of the compensation cell simulator the reaction vessel 

should be s similar to each other, for which at quasidifferential calorimeter design 

time the scale factor M = 10 sets, which is the ratio of the working chambers 

height to the height of the compensation cell.  

Modeling the dynamics of thermal processes in calorimeter carried out using 

a software package for calculating the processes in electrical circuits, Micro-Cup. 

Using the model the influence of design parameters and number of factors on the 

dynamic characteristics of the device and the components of measurement error 

were researched. The simulation results demonstrate the efficacy of 

quasidifferential scheme for calorimetric measurements ï when the choice of the 

compensation cell simulator parameters is correct a the case temperature 

perturbation levelled. 

The third section describes the quasidifferential calorimetric system design, 

which in its basic technical characteristics, namely the measurement range of the 

heat volue 10  35 kJ and the limit of the basic relative error less than Ñ0,1% is not 

inferior to foreign analogues, and its main functional blocks and algorithms of 

measuring information processing.  

The variations of the constructive execution of cell simulator and reaction 

vessel are developed. In the process of adjusting the calorimeter by selecting the 

thermal imbalance between the parts of the simulator, such a dynamics of the 

signal change and compensating shell is provided that corresponds to the change of 

the signal of the base shell in the event of the effect of the same external 

perturbation. 
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To increase the measurement process speed the modernized technology of 

manufacturing the sensitive measuring calorimeter shell was proposed. Instead of a 

separate thermal flow sensor in the form of a monolithic cylinder, a thermoelement 

tape in a fiberglass insulation is proposed to be mounted directly on the outer 

surface of the copper cup of the main reaction and compensation cells. Changing 

the position of the battery of the thermoelements leads to a decrease in the 

thickness of the shell and, accordingly, its thermal resistance, which in turn leads 

to a decrease in the time constant, and the speed of the measurement process 

doubles.  

The electronic modules of the calorimeter provide the heat flow continuous 

measurement and indication, the integration of the heat flow over time from the 

moment of arson during the entire operating mode and providing the final result in 

the form of the combustion energy values of fuel samples. 

The technique adjusting the dynamic characteristics of the compensation cell 

was developed, which allowed to minimize the influence of external perturbations 

and to ensure an error of measurement of the calorimeter within 0,1%. The 

application of the developed automated system for measuring, controlling and 

controlling the calorimeter greatly reduces the complexity of carrying out the 

calorimetric experiment and eliminates subjective measurement errors.  

The fourth section deals with the methods of preparing and conducting a 

calorimetric experiment, presents the results of studies on the metrological 

characteristics of developed calorimeters and a calculation experiment to improve 

the speed of obtaining the results of the experiment, as well as the results of 

determining the calorific value of various types of fuel, including non-traditional 

and biofuels. 

The correctness of the results of calorimetric studies is estimated by the 

measurement error calculated on the basis of the results of the primary calibration 

according to the method approved by the State Enterprise "Ukrmetrteststandart", 

which is within 0.1%, which is confirmed by the relevant certificates. This 

measurement error is provided by an integral method for measuring the heat 



13 

volume released during the burning of a fuel sample, which involves integrating 

the heat-energy shell signal from the moment of burning the fuel sample and 

installing the stationary thermal regime for about half an hour, and the total time of 

the calorimetric experiment reaches two hours. The paper substantiates the use of a 

ballistic express method for the dynamic measurement of pulsed heat generation in 

bomber calorimeters, which made it possible to reduce the processing time of the 

calorific value measurements of fuel several times. 

The practical implementation of the thesis results, confirmed by the relevant 

acts, made it possible to carry out import substitution of calorimetric measuring 

instruments and to study the calorific value of various modern types of fuel, 

including non-traditional and biofuels, as well as to assess the feasibility and cost-

effectiveness of their production and use in the industrial-economic complex of 

Ukraine. Research results can be used for further improvement of calorimeters 

metrological characteristics and the development of automated control and 

measuring devices for express control, etc. Among the objects of potential 

introduction  about 2 thousand consumers, which provide processing and use of 

fuel resources. 

Keywords: fuel, combustion heat, heat flow calorimeter, quasidifferential 

method, calorimeter bomb, measurement error. 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʛʦʩʪʨʦʛʦ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʧʘʣʠʚʘ, ʷʢʝ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʘʙʦ 

ʽʤʧʦʨʪʫʻʪʴʩʷ ʚ ʢʨʘʾʥʫ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ, ʧʨʦʚʝʜʝʥʥ ̫ ʝʢʦʥʦʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʱʦ.  

ɺ ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ ʽʩʥʫʻ ʛʦʩʪʨʠʡ ʜʝʬʽʮʠʪ ʩʫʯʘʩʥʠʭ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʥʘ ʢʦʪʝʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʟʘ 

ʫʤʦʚʠ ʟʥʘʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʧʦʩʪʘʯʘʻʪʴʩʷ. 

ʊʘʢʠʡ ʧʨʠʣʘʜ ʧʦʚʠʥʝʥ, ʧʦ-ʧʝʨʰʝ, ʤʘʪʠ ʟʘʜʦʚʽʣʴʥʽ ʜʣʷ ʤʘʩʦʚʠʭ ʪʝʭʥʽʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ-ʜʨʫʛʝ, ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʤʽʨʶʚʘʥʴ ʽ ʩʘʤʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʽ, ʧʦ-

ʪʨʝʪʻ, ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʣʘʜʫ ʽ ʡʦʛʦ ʚʫʟʣʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʧʨʘʚʜʘʥʘ ʚ ʫʤʦʚʘʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʚ ʟʘʩʦʙʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ. 

ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʚʢʘʟʘʥʦʾ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʟʨʦʙʠʣʠ ʟʘʢʦʨʜʦʥʥʽ ʪʘ ʚʽʪʯʠʟʥʷʥʽ ʚʯʝʥʽ: ɽ. ʂʘʣʴʚʝ, ɸ. ʇʨʘʪʪ,  

ɸ. ʊʽʘʥ, ʌ. ʈʦʩʩʽʥʽ, ɺ. ʍʝʤʽʥʛʝʨ, ɻ. ʍʡʦʥʝ, ʃ.ɯ. ɸʥʘʪʠʯʫʢ, ʃ.ʄ. ɻʘʣʴʧʝʨʽʥ, 

ɺ. ɿʝʣʝʥʢʝʚʠʯ, ɭ.ɺ. ʃʝʙʝʜʻʚ, ɻ.ʄ. ʂʦʥʜʨʘʪʴʻʚ, ɼ.ʄ. ʆʣʽʡʥʠʢ, ʄ.ʄ. ʇʦʧʦʚ, 

ɺ. ʉʚʝʥʪʦʩʣʘʚʩʴʢʠʡ, ɺ.ʗ. ʏʝʨʝʧʘʥʦʚ, ʆ.ɸ. ɻʝʨʘʱʝʥʢʦ, ʊ.ɻ. ɻʨʠʱʝʥʢʦ, 

ʃ.ɺ. ɼʝʢʫʰʘ, ʃ.ʁ. ɺʦʨʦʙʡʦʚ ʪʘ ʽʥʰʽ. 

ʈʦʟʨʦʙʣʝʥʽ ʬʘʭʽʚʮʷʤʠ ʅɸʅ ʋʢʨʘʾʥʠ ʙʦʤʙʦʚʽ ʘʥʝʨʦʾʜʥʽ ʢʘʣʦʨʠʤʝʪʨʠ 

ʩʝʨʽʾ ʂʊʉ ʭʦʯʘ ʡ ʯʘʩʪʢʦʚʦ ʟʘʜʦʚʦʣʴʥʠʣʠ ʧʦʪʨʝʙʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ 

ʋʢʨʘʾʥʠ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʘʭ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚʘ, ʘʣʝ ʥʘʨʘʟʽ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ ʪʘ ʦʜʥʦʯʘʩʥʦʛʦ ʩʫʪʪʻʚʦʛʦ (ʚ ʨʘʟʠ) 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ.  

ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʚ ʙʦʤʙʦʚʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

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

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʛʦʩʧʜʦʛʦʚʦʨʫ ˉ581 ʚʽʜ 02.08.2010 ʨ. çʉʪʚʦʨʝʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʙʦʤʙʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʂʊʉ-4è 

ʪʘ ʜʝʨʞʙʶʜʞʝʪʥʦ ʾ ʪʝʤʠ ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

1.7.1.843 çʈʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽè (2012 ï 2016 ʨʨ.,  ̄ɼʈ 

0112U001929). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚʠʟʥʘʯʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʧʘʣʠʚʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

1) ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʜʽʚ ʽʩʥʫʶʯʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʘʧʨʷʤʽʚ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ; 

2) ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʽ 

ʚʪʦʨʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽ ʨʝʛʫʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

3) ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ; 
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4) ʦʙˇʨʫʥʪʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʜʦʩʣʽʜʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʣʦʢʫ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʧʨʦʮʝʩʫ;  

5) ʩʪʚʦʨʠʪʠ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʩʠʩʪʝʤʠ ʽ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʥʘʧʨʷʤʫ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʦʜʝʣʽ, ʤʝʪʦʜ ʪʘ ʢʦʥʜʫʢʪʠʚʥʽ ʢʘʣʦʨʠʤʝʪʨʠ 

ʚʠʤʽʨʚʁʘʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʧʘʣʠʚʘ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʪʝʧʣʦʬʽʟʠʢʠ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʬʽʟʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ: 

1) ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʙʦʤʙʦʚʽʡ ʢʘʣʦʨʠʤʝʪʨʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʩʭʝʤʽ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ; 

2) ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ 

ʚʧʣʠʚ ʟʦʚʥʽʥhʽʭ ʟʙʫʨʝʥʴ ʥʘ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ; 

3) ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʟʤʝʥʰʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʘʢʩʽʘʣʴʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʘʢʪʠʚʥʦʾ ʘʜʽʘʙʘʪʥʦʾ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʦʨʮʽʚ ʨʝʘʢʮʽʡʥʦʾ ʢʦʤʽʨʢʠ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ; 

4) ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʤʝʪʨʠʯʥʦʾ ʯʫʪʣʠʚʦʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʚʜʚʽʯʽ 

ʰʚʠʜʢʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; 
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5) ʨʦʟʚʠʥʫʪʦ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ 

ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʪʘ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ: 

1) ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʶ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ 

ʢʚʘʟʜ̔ʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ; 

2) ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʘʣʦʨʽʡʥʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʦʤ ʢʦʥʪʨʦʣʶ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ; 

3) ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ 

ʚʠʤʽʨʚʁʘʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

4) ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʡ ʧʨʦʛʨʘʤʠ, ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʩʪʚʦʨʝʥʦʤʫ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʥʪʨʦʣʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʢʽʥʮʝʚʠʭ ʜʘʥʠʭ; 

5) ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʪʚʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʘʣʠʚʘ ʨʦʟʨʦʙʣʝʥʦ ʟʨʘʟʢʠ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ, ʧʨʦʚʝʜʝʥʦ ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʫ ʘʪʝʩʪʘʮʽʶ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʜʽʡʩʥʠʪʠ ʽʤʧʦʨʪʦʟʘʤʽʱʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʴ. ɿʦʢʨʝʤʘ, ʚʧʨʦʚʘʜʞʝʥʦ ʪʨʠ ʙʦʤʙʦʚʽ ʢʘʣʦʨʠʤʝʪʨʠ ʪʠʧʫ ʂʊʉ-4: ʫ 

ɼʇ çʈʽʚʥʝʩʪʘʥʜʘʨʪʤʝʪʨʦʣʦʛʽʷè (ʘʢʪ ʚʽʜ 08.02.2016 ʨ.), ʅʊʂ çɯʇʄʘʰè ʅɸʅ 

ʋʢʨʘʾʥʠ (ʘʢʪ ʚʽʜ 07.02.2012 ʨ.), ʊʆɺ çʊʝʨʨʘ ʝʢʦʣʝʥʜè (ʘʢʪ ʚʽʜ 21.09.2011 ʨ.). 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʢʘʬʝʜʨʠ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʽ ʽʥʞʝʥʝʨʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ 
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ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʅʊʋʋ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè (ʘʢʪ ʚʽʜ 

25.09.2017 ʨ.) 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʨʦʟʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, 

ʨʦʟʨʦʙʢʘ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʫ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ, ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʨʦʙʦʪʘʭ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [1, 6, 11, 13]; ʦʧʠʩʘʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ [1, 4, 8, 10]; 

ʟʜʽʡʩʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ [7, 12]; ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʧʽʜʽʙʨʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽʡʥʫ ʬʫʥʢʮʽʶ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [3, 9]; ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʠʱʦʾ ʪʘ ʥʠʞʯʦʾ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʠʭ, ʨʽʜʢʠʭ ʪʘ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʜʽʚ ʙʽʦʧʘʣʠʚʘ [5, 14]; 

ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʘ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ ʙʽʦʧʘʣʠʚʘ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʚʽʪʦʚʠʤ 

ʩʪʘʥʜʘʨʪʘʤ [2, 15]; ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʦʥʜʫʢʪʠʚʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ [16]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ: V - ɯʍ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽ̫ ʭ çʇʨʦʙʣʝʤʠ 

ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʧʣʦʪʝʭʥʽʢʠè (ʂʠʾʚ, 2007, 2009, 2011, 2013, 2015 ʨʨ.);  

X ʤ̔ ʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾçʇʨʦʙʣʝʤʠ ʪʝʧʣʦʬʽʟʠʢʠ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠè 

(ʂʠʾʚ, 2017 ʨ.); 7-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ 

ʧʨʠʣʘʜʠ, ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʪʝʭʥʽʯʥʦʾ 

ʜʘ̔ʛʥʦʩʪʠʢʠ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʽ ʥʘʬʪʦʛʘʟʦʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷè (ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ, 2014 ʨ.); ʍ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 
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çʄʝʪʨʦʣʦʛʽʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘè (ʍʘʨʢʽʚ, 2016 ʨ); 8-ʡ ʅʘʮʽʦʥʘʣʴʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʪʝʭʥʽʯʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘè (ʂʠʾʚ, 2016). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʝʥʦ ʚ 16 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 1 ʤʦʥʦʛʨʘʬʽʷ, 4 ʩʪʘʪʪʽ ʚ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (Index Copernicus), 2 ʧʘʪʝʥʪʠ 

ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ, 6 ʧʫʙʣʽʢʘʮʽʡ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 

152 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ ʜʦʜʘʪʢʽʚ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 212 ʩʪʦʨʽʥʦʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

127 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 42 ʨʠʩʫʥʢʠ ʽ 9 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1  

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ɺʀɿʅɸʏɽʅʅʗ ʊɽʇʃʆʊʀ ɿɻʆʈʗʅʅʗ 

ʇɸʃʀɺɸ 

1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʪʘ ʧʨʠʣʘʜʽʚ 

ʆʩʥʦʚʥʦʶ ʪʝʧʣʦʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʻ ʪʝʧʣʦʪʘ 

ʟʛʦʨʷʥʥʷ. ʇʽʜ ʧʠʪʦʤʦʶ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ ʨʦʟʫʤʽʶʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʟʛʦʨʘʥʥʽ ʦʜʠʥʠʮʽ ʤʘʩʠ ʪʚʝʨʜʦʛʦ ʘʙʦ 

ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ ʽ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʜʣʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ. ɺʽʜʦʤʽ ʜʚʽ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ (ʊɿ) ʧʘʣʠʚʘ: ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʧʽʜʩʪʘʚʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʫ ʧʘʣʠʚʘ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʙʠ ʧʘʣʠʚʘ, ʚʽʜʦʤʽ ʷʢ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ [1, 2]. 

ɿ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʨʤʫʣ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʊɿ ʪʚʝʨʜʠʭ 

ʽ ʨʽʜʢʠʭ ʧʘʣʠʚ ʧʦ ʾʭ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʢʣʘʜʫ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʽ ʫʩʧʽʰʥʦʶ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʩʪʦʪʠ ʽ ʪʦʯʥʦʩʪʽ, ʻ ʬʦʨʤʫʣʘ ɼ.ɯ. ʄʝʥʜʝʣʻʻʚʘ ʟ ʝʤʧʽʨʠʯʥʦ 

ʧʽʜʽʙʨʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʧʘʣʠʚʘ [2]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʱʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ qɺ 

ʧʘʣʠʚʘ ʥʘ ʨʦʙʦʯʫ ʤʘʩʫ (ʢɼʞ/ʢʛ), ʬʦʨʤʫʣʘ ʤʘʻ ʚʠʛʣʷʜ: 

() ( ) () ()( ) 339 1256 109Bq C H O S= Ög + Ög - Ö g -g   (1.1) 

ʜʝ ɔ (ʉ), ɔ (H), ɔ (O) ʽ ɔ (S)  ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ, ʚʽʜʧʦʚʽʜʥʦ, ʚʫʛʣʝʮʶ, ʚʦʜʥʶ, 

ʢʠʩʥʶ ʽ ʩʽʨʢʠ ʚ ʧʘʣʠʚʽ. 

ʋ ʨʘʟʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʥʠʞʯʘ ʊɿ (ʢɼʞ/ʤ
3
) ʤʦʞʝ ʙʫʪʠ ʧʽʜʨʘʭʦʚʘʥʘ 

ʜʣʷ ʦʜʥʦʛʦ ʢʫʙʽʯʥʦʛʦ ʤʝʪʨʘ ʩʫʭʦʛʦ ʛʘʟʫ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2 4 2 2

2 4 2 6 3 6

3 8 4 8 4 10

108 126,3 358,2 560,5

       590,6 637,3 859,8

       912,3 1134 1186,2

ʅq H CO CH C H

C H C H C H

C H C H C H

= Ög + Ög + Ög + Ög

+ Ög + Ög + Ög

+ Ög + Ö + Ög

+

+

g

 (1.2) 

ʜʝ ɔ(H), ɔ(CO), ɔ CH4) ʽ ʪ.ʜ.  ʚʤʽʩʪ ʦʢʨʝʤʠʭ ʛʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʽʜʩʦʪʢʘʭ 

ʟʘ ʦʙʩʷʛʦʤ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. 
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ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʊɿ ʚʦʣʦʛʦʛʦ, ʱʦ ʤʽʩʪʠʪʴ ʧʠʣ ʽ ʟʦʣʫ, 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʽ ʩʫʤʽʰʝʡ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚ [2]. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʊɿ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʩʢʣʘʜʫ ʧʘʣʠʚʘ, ʻ ʥʝʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʽʻʾ 

ʪʦʯʥʦʩʪʽ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʘʣʦʨʠʤʝʪʨʽʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʧʣʦʬʽʟʠʢʠ ʪʘ ʪʝʨʤʦʭʽʤʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʤʽʨʶʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ 

ʝʬʝʢʪʠ ʧʨʦʮʝʩʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʩʧʘʣʶʚʘʥʥʷ) ʽ ʚʠʚʯʘʶʪʴʩʷ ʪʝʨʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥ. ʋ ʟʚ'ʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʚʠʨʽʰʫʚʘʥʠʭ 

ʟʘʚʜʘʥʴ, ʨʦʟʨʦʙʣʝʥʦ ʙʝʟʣʽʯ ʢʘʣʦʨʠʤʝʪʨʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ ʜʽʾ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʂʣʘʩʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʨʠʣʘʜʽʚ ʧʨʦʚʝʜʝʥʽ ʚ ʨʷʜʽ ʨʦʙʽʪ 

[3 11], ʧʨʦʪʝ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʻʜʠʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʜʘʥʠʡ ʯʘʩ ʥʝʤʘʻ, 

ʡʤʦʚʽʨʥʦ, ʫ ʟʚ'ʷʟʢʫ ʟ ʜʫʞʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʻʶ 

ʟʘʚʜʘʥʴ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʣʘʜʽʚ. 

ʈʽʟʥʽ ʪʠʧʠ ʢʘʣʦʨʠʤʝʪʨʽʚ ʟʛʦʨʷʥʥʷ (ʂɿ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʟʘʛʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘ ʡ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʾʭ ʚʽʜ 

ʽʥʰʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. ʊʘʢ, ʜʣʷ ʂɿ ʭʘʨʘʢʪʝʨʥʽ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ 

ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 10  50 ʢɼʞ ʜʣʷ ʙʦʤʙʦʚʠʭ ʂɿ; ʧʦʨʽʚʥʷʥʦ 

ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ; ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʚʽʜʙʦʨʫ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ 

(ʧʨʦʙ) ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. ʂɿ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʚ 

ʧʨʘʢʪʠʮʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ, ʪʘʢ ʷʢ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʊɿ 

ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʽ ʚ ʢʦʪʝʣʴʥʷʭ, ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʨʦʜʫʢʮʽʾ 

ʭʽʤʽʯʥʦʾ ʪʘ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘ ʦʙ'ʻʢʪʘʭ ʚʠʜʦʙʫʪʢʫ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʘʣʠʚ, ʚ ʤʝʪʘʣʫʨʛʽʾ, ʧʨʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʇʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʂɿ, ʷʢ ʽ ʚʟʘʛʘʣʽ ʢʘʣʦʨʠʤʝʪʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ, ʘʣʝ ʢʦʞʥʘ ʟ ʮʠʭ ʦʟʥʘʢ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʛʣʷʥʫʪʠʡ 

ʧʨʠʣʘʜ ʜʦʩʠʪʴ ʧʦʚʥʦ. ʊʘʢ, ʚ [6] ʨʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʤʝʪʦʜʘʤʠ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ, ʧʦ ʪʝʧʣʦʚʠʤ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ ʢʘʣʦʨʠʤʝʪʨʘ ʽ ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ. ɺ [10] ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʚʝʜʝʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʯʦʤʫ ʟʘʟʥʘʯʝʥʦ, ʱʦ çʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ 
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ʢʘʣʦʨʠʤʝʪʨʘ ʩʣʽʜ ʚʢʘʟʘʪʠ ʡʦʛʦ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʟʘ ʚʩʽʤʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷʤʠ ...è. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʂɿ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦ 

ʦʧʠʩʘʪʠ ʡʦʛʦ ʧʦʚʥʫ ʪʝʧʣʦʪʝʭʥʽʯʥʫ ʩʭʝʤʫ, ʪʦʙʪʦ ʚʢʘʟʘʪʠ ʩʧʦʩʽʙ ʩʧʘʣʶʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʘʙʦ ʧʨʠʥʮʠʧ ʜʽʾ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʢʘʣʦʨʠʤʝʪʨʘ. 

ɺʩʽ ʂɿ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʩʧʘʣʶʚʘʥʥʷ ʨʝʯʦʚʠʥʠ: 

 ʙʦʤʙʦʚʽ ʢʘʣʦʨʠʤʝʪʨʠ ʜʠʩʢʨʝʪʥʦʾ (ʧʝʨʽʦʜʠʯʥʦʾ) ʜʽʾ, 

 ʧʦʣʫʤ'ʷʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ. 

ɺ ʙʦʤʙʦʚʠʭ ʂɿ ʩʧʘʣʶʚʘʥʥʷ ʧʨʦʙʠ ʧʘʣʠʚʘ ʚʽʜʦʤʦʾ ʤʘʩʠ (ʘʙʦ ʦʙ'ʻʤʫ  

ʜʣʷ ʛʘʟʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʧʦʩʫʜʠʥʽ  ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ 

ʙʦʤʙʽ (ʂɹ) ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʥʶ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʙôʻʤʽ. ɺ ʧʦʣʫʤ'ʷʥʠʭ 

ʢʘʣʦʨʠʤʝʪʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʽ 

ʟʛʦʨʷʥʥʷ, ʷʢʘ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʻ 

ʧʨʠ ʩʪʘʣʦʤʫ ʪʠʩʢʫ. ɹʦʤʙʦʚʽ ʢʘʣʦʨʠʤʝʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʊɿ 

ʙʫʜʴ-ʷʢʠʭ ʚʠʜʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʘ ʧʦʣʫʤ'ʷʥʽ ʂɿ  ʪʽʣʴʢʠ ʜʣʷ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʘʙʦ ʨʽʜʢʠʭ ʣʝʛʢʦʢʠʧʣʷʯʠʭ ʨʝʯʦʚʠʥ. ʅʘʨʘʟʽ, ʦʩʢʽʣʴʢʠ ʙʦʤʙʦʚʽ ʢʘʣʦʨʠʤʝʪʨʠ ʻ 

ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʜʘʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʪʠʧʦʤ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ ʩʭʝʤʠ ʩʘʤʝ ʙʦʤʙʦʚʠʭ ʂɿ (ʨʠʩ. 1.1). ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʜʝʷʢʠʭ 

ʪʝʨʤʽʥʘʭ ʪʘ ʟʘʛʘʣʴʥʠʭ ʟʘʫʚʘʞʝʥʥʷʭ.  

ʋ ʚʩʽʭ ʝʥʪʘʣʴʧʽʡʥʠʭ ʂɿ, ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʧʘʣʠʚʘ, ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ (ʝʥʪʘʣʴʧʽʾ) ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʷʜʨʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʘʜʽʘʙʘʪʠʯʥʠʭ ʂɿ ʚʽʜʩʫʪʥʽʡ 

ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʷʜʨʦʤ ʩʠʩʪʝʤʠ ʽ ʦʙʦʣʦʥʢʦʶ, ʘ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʂɿ ʪʝʤʧʝʨʘʪʫʨʘ 

ʷʜʨʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. ɯʜʝʘʣʴʥʽ ʽʟʦʪʝʨʤʽʯʥʠʡ ʽ ʘʜʽʘʙʘʪʠʯʥʠʡ 

ʨʝʞʠʤʠ ʨʝʘʣʴʥʦ ʥʝʟʜʽʡʩʥʝʥʥʽ  ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʚʞʜʠ ʻ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʭ 

ʨʝʞʠʤʽʚ. ɺ ʽʟʦʪʝʨʤʽʯʥʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ ʩʪʘʣʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʘʙʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ 

ʇʝʣʴʪʴʻ.  
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͜
͊
ͭ
͔
ͪ
ͣ
͜
;
ͤ
͜
͜
͘
ͦ
ͭ
͔
ͪ
ͣ
͜
;
ͤ
͜

͜
͘
ͦ
ͨ
͔
ͪ
͙
͋
ͦ
͡
͜
;
ͤ
͜
 

˴
ͦ
ͤ
ͫ
ͭ
ͪ
ͯ
͟
ͼ
͜
Ύ

ͫ
ͭ
͊
ͭ
͙
;
ͤ
͜

͘
 
ͪ
ͯ
ͻ
ͦ
ͣ
ͦ
Ό
 

͋
ͦ
ͣ
͋
ͦ
Ό ͒
͙
ͤ
͊
ͣ
͜
;
ͤ
͜

ͦ
͒
ͤ
ͦ
͟
ͦ
ͣ
͜
ͪ
͟
ͦ
͍
͜

͒
͙
ͺ
͔
ͪ
͔
ͤ
ͼ
͜
͊
͡
Έ
ͤ
͜

͟
͍
͊
͘
͜
͒
͙
ͺ
͔
ͪ
͔
ͤ
ͼ
͜
͊
͡
Έ
ͤ
͜

ˢ
͎
ͪ
͔
͎
͊
ͭ
ͤ
͙
͚
 
ͫ
ͭ
͊
ͤ
 

ͪ
ͦ
͋
ͦ
;
ͦ
͝
 
ͪ
͔
;
ͦ
͍
͙
ͤ
͙

ͪ
͜
͒
͙
ͤ
ͤ
͜
 

(͍
ͦ
͒
Ύ
ͤ
͜

)
ͣ
͊
ͫ
͙
͍
ͤ
͜
 

(͊
ͤ
͔
ͪ
ͦ
͝
͒
ͤ
͜

)
͊
ͤ
͔
ͪ
ͦ
͝
͒
ͤ
͜

 

 

ʈʠʩ. 1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʟʛʦʨʷʥʥʷ ʟʘ ʪʠʧʦʤ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ ʩʭʝʤʠ 
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ʍʦʯʘ ʽʟʦʪʝʨʤʽʯʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʟ'ʷʚʠʣʠʩʷ ʦʜʥʠʤʠ ʟ ʧʝʨʰʠʭ (ʢʨʠʞʘʥʠʡ 

ʢʘʣʦʨʠʤʝʪʨ ʃʘʚʫʘʟʴʻ ʽ ʃʘʧʣʘʩʘ  1780 ʨ., ɹʫʥʟʝʥʘ  1870 ʨ.), ʾʭ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʊʉ ʧʘʣʠʚʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʝʨʝʟ ʪʨʫʜʥʦʱʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʘʣʦʨʠʤʝʪʨʽʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʚʝʣʠʢʽ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʬʝʢʪʫ ʇʝʣʴʪʴʻ. 

ʋ ʜʽʘʪʝʨʤʽʯʥʠʭ ʂɿ ʪʝʤʧʝʨʘʪʫʨʠ ʷʜʨʘ ʽ ʦʙʦʣʦʥʢʠ ʨʽʟʥʷʪʴʩʷ, ʽ ʧʨʠ ʮʴʦʤʫ 

ʻ ʧʦʤʽʪʥʽ ʚʠʪʦʢʠ ʪʝʧʣʦʪʠ ʚʽʜ ʷʜʨʘ ʜʦ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʤʽʨʶʚʘʥʴ. 

ʋ ʢʦʥʜʫʢʪʠʚʥʠʭ ʂɿ ʪʝʧʣʦʪʘ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʷʜʨʘ ʩʠʩʪʝʤʠ ʟ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʘ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʚʠʤʽʨʶʚʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʂʦʥʜʫʢʪʠʚʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʽʥʦʜʽ ʚʽʜʥʦʩʷʪʴ ʜʦ 

ʢʘʪʝʛʦʨʽʾ ʜʽʘʪʝʨʤʽʯʥʠʭ. 

ʂʘʣʦʨʠʤʝʪʨʠ ʟ ʨʫʭʦʤʦʶ ʂɹ (ʦʙʝʨʪʘʻʪʴʩʷ ʘʙʦ ʛʦʡʜʘʻʪʴʩʷ), ʘ ʪʘʢʦʞ 

ʮʽʣʢʦʤ ʜʠʥʘʤʽʯʥʽ ʢʘʣʦʨʠʤʝʪʨʠ, ʱʦ ʮʽʣʢʦʤ ʦʙʝʨʪʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʢʨʘʱʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ 

ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮ̔ʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ [1014]. ʆʜʥʘʢ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʪʘʢʽ ʧʨʠʣʘʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴ. 

ɸʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʨʦʙʦʯʦʛʦ ʽ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʂɿ. ʗʢ ʧʨʘʚʠʣʦ, ʚ ʂɿ ʷʢ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʫ ʘʙʦ ʪʚʝʨʜʠʡ ʤʝʪʘʣ  ʤʽʜʴ, ʩʧʣʘʚʠ ʘʣʶʤʽʥʽʶ, ʩʪʘʣʴ, ʘ ʚ 

ʷʢʦʩʪʽ ʦʭʦʣʦʜʞʫʶʯʦʾ ʩʝʨʝʜʦʚʠʱʘ  ʚʦʜʫ ʘʙʦ ʧʦʚʽʪʨʷ. 

ʄʦʞʣʠʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʂɿ ʽ ʟʘ ʽʥʰʠʤʠ ʦʟʥʘʢʘʤʠ. ʊʘʢ, ʟʘ 

ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʽ ʤʽʩʮʷ ʚ ʜʝʨʞʘʚʥʽʡ ʧʦʚʽʨʦʯʥʽʡ ʩʭʝʤʽ, ʂɿ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʧʝʨʚʠʥʥʠʡ ʝʪʘʣʦʥ, ʨʦʙʦʯʠʡ ʝʪʘʣʦʥ (ʟʨʘʟʢʦʚʠʡ ʟʘʩʽʙ) ʽ ʨʦʙʦʯʠʡ ʟʘʩʽʙ 

ʚʠʤʽʨʶʚʘʥʥʷ [15 17]. ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ ʽʩʥʫʶʪʴ 

ʢʘʣʦʨʠʤʝʪʨʠ ʜʣʷ ʪʚʝʨʜʦʛʦ, ʨʽʜʢʦʛʦ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʫʥʽʚʝʨʩʘʣʴʥʽ ʂɿ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. ʂʣʘʩʠʬʽʢʫʶʪʴ 

ʂɿ ʽ ʧʦ ʽʥʰʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʦʟʥʘʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ 
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ʩʪʫʧʝʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʟʘ ʢʣʘʩʘʤʠ ʪʦʯʥʦʩʪʽ ʪʦʱʦ. ʆʜʥʘʢ ʮʽ ʦʟʥʘʢʠ ʥʦʩʷʪʴ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ ʩʭʝʤʠ, ʰʚʠʜʰʝ ʢʽʣʴʢʽʩʥʠʡ, ʥʽʞ ʷʢʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʯʘʩʪʢʦʚʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʷ ʻʜʠʥʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ 

ʪʝʨʤʽʥʦʣʦʛʽʷ. ʊʘʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥʠ çʢʘʣʦʨʠʤʝʪʨ ʩʧʘʣʶʚʘʥʥʷè 

[17 20], çʟʛʦʨʷʥʥʷè [6, 21], çʛʦʨʽʥʥʷè [7]. ɼʣʷ ʦʧʠʩʫ ʧʨʠʣʘʜʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʦʣʦʥʢʠ ʷʢʠʭ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʨʤʽʥʠ 

ç̔ ʟʦʪʝʨʤʽʯʥʘ ʦʙʦʣʦʥʢʘè [5, 20, 21] ʽ ç̔ ʟʦʧʝʨʠʙʦʣʽʯʥʠʡ ʢʘʣʦʨʠʤʝʪʨè [6, 10,  

23 25]. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥʠ çʤʘʩʠʚʥʠʡè ʂɿ [6, 18] ʽ çʘʥʝʨʦʾʜʥʠʡè ʂɿ 

[10]; ʂɿ çʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫè ʽ çʢʦʥʜʫʢʪʠʚʥʠʡè ʪʦʱʦ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʨʤʽʥʦʣʦʛʽʶ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʻʪʴʩʷ ʥʘ ʜʘʥʠʡ ʯʘʩ. 

1.2 ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʟʛʦʨʷʥʥʷ 

ʊʝʧʣʦʪʝʭʥʽʯʥʘ ʩʭʝʤʘ ʙʦʤʙʦʚʦʛʦ ʂɿ ʜʠʩʢʨʝʪʥʦʾ ʜʽʾ ʤʽʩʪʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, 

ʪʨʠ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘ: 

- ʷʜʨʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʟ ʂɹ ʪʘ 

ʪʝʧʣʦʩʧʨʠʡʤʘʶʯʦʛʦ ʪʽʣʘ  ʨʽʜʢʦʛʦ ʘʙʦ ʪʚʝʨʜʦʛʦ, ʤʘʩʠʚʥʦʛʦ ʽ ʟ ʚʠʩʦʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ; 

- ʦʙʦʣʦʥʢʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ 

ʨʝʞʠʤ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ; 

- ʪʝʧʣʦʚʠʡ ʟʚ'ʷʟʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʨʝʞʠʤ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʷʜʨʦʤ ʽ ʦʙʦʣʦʥʢʦʶ ʩʠʩʪʝʤʠ. 

ɺʘʞʣʠʚʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʪʘʢʦʞ ʧʝʨʚʠʥʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʊɿ. ʂʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʙʦʤʙʦʶ ʂɹ ʻ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ ʮʠʣʽʥʜʨʠʯʥʠʡ ʩʪʘʢʘʥ ʟ ʢʨʠʰʢʦʶ, ʻʤʥʽʩʪʶ ʙʣʠʟʴʢʦ 300 ʩʤ
3
. ɿʘʣʝʞʥʦ ʚʽʜ 

ʩʧʦʩʦʙʫ ʛʝʨʤʝʪʠʟʘʮʽʾ ʂɹ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʶ ʪʘ 

ʥʝʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʶ. ʋ ʩʘʤʦʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʂɹ ʻ ʛʫʤʦʚʝ ʢʽʣʴʮʝ, ʷʢʝ, 

ʩʪʠʩʢʘʶʯʠʩʴ ʤʽʞ ʢʨʠʰʢʦʶ ʽ ʥʘʢʠʜʥʦʶ ʛʘʡʢʦʶ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʜʣʠʰʢʦʚʦʛʦ 
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ʪʠʩʢʫ ʛʘʟʽʚ ʚ ʩʪʘʢʘʥʽ, ʛʝʨʤʝʪʠʟʫʻ ʙʦʤʙʫ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʛʝʨʤʝʪʠʟʘʮʽʷ ʂɹ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʠʥʮʝʚʦʛʦ ʘʙʦ ʛʫʤʦʚʦʛʦ ʢʽʣʴʮʷ, ʷʢʝ ʩʪʠʩʢʘʻʪʴʩʷ ʽ 

ʛʝʨʤʝʪʠʟʫʻ ʙʦʤʙʫ ʧʨʠ ʟʘʢʨʫʯʫʚʘʥʥʽ ʥʘʢʠʜʥʦʾ ʛʘʡʢʠ. ʅʘ ʢʨʠʰʮʽ ʂɹ ʻ ʜʚʘ 

ʰʪʫʮʝʨʠ ʟ ʚʝʥʪʠʣʷʤʠ ʘʙʦ ʢʣʘʧʘʥʘʤʠ ʜʣʷ ʟʘʧʨʘʚʢʠ ʢʠʩʥʝʤ ʧʽʜ ʪʠʩʢʦʤ 3 ʄʇʘ ʽ 

ʝʚʘʢʫʘʮʽʾ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ. ʅʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʽ ʢʨʠʰʢʠ 

ʟʘʢʨʽʧʣʝʥʠʡ ʪʨʠʤʘʯ, ʚ ʷʢʠʡ ʚʩʪʘʚʣʷʶʪʴ ʪʠʛʝʣʴ ʟ ʧʨʦʙʦʶ ʧʘʣʠʚʘ. ʐʪʫʮʝʨʠ ʽ 

ʫʪʨʠʤʫʚʘʯ ʦʜʥʦʯʘʩʥʦ ʩʣʫʞʘʪʴ ʝʣʝʤʝʥʪʘʤʠ ʪʦʢʦʧʽʜʚʝʜʝʥʥʷ ʜʦ ʪʦʥʢʦʛʦ ʜʨʦʪʫ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʧʽʜʧʘʣʶʶʪʴ ʧʨʦʙʠ ʧʘʣʠʚʘ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʂɹ ʽ ʽʥʰʠʭ ʬʦʨʤ ʽ ʢʦʥʩʪʨʫʢʮʽʡ [10, 11], ʧʨʦʪʝ, ʚʩʽ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʫʤʦʚʠ ʟʛʦʨʷʥʥʷ, ʷʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ (ʧʘʣʠʚʘ), ʪʘʢ ʽ ʟʨʘʟʢʦʚʦʾ ʨʝʯʦʚʠʥʠ  ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʨʘʜʫʶʚʘʥʥʷ ʽ ʘʪʝʩʪʘʮʽʾ ʂɿ. ʇʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ 

ʩʪʘʥʜʘʨʪʥʽ ʙʦʤʙʦʚʽ ʫʤʦʚʠ [5, 10, 26]: 

1) ʨʝʘʢʮʽʷ ʟʛʦʨʷʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ 

ʫʤʦʚʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 298,15 ʂ; 

2) ʧʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʯʠʩʪʦʛʦ ʢʠʩʥʶ ʚ ʂɹ, ʚʠʤʽʨʷʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

298 ʂ, ʤʘʻ ʩʪʘʥʦʚʠʪʠ 3,04 ʄʇʘ; 

3) ʤʘʩʘ ʟʨʘʟʢʘ ʜʣʷ ʩʧʘʣʶʚʘʥʥʽ ʙʝʨʝʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ 3 ʛ ʥʘ 1 ʣ ʦʙ'ʻʤʫ 

ʙʦʤʙʠ; 

4) ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʧʝʨʝʜ ʜʦʩʣʽʜʦʤ ʚ ʙʦʤʙʫ ʜʣʷ ʥʘʩʠʯʝʥʥʷ 

ʚʦʜʷʥʠʤʠ ʧʘʨʘʤʠ ʾʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ, ʙʝʨʝʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ 3 ʛ ʥʘ 1 ʣ 

ʦʙ'ʻʤʫ ʙʦʤʙʠ. 

ʈʽʟʥʽ ʪʠʧʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʩʭʝʤ ʙʦʤʙʦʚʠʭ ʂɿ ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ ʥʘ 

ʧʨʠʢʣʘʜʘʭ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʠʣʘʜʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.1. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ 

ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘʚʝʜʝʥʽ ʪʘʢʦʞ ʚ ʦʛʣʷʜʘʭ [23 25, 27]. 
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ʊʘʙʣʠʮʷ 1.1 

ʊʝʭʥʯ̔ʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʚ̔ ʟʛʦʨʷʥʥʷ 

 ̄

ʧ/ 

ʧ 

ʄʘʨʢʘ ʧʨʠʣʘʜʫ, 

ʪʝʧʣʦʪʝʭʥʽʯʥʘ 

ʩʭʝʤʘ 

ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʴ, 

ʢɼʞ 

ʇʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ, 

% 

ʊʨʠʚʘʣʽʩʪʴ 

ʜʦʩʣʽʜʫ, 

ʛʦʜ. 

ɻʘʙʘʨʠʪʠ, ʤʤ  

(ʤʘʩʘ, ʢʛ), 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʌʽʨʤʘ-ʚʠʨʦʙʥʠʢ,  

ʢʨʘʾʥʘ 

ʝʬʝʢʪʠʚʥʦʾ 

ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʊɿ 

1 ɺ-08-ʄ, 

ʈɯ 

20é 40 0,1  0,33 420³370³720 

(50), ʅɸ 

ɿ-ʜ ñʕʪʘʣʦʥò,  

ʤ. ɸʣʤʘ-ɸʪʘ, ʉʈʉʈ 

2 ɺ-08-ʄɸ, 

ʈɯ 

20é 40 0,1  0,33 500³350³870 

(55), ʅɸ 

ɿ-ʜ ñʕʪʘʣʦʥò, ʛ. ɸʣʤʘʪʠ 

ʂʘʟʘʭʩʪʘʥ 

3 ɺ-08-ʄɸ ʂ, 

ʈɯ 

10 é 40 0,1  0,33 430³300³480 

 (27), ɸ 

ɻʉʂɹ ʊʌʇ, ʈʦʩʽ̫ ,  

ʟ-ʜ ñʕʪʘʣʦʥò, ʂʘʟʘʭʩʪʘʥ  

4 ʉɸ-3 

ʈɯ 

4 é31 0,5  0,5 600Ĭ490Ĭ1250 

(78), ɸ 

Shimadzu Corp., 

 ʗʧʦʥ̫̔ 

5 6200 

ʈɯ 

10é35   0,1 500³375³350 

( ), ɸ 

Parr Instruments,  

ʉʐɸ 

6 ɸʉ 500 

ʈɯ 

0,12 é35  0,1 0,25 810³790³660 

(140), ɸ 

Leco Corp.,  

ʉʐɸ 

7 OQ-203 

ʈɸ 

ʜʦ 30    610Ĭ335Ĭ525 

( ), ʅɸ 

Labor MIM,  

ʋʛʦʨʱʠʥʘ 

8 IKA -C 200 

ʈɸ 

10é 40 0,1  0,5 500Ĭ450Ĭ425 

(29), ɸ 

Janke &Kunkel GmbH 

ɻʝʨʤʘʥʠʷ 

9 ɸɹʂ-1 12é 40  0,1 0,33 430Ĭ330Ĭ290  

( ), ɸ 

ɿɸʆ çʈʫʩʩʢʠʝ 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʊʝʭʥʦʣʦʛʠʠè, ʈʦʩ̫̔ 

ʇʨʠʤʽʪʢʘ: ʈɯ  ʨʽʜʠʥʥʠʡ ʽʟʦʧʝʨʠʙʦʣʽʯʥʠʡ, ʈɸ  ʨʽʜʠʥʥʠʡ ʘʜʽʘʙʘʪʠʯʥʠʡ, ɸ  ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ, 

ʅɸ  ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ, " "  ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʩʫʪʥʷ 
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1.3 ɽʥʪʘʣʴʧʽʡʥʽ ʙʦʤʙʦʚʽ ʂɿ 

1.3.1 ʈʽʜʠʥʥʽ ʽʟʦʧʝʨʠʙʦʣʽʯʥʽ ʢʘʣʦʨʠʤʝʪʨʠ  

ʈʽʜʠʥʥʽ ʂɿ ʟ ʽʟʦʪʝʨʤʽʯʥʦʶ ʦʙʦʣʦʥʢʦʶ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʂɿ ʜʠʩʢʨʝʪʥʦʾ ʜʽʾ.ʋ ʮʠʭ ʧʨʠʣʘʜʘʭ ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʙʠ ʧʘʣʠʚʘ, ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʽ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʨʽʜʠʥʠ, ʤʘʩʘ ʷʢʦʾ ʚʽʜʦʤʘ ʽ ʚ ʷʢʫ ʟʘʥʫʨʝʥʘ ʂɹ. 

ʑʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʟʘʟʚʠʯʘʡ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ) ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. ʋʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʧʦʩʫʜʠʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʨʦʙʦʯʫ ʨʽʜʠʥʫ, ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʙʽʣʽʟʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʦʙʦʣʦʥʢʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʪʠʧʦʚʦʛʦ ʨʽʜʠʥʥʦʛʦ ʽʟʦʧʝʨʠʙʦʣʽʯʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.2 [2, 27].  

 
ʈʠʩ.1.2 ʈʽʜʠʥʥʠʡ ʽʟʦʧʝʨʠʙʦʣʽʯʥʠʡ ʢʘʣʦʨʠʤʝʪʨ [2, 27]: 

1  ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʙʦʤʙʘ (ʂɹ); 2  ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʧʦʩʫʜʠʥʘ;  

3  ʢʦʞʫʭ; 4  ʢʨʠʰʢʘ; 5  ʪʝʨʤʦʤʝʪʨ; 6  ʤʽʰʘʣʢʘ 
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ʂʘʣʦʨʠʤʝʪʨʠʯʥʫ ʧʦʩʫʜʠʥʫ 2 ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʪʦʥʢʦʾ ʣʠʩʪʦʚʦʾ 

ʣʘʪʫʥʽ ʟ ʤʽʮʥʠʤ ʜʥʦʤ, ʻʤʥʽʩʪʶ ʚʽʜ 2000 ʜʦ 4000 ʩʤ
3
. ɺʥʫʪʨʽʰʥʷ ʽ ʟʦʚʥʽʰʥʷ 

ʧʦʚʝʨʭʥʽ ʧʦʩʫʜʠʥʠ ʧʦʣʽʨʦʚʘʥʽ. ʇʦʩʫʜʠʥʘ ʽʟʦʣʴʦʚʘʥʘ ʚʽʜ ʜʥʘ ʢʦʞʫʭʘ 

ʪʝʧʣʦʽʟʦʣʶʶʯʦʶ ʧʽʜʩʪʘʚʢʦʶ ʟʽ ʩʢʣʘ ʘʙʦ ʧʣʘʩʪʤʘʩʠ, ʱʦ ʪʦʨʢʘʻʪʴʩʷ ʧʦʩʫʜʠʥʠ 

ʣʠʰʝ ʚ ʜʝʢʽʣʴʢʦʭ ʪʦʯʢʘʭ. 

ʂʦʞʫʭ 3, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʩʠʚʥʫ ʜʚʦʩʪʽʥʥʫ ʤʝʪʘʣʝʚʫ ʻʤʢʽʩʪʴ ʟ 

ʧʦʜʚʽʡʥʠʤ ʜʥʦʤ, ʧʨʦʩʪʽʨ ʤʽʞ ʩʪʽʥʢʘʤʠ ʷʢʦʛʦ ʟʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ, ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʾ ʽʟʦʪʝʨʤʽʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʱʦ ʟʘʭʠʱʘʻ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʧʦʩʫʜʠʥʫ 2 ʚʽʜ 

ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʽ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʋ ʢʘʣʦʨʠʤʝʪʨʽ ʤʦʜʝʣʽ ɺ-08-ʄ [28] (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ.1) ʚ ʢʦʞʫʩʽ 3 

ʢʨʽʤ ʤʽʰʘʣʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟʤʽʡʦʚʠʢ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʠ ʽ ʝʣʝʢʪʨʠʯʥʠʡ 

ʥʘʛʨʽʚʥʠʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ. ʅʘʛʨʽʚʥʠʢ ʻ ʪʘʢʦʞ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʨʽʚʥʠʢʽʚ ʽ ʟʤʽʡʦʚʠʢʘ ʧʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʚʠʤʽʨʶʚʘʥʴ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʽ ʦʙʦʣʦʥʮʽ. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʤʝʪʦʜʠʮʽ ʚʩʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʚʫʟʴʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʍʘʨʘʢʪʝʨ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʤʫ ʜʦʩʣʽʜʽ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ.1.3.  

 

 

ʈʠʩ.1.3. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʤʫ ʜʦʩʣʽʜʽ [2, 27] 
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ʂʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʜʦʩʣʽʜ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʪʨʠ ʧʝʨʽʦʜʠ: 

1  ʧʦʯʘʪʢʦʚʠʡ, ʧʝʨʝʜ ʩʧʘʣʶʚʘʥʥʷʤ ʧʨʦʙʠ ʽ ʱʦ ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʣʽʢʫ 

ʪʝʧʣʦʦʙʤʽʥʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʧʦʩʫʜʠʥʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚ 

ʫʤʦʚʘʭ ʧʦʯʘʪʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʫ; 

2  ʛʦʣʦʚʥʠʡ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʦʨʷʥʥʷ ʧʨʦʙʠ, ʚʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʘʩʴ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʨʽʜʠʥʦʶ ʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ; 

3  ʢʽʥʮʝʚʠʡ, ʱʦ ʩʣʫʛʫʻ ʜʣʷ ʦʙʣʽʢʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʢʽʥʮʝʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʫ. 

ʋ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʽʦʜʽ, ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 10  15 ʭʚʠʣʠʥ ʧʽʩʣʷ ʧʦʯʘʪʢʫ 

ʟʤʽʰʫʚʘʥʥʷ ʚʦʜʠ, ʢʦʣʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ (ʪʦʯʢʘ ɸ), ʧʦʯʠʥʘʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʽ ʨʝʻʩʪʨʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʯʝʨʝʟ ʢʦʞʥʽ 30 ʩ. 

ʇʽʩʣʷ 5  10 ʚʠʤʽʨʽʚ ʟʘʤʠʢʘʶʪʴ ʣʘʥʮʶʛ ʧʽʜʧʘʣʫ ʧʘʣʠʚʘ (ʪʦʯʢʘ ɺ). 

ʇʦʯʠʥʘʻʪʴʩʷ ʛʦʣʦʚʥʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʠʢʦʥʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʧʝʨʰʽ 30ʩ ʛʦʣʦʚʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝʟʥʘʯʥʝ, ʪʘʢ ʷʢ ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʧʘʣʠʚʘ, ʱʝ ʥʝ ʚʩʪʠʛʘʻ ʧʝʨʝʜʘʪʠʩʷ ʚʦʜʽ ʢʘʣʦʨʠʤʝʪʨʘ. ʇʦʪʽʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘʨʦʩʪʘʻ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʘ ʧʦʪʽʤ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ɻʦʣʦʚʥʠʡ ʧʝʨʽʦʜ ʚʚʘʞʘʶʪʴ ʟʘʢʽʥʯʝʥʠʤ, ʢʦʣʠ ʟʥʦʚʫ ʥʘʩʪʘʻ 

ʨʽʚʥʦʤʽʨʥʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ (ʪʦʯʢʘ ʉ). ʅʘʩʪʫʧʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ  

(ʉ D) ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʧʝʨʽʦʜʫ ʚʠʤʽʨʶʚʘʥʴ. 

ʇʠʪʦʤʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʚʠʧʨʦʙʫʚʘʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʧʨʦʙʠ ʧʘʣʠʚʘ qʘ 

ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [2]: 

( )( ) ( )1 2ɽʌ ʊ ʂ K ʇ ʇ ɼʈ ɼʈ ɼʈ

a

ʇ

C ʅ ʊ H T H T q M M
q

M

Ö Ö +D - +D +D - Ö -è øê ú
=  (1.3) 

ʜʝ ʉɽʌ  ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ (ʪʝʧʣʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ) ʢʘʣʦʨʠʤʝʪʨʘ; 
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Tʇ ʽ Tʂ  ʧʦʯʘʪʢʦʚʘ ʽ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʦʣʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʧʦʜʽʣʢʘʭ 

ʰʢʘʣʠ ʪʝʨʤʦʤʝʪʨʘ; 

ȹHʇ ʽ ȹHʂ  ʧʦʧʨʘʚʢʠ ʜʦ ʧʦʢʘʟʘʥʴ ʪʝʨʤʦʤʝʪʨʘ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ Tʇ ʽ Tʂ; 

ȹT  ʧʦʧʨʘʚʢʘ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʧʦʩʫʜʠʥʠ ʟ ʦʙʦʣʦʥʢʦʶ ʚ 

ʧʦʜʽʣʢʘʭ ʰʢʘʣʠ; 

qɼʈ  ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʜʨʦʪʫ ʜʣʷ ʧʽʜʧʘʣʫ; 

ʄɼʈ1, ʄɼʈ2  ʤʘʩʠ ʜʨʦʪʫ ʧʽʜʧʘʣʫ ʜʦ ʽ ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ; 

ʄʇ  ʤʘʩʘ ʧʨʦʙʠ ʧʘʣʠʚʘ; 

Hʊ  ʟʥʘʯʝʥʥʷ ʧʦʜʽʣʢʠ ʰʢʘʣʠ ʪʝʨʤʦʤʝʪʨʘ ʚ ʛʨʘʜʫʩʘʭ. 

ʇʦʧʨʘʚʢʫ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ȹT ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )1 2 1 2 2   / 2  TD = h + h ³b + h ³b ,    (1.4) 

ʜʝ ɖ1  ʩʝʨʝʜʥʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 30ʩ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʽʦʜʽ; 

ɖ2  ʩʝʨʝʜʥʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 30ʩ ʚ ʢʽʥʮʝʚʦʤʫ ʧʝʨʽʦʜʽ; 

ɓ1  ʯʠʩʣʦ ʧʽʚʭʚʠʣʠʥʥʠʭ ʧʨʦʤʽʞʢʽʚ ʛʦʣʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʟ ʰʚʠʜʢʠʤ 

ʧʽʜʡʦʤʦʤ ʪʝʤʧʝʨʘʪʫʨʠ (0,3 K ʽ ʙʽʣʴʰʝ); 

ɓ2  ʯʠʩʣʦ ʧʽʚʭʚʠʣʠʥʥʦʾ ʧʨʦʤʽʞʢʽʚ ʛʦʣʦʚʥʦʛʦ ʧʝʨʽʦʜʫ, ʥʝ ʚʽʜʥʝʩʝʥʠʭ ʜʦ 

ʯʠʩʣʘ ɓ1. 

ʇʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʬʦʨʤʫʣʘʤʠ ɼʽʢʢʽʥʩʦʥʘ, ʈʝʥʦ-ʇʬʘʫʥʜʣʝʨʘ ʪʘ ʽʥ. [5, 10, 26, 29]. 

ʊʝʧʣʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʉɽʌ ʢʘʣʦʨʠʤʝʪʨʘ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠ ʤʝʪʨʦʣʦʛʽʯʥʽʡ 

ʘʪʝʩʪʘʮʽʾ ʽ ʧʝʨʽʦʜʠʯʥʦ ʢʦʥʪʨʦʣʶʶʪʴ ʰʣʷʭʦʤ ʩʧʘʣʶʚʘʥʥʷ ʝʪʘʣʦʥʥʦʾ ʨʝʯʦʚʠʥʠ 

 ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ [2, 5, 10, 29 34]. 

ʇʨʠ ʧʨʝʮʠʟʽʡʥʠʭ ʚʠʤʽʨʘʭ ʽʟ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʜʽʣʠʣʘʩʷ ʚ ʂɹ, ʚʽʜʥʽʤʘʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʧʽʜʧʘʣʫ ʽ ʪʝʧʣʦʪʫ 

ʨʦʟʯʠʥʝʥʥʷ ʢʠʩʣʦʪ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʚ 

ʨʽʟʥʠʭ ʂɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʩʝʥʩʦʨʽʚ) 

ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʢʘʣʦʨʠʤʝʪʨ ɺ-08-M [27, 36] ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʝʪʘʩʪʘʪʠʯʥʠʡ ʪʝʨʤʦʤʝʪʨ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ ʰʢʘʣʠ 0,01 ʂ. ʆʩʢʽʣʴʢʠ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʊɿ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʟ ʯʫʪʣʠʚʽʩʪʶ 

ʥʝ ʤʝʥʰʝ 0,001 ʂ, ʜʦ ʩʢʣʘʜʫ ʢʘʣʦʨʠʤʝʪʨʘ ʚʭʦʜʠʪʴ ʦʧʪʠʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʢʨʽʟʴ 

ʷʢʠʡ ʦʧʝʨʘʪʦʨ ʜʽʣʠʪʴ "ʥʘ ʦʢʦ" ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʜʤʽʪʢʘʤʠ ʰʢʘʣʠ ʪʝʨʤʦʤʝʪʨʘ ʥʘ 

10 ʨʽʚʥʠʭ ʯʘʩʪʠʥ, ʮʠʤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʣʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʜʠʩʢʨʝʪʥʽʩʪʶ.  

ʊʘʢʠʡ ʩʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʭʠʣʴʥʠʡ ʜʦ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʧʦʤʠʣʦʢ ʦʧʝʨʘʪʦʨʘ. ʎʶ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʜʘʻʪʴʩʷ ʫʥʠʢʥʫʪʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ɺ-08-ʄɸ (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ.2), 

ʜʝ ʧʦʨʷʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʩʪʘʪʠʯʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʝʨʝʜʙʘʯʝʥʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʠʥʦʚʠʭ ʪʝʨʤʦʤʝʪʨʽʚ ʦʧʦʨʫ  

[36 38]. ɼʣʷ ʮʴʦʛʦ ʢʘʣʦʨʠʤʝʪʨ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʡ ʨʝʻʩʪʨʘʪʦʨʦʤ, ʘ ʚʽʜʣʽʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʦʜʷʪʴ ʟʘ ʧʦʢʘʟʘʤʠ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ.  

ɺ ʢʘʣʦʨʠʤʝʪʨʽ ɺ-08-ʄɸ ʂ [38] (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ.3), ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʚʦʜʩʴʢʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʽ ʧʨʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʣʘʪʠʥʦʚʽ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʧʦʩʫʜʠʥʘʭ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʙʣʦʢʫ. ʂʝʨʫʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ ʜʦʩʣʽʜʦʤ, ʨʝʻʩʪʨʘʮʽʷ, 

ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʠʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʜʽʡʩʥʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʽʜʠʥʥʽ ʽʟʦʧʝʨʠʙʦʣʽʯʥʽ ʂɿ ʚʠʧʫʩʢʘʶʪʴʩʷ ʨʷʜʦʤ ʟʘʢʦʨʜʦʥʥʠʭ ʢʦʤʧʘʥʽʡ. 

ʎʽ ʂɿ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʪʝʧʣʦʪʝʭʥʽʯʥʦʶ ʩʭʝʤʦʶ, ʘʣʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʥʘʷʚʥʽʩʪʶ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʩʝʨʚʽʩʥʦʾ ʘʧʘʨʘʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ ʂɹ ʽ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʂɿ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʘʩʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʗʢ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʙʦʤʙʦʚʠʡ ʢʘʣʦʨʠʤʝʪʨ ʤʦʜʝʣʽ ʉɸ-3 ʷʧʦʥʩʴʢʦʾ ʬʽʨʤʠ 

Shimadzu Corp. [23, 24, 39] (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ. 4) ʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʫ 

Parr-6200 [40] ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʬʽʨʤʠ Parr Instruments (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ. 5). 



39 

 

3
3
 

 

ʌʽʨʤʘ Leco Corp. (ʉʐɸ) [6, 23, 24, 41] ʚʠʛʦʪʦʚʣʷʻ ʽʟʦʧʝʨʠʙʦʣʽʯʥʫ 

ʙʘʛʘʪʦʙʦʤʙʦʚʫ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ɸʉ 500 (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ.6), 

ʷʢʘ ʤʦʞʝ ʜʽʷʪʠ ʷʢ ʩʠʩʪʝʤʘ ʟ ʦʜʥʦʶ, ʜʚʦʤʘ ʘʙʦ ʪʨʴʦʤʘ ʧʦʩʫʜʠʥʘʤʠ, ʱʦ ʜʘʻ 

ʦʧʝʨʘʪʦʨʫ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʦ 15 ʟʨʘʟʢʽʚ ʥʘ ʛʦʜʠʥʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ: 

ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʈʝʥʦ-ʇʬʘʫʥʜʣʝʨʘ ʟʘ 20 ʭʚʠʣʠʥ, ʚʠʩʦʢʦʪʦʯʥʠʤ ʤʝʪʦʜʦʤ 

ʟʘ 8 ʭʚʠʣʠʥ ʘʙʦ ʦʮʽʥʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʯʘʩ ʚʽʜ 4,5 ʜʦ 7,5 ʭʚʠʣʠʥ. 

ʈʽʜʠʥʥʽ ʽʟʦʧʝʨʠʙʦʣʽʯʥʽ ʂɿ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʥʠʭ ʽ 

ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʦʚʽʨʦʯʥʠʭ ʩʭʝʤ ʪʝʧʣʦʪʠ 

ʟʛʦʨʷʥʥʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʫ ʨʘʤʢʘʭ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʧʦ ʪʝʧʣʦʪʽ ʟʛʦʨʷʥʥʷ ʚ ɼʅɺʆ "ʄʝʪʨʦʣʦʛʽʷ" (ʤ. 

ʍʘʨʢʽʚ) ʨʦʟʨʦʙʣʝʥʽ ʝʪʘʣʦʥʥʠʡ ʚʦʜʷʥʽʡ ʙʦʤʙʦʚʠʡ ʂɿ,  ʜʝʨʞʘʚʥʘ ʧʦʚʽʨʥʘ ʩʭʝʤʘ 

ʽ ʜʝʨʞʘʚʥʽ ʩʪʘʥʜʘʨʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʊɿ [1, 16, 42]. 

1.3.2 ʈʽʜʠʥʥʽ ʘʜʽʘʙʘʪʠʯʥʽ ʂɿ 

ʅʝʜʦʣʽʢʦʤ ʽʟʦʧʝʨʠʙʦʣʽʯʥʦʛʦ ʂɿ ʻ ʚʠʪʦʢʠ ʪʝʧʣʦʪʠ ʟ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʧʦʩʫʜʠʥʠ. ɼʣʷ ʾʭ ʦʙʣʽʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʧʨʘʚʦʢ ʜʦʚʦʜʠʪʴʩʷ 

ʨʝʻʩʪʨʫʚʘʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʜʦ ʧʽʜʧʘʣʫ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʧʽʩʣʷ 

ʡʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʂɹ ʽ ʨʽʜʠʥʦʶ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ (ʜʠʚ. ʨʠʩ. 1.3). ɿʤʝʥʰʠʪʠ ʧʦʭʠʙʢʠ, ʚʠʢʣʠʢʘʥʽ 

ʪʝʧʣʦʦʙʤʽʥʦʤ, ʜʦʟʚʦʣʷʻ ʘʜʽʘʙʘʪʠʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʦʣʦʥʢʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʽʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʨʽʜʠʥʠ. ɹʫʜʴ-

ʷʢʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ 

ʪʝʧʣʦʪʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷʤ ʨʽʜʠʥʠ ʚ ʦʙʦʣʦʥʮʽ-ʪʝʨʤʦʩʪʘʪʽ. 

ɿʘʟʚʠʯʘʡ ʚ ʷʢʦʩʪʽ ʪʝʨʤʦʩʪʘʪʠʯʥʦʾ ʨʽʜʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʜʘ ʘʙʦ ʨʦʟʯʠʥ 

ʝʣʝʢʪʨʦʣʽʪʫ (ʛʽʜʨʦʦʢʠʩ ʢʘʣʽʶ), ʷʢʠʡ ʥʘʛʨʽʚʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʇʨʠ 

ʨʦʙʦʪʽ ʟ ʽʜʝʘʣʴʥʠʤ ʘʜʽʘʙʘʪʠʯʥʠʤ ʂɿ ʧʦʪʨʽʙʥʽ ʪʽʣʴʢʠ ʜʚʘ ʚʠʤʽʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʦʜʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ  ʜʦ ʧʽʜʧʘʣʫ ʧʨʦʙʠ ʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʂɹ ʽ ʚʦʜʦʶ. ʋ ʨʝʘʣʴʥʠʭ ʂɿ ʥʝʦʙʭʽʜʥʦ ʚʩʝ ʞ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥ. 
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ʅʘ ʨʠʩ. 1.4 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʨʽʜʠʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ OQ-203 [43] ʫʛʦʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

 

ʈʠʩ.1.4. ʈʽʜʠʥʥʠʡ ʘʜʽʘʙʘʪʠʯʥʠʡ ʢʘʣʦʨʠʤʝʪʨ OQ-203 [43] 

1  ʩʦʨʦʯʢʘ (ʦʙʦʣʦʥʢʘ) ʢʘʣʦʨʠʤʝʪʨʘ; 2  ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʧʦʩʫʜʠʥʘ; 

3  ʧʣʘʪʠʥʦʚʽ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ; 4  ʥʘʛʨʽʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ;  

5  ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʙʦʤʙʘ; 6  ʤʽʰʘʣʢʠ; 7  ʧʨʠʚʦʜʥʠʡ ʤʘʛʥʽʪ ʤʽʰʘʣʦʢ. 

 

ʂɹ ʧʦʤʽʱʝʥʦ ʫ ʚʥʫʪʨʽʰʥʶ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʧʦʩʫʜʠʥʫ ʟ ʚʦʜʦʶ, ʷʢʘ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʚʘʻʪʴʩʷ ʚʝʨʭʥʴʦʶ ʢʨʠʰʢʦʶ. ʋ ʟʦʚʥʽʰʥʶ ʩʦʨʦʯʢʫ 

(ʦʙʦʣʦʥʢʫ) ʪʘʢʦʞ ʟʘʣʠʚʘʻʪʴʩʷ ʚʦʜʘ, ʷʢʘ ʦʪʦʯʫʻ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʧʦʩʫʜʠʥʫ ʟ 

ʫʩʽʭ ʙʦʢʽʚ. ʋ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʽ ʦʙʦʣʦʥʮʽ ʚʩʪʘʥʦʚʣʝʥʽ ʧʣʘʪʠʥʦʚʽ 

ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ, ʘ ʚ ʦʙʦʣʦʥʮʽ ʻ ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ ʽ ʢʘʥʘʣʠ ʜʣʷ 

ʧʨʦʪʽʢʘʥʥʷ ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʽ ʦʙʦʣʦʥʮʽ ʚʩʪʘʥʦʚʣʝʥʽ ʤʽʰʘʣʢʠ, ʷʢʽ ʧʨʠʚʦʜʷʪʴʩʷ ʚ 

ʜʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʽʚ. ɸʜʽʘʙʘʪʠʯʥʽʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʘʟʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ. 
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ʌʽʨʤʘ Janke & Kunkel GmbH (ʌʈʅ) ʚʠʧʫʩʢʘʻ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʫ 

IKA -C200 [23, 24, 44] ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʪʠʧʫ (ʜʠʚ. ʪʘʙʣ. 1.1, ʧ.8) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʨʝʯʦʚʠʥ (ʚʫʛʽʣʣʷ, ʤʘʩʝʣ, ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʪʦʱʦ). ʇʨʠʣʘʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ ʌʈʅ ʽ 

ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʧʦ ʚʠʧʨʦʙʫʚʘʥʥʶ ʤʘʪʝʨʽʘʣʽʚ. ɼʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ, 

ʢʨʽʤ ʚʣʘʩʥʝ ʢʘʣʦʨʠʤʝʪʨʘ, ʚʭʦʜʷʪʴ ʮʠʬʨʦʚʠʡ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʪʝʨʤʦʤʝʪʨ 

Dʂʊ 400, ʦʭʦʣʦʜʞʫʚʘʯ ʚʦʜʠ KV 400 ʽ ʢʝʨʫʶʯʠʡ ʢʦʤʧ'ʶʪʝʨ ʟ ʨʝʻʩʪʨʘʪʦʨʦʤ 

ʪʠʧʫ SRD 100. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʘʛʘʪʦ ʢʘʣʦʨʠʤʝʪʨʽʚ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ 

ʽʟʦʧʝʨʠʙʦʣʽʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʯʠ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʣʦʥʢʠ ʧʦʩʪʽʡʥʦʶ ʯʠ ʚʦʥʘ ʚʽʜʩʪʝʞʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʜʠʥʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʊɿ, ʥʝʦʙʭʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʘʪʠ ʧʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ 

ʪʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʣʦʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ [45 47]. ʊʘʢ, ʜʣʷ ʟʨʘʟʢʦʚʦʛʦ ʂɿ, ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʅɺʆ ɺʅɼɯʄ ʽʤ. ɼ.ɯ. ʄʝʥʜʝʣʝʻʚʘ (ʤ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʽʷ), ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʴ ʟ ʧʦʭʠʙʢʦʶ ʜʦ 0,03%, ʧʦʤʠʣʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʨʘʚʢʠ ʥʘ 

ʪʝʧʣʦʦʙʤʽʥ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,0001 ʂ , ʘ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʙʦʣʦʥʢʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 0,003 ʂ [45]. 

1.3.3 ʄʘʩʠʚʥʽ ʂɿ  

ʆʧʠʩʘʥʽ ʚʠʱʝ ʨʽʜʠʥʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʦʯʥʦʛʦ 

ʟʚʘʞʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ (ʚʦʜʠ) ʧʝʨʝʜ ʢʦʞʥʠʤ ʚʠʤʽʨʦʤ, ʜʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʠʡ ʨʷʜ ʜʞʝʨʝʣ ʧʦʭʠʙʦʢ  ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ, ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 

ʤʽʰʘʣʢʠ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʦ ʤʽʰʘʣʢʘʤ. 

ʎʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʟʙʘʚʣʝʥʽ ʤʘʩʠʚʥʽ ʂɿ, ʚ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʘʣ ʚʠʩʦʢʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʜʠʥʥʠʭ ʂɿ, ʜʝ ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʚ ʙʦʤʙʽ ʰʚʠʜʢʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ ʟʘʚʜʷʢʠ ʢʦʥʚʝʢʪʠʚʥʦʤʫ 

ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʨʦʙʦʪʽ ʤʽʰʘʣʢʠ, ʚ ʤʘʩʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʐʚʠʜʢʽʩʪʴ ʥʘʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʨʽʚʥʦʚʘʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʙʣʦʢʫ, ʡʦʛʦ ʤʦʥʦʣʽʪʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʚʽʜ ʷʢʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʙʦʤʙʠ ʟ ʙʣʦʢʦʤ. ʇʝʨʝʜʫʤʦʚʘ 

ʩʧʨʦʱʝʥʦʾ ʪʝʦʨʽʾ [5] ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʫ ʜʣʷ ʤʘʩʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʽʨʥʘ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʜʦʩʣʽʜʘʭ ʛʨʘʜʫʶʚʘʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ [18]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʩʠʚʥʦʛʦ ʂɿ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʠʡ ʽ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʽ ʩʫʚʦʨʫ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʚʩʽʭ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ʚ ʢʦʞʥʦʤʫ ʜʦʩʣʽʜʽ. 

ʆʧʠʩ ʦʜʥʦʛʦ ʟ ʧʝʨʰʠʭ ʧʦʪʫʞʥʠʭ ʂɿ ʆʡʢʝʥʘ ʽ ʄʝʡʝʨʘ ʥʘʚʝʜʝʥʦ ʚ [6]. 

ʄʘʣʽ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ (30é40 ʤʛ) ʩʧʘʣʶʶʪʴ ʚ ʢʠʩʥʽ ʚ ʟʘʢʨʠʪʽʡ ʤʽʜʥʽʡ 

ʧʦʩʫʜʠʥʽ ʻʤʥʽʩʪʶ 250 ʩʤ
3
 ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. ʎʷ ʨʝʘʢʮʽʡʥʘ ʧʦʩʫʜʠʥʘ ʻ 

ʦʜʥʦʯʘʩʥʦ ʂɹ ʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʨʝʯʦʚʠʥʦʶ. ɺ ʡʦʛʦ ʢʦʨʧʫʩʽ ʻ ʛʥʽʟʜʦ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʨʪʫʪʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. ʈʝʘʢʮʽʡʥʫ ʧʦʩʫʜʠʥʫ ʧʽʜʚʽʰʝʥʦ ʥʘ ʩʪʘʣʝʚʦʤʫ 

ʜʨʦʪʽ ʚʩʝʨʝʜʠʥʽ ʪʝʧʣʦʟʘʭʠʩʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʝʢʨʘʥʫ ʟ ʧʦʣʽʨʦʚʘʥʦʾ ʤʽʜʥʦʾ 

ʬʦʣʴʛʠ. ʆʙʦʣʦʥʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʜʥʫ ʧʦʩʫʜʠʥʫ ʟ ʧʦʜʚʽʡʥʠʤʠ ʩʪʽʥʢʘʤʠ, 

ʟʘʧʦʚʥʝʥʫ ʚʦʜʦʶ (ʪʝʨʤʦʩʪʘʪ). ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʛʦ ʽ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʛʦʨʷʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʥʘʧʨʠʢʣʘʜ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʟ ʥʠʤ 

ʟʤʽʰʫʚʘʣʠ ʽʥʝʨʪʥʠʡ ʧʦʨʦʰʦʢ (20 30% ʦʢʩʠʜʫ ʤʘʛʥʽʶ). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʬʽʨʤʘ "ɼʞʝʥʪʨʽ 

ɯʥʩʪʨʫʤʝʥʪʩ" (ʉʐɸ) ʧʨʦʧʦʥʫʻ ʂɿ ʥʝʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ. ʄʽʥʽʘʪʶʨʥʘ ʩʪʘʣʝʚʘ ʂɹ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʘʣʶʤʽʥʽʻʚʽʡ ʢʽʣʴʮʝʚʽʡ ʦʧʦʨʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʾ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʽʩʪʥʘʜʮʷʪʠ ʤʽʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʠʭ ʪʝʨʤʦʧʘʨ. ʄʝʪʘʣʝʚʠʡ 

ʫʚʽʛʥʫʪʠʡ ʝʢʨʘʥ ʟʘʭʠʱʘʻ ʚʩʶ ʩʠʩʪʝʤʫ ʚʽʜ ʢʦʥʚʝʢʮʽʾ. ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʚ ʷʢʦʩʪʽ ʟʨʘʟʢʦʚʦʾ ʨʝʯʦʚʠʥʠ 

ʩʪʘʥʦʚʠʪʴ 2%. ʎʝʡ ʂɿ ʻ ʤʘʩʠʚʥʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ ʟ ʨʝʘʢʮʽʡʥʦʶ ʧʦʩʫʜʠʥʦʶ 

(ʂɹ), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ ʨʝʯʦʚʠʥʦʶ, ʚ 

ʷʢʦʩʪʽ ʷʢʦʛʦ ʚʠʩʪʫʧʘʻ ʦʧʦʨʘ ʙʦʤʙʠ [6]. 
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ɸʜʽʘʙʘʪʠʯʥʠʡ ʤʘʩʠʚʥʠʡ ʂɿ ʨʦʟʨʦʙʣʝʥʦ ʫ ʅɺʆ ɺʅɼɯʄ ʽʤ. ɼ.ɯ. 

ʄʝʥʜʝʣʝʻʚʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ [18]. ɼʦ ʡʦʛʦ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ: 

ʤʘʩʠʚʥʠʡ ʂɿ ʟ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; ʩʪʝʥʜ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʢʘʣʦʨʠʤʝʪʨʘ; 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ ʢʘʣʦʨʠʤʝʪʨʘ (ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʛʨʘʜʫʶʚʘʥʥʷ); ʚʘʢʫʫʤʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʝ ʨʦʟʨʽʜʞʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ; ʩʝʨʚʽʩʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʢʠʩʥʶ, ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, ʪʠʪʨʫʚʘʥʥʷ ʙʦʤʙʦʚʦʾ 

ʨʽʜʠʥʠ, ʧʨʝʩʘ ʜʣʷ ʙʨʠʢʝʪʫʚʘʥʥʷ ʩʧʘʣʶʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʘʚʜʘʥʥʷ 

ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜʧʘʣʫ ʨʝʯʦʚʠʥʠ. 

ʂʦʥʩʪʨʫʢʮʽʻʶ ʢʘʣʦʨʠʤʝʪʨʘ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʷʢ ʟ ʽʟʦʪʝʨʤʽʯʥʦʾ ʦʙʦʣʦʥʢʦʶ, ʪʘʢ ʽ ʟ ʘʜʽʘʙʘʪʠʯʥʦʶ. 

ʂʘʣʦʨʠʤʝʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʦʤʙʠ ʽ ʤʘʩʠʚʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʙʣʦʢʫ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʫ ʚʠʛʣʷʜʽ ʩʬʝʨʠʯʥʠʭ ʪʽʣ. ʂɹ ʟ ʧʨʠʪʝʨʪʦʶ ʧʦʚʝʨʭʥʝʶ 

ʚʩʪʘʚʣʷʻʪʴʩʷ ʚ ʧʦʨʦʞʥʠʥʫ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ, ʷʢʠʡ ʤʘʻ ʤʘʩʫ 16 ʢʛ ʽ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʽʜʽ. ʇʨʠ ʪʘʢʽʡ ʤʘʩʽ ʟʘʛʘʣʴʥʠʡ ʧʽʜʡʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʙʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʤʘʩʦʶ ʚ 

0,5 ʛ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 2 ʂ. ʂʘʣʦʨʠʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʧʦʤʽʱʝʥʘ ʚ 

ʩʬʝʨʠʯʥʫ ʦʙʦʣʦʥʢʫ ʟ ʣʘʪʫʥʽ. ʄʽʞ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʽ ʦʙʦʣʦʥʢʦʶ 

ʢʦʥʮʝʥʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʩʬʝʨʠʯʥʠʭ ʝʢʨʘʥʠ. ɺʥʫʪʨʽʰʥʽʡ ʝʢʨʘʥ ʻ 

ʘʜʽʘʙʘʪʠʯʥʠʤ  ʥʘ ʥʴʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʝʢʨʘʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʽʛʨʽʚʫ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ. 

ʃʘʪʫʥʥʘ ʦʙʦʣʦʥʢʘ ʂʉ ʧʦʤʽʱʝʥʘ ʚ ʨʽʜʠʥʥʠʡ ʪʝʨʤʦʩʪʘʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ 

ʷʢʦʤʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 0,001 ʂ. 

ɯʥʪʝʛʨʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʶʪʴ 

ʧʣʘʪʠʥʦʚʠʤ ʪʝʨʤʦʤʝʪʨʦʤ ʦʧʦʨʫ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 0,0001 ʂ. ʄʘʩʠʚʥʠʡ 

ʢʘʣʦʨʠʤʝʪʨ ʛʨʘʜʫʶʶʪʴ ʷʢ ʘʙʩʦʣʶʪʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦ ʝʣʝʢʪʨʠʯʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʛʨʽʚʘʥʥʷ, ʪʘʢ ʽ ʚʽʜʥʦʩʥʠʤ, ʪʦʙʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʘʣʶʚʘʥʥʷ ʚ ʥʴʦʤʫ 

ʟʨʘʟʢʦʚʦʾ ʨʝʯʦʚʠʥʠ. ʇʨʠ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ 0,95 ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ ʩʪʘʥʦʚʠʪʴ 0,02%. 
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ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʷ, ʦʧʠʩʘʥʠʡ ʢʘʣʦʨʠʤʝʪʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʊɿ, ʪʘʢ ʷʢ ʚʠʤʘʛʘʻ ʧʨʦʚʦʜʠʪʠ ʩʢʣʘʜʘʥʥʷ ʪʘ ʨʦʟʙʠʨʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʢʪʠʯʥʦ ʧʨʠ ʢʦʞʥʦʤʫ ʚʠʤʽʨʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʨʦʛʽ ʽ 

ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʄʘʩʠʚʥʽ ʘʥʝʨʦʾʜʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʝʪʘʣʦʥʥʠʭ ʽ ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʧʦʚʽʨʦʯʥʠʭ ʩʭʝʤʘʭ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ. ʂʨʽʤ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ, ʫ ɺʅɼɯʄ ʨʦʟʨʦʙʣʝʥʦ ʱʝ ʢʽʣʴʢʘ 

ʚʘʨʽʘʥʪʽʚ ʤʘʩʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ [10, 48]. 

1.3.4 ʄʘʩʠʚʥʽ ʂɿ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʦʶ  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʟʘ ʢʦʨʜʦʥʦʤ ʨʦʟʨʦʙʣʝʥʽ ʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʩʧʦʞʠʚʘʯʘʤ 

ʤʘʩʠʚʥʽ ʂɿ, ʚ ʷʢʠʭ ʟʘʤʽʩʪʴ ʽʟʦʪʝʨʤʽʯʥʦʾ ʘʙʦ ʘʜʽʘʙʘʪʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ. ʊʘʢʽ ʂɿ ʻ ʜʽʘʪʝʨʤʽʯʥʽ. ʅʘ 

ʨʠʩ. 1.5 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʢʘʣʦʨʠʤʝʪʨʘ, ʟʘʧʘʪʝʥʪʦʚʘʥʦʛʦ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ [49].  

 

ʈʠʩ.1.5 ʄʘʩʠʚʥʠʡ ʢʘʣʦʨʠʤʝʪʨ c ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʦʙʦʣʦʥʢʦʶ [49] 

1  ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʦʙʦʣʦʥʢʘ; 2  ʂɹ; 3  ʤʽʜʥʠʡ ʮʠʣʽʥʜʨ; 4  ʧʨʦʙʘ ʧʘʣʠʚʘ;  

5  ʩʝʥʩʦʨʠ. 
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ʂʘʣʦʨʠʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʫ ʨʦʟʤʽʱʝʥʦ ʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽʡ ʦʙʦʣʦʥʮ.̔ 

ʎʠʣʽʥʜʨʠʯʥʘ ʂɹ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʽ ʤʽʜʥʠʡ ʮʠʣʽʥʜʨ, ʱʦ ʦʭʦʧʣʶʻ ʾʾ, 

ʫʪʚʦʨʶʶʪʴ ʷʜʨʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʂɹ ʻ ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ, ʜʝ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʨʦʙʘ ʧʘʣʠʚʘ ʽ ʷʢʘ ʟʘʢʨʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʰʢʠ ʽ 

ʧʨʠʪʠʩʢʥʦʾ ʛʘʡʢʠ. ʆʭʦʣʦʜʞʫʚʘʪʠ ʂɹ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʦʣʦʜʠʣʴʥʠʢʘ ʇʝʣʴʪʴʻ, ʟ ʷʢʠʤ ʙʦʤʙʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʟ ʂɿ. 

ʇʨʠʣʘʜʠ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʦʧʠʩʘʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʝʢʩʧʨʝʩ-ʚʠʤʽʨʶʚʘʥʴ ʊɿ. ʊʘʢ ʢʘʣʦʨʠʤʝʪʨ 

Iʂɸ ʉ700ʊ [23, 50], ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʘʩʠʚʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʟ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʚ ʷʢʦʤʫ ʪʝʧʣʦʦʙʤʽʥ ʨʝʻʩʪʨʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʱʫʧʽʚ, ʚʙʫʜʦʚʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʂɹ. ʂʦʞʥʘ ʙʦʤʙʘ ʤʘʻ 

ʝʣʝʢʪʨʦʥʥʝ ʫʧʽʟʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʂɹ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ ʽ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʚʠʟʥʘʯʝʥʥʷ 

ʊɿ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʨʝʻʩʪʨʫʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʧʽʜʧʘʣʫ 

ʧʨʦʙʠ, ʧʨʠ ʾʾ ʟʛʦʨʘʥʥʽ ʽ ʧʨʠ ʨʦʟʪʽʢʘʥʥʽ ʪʝʧʣʦʪʠ ʧʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ. 

ʄʽʢʨʦʧʨʦʮʝʩʦʨ ʨʦʟʨʘʭʦʚʫʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʟʘ ʤʝʪʦʜʦʤ 

ʈʝʥʦ-ʇʬʘʫʥʜʣʝʨʘ [5], ʘ ʧʦʪʽʤ ʦʙʯʠʩʣʶʻ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʂɹ ʩʠʩʪʝʤʘ ʉ700ʊ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦ 196 

ʚʠʤʽʨʽʚ ʊɿ ʟʘ 8-ʛʦʜʠʥʥʫ ʟʤʽʥʫ. 

1.4 ʂʦʥʜʫʢʪʠʚʥʽ ʙʦʤʙʦʚʽ ʂɿ 

ɺʩʽ ʦʧʠʩʘʥʽ ʚʠʱʝ ʧʨʠʣʘʜʠ ʧʨʘʮʶʶʪʴ ʟʘ ʝʥʪʘʣʴʧʽʡʥʠʤ ʧʨʠʥʮʠʧʦʤ ʽ ʻ ʧʦ 

ʩʫʪʽ "ʢʘʣʦʨʠʤʝʪʨʘʤʠ-ʽʥʪʝʛʨʘʪʦʨʘʤʠ", ʪʘʢ ʷʢ ʚʠʤʽʨʶʚʘʥʠʡ ʚ ʥʠʭ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ (ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ) ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʫʤʘʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜ ʡʦʛʦ ʧʦʯʘʪʢʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʚʽʜʦʤʽ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʚ ʷʢʠʭ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʱʦ ʚʠʪʽʢʘʻ ʟ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ [6, 8, 9, 51]. ʊʘʢʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

"ʢʘʣʦʨʠʤʝʪʨʠ-ʦʩʮʠʣʦʛʨʘʬʠ". ʋ ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʝʧʣʦʪʘ, ʱʦ 
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ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʢʦʤʽʨʮʽ, ʚʽʜʚʦʜʠʪʴʩʷ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʦʙʦʣʦʥʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʪʽʢʘʻ ʚʽʜ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ ʜʦ 

ʦʙʦʣʦʥʢʠ. ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʽʟʦʧʝʨʠʙʦʣʽʯʥʦʛʦ ʢʦʥʜʫʢʪʠʚʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ ʻ ʢʘʣʦʨʠʤʝʪʨ ʊʽʘʥʘ. ʋ ʮʴʦʤʫ ʧʨʠʣʘʜʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʧʦʩʫʜʠʥʫ 

(ʢʦʤʽʨʢʫ) ʟ'ʻʜʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʪʝʨʤʦʙʘʪʘʨʝʡ ʟ ʚʝʣʠʢʠʤ ʤʝʪʘʣʝʚʠʤ 

ʙʣʦʢʦʤ  ʪʝʨʤʦʩʪʘʪʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʽ 

ʩʪʘʙʽʣʴʥʽʩʪʶ 0,01 ʂ. ʆʜʥʘ ʟ ʪʝʨʤʦʙʘʪʘʨʝʡ ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʧʦʩʫʜʠʥʠ ʽ ʪʝʨʤʦʩʪʘʪʘ, ʽʥʰʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʦʚʥʦʾ ʘʙʦ ʯʘʩʪʢʦʚʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʪʠ ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʫ ʇʝʣʴʪʴʻ. ʊʝʧʣʦʪʘ ʝʥʜʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘʢʦʞ ʤʦʞʝ 

ʙʫʪʠ ʩʢʦʤʧʝʥʩʦʚʘʥʘ ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʪʝʨʤʦʙʘʪʘʨʝʾ.  

ʂʘʣʴʚʝ ʫʜʦʩʢʦʥʘʣʠʚ ʢʘʣʦʨʠʤʝʪʨ ʊʽʘʥʘ, ʩʢʦʥʩʪʨʫʶʚʘʚʰʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʢʘʣʦʨʠʤʝʪʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʚʽ ʘʙʦ ʯʦʪʠʨʠ ʢʦʤʽʨʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʙʽʦʣʦʛʽʾ ʽ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ [51]. ʂʘʣʦʨʠʤʝʪʨ ʂʘʣʴʚʝ 

(ʨʠʩ.1.6) ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʠʡ ʙʣʦʢ ʟ ʢʘʥʘʣʘʤʠ, ʚ ʷʢʠʭ ʧʦʤʽʱʘʶʪʴ 

ʮʠʣʽʥʜʨʠʯʥʽ ʢʦʤʽʨʢʠ. ʋ ʢʦʤʽʨʮʽ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ, 

ʤʝʪʘʣʝʚʠʡ ʙʣʦʢ ʛʨʘʻ ʨʦʣʴ ʦʙʦʣʦʥʢʠ, ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 10
-5
é10

-6
 ʂ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʂʘʣʴʚʝ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʽʚ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʫ ʢʦʤʧʝʥʩʘʮʽʶ. ɼʦʩʣʽʜʞʫʚʘʥʝ 

ʪʝʧʣʦʚʝ ʷʚʠʱʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʯʘʩʫ. ʇʦʪʽʤ ʦʪʨʠʤʘʥʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʧʨʘʚʣʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨ. ʇʽʩʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʛʨʘʬʽʢʠ ʟʦʙʨʘʞʫʶʪʴ ʬʘʢʪʠʯʥʫ ʪʝʧʣʦʚʫ 

ʧʦʪʫʞʥʽʩʪʴ ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ (ʪʝʨʤʦʢʽʥʝʪʠʢʫ). 

 



47 

 

3
3
 

 

 

ʈʠʩ. 1.6. ʂʘʣʦʨʠʤʝʪʨ ɽ. ʂʘʣʴʚʝ (ʩʭʝʤʘ) : 1  ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʢʦʤʽʨʢʘ ʟ 

ʪʝʨʤʦʧʘʨʘʤʠ; 2  ʙʣʦʢ ʢʘʣʦʨʠʤʝʪʨʘ; 3  ʤʝʪʘʣʝʚʽ ʢʦʥʫʩʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʙʣʦʮʽ; 4  ʦʙʦʣʦʥʢʘ; 5  ʥʘʛʨʽʚʥʠʢ ʜʣʷ 

ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʧʨʠʣʘʜʫ; 6  ʪʝʧʣʦʚʽ ʝʢʨʘʥʠ; 7  ʪʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ; 8  ʪʨʫʙʢʘ 

ʜʣʷ ʚʚʝʜʝʥʥʷ ʨʝʯʦʚʠʥʠ; 9  ʚʽʢʥʦ ʜʣʷ ʚʽʜʣʽʢʫ ʧʦʢʘʟʽʚ ʛʘʣʴʚʘʥʦʤʝʪʨʘ 10 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʩʧʘʣʶʚʘʥʥʷ ʨʝʯʦʚʠʥ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʂʘʣʴʚʝ 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʫ ʤʽʢʨʦʙʦʤʙʫ (ʨʠʩ. 1.7) ʜʽʘʤʝʪʨʦʤ 35 ʤʤ ʽ ʚʠʩʦʪʦʶ 

80 ʤʤ. ʇʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚ ʤʽʢʨʦʙʦʤʙʽ ʩʧʘʣʶʻʪʴʩʷ ʧʨʦʙʘ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ 

ʤʘʩʦʶ 0,01 ʛ ʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ 264 ɼʞ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʙʦʤʙʘʤʠ 

ɹʝʨʪʣʦ ʤʽʢʨʦʙʦʤʙʫ ʧʝʨʝʚʝʨʥʫʪʦ. ʂʨʠʰʢʘ ʱʦ ʧʨʠʛʚʠʥʯʫʻʪʴʩʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʥʠʟʫ ʧʨʠʣʘʜʫ, ʘ ʜʥʦ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ  ʟʚʝʨʭʫ. ʊʘʢʠʡ ʧʨʠʩʪʨʽʡ ʤʘʻ 

ʧʝʨʝʚʘʛʫ ʱʦʜʦ ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʢʠʜʽʚ ʽ ʢʦʨʦʟʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʨʠʰʮʽ  ʢʘʥʘʣʽʚ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ, ʟʘʧʽʨʥʠʭ ʛʦʣʦʢ, ʝʣʝʢʪʨʠʯʥʦ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʩʪʨʠʞʥʝʚʦʛʦ ʚʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ ʪʦʱʦ. 



48 

 

3
3
 

 

 

ʈʠʩ. 1.7. ʄʽʢʨʦʙʦʤʙʘ ʂʘʣʴʚʝ [51] 

1  ʪʝʧʣʦʚʠʡ ʽʟʦʣʷʪʦʨ; 2  ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʢʘʤʝʨʘ; 3  ʙʘʚʦʚʥʷʥʘ ʥʠʪʢʘ; 

4  ʨʝʯʦʚʠʥʘ, ʱʦ ʩʧʘʣʶʻʪʴʩʷ; 5  ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʡ ʩʪʨʠʞʝʥʴ;  

6  ʩʪʨʫʤʦʧʽʜʚʝʜʝʥʥʷ ʣʘʥʮʶʞʢʘ ʧʽʜʧʘʣʫ; 7  ʽʟʦʣʶʶʯʠʡ ʯʦʭʦʣ;  

8  ʧʣʘʪʠʥʦʚʠʡ ʪʠʛʝʣʴ; 9  ʪʦʥʢʘ ʧʣʘʪʠʥʦʚʘ ʥʠʪʢʘ. 

 

ʅʘ ʚʥʫʪʨʽʰʥʽ ʩʪʽʥʢʠ ʤʽʢʨʦʙʦʤʙʠ ʥʘʥʝʩʝʥʦ ʰʘʨ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ (ʦʢʠʩ 

ʘʣʶʤʽʥʽʶ) ʟ ʤʝʪʦʶ ʫʥʠʢʥʫʪʠ ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʚ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʧʦʣʫʤ'ʷ ʟ 

ʭʦʣʦʜʥʦʶ ʩʪʽʥʢʦʶ ʙʦʤʙʠ. ʇʽʜʙʽʨ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʛʦ ʽʟʦʣʷʪʦʨʘ ʜʦʟʚʦʣʠʚ 

ʦʪʨʠʤʘʪʠ ʪʝʨʤʦʛʨʘʤʫ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ (ʬʫʥʢʮʽʶ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʯʘʩʫ 
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t) ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʪʽʣʴʢʠ ʜʚʦʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʯʣʝʥʽʚ. ʋ ʮʠʭ ʫʤʦʚʘʭ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ, ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʦʨʜʠʥʘʪʽ ʙʘʣʽʩʪʠʯʥʦʾ ʢʨʠʚʦʾ. ʂʘʣʴʚʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʝʯʦʚʠʥ "ʙʘʣʽʩʪʠʯʥʠʡ" ʩʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʧʨʠ ʷʢʦʤʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʽʥʪʝʛʨʘʮʽʻʶ ʩʠʛʥʘʣʫ 

ʪʝʨʤʦʙʘʪʘʨʝʾ, ʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʩʠʛʥʘʣʫ. ʂʘʣʦʨʠʤʝʪʨʠ 

ʪʠʧʫ ʊʽʘʥʘ-ʂʘʣʴʚʝ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʨʽʟʥʠʭ ʷʚʠʱ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʩʧʘʣʶʚʘʥʥʷ [51 58]. 

ɺ ɯʥʩʪʠʪʫʪʽ ʭʽʤʽʯʥʦʾ ʬʽʟʠʢʠ (ʈʦʩʽʷ) ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʷʜ 

ʩʧʦʩʦʙʽʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʝʥʝʨʛʽʾ ʟʛʦʨʷʥʥʷ [59  61]. 

ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʘʣʦʨʠʤʝʪʨ ɸʂʉ-3ʄ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ [61]. 

ʋ ʢʘʣʦʨʠʤʝʪʨʽ ɹʂʉ-1 [62] ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʤʽʨʢʘ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʘ ʤʘʩʠʚʥʠʡ ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ ʙʣʦʢ  ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ 

ʩʝʛʤʝʥʪʽʚ, ʷʢʽ ʧʨʠʪʠʩʢʘʶʪʴ ʜʦ ʛʨʘʥʝʡ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ ʧʣʦʱʠʥʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʪʝʨʤʦʧʘʨʠ. ʋ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʭʦʨʦʰʠʡ 

ʪʝʧʣʦʚʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʢʦʤʽʨʢʦʶ ʽ ʟʦʚʥʽʰʥʽʤ 

ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʤ ʢʦʨʧʫʩʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʽʥʝʨʮʽʡʥʽʩʪʴ ʂɿ.  ɼʦ ʩʢʣʘʜʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ ʙʣʦʢʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ. ʇʨʠʣʘʜ 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʟʠʢʦ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʽʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʨʦʟʘʩʦʙʽʚ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʠʥʪʝʟ ʪʦʱʦ). ɺʥʫʪʨʽʰʥʽʡ 

ʦʙ'ʻʤ ʂɹ ʩʪʘʥʦʚʠʪʴ 80 ʩʤ
3
, ʱʦ ʦʙʤʝʞʫʻ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʽʥʪʝʨʚʘʣʦʤ ʚʽʜ 103 ʜʦ 104 ɼʞ. ʏʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 

8é10 ʭʚʠʣʠʥ ʧʨʠ ʯʘʩʫ ʚʠʚʝʜʝʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ (40 Üʉ ) 

 ʜʦ 2 ʛʦʜʠʥ. ʂʘʣʦʨʠʤʝʪʨ ɹʂʉ-2 [63] ʩʪʘʚ ʥʘʩʪʫʧʥʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 

ʤʦʜʝʨʥʽʟʘʮʽʻʶ, ʘ ʚ ʥʦʚʽʡ ʤʦʜʝʣʽ ɹʂʉ-2ʍ [64] ʚʪʽʣʝʥʦ ʩʫʯʘʩʥʽ 

ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʙʽʣʴʰʝʥʦ ʰʚʠʜʢʦʜʽʶ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ. 



50 

 

3
3
 

 

ʆʪʞʝ, ʫ ʩʚʽʪʽ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʜʫʢʪʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʦʪʝ, ʷʢ ʧʨʘʚʠʣʦ, ʮʽ ʧʨʠʣʘʜʠ ʻ 

ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟ ʤʘʣʠʤ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷʤ ʫ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ. 

1.5 ʂʦʥʜʫʢʪʠʚʥʽ ʙʦʤʙʦʚʽ ʢʘʣʦʨʠʤʝʪʨʠ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʤʙʦʚʠʭ ʂɿ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʜʚʽ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ ʚ 

ʨʦʟʚʠʪʢʫ ʮʠʭ ʧʨʠʣʘʜʽʚ: ʧʦ-ʧʝʨʰʝ, ʧʝʨʝʚʘʞʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʥʝʨʦʾʜʥʽ 

(ʙʝʟʚʦʜʥʽ) ʂɿ, ʚ ʷʢʠʭ ʟʘʤʽʩʪʴ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ, ʧʦ-ʜʨʫʛʝ, ʜʣʷ ʮʠʭ 

ʧʨʠʣʘʜʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʦʨʤʦʚʘʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʤʙʦʚʠʭ ʂɿ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1, 23  27] ʽ ʻ ʧʨʘʢʪʠʯʥʦ 

ʛʨʘʥʠʯʥʠʤʠ ʜʣʷ ʨʦʙʦʯʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʜʥʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ "ʩʫʭʠʭ" ʧʨʠʣʘʜʽʚ ʜʦʟʚʦʣʷʻ ʧʦʣʝʛʰʠʪʠ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ, 

ʟʥʠʟʠʪʠ ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʩʫʙ'ʻʢʪʠʚʥʠʭ ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʤʽʨʘʭ. 

ʅʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʬʘʭʽʚʮʷʤʠ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʽ ʩʪʚʦʨʝʥʦ ʩʝʨʽʶ ʚʽʪʯʠʟʥʷʥʠʭ ʢʘʣʦʨʠʤʝʪʨ̔ ʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʪʨʘʜʠʮʽʡʥʠʤ ʚʦʜʷʥʠʤ ʢʘʣʦʨʠʤʝʪʨʘʤ ʟʛʦʨʷʥʥʷ [65 ï 71]. ʂʘʣʦʨʠʤʝʪʨʠ ʩʝʨʽʾ 

ʂʊʉ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʦʛʦ, ʨʽʜʢʦʛʦ ʽ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʦʤʙʦʚʦʛʦ 

ʟ̔ʦʧʝʨʠʙʦʣ̔ʯʥʦʛʦ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ, ʪʦʙʪʦ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠʥʮʠʧ 

ʢʘʣʦʨʠʤʝʪʨʘ ʂʘʣʴʚʝ, ʘʣʝ ʫ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ.  

ʊʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʨʦʙʠ ʧʘʣʠʚʘ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʙʦʤʙʽ, ʚʽʜʚʦʜʠʪʴʩʷ ʢʨʽʟʴ ʧʝʨʚʠʥʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ, ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʦʧʦʤʽʞʥʦʾ 

ʩʪʽʥʢʠ  ʪʝʧʣʦʤʝʪʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ. ʉʠʛʥʘʣ ʩʝʥʩʦʨʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʧʣʦʚʽʡ 
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ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʥʴʦʛʦ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʫ ʟʥʘʯʝʥʥʷ 

ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʽʥʪʝʛʨʫʶʪʴ ʜʦ ʤʦʤʝʥʪʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʪʝʧʣʦʚʦʤʫ ʙʣʦʮʽ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ.  

ʋ ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʠʧʫ ʂʊʉ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʚʥʫ ʪʝʧʣʦʪʫ ʟʛʦʨʥ̫ʥʷ ʧʨʦʙʠ 

ʧʘʣʠʚʘ ʚʠʟʥʘʯʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʽʥʪʝʛʨʘʣʴʥʠʤ ʽ ʙʘʣʽʩʪʠʯʥʠʤ. ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʪʝʧʣʦʪʘ ʟʛʦʨʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʩʠʛʥʘʣʫ 

ʩʝʥʩʦʨʘ ʟʘ ʧʨʦʤʽʞʦʢ ʚʽʜ ʧʽʜʧʘʣʫ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʚ 

ʜʨʫʛʦʤʫ ï ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʩʠʛʥʘʣʫ.  

ʊʝʧʣʦʚʽ ʙʣʦʢʠ ʢʘʣʦʨʠʤʝʪʨʽʚ ʩʝʨʽʾ ʂʊʉ ʚʠʢʦʥʘʥʽ ʦʜʥʦʢʦʤʽʨʯʘʩʪʠʤʠ 

(ʨʠʩ. 1.8) [67,  71]. ʌʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦ ʾʢʦʤʽʨʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʬʦʨʤʽ ʽ ʨʦʟʤʽʨʘʤ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦ ʾʙʦʤʙʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʩʪʘʚʣʷʪʠ ʽ 

ʚʠʪʷʛʘʪʠ ʾʾ ʟ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦ ʾʢʦʤʽʨʢʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʥʘʜʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʙʦʤʙʠ ʽ ʢʦʤʽʨʢʠ.  

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʦʜʷʥʠʤʠ ʢʘʣʦʨʠʤʝʪʨʠ ʩʝʨʽʾ ʂʊʉ ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

- ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʽ ʩʪʘʣʠʤ 

ʪʝʤʧʝʨʘʪʫʨʦʚʦʣʦʛʽʩʥʠʤ ʨʝʞʠʤʦʤ;  

- ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʽ ʾʾ ʪʦʯʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ;  

- ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʧʨʘʮʶʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʫ.  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʦʨʠʤʝʪʨʽʚ ʩʝʨʽʾ ʂʊʉ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 1.2. ɹʘʯʠʤʦ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʽʪʯʠʟʥʷʥʽ 

ʢʘʣʦʨʠʤʝʪʨʠ ʜʝʱʦ ʧʨʦʛʨʘʶʪʴ ʷʢ ʫ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢ ʽ ʫ ʰʚʠʜʢʦʜʽʾ 

ʦʜʝʨʞʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʇʨʦʪʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʟʘʧʝʨʝʯʥʽ ʧʝʨʝʚʘʛʠ 

ʢʦʥʜʫʢʪʠʚʥʦʛʦ "ʩʫʭʦʛʦ" ʧʨʠʣʘʜʫ, ʾʭ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʜʦʮʽʣʴʥʠʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʦʛʦ ʱʘʙʣʷ ʩʚʽʪʦʚʦʾ 

ʢʘʣʦʨʠʤʝʪʨʽʾ. 
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ʈʠʩ. 1.8. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ ʢʘʣʦʨʠʤʝʪʨʘ ʤʦʜʝʣʽ ʂʊʉ-3 [71].:  

1  ʚʝʨʭʥʷ ʢʨʠʰʢʘ; 2  ʢʨʠh ʢʘ ʢʦʤʽʨʢʠ; 3  ʨʫʢʦʷʪʢʘ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ;  

4  ʪʝʧʣʦʤʝʪʨʠʯʥʘ ʦʙʦʣʦʥʢʘ (ʩʝʥʩʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ); 5  ʩʪʘʢʘʥ ʢʦʤʽʨʢʠ;  

6  ʙʦʤʙʘ; 7  ʢʦʨʧʫʩ; 8  ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢ; 9  ʥʠʞʥʷ ʢʨʠʰʢʘ ʟ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʚʢʣʘʜʠʰʝʤ; 10  ʢʦʞʫʭ; 11  ʚʝʥʪʠʣʷʪʦʨ; 12  ʚʽʜʩʽʢ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 
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ʊʘʙʣʠʮʷ 1.2 

ʇʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʫʢʨʘʾʥʩʴʢʠʭ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʟʛʦʨʷʥʥʷ ʪʘ ʩʚʽʪʦʚʠʭ ʘʥʘʣʦʛʽʚ 

ʂʨʘʾʥʘ 

ʌʽʨʤʘ 
ʄʦʜʝʣʴ ʇʨʠʥʮʠʧ ʜʽʾ 

ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʴ, 

ʢɼʞ 

ʇʦʭʠʙʢʘ/ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ, 

% 

ʊʨʠʚʘʣʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʭʚ. 

ʉʐɸ 

LECO 

Corporation 

ɸʉ500 

ɸʉ600 

ʝʥʪʘʣʴʧʽʡʥʽ, 

ʨʽʜʠʥʥʽ 

10é35 0,1 

0,1 

20 

6 

ʉʐɸ 

Parr Instrument 

Company 

 

1341 

6100 

6200 

ʝʥʪʘʣʴʧʽʡʥʽ, 

ʨʽʜʠʥʥʽ 

10é35 
0,3 

0,1é0,2 

0,1 

25 

6 

6 

ʅʽʤʝʯʯʠʥʘ 

ɯʂɸ 

ʉ 200 

ʉ 2000 

ʉ 6000 

ʝʥʪʘʣʴʧʽʡʥʽ, 

ʨʽʜʠʥʥʽ 

10é40 

0,15 

0,05 

0,05 

20 

22 

15 

ʉ 7000 

ʝʥʪʘʣʴʧʽʡʥʠʡ, 

ʘʥʝʨʦʾʜʥʠʡ 
10é30 

0,1  

ʈʦʩʽʷ, ɿɸʆ çʈʫʩʩʢʠʝ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʊʝʭʥʦʣʦʛʠʠè 

ɸɹʂ-1 ʝʥʪʘʣʴʧʽʡʥʠʡ, 

ʨʽʜʠʥʥʠʡ 12é40 0,1 20 

ʂʘʟʘʭʩʪʘʥ 

ʟ-ʜ çɽʪʘʣʦʥè 

ɺ-08ʄɸ ʂ ʝʥʪʘʣʴʧʽʡʥʽ, 

ʨʽʜʠʥʥʽ 
10é40 0,1 20 

ʋʢʨʘʾʥʘ 

ɯʊʊʌ ʅɸʅʋ 

 

 

 

ʂʊʉ-1 

ʂʊʉ-2 

ʂʊʉ-3 

ʢʦʥʜʫʢʪʠʚʥʽ 

ʽʟʦʧʝʨʠʙʦʣʠʯʥʽ 

ʟ 1 ʢʦʤʽʨʢʦʶ 

10é40 

10é40 

10é35 

0,2 

0,2 

0,2 

60 

60 

45 
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1.6 ʇʝʨʚʠʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʝʥʩʦʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽʾ 

ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʽʟʥʠʭ 

ʪʠʧʘʭ ʢʘʣʦʨʠʤʝʪʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʊʦʤʫ ʧʝʨʚʠʥʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʩʝʥʩʦʨ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʤʝʪʨʦʣʦʛʽʯʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ. ʈʽʟʥʽ ʪʠʧʠ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢʦʞ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʟʘʭʠʩʥʠʭ ʦʙʦʣʦʥʦʢ ʽ ʝʢʨʘʥʽʚ. 

ɿʘʛʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽʾ, ʻ [10]: 

- ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʪʝʨʤʦʤʝʪʨʘ): 

ʧʨʠʡʥʷʪʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ 10
3
 ï 10

5
 ʂ; 

- ʚʠʩʦʢʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʜʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ Ñ5 10
4
 ʂ; 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʽʚ ʪʝʨʤʦʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ; 

- ʩʪʘʣʘ ʯʘʩʫ ʪʝʨʤʦʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʝ ʯʘʩʫ 

ʧʨʦʪʽʢʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʘʣʦʨʠʤʝʪʨʽ. ʇʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʨʘʚʢʫ ʥʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘ [5]. 

ʈʪʫʪʥʽ ʤʝʪʘʩʪʘʪʠʯʥʽ ʪʝʨʤʦʤʝʪʨʠ [2, 12, 72] ʜʦʥʝʜʘʚʥʘ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ ʙʦʤʙʦʚʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ. ʊʘʢʽ ʪʝʨʤʦʤʝʪʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʟʤʽʥʶʚʘʪʠ ʤʝʞʽ ʚʠʤʽʨʶʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʙʝʨʽʛʘʶʯʠ ʽʥʪʝʨʚʘʣ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʪʝʨʤʦʤʝʪʨ ɹʝʢʤʘʥʘ, ʭʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʙʦʨʫ ʯʘʩʪʠʥʠ ʨʪʫʪʽ ʟ ʦʩʥʦʚʥʦʾ ʧʦʩʫʜʠʥʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʤʝʞʽ ʚʠʤʽʨʶʚʘʥʴ. ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʤʘʣʦʶ ʪʦʯʥʽʩʪʶ, ʧʨʦʪʝ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʚʠʤʽʨʫ ʟʤʽʥʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ 0,001 ʂ ʧʨʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʘʭ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʈʪʫʪʥʽ 
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ʪʝʨʤʦʤʝʪʨʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ 

ʦʧʝʨʘʪʦʨʦʤ, ʻ ʥʝʟʨʫʯʥʠʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʽʨʶʚʘʥʴ. 

ʄʝʪʘʣʝʚʽ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʣʽʥʽʡʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ, ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʦʯʥʽʡ ʪʝʨʤʦʤʝʪʨʽʾ ʽ ʢʘʣʦʨʠʤʝʪʨʽʾ [10, 12, 72]. ʊʝʨʤʦʤʝʪʨʠ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʨʽʜʠʥʘʭ, ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʜʨʦʪʷʥʦʾ ʩʧʽʨʘʣʽ, ʙʠʬʽʣʷʨʥʦ ʥʘʚʠʪʽʡ ʥʘ ʢʘʨʢʘʩ ʽ ʧʦʤʽʱʝʥʽʡ ʫ ʟʘʭʠʩʥʠʡ ʢʦʞʫʭ. 

ʋ ʘʥʝʨʦʾʜʥʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ ʚʠʢʦʥʫʶʪʴ ʟʘʟʚʠʯʘʡ ʫ ʚʠʛʣʷʜʽ 

ʜʨʦʪʷʥʦʾ ʩʧʽʨʘʣʽ, ʧʦʢʣʘʜʝʥʦʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʶ ʤʘʩʠʚʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʷʜʨʘ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʪʠʥʦʚʽ, ʘ ʜʣʷ 

ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ  ʤʽʜʥʽ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʯʝʨʝʟ ʪʝʨʤʦʤʝʪʨ ʧʦʩʪʽʡʥʦ ʘʙʦ ʧʝʨʽʦʜʘʤʠ ʧʨʦʧʫʩʢʘʶʪʴ 

ʩʪʨʫʤ. ʎʝ ʚʝʜʝ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʩʘʤʦʨʦʟʽʛʨʽʚʫ ʪʝʨʤʦʤʝʪʨʘ, 

ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʝʮʠʟʽʡʥʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʘʭ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ 100-ʦʤʥʦʛʦ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʦʧʦʨʫ ʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʚ 1 ʤɸ, ʝʥʝʨʛʽʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 

0,1 ʤɺʪ, ʘ ʯʫʪʣʠʚʽʩʪʴ ʙʣʠʟʴʢʦ 0,4 ʤɺ / ʂ. ʊʦʙʪʦ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʨʦʟʧʦʜʽʣʴʥʽʡ 

ʟʜʘʪʥʦʩʪʽ ʚ 0,001 ʂ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʽ ʥʘʧʨʫʛʠ ʥʘ ʨʽʚʥʽ ʜʝʩʷʪʠʭ 

ʯʘʩʪʦʢ ʤʽʢʨʦʚʦʣʴʪʘ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʫʪʣʠʚʦʾ ʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʾ 

ʚʪʦʨʠʥʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ʊʝʨʤʦʨʝʟʠʩʪʦʨ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʩʫʤʽʰʝʡ ʦʢʩʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ 

ʰʣʷʭʦʤ ʧʨʝʩʫʚʘʥʥʷ ʾʭ ʟ ʢʣʝʡʢʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʠ (ʚʽʜ ʤʽʣʽʤʝʪʨʘ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ) ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 4 ʜʦ 450 ʂ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʪʝʨʤʦʨʝʟʠʩʪʦʨʽʚ ʚ 5  20 ʨʘʟʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʤʝʪʘʣʝʚʠʭ 

ʪʝʨʤʦʤʝʪʨʽʚ ʦʧʦʨʫ, ʘ ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʠʭ ʦʧʦʨʽʚ ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,0 

ʆʤ ʜʦ 3,5 ʄʆʤ, ʱʦ ʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠ ʾʭ ʚʠʙʦʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʦʤʥʠʭ ʪʝʨʤʦʨʝʟʠʩʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʦʧʦʨʫ ʧʽʜʚʽʜʥʠʭ 

ʧʨʦʚʦʜʽʚ ʽ ʧʝʨʝʭʽʜʥʠʭ ʦʧʦʨʽʚ, ʭʦʯʘ ʧʨʠ ʮʴʦʤʫ ʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʰʫʤʠ. 
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ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʝʨʤʦʨʝʟʠʩʪʦʨʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʟʥʘʯʥʠʡ ʨʦʟʢʠʜ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʢʣʶʯʘʻ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ; 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ; ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʘʣʦʨʠʤʝʪʨʽʾ ʻ ʥʝʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʧʦʩʦʙʠ ʛʨʘʜʫʶʚʘʥʥʷ ʪʘ ʰʣʷʭʠ ʟʤʝʥʰʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʽʚ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʢʘʣʦʨʠʤʝʪʨʽʾ ʨʦʟʛʣʷʥʫʪʽ ʚ [10]. 

ʂʚʘʨʮʦʚʽ ʪʝʨʤʦʤʝʪʨʠ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʧʨʝʮʠʟʽʡʥʦʾ ʪʝʨʤʦʤʝʪʨʽʾ ʚ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ. ɺʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʣʽʥʽʡʥʽʩʪʴ ʽ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʢʘʟʘʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʂʚʘʨʮʦʚʠʡ 

ʪʝʨʤʦʤʝʪʨ ʧʝʨʝʪʚʦʨʶʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦ ʽ ʝʬʝʢʪʠʚʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʊʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯ ʢʚʘʨʮʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ  ʮʝ ʢʚʘʨʮʦʚʠʡ ʧ'ʻʟʦʝʣʝʤʝʥʪ, 

ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥʠ, ʚʠʨʽʟʘʥʦʾ ʟ ʤʦʥʦʢʨʠʩʪʘʣʘ ʢʚʘʨʮʫ, ʧʣʦʱʠʥʘ 

ʷʢʦʾ ʦʨʽʻʥʪʦʚʘʥʘ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʽʜʥʦʩʥʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʦʩʝʡ. ɿʘʟʚʠʯʘʡ 

ʢʚʘʨʮʦʚʽ ʪʝʨʤʦʤʝʪʨʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 1 ʜʦ 

200 ʄɻʮ ʽ ʤʘʶʪʴ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 1Ĭ10
4
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6
 ʂ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʢʚʘʨʮʦʚʠʭ ʪʝʨʤʦʤʝʪʨʽʚ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ ʨʽʜʠʥʥʠʭ 

ʢʘʣʦʨʠʤʝʪʨʽʚ, ʧʨʦʪʝ ʮʴʦʤʫ ʧʦʢʠ ʟʘʚʘʞʘʻ ʩʢʣʘʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ [10, 12, 42]. 

ɿʚʘʨʥʽ ʪʝʨʤʦʧʘʨʠ ʽ ʙʘʪʘʨʝʾ ʪʝʨʤʦʧʘʨ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʬʝʢʪʫ ɿʝʻʙʝʢʘ ʽ ʜʫʞʝ ʟʨʫʯʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʨʤʦʧʘʨʠ ʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʙʘʪʘʨʝʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʽ ʪʝʨʤʦʩʪʘʪʦʤ ʘʙʦ ʤʽʞ 

ʜʚʦʤʘ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤʠ ʢʦʤʽʨʢʘʤʠ. ʂʘʣʴʚʝ [51] ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʪʝʨʤʦʧʘʨʠ ʥʘʚʢʦʣʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʩʷ ʾʾ ʧʦʚʝʨʭʥʷ ʙʫʣʘ ʧʦʢʨʠʪʘ ʩʧʘʷʤʠ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʊɽɼʉ ʪʝʨʤʦʙʘʪʘʨʝʾ 

ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʛʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʱʦ ʚʠʭʦʜʠʪʴ ʚʽʜ ʢʦʤʽʨʢʠ. ɹʘʪʘʨʝʾ 

ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʪʝʨʤʦʧʘʨ ʬʦʨʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʘʙʦ 

ʢʽʣʴʮʝʧʦʜʽʙʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʘʨʢʘʩʽʚ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʙʝʟʢʘʨʢʘʩʥʠʭ 
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ʢʦʥʩʪʨʫʢʮʽʡ [8, 9, 51]. ʉʪʨʫʤʦʚʘ ʯʫʪʣʠʚʽʩʪʴ ʙʘʪʘʨʝʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N 

ʪʝʨʤʦʧʘʨ, ʜʦ ʚʠʤʽʨʶʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ W ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 

( )( )1 2 / /
i

o o

I
S

W N N l R N l R-

a
= =

ÖPÖa + c + ÖL Ö + Ö
 ,  (1.5) 

ʜʝ 1 1 2 2 1 1 2 2  1  1 ,      ʚ ʚ ʚ ʚR f f f fÖ= r L l + lÖ+ r = ; 

ɚ1 2  ʢʦʝʬʽʮʽʻʥʪ ʊɽʈʉ ʚʠʢʦʨʠʩʪʦʚʘʥʦʾ ʧʘʨʠ ʤʘʪʝʨʽʘʣʽʚ; 

ʇ  ʢʦʝʬʽʮʽʻʥʪ ʇʝʣʴʪʴʻ; 

l ï lʦʚʞʠʥʘ ʜʨʦʪʽʚ ʪʝʨʤʦʧʘʨ; 

fʚ1 ʽ fʚ2  ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʪʽʚ; 

ɚ1 , ɚ2 ʽ ɟ1, ɟ2  ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʨʦʪʽʚ; 

ɢ0  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʪʨʘʪ ʢʦʤʽʨʢʠ, ʦʙʫʤʦʚʣʝʥʠʡ ʽʥʰʠʤʠ ʧʨʠʯʠʥʘʤʠ ʢʨʽʤ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʨʤʦʧʘʨ; 

Ro  ʦʧʽʨ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʽ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʜʨʦʪʽʚ. 

ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʦʧʘʨʠ ʪʠʧʫ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ, ʭʨʦʤʝʣʴ-

ʢʦʧʝʣʴ, ʟʘʣʽʟʦ-ʢʦʥʩʪʘʥʪʘʥ, ʜʽʘʤʝʪʨ ʜʨʦʪʽʚ 0,2  0,8 ʤʤ, ʯʠʩʣʦ ʩʧʘʾʚ  ʜʦ 1000. 

ʋ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʥʩʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʤʝʥʪʠ 

ʫ ʚʠʛʣʷʜʽ ʙʨʫʩʢʽʚ ʘʙʦ ʩʧʽʨʘʣʝʡ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʘʥʽʟʦʪʨʦʧʽʶ ʊɽʈʉ. 

ʇʨʦʪʠʣʝʞʥʽ ʛʨʘʥʽ ʝʣʝʤʝʥʪʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʷʤʠ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ ʽ ʪʝʨʤʦʩʪʘʪʘ. ʊʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚ ʢʦʤʽʨʮʽ 

ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʫ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʛʨʘʥʽ ʝʣʝʤʝʥʪʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ ʧʦʧʝʨʝʯʥʘ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ ʊɽʈʉ ʽ ʨʽʟʥʠʮʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʚʦʜʘʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʈʽʟʥʽ ʚʠʜʠ ʢʦʥʩʪʨʫʢʮʽʡ ʟʚʘʨʥʠʭ ʙʘʪʘʨʝʡ ʪʝʨʤʦʧʘʨ ʽ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʛʣʷʥʫʪʽ ʚ [8, 9]. ɿʘʛʘʣʴʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʩʢʣʘʜʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɻʘʣʴʚʘʥʽʯʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʙʘʪʘʨʝʾ (ʛʽʧʝʨʪʝʨʤʦʧʘʨʠ) ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʇʊʇ), ʨʦʟʨʦʙʣʝʥʽ ʆ.ɸ.ɻʝʨʘʱʝʥʢʦ [73]. 

ʇʊʇ ï ʮʝ ʙʘʪʘʨʝʷ ʽʜʝʥʪʠʯʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʧʣʦʩʢʦʾ 
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ʩʧʽʨʘʣʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʦʩʥʦʚʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʟ ʛʘʣʴʚʘʥʽʯʥʦ 

ʥʘʥʝʩʝʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʘʨʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʧʽʨʘʣʴ 

ʟʘʬʦʨʤʦʚʫʶʪʴ ʚ ʧʣʘʩʪʠʥʫ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʤ ʟʘʧʦʚʥʶʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʩʝʥʩʦʨʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨ 

ʢʦʥʩʪʘʥʪʘʥ- ʤʽʜʴ ʽ ʥʽʭʨʦʤ- ʥʽʢʝʣʴ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʇʊʇ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʷ ʽ ʤʝʭʘʥʽʟʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʽʨʘʣʽ ʟ ʛʘʣʴʚʘʥʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ [73  76]. 

ɻʘʣʴʚʘʥʽʯʥʽ ʇʊʇ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ [58, 77  80]. ʆʜʥʘʢ ʮʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ 

ʤʘʣʽ ʦʙʩʷʛʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʧʦʪʫʞʥʦʩʪʽ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ  ʥʝʜʦʩʪʘʪʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʊɿ ʧʘʣʠʚʘ ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʙʦʤʙʦʚʠʭ ʫʤʦʚʘʭ. 

ʇʽʨʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʜʣʷ ʢʘʣʦʨʠʤʝʪʨʽʾ [9, 81, 82] ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ 

ʚʠʛʣʷʜʽ ʦʙʦʣʦʥʦʢ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ, ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʧʽʨʦʝʣʝʢʪʨʠʢʽʚ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʢʝʨʘʤʽʢʠ. ʅʘ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʥʘʥʦʩʷʪʴʩʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ 

ʝʣʝʢʪʨʦʜʠ, ʧʨʠʯʦʤʫ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʘʙʦ ʨʝʘʢʮʽʡʥʦʶ ʧʦʩʫʜʠʥʦʶ. ʊʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚ 

ʨʝʘʢʮʽʡʥʽʡ ʢʘʤʝʨʽ ʚʠʢʣʠʢʘʻ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʨʦʝʣʝʢʪʨʠʢʘ, ʚʠʥʠʢʥʝʥʥʷ ʥʘ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʘʨʷʜʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʽ 

ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʦʜʘʤʠ. ʊʘʢ ʷʢ ʩʠʛʥʘʣ ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʡʦʛʦ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢʽ ʧʨʠʩʪʨʦʾ 

ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ 

(ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ). ʇʽʨʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʽ 

ʰʚʠʜʢʦʜʽʶ, ʦʜʥʘʢ ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʚʝʣʠʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʦʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʧʽʨʦʝʣʝʢʪʨʠʯʥʽ ʽ ʛʘʣʴʚʘʥʽʯʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ [83, 84]. ʋ ʪʘʢʠʭ ʛʽʙʨʠʜʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʘ ʨʘʭʫʥʦʢ 

ʚʟʘʻʤʥʦʾ ʢʦʨʝʢʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʽʚ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʜʫʞʝ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ. 
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1.7 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ 

ˆʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʝʪʘʧʫ ʭʘʨʘʢʪʝʨʥʝ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʜ̔ ʚʽʜ ʨʽʜʠʥʥʠʭ (ʚʦʜʷʥʠʭ) 

ʢʘʣʦʨʠʤʝʪʨʽʚ ʜʦ ʘʥʝʨʦʜʾʥʠʭ ʧʨʠʣʘʜʽʚ ï ʤʘʩʠʚʥʠʭ ʘʙʦ ʢʦʥʜʫʢʪʠʚʥʠʭ. 

ʇʠʪʘʥʥʷ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʣʠʚʘ ʻ ʥʘʨʘʟʽ ʦʜʥʠʤ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʜʣʷ 

ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. ʎʝ ʚʠʤʘʛʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʽʪʯʠʟʥʷʥʠʭ 

ʙʦʤʙʦʚʠʭ ʢʦʥʜʫʢʪʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚʠʟʥʘʯʝʥʥʷ ʢʘʣʦʨʽʡʥʦʩʪʽ ʧʘʣʠʚʘ, ʜʣʷ ʯʦʛʦ 

ʚʚʘʞʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʜʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʩʭʝʤʠ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ; 

2. ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʽ 

ʚʪʦʨʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽ ʨʝʛʫʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

3. ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ; 

4. ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʦʮʝʩʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ʨʽʟʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ;  

5. ʦʙˇʨʫʥʪʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʪʘ ʜʦʩʣʽʜʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʣʦʢʫ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʧʨʦʮʝʩʫ;  

6. ʩʪʚʦʨʠʪʠ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʩʠʩʪʝʤʠ ʽ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʥʘʧʨʷʤʫ. 
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ʈʆɿɼɯʃ 2  

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʇʃʆɺʀʍ ʇʈʆʎɽʉɯɺ ʋ 

ʂɺɸɿɯɼʀʌɽʈɽʅʎɯɸʃʔʅʆʄʋ ʂɸʃʆʈʀʄɽʊʈɯ 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʦ ʤʦʜʝʣʶʚʘʥʥʶ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʢʦʥʜʫʢʪʠʚʥʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ, 

ʜʦʩʣʽʜʞʝʥʥʶ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʶ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʫ. 

2.1 ʄʦʜʝʣʶʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʆʩʥʦʚʥʠʤ ʝʪʘʧʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʻ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʩʽ ʚʠʟʥʘʯʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʽ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʘʙʦ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʢʘʣʦʨʠʤʝʪʨʘ ʟʛʦʨʷʥʥʷ ʽ ʦʮʽʥʮʽ ʡʦʛʦ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʯʠʥʘʶʪʴ ʟ ʨʦʟʛʣʷʜʫ ʡʦʛʦ 

ʪʝʧʣʦʚʦʾ ʤʦʜʝʣʽ (ʪʝʧʣʦʚʦʾ ʩʭʝʤʠ), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʪʝʧʣʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʽ 

ʮʽʢʘʚʣʷʪʴ ʜʦʩʣʽʜʥʠʢʘ. ʇʦʪʽʤ ʨʦʟʨʦʙʣʷʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʪʝʧʣʦʚʽ ʷʚʠʱʘ ʽ ʧʨʦʮʝʩʠ. ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ 

ʧʦʝʪʘʧʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʩʪʠʭ ʤʦʜʝʣʝʡ ʽ ʧʝʨʝʭʦʜʷʯʠ ʜʦ 

ʩʢʣʘʜʥʠʭ, ʚʽʜ ʤʝʥʰ ʪʦʯʥʠʭ ʜʦ ʙʽʣʴʰ ʪʦʯʥʠʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʾʭ ʨʦʟʢʨʠʪʪʷ, ʪʦʙʪʦ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ [85, 86]. 

ʗʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʜʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʨʦʩʪʠʭ ʪʝʧʣʦʚʠʭ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʢʣʘʜ, ʚ [87] 

ʦʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʜʚʦʩʢʣʘʜʦʚʦʾ ʢʫʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʤʘʩʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʽʚ. ʂʫʣʷ ɸ ʦʪʦʯʝʥʘ ʩʬʝʨʠʯʥʠʤ ʰʘʨʦʤ ɺ ʟ 

ʽʥʰʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʟʦʚʥʽʰʥʷ 

ʧʦʚʝʨʭʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ɺ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʽ ʚʠʧʘʜʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʪʽʣʘ ɺ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ 
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ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʧʨʠʯʦʤʫ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ɸ 

ʜʞʝʨʝʣʦ ʩʪʚʦʨʶʻ ʤʠʪʪʻʚʠʡ ʪʝʧʣʦʚʦʾ ʽʤʧʫʣʴʩ. ɼʣʷ ʦʧʠʩʘʥʠʭ ʪʝʧʣʦʚʠʭ ʩʭʝʤ, 

ʩʧʨʦʱʝʥʠʭ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʘʣʴʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ʚ ʢʘʣʦʨʠʤʝʪʨʘʭ, ʦʪʨʠʤʘʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʚ ʚʠʛʣʷʜʽ ʛʨʦʤʽʟʜʢʠʭ ʬʦʨʤʫʣ, ʘʥʘʣʽʟ ʷʢʠʭ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʘʣʦʨʠʤʝʪʨʽʚ ʧʨʦʚʝʜʝʥʦ 

ʚ ʨʦʙʦʪʘʭ ɹ.ʄ. ʆʣʽʡʥʠʢʘ ʽ ʡʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ [5, 22]. ʅʘ ʨʠʩ. 2.1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʧʣʦʚʫ ʤʦʜʝʣʴ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʚʦʩʢʣʘʜʦʚʠʤ 

ʷʜʨʦʤ, ʱʦ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʘ ʚ [5].  

 

ʈʠʩ. 2.1. ʊʝʧʣʦʚʘ ʤʦʜʝʣʴ ʢʘʣʦʨʠʤʝʪʨʘ ʟ ʜʚʦʩʢʣʘʜʦʚʠʤ ʷʜʨʦʤ [5] 

 

ʊʚʝʨʜʝ ʪʽʣʦ ɸ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʣʽ ɺ. ʊʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʪʽʣʽ ɸ, 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʪʽʣʦ ɺ. ʄʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ɺ ʽ ʽʟʦʪʝʨʤʽʯʥʦʶ ʦʙʦʣʦʥʢʦʶ D 

ʯʝʨʝʟ ʛʘʟʦʚʝ ʩʝʨʝʜʦʚʠʱʝ (ʪʽʣʦ ʉ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ ʟʘ ʟʘʢʦʥʦʤ 

ʅʴʶʪʦʥʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ Ŭ (ʧʨʠ ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ Ŭ = 0 ). ʊʘʢʘ ʤʦʜʝʣʴ 

ʤʦʞʝ ʙʫʪʠ ʦʪʦʪʦʞʥʝʥʘ ʟ ʚʦʜʷʥʠʤ ʢʘʣʦʨʠʤʝʪʨʦʤ, ʚ ʷʢʦʤʫ ʪʽʣʦ ɸ ʷʚʣʷʻ ʩʦʙʦʶ 

ʂɹ, ʘ ʪʽʣʦ ɺ  ʚʦʜʫ. ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ W ʚʠʜʽʣʷʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʚʦʜʠ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ.  
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢ ʚʽʜʧʦʚʽʜʘʻ ʦʧʠʩʘʥʽʡ ʪʝʧʣʦʚʽʡ ʤʦʜʝʣʽ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʪʽʣʘ ɸ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ 

ʨʽʜʢʦʛʦ ʪʽʣʘ ɺ ʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʯʘʪʢʦʚʝ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʪʽʣ ɸ ʽ 

ɺ. ʆʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

- ʜʣʷ ʪʽʣʘ ɸ ʚ ʚʠʛʣʷʜʽ ʢʫʣʽ ʨʘʜʽʫʩʦʤ r :h 

( ) ( )
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n
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n n
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¤

=
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VÖ m
ä  (2.1)  

- ʜʣʷ ʪʽʣʘ ɸ ʚ ʚʠʛʣʷʜʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʮʠʣʽʥʜʨʘ ʨʘʜʽʫʩʦʤ r :h 
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- ʜʣʷ ʪʽʣʘ ɺ (ʚʦʜʠ): 

( ) ( ) ( )
1

, expɺ D B n n

n

T t T W F B m t
¤

=

V = + aÖ - Ö - Öä    (2.3) 

ʜʝ: TD  ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʣʦʥʢʠ D; 

FB  ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ɺ; 

  / ʰr rV =   ʚʽʜʥʦʩʥʘ ʢʦʦʨʜʠʥʘʪʘ; 

ɛn ⱷ ʢʦʨʽʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ; 

J0  ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. 

ʂʦʝʬʽʮʽʻʥʪʠ Bn ʽ mn ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʦʯʘʪʢʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʢʦʨʝʥʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʨʠʚʠʭ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʭʠʙʢʫ 0,02  0,03%. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʧ'ʷʪʴ ʯʣʝʥʽʚ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʷʜʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʮʽʣʦʤʫ ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʘ 

ʧʦʤʽʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʻ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʚʽʜʨʽʟʢʫ ʛʦʣʦʚʥʦʛʦ ʧʝʨʽʦʜʫ. ɺ [5] 

ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʪʘ ʦʪʨʠʤʘʥʦ ʨʽʰʝʥʥʷ ʜʣʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʘʜʽʘʙʘʪʠʯʥʦʶ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʦʙʦʣʦʥʢʘʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ 
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ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʦʧʨʘʚʦʢ ʽ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺ [22, 87] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʢʣʘʜʥʽʰʫ ʽ ʙʣʠʟʴʢʫ ʜʦ ʨʝʘʣʴʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʫ ʪʝʧʣʦʚʫ ʤʦʜʝʣʴ. ʋ ʩʬʝʨʠʯʥʦʤʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ (ʙʦʤʙʽ) ʻ 

ʩʬʝʨʠʯʥʘ ʧʦʨʦʞʥʠʥʘ, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʦʪʫʞʥʽʩʪʶ W1(t), 

ʱʦ ʤʦʜʝʣʶʻ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʨʦʮʝʩʽ: ʩʧʘʣʶʚʘʥʥʽ ʘʙʦ 

ʨʦʟʯʠʥʝʥʥʽ. ʋ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʦʪʦʯʫʻ ʙʦʤʙʫ, ʻ ʱʝ ʜʚʘ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ  ʧʦʩʪʽʡʥʦʾ ʧʦʪʫʞʥʦʩʪʽ W0 (ʤʦʜʝʣʶʻ ʤʽʰʘʣʢʫ) ʽ ʟʤʽʥʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ W2(t) (ʤʦʜʝʣʶʻ ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢ). ɯʥʰʽ ʝʣʝʤʝʥʪʠ ʪʝʧʣʦʚʦʾ ʤʦʜʝʣʽ 

ʽ ʧʨʠʡʥʷʪʽ ʧʨʠʧʫʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ. ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ 

ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʦʧʠʩʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʥʝʩʢʽʥʯʝʥʥʽ ʩʫʤʠ 

ʽʥʪʝʛʨʘʣʽʚ ʚʽʜ ʧʦʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ W0, W1(t), W2(t) ʽ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʯʘʩʫ. ʇʨʦʪʝ, ʚʦʥʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ 

ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʛʨʘʜʫʶʚʘʥʥʷ, ʢʦʣʠ W2(t) ʟʘʜʘʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʽ ʩʧʘʣʶʚʘʥʥʷ, ʢʦʣʠ W1(t) ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʙʽʯʥʽ ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʘʤ 

ʟʘʧʘʣʝʥʥʷ ʽ ʟʘʛʘʩʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʣʠʢʘʥʽ ʚʽʜʤʽʥʥʽʩʪʶ ʚ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʬʦʨʤʽ ʽʤʧʫʣʴʩʫ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʜʦʩʣʽʜʘʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʛʨʘʜʫʶʚʘʥʥʷ ʽ ʩʧʘʣʶʚʘʥʥʷ. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʭʽʜʥʠʤ ʚʧʣʠʚʦʤ (ʧʦʪʫʞʥʽʩʪʶ ʘʙʦ 

ʝʥʝʨʛʽʻʶ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ) ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɺ [51] ʨʦʟʛʣʷʥʫʪʦ ʩʧʨʦʱʝʥʫ ʪʝʦʨʽʶ ʢʦʥʜʫʢʪʠʚʥʠʭ 

ʢʘʣʦʨʠʤʝʪʨʽʚ ʊʽʘʥʘ-ʂʘʣʴʚʝ. ʂʘʣʦʨʠʤʝʪʨʠʯʥʘ ʢʦʤʽʨʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʝʣʝʤʝʥʪ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʤʘʻ "ʫʷʚʥʫ" ʪʝʧʣʦʻʤʥʽʩʪʴ ʉʢ ʽ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ɢ. ɿ ʫʤʦʚ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʣʽʜ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ 

ʊʽʘʥʘ, ʱʦ ʟʚ'ʷʟʫʻ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ W ʟ ʨʽʟʥʠʮʝʶ ʪʝʤʧʝʨʘʪʫʨ Ū ʤʽʞ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʽ ʟʦʚʥʽʰʥʽʤ ʪʝʨʤʦʩʪʘʪʠʯʥʠʤ ʙʣʦʢʦʤ: 

  ʂW C d dt=cÖQ+ Ö Q.      (2.4) 
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ʗʢʱʦ ʩʠʛʥʘʣ ʪʝʨʤʦʙʘʪʘʨʝʾ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, 

ʩʪʘʣʘ ʯʘʩʫ ʷʢʦʛʦ ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʦʩʪʽʡʥʦʾ ʢʘʣʦʨʠʤʝʪʨʘ, ʪʦ ʚʽʜʭʠʣʝʥʥʷ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ æ¿ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ æ¿ = gÖQ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (1.9) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

( )( ) ( )   /    ʂW g C g d dt= cÖD¿ + Ö D¿.    (2.5) 

ʊʘʢʠʤ ʯʠʥʦʤ ʬʫʥʢʮʽʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ W(t) ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʥʠʡ ʩʠʛʥʘʣ ʽ ʡʦʛʦ ʧʦʭʽʜʥʫ. ʋ ʨʘʟʽ, ʷʢʱʦ 

ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʫʞʝ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ, ʨʽʚʥʷʥʥʷ (2.4) 

ʜʘʻ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ: 

( ) m exp tQ=Q Ö - t.     (2.6) 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ [51], ʮʝ ʨʽʰʝʥʥʷ ʥʝ ʤʦʞʝ ʚʠʩʣʦʚʠʪʠ ʫ ʚʩʽʡ ʧʦʚʥʦʪʽ 

ʦʜʝʨʞʫʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʘʣʽʩʪʠʯʥʽ ʢʨʠʚʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʙʽʣʴʰ ʧʦʚʥʘ 

ʪʝʦʨʽʷ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʾ ʊʽʘʥʘ-ʂʘʣʴʚʝ ʜʘʻ ʨʽʰʝʥʥʷ ʜʣʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ 

Ū(t) ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʝʢʩʧʦʥʝʥʪ ʟ ʜʫʞʝ ʰʚʠʜʢʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʯʘʩʫ. 

ʏʘʩʪʦ ʚʜʘʻʪʴʩʷ ʦʙʤʝʞʠʪʠʩʷ ʪʽʣʴʢʠ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʨʷʜʫ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʣʽʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʦ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ Ū(t), ʙʦ 

ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʝʥʰ 0,1ĬŰ, ʤʝʪʦʜʠʯʥʘ ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 1%. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʬʫʥʢʮʽʾ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ W (t) ʟʘ ʦʪʨʠʤʘʥʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʬʫʥʢʮʽʾ Ū(t). 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʢʘʣʦʨʠʤʝʪʨʘ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʶ ʤʽʞ 

ʪʝʧʣʦʚʠʤʠ, ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʷʚʠʱʘʤʠ. ɺ [6] ʢʘʣʦʨʠʤʝʪʨʠ 

ʂʘʣʴʚʝ ʟ ʦʜʥʦʶ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʨʦʟʛʣʷʥʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ. ʅʘ ʨʠʩ. 2.2 ʟʦʙʨʘʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ 

ʢʘʣʦʨʠʤʝʪʨʘ (ʘ), ʡʦʛʦ ʪʝʧʣʦʚʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʙ) ʽ ʩʢʣʘʜʝʥʫ ʟʘ ʤʝʪʦʜʦʤ ʘʥʘʣʦʛʽʾ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ (ʚ). ʅʘ 

ʝʣʝʢʪʨʠʯʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʘʥʘʣʦʛʠ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʚʦʾ ʤʦʜʝʣʽ, 

ʧʨʠʯʦʤʫ ʩʪʨʫʤ I0 ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʩʪʚʦʨʶʚʘʥʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʟʨʘʟʢʦʤ, ʘ ʥʘʧʨʫʛʘ Uʦʙ  ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʨʤʦʩʪʘʪʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ. 



65 

 

5
3
 

 

 

ʈʠʩ. 2.2. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ (ʘ), ʪʝʧʣʦʚʘ ʤʦʜʝʣʴ (ʙ) ʽ ʩʭʝʤʘ 

ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ (ʚ) ʦʜʥʦʢʦʤʽʨʢʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʊʽʘʥʘ-ʂʘʣʴʚʝ 

[6]: 1  ʟʨʘʟʦʢ; 2  ʢʦʤʽʨʢʘ; 3  ʪʝʨʤʦʧʘʨʠ; 4  ʦʙʦʣʦʥʢʘ; 5  ʟʦʥʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʢʦʤʽʨʮʽ. 

 

ʊʘʢʘ ʩʭʝʤʘ ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, 

ʱʦ ʟʚ'ʷʟʫʻ ʩʪʨʫʤ I0 (ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ) ʟ ʥʘʧʨʫʛʦʶ Uʢ (ʨʽʟʥʠʮʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʽʨʢʠ ʽ ʢʦʨʧʫʩʫ Ū): 

() ( )2 2

0 1 1 2

2  

/  1 /  

         /  + /

ʪ ʟʨʘʟ ʢ ʷ ʷ ʪ ʪ ʟʨʘʟ

ʷ ʷ ʪ

I t R C C d U dt C R R C

dU dt U R

è ø= Ö Ö Ö + + + Ö ³

³

ê ú.  (2.7) 

ʋ ʨʘʟʽ, ʷʢʱʦ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ Rʪ1 ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʨʽʚʥʷʥʥʷ (2.7) 

ʥʘʙʫʚʘʻ ʪʘʢʠʡ ʞʝ ʚʠʛʣʷʜ, ʷʢ ʽ ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʊʽʘʥʘ (2.4), ʚ ʷʢʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪ ɢ ʟʘʤʽʥʝʥʠʡ ʥʘ 1 / Rʪ2. 

ɿʘʤʽʥʘ ʚ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ (I Ÿ W; U Ÿ Ū), ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʘʥʘʣʦʛʽʯʥʠʡ 

ʦʪʨʠʤʘʥʦʤʫ ʚ [51] ʧʨʦ ʪʝ, ʱʦ ʬʫʥʢʮʽʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟʨʘʟʢʘ W (t) ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʝʨʝʟ 

ʚʠʤʽʨʶʚʘʥʫ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ Ū(t) ʪʘ ʾʾ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ. ʈʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ (2.7) ʫ ʨʘʟʽ, ʷʢʱʦ I0(t) ʦʧʠʩʫʻʪʴʩʷ ŭ  ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ (ʽʤʧʫʣʴʩ 

ʥʦʨʤʦʚʘʥʦʾ ʧʣʦʱʽ ʽ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ), ʤʘʻ ʚʠʛʣʷʜ ʩʫʤʠ ʜʚʦʭ 
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ʝʢʩʧʦʥʝʥʪ. ʇʨʠʯʦʤʫ, ʷʢʱʦ Rʪ1 << Rʪ2 ʽ Cʟʨʘʟ << Cʢ, ʪʦ ʩʪʘʣʽ ʯʘʩʫ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )1 1   /   ʪ ʟʨʘʟ ʷ ʟʨʘʟ ʷR C C C Ct = ³ ³ +,   (2.8) 

2 2   ʪ ʢR Ct = ³.       (2.9) 

ɺ [8, 9, 88] ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʨʦʙʦʪʫ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʰʫʤʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʠʷʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺ [46] ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʦʨʽʾ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʟʥʘʡʜʝʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʢʘʣʦʨʠʤʝʪʨʘ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ ʟʘʢʦʥʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʽ (ʦʙʦʣʦʥʢʠ ʢʘʣʦʨʠʤʝʪʨʘ) ʽ ʝʢʨʘʥʽʚ. ʄʝʪʦʜʠ 

ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʢʦʞ ʚ ʨʦʙʦʪʘʭ [89, 90] ʜʣʷ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. ʅʘʚʝʜʝʥʦ 

ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʚʫʟʣʽʚ ʢʘʣʦʨʠʤʝʪʨʘ ʽ ʨʦʟʛʣʷʥʫʪʘ ʟʘʣʝʞʥʽʩʪʴ 

ʽʥʝʨʮʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜ ʩʪʘʣʠʭ ʯʘʩʫ ʾʾ ʩʢʣʘʜʦʚʠʭ. ʇʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʜʨʦʙʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʨʘʟʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʤʝʪʦʜʠ 

ʝʣʝʢʪʨʦʘʥʘʣʦʛʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ [9, 90 ï 92 ]. ɺ [91] ʨʦʟʛʣʷʥʫʪʦ 

ʝʣʝʢʪʨʦʘʥʘʣʦʛʦʚʫ ʤʦʜʝʣʴ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʘ ʟ 

ʘʥʽʟʦʪʨʦʧʥʠʤʠ ʩʝʥʩʦʨʘʤʠ. ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 1200 ʩʪʨʫʢʪʫʨʥʠʭ  

RC-ʝʣʝʤʝʥʪʽʚ, ʟʽʙʨʘʥʠʭ ʥʘ ʧʘʥʝʣʷʭ ʘʥʘʣʦʛʦʚʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɿ 

ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʧʣʦʚʦʾ ʧʝʨʝʰʢʦʜʠ ʥʘ 

ʟʦʚʥʽʰʥʶ ʦʙʦʣʦʥʢʫ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʘ.  

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦʙʽʪ, ʤʦʜʝʣʶʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤ, ʦʮʽʥʶʚʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʽʥʰʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ 
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ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤ ʚʧʣʠʚʦʤ (ʧʦʪʫʞʥʽʩʪʶ ʘʙʦ ʝʥʝʨʛʽʻʶ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ) ʽ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ. ʇʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʚʭʽʜʥʦʤʫ 

ʚʧʣʠʚʽ (ʰʚʠʜʢʦʤʫ ʟʛʦʨʘʥʥʽ), ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʢʘʣʦʨʠʤʝʪʨʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʯʘʩʫ, ʧʨʠʯʦʤʫ ʜʣʷ 

ʦʧʠʩʫ ʧʨʠʣʘʜʽʚ, ʱʦ ʤʘʶʪʴ ʪʦʯʥʽʩʪʴ ʥʘ ʨʽʚʥʽ ʦʜʠʥʠʮʴ ʚʽʜʩʦʪʢʽʚ ʜʦʩʠʪʴ ʩʫʤʠ 

ʜʚʦʭ  ʪʨʴʦʭ ʝʢʩʧʦʥʝʥʪ [51], ʘ ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ ʧʨʠʣʘʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʧ'ʷʪʴ  

ʰʽʩʪʴ ʝʢʩʧʦʥʝʥʪ [5]. 

2.2 ʂʦʥʜʫʢʪʠʚʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʢʘʣʦʨʠʤʝʪʨ  

ʆʪʞʝ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʢʘʣʦʨʠʤʝʪʨʽʾ, 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚ ʪʘ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʦʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʘʣʦʨʠʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘʙʦ 

ʢʦʥʜʫʢʪʠʚʥʽ ʢʘʣʦʨʠʤʝʪʨʠ [24, 26], ʷʢʽ ʤʘʶʪʴ ʚʘʛʦʤʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʦʜʷʥʠʤʠ, ʟʦʢʨʝʤʘ, ʥʝ ʚʠʤʘʛʘʶʪʴ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʽ ʪʦʯʥʦʛʦ 

ʟʚʘʞʫʚʘʥʥʷ ʚʦʜʠ, ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺ ʢʦʥʜʫʢʪʠʚʥʦʤʫ ʢʘʣʦʨʠʤʝʪʨʽ [26] ʢʦʤʽʨʢʫ ʟ ʨʝʘʢʮʽʡʥʦʶ ʧʦʩʫʜʠʥʦʶ - 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʙʦʤʙʦʶ ï ʦʪʦʯʝʥʦ ʯʫʪʣʠʚʦʶ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ 

ʦʙʦʣʦʥʢʦʶ, ʚʤʦʥʪʦʚʘʥʦʶ ʚ ʤʘʩʠʚʥʠʡ ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ ʙʣʦʢ. ʆʙʦʣʦʥʢʫ 

ʟôʻʜʥʘʥʦ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʚʠʤʽʨʶʻ ʪʘ 

ʦʧʨʘʮʴʦʚʫʻ ʩʠʛʥʘʣʠ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʨʦʟʤʽʱʝʥʦ ʝʣʝʢʪʨʠʯʥʠʡ 

ʥʘʛʨʽʚʥʠʢ, ʱʦ ʩʣʫʛʫʻ ʚʠʢʦʥʘʚʯʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʘ 

ʟʘ ʩʠʛʥʘʣʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʛʫʣʶʻ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘʛʨʽʚʥʠʢʘ ʪʘʢ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʦʢʫ. 

ʆʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʙʣʦʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʦʥʚʝʢʪʠʚʥʦ ʰʣʷʭʦʤ ʦʙʜʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʤʽʱʫʶʪʴ ʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʙʦʤʙʽ, ʟʘʧʦʚʥʶʶʪʴ ʾʾ ʢʠʩʥʝʤ ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʢʦʤʽʨʢʫ, ʘ 
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ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʧʽʜʧʘʣʶʶʪʴ ʟʨʘʟʦʢ. ʊʝʧʣʦʪʘ, ʱʦ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʟʛʦʨʷʥʥʷ ʟʨʘʟʢʘ, ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʯʫʪʣʠʚʫ 

ʦʙʦʣʦʥʢʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʛʝʥʝʨʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʚʠʤʽʨʶʚʘʣʴʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʽʥʪʝʛʨʫʚʘʥʥʷ. ɯʥʪʝʛʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʤʦʤʝʥʪʫ ʧʽʜʧʘʣʫ ʟʨʘʟʢʘ ʜʦ 

ʤʦʤʝʥʪʫ ʧʦʚʪʦʨʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʣʦʨʠʤʝʪʨʽ ʧʨʦʧʦʨʮʽʡʥʝ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʚ ʨʝʘʢʮʽʡʥʽʡ ʧʦʩʫʜʠʥʽ.  

ʉʫʯʘʩʥʽ ʢʘʣʦʨʠʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʨʽʜ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʦʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʜʽʾ ʤʘʶʪʴ ʽ ʥʝʜʦʣʽʢʠ ï ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʱʦ ʦʙʜʫʚʘʻ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʙʣʦʢ, ʪʘ ʽʥʰʽ 

ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ ʩʧʨʠʯʠʥʷʶʪʴ ʢʦʣʠʚʘʥʥʷ ʩʠʛʥʘʣʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɼʦʙʨʝ ʚʽʜʦʤʠʡ ʩʧʦʩʽʙ ʙʦʨʦʪʴʙʠ ʟ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʫ 

ʢʦʥʜʫʢʪʠʚʥʠʭ ʢʘʣʦʨʠʤʝʪʨʘʭ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʭʝʤʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ [93]. ʇʨʦʪʝ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʢʘʣʦʨʠʤʝʪʨʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ, ʚ ʾʭ ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʭ 

ʙʣʦʢʘʭ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ. ʊʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʪʘ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʢʦʤʽʨʦʢ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ ʚʢʨʠʪʽ ʰʘʨʘʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʮʝ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ ʪʝʧʣʦʚʠʤ ʟʘʭʠʩʪʦʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʦʚʥʽʰʥʽ 

ʟʙʫʨʝʥʥʷ, ʪʘʢʽ ʷʢ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʘʙʦ ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʚʝ ʧʦʣʝ ʚ 

ʤʘʩʠʚʥʦʤʫ ʙʣʦʮʽ, ʘ ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽʡ ʢʦʤʽʨʮʽ 

ʚʥʘʩʣʽʜʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʘʢʮʽʾ, ʤʦʞʝ ʯʘʩʪʢʦʚʦ ʧʨʦʭʦʜʠʪʠ ʥʘʟʦʚʥʽ.  

ɿʤʝʥʰʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʧʣʦʚʪʨʘʪ ʟ ʪʦʨʮʽʚ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʛʦ ʙʣʦʢʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʨʦʟʤʽʩʪʠʚʰʠ ʥʘ 

ʢʦʞʥʦʤʫ ʪʦʨʮʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʥʘʛʨʽʚʥʠʢ 

ʪʦʨʮʷ, ʷʢʽ ʨʘʟʦʤ ʟ ʨʝʛʫʣʷʪʦʨʦʤ ʫʪʚʦʨʷʪʴ ʘʢʪʠʚʥʫ ʘʜʽʘʙʘʪʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ [94, 95]. ʅʘ ʨʠʩ. 2.3 ʟʦʙʨʘʞʝʥʦ 

ʩʭʝʤʫ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʨʦʟʨʽʟʽ [94].  
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ [94]: 

1  ʤʘʩʠʚʥʠʡ ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ ʙʣʦʢ; 2  ʯʫʪʣʠʚʽ ʦʙʦʣʦʥʢʠ;  

3  ʨʝʘʢʮʽʡʥʽ ʧʦʩʫʜʠʥʠ; 4  ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫʨʠ; 5  ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ;  

6  ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ; 7  ʚʝʥʪʠʣʷʪʦʨ; 8  ʢʽʣʴʮʝʚʠʡ ʢʘʥʘʣ; 9  ʢʦʨʧʫʩ; 

10, 11  ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʇʊʇ); 12, 13  ʪʝʤʧʝʨʘʪʫʨʦʚʠʨʽʚʥʶʚʘʣʴʥʽ 

ʧʣʘʩʪʠʥʠ; 14, 15  ʝʣʝʢʪʨʠʯʥʽ ʥʘʛʨʽʚʥʠʢʠ ʪʦʨʮʽʚ; 16, 17  ʨʝʛʫʣʷʪʦʨʠ 
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ɺ ʤʘʩʠʚʥʦʤʫ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʤʫ ʙʣʦʮʽ 1 ʨʦʟʤʽʱʝʥʽ ʜʚʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ 

ʢʦʤʽʨʢʠ ʟ ʯʫʪʣʠʚʠʤʠ ʦʙʦʣʦʥʢʘʤʠ 2 ʪʘ ʨʝʘʢʮʽʡʥʠʤʠ ʧʦʩʫʜʠʥʘʤʠ 3, ʘ ʪʘʢʦʞ 

ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫʨʠ 4, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʭʦʜʫ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ 5, ʚʠʭʽʜ 

ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ 6, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʙʦʢʦʚʽʡ 

ʧʦʚʝʨʭʥʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ. ɹʦʢʦʚʘ ʧʦʚʝʨʭʥʷ ʙʣʦʢʘ 1 ʤʘʻ ʩʠʩʪʝʤʫ ʢʝʨʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʚʝʥʪʠʣʷʪʦʨ 7 ʪʘ ʢʽʣʴʮʝʚʠʡ 

ʢʦʘʢʩʽʘʣʴʥʠʡ ʢʘʥʘʣ 8 ʜʣʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ, ʫʪʚʦʨʝʥʠʡ ʙʦʢʦʚʦʶ 

ʧʦʚʝʨʭʥʝʶ ʙʣʦʢʘ 1 ʪʘ ʢʦʨʧʫʩʦʤ 9.  

ʅʘ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʨʦʟʪʘʰʦʚʘʥʦ ʩʝʥʩʦʨ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ (ʇʊʇ) 10, ʘ ʥʘ ʽʥʰʦʤʫ ʪʦʨʮʽ - ʇʊʇ 11. ʆʜʥʘ ʟ ʩʪʦʨʽʥ ʢʦʞʥʦʛʦ ʟ ʮʠʭ 

ʩʝʥʩʦʨʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʤʘʩʠʚʥʠʤ ʙʣʦʢʦʤ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʦʚʠʨʽʚʥʶʚʘʣʴʥʽ ʧʣʘʩʪʠʥʠ 12 ʪʘ 13, ʘ ʥʘ ʽʥʰʦʤʫ ʙʦʮʽ ʨʦʟʤʽʱʝʥʽ 

ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʥʘʛʨʽʚʥʠʢʠ ʪʦʨʮʽʚ 14 ʪʘ 15. ɺʠʭʽʜ ʚʝʨʭʥʴʦʛʦ ʇʊʇ 

10 ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ 16, ʚʠʭʽʜ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ 14, ʘ ʚʠʭʽʜ ʥʠʞʥʴʦʛʦ ʇʊʇ 11 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ 17, ʚʠʭʽʜ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʥʠʞʥʴʦʛʦ ʪʦʨʮʷ 15.  

ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʱʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ, ʢʨʽʟʴ ʪʦʨʮʽ 

ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʧʦʯʥʝ ʧʨʦʪʽʢʘʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘʧʨʘʚʣʝʥʠʡ ʚʽʜ ʤʘʩʠʚʥʦʛʦ 

ʙʣʦʢʫ ʽ ʧʨʠ ʮʴʦʤʫ ʇʊʇ 10 ʪʘ 11 ʛʝʥʝʨʫʶʪʴ ʩʠʛʥʘʣʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʠ 

ʨʝʛʫʣʷʪʦʨʽʚ 16 ʪʘ 17, ʷʢʽ ʧʽʜʚʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʥʘʛʨʽʚʥʠʢʠ 

ʪʦʨʮʽʚ 14 ʪʘ 15, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʢʨʽʟʴ ʪʦʨʮʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ.  

ʗʢʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʢʨʽʟʴ ʪʦʨʮʽ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʛʦ ʙʣʦʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʘʢʮʽʾ ʚ ʨʝʘʢʮʽʡʥʠʭ 

ʧʦʩʫʜʠʥʘʭ 3, ʩʝʥʩʦʨʠ 10 ʪʘ 11 ʛʝʥʝʨʫʶʪʴ ʩʠʛʥʘʣ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʧʣʦʚʦʤʫ 

ʧʦʪʦʢʫ ʢʨʽʟʴ ʚʽʜʧʦʚʽʜʥʠʡ ʪʦʨʝʮʴ. ʉʠʛʥʘʣʠ ʇʊʇ 10 ʪʘ 11 ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʠ 

ʨʝʛʫʣʷʪʦʨʽʚ 16 ʪʘ 17, ʷʢʽ ʧʽʜʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʥʠʢʠ ʪʦʨʮʽʚ 14 ʪʘ 15, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 
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ʥʘʷʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. ɺ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʢʦʤʽʨʢʘʭ ʟʤʽʥʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʪʦʨʮʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʥʠʢʠ ʪʦʨʮʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘ ʢʦʞʥʦʤʫ ʪʦʨʮʽ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʫʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʥʫʣʴʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ï ʘʢʪʠʚʥʘ ʘʜʽʘʙʘʪʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʷ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʢʨʽʟʴ ʪʦʨʮʽ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʛʦ 

ʙʣʦʢʫ.  

2.3 ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ (ʨʠʩ.2.4ʘ) [96]. ɼʦ ʡʦʛʦ ʩʢʣʘʜʫ ʚʭʦʜʷʪʴ ʜʚʽ ʽʜʝʥʪʠʯʥʽ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ ʢʦʤʽʨʢʠ, ʧʨʠʯʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʭW  

ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ï ʦʩʥʦʚʥʽʡ ʨʦʙʦʯʽʡ ʨʝʘʢʮʽʡʥʽʡ ʢʦʤʽʨʮʽ, ʘ ʚ ʽʥʰʽʡ - 

ʢʦʤʽʨʮʽ ʧʦʨʽʚʥʷʥʥʷ ʢʦʨʠʩʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜʩʫʪʥʻ, ʪʦʙʪʦ 0W= .  

ʇʨʝʜʩʪʘʚʠʤʦ ʩʪʨʫʢʪʫʨʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ (ʨʠʩ.2.4ʙ). ɺʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʦʧʝʨʘʮʽʡʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʃʘʧʣʘʩʦʤ (ʦʧʝʨʘʪʦʨ s) 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ: 

() () () () ()

() () () ()

ʚʠʭ ʚʭ 3

1

1 3 2 4             

N

i zi

i

E s W s K s Z s K s

K s K s K s K s

=

è ø
= Ö + Ö ³é ù

ê ú

³ Ö - Öè øê ú

ä
,   (2.10) 

ɿʘ ʫʤʦʚʠ ʽʜʝʥʪʠʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʩʥʦʚʥʦʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ 

() () () ()sKsKsKsK 4231 Ö=Ö ,     (2.11) 

ʦʪʞʝ ʨʽʚʥʷʥʥʷ (2.1) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠʨʘʟʫ: 

() () ()sKsWsE 3ʚʭʚʠʭ Ö= .      (2.12) 
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ʈʠʩ. 2.2. ʉʪʨʫʢʪʫʨʘ (ʘ) ʽ ʙʣʦʢ-ʩʭʝʤʘ (ʙ) ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 
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ʆʪʞʝ, ʦʩʢʽʣʴʢʠ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ ʢʦʤʽʨʦʢ ʚʢʣʶʯʝʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ, ʘ 

ʥʘ ʦʙʠʜʚʽ ʢʦʤʽʨʢʠ ʦʜʥʘʢʦʚʦ ʚʧʣʠʚʘʶʪʴ ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ, ʚʧʣʠʚ ʮʠʭ ʟʙʫʨʝʥʴ 

ʥʘ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʠʭE  ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ 

ʽʜʝʥʪʠʯʥʦʩʪʽ ʢʦʤʽʨʦʢ ʽ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ.  

2.4 ʂʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʭʝʤʘ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʈʦʟʨʦʙʣʝʥʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʭʝʤʘ ʧʽʜʭʦʜʠʪʴ 

ʟʜʝʙʽʣʴʰʦʛʦ ʜʣʷ ʤʽʢʨʦʢʘʣʦʨʠʤʝʪʨʽʚ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʘ ʦʙʤʝʞʝʥʽʩʪʴ 

ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʚʠʤʽʨʶʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 

ʩʠʩʪʝʤʘ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʦʛʦ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ ʥʝ ʟʜʘʪʥʘ 

ʚʽʜʚʦʜʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʨʝʘʢʮʽʡʥʽʡ ʧʦʩʫʜʠʥʽ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʢʦʤʽʨʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʛʘʙʘʨʠʪʽʚ ʪʘ ʤʘʩʠ ʧʨʠʩʪʨʦʶ.  

ʎʽ ʥʝʜʦʣʽʢʠ ʦʩʦʙʣʠʚʦ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ ʩʧʨʦʙʽ ʩʪʚʦʨʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʙʦʤʙʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʟʘ ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʦʶ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʦʤʙ, ʱʦ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʽʶʯʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʜʦ ʤʘʩʠ ʧʨʦʙ ʧʘʣʠʚ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʩʭʝʤʫ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ [95 99]. ɺ ʪʝʧʣʦʚʦʤʫ 

ʙʣʦʮʽ ʪʘʢʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʽ ʢʦʤʽʨʢʠ ï ʦʩʥʦʚʥʫ 

ʨʦʙʦʯʫ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ 

(ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʙʦʤʙʠ) ʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʫ ʢʦʤʽʨʢʫ ʟʥʘʯʥʦ ʤʝʥʰʦʾ ʚʠʩʦʪʠ, 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʩʧʽʚʚʽʩʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʪʝʨʤʦʩʪʘʪʦʚʘʥʦʤʫ ʙʣʦʮʽ. ɿʘ ʘʥʘʣʦʛʽʻʶ, 

ʩʪʨʫʢʪʫʨʘ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.5ʘ, ʘ ʙʣʦʢ-

ʩʭʝʤʘ ï ʥʘ ʨʠʩ. 2.5ʙ.  

ɼʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʽʨʢʠ ʽ ʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʦ ʩʪʨʫʢʪʫʨʠ ʢʘʣʦʨʠʤʝʪʨʘ ʚʚʝʜʝʥʦ ʣʘʥʢʫ ʢʦʨʝʢʮʽʾ ʩʠʛʥʘʣʫ 

ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʟ ʬʫʥʢʮʽʻʶ ʧʝʨʝʜʘʯʽ 
ʢʦʨK  ʽ 

ʩʫʤʘʪʦʨ ʩʠʛʥʘʣʽʚ. 
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ʙ)   

      

ʈʠʩ. 2.5. ʉʪʨʫʢʪʫʨʘ (ʘ) ʽ ʙʣʦʢ-ʩʭʝʤʘ (ʙ) ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 
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ʈʽʚʥʷʥʥʷ (2.10) ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

() () () () ()

() () () () ()

ʚʠʭ ʚʭ 3

1

1 3 2 4 ʢʦʨ            

N

i zi

i

E s W s K s Z s K s

K s K s K s K s K s

=

è ø
= Ö + Ö ³é ù

ê ú

è ø³ Ö - Ö Öê ú

ä
,  (2.13) 

ʘ ʫʤʦʚʘ ʽʜʝʥʪʠʯʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʦʢ: 

() () () () ()1 3 2 4 ʢʦʨK s K s K s K s K sÖ = Ö Ö ,   (2.14) 

ʟʚʽʜʢʠ ()
() ()
() ()

1 3

ʢʦʨ

2 4

K s K s
K s

K s K s

Ö
=

Ö
. (2.15) 

ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ  

() ()
() ()

1 3

2 4

K s K s
const

K s K s

Ö
=

Ö
, (2.16) 

ʪʦ   ()ʢʦʨ ʢʦʨK s K= .       (2.17) 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʘʥʢʘ ʢʦʨʝʢʮʽʾ ʢʦʤʧʣʝʢʩʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʘʥʮʶʛʘ, ʧʨʦʪʝ ʽʥʦʜʽ ʟʨʫʯʥʦ ʨʦʟʜʽʣʴʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʘʤʧʣʽʪʫʜʥʽ ʽ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ ʟ ʪʘʢʠʤʠ ʞ 

ʧʠʪʦʤʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢ ʽ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʦʾ 

ʢʦʤʽʨʢʠ, ʽ ʨʦʟʤʽʱʝʥʥʷ ʚ ʢʦʤʧʝʥʩʘʮʽʡʥʽʡ ʢʦʤʽʨʮʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʤʽʪʘʪʦʨʘ 

ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʜʽʙʥʽʩʪʴ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʽʨʦʢ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ 

ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʣʘʥʢʠ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ. 

2.5 ʄʦʜʝʣʶʚʘʥʥʷ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ 

ɼʠʥʘʤʽʢʘ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʪʝʧʣʦʚʦʤʫ 

ʙʣʦʮʽ ʚʠʟʥʘʯʘʻ ʥʘʡʚʘʞʣʠʚʽʰʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʣʦʨʠʤʝʪʨʘ [71, 93]. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʾ ʢʦʤʽʨʢʠ ʪʘ ʢʦʤʽʨʢʠ 
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ʧʦʨʽʚʥʷʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʢʦʤʧʝʥʩʘʮʽʶ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. ʊʦʤʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʧʨʠʣʘʜʫ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʽʩʪʦʪʥʫ ʪʝʨʤʽʯʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʭ ʢʦʤʽʨʦʢ ʽ 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ 

ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʙʦʤʙʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʪʘ 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʾʡ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʫ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʣʝʢʪʨʦʪʝʧʣʦʚʦʾ ʘʥʘʣʦʛʽʾ, ʜʝ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʪʽʣ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʘʢʘ ʤʦʜʝʣʴ (ʨʠʩ. 2.6) ʤʽʩʪʠʪʴ ʜʚʘ 

ʪʠʧʠ ʝʣʝʤʝʥʪʽʚ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʤʘʻ ʤʘʣʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʘ ʚʠʩʦʢʫ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ʘ ʜʨʫʛʠʡ ï ʚʠʩʦʢʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʘ ʤʘʣʫ ʪʝʧʣʦʻʤʥʽʩʪʴ.  

ʉʪʘʣʝʚʫ ʨʝʘʢʮʽʡʥʫ ʧʦʩʫʜʠʥʫ (ʢʘʣʦʨʠʤʝʪʨʠʯʥʫ ʙʦʤʙʫ), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʘʩʠʚʥʦʾ ʚʝʨʭʥʴʦʾ ʢʨʠʰʢʠ 1, ʩʪʘʢʘʥʘ 3 ʪʘ ʫʱʽʣʴʥʝʥʥʷ 2, ʨʦʟʤʽʱʝʥʦ ʚ ʩʪʘʢʘʥʽ 

5 ʦʩʥʦʚʥʦʾ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʢʦʤʽʨʢʠ ʟ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ 4. ʅʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʤʽʨʢʠ 5 ʨʦʟʪʘʰʦʚʘʥʦ ʩʝʥʩʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 6 ʫ ʚʠʛʣʷʜʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʝʧʣʦʤʝʪʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ, ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʷʢʦʾ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʱʽʣʴʥʦ ʢʦʥʪʘʢʪʫʻ ʟ ʤʘʩʠʚʥʠʤ ʢʦʨʧʫʩʦʤ 7, ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ. ʊʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʧʝʨʝʜʙʘʯʝʥʦ 

ʢʦʥʚʝʢʪʠʚʥʝ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ. 

ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ 7 ʯʝʨʝʟ ʰʘʨ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 8 ʩʧʽʚʚʽʩʥʦ ʟ 

ʦʩʥʦʚʥʦʶ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʶ ʢʦʤʽʨʢʦʶ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʢʘʥ 10 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ, ʷʢʘ ʤʽʩʪʠʪʴ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ 12 ï 14 ʽʤʽʪʘʪʦʨʘ 

ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ. ɿʦʚʥʽ ʩʪʘʢʘʥ 10 ʦʪʦʯʝʥʦ ʢʦʤʧʝʥʩʘʮʽʡʥʦʶ 

ʪʝʧʣʦʤʝʪʨʠʯʥʦʶ ʦʙʦʣʦʥʢʦʶ ï ʩʝʥʩʦʨʦʤ 9. ʊʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ ʢʘʣʦʨʠʤʝʪʨʘ 

ʪʘʢʦʞ ʟʘʭʠʱʝʥʽ ʝʬʝʢʪʠʚʥʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ 8. ʉʪʘʢʘʥʠ ʢʦʤʽʨʦʢ 5 ʪʘ 10, 

ʢʦʨʧʫʩ 7 ʪʘ ʜʝʪʘʣʽ ʽʤʽʪʘʪʦʨʘ ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ ʚʠʢʦʥʘʥʦ ʟ 

ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ, ʟ ʜʶʨʘʣʶʤʽʥʽʶ ʘʙʦ ʤʽʜʽ.
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ʈʠʩ. 2.6. ʄʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʣʦʢʫ ʢʚʘʟʽʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ: 

1 ï ʢʨʠʰʢʘ; 2 ï ʫʱʽʣʴʥʝʥʥʷ ʢʨʠʰʢʠ; 3 ï ʩʪʘʢʘʥ; 4, 11 ï ʧʦʚʽʪʨʷʥʠʡ 

ʟʘʟʦʨ; 5 ï ʢʘʣʦʨʠʤʝʪʨʠʯʥʘ ʢʦʤʽʨʢʘ; 6 ï ʦʩʥʦʚʥʘ ʪʝʧʣʦʤʝʪʨʠʯʥʘ ʦʙʦʣʦʥʢʘ;  

7 ï ʪʝʧʣʦʨʦʟʩʽʶʚʘʣʴʥʠʡ ʢʦʨʧʫʩ; 8 ï ʪʦʨʮʝʚʘ ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 9 ï ʪʝʧʣʦʤʝʪʨʠʯʥʘ 

ʦʙʦʣʦʥʢʘ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʢʦʤʽʨʢʠ; 10 ï ʢʦʤʧʝʥʩʘʮʽʡʥʘ ʢʦʤʽʨʢʘ; 12, 13, 14 ï 

ʝʣʝʤʝʥʪʠ ʽʤʽʪʘʪʦʨʘ ʨʝʘʢʮʽʡʥʦʾ ʧʦʩʫʜʠʥʠ 


























































































































































































