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ɸʅʆʊɸʎɯʗ  

 

ʊʨʽʱʫʢ ʈ. ʃ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.05.01 ï ʤʘʰʠʥʠ ʽ ʧʨʦʮʝʩʠ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪaʮiʶ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ  ̔ ʚʩʪaʥʦʚʣʝʥʥʶ ʟaʢʦʥʦʤiʨʥʦʩʪʝʡ 

ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɰʾ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. ʅʘʡʤʝʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʚ ʡʦʛʦ ʨʦʙʦʪʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ ʟʥʦʰʫʚʘʥʥʷʤ ʨʫʭʦʤʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʾʭ ʧʦʜʘʯʽ ʜʦ ʬʘʣʴʮʶʚʘʣʴʥʦ-

ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʽʱʝʥʥʷ ʬʘʣʴʮʽʚ ʽ ʥʘʥʝʩʝʥʥʷ ʢʣʝʡʦʚʦʛʦ 

ʰʘʨʫ ʚ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʤʽʩʮʷʭ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʫ ʷʢʽʩʪʴ 

ʦʙʢʣʘʜʠʥʢʠ ʪʘ ʧʨʦʜʫʢʮʽʾ ʟʘʛʘʣʦʤ. 

ɸʚʪʦʨʦʤ ʫʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚ 

ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ ʽ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. 

ʋʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟʜʘʪʥʝ ʧʦʢʨʘʱʠʪʠ 

ʢʦʦʨʜʠʥʘʪʥʝ ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʦʙʢʣʘʜʠʥʦʢ ʯʝʨʝʟ 
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ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ 

ʧʦʚʝʨʭʦʥʴ ʡʦʛʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʽ 

ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʽʚ ʫʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʨʝʣʴʻʬʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʧʦʚʝʨʭʥʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ ʦʙʢʣʘʜʠʥʦʢ ʫ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʙʣʦʮʽ. 

ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʥʽ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʦʙʢʣʘʜʠʥʦʢ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʙʫʣʘ ʚʠʨʦʙʣʝʥʘ ʥʘ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, 

ʱʦ ʢʨʽʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʣʝʾʚ ʪʦʱʦ ʟʥʘʯʥʫ ʨʦʣʴ ʫ 

ʩʪʚʦʨʝʥʥʽ ʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜʽʛʨʘʻ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ 

ʙʣʦʢ ʣʽʥʽʾ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ ï ʩʪʘʣʝʚʽ ʚʘʣʠ ʪʘ ʧʨʠʪʠʩʢʥʽ ʨʦʣʠʢʠ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ʜʦ ʬʘʣʴʮʶʚʘʣʴʥʦ-ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʪʦʯʥʽʩʪʴ ʟʛʠʥʽʚ ʪʘ 

ʦʙʨʦʙʢʠ ʢʣʝʻʤ ʧʦʪʨʽʙʥʠʭ ʟʦʥ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʥʘʚʝʜʝʥʦ ʫʤʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ (ʆɿʆ) 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʢʦʞʥʦʤʫ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ 

ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ: ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 
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ʧʦʜʘʥʦ ʡʦʛʦ ʦʧʠʩ, ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʦʨʷʜʦʢ ʪʘ ʫʤʦʚʠ ʨʦʙʦʪʠ, ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʝʥʠʭ 

ʟʨʘʟʢʽʚ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ (ʰʦʨʩʪʢʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʢʨʦʨʝʣʴʻʬʫ), ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʪʚʝʨʜʽʩʪʴ, ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ), ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ (ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ) 

ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʫ ʧʦʣʛ̔ʨʘʬʽʯʥʫ ʧʨʦʜʫʢʮʽʶ, ʘ ʩʘʤʝ, ʥʘ ʢʦʥʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʛʦʪʦʚʠʭ ʦʙʢʣʘʜʠʥʦʢ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʢʦʥʪʨʦʣʶ, ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʥʦʚʦʩʪʚʦʨʝʥʽʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʪʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

ɸʚʪʦʨʦʤ ʫʧʝʨʰʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ 

ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʘʣʽʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʥʘ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ ʦʙʢʣʘʜʠʥʦʢ. ʅʦʚʠʟʥʘ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʋʢʨʘʾʥʠ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ, ʚ 

ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʠʪʠ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʘʣʽʚ ʙʣʦʢʫ, ʘ 

ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚ ʥʴʦʤʫ ʧʘʣʽʪʫʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. 
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ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘ ʚ ʧʦʜʘʣʴʦhʤʫ 

ʡ ʢʝʨʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʢʦʥʪʫʨʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʘ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʝʪʘʣʝʡ, ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʦʙʢʣʘʜʠʥʦʢ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ 

(ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʨʘʜʽʫʩʘ ʩʬʝʨʠ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʽ ʚʽʜʥʦʩʥʦʶ ʦʧʦʨʥʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʦʥʪʘʢʪʥʫ ʧʣʦʱʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʘʣʽʪʫʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʢʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʨʝʛʨʝʩʽʾ, ʟʘ ʨʘʭʫʥʦʢ 

ʢʝʨʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ: ʨʘʜʽʫʩʽʚ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʫʩʠʣʴ 

ʚʜʘʚʣʶʚʘʥʥʷ, ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʥʘ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʘʭ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ 

ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ (ʇʇɼ), ʪʦʚʱʠʥʠ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ. ʆʪʨʠʤʘʥʽ 

ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ ʧʨʦʮʝʩʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʞʝʥʴ ʽ 

ʜʝʬʦʨʤʘʮʽʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʪʘʣʣʶ. ʇʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʤʽʩʮʷ ʢʦʥʪʘʢʪʫ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʟʤʝʥʰʫʶʪʴʩʷ, ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʥʫʣʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʆɿʆ ʜʦʟʚʦʣʷʻ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ. 

ʐʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧ̔ʜʚʠʱʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʟʝʨʥʦʚʦʛʦ ʜʠʩʣʦʢʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʷʢʝ 

ʟʫʤʦʚʣʝʥʝ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʛʣʠʙʠʥʫ ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ 

ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʆɿʆ. ʊʘʢʦʞ ʧʽʩʣʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ 
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ʦʙʨʦʙʢʠ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʛʨʘʜʽʻʥʪʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʚʝʨʜʦʩʪʽ ʥʘ ʛʣʠʙʠʥʫ ʧʦʥʘʜ 600 ʤʢʤ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ, ʷʢʝ ʩʧʨʠʯʠʥʝʥʝ 

ʫʪʚʦʨʝʥʥʷʤ ʫ ʥʠʭ ʥʽʪʨʠʜʥʦʛʦ ʧʨʦʰʘʨʢʫ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ 

ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

ɺʠ̫ʚʣʝʥʦ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʧʽʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʙʝʟ 

ʟʤʽʥʠ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʛʨʘʜʽʻʥʪʥʠʤ ʫʪʚʦʨʝʥʥʷʤ 

ʥʽʪʨʠʜʽʚ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ, ʷʢʝ ʩʷʛʘʻ ʥʘ ʧʝʚʥʫ ʛʠʙʠʥʫ, ʧʨʷʤʫʶʯʠ ʜʦ 

ʥʫʣʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʢʘʟʘʣʠ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʨʴʦʭʝʪʘʧʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʆɿʆ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʟʽ ʩʪʘʣʽ 45 ʫ 

ʙʽʣʴʰ, ʥʽʞ 4 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʯʘʪʢʦʚʠʤ ʩʪʘʥʦʤ (ʯʠʩʪʦʚʝ ʪʦʯʽʥʥʷ) ʽ ʚ 2,5 

ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʨʦʙʢʦʶ ʇʇɼ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʟ ʙʽʣʴʰʦʶ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʤʘʶʪʴ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʟʥʦʩʦʩʪʡ̔ʢʦʩʪʽ. 

ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʛʦʪʦʚʠʭ 

ʦʙʢʣʘʜʠʥʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʧʽʩʣʷ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʩʦʪʦʢ ʚʽʜʙʨʘʢʫʚʘʥʥʷ 

ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʚʩʷ (ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʨʘʞʫ). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʪʠʨʘʞʫ ʚ 10000 ʧʨʠʤʽʨʥʠʢʽʚ ʚʽʜʩʦʪʦʢ ʚʽʜʙʨʘʢʫʚʘʥʥʷ ʟʥʠʟʠʚʩʷ ʥʘ 1,72 %. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʛʨʘʬʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʪʝʛʨʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ, 

ʟʤʽʮʥʝʥʥʷ, ʚʽʙʨʘʮʽʡʥʝ ʦʙʢʘʪʫʚʘʥʥʷ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ, ʘʟʦʪʫʚʘʥʥʷ, ʨʝʛʫʣʷʨʥʠʡ 

ʤʽʢʨʦʨʝʣʴʻʬ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 
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The dissertation is devoted to the development of technological quality 

assurance and operational properties of printing equipment parts in the manufacture of 

integrated covers and the establishment of patterns of influence of the complex 

technological process of finishing and strengthening treatment on the quality of the 

final product. Its relevance lies in the need to ensure high wear resistance and 

accuracy of the parts of the coordination and transport unit of the line for the 

manufacture of l covers. The smallest deviations in its work, which can be caused by 

wear of moving cylindrical parts, lead to slipping and displacement of workpieces 

when they are fed to the folding-gluing unit, and, as a consequence, displacement of 

seams and application of adhesive layer in unforeseen places. and products in general. 

The author for the first time proposed a generalized logic diagram in the 

parametric form of modeling the processes of technological support of contour 

stability of covers and quality and operational properties of parts of the 

coordination and transport unit of the line for the manufacture of integrated covers. 

For the first time, technological support has been developed that is able to 

improve the coordinate positioning when moving the covers through the 

coordination and transport unit with the simultaneous strengthening of the surfaces 

of its cylindrical parts. 

For the first time, an analytical relationship between the parameters of 

microreliefs and technological modes of their formation has been established for 

the developed complex technology of formation of completely and partially regular 

microreliefs. This makes it possible to obtain the predicted parameters of the 

microrelief of the surface and, as a result, increase the wear resistance of parts of 

printing equipment and ensure the accuracy of positioning of the covers in the 

coordination and transport unit. 

Regularities of formation of geometrical characteristics of a surface and 

physical and mechanical parameters of a near-surface layer at complex 

technological process of processing of details of the coordinating and transporting 

block, and also their influence on quality of covers are revealed. 

The analysis of products produced on the line for the manufacture of 

integrated covers and identified key factors that affect the final quality 
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characteristics of finished products. The analysis showed that in addition to the 

properties of the source material, adhesives, etc., a significant role in creating 

quality products is played by the coordination and transport unit of the line, in 

particular its moving parts - steel shafts and pressure rollers, which ensure the 

accuracy of coordinate positioning of the original blanks. , accuracy of bends and 

processing by glue of the necessary zones. 

The choice of materials is substantiated and conditions for theoretical and 

experimental researches on introduction of complex technology of finishing and 

strengthening processing (FSP) of surfaces of details of the coordinating and 

transporting block of the line for production of integral covers with the wide valve 

and maintenance of contour stability of the made production are resulted. 

The research methodology for each stage of complex strengthening 

processing is developed: the list of technological equipment is given, its 

description, technical parameters, order and working conditions are given, the 

optimal operating modes for each technological process are established. 

The measuring equipment and a technique of carrying out researches on 

definition of such basic qualitative characteristics of the processed samples, as 

geometrical parameters of a surface (roughness), hardness, wear resistance and 

their influence on final polygraphic production are offered. 

Theoretical researches are carried out taking into account the basic analytical 

dependences of technology of polygraphic production, physical-mechanical and 

physical-chemical processes, materials science, statistical methods of control, 

structural-functional and system analysis. 

Experimental studies were performed on the newly created experimental line 

for the manufacture of flexible covers with wide valves, on modern measuring and 

testing process equipment in laboratory and production conditions. 

The author for the first time substantiated and developed a method of 

forming a combined regular microrelief on cylindrical surfaces of printing 

equipment parts, the implementation of which has a positive effect on the accuracy 

of coordinate positioning of binding material, and, consequently, the quality of 
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finished covers. The novelty of this method is protected by a patent for a utility 

model of Ukraine. 

A complex technological process of finishing and strengthening processing 

of cylindrical moving parts of the coordination and transport block of the line for 

the production of integrated covers is proposed. A generalized control algorithm 

for such a complex technological process has been developed. 

To establish the relationship in order to predict and further manage not only the 

contour stability but also the performance properties of parts, the author developed a 

generalized logic diagram of modeling processes of technological support of contour 

stability of covers and performance properties of cylindrical parts. 

An analytical relationship between the processing modes (geometric 

parameters of the microrelief elements and the radius of the sphere of the 

deforming element) and the relative reference surface area is established. This 

allows by adjusting the parameters of the processing modes to obtain the optimal 

contact area of the working surfaces of the parts that are in direct contact with the 

binding material. 

Based on theoretical and experimental studies, mathematical models are 

obtained, which are described by regression equations, due to controlled factors: 

radii of the deformation tool, indentation forces, feed rates in the first two stages of 

surface plastic deformation (SPD), nitrided layer thickness. The obtained models 

allow to predict the intensity of wear of the surface layers of cylindrical parts. 

As a result of numerical modeling of the first two stages of complex 

processing, namely the process of vibration running-in and subsequent diamond 

smoothing, it is established that the maximum stress and strain is observed at the 

time of contact of the deformation tool with the part. When moving away from the 

point of contact, the values of stresses and strains decrease, approaching zero. The 

application of such a model for SPD processes allows to predict the properties of 

the surface layer of machined parts. 

By studying the microstructure of steel samples, an increase in the strength 

characteristics of the surface layer of the metal and an increase in its hardness due 

to intragrain dislocation hardening, which is due to deformations propagating to 
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the depth of the material after the first two stages of complex FSP. Also, after the 

third stage of complex processing, a significant increase in surface hardness and 

gradient distribution of hardness to a depth of more than 600 ɛm in the near-

surface layers, which is caused by the formation of nitride layer, resulting in 

additional strengthening of parts and increasing their wear resistance. 

There was a significant increase in surface hardness and near-surface layers 

of parts after ionic nitriding in the plasma of the helicon discharge, without 

changing the microgeometry of the surface, due to the gradient formation of 

nitrides in the near-surface layers, which reaches a certain depth towards zero. 

Studies of wear resistance have shown in a complex three-stage 

technological process of SPD increase the wear resistance of steel parts 45 in more 

than 4 times compared to the initial state and 2.5 times compared to the processing 

of FSP. It was found that coatings with higher microhardness have greater values 

of wear resistance. 

The influence of complex technology on the qualitative parameters of the 

finished covers is determined. It is established that after its introduction the 

percentage of rejection of final products has significantly decreased (depending on 

the circulation). For example, for a circulation of 10,000 copies, the rejection rate 

decreased by 1.72%. 

Keywords: printing equipment, flexible cover, hardening, vibration running-

in, microhardness, nitriding, regular microrelief, wear resistance. 

 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ɸɺʊʆʈʆʄ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ 

ɼʀʉɽʈʊɸʎɯɰ 

 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 9 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʷʢʠʭ 3 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʟ ʧʝʨʝʣʽʢʫ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus, ʟ ʥʠʭ 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɸè, 1 ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ, 4 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

 

ɸʂʊʄ ï ʘʣʤʘʟʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʪʝʨʤʦʩʪʘʙ̔ʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 

ɯʆ ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ 

ʆɿʆ ï ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʘ ʦʙʨʦʙʢʘ 

ʇʇɼ ï ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʇʈʄʈ ï ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ 

ʈʄʈ ï ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ 

ʏʈʄʈ ï ʯʘʩʪʢʦʚʦ-ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ 

a ï ʪʦʚʱʠʥʘ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʤʤ 

b ï ʰʠʨʠʥʘ ʥʝʨʽʚʥʦʩʪʽ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʏʈʄʈ, ʤʤ   

D (dʟ)ï ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ, ʤʤ 

e ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʤʤ 

h1 ï ʛʣʠʙʠʥʘ ʥʝʨʽʚʥʦʩʪʽ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʇʈʄʈ, ʤʤ 

h2 ï ʛʣʠʙʠʥʘ ʥʝʨʽʚʥʦʩʪʽ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʏʈʄʈ, ʤʤ  

HRC ï ʪʚʝʨʜ̔ʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ ʈʦʢʚʝʣʣʦʤ 

HV ï ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ ɺʽʢʢʝʨʩʦʤ  

hʅ  ï ʚʠʩʦʪʘ ʥʘʧʣʠʚʽʚ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʏʈʄʈ, ʤʤ 

i ï ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʜʚʽʡʥʠʭ ʭʦʜʽʚ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

nʧʦʜʚ.ʭ, ʜʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ nʰʧ 

I ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ, ʢʛ/ʤ2 

l ï ʜʦʚʞʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʤʤ 

nʧʦʜʚ.ʭ ï ʯʘʩʪʦʪʘ ʦʩʮʠʣʷʮʽʡ ʽʥʩʪʨʫʤʝʥʪʘ, ʧʦʜʚ.ʭ/ʭʚ 

nʰʧ ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, ʦʙ/ʭʚ 

P  ï ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ, ʅ 

ʈʛ ï ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ɺʪ 

Q  ï ʚʘʛʦʚʝ ʟʥʦʰʝʥʥʷ, ʤʛ; 

R ï ʨʘʜʽʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʤʤ  

Ra ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ, ʤʢʤ 

Rz ï ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʬʽʣʶ ʧʦ ʜʝʩʷʪʠ ʪʦʯʢʘʭ, ʤʢʤ 
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S ï ʚʝʣʠʯʠʥʘ ʧʦʜʘʯ,̔ ʤʤ/ʦʙ (ʘʙʦ ʤʤ/ʭʚ) 

.ʟʘʛS  ï ʧʣʦʱʘ ʟʘʛʣʠʙʠʥʠ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʽʚʥʽʚ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʥ̔ ʟ ʈʄʈ 

.ʧS  ï ʧʣʦʱʘ ʨʽʚʥʽʚ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʈʄʈ 

Tʘʟ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʘʟʦʪʫʚʘʥʥʽ, ʦʉ 

Tʘʟ. ï ʯʘʩ ʘʟʦʪʫʚʘʥʥʷ, ʛʦʜ 

ʅʦʩʥ. ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʩʥʦʚʠ, ʄʇʘ  

ʅʘ  hï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʄʇʘ  

Ŭ ï ʢʫʪ ʩʽʪʢʠ 

r ï ʟʘʛʘʣʥɹʘ ʚʽʜʥʦʩʥʘ ʦʧʦʨʥʘ ʧʣʦʱʘ, % 

Ū ï ʢʫʪ ʥʘʧʨʷʤʫ ʥʝʨʽʚʥʦʩʪʝʡ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

 ɼʦ ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʢʨʠʪʪʽʚ ʩʫʯʘʩʥʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʢʥʠʞʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʽʥʪʝʛʨʘʣʴʥʫ ʦʙʢʣʘʜʠʥʢʫ (ɯʆ). 

ɿʨʦʩʪʘʥʥʷ ʾʾ ʯʘʩʪʢʠ ʥʘ ʨʠʥʢʫ ʪʘ ʚʠʪʽʩʥʝʥʥʷ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʥʠʞʢʦʚʠʭ 

ʦʧʨʘʚ ʟʫʤʦʚʣʝʥʽ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʷʢ: 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ, ʣʝʛʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʥʠʟʴʢʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʫʯʘʩʥʦʾ ʢʥʠʞʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ, ʷʢʽ ʻ ʾʾ ʩʢʣʘʜʦʚʦ ʁʯʘʩʪʠʥʦ,ʁ ʟʘ ʫʤʦʚ 

ʧʦʩʪʽʡʥʦ ʾ ʢʦʥʢʫʨʝʥʮʽʾ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʪʘ ʪʝʨʤʽʥʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʤʦʛ 

ʤʦʞʣʠʚʝ ʧʨʠ ʪʦʯʥʽʡ ʙʝʟʧʝʨʝʙʽʡʥʽʡ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʚʫʟʣʽʚ ʧʦʣʛ̔ʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ, ʟʦʢʨʝʤʘ, ʾʭ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʘʨʠ ʪʝʨʪʷ ʪʘ 

ʧʽʜʜʘʶʪʴʩʷ ʟʥʘʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʷʢʽʩʪʴ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʙʢʣʘʜʠʥʢʠ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʾʾ ʚʠʭʽʜʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɸʜʞʝ ʥʘʡʤʝʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʚ ʡʦʛʦ ʨʦʙʦʪʽ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ ʟʥʦʫhʚʘʥʥʷʤ ʨʫʭʦʤʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʧʦʜʘʯʽ ʜʦ 

ʬʘʣɹʮʶʚʘʣʴʥʦ-ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʭʠʣʝʥʥʷ ʬʘʣʴʮʽʚ  ̔

ʥʘʥʝʩʝʥʥʷ ʢʣʝʡʦʚʦʛʦ ʰʘʨʫ ʚ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʤʽʩʮʷʭ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʢʽʥʮʝʚʫ ʷʢʽʩʪʴ ʦʙʢʣʘʜʠʥʢʠ ʪʘ ʧʨʦʜʫʢʮʽʾ ʟʘʛʘʣʦʤ.  

ɼʦ ʪʦʛʦ ʞ, ʫʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʝʪʘʣʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʫʟʣʽʚ ʧʦʩʪʽʡʥʦ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʟʤʽʥʥʠʭ 

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ̔ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʘʧʝʨʦʚʠʡ ʧʠʣ, 

ʨʦʟʯʠʥʥʠʢʠ, ʢʣʝʡ, ʣʘʢ). ʎʽ ʬʘʢʪʦʨʠ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʩʠʣʝʥʝ ʟʥʦʰʫʚʘʥʥ̫ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʮʠʭ ʜʝʪʘʣʝʡ. 

ʊʦʤʫ, ʟʚʘʞʘʶʯʠ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ ʧʦʣ̔ʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʢʦʯʝʥʥʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 
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ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘʢʠʭ, ʷʢ ʤʽʮʥʽʩʪʴ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʨʦʟ̔ʡʥʘ ʩʪʽʡʢʽʩʪʴ. ʂʨʽʤ ʮʴʦʛʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʣɹʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʯʝʚʠʜʥʦʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʡʦʛʦ ʜʝʪʘʣʝʡ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱ̔ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʷʢʠʡ ʫʥʝʤʦʞʣʠʚʠʪʴ 

ʟʩʫʚʠ ʪʘ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ. 

  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ɺʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè. ʈʦʙʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʫʢʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɺʇɯ ʂʇɯ ʽʤ. ɯʛʦʨ̫ 

ʉʢ̔ʦʨʩʴʢʦʛʦ ʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦ ʁ 

 ̄ 2212-ʧ  ʥʘ ʪʝʤʫ çʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʜʨʫʢʫè (ʥʘʢʘʟ ʄʆʅ ʋʢʨʘʥʾʠ ʚʽʜ 09.11.2018 ʨ. ˉ1223, 

ʅʘʢʘʟ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʚʽʜ 28.12.2018 ʨ.  ̄2/346). 

 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʫʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ- ʪʘ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʤʽʮʥʝʥʥʷʤ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʘ ʾʾ ʚʧʣʠʚ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʷʢʽʩʪʴ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ. 

ɺʽʜʧʦʚ̔ʜʥʦ ʜʦ ʮʽʻʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʜʦʩʣʽʜʥʠʮʴʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʤʝʭʘʥʽʟʤʫ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ (ʇʈʄʈ) ʪʘ 
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ʯʘʩʪʢʦʚʦ-ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ (ʏʈʄʈ) ʟ ʧʦʜʘʣʴʰʠʤ ʟʤʽʮʥʝʥʥʷʤ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

2. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

3. ɺʩʪʘʥʦʚʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

4. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʡ ʪʦʚʱʠʥʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʰʘʨʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʥʘ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

5. ɺʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʚʽʜ ʨʝʞʠʤʽʚ ʾʭ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭʝʪʘʧʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ. 

6. ʈʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʥɹʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ 

ʤʝʭʘʥʽʟʤʫ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ. 

7. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʘ ʪʘʢʦʞ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʛʘʣʫʟʽ. 

  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. 

 

ʇʨʝʜʤʝʪ ʜʦʩʣ̔ʜʞʝʥʥʷ ï ʨʝʞʠʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʘʨʘʤʝʪʨʠ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʯʘʩʪʢʦʚʦ-ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʨʝʣʴʻʬʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, 
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ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʢʠ. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʨʷʜʫ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʉʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʩʣʷ ʢʦʞʥʦʛʦ 

ʝʪʘʧʫ ʾʭ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʣʠ ʤʝʭʘʥʽʯʥʠʤ ʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ, ʘ ʪʚʝʨʜʽʩʪʴ ï ʤʝʪʦʜʦʤ 

ɺʽʢʢʝʨʩʘ. ʇʽʜ ʯʘʩ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʤʝʪʦʜ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʡʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ ʥʘ ʨʝʘʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ï ʥʘ ʚʠʨʦʙʥʠʯʽʡ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʙʢʣʘʜʠʥʦʢ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ CAD / CAE 

ANSYS, ʱʦ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ.  

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʨʽʰʝʥʦ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ̔  

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʘʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. 
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           ʋʧʝʨhʝ:  

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʦʙʢʣʘʜʠʥʦʢ ʪʘ ʷʢʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ; 

- ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʜʘʪʥʝ ʧʦʢʨʘʱʠʪʠ ʢʦʦʨʜʠʥʘʪʥʝ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʦʙʢʣʘʜʠʥʦʢ ʯʝʨʝʟ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ʧʦʚʝʨʭʦʥʴ ʡʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ; 

- ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥ̔ ʩʪʶ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʽ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʨʝʣʴʻʬʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ 

ʦʙʢʣʘʜʠʥʦʢ ʫ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʙʣʦʮʽ; 

- ʚʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʦʙʢʣʘʜʠʥʦʢ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ.  

- ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʘʣʛʦʨʠʪʤ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

- ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ, ʷʢʘ ʚʟʘʻʤʦʧʦʚôʷʟʫʻ ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ, ʚʠʪʨʘʪʥʽ ʧʦʣʽʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʝʞʠʤʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ ʾʭ 
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ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʟʥʘʯʝʥʽ 

ʧʘʨʘʤʝʪʨʠ ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

- ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ (ʧʘʨʘʤʝʪʨʠ ʈʄʈ) ʽ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʚʝʨʜʽʩʪʴ, ʟʘʣʠʰʢʦʚ̔ ʥʘʧʨʫʞʝʥʥʷ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. 

- ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʫʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚ ɼʝʨʞʘʚʥʦʤʫ ʚʠʜʘʚʥʠʮʪʚʽ çʇʨʝʩʘ ʋʢʨʘʾʥʠè, 

ɼʇ çʂʠʾʚʩʴʢʘ ʦʬʩʝʪʥʘ ʬʘʙʨʠʢʘè, ʚʠʜʘʚʥʠʮʪʚʽ çʇʦʣʽʪʝʭʥʽʢʘè ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ.  

- ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɺʇɯ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɰʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʣʝʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʘʢʪʠʯʥʠʭ ʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ çʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷè ʽ çʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦ ʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʤʘʰʠʥè. 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʜʠʩʝʨʪʘʥʪʦʤ ʦʩʦʙʠʩʪʦ. 

ʋ ʟʘʨʝʻʩʪʨʦʚʘʥʦʤʫ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʧʘʪʝʥʪʽ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʯʘʩʪʢʘ ʢʦʞʥʦʛʦ 

ʘʚʪʦʨʘ ̒ ʨʽʚʥʦʮʽʥʥʦʶ. ʋ ʧʨʘʮʷʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ 

ʥʘʣʝʞʘʪʴ ʦʩʥʦʚʥʽ ʽʜʝʾ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʥʘʫʢʦʚʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʈʦʙʦʪʘ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʪʘ ʘʥʘʣʽʪʠʯʥʦʤʫ ʦʧʨʘʮʶʚʘʥʥʶ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ, ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʚʪʦʨʩʪʚʽ ʘʙʦ ʫʯʘʩʪʽ 

ʚ ʥʘʧʠʩʘʥʥʽ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɺʇɯ. ʈʝʞʠʤʠ ʽʦʥʥʦʛʦ 

ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʩʪʘʥʦʚʮʽ ʚ ɯʥʩʪʠʪʫʪʽ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ. ɺ. ʂʫʨʜʶʤʦʚʘ  

ʅɸʅ ʋʢʨʘʾʥʠ. 
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ɸʧʨʦʙʘʮʽ̫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʨʠʣʶʜʥʝʥʽ ʘʚʪʦʨʦʤ ʫ 

ʜʦʧʦʚʽʜʷʭ ʽ ʧʦʚʽʜʦʤʣʝʥʥʷʭ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ, 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʍVI, XVII, XIX ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ çɼʨʫʢʘʨʩʪʚʦ ʤʦʣʦʜʝè (ʤ. ʂʠʾʚ, 

2016 ʨ., 2017 ʨ., 2019 ʨ.); III, ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʪʘ web-ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʃʴʚʽʚ, 2018 ʨ.). 

 

ʇʫʙʣʽʢʘʮʽʾ 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 9 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥ̫ʭ, ʟ ʷʢʠʭ 3 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʟ ʧʝʨʝʣʽʢʫ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus, ʟ ʥʠʭ 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɸè. 
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʇʈʆɹʃɽʄ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɸ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɼɽʊɸʃɽʁ 

ʇʆʃɯɻʈɸʌɯʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʘʮʶʻ ʟʘ 

ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪʝʤʧʝʨʘʪʫʨ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʜʦʚʛʦʪʨʠʚʘʣʫ ʧʨʘʮʝʟʜʘʪʥʩ̔ʪʴ, ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫ ʪʁ ɹʚʠʩʦʢʦʤʽʮʥʽ ʩʪʘʣʽ ʪʘ 

ʩʧʣʘʚʠ, ʘ ʮʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʮʠʭ ʜʝʪʘʣʝʡ. ʅʝʩʪʘʯʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʽ 

ʜʝʬʽʮʠʪ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʢ̫ʦʩʪʽ ʧʨʦʜʫʢʮ̔ʾ ʪʘ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʽ ʩʧʦʩʦʙʠ ʟʤʽʮʥʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʘʥʫ [1], 

ʧʝʨʝʜʫʩʽʤ ʪʘʢʽ ʷʢ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ, ʪʝʨʤʽʯʥʘ, ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʛʘʣɹʚʘʥʽʯʥʝ ʧʦʢʨʠʪʪʷ, ʥʘʧʠʣʝʥʥʷ ʽ ʥʘʧʣʘʚʢʘ ʧʦʚʝʨʭʦʥʴ, 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʣʝʛʫʚʘʥʥ̫ , ʧʦʚʝʨʭʥʝʚʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʦʱʦ [2]. ʋ 

ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʨʫʢʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥ̫ ̫ʢʦʩʪʽ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ, ʱʦ, ʫ ʩʚʦʁ  

ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʝʨʤʽʥ ʩʣʫʞʙʠ.  

ʆʩʢʽʣʴʢʠ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʦʧʦʨʫ ʜʝʪʘʣʝʡ 

ʤʘhʠʥ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʠʤ ʚʠʜʘʤ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʦ ʧʦʢʨʘʱʠʪʠ ʾʭ 

ʪʝʭʥʽʯʥ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ. 

ʅʘʜʡ̔ʥʽʩʪʴ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣɹ ʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʪʘ ʷʢʽʩʪʴ 

ʛʦʪʦʚʦʾ ʧʦʣʛ̔ʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʤʘʶʪʴ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʪʘʙʽʣʴʥʦ ʾ

ʨʦʙʦʪʠ ʚʫʟʣʽʚ ʪʝʨʪʷ ʫ ʢʦʞʥʦʤʫ ʟ ʾʾ ʙʣʦʢʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʘʻ 

ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʣʽʥʽʾ ʪʘ ʭʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 



27 

ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʘʙʦ ʫʥʠʢʥʝʥʥʶ ʪʘʢʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ, ʷʢ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʯʠ ʧʝʨʝʢʩ̔ ʟʘʛʦʪʦʚʦʢ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʽʜ ʩʘʤʦʥʘʢʣʘʜʫ ʜʦ ʩʢʣʝʶʚʘʣʴʥʦ-ʬʘʣɹʮʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, 

ʱʦ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘ ʥʝʪʦʯʥʦʛʦ ʥʘʥʝʩʝʥʥʷ 

ʢʣʝʡʦʚʦʛʦ ʰʘʨʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʚʯʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣ̔ʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥ̫ ̔ʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ 

ʢʣʘʧʘʥʘʤʠ. 

 

1.1. ɯʥʪʝʛʨʘʣʴʥʽ ʦʙʢʣʘʜʠʥʢʠ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. ɹʫʜʦʚʘ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

 

ʉʫʯʘʩʥʽ ʢʥʠʞʢʦʚʽ ʦʧʨʘʚʠ ʟʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʧʘʣʽʪʫʨʢʠ ʪʘ ʦʙʢʣʘʜʠʥʢʠ [3]. ʆʩʦʙʣʠʚʽʩʪʶ ʜʝʷʢʠʭ ʚʠʜʚ̔ ʦʙʢʣʘʜʠʥʦʢ, 

ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ, ʻ ʪʝ, ʱʦ ʾʭ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʦʜʥʽʻʾ ʩʫʮʽʣʴʥʦʾ ʜʝʪʘʣʽ, 

ʚʠʩʽʯʝʥʦʾ ʟ ʧʘʣʽʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɯʆ ʻ ʧʦʢʨʘʱʝʥʠʤ ʚʘʨʽʘʥʪʦʤ ʧʨʦʩʪʦʾ 

ʦʙʢʣʘʜʠʥʢʠ, ʚʽʜ ʷʢʦʾ ʚʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ  ʥʘʷʚʥʽʩʪʶ ʥʘ ʧʦʣʷʭ ʢʨʘʾʚ (ʰʠʨʠʥʦ  ʁ

7ï12 ʤʤ), ʷʢʽ ʟʘʛʥʫʪʽ ʪʘ ʧʨʠʢʣʝʻʥʽ ʜʦ ʾʾ ʦʩʥʦʚʥʦʾ ʧʣʦʱʠʥʠ.  ɿʘʚʜʷʢʠ ʮʠʤ 

ʢʨʘʷʤ ʧ̔ʜʚʠʱʫʻʪʴʩʷ ʢʦʥʪʫʨʥʘ ʤʽʮʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ (ʨʠʩ. 1.1 

ʘ,ʙ) [4].  

ɯʥʪʝʛʨʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ ʻ ʚʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʚ̔ ʜʢʨʠʪʪʷʤ ʫ 

ʩʫʯʘʩʥʦʤʫ ʢʥʠʛʦʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʤʘʻ ʚʝʣʠʢ ̔ʧʝʨʩʧʝʢʪʠʚʠ. ɰʾ ʚʠʢʦʨʠʩʪʘʥʥ̫ 

ʦʭʦʧʣʶʻ ʟʥʘʯʥʠʡ ʩʝʛʤʝʥʪ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʢʥʠʞʢʦʚʦʾ  ʧʨʦʜʫʢʮʽʾ. ɿ ʪʘʢʠʤʠ 

ʦʙʢʣʘʜʠʥʢʘʤʠ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘʫʢʦʚʫ ʪʘ ʭʫʜʦʞʥʶ ʣʽʪʝʨʘʪʫʨʫ, 

ʰʢʽʣʴʥʽ ʧʽʜʨʫʯʥʠʢʠ, ʥʘʚʯʘʣʴʥʽ ʧʦʩʙ̔ʥʠʢʠ ʪʘ ʽʥʰʫ ʢʥʠʞʢʦʚʫ ʧʨʦʜʫʢʮʽʶ 

ʤʘʩʦʚʦʛʦ ʚʞʠʪʢʫ. ɿʦʚʥ̔ ʢʥʠʛʠ ʟ ɯʆ ʥʝ ʚʽʜʨʽʟʥʷʁʪʴʩʷ ʚʽʜ ʢʥʠʛ ʟ ʢʣʘʩʠʯʥʦʶ 

ʞʦʨʩʪʢʦʶ ʦʙʢʣʘʜʠʥʢʦʶ, ʘʣʝ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ  ʻ ʙʽʣʴʰ 

ʧʨʦʩʪʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʽʰʠʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʦʙʢʣʘʜʠʥʦʢ ʙʫʣʦ 

ʚʧʨʦʚʘʜʞʝʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʦʙʢʣʘʜʠʥʢʫ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ [5], ʩʫʪʪʻʚʘ 
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ʧʝʨʝʚʘʛʘ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʧʦʜʚʽʡʥʦʤʫ ʰʘʨʽ ʧʘʣʽʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝʡ ʰʘʨ 

ʬʦʨʤʫʶʪʴ ʰʠʨʦʢʽ ʢʣʘʧʘʥʠ, ʧʨʠʢʣʝʻʥʽ ʧʦ ʚʩʽʡ ʧʣʦʱʠʥʽ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʦʙʢʣʘʜʠʥʢʠ (ʨʠʩ.1.1 ʚ, ʛ). ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʫʨʥʦ ʾʤ̔ ʮʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥ̔ʪʝʛʨʘʣʴʥʽ ʦʙʢʣʘʜʠʥʢʠ ʟ ʰʠʨʦʢʠʤ ʢʣʘʧʘʥʦʤ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʪʚʝʨʜʠʤ 

ʢʥʠʞʢʦʚʠʤ ʦʧʨʘʚʘʤ, ʽ ʤʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʤʝʥʰʫ ʥʘ 12ï15 % ʤʘʩʫ [4] ʪʘ ʥʠʟɹʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ. 

 

 

 

 ʈʠʩ. 1.1. 1) ɯʥʪʝʛʨʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ: ʘ ï ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʫʨ, ʙ ï ʟ 

ʧʨʠʢʣʝʻʥʠʤʠ ʢʨʘʷʤʠ. 2) ɯʥʪʝʛʨʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ: ʚ ï 

ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʫʨ, ʛ ï ʟ ʧʨʠʢʣʝʻʥʠʤʠ ʢʨʘʷʤʠ ʪʘ ʢʣʘʧʘʥʘʤʠ [5]. 

 

ɼʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʮʴʦʛʦ ʪʠʧʫ ʦʙʢʣʘʜʠʥʦʢ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʦ ʣʽʥʽʶ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ 

ʢʣʘʧʘʥʘʤʠ [5]. ʉʝʨʽʷ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʝʢʮʽʡ ʟ ʘʚʪʦʥʦʤʥʠʤʠ 
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ʧʨʠʚʦʜʘʤʠ ʜʦʟʚʦʣʷʻ ʽʟ ʟʘʚʘʥʪʘʞʝʥʠʭ ʫ ʩʘʤʦʥʘʢʣʘʜ ʟʘʛʦʪʦʚʦʢ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʦʪʨʠʤʫʚʘʪʠ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥ̫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʧʨʦʭʦʜʠʪʴ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʩʧʝʨh ʫ ʬʦʨʤʫʶʪʴ 

ʟʘʛʦʪʦʚʢʠ ʰʣʷʭʦʤ ʚʠʩʽʢʘʥʥʷ ʢʦʥʪʫʨʫ ʟ ʧʘʣʽʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʙʽʛʫʚʘʥʥʽ ʣʽʥʽʡ ʟʛʠʥʫ, ʧʽʩʣʷ ʯʦʛʦ ʟʘʛʠʥʘʶʪʴ ʽ ʧʨʠʢʣʝʶʶʪɹ 

ʢʣʘʧʘʥʠ ʜʦ ʚʥʫʪʨʽhʥʴʦʾ ʧʣʦʱʠʥʠ ʦʙʢʣʘʜʠʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʦʪʦʚʢʠ 

ʟʘʚʘʥʪʘʞʫʶʪʴ ʫ ʩʘʤʦʥʘʢʣʘʜ (ʥʘʢʦʧʠʯʫʚʘʯ ʟʘʛʦʪʦʚʦʢ ʟ ʢʦʣʠʚʘʣʴʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʢʘʩʢʘʜʥʦʛʦ ʧʦʰʪʫʯʥʦʛʦ ʾʭ ʚʽʜʦʢʨʝʤʣʝʥʥʷ), ʟ ʷʢʦʛʦ ʚʦʥʠ ʜʘʣʽ 

ʨʫʭʘʶʪʴʩʷ ʯʝʨʝʟ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʜʦ ʬʘʣʴʮʶʚʘʣʴʥʦ-

ʩʢʣʝʁʚʘʣʴʥʦ ʾ ʩʝʢʮʽ,ʾ ʜʝ ʧʨʦʭʦʜʠʪʴ ʟʘʚʝʨʰʘʣʥɹʘ ʩʪʘʜʽʷ ʩʪʚʦʨʝʥʥʷ ʛʦʪʦʚʦʾ 

ʦʙʢʣʘʜʠʥʢʠ (ʥʘʥʝʩʝʥʥʷ ʢʣʝ̒ʚʦʛʦ ʰʘʨʫ ʥʘ ʢʣʘʧʘʥʠ, ʬʘʣʴʮʶʚʘʥʥʷ, ʧʦʧʝʨʝʜʥʻ 

ʪʘ ʟʘʣʠʰʢʦʚʝ ʧʨʝʩʫʚʘʥʥʷ).  

ɿʘʚʝʨʰʝʥʘ ɯʆ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʦʯʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʤʽʨʥʠʭ ʚʜ̔ʭʠʣʝʥʴ [4]: ʦʜʠʥʘʢʦʚʫ ʜʦʚʞʠʥʫ 

ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʽʥ ʽ ʧʨʷʤʽ ʢʫʪʠ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʩʪʦʨʦʥʘʤʠ. ɯʥʘʢʰʝ 

ʟôʻʜʥʘʥʥʷ ʦʙʢʣʘʜʠʥʢʠ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʙʫʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʥʪʽʚ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʝʷʢʽʩʥʦʛʦ ʚʠʨʦʙʫ, ʷʢʠʡ ʥʘʜʘʣʽ ʧʽʜʣʷʛʘʪʠʤʝ ʚʠʣʫʯʝʥʥʶ ʟ 

ʪʠʨʘʞʫ. 

ɼʦʪʨʠʤʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʛʦʪʦʚʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʦʯʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʟʠʮʽʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʘ ʚʭʦʜʽ ʬʘʣʴʮʶʚʘʣʴʥʦ-

ʩʢʣʝʚʁʘʣʴʥʦʾ ʩʝʢʮʽʾ. ɿʘ ʮʶ ʦʧʝʨʘʮʽʶ ʚʽʜʧʦʚʽʜʘ ̒ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʣʽʥʽʾ (ʨʠʩ. 1.2).  
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 ʈʠʩ. 1.2. ʂʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ: 1 ï 

ʧʨʠʚʽʜʥʠʡ ʚʘʣ ʧʨʠʪʠʩʢʥʠʭ ʨʦʣʠʢʚ̔; 2, 3 ï ʧʨʠʪʠʩʢʥʽ ʨʦʣʠʢʠ ʟ ʬʽʢʩʦʚʘʥʠʤʠ 

ʣʽʥʽʡʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ; 4 ï ʧʨʠʚʽʜʥʠʡ ʦʧʦʨʥʠʡ ʚʘʣ; 5, 6 ï ʤʝʭʘʥʽʟʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʽʚ ʜʣʷ ʦʙʝʨʪʦʚʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʦʙʢʣʘʜʠʥʦʢ; ʊ1 ï ʨʝʛʫʣʴʦʚʘʥʽ 

ʟʘʟʦʨʠ [4] 

 

 ʇʨʠʪʠʩʢʥʽ ʨʦʣʠʢʠ (2, 3) ʜʽʘʤʝʪʨʦʤ D2 ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʧʨʠʚʽʜʥʦʤʫ ʚʘʣʽ (1), 

ʜ̔ ʘʤʝʪʨʦʤ D1, ʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʪʦʚʱʠʥʫ (L1=L2). ʈʦʣʠʢʠ ʤʦʞʥʘ 

ʧʝʨʝʤʽʱʫʚʘʪʠ ʚʟʜʦʚʞ ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʫ ʪʘ ʬʽʢʩʫʚʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʘʪʫ 

ʦʙʢʣʘʜʠʥʢʠ. 

ʆʧʦʨʥʠʡ ʩʠʣʦʚʠʡ ʚʘʣ (4), ʜʽʘʤʝʪʨʦʤ D3 ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ 

ʘʚʪʦʥʦʤʥʠʤ ʧʨʠʚʦʜʦʤ ʢʦʦʨʜʠʥʫʚʘʣʥɹʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣɹ ʥʦʛʦ ʙʣʦʢʫ. 

ɸʚʪʦʥʦʤʥʠʡ ʧʨʠʚʽʜ ʟʘʙʝʟʧʝʯʫʻ ʚʘʨʽʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʙʣʦʢʫ ʚ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ. ʄʝʭʘʥʽʟʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʦʨʽʚ T1 (5, 6) ʦʙʝʨʪʦʚʦʛʦ ʧʨʝʩʫʚʘʥʥʷ 

ʧʨʠʪʠʩʢʥʠʤʠ ʨʦʣʠʢʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʪʨʠʤʘʥʥʷ ʨʦʟʤʽʨʽʚ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ 

ʪʠʨʘʞʥʦʛʦ ʮʠʢʣʫ [4]. 

ɿʦʥʘ ʢʦʥʪʘʢʪʫ ʚʘʣʫ ʪʘ ʨʦʣʠʢʽʚ ʟ ʧʘʣʽʪʫʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʨʦʭʦʜʠʪʴ ʧʦ 

ʧʨʷʤʽʡ ʣʽʥʽʾ. ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʟʥʦʰʫʚʘʥʥʽ ʧʦʚʝʨʭʦʥʴ ʨʦʣʠʢʽʚ ʯʠ ʚʘʣʫ ʮʷ ʟʦʥʘ 

ʢʦʥʪʘʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 
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ʧʦʟʠʮʽʶʚʘʥʥʷ ʦʙʢʣʘʜʠʥʦʢ ʫ ʬʘʣʴʮʶʚʘʣʴʥʦ-ʩʢʣʝʚʁʘʣʴʥʫ ʩʝʢʮʽʶ (ʤʘʶʪʴ ʤʽʩʮʝ 

ʧʨʦʢʦʚʟʫʚʘʥʥ̫ ʪʘ ʧʝʨʝʢʦʩʠ ʧʘʣʽʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ). ʗʢ ʥʘʩʣʽʜʦʢ, ʚʠʥʠʢʘʻ 

ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʪʦʯʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʢʣʝʻʚʦʛʦ ʰʘʨʫ, ʟʤʽʱʝʥʥʷ ʧʨʠ 

ʧʨʝʩʫʚʘʥʥʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ 

ʧʝʨʝʚʠʱʫʶʪʴ ʤʝʞʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʤʽʨʥʠʭ ʚʽʜʭʠʣʝʥʴ.  

ʐʚʠʜʢʝ ʟʥʦhʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ (ʨʠʩ. 1.3) ʦʙʫʤʦʚʣʝʥʝ ʟʥʘʯʥʠʤʠ 

ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʠʭ ʫ ʧʨʦʮʝʩʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʨʝʩʫʚʘʥʥʷ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪ̫ ʭ. ʊʘʢʦʞ ʤʘʻ ʤʩ̔ʮʝ 

ʢʦʨʦʟʽʡʥʝ ʨʫʡʥʫʚʘʥʥ,̫ ʦʩʢʽʣʴʢʠ ʚʘʣ ʽ ʨʦʣʠʢʠ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʦʚʝʨʭʥʝʶ 

ʧʘʣ̔ʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʥʘʥʝʩʝʥʠʤ ʢʣʝʻʚʠʤ ʧʨʦʰʘʨʢʦʤ. 

 

 ʈʠʩ. 1.3. ʎʠʣʽʥʜʨʠʯʥʽ ʧʘʨʠ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʧʨʠ ʧʨʝʩʫʚʘʥʥʽ ʢʨʘʾʚ ʦʙʢʣʘʜʠʥʢʠ 

 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʁ ̒ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʽʜʚʠʱʠʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥ̔ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʦʟʠʮ̔ʶʚʘʥʥʷ ʧʘʣ̔ʪʫʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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1.2. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜ̔ ʚ ʟʤʽʮʥʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʽ ʚ ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ ʟʦʢʨʝʤʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʪʁɹ  ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮ̔ʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʾʭ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽ, 

ʪʝʨʤʽʯʥʽ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ ʷʢ-ʦʪ: 

1) ʟʤ̔ ʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ (ʇʇɼ) [6ï20]; 

2) ʟʤ̔ʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [21; 22]; 

3) ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʟʤʮ̔ʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ [23ï27]; 

4) ʪʝʨʤʽʯʥʽ ʪʘ ʢʨʽʦʛʝʥʥʽ ʤʝʪʦʜʠ [8; 28]; 

5) ʧʦʚʝʨʭʥʝʚʝ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʝ ʟʤʽʮʥʝʥʥʷ [8; 29ï32]. 

ʂʦʞʝʥ ʽʟ ʮʠʭ ʤʝʪʦʜ̔ʚ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʷʢ ʫ ʢʦʤʧʣʝʢʩʽ, ʪʘʢ ʽ ʚʠʙʽʨʢʦʚʦ. ʉʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 

ʜʝʪʘʣʝʡ ʜʨʫʢʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʟʤʽʮʥʶʚʘʣʴʥʽ ʪʘ ʦʟʜʦʙʣʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʚʢʣʯʁʘʶʪʴ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʪʘ ʥ̔ ʠhʭ ʚʠʜʽʚ ʧʦʢʨʠʪʪʷ [9]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʟʚʠʯʘʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʠʤʠ ʯʠ 

ʥ̔ʰʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʱʦʜʦ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ, ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥ̫. ɼʝʷʢʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʦʥ ɹʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ  ʰʣʷʭʦʤ ʾʭ ʟʤʽʮʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʪʘʢʦʞ ʽ ʚ ʧʦʣʽʛʨʘʬʽʯʥ̔ ʡ ʛʘʣʫʟʽ.  

ɺʠʙʽʨ ʜʦʮʽʣʴʥʦʛʦ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ ʪʘ ʩʧʝʮʠʬʽʢʫ ʾʭ ʨʦʙʦʪʠ, ʟʚʫʞʫʻʪʴʩʷ ʜʦ ʥʝʙʘʛʘʪɹ ʦʭ 

ʽʩʥʫʶʯʠʭ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ. 

ʂʦʤʙʽʥʫʚʘʥʥʷ ʞ ʮʠʭ ʤʝʪʦʜʽʚ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 
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ʟʤʽʮʥʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʝʪʘʧʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ 

ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

 

1.2.1. ʄʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʪʘ 

ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʽʚ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʙʫʣʠ ʦʙʨʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ ʤʝʪʦʜʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʇʇɼ). ɼʦ ʤʝʪʦʜʽʚ ʇʇɼ ʥʘʣʝʞʘʪʴ 

ʚʽʙʨʘʮʽʡʥʘ ʦʙʨʦʙʢʘ (ʥʘʢʘʪʫʚʘʥʥ̫ ʧʨʦʬ̔ ʣʴʥʠʤ ʨʦʣʠʢʦʤ, ʚʽʙʨʘʮʽʡʥʝ ʪʘ 

ʚʽʙʨʦʜʠʥʘʤʽʯʥʝ ʥʘʢʘʪʫʚʘʥʥʷ), ʜʦʨʥʫʚʘʥʥʷ, ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʥʘʜʪʚʝʨʜʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ, ʨʦʟʢʘʪʫʚʘʥʥʷ ʪʘ ʦʙʢʘʪʫʚʘʥʥʷ, 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʧʣʘʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʪʘ ʢʘʨʙʫʚʘʥʥʷ. 

ɺʽʙʨʦʜʠʥʘʤʽʯʥʝ ʥʘʢʘʪʫʚʘʥʥʷ ï ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥ̫ ʨʝʛʫʣʷʨʥʠʭ 

ʟʘʛʣʠʙʣʝʥʴ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʭʦʣʦʜʥʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥ̫ . 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʟʤʽʮʥʝʥʥʷ ʻ ʧʦʻʜʥʘʥʥʷ ʨʦʟʢʘʪʫʚʘʣʴʥʦʾ ʜʽʾ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʧʦʩʦʙʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʟ ʫʜʘʨʥʦʶ ʜʽʻʶ. ʋ ʨʝʟʫʣʪɹʘʪʽ ʩʫʤʽʱʝʥʥ̫ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ 

ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥ,̔ ʘ ʮʝ ʽʩʪʦʪʥʦ ʾʾ ʟʤʽʮʥʶʻ ʷʢ ʟʘ 

ʩʪʫʧʝʥʝʤ, ʪʘʢ ʽ ʟʘ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ. ʈʝʞʠʤ 

ʚʽʙʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʢʘʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʘ ʟ ʢʫʣʴʢʘʤʠ, ʧʦʜʘʯʘ, ʢʽʣʴʢʽʩʪʴ ʧʦʜʚʽʡʥʠʭ ʭʦʜʽʚ, ʘʤʧʣʽʪʫʜʘ 

[10]. ʅʝʟʚʘʞʘʯʁʠ ʥʘ ʪʝ, ʱʦ çʮʝʡ ʩʧʦʩʽʙ ʚʚʘʞʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ 

ʧʨʦʜʫʢʪʠʚʥʠʤ, ʚʽʥ ʤʘʻ ʦʢʨʝʤʽ ʚʘʜʠ, ʜʦ ʷʢʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʠʩʢʨʝʪʥʠʡ 

ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʶʚʘʥʠʭ ʟʘʛʣʠʙʣʝʥʴ, ʱʦ ʧʦʛʽʨʰʫʻ ʫʤʦʚʠ ʧʨʦʪ̔ʢʘʥʥ̫ ʤʘʩʪʠʣ, 

ʦʜʥʦʩʪʦʨʦʥʥʽʡ ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʦʪʦʚʢʫ ʡ ʝʣʝʤʝʥʪʠ ʚʝʨʩʪʘʪʘ, ʱʦ 

ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʣʦ- ʽ ʥʝʨʽʚʥʦʞʦʨʩʪʢʠʭ ʜʝʪʘʣʝʡ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʚʝʨʩʪʘʪʽʚ, ʧʦʷʚʠ ʰʫʤʫè [33]. 
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 ʅʘʢʘʪʫʚʘʥʥʷ ʧʨʦʬʽʣʴʥʠʤ ʨʦʣʠʢʦʤ ï ʩʧʦʩʽʙ ʟʤʽʮʥʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʧʝʨʝʥʝʩʝʥʥʽ ʤʽʢʨʦʨʝʣʴʻʬʫ ʽʥʩʪʨʫʤʝʥʪʘ-ʨʦʣʠʢʘ ʥʘ ʟʘʛʦʪʦʚʢʫ. ʊʦʙʪʦ 

ʤʽʢʨʦʨʝʣʴʻʬ ʚʠʜʘʚʣʶʻʪʴʩʷ ʥʘ ʚʫʟʴʢʽʡ ʜʽʣʷʥʮʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʰʠʨʠʥʠ ʨʦʣʠʢʘ [13]. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʁ  ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʻ ʚʠʩʦʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʟ̔-ʟʘ ʜʦʨʦʛʦʚʠʟʥʠ ʽ ʩʢʣʘʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ 

ʪʘ ʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥ̫  ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʧʨʠ ʦʙʨʦʙʮʽ, ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʤʽʮʥʝʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʩʝʨʽʡʥʠʤ ʽ ʚʝʣʠʢʦʩʝʨʽʡʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʘʤʠ ʚ̔ʜʥʦʩʥʦ ʤʘʣʦʪʚʝʨʜʠʭ ʩʪʘʣʝʡ. 

 ɺʠʛʣʘʜʞʫʚʘʥʥ ̫ ʥʘʜʪʚʝʨʜʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ï ʤʝʪʦʜ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʢʦʚʟʘʥʥʷʤ ʧʦ ʥʽʡ ʽʥʩʪʨʫʤʝʥʪʦʤ-

ʚʠʛʣʘʜʞʫʚʘʯʝʤ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʾʾ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ.   ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʥʝʨʚ̔ʥʦʩʪʽ, ʷʢʽ ʥʘ ʥʽʡ ʟʘʣʠʰʠʣʠʩʷ, ʧʦʚʥʽʩʪʶ 

ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʛʣʘʜʞʫʶʪʴʩʷ. ɼʝʪʘʣʴ  ʥʘʙʫʚʘʻ ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ, ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʫʪʚʦʨʶʁʪʴʩʷ ʩʪʠʩʢʫʚʘʣʴʥʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ, 

ʟʤʽʥʶʻʪʴʩʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʚʝʨʜʽʩʪʴ ʽ  ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ-ʪʝʢʩʪʫʨʘ. ʇʦʚʝʨʭʥʷ ʩʪʘʻ ʯʠʩʪʦʶ, ʥʝ ʰʘʨʞʦʚʘʥʦ  ʁ ʦʩʢʦʣʢʘʤʠ 

ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ. ʇʦʻʜʥʘʥʥʷ ʪʘʢʠʭ ʷʢʦʩʪʝʡ ʚʠʛʣʘʜʞʝʥʦʾ ʧʦʚʝʨʭʥʽ ʟʫʤʦʚʣʶʻ 

ʾʾ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʝʨʝʜʫʩʽʤ ï ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʟʥʦʰʫʚʘʥʥʷ, 

ʦʧʽʨ ʫʪʦʤʣʝʥʦʩʪʽ ʪʦʱʦ [33].  

ʅʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʚʠʛʣʘʜʞʫʚʘʥʥʽ ʥʘʜʪʚʝʨʜʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʩʫʪʪʚ̒ʦ ʚʧʣʠʚʘʶʪʴ  ʟʫʩʠʣʣʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ, ʧʦʜʘʯʘ ʪʘ ʨʘʜʽʫʩ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

ʽʥʩʪʨʫʤʝʥʪʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʘʣʤʘʟʥʦʤʫ 

ʚʠʛʣʘʜʞʫʚʘʥʥʽ ʟʤʽʮʥʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʝʪʘʣʫ, ʟʦʢʨʝʤʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʚʝʨʜʽʩʪɹ , ʤʝʞʘ ʧʨʫʞʥʦʩʪʽ ʪʘ ʪʝʢʫʯʦʩʪʽ, ʧʨʦʪʝ ʟʤʝʥ ʫhʪ̒ɹʩʷ ʡʦʛʦ 

ʧʣʘʩʪʠʯʥʽʩʪʴ [12; 20].  

ʅʝʜʦʣʽʢ ʤʝʪʦʜʫ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ï  

ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʷʢʫ ʟʜʽʡʩʥʶʶʪʴ ʜʦʚʦʣʽ ʚʫʟʴʢʠʤʠ 

ʧʦʟʜʦʚʞʥʽʤʠ ʘʙʦ ʧʦʧʝʨʝʯʥʠʤʠ ʨʷʜʢʘʤʠ (ʰʠʨʠʥʦʶ ʙʣʠʟʢɹʦ 0,1 ʤʤ). 

ʇʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟʘʚʘʞʘʻ 

ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʚ̔ʜ ʰʚʠʜʢʦʩʪʽ 

ʧʨʦʮʝʩʫ. ʊʦʤʫ  ʚʠʚʯʝʥʥʷ ʪʦʛʦ, ʷʢ ʚʧʣʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ ʥʘ 
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ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ ʡ ʝʥʝʨʛʦʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ, ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

 ʈʦʟʢʘʪʫʚʘʥʥʷ ʪʘ ʦʙʢʘʪʫʚʘʥʥʷ ï ʟʤʽʮʥʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʜʣʷ ʦʙʨʦʙʢʠ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ, ʥʘʩʢʨʽʟʥʠʭ ʽ ʛʣʫʭʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʯʝʨʚôʷʢʽʚ, ʛʘʣʪʝʣʝʡ, ʩʪʫʧʽʥʯʘʩʪʠʭ, ʢʦʣʽʥʯʘʩʪʠʭ ʽ 

ʰʣʽʮʴʦʚʠʭ ʚʘʣʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʯʘʚʫʥʽʚ, ʩʠʨʠʭ ʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʩʪʘʣʝʡ ʪʘ 

ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ. ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʢʘʪʫʚʘʣʴʥʠʭ  ʢʫʣʴʦʢ, 

ʨʦʣʠʢʽʚ ʪʘ ʽʥʰʠʭ ʜʝʬʦʨʤʫʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʚ 

ʽʥʩʪʨʫʤʝʥʪʘʭ ʽ ʧʨʠʩʪʨʦʷʭ ʪʦʢʘʨʥʠʭ, ʩʚʝʨʜʣʠʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʚʝʨʩʪʘʪʘʭ [33]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʢʫʣʴʢʦʚʽ ʨʦʟʢʘʪʥ ̔ʡ ʦʙʢʘʪʥʽ ʧʨʠʩʪʨʦʾ ʜʘʶʪʴ ʟʤʦʛʫ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʟʘ ʤʝʥʰʠʭ ʟʫʩʠʣʴ ʦʙʢʘʪʫʚʘʥʥʷ, ʾʭ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʣʷ ʦʙʨʦʙʢʠ 

ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʜʝʪʘʣʝʡ ʟ ʤʘʣʦʶ ʞʦʨʩʪʢ̔ʩʪʶ. ɼʣʷ ʦʙʨʦʙʢʠ 

ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʧʦʚʝʨʭʦʥ ɹ ʪʘ ʦʪʚʦʨ̔ʚ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ 

ʧʨʠʩʪʨʦʾ ʟ ʦʙʢʘʪʥʠʤʠ ʰʘʨʠʢʘʤʠ.  

ʆʩʥʦʚʥ ̔ ʥʝʜʦʣʽʢʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʾ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʽ ʚʨʘʭʫʚʘʥʥʷ ʟʤʠʥʘʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʤʽʥʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ. ʂʨʽʤ ʮʴʦʛʦ, ʽʟ-ʟʘ ʯʠʩʣʝʥʥʠʭ ʧʨʦʭʦʜʚ̔ 

ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʥʘʜʤʽʨʥʦʛʦ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʰʣʭ̫ʦʤ 

ʚ̔ ʜʰʘʨʫʚʘʥʥʷ ʾʾ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʦʙʢʘʪʫʚʘʥʥʷ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ: 

ʥʝʚʝʣʠʢʫ ʘʙʩʦʣʶʪʥʫ ʚʝʣʠʯʠʥʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ; ʦʙʨʦʙʢʫ ʧʨʠ ʤʘʣʠʭ 

ʧʦʜʘʯʘʭ (0,06ï0,47 ʤʤ/ʦʙ), ʱʦ ʟʙ̔ʣʴʫh ̒ʯʘʩ ʟʤʽʮʥʝʥʥʷ; ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʘʥʫ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ʪʘ ʨʝʞʠʤʽʚ ʦʙʢʘʪʫʚʘʥʥʷ [33]. 

 ɼʨʦʙʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ ï ʤʝʪʦʜ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʜʝʪʘʣ̔ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʤ̫ ʧʨ̫ʤʦʾ ʫʜʘʨʥʦʾ ʜʽʾ 

ʤ̔ ʢʨʦʢʫʣʴʦʢ ʜʨʦʙʫ, ʧʦʜʘʥʠʭ ʩʪʨʫʤʝʥʝʤ ʥʘ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʊʚʝʨʜʽʩʪʴ 

ʜʨʦʙʫ, ʧʨʠ ʮʴʦʤʫ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʦʶ, ʥʽʞ ʪʚʝʨʜʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʅʘ ʩʪʫʧʽʥʴ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʮʠʤ ʤʝʪʦʜʦʤ ʚʧʣʠʚʘʶʪʴ:  

¶ ʚhʠʜʢʽʩʪʴ ʜʨʦʙʫ ʧʨʠ ʟʫʩʪʨʽʯʽ ʟ ʦʙʨʦʙʣ ʚʁʘʥʦʶ ʧʦʚʝʨʭʥʝʶ;  
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¶ ʨʦʟʤʽʨ, ʷʢʽʩʪʴ ʽ ʚʠʪʨʘʪʠ ʜʨʦʙʫ;  

¶ ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ;  

¶ ʥʘʧʨʷʤ ʩʪʨʫʤʫ ʜʨʦʙʫ ï ʢʫʪ ʘʪʘʢʠ;  

¶ ʱʽʣʴʥʽʩʪʴ, ʟ ʷʢʦʶ ʜʨʽʙ ʧʦʢʨʠʚʘʻ ʦʙʨʦʙʣʶʚʘʥʫ ʜʽʣʷʥʢʫ ʧʦʚʝʨʭʥʽ;  

¶ ʚʽʜʩʪʘʥʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʤʽʩʮʷ ʚʠʣʴʦʪʫ ʜʨʦʙʫ ʪʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪ̔ ʤʝʪʘʣʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ.  

ʎʝʡ ʚʠʜ ʟʤʽʮʥʝʥʥʷ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʇʨʠ ʮʽʡ ʦʙʨʦʙʮʽ ʨʦʟʤʽʨʠ ʟʘʛʦʪʦʚʦʢ ʬʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʢʫ [8]. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ 

ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʚʠʜ̔ ʣʠʪʠ ʥʘʛʨʽʚʘʥʥʷ ʜʝʬʦʨʤʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʽʜ ʫʜʘʨʽʚ ʪʚʝʨʜʠʭ ʜʨʦʙʠʥʦʢ, ʷʢʽ ʣʝʪʷʪɹ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʥʝʚʝʣʠʢʫ ʛʣʠʙʠʥʫ ʟʤʽʮʥʝʥʥʷ, ʥʝʚʠʩʦʢʫ ɦʽʣʴʥʽʩʪʴ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʪʦʢʫ 

ʜʨʦʙʫ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʫʮʽʣʴʥʽʩʪʴ ʪʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʝʨʝʛʫʣ̫ʨʥʩ̔ʪɹ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ. ʂʨʽʤ ʮʴʦʛʦ, ʤʝʪʦʜ 

ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

 ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʤʝʪʘʣʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʨʝʛʫʣʷʨʥʠʭ ʤʽʢʨʦʨʝʣʴʻʬʽʚ ʻ 

ʚʽʙʨʘʮ̔ʡʥʝ ʦʙʢʘʪʫʚʘʥʥ,̫ ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʨʽʙʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʧʣʘʩʪʠʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʪʘ ʩʢʣʘʜʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʾʾ ʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʠ ʥʘʥʝʩʝʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʤʽʢʨʦʨʝʣʴʻʬʽʚ ʧʦʜʽʣʷʁʪʴ ʥʘ ʜʚʽ 

ʛʨʫʧʠ, ʘ ʩʘʤʝ: 1) ʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʯʘʩʪʢʦʚʦ 

ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʽ 2) ʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʥʦʚʠʡ ʧʦʚʥʽʩʪʶ 

ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ.  

 ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʫʪʚʦʨʶʶʪʴʩʷ ʜʠʩʢʨʝʪʥʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʽ ʟʘʛʣʠʙʣʝʥʥʷ, ʤʽʞ ʷʢʠʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʭʽʜʥʘ 

ʰʦʨʩʪʢʽʩʪʴ; ʫ ʜʨʫʛʦʤʫ ï ʧʦ̫ʚʣʷʻʪʴʩʷ ʧʦʚʥʽʩʪʶ ʥʦʚʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʟʘ ʚʟʘʻʤʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʬʦʨʤʦʶ ʽ ʚʠʩʦʪʦʶ ʥʝʨʽʚʥʦʩʪʷʤʠ. ɺʽʙʨʘʮʽʡʥʝ 

ʥʘʢʘʪʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʦʙʨʦʙʮʽ ʚʥʫʪʨ̔hʥʭ̔ ʽ ʟʦʚʥʽʰʥʽʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɼʣʷ ʨʝʞʠʤʫ ʚʽʙʨʦʦʙʢʘʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʪʘʢ ̔
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ʧʘʨʘʤʝʪʨʘʤʠ: ʜʽʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ; ʯʘʩʪʦʪʘ ʾʾ ʦʙʝʨʪʘʥʥʷ; ʧʦʜʘʯʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʟʘʛʦʪʦʚʢʠ; ʢʽʣʴʢʽʩʪʴ ʦʩʮʠʣʷʮʽʡ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ; ʘʤʧʣʽʪʫʜʘ ʦʩʮʠʣʷʮ̔ʡ; ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ; ʨʘʜʽʫʩ ʩʬʝʨʠ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ [6; 7; 17].   

ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʰʦʨʩʪʢʽʩʪʴ, ʦʪʨʠʤʘʪʠ ʧʦʪʨʽʙʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʟʘʜʘʥʫ ʛʣʠʙʠʥʫ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥ.̔ ɺʙ̔ʨʘʮʽʡʥʝ ʥʘʢʘʪʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ ʽ ʧʽʜʚʠɦ ʫʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, 

ʚʦʥʦ ʪʘʢʦʞ ʧʦʢʨʘʱʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [15].  

ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʚʽʙʨʦʥʘʢʘʪʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʟʥʘʯʥʫ 

ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

 ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʥʝ ʦʙʤʝʞʫ ʪʁɹʩʷ ʦʜʥʠʤ ʽʟ ʚʠʱʝʚʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ,̔ ʜʣ̫  ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ. ʇʦʻʜʥʘʥʥʷ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪ̔ ʧʦʚʝʨʭʥʽ ʟʘ 

ʨʘʭʫʥʦʢ ʰʠʨʰʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʘʨ̔ʁ ʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ. 

 ʊʘʢ, ʫ ʨʦʙʦʪʘʭ [9; 34; 35] ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʚʽʙʨʘʮʽʡʥʠʤ 

ʦʙʢʘʪʫʚʘʥʥ̫ʤ ʧʦʚʝʨʭʥʽ ʟ ʧʦʜʘʣʴʰʠʤ ʾʾ ʭʨʦʤʫʚʘʥʥʷʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʧʦʜʘʯʫ ʧʘʧʝʨʫ ʘʙʦ ʢʘʨʪʦʥʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʦʙʢʣʘʜʠʥʦʢ.  

 ʋ ʨʦʙʦʪʘʭ [36; 37] ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʙ̔ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʫʪʚʦʨʶʶʪʴ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʤʝʥʰʫʶʪʴ 

ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ 
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ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʥʘ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʚʠʱʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʯʫ ʧʘʧʝʨʫ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʾʾ ʜʣʷ ʚʘʣʽʚ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʥɹʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ.  

 ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ [38]. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʫʪʚʦʨʶʶʪ ɹ ʨʝʛʫʣʷʨʥʠʡ 

ʤʽʢʨʦʨʝʣʴʻʬ ʯʦʪʠʨʠʢʫʪʥʦʛʦ ʪʠʧʫ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʦʚʝʨʭʥʶ ʰʣʽʬʫʶʪʴ 

ʯʘʰʢʦʚʠʤ ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʠʤ ʢʨʫʛʦʤ. ʋ ʨʝʟʫʣʴʪʘʪ̔ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʟʥʽʤʘʶʪʴʩʷ 

ʥʘʧʣʠʚʠ, ʫʪʚʦʨʝʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ. ʊʝʭʥʦʣʦʛʽ ʁ  ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʢʦʚʦ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʦʟʜʦʙʣʶʚʘʣʥɹʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦ ʧʣʘʩʢʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʧʣʠʚʽʚ ʥʝ ʟʘʙʝʟʧʝʯʠʪɹ ʩʪʘʙʽʣʽʟʘʮʽ ʁʧʦʜʘʯʽ ʧʘʧʝʨʫ. 

 ʋ ʨʦʙʦʪʽ [39] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʫʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥ̔ʡ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʘ ʟʜʽʡʩʥʶʻ 

ʦʙʝʨʪʘʥʥ ̫ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟʘ ʜʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ. ʅʘ ʧʝʨʰʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʧʝʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʦʪʨʠʤʫʶʪʴ 

ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣʽʥʜʨʘ. ʅʘ 

ʜʨʫʛʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʧʝʨʘʮʽʾ ʧʦʚʝʨʭʥʶ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣ̔ʥʜʨʘ ʧ̔ʜʜʘʁʪʴ 

ʭʨʦʤʫʚʘʥʥʶ. ɿʘʟʥʘʯʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʚʠʱʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʨʫʢʘʨʩʴʢʦʛʦ 

ʮʠʣʽʥʜʨʘ ʚ 2,5-2,8 ʨʘʟʠ ʽ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ 

ʧʨʦʪʠʚʽʜʤʘʨʶʚʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʫʛʣʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʻ 

ʪʝʭʥ̔ʯʥʽ ʫʤʦʚʠ ʜʦ ʜʨʫʢʘʨʩʴʢʦʛʦ ʮʠʣʽʥʜʨʘ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʮʠʣ̔ʥʜʨʠʯʥʘ 

ʧʦʚʝʨʭʥʷ ʟ ʛʝʢʩʘʛʦʥʘʣʴʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ ʥʝ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʟʯʝʧʣʝʥʥ̫ ʟ 

ʧʘʧʝʨʦʤ ʯʠ ʢʘʨʪʦʥʦʤ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʦʜʘʯʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

 ʋ ʨʦʙʦʪʽ [40] ʧʦʜʘʥʦ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʢ̔ʨʦʨʝʣʴʻʬʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʧʣʘʩʢʠʭ ʧʦʚʝʨʭʥʷʭ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-

ʟʤʮ̔ʥʶʚʘʣʴʥʦʶ ʦʙʨʦʙʢʦʁ. ɺʽʜʥʦʩʥʘ ʧʣʦʱʘ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʫʪʚʦʨʝʥʘ 

ʨʝʛʫʣʷʨʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 25%...30%. ʈʦʟʨʦʙʣʝʥʽ 
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ʪʝʭʥʦʣʦʛʽ ʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣ̫ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʝʪʘʣʝʡ ʫ 

ʚʝʨʩʪʘʪʦʙʫʜʽʚʥʽʡ  ̔ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʣ ̫ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽ ʧʦʢʨʘʱʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʨʫʭʫ ʧʘʨ ʪʝʨʪʷ. 

 ʋ ʨʦʙʦʪʽ [41] ʜʣʷ ʦʙʨʦʙʢʠ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʝʣɹʬ̒ʫ, ʚ ʢ̫ʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʚʦʭ ʣʘʟʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʣʘʟʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʤʽʮʥʶʻ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ 

ʥʘʚʢʦʣʦ ʤʽʢʨʦʣʫʥʦʢ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʣʘʟʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʫʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʏʈʄʈ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʣʫʥʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʦʢʨʘʱʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ, ʘ 

ʪʘʢʦʞ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʽ. ʆʜʥʘʢ, ʫʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝʤʦʞʣʠʚʝ 

ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥ ̫ʦʙʢʣʘʜʠʥʦʢ.  

 ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʠʱʝʚʢʘʟʘʥ ̔ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʧʨʠʩʪʨʦʾ ʪʘ 

ʜʝʬʦʨʤʫʚʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʽ ʜʦʮʣ̔ʴʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥ̫ ʦʙʨʘʥʦ ʤʝʪʦʜ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ. 

   

 1.2.2. ʄʝʪʦʜʠ ʘʟʦʪʫʚʘʥʥʷ ʪʘ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ 

 

ɯʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʽʚ. ʉʝʨʝʜ ʪʘʢʠʭ ï ʤʝʪʦʜʠ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʧʽʜʜʘʶʪʴ 

ʥʘʩʠʯʝʥʥʁ ʽʥʠhʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

[42]. ʇʦʚʝʨʭʥʷ ʪʘʢʦʛʦ ʟʨʘʟʢʘ ʧʦʢʨʠʚʘʻʪʴʩʷ ʥʦʚʠʤ ʰʘʨʦʤ, ʷʢʠʡ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʮʝʚʠʥʠ ʜʝʪʘʣʽ ʟʘ ʩʢʣʘʜʦʤ, ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪ̫ ʤʠ. 

ʎʝʤʝʥʪʘʮʽʷ, ʥʽʪʨʦʮʝʤʝʥʪʘʮʽʷ ʪʘ ʘʟʦʪʫʚʘʥʥ̫ ʻ ʦʩʥʦʚʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʘʛʨʝʛʘʪʽʚ ʰʣʷʭʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʡʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʟʦʪʫʚʘʥʥʷ ï ʧʨʦʮʝʩ 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ ʧʦʣʷʛʘ̒ ʚ ʥʘʩʠʯʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʟʨʘʟʢʘ ʘʟʦʪʦʤ. ɺʽʥ ʩʧʨʠ̫ʻ ʚʠʩʦʢʽʡ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʪʚʝʨʜʦʩʪʽ 
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ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ. ʇʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʘ ʩʪʘʻ ʪʚʝʨʜʽʰʦʶ, 

ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʦʶ, ʧʽʜʚʠʱʫʶʪʴʩʷ ʾʾ ʢʦʥʪʘʢʪʥʘ ʚʠʪʨʠʚʘʣʽʩʪʴ, ʢʦʨʦʟʽʡʥʘ 

ʩʪʽʡʢʽʩʪʴ. ʂʨʽʤ ʦʯʝʚʠʜʥʠʭ ʧʣʶʩʽʚ, ʮʝʡ ʤʝʪʦʜ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥ ̔

ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʤʘʻ ʪʘʢʦʞ ʽ ʥʝʜʦʣʽʢʠ. ʎʝ: 

¶ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʜʠʬʫʟʽʡʥʠʡ ʧʨʦʮʝʩ; 

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʤʽʘʢʫ, ʚʦʜʥʶ ʪʘ ʽʥʰʠʭ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʽ ʦʪʨʫʡʥʠʭ 

ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ; 

¶ ʟʥʘʯʥʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ (ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʚʦʜʘ, ʛʘʟʠ ʪʦʱʦ) [42]. 

ʊʝʭʥʦʣʦʛʽʷ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥ ̫ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʟʘʢʣʶʯʥʦʤʫ 

ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʻ ʜʦʚʦʣʽ ʧʨʦʩʪʦʶ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʶ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʶ [43]. ʎʽ ʧʝʨʝʚʘʛʠ ʦʙʫʤʦʚʣʶʶʪʴ ʽʩʪʦʪʥʝ ʨʦʟʰʠʨʝʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟ̫ ʭ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ. 

ɼʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʘʟʦʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʴʦʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʨʦʟʤ̔ʨ ʟʘʨʦʜʢʽʚ ʥʽʪʨʠʜʫ ʟʘʣʽʟʘ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ʋ 

ʨʦʙʦʪʽ [44] ʧʦʢʘʟʘʥʦ, ʱʦ ʨʝʞʠʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʝʚʦʾ 

ʟʘʛʦʪʦʚʢʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪɹ  ʥʘ ʾʾ ʧʦʚʝʨʭʥʝʚʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʫʪʚʦʨʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʢʦʞʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʦʙʨʦʙʢʠ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʚʦʷ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʨʘʟʢʘ. ɸʚʪʦʨʠ [45] ʚʠʚʯʘʣʠ, ʷʢ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʟʦʪʦʚʘʥʠʭ ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʚʧʣʠʚʘʪʁɹ ʨʦʟʤ̔ʨʠ ʬʘʟ ʥʽʪʨʠʜʫ ʟʘʣʽʟʘ, ʾʭ 

ʛʫʩʪʠʥʘ, ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʋ [46] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ 

ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʧʦʜʽʙʥʝ ʜʦ ʨʦʟʧʘʜʫ ʧʝʨʝʩʠʯʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʫ 

ʩʧʣʘʚʘʭ, ʚ ʷʢʠʭ ʪʨʠʚʘʻ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʩʪʘʣʝʚʦʛʦ ʟʨʘʟʢʘ 

ʪʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʘʟʦʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʪʘʢʽ ʚʠʜʠ ʥʽʪʨʠʜʥʠʭ 

ʩʪʨʫʢʪʫʨ: 

¶ ʩʪʨʫʢʪʫʨʘ ʟ ʦʜʥʦʰʘʨʦʚʠʭ ʟʘʨʦʜʢʽʚ ʥʽʪʨʠʜʥʦʾ ʬʘʟʠ, ʱʦ ʢʦʛʝʨʝʥʪʥʽ ʟ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʛʨʘʪʢʦʶ ʤʘʪʨʠʮʽ; 
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¶ ʩʪʨʫʢʪʫʨʘ ʟ ʯʘʩʪʢʦʚʦʶ ʢʦʛʝʨʝʥʪʥʽʩʪʶ ʥʽʪʨʠʜʥʦʾ ʬʘʟʠ (ʨʦʟʤʽʨ 

ʥʽʪʨʠʜʽʚ ʩʢʣʘʜʘʻ 2-4 ʥʤ); 

¶ ʩʪʨʫʢʪʫʨʘ ʟ ʧʦʨʫʰʝʥʦʶ ʢʦʛʝʨʝʥʪʥʽʩʪʶ ʥʽʪʨʠʜʥʦʾ ʬʘʟʠ (ʨʦʟʤʽʨ 

ʥʽʪʨʠʜʽʚ 10 ʥʤ). 

ɸʟʦʪʫʚʘʥʥʷ ʩʪʘʣʝʚʦʾ ʜʝʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʰʣʷʭʦʤ 

ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʾʾ ʧʦʚʝʨʭʥʽ ʘʟʦʪʦʤ. ʇʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

¶ ʩʪʚʦʨʝʥʥʷ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʥʘʩʠʯʝʥʦʾ ʘʢʪʠʚʥʠʤ ʘʟʦʪʦʤ; 

¶ ʘʜʩʦʨʙʮʽʷ ʘʪʦʤʽʚ ʘʟʦʪʫ ʧʦʚʝʨʭʥʝʶ ʩʪʘʣʝʚʦʾ ʟʘʛʦʪʦʚʢʠ; 

¶ ʜʠʬʫʟʽʷ ʘʪʦʤʽʚ ʘʟʦʪʫ ʚ ʤʝʪʘʣ. 

ɿʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʘʪʦʤ̔ʚ 

ʘʟʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ: 

- ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʾ ʟʘʛʦʪʦʚʢʠ; 

- ʤʢ̔ʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ; 

- ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ; 

- ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ʅʘʡʙʽʣʴʰʝ ʥʘ ʧʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʪʝ, ʜʦ ʷʢʦʛʦ ʪʠʧʫ ʩʪʘʣʝʡ 

ʥʘʣʝʞʠʪʴ ʟʨʘʟʦʢ: ʜʦ ʢʦʥʩʪʨʫʢʮ̔ʡʥʠʭ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ, ʬʝʨʠʪʥʠʭ, 

ʧʝʨʣʽʪʥʠʭ, ʘʫʩʪʝʥʽʪʥʠʭ ʯʠ ʞʘʨʦʩʪʽʡʢʠʭ [47]. 

ɿ ʤʝʪʦʁ ʧʨʠʰʚʠʜʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʘʢʪʠʚʘʮʽʾ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʟʦʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ, ʷʢʝ ʩʫʪʪʻʚʦ 

ʩʢʦʨʦʯʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ (ʜʦ ʪʨɹʦʭ ʨʘʟ̔ʚ), ʟʥʘʯʥʦ ʧʦʣʽʧʰʫʻ ʷʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ [48]. ɯʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʩʪʘʣʝʚʡ̔ ʢʘʤʝʨʽ, ʷʢʘ 

ʩʣʫʛʫʻ ʦʜʥʦʯʘʩʥʦ ʘʥʦʜʦʤ, ʘ ʢʘʪʦʜʦʤ ʚʠʩʪʫʧʘʻ ʜʝʪʘʣʴ, ʷʢʘ ʧʽʜʜʘʻʪʴʩʷ 

ʘʟʦʪʫʚʘʥʥʶ. ɺ ʝʚʘʢʫʡʦʚʘʥʫ ʜʦ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʢʘʤʝʨʫ, ʜʝ ʤʘʻ ʧʨʦʭʦʜʠʪʠ 

ʘʟʦʪʫʚʘʥʥʷ, ʧʦʜʘʪ̒ʩɹ̫ ʘʟʦʪʦʚʤʽʩʥʘ ʛʘʟʦʚʘ ʩʫʤʽʰ. ʉʧʦʯʘʪʢʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ 

ʦʯʠʱʫʶʪʴ ʢʘʪʦʜʥʠʤ ʨʦʟʧʠʣʝʥʥ̫ʤ ʫ ʨʦʟʨʽʜʞʝʥʦʤʫ ʘʟʦʪʦʚʤʽʩʥʦʤʫ ʛʘʟʽ ʘʙʦ 

ʚʦʜʥʽ. ɿʘ ʥʘʧʨʫʛʠ 1000 ɺ ʽ ʪʠʩʢʫ 13,33 ʇʘ ʽʦʥʠ ʛʘʟʫ ʙʦʤʙʘʨʜʫʶʪʴ ʧʦʚʝʨʭʥʶ 

ʜʝʪʘʣʽ ʡ ʦʯʠʱʫʁʪɹ  ʾʾ, ʧʦʚʝʨʭʥʷ ʢʘʪʦʜʘ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 200 ʦʉ, ʧʽʩʣʷ ʮʴʦʛʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʟ ʥʘʧʨʫʛʦʶ 300-800 ɺ. ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ-ʢʘʪʦʜʘ 
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ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʽʦʥʘʤʠ ʛʘʟʫ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 450 ʦʉ. ɯʦʥʠ ʘʟʦʪʫ ʧʦʛʣʠʥʘʶʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʢʘʪʦʜʘ ʪʘ 

ʜʠʬʫʥʜʫʶʪʴ ʫʛʣʠʙ ʟʘʛʦʪʦʚʢʠ. ʇʨʦʮʝʩ ʢʘʪʦʜʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʟʦʪʫʚʘʥʥʷ ʩʧʣʘʚʽʚ, ʷʢʽ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʘʟʦʪʫʚʘʥʥʶ ʪʘ 

ʧʦʢʨʠʚʘʶʪʴʩʷ ʟʘʭʠʩʥʦʶ ʦʢʩʠʜʥʦʶ ʧʣʽʚʢʦʶ [42]. 

ʇʨʠ ʽʦʥʥʦʤʫ ʘʟʦʪʫʚʘʥʥʽ ʛʦʣʦʚʥʠʤʠ ʡ ʥʝʟʘʣʝʞʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʮʝʩʫ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʥʦʚʦʩʪʚʦʨʝʥʦʛʦ hʘʨʫ, ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʽ 

ʩʢʣʘʜ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʧʨʫʛʘ ʡ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʪʘʢʦʞ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ 

ʧʨʦʮʝʩ, ʘʣʝ ʥʝ ʪʘʢ ʩʫʪʪʻʚʦ [49]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʽʯʥʦʤʫ ʘʟʦʪʫʚʘʥʥʽ 

ʟʦʥʘ ʜʠʬʫʥʜʫʚʘʥʥʷ ʧʨʦʩʫʚʘ̒ʪʴʩʷ ʚʛʣʠʙ ʟʨʘʟʢʘ ʡ ʫʪʚʦʨʶʻ ʥʽʪʨʠʜʥʫ ʩʪ̔ʢʫ ʚ 

ʜʠʬʫʟʽʡʥʦʤʫ ʧʽʜʰʘʨʽ, ʘ ʚ ʥʽʪʨʠʜʥʽʡ ʟʦʥʽ ʚʠʥʠʢʘʶʪʴ ʧʦʨʠ. ʇʨʠ ʽʦʥʥʦʤʫ 

ʘʟʦʪʫʚʘʥʥʽ ʥʪ̔ʨʠʜʥʘ ʟʦʥʘ ʥʘ ʚʩʽʡ ʛʣʠʙʠʥʽ ʥʝ ʤʘʻ ʧʦʨ [50]. 

ʉʴʦʛʦʜʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ, ʘʣʝ ʜʦʚʦʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ 

ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥ̫ ʚ ʙʝʟʚʦʜʥʝʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʤ̫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʧʣʘʟʤʠ. ʋ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʥʘʤʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʜ̔ʞʝʥʥʷ ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ. ɺ. 

ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʜʝ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʫʩʪʘʥʦʚʢʘ ʜʣ ̫ ʧʨʝʮʠʟʽʡʥʦʛʦ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥ̫ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʻʜʠʥʦʤʫ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ [51], ʷʢʘ ʙʫʣʘ 

ʧʝʨʝʥʘʣʘhʪʦʚʘʥʘ ʧʽʜ ʧʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ. ʄʝʪʦʜ ʘʟʦʪʫʚʘʥʥʷ ʚ ʙʝʟʚʦʜʥʝʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʚʠʝɦʟʛʘʜʘʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʭ ʷʢ:  

¶ ʟʙʽʣʴʰʝʥʥ̫ ʛʫʩʪʠʥʠ ʧʣʘʟʤʠ ʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʪʦʤʽʚ, ʱʦ 

ʨʦʟʧʠʣʶʶʪʴʩʷ; 

¶ ʟʤʝʥʰʝʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʥʽʩʪʴ; 

¶ ʨʦʟʠhʨʝʥʠʡ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ; 

¶ ʻʜʠʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʦʯʠʱʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟ ʧʦʜʘʣʴʰʠʤ 

ʘʟʦʪʫʚʘʥʥʷʤ; 

¶ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʯ̔ʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʇʦʧʝʨʝʜʥʽʡ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʷʭ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤʠ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʛʝʣʽʢʦʥʥʦʤʫ ʨʦʟʨʷʜʽ, ʧʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ 

ʧʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʦʨʦʪʠʣʘʩʴ ʫ 10 ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʽʦʥʥʠʤ 

ʘʟʦʪʫʚʘʥʥʷʤ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ. 

ʆʪʞʝ, ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʩʧʦʩʦʙʽʚ ʭʽʤʽʢʦ-ʪʝʨʤ̔ʯʥʦʾ ʦʙʨʦʙʢʠ ʘʟʦʪʫʚʘʥʥʷʤ 

ʧʦʢʘʟʫʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ̔ʦʥʥʦʛʦ 

ʘʟʦʪʫʚʘʥʥʷ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʛʝʣʽʢʦʥʥʦʤʫ ʨʦʟʨʷʜʽ ʚ ʙʝʟʚʦʜʥʝʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʣʛ̔ʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʛʣʷʜʫ ʥʘ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʱʝʚʢʘʟʘʥʠʡ ʤʝʪʦʜ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩɹ ʪʘ ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ ʚ 

ʷʢʦʩʪʽ ʟʘʚʝʨʰʘʣʴʥʦʛʦ ʝʪʘʧʫ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

1.3. ʊʝʥʜʝʥʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʫ ʩʬʝʨʽ ʧʜ̔ʚʠ ʝɦʥʥ̫  ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ  

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʥʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʘʣʽ ʡ ʘʛʨʝʛʘʪʠ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʽʮʥʽʩʪʶ, ʥʘʜʽʡʥʽʩʪʁ  ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ. ɹʦʨʦʪʴʙʘ ʟ ʜʦʯʘʩʥʠʤ ʟʥʦ ʫhʚʘʥʥʷʤ 

ʜʝʪʘʣʝʡ ʥʘʙʫʚʘʻ ʥʦʚʠʭ ʽ ʰʠʨʰʠʭ ʤʘʩʰʪʘʙʽʚ ʥʝ ʪʽʣʴʢʠ ʚ ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚ̔, ʘ ʡ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ [42]. 

ʇʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ (ʧʝʨʽʦʜ: ʟ 2000 ʨ. ï ʜʦ 

ʢʚʪ̔ʥʷ 2019 ʨ. ʚʢʣʶʯʥʦ), ʫ ʨʝʟʫʣʴʪʘʪ̔ ̫ʢʦʛʦ ʟʥʘʡʜʝʥʦ ʧʦʥʘʜ 6500 ʧʘʪʝʥʪʽʚ ʟʘ 

ʢʣʘʩʘʤʠ ɺ24ɺ 39/00, C21D 7/04, B23P 9/04 ʚ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʄʽʞʥʘʨʦʜʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ (ʥʘʜʘʣʽ ʚ ʜʽʘʛʨʘʤʘʭ 

ʧʦʟʥʘʯʠʤʦ ʾʭ ʷʢ çʟʤʽʮʥʝʥʥʷ ʇʇɼè): 

- ɿʤ̔ ʥʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʣʽʟʘ ʘʙʦ ʩʪʘʣ̔ ʰʣʷʭʦʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʭʦʣʦʜʥʠʤ ʦʙʨʦʙʣʷʥʥʷʤ ʧʦʚʝʨʭʥʽ. 
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- ɺʝʨʩʪʘʪʠ ʘʙʦ ʧʨʠʩʪʨʦʾ ʜʣʷ ʦʙʢʦʯʫʚʘʥʥʷ (ʟ ʥʘʪʠʩʢʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʫʱʽʣʴʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ). 

- ʊʝʭʥʦʣʦʛʽʯʥʝ ʘʙʦ ʯʠʩʪʦʚʝ ʦʙʨʦʙʣʷʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʚʘʥʥʷ ʘʙʦ 

ʧʦʚʪʦʨʶʚʘʥʦʛʦ ʧʨʠʢʣʘʜʘʥʥ ̫ʪʠʩʢʫ. 

ʊʘʢʦʞ ʟʥʘʡʜʝʥʦ ʧʦʥʘʜ 120000 ʧʘʪʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʚʠʱʝʚʢʘʟʘʥʠʡ 

ʧʝʨʽʦʜ, ʷʢʽ ʜʝʢʣʘʨʫʚʘʣʠ ʚʠʥʘʭʦʜʠ / ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ ʟʘ ʢʣʘʩʘʤʠ (ʦʜʠʥ ʟ 

ʧʝʨʝʣʽʯʝʥʠʭ, ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ)  C23C 8/38, C23C 8/06, C23C 8/26, C23C 8/50, 

C23C 14/00, C23C 14/48  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʄʽʞʥʘʨʦʜʥʦʾ ʧʘʪʝʥʪʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ: 

- ɼʠʬʫʥʜʫʚʘʥʥʷ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʪʽʣʴʢʠ ʥʝʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʤʝʪʘʣʝʚʫ ʧʦʚʝʨʭʥʶ. 

- ʍʽʤʽʯʥʝ ʦʙʨʦʙʣʷʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʣʭ̫ʦʤ 

ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʥʽ ʟ ʨʝʘʢʮʽʡʥʠʤ ʛʘʟʦʤ, ʧʨʠʯʦʤʫ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʧʦʢʨʠʪʪʽ, ʥʘʧʨʠʢʣʘʜ 

ʢʦʥʚʝʨʩʽʡʥʽ ʧʦʢʨʠʚʘʥʥ̫; ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʦʥʽʟʦʚʘʥʠʭ ʛʘʟʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʽʦʥʦʘʟʦʪʫʚʘʥʥʷ. 

- ʆʙʨʦʙʣʥ̫ʥʷ ʩʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʤ̫ ʛʘʟʽʚ. 

- ʇʦʢʨʠʚʘʥʥʷ ʚʘʢʫʫʤʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ, ʨʦʟʧʠʣʶʚʘʥʥʷʤ ʤʝʪʘʣʽʚ 

ʘʙʦ ʽʦʥʥʦʶ ʽʤʧʣʘʥʪʘʮʽʻʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʻ ʧʦʢʨʠʪʪʷ 

ʨʦʟʨʷʜʦʤ ʟʤʽʥʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʧʨʠʢʣʘʜ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʨʦʟʨʷʜʦʤ; ʽʦʥʥʘ ʽʤʧʣʘʥʪʘʮʽʷ. 

- ɼʠʬʫʟʽʡʥʝ ʦʙʨʦʙʣʷʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʩʧʦʩʦʙʠ 

ʧʦʢʨʠʚʘʥʥʷ ʚʘʢʫʫʤʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ, ʨʦʟʧʠʣʶʚʘʥʥʷʤ, ̔ʦʥʥʦ ʁ

ʽʤʧʣʘʥʪʘʮʽʻʶ ʘʙʦ ʭʽʤʽʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ ʧʘʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʟʤʽʮʥʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ hʘʨʽʚ ʤʝʪʘʣʫ ʰʣʷʭʦʤ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽʦʥʥʠʤ 

ʘʟʦʪʫʚʘʥʥ̫ʤ.  

ʋʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞ ʟ 2000 ʨ. ʧʦ 2019 ʨ. ʟʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʨʦʟʨʦʙʦʢ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʦ ʮʴʦʛʦ ʯʘʩʫ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʟʘʩʪʘʨʽʣʠ. 
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ɺʠʙʽʨʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʫ: ʗʧʦʥʽʷ, ɸʥʛʣʽʷ, ʌʨʘʥʮʽʷ, 

ɹʦʣʛʘʨʽʷ, ɸʚʩʪʨʘʣ̔ ʷ, ɸʚʩʪʨʽʷ, ɹʨʘʟʠʣʽʷ, ʂʘʥʘʜʘ, ʂʠʪʘʡ, ɼʘʥʽ,̫ ʇ̔ʚʜʝʥʥʘ 

ʂʦʨʝʷ, ʄʝʢʩʠʢʘ, ʅʦʨʚʝʛʽʷ, ʇʦʣʴʱʘ, ʈʫʤʫʥʽʷ, ʉʽʥʛʘʧʫʨ, ʋʢʨʘʾʥʘ, ʈʦʩʽʷ, ʉʐɸ, 

ʇʦʨʪʫʛʘʣʽʷ, ɯʟʨʘʾʣʴ, ɯʩʧʘʥʽʷ, ʂʫʙʘ, ʅʽʤʝʯʯʠʥʘ. 

ɼʞʝʨʝʣʘʤʠ ʧʦʰʫʢʫ ʙʫʣʠ:  

1) ɺʩʝʩʚʽʪʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʽʥʪʝʣʝʢʪʫʘʣɹʥʦʾ ʚʣʘʩʥʦʩʪʽ (WIPO) [52]; 

2) ʧʘʪʝʥʪʠ ʉʐɸ ï United States Patent and Trademark Office (USPTO) [53]; 

3) ɭʚʨʦʧʝʡʩʴʢʠʡ ʧʘʪʝʥʪʥʝ ʚʽʜʦʤʩʪʚʦ (European Patent Office) (EPO) [54]; 

4)  ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʨʦʤʠʩʣʦʚʦʾ 

ʚʣʘʩʥʦʩʪʽè (ʋʢʨʧʘʪʝʥʪ) [55];  

5) ɭʚʨʘʟʽʡʩʴʢʘ ʧʘʪʝʥʪʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (EAPATIS) [56]; 

6) ʥʤ̔ʝʮɹʢʝ ʚʽʜʦʤʩʪʚʦ ʟ ʧʘʪʝʥʪʽʚ ʽ ʪʦʚʘʨʥʠʭ ʟʥʘʢʽʚ ï Deutschen Patent- und 

Markenamtes (DPMA) [57]; 

7) ʧʘʪʝʥʪʥʘ ʙʘʟʘ ʜʘʥʠʭ ʗʧʦʥʽʾ ï Industrial Property Digital Library [58]. 

ɺʠʙʽʨʢʫ ʩʪʚʦʨʝʥʦ ʟʘ ʜʘʥʠʤʠ ʧʝʨhʠʭ ʯʦʪʠʨʴʦʭ ʜʞʝʨʝʣ, ʪʘʢ ʢ̫ ʚ 

ʥʘʩʪʫʧʥʠʭ ʽʥʬʦʨʤʘʮʽʷ ʟʘʟʚʠʯʘʡ ʜʫʙʣʁ ʻʪʴʩʷ (ʨʠʩ. 1.4ï1.7).  

 

 

ʈʠʩ. 1.4. ɼʘʥʽ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʥɹʦʾ ʚʣʘʩʥʦʩʪʽ 
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ʈʠʩ. 1.5. ɼʘʥʽ United States Patent and Trademark Office 

 

 

ʈʠʩ. 1.6. ɼʘʥʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʚʽʜʦʤʩʪʚʘ 
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ʈʠʩ. 1.7. ɼʘʥʽ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʋʢʨʘʾʥʩʢɹʠʡ ʽʥʩʪʠʪʫʪ 

ʧʨʦʤʠʩʣʦʚʦʾ ʚʣʘʩʥʦʩʪʽè (ʋʢʨʧʘʪʝʥʪ). ʂʽʣʴʢʽʩʪʴ ʨʝʻʩʪʨʘʮʽʡ ʧʘʪʝʥʪʽʚ ʧʦ ʨʦʢʘʭ 

ʟʘ ʥʘʧʨʷʤʘʤʠ ʜʦʩʣʽʜʞʝʥʴ çʟʤʽʮʥʝʥʥʷ ʇʇɼè ʪʘ çʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷè 

 

ʅʘ ʜʽʘʛʨʘʤʘʭ ʚʽʜʦʙʨʘʞʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʢʦʞʥʦʤʫ ʟ ʜʞʝʨʝʣ: ʢʽʣʴʢʽʩʪʴ 

ʧʘʪʝʥʪʽʚ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ ʨʦʢʘʭ ʫ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʧʨʷʤʽ 

ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥ̫ʤ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ, ʱʦ 

ʦʙʫʤʦʚʠʣʦ ʧʦʜʘʣʴʰʠʡ ʚʠʙʽʨ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʪʘ ʝʪʘʧʥʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

  

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ 

ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʽ 

ʚʠʟʥʘʯʝʥʦ ʢʣʶʯʦʚʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʆʢʨʽʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʣʝʾʚ ʪʦʱʦ,  

ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ̫ʢ̔ʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚʽʜʽʛʨʘʻ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʙʣʦʢ ʣʽʥʽʾ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ ï ʩʪʘʣʝʚʽ ʧʘʨʠ 

ʪʝʨʪʷ ʚʘʣïʨʦʣʠʢ. ʎʽ ʧʘʨʠ ʪʝʨʪʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ ʧʦʜʘʯʽ ʚʠʭʽʜʥʠʭ 
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ʟʘʛʦʪʦʚʦʢ ʜʦ ʬʘʣʴʮʶʚʘʣɹ ʥʦ-ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʪʦʯʥʽʩʪʴ 

ʟʛʠʥʚ̔ ʡ ʦʙʨʦʙʢʠ ʢʣʝʻʤ ʧʦʪʨʽʙʥʠʭ ʟʦʥ, ʱʦ ʤʘʻ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʥ̔ʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

2. ʇʨʦʚʝʜʝʥʠʡ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʪʘ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʜʦʧʦʤʽʛ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥ ̔ ʤʝʪʦʜʠ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʘʪʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʟʘ 2000ï2019 ʨʨ. ʨʦʢʠ ʟʘʩʚʽʜʯʠʣʠ 

ʟʥʘʯʥʫ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʤ̔ʮʥʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʤʝʪʘʣʫ hʣ̫ ʭʦʤ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽʦʥʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʮʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. 

3. ʋ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʙʣʦʮ ̔ ʣ̔ ʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʜʦʪʝʧʝʨ ʥʝ 

ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʟʠʮʽʶʚʘʥʥʷ 

ʦʙʢʣʘʜʠʥʦʢ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ ʬʘʣʴʮʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʜʘʪʥʦʛʦ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʤʽʮʥʝʥʥʷʤ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʙʣʦʢʫ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʻ ʘʢʪʫʘʣʴʥʦʶ. 

4. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʟʤʽʮʥʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʪʘ ʫʤʦʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʜʽʡʩʥʝʥʦ ʚʠʙʽʨ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ, ʆɹʃɸɼʅɸʅʅʗ ʊɸ ʄɽʊʆɼʀʂɸ  

ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 

 

 2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ 

 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʤʢ̔ʨʦʨʝʣʴʻʬʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʚʘʣʫ) hʣʭ̫ʦʤ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʥʘʢʘʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʠʥ ʘʣʤʘʟʥʠʤ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʝʪʘʧʘʤʠ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦ  ʁ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʆɿʋ 17.00.03, ʷʢʘ ʢʨʽʧʠʪʴʩʷ ʚ ʨʽʟʮʝʪʨʠʤʘʯ ̔ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʛʦ 

ʚʝʨʩʪʘʪʘ 16ʂ20.  

ʊʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʠʡ ʚʝʨʩʪʘʪ 16ʂ20 ʻ ʧʨʠʩʪʨʦʻʤ ʥʦʨʤʘʣʴʥʦʛʦ ʢʣʘʩʫ 

ʪʦʯʥʦʩʪʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʯʘʚʫʥʫ, 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʽ ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣ.̔ ʅʘ ʚʝʨʩʪʘʪʽ ʚʠʢʦʥʫʶʪʴʩʷ ʪʦʢʘʨʥʽ, 

ʨ̔ ʟʴʙʦʥʘʨʽʟʥ ̔ʨʦʙʦʪʠ [59]. 

 ʆʩʥʦʚʥʠʤʠ ʨʫʭʘʤʠ ʚʝʨʩʪʘʪʘ ʤʦʜʝʣʽ 16ʂ20 ʻ ʪʘʢʽ: 

 ɻʦʣʦʚʥʠʡ ʨʫʭ ï ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʟʘʛʦʪʦʚʢʦʶ 

ʧʨʠʚʦʜʠʪʴ ʚ ʜʽʶ ʯʝʨʝʟ ʢʦʨʦʙʢʫ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʢʣʠʥʦʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ 

ʦʩʥʦʚʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ. 

 ʇʦʟʜʦʚʞʥʷ ʧʦʜʘʯʘ ï ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʚ̔ ʜ ʰʧʠʥʜʝʣʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʟʜʦʚʞʥɹʦʛʦ ʩʫʧʦʨʪʘ ʚʽʜ ʭʦʜʦʚʦʛʦ ʚʘʣʘ ʧʦ 

ʥʘʧʨʷʤʥʠʭ ʩʪʘʥʠʥʠ. 

 ʇʦʧʝʨʝʯʥʘ ʧʦʜʘʯʘ ï ʧʦ ʥʘʧʨʷʤʥʠʭ ʥʘ ʧʦʟʜʦʚʞʥʴʦʤʫ ʩʫʧʦʨʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʫʧʦʨʪʘ. 

 ɼʦʧʦʤʽʞʥʽ ʨʫʭʠ ï ʰʚʠʜʢʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʫʧʦʨʪʽʚ ʟʜ̔ʡʩʥʶʶʪɹʩ̫ ʯʝʨʝʟ 

ʢʣʠʥʦʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ ʚʽʜ ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 
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 ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʝʨʩʪʘʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ɻʆʉʊʫ 18097-93 

çʉʪʘʥʢʠ ʪʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʳʝ ʠ ʪʦʢʘʨʥʳʝ. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ. ʅʦʨʤ r

ʪʦʯʥʦʩʪʠè.  

 ʊʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʠʡ ʚʝʨʩʪʘʪ 16ʢ20 ʤʘʻ ʪʘʢ ̔ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʅ (ʟʘ ɻʆʉʊ 8-82); ʥʘʡʙʽʣʴhʠʡ ʜʽʘʤʝʪʨ 

ʟʘʛʦʪʦʚʢʠ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʥʘʜ ʩʪʘʥʠʥʦʶ ï 400 ʤʤ, ʪʘ ʥʘʜ ʩʫʧʦʨʪʦʤ ʽ 

ʚʠʨʽʟʦʤ ʚ ʩʪʘʥʠʥʽ, ʚʽʜʧʦʚʽʜʥʦ, 220 ʤʤ ʪʘ 630 ʤʤ; ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ 

ʜʽʘʤʝʪʨ ʧʨʫʪʢʘ, ʷʢʠʡ ʦʙʨʦʙʣʷʻʪʴʩ̫ ʪʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʽʨ ʰʧʠʥʜʝʣʷ 

ʩʪʘʥʦʚʠʪʴ 52 ʤʤ; ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣ ̫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

12,5é1600 ʦʙ/ʭʚ. (ʫʩʴʦʛʦ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʪ ï 22); ʧʦʜʘʯʽ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʷʢʠʭ 23, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 0,05é2,8 ʤʤ/ʦʙ ï ʜʣʷ ʧʦʟʜʦʚʞʥʽʭ, 0,025é1,4 ï 

ʜʣʷ ʧʦʧʝʨʝʯʥʠʭ, 0,015é0,8 ï ʜʣʷ ʚʝʨʭʥʴʦʾ ʢʘʨʝʪʢʠ; ʥʘʡʙʽʣʴʰʘ ʤʘʩʘ 

ʚʩʪʘʥʦʚʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ  ʚ ʧʘʪʨʦʥʘʭ ï 100 ʢʛ ʽ ʮʝʥʪʨʘʭ ï 400 ʢʛ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʠ ʟʘʢʨʽʧʣʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ 

ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ 10 ʢɺʪ, ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ 2 ʢʅʤ; ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʚʝʨʩʪʘʪʘ ɼʭʐʭɺ (ʤʤ) ʩʪʘʥʦʚʣʷʪʴ 

2795ʭ1190ʭ1500 ʤʤ ʧʨʠ ʡʦʛʦ ʤʘʩʽ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 3010 ʢʛ. 

 ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣɹʥʦ ʾʫʩʪʘʥʦʚʢʠ 

ʆɿʋ 17.00.03. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʮʠʣʥ̔ʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʚʠʜʽʚ ʽ ʪʠʧʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɻʆʉʊ 24773-81 çʇʦʚʝʨʭʥʦʩʪʠ ʩ ʨʝʛʫʣʷʨʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠè. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʠʩʪʨʦʶ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.1. 
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ʈʠʩ. 2.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣ̫ʜ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʫʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʨʽʟʮʝʪʨʠʤʘʯʽ ʚʝʨʩʪʘʪʘ 16ʂ20 

  

 ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 2.2): 

 ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʨʦʪʦʨʘ ʘʚʪʦʥʦʤʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 8 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʤ̔ ʥʥʦʛʦ ʝʢʩʮʝʥʪʨʠʢʘ 7 ʧʝʨʝʭʦʜʠʪɹ ʫ ʟʚʦʨʦʪʥʴʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʪʷʛʠ 2. ʅʘ 

ʟʤʽʥʥʦʤʫ ʝʢʩʮʝʥʪʨʠʢʫ 7 ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʰʠʧʥʠʢ 6, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʪʷʛʠ. 

ʊʷʛʘ ʨʫʭʘʻʪʴʩʷ ʚ ʢʦʨʧʫʩʽ 5, ʷʢʠʡ ʟʽʙʨʘʥʠʡ ʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥ. ʋ ʢʦʨʧʫʩʽ 

ʨʦʟʤʽʱʝʥʦ ʜʝʨʞʘʚʢʫ 3, ʜʦ ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛʠ ʧʝʨʝʜʘʻʪʴʩʷ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ. ɺʝʣʠʯʠʥʘ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʪʷʛʫ 2, 

ʥʘ ʷʢʽʡ ʟʘʢʨʽʧʣʝʥʦ ʘʣʤʘʟʥʠʡ ʚʠʛʣʘʜʞʫʚʘʯ 1, ʨʦʙʦʯʘ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ï ʘʣʤʘʟʥʠʡ 

ʢʦʤʧʦʟʠʪ ɸʂʊʄ [60]. 

 

 

ʈʠʩ. 2.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ: 1 ï ʘʣʤʘʟʥʠʡ ʚʠʛʣʘʜʞʫʚʘʯ, 2 ï ʪʷʛʘ, 3 ï 

ʜʝʨʞʘʚʢʘ, 4 ï ʧʣʘʥʢʘ, 5 ï ʢʦʨʧʫʩ, 6 ï ʧʽʜʰʠʧʥʠʢ, 7 ï ʟʤʽʥʥʠʡ ʝʢʩʮʝʥʪʨʠʢ, 8 ï

ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʟ ʨʦʪʦʨʦʤ 
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 ɸʣʤʘʟʥʽ ʚʠʛʣʘʜʞʫʚʘʯʽ ʚʦʣʦʜʽʶʪʴ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʚʠʩʦʢʽ 

ʪʚʝʨʜ̔ʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʜ̔ʥʽʩʪʴ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʦ ʤʝʪʘʣʫ ʪʘ ʥʝʚʝʣʠʢʘ ʾʾ ʰʦʨʩʪʢʽʩʪʴ. ʋ ʥʘʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʘʣʤʘʟʥʽ ʚʠʛʣʘʜʞʫʚʘʯʽ (ʨʠʩ. 

2.3), ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ɸʂʊʄ) ʪʘ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ ʟ ʨʘʜʽʫʩʦʤ 

ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʜ 0,5 ʜʦ 4 ʤʤ. ʊʘʢʠʡ ʪʠʧ ʚʠʛʣʘʜʞʫʚʘʣʘ [61] ʤʘʻ ʢʨʘʱʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʥʽʞ ʡʦʛʦ ʘʥʘʣʦʛʠ, ʪʘʢʽ ʷʢ ɸʉɹ ʪʘ ɸʉʇʂ, ʘ ʪʦʤʫ ʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʮʠʤ ʚʠʛʣʘʜʞʫʚʘʯʝʤ ʚʽʜʧʦʚʽʜʥʦ ʻ ʚʠʱʦʁ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʝʨʤʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.1. 

  

ʈʠʩ. 2.3. ɸʣʤʘʟʥʠʡ ʚʠʛʣʘʜʞʫʚʘʯ ʟ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ 

 

ʊʘʙʣʠʮ̫ 2.1 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  

ʧʦʣʽʢʨʠʩʪʘʣʯ̔ʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʪʠʧʫ ɸʂʊʄ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ 33,43 ï 3,45 

ʊʚʝʨʜʽʩʪʴ ʟʘ ʂʥʫʧʦʤ, ɻʇʘ 50 ï 55 

ʊʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, ʄʇʘĿʤ1/2 10 ï 12 

ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʥʝʥʥʷ, ɻʇʘ 2,2 ï 3,1 

ʄʦʜʫʣʴ ʖʥʛʘ, ɻʧʘ 970 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ / (ʤĿʂ) 250 ï 300 

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʧʨʘʚʮʽ ʢʦʨʫʥʜʦʚʦʛʦ ʢʨʫʛʘ, ʤʛ/ʢʛ 4,4 

ʊʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʂ 1500 
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 ɹʫʜʦʚʘ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʯʘ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʮʴʦʛʦ ʩʝʛʤʝʥʪʫ 

ʘʣʤʘʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ: ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʟ ɸʂʊʄ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʧʨʠʧʘʥ̫ʘ 

ʜʦ ʪʨʠʤʘʯʘ ʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ, ʚʠʢʦʥʘʥʦʛʦ ʧʦ ʪʠʧʫ 2 ʟ ʜʽʘʤʝʪʨʦʤ 

ʛʦʣʦʚʢʠ, ʷʢʠʡ ʙʽʣʴʰʠʡ ʚʽʜ ʜʽʘʤʝʪʨʘ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ 

ʬʽʢʩʘʮʽʶ ʚʠʛʣʘʜʞʫʚʘʯʘ ʚ ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ [62].  

 ʊʠʧʦʨʦʟʤʽʨʠ ʘʣʤʘʟʥʠʭ ʚʠʛʣʘʜʞʫʚʘʯʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ 

ʭʦʜʽ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2. 

 

ʊʘʙʣʠʮʷ 2.2 

ʊʠʧʦʨʦʟʤʽʨʠ ʘʣʤʘʟʥʠʭ ʚʠʛʣʘʜʞʫʚʘʯʽʚ ʟ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ  

ʽʟ ɸʂʊʄ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ  

D, ʤʤ d, ʤʤ L, ʤʤ R, ʤʤ 
ʄʘʩʘ ʘʣʤʘʟʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ, ʢʘʨʘʪ 

12 8 32 

0,5 

0,21 ï 0,30 
1,0 

1,5 

2,0 

2,5 
0,31 ï 0,40 

3,0 

3,5 
0,41 ï 0,60 

4,0 

 

ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʦʙʨʦʙʢʠ ʪʘ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʣʠʩʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʣ̔̔  5).  

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʜ̔ʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʤʝʪʦʜʦʤ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ, ʷʢʝ 

ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʥʘ ʪʨʝʪʴʦʤʫ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ, ʟʜ̔ʡʩʥʶʚʘʣʠ ʥʘ ʩʪʚʦʨʝʥʽʡ ʚ ɯʥʩʪʠʪʫʪʽ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ. ɺ. 

ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʩʪʘʥʦʚʮʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʻʜʠʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ, ʷʢʘ 

ʙʫʣʘ ʧʝʨʝʥʘʣʘʰʪʦʚʘʥʘ ʜʣʷ ʧʨʦʮʝʩʫ ʘʟʦʪʫʚʘʥʥʷ [51]. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣ̫ʜ 

ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩ. 2.4. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ̔ʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʻʜʠʥʦʤʫ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ 

 

ʋʩʪʘʥʦʚʢʘ ʤʽʩʪʠʪʴ ʛʝʣʽʢʦʥʥʝ ʜʞʝʨʝʣʦ ʧʣʘʟʤʠ ʟ ʨʦʙʦʯʦʶ ʯʘʩʪʦʪʦʶ 13,56 

ʄɻʮ ʽ ʧʣʘʟʤʦʚʦ-ʜʫʛʦʚ̔ ʧʨʠʩʢʦʨʶʚʘʯʽ, ʦʙôʻʜʥʘʥʽ ʚ ʦʜʥʽʡ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ. ɰʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ 2008 ʨ. ʫ ʨʘʤʢʘʭ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ ˉ 23 ʅɸʅ ʋʢʨʘʾʥʠ. 

ɻʝʣʽʢʦʥʥʝ ʜʞʝʨʝʣʦ ʧʣʘʟʤʠ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʽʦʥʥʦ-

ʧʣʘʟʤʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʜ̔ʢʣʘʜʦʢ ʪʘ ʥʘʥʝʩʝʥʥ ̫ ʧʝʨʝʭʽʜʥʠʭ ʽ 

ʢʘʪʘʣʽʪʠʯʥʠʭ ʰʘʨʽʚ. ʇʣʘʟʤʦʚʦ-ʜʫʛʦʚʽ ʧʨʠʩʢʦʨʁʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʘʜʛʝʟʠʚʥʠʭ ʰʘʨʽʚ, ʰʘʨʽʚ ʤʝʪʘʣʫ-ʢʘʪʘʣʽʟʘʪʦʨʘ ʪʘ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʪʦʢʫ ʽʦʥʽʚ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʝʥʝʨʛʽʻʶ 

ʪʘ ʛʫʩʪʠʥʦʁ  (ʫ ʧʨʦʚʝʜʝʥʠʭ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʩʢʦʨʚʁʘʯʽ ʥʝ ʟʘʜʽʷʥʽ). 

ʆʢʨʽʤ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 
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ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʷʢ ʥʘ ʤʝʪʘʣʝʚʽ, ʪʘʢ ʽ 

ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʽʜʢʣʘʜʢʠ; ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʠʩʥʠʭ ʽ 

ʥʽʪʨʠʜʥʠʭ ʧʣʽʚʦʢ [63]. 

ʈʦʟʨʷʜʥʘ ʧʣʘʟʤʦʚʘ ʢʘʤʝʨʘ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 2.5) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʩʽʢʽʚ, ʘ ʩʘʤʝ: 

- ʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ; 

- ʜʨʝʡʬʦʚʦʾ ʢʘʤʝʨʠ; 

- ʢʘʤʝʨʠ ʦʙʨʦʙʢʠ. 

ʋʩʽ ʪʨʠ ʢʘʤʝʨʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʬʣʘʥʮʷʤʠ ʯʝʨʝʟ ʚʘʢʫʫʤʥʽ 

ʫʱʽʣʴʥʝʥʥʷ. ʂʘʤʝʨʘ ʦʙʨʦʙʢʠ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʪʦʣʠʢ ʟ ʧʽʜʢʣʘʜʢʦʶ, 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʬʣʘʥʮʷ ʚʘʢʫʫʤʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʜ ʢʘʤʝʨʦʶ 

ʦʙʨʦʙʢʠ ʨʦʟʪʘʰʦʚʘʥʘ ʜʨʝʡʬʦʚʘ ʢʘʤʝʨʘ ʟ ʧʨʠʩʪʠʢʦʚʘʥʠʤʠ ʚʘʢʫʫʤʥʦ-

ʜʫʛʦʚʠʤʠ ʧʨʠʩʢʦʨʶʚʘʯʘʤʠ. ɼʨʝʡʬʦʚʘ ʢʘʤʝʨʘ ʟôʻʜʥʘʥʘ ʟ ʨʦʟʨʷʜʥʦʶ ʢʘʤʝʨʦʶ 

ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ. ɿʚʝʨʭʫ ʚʦʥʘ ʟʘʢʨʠʪʘ ʩʢʣʦʤ ʽʟ ʢʚʘʨʮʫ, ʯʝʨʝʟ ʥʴʦʛʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʪʝʥʠ, ʚ ʨʦʟʨ̫ʜ ʚʚʦʜʠʪʴʩʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʝʥʝʨʛʽʷ. ʉʘʤʘ ʞ 

ʘʥʪʝʥʘ ʯʝʨʝʟ ʫʟʛʦʜʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨ̔ʡ ʧʨʠʻʜʥʘʥʘ ʜʦ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩ. 2.5. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʦʚʦʾ ʢʘʤʝʨʠ 
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ʄʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʧʣʘʟʤʠ ʧʨʠʟʥʘʯʝʥʘ ʩʪʚʦʨʶʚʘʪʠ 

ʫʤʦʚʠ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʚ ʧʣʘʟʤʽ ʨʦʟʨʷʜʫ ʚʣʘʩʥʠʭ ʧʣʘʟʤʦʚʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʚʠʣʴ (ʛʝʣ̔ʢʦʥʥʠʭ ʤʦʜ). ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʪ̒ɹ ʩʷ ʟʦʚʥʽʰʥ̫ ɺʏ-

ʝʥʝʨʛʽ ̫ʚ ʧʣʘʟʤ̔ ʪʘ ʛʝʥʝʨʫʻʪʴʩʷ ʧʣʘʟʤʘ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ. 

ʄʘʛʥʽʪʥʘ ʢʦʪʫʰʢʘ, ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʟʦʥʽ ʢʘʤʝʨʠ ʦʙʨʦʙʢʠ (ʥʘ ʨʠʩ. 2.5 ʥʝ 

ʧʦʢʘʟʘʥʘ), ʟʘʙʝʟʧʝʯʫʻ ʩʫʧʨʦʚʽʜ ʧʣʘʟʤʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʜʦ 

ʧʽʜʢʣʘʜʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʚʦʨʦʪʫ ʧʦʪʦʢʫ ʧʣʘʟʤʠ ʟ 

ʧʣʘʟʤʦʚʦ-ʜʫʛʦʚʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʢʣʘʜʢʠ. 

ɿʘʟʥʘʯʝʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʦʚʦʾ ʢʘʤʝʨʠ, ʷʢʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʜʞʝʨʝʣʘ ʧʣʘʟʤʠ ï ʛʝʣ̔ʢʦʥʥʠʡ ʨʦʟʨʷʜ ʽ 

ʧʣʘʟʤʦʚʦ-ʜʫʛʦʚʠʡ ʧʨʠʩʢʦʨʶʚʘʯ, ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʫ ʷʢʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʘʨʘʣʝʣʴʥʘ ʨʦʙʦʪʘ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʧʣʘʟʤʠ ʪʘ 

ʧʣʘʟʤʦʚʦ-ʜʫʛʦʚʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʦʩʪʽʡʥʫ ʜʽʶ ʥʘ ʧʽʜʢʣʘʜʢʫ ̔ʦʥʥʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʡ 

ʝʥʝʨʛʽʷ ʦ̔ʥʥʦʛʦ ʧʦʪʦʢʫ ʤʘʶʪʴ ʚʝʣʠʯʠʥʫ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʟ ʧʦʚʝʨʭʦʥʴ ʧʽʜʢʣʘʜʦʢ ʘʜʩʦʨʙʦʚʘʥʠʭ ʣʝʛʢʠʭ ʢʦʤʧʦʥʝʥʪ̔ʚ 

ʟʘʣʠʰʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʤʝʭʘʥʽʟʤʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʽ ʮʝ 

ʥʝ ʟʘʚʘʞʘʻ ʦʩʥʦʚʥʠʤ ʦʧʝʨʘʮʽʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [63]. 

ɼʦʩʣʜ̔ʞʝʥʥʷ ʨʝʞʠʤʽʚ ʧʣʘʟʤʦʚʠʭ ʨʦʟʨʷʜ̔ʚ ʜʦʟʚʦʣʠʣʦ ʚʠʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʫʩʪʘʥʦʚʮʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʠʢʦʚʘʥʠʭ ʜʦ ʥʝʾ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʦʥʜʘ ʟ ʚʠʚʦʜʦʤ 

ʥ̔ʬʦʨʤʘʮʽʾ ʥʘ ʤʦʥʽʪʦʨ ʢʦʤʧôʶʪʝʨʘ. 

ɼʣʷ ʚʽʜʢʘʯʫʚʘʥʥʷ ʜʦ ʛʨʘʥʠʯʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʨʦʟʨʷʜʥʦʾ 

ʧʣʘʟʤʦʚʦʾ ʢʘʤʝʨʠ, ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʠʩʢʫ ʨʦʙʦʯʠʭ ʛʘʟʽʚ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʪʦʢʚ̔ ʨʦʙʦʯʠʭ ʛʘʟʽʚ ʫ 

ʢʘʤʝʨʽ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʡ ʫ ʜʨʝʡʬʦʚʽʡ ʢʘʤʝʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʚʘʢʫʫʤʥʘ ʩʠʩʪʝʤʘ (ʨʠʩ. 2.6). 
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ɺʘʢʫʫʤʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʘʛʨʝʛʘʪ ʥʘ ʦʩʥʦʚʽ ʜʠʬʫʟ̔ ʡʥʦʛʦ ʥʘʩʦʩʘ ʅ1, 

ʱʦ ʧʨʠʻʜʥʘʥʠʡ ʯʝʨʝʟ ʚʠʩʦʢʦʚʘʢʫʫʤʥʠʡ ʟʘʪʚʦʨ ɿ1 ʜʦ ʢʘʤʝʨʠ ʦʙʨʦʙʢʠ ʟ 

ʨʦʟʤʽʱʝʥʠʤ ʫ ʥʽʡ ʩʪʦʣʠʢʦʤ ʟ ʧʽʜʢʣʘʜʢʦʶ, ʥʘ ʷʢʽʡ ʤʘʻ ʬʦʨʤʫʚʘʪʠʩʴ 

ʚʽʜʧʦʚʽʜʥʘ ʩʪʨʫʢʪʫʨʘ. ʅʘ ʚʭʦʜʽ ʜʠʬʫʟʽʡʥʠʡ ʥʘʩʦʩ ʅ1 ʧʨʠʻʜʥʘʥʠʡ ʜʦ 

ʤʝʭʘʥʽʯʥʦʛʦ ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʅ2 ʯʝʨʝʟ ʚʘʢʫʫʤʥʠʡ ʢʣʘʧʘʥ ʂʃ1. ʊʠʩʢ ʫ 

ʜʠʬʫʟʽʡʥʦʤʫ ʥʘʩʦʩʽ ʧʨʠ ʚʽʜʢʘʯʫʚʘʥʥʽ ʬʦʨʚʘʢʫʫʤʥʠʤ ʥʘʩʦʩʦʤ ʚʠʤʽʨʶʻʪʴʩʷ 

ʪʝʨʤʦʧʘʨʥʠʤ ʜʘʪʯʠʢʦʤ ɼ1 [63]. 

ʇʦʧʝʨʝʜʥʻ ʨʦʟʨʷʜʞʝʥʥʷ ʚ ʢʘʤʝʨʽ ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʣʽʥʽʶ 

ʙʘʡʧʘʩʥʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʥʘʩʦʩʦʤ ʅ2, ʟôʻʜʥʘʥʠʠʤ ʟ ʢʘʤʝʨʦʶ 

ʦʙʨʦʙʢʠ ʯʝʨʝʟ ʚʘʢʫʫʤʥʠʡ ʢʣʘʧʘʥ ʂʃ2. ʂʘʤʝʨʘ ʦʙʨʦʙʢʠ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦ ʁʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʦʚʦʾ ʢʘʤʝʨʠ ʫʩʪʘʥʦʚʢʠ. ɿʘʣʠʰʢʦʚʠʡ ʪʠʩʢ ʪʘ ʪʠʩʢ 

ʨʦʙʦʯʦʛʦ ʛʘʟʫ ʧʨʠ ʡʦʛʦ ʟʥʘʯʝʥʥʽ ʤʝʥʰʝ 10 ʤʊʦʨʨ ʚʠʤʽʨʶʻʪʴʩʷ ʽʦʥʽʟʘʮʽʡʥʠʤ 

ʜʘʪʯʠʢʦʤ  ɼ2, ʘ ʨʦʙʦʯʠʡ ʪʠʩʢ ʧʨʠ ʟʥʘʯʝʥʥʭ̫ ʚʠʱʝ 10 ʤʊʦʨʨ ï ʪʝʨʤʦʧʘʨʥʠʤ 

 

ʈʠʩ. 2.6. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʘʢʫʫʤʥʦʾ ʩʠʩʪʝʤʠ ʫʩʪʘʥʦʚʢʠ 

(ʨʦʟʰʠʬʨʦʚʢʫ ʧʦʟʥʘʯʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʝʢʩʪʽ) 
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ʜʘʪʯʠʢʦʤ ɼ3. ʅʘʧʫʩʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʨʝʘʢʮʽʡʥʫ ʢʘʤʝʨʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʾʾ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʌ1 ʽ ʢʣʘʧʘʥ ʂʃ3 ʧʨʠ 

ʟʘʢʨʠʪʠʭ ʢʣʘʧʘʥʽ ʂʃ2 ʽ ʚʠʩʦʢʦʚʘʢʫʫʤʥʦʤʫ ʟʘʪʚʦʨʽ ɿ1. 

 

2.2. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʨʘʟʢʚ̔ 

 

 ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʨʘʟʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʚʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ: ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʫʟʣʘ ʪʝʨʪʷ, ʚʠʤʦʛʠ ʜʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, 

ʤʽʮʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʦʢʨʝʤʠʭ ʡʦʛʦ ʜʝʪʘʣʝʡ, ʝʢʦʥʦʤʽʯʥʘ ʚʠʧʨʘʚʜʘʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʱʦ.   

 ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [60; 64; 65] ʧʦʢʘʟʘʚ, ʱʦ ʟʜʝʙʽʣʴʰʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʬʦʨʤ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʧʘʨʠ ʪʝʨʪʷ ʪʘ ʧʽʜʣʷʛʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. 

ʎʝ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥ̫  ʚʘʨʪʦʩʪʽ ʧʨʦʢʘʪʫ ʪʘʢʠʭ ʩʪʘʣʝʡ 

ʜʦ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʣʷʭʦʤ ʧʝʚʥʠʭ ʚʠʜʽʚ ʦʙʨʦʙʢʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʟʜʽʡʩʥʶʚʘʚʩʷ 

ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢ̔ʚ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. 

 ʉʪʨʫʢʪʫʨʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʘʨʠ ʪʝʨʪʷ ʚ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦ-ʢʦʦʨʜʠʥʫʶʯʦʤʫ ʙʣʦʮʽ, ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʣʽ 45 ɼʉʊʋ 7809:2015 çʇʨʦʢʘʪ ʩʦʨʪʦʚʠʡ, ʢʘʣʽʙʨʦʚʘʥʠʡ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤ ʦʙʨʦʙʣʝʥʥʷʤ ʧʦʚʝʨʭʥ̔  ʟ ʚʫʛʣʝʮʝʚʦʾ ʷʢʽʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣ̔. 

ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠè. ʊʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʚʫʛʣʝʮʝʚʦʾ ʷʢʽʩʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ 45, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝʟʘʟʥʘʯʝʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʪʘ ʟ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʣʝʛʦʚʘʥʦʾ (ʭʨʦʤʠʩʪʦʾ) ʩʪʘʣʽ 20ʍ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ɼʉʊʋ 

7806:2015 çʇʨʦʢʘʪ ʽʟ ʣʝʛʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠè. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.3. 
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ʊʘʙʣʠʮʷ 2.3  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʣʴ 45 ʪʘ 20ʍ (ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ)  

ʟʛʽʜʥʦ ɼʉʊʋ 7809:2015 ʪʘ ɼʉʊʋ 7806:2015 ʚʽʜʧʦʚʽʜʥʦ 

ʄʘʪʝʨʽʘʣ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, % 

ɺʫʛʣʝʮʶ 

(ʉ) 

ʂʨʝʤʥʽʶ 

(Si) 

ʄʘʨʛʘʥʮʶ 

(Mn) 

ʍʨʦʤʫ 

(Cr),  

ʥʝ ʙʽʣʴʰʝ 

ʥʽʞ 

ʉʪʘʣʴ 45 0,42 ï 0,50 0,17 ï 0,37 0,5 ï 0,8 0,25 

ʉʪʘʣʴ 20ʍ 0,17 ï 0,23 0,17 ï 0,37 0,5 ï 0,8 0,7 ï 1 

 

 ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʝʢʩʧʣʫʘʪʘʮ̔ʡʥʽ ʪʘ ʽʥʰʽ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭ̔ʤʯ̔ʥʠʤ 

ʩʢʣʘʜʦʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʟʜʘʪʥʽ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʤʽʮʥʽʩʪʴ, ʽʥʰʽ ʟʙʽʣʴʰʫʶʪʴ ʢʨʠʭʢʽʩʪʴ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ 45 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʦʩʥʦʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʟʘʣʽʟʘ ʽ 

ʚʫʛʣʝʮʝʶ. ɺʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʨʫʛʦʛʦ ʝʣʝʤʝʥʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʪʝ, 

ʥʘʩʢʽʣʴʢʠ ʤʽʮʥʠʤ ʽ ʪʚʝʨʜʠʤ ʚʠʭʦʜʠʪʴ ʚʠʨʽʙ. ɺʩʪʘʥʦʚʣʝʥʽ ʩʪʘʥʜʘʨʪʠ 

ʚʠʟʥʘʯʘʶʪʴ ʪʝ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʮʶ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 0,42 ʜʦ 

0,5%. ʇʨʠ ʮʴʦʤʫ ʚ ʩʢʣʘʜʽ ʤʝʪʘʣʫ ʙʣʠʟʴʢʦ 97%. ɼʦ ʩʢʣʘʜʫ ʚʢʣʶʯʘʻʪʩɹ̫  

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʥʦʚʥʠʤʠ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʤʘʛʥʽʡ ʽ ʢʨʝʤʥʽʡ. ɰʭ ʧʦʢʘʟʥʠʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 0,1%. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʪʨʠʤʫʻʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʅʘʧʨʠʢʣʘʜ, ɼʉʊʋ ʚʠʟʥʘʯʘʻ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʽʨʢʠ ʽ ʬʦʩʬʦʨʫ, ʪʘʢ ʷʢ ʮʽ 

ʝʣʝʤʝʥʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ. 

 ʇʨʠʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʩʪʘʣʴ 45: ʚʘʣ-ʰʝʩʪʝʨʥʽ, ʢʦʣʽʥʯʘʪʽ ʽ ʨʦʟʧʦʜʽʣʴʯʽ 

ʚʘʣʠ, ʰʝʩʪʝʨʥʽ, ʰʧʠʥʜʝʣʽ, ʙʘʥʜʘʞʽ, ʮʠʣʽʥʜʨʠ, ʢʫʣʘʯʢʠ ʽ ʽʥʰʽ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʪʘ 

ʜʝʪʘʣʽ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʧʦʢʨʘʱʝʥʥʁ  ʽ ʧʦʚʝʨʭʥʝʚʽʡ ʪʝʨʤʦʦʙʨʦʙʮ,̔ ʚʽʜ ʷʢʠʭ 

ʧʦʪʨʽʙʥʘ ʧʽʜʚʠʱʝʥʘ ʤʽʮʥʽʩʪʴ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ ʽʟ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʣʴ 45 ʪʘ 20ʍ ʫ ʩʪʘʥʽ ʧʦʩʪʘʚʢʠ, ʱʦ ʥʝ 
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ʧ̔ ʜʜʘʚʘʣʘʩʴ ʧʦʧʝʨʝʜʥʽʡ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɼʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ 

ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟʘʛʦʪʦʚʢʠ, ʚʠʪʦʯʝʥʽ ʧʦ 

ʨʦʟʤʽʨʘʭ ʦʨʠʛʽʥʘʣʴʥʠʭ ʜʝʪʘʣʝʡ (ʚʘʣʽʚ ʪʘ ʨʦʣʠʢʽʚ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʥɹʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ). ɼʦʩʣʜ̔ʞʝʥʥʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ï ʘʟʦʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʨʰʫ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʟʽ ʩʪʘʣʽ 45, ʱʦ ʤʘʣʠ ʨʦʟʤʽʨʠ 10ʭ20ʭ3 ʤʤ, 

ʘ ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ï ʥʘ ʟʘʛʦʪʦʚʢʘʭ, ʱʦ 

ʧʨʦʡʰʣʠ ʧʝʨʰʽ ʜʚʘ ʝʪʘʧʠ ʬʦʨʤʫʚʘʥʥ ̫ʤʽʢʨʦʨʝʣʴʻʬʫ. 

 

2.3. ɺʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥ̫  ʪʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ 

ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ ʰʦʨʩʪʢʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʥʘʚ̫ʥ̔ʩʪʴ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʘ̔ʣʫ ʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʩʪʘʥʽʚ ʧʽʩʣʷ 

ʧʝʚʥʠʭ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. 

 

 2.3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

 ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʜʝʪʘʣʝʡ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʫ ʡʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʇʇɼ ʪʘ ʽʦʥʥʦ-

ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ [66; 67] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʪʦʤʽʢʨʦʩʢʦʧʘ 

ʚʽʜʜʟʝʨʢʘʣʝʥʦʛʦ ʩʚʽʪʣʘ Neophot-32 ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʨʘʚʣʝʥʽ 

ʪʘ ʥʝʪʨʘʚʣʝʥʽ ʤʽʢʨʦʰʣʽʬʠ ʟ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷʭ ʜʦ Ĭ1000 ʪʘ 

ʬʦʪʦʛʨʘʬʫʚʘʪʠ ʾʭ.  

 ʄʽʢʨʦʰʣʽʬʠ ʚʠʛʦʪʦʚʣʷʣʠ ʤʝʪʦʜʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʟ ʛʨʫʙʠʤ 

ʪʘ ʜʨʽʙʥʠʤ ʘʙʨʘʟʠʚʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʣʽʬʫʚʘʣʴʥʽ ʧʦʨʦʰʢʠ (ʄ20, ʄ14), 

ʧʦʪʽʤ ʣhʬ̔ʠ ʧʽʜʜʘʚʘʣʠ ʭʽʤʽʯʥʽʡ ʦʙʨʦʙʮʽ.  ɼʣʷ ʪʨʘʚʣʝʥʥʷ ʧʦʣʽʨʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 5 %-ʡ ʨʦʟʯʠʥ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʚ 96 %-ʤʫ ʝʪʘʥʦʣʽ.  
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ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʷʢ ʜʦ ʟʨʘʟʢʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʫ 

ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʜʦ ʟʨʘʟʢʽʚ, ʷʢ̔ ʧʨʦʡʰʣʠ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʝʚʠʤ 

ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʪʘ ʢʦʤʧʣʝʢʩʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟʤʽʮʥʝʥʥʷ. 

 

2.3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ 

 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ (ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ) ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʨʦʚʦʜʠʣʠ ʤʝʭʘʥʽʯʥʠʤ ʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦ ʁ

ʱʫʧʦʚʦʛʦ ʧʨʠʣʘʜʫ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʤʦʜʫʣʴ (ʨʠʩ. 2.7) ʟ ʤʦʜʝʨʥʽʟʦʚʘʥʠʤ 

ʤʦʪʦʧʨʠʚʦʜʦʤ, ʟʽʙʨʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʨʦʬʽʣʦʤʝʪʨʫ ʤʦʜʝʣʽ 296, ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ɽʆʄ IBM PC ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ 60485. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʬʽʣʦʤʝʪʨʘ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8. 

 

ʈʠʩ. 2.7. ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʫʣ̫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ 

 

ɺʠʤʽʨʁʚʘʣʴʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʚ ʜʽʘʧʘʟʦʥʽ Ra = 0,02ï10 ʤʢʤ ʟ ʜʦʚʞʠʥʦʶ 

ʪʨʘʩʠ ʚʠʤʽʨʶʚʘʥʥʷ 1,5ï6 ʤʤ. ɼʽʷ ʤʦʜʫʣʷ ʧʨʦʬ̔ʣʦʤʝʪʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʽ ʧʦʝʪʘʧʥʦʛʦ ʦɦ ʫʧʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʘʣʤʘʟʥʦʶ 

ʛʦʣʢʦʶ ʱʫʧʘ ʟ ʤʘʣʠʤ ʨʘʜʽʫʩʦʤ ʟʘʦʢʨʫʛʣʝʥʥʷ  ̔ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʱʫʧʘ ʚ ʟʤʽʥʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʮʠʭ 

ʢʦʣʠʚʘʥ.ɹ 
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ʃʽʥʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʛʦʣʢʠ, ʱʦ ʚʜ̔ʧʦʚʽʜʘʶʪʴ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, 

ʧʝʨʝʪʚʦʨʁʶʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ  ʚ ʜʘʪʯʠʢʫ 1. ʇʝʨʝʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ 1 

ʧʦʚʝʨʭʥʝʶ 4, ʦɦ ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʰʦʨʩʪʢʽʩʪʴ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

2, ʷʢʠʡ ʢʨʽʧʠʪʴʩʷ ʥʘ ʩʪʽʡʮʽ 3. ɹʣʦʢ ʩʧʨʷʞʝʥʥʷ 5 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʽʣʴʪʨʘ ʪʠʧʫ 

RC 6 (ʜʣʷ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ)  ʽ ʧʜ̔ʩʠʣʶʚʘʯʘ ʩʠʛʥʘʣʽʚ 7. ʌʽʣʴʪʨ ʧʨʠʟʥʘʯʝʥʦ ʜʣ̫ 

ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʜʽʘʧʘʟʦʥʽ 0... 250 ɻʮ. ɽʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʟ ʙʣʦʢʘ 

ʩʧʨʷʞʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʚ ʙʣʦʢ 8 (ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ɸʎʇ), ʘ 

ʟʚʽʜʪʠ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʄʦʜʫʣʴ ʜʣʷ 

ʚʠʤʽʨʁʚʘʥʥʷ ʧʨʦʬʽʣʚ̔ ʜʘʻ ʟʤʦʛʫ ʟʘʧʠʩʫʚʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʩʠʛʥʘʣ ʽ 

ʧʦʨʽʚʥʶʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʦʬʽʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʽʩʥʫʶʯʦʶ 

ʤʦʜʝʣʣʶ ʘʙʦ ʟ ʽʥʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʫʶʪʴ ʟ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮ̔ʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ʄʦʜʫʣʴ ʜʘʻ ʟʤʦʛʫ 

ʚʠʤʽʨʶʚʘʪʠ ʧʨʦʬʽʣʽ ʜʦʚʞʠʥʦʶ ʜʦ 40 ʤʤ ʽ ʚʠʩʦʪʦʶ ʜʦ 1 ʤʤ ʟ ʪʦʯʥʽʩʪʶ 0,001 

ʤʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʤʘʟʥʦʾ ʛʦʣʢʠ ʟ ʨʘʜʽʫʩʦʤ ʦʢʨʫʛʣʝʥʥʷ 0,01 ʤʤ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ [68, 69]. ɺ ʝʣʝʢʪʨʦʥʥʽʡ 

ʩʭʝʤʽ ʙʣʦʢʘ ʩʧʨʷʞʝʥʥ̫  ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʧʦ 

ʚʠʩʦʪʽ ʚʽʜ 10 ʤʢʤ ʜʦ 1 ʤʤ [70]. 

 

 

ʈʠʩ. 2.8. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʦʬʽʣʦʤʝʪʨʘ ʤʦʜʝʣʽ 296 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ ʧʨʠʣʘʜʫ ʟ 

ʤʦʜʝʨʥʽʟʦʚʘʥʠʤ ʤʦʪʦʧʨʠʚʦʜʦʤ, ʜʣ ̫ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʷʢʦʛʦ ʚ ʤʦʪʦʧʨʠʚʦʜʽ ʙʫʣʦ ʟʤʦʥʪʦʚʘʥʦ ʜʘʪʯʠʢ ʣʽʥʽʡʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ, ʘ ʥʘ ʢʦʨʧʫʩʽ ʤʦʪʦʧʨʠʚʦʜʘ ï ʚʠʥʦʩʥʫ ʦʧʦʨʫ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ [70]. 

ʅʘ ʨʠʩ. 2.9 ʧʦʜʘʥʦ ʩʭʝʤʘʪʠʯʥʫ ʤʝʪʦʜʠʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥ ̫ ʧʘʨʘʤʝʪʨʽʚ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʘ 

ʧʨʠʢʣʘʜʽ ʧʨʦʪʷʞʢʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʬʘʩʦʥʥʦʛʦ ʧʨʦʬʽʣʶ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. 

ʇʝʨʝʜʫʩʽʤ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʘʣʤʘʟʥʦʾ ʛʦʣʢʠ (ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʩh ʪʘʙʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦ ʦʩʷʭ). 

ɺʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘʨʫʶʪʴʩʷ ʥʘ ʚʩʴʦʤʫ ʚʠʤʽʨʶʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦ 

ʥʘʙʦʨʫ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʢʽʥʮʝʚʠʭ ʤʽʨ ʜʦʚʞʠʥʠ. ʊʘʨʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʨʝʥʦʾ ʣʽʥʽʡʢʠ ʥʘ ʚʩʽʡ ʚʠʤʽʨʶʚʘʥ̔ ʡ 

ʜʦʚʞʠʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ, ʘ ʜʣʷ ʙʽʣɹʰ ʪʦʯʥʦʛʦ ʪʘʨʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʪʘʣʦʥʥʘ ʤʽʨʘ ʰʦʨʩʪʢʦʩʪʽ ʟ ʨʝʛʫʣʷʨʥʠʤ ʤʽʢʨʦʧʨʦʬʽʣʝʤ [70]. 

 

 

ʈʠʩ. 2.9. ʉʭʝʤʘʪʠʯʥʘ ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ [70] 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʰʪʘʙʥʠʭ ʢʦʝʬʽʮʽ̒ʥʪʽʚ. ʆʙʨʦʙʣʷʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ, ʟʦʢʨʝʤʘ, AutoCad, MathCad, MatLab, Ms 

Excel, ʂʦʤʧʘʩ ʪʘ ʽʥʰʽ. ʆʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʣʫʛʫʻ ʤʦʜʝʣʴ ʚʠʤʽʨʶʚʘʥʦʾ 

ʜʝʪʘʣʽ. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʠʡ ʧʨʦʬʽʣ ɹ ʨʦʟʙʠʚʘʶʪʴ ʥʘ 

ʝʣʝʤʝʥʪʘʨʥ̔  ʧʨʷʤʦʣʽʥʽʡʥʽ ʪʘ ʢʨʠʚʦʣʽʥ̔ʡʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʠ 

ʧʨʠʚôʷʟʢʠ ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʭʠʙʢʠ ʚʽʜʥʦʩʥʦ ʤʦʜʝʣʽ [70]. 

 

2.3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ 

ʇʽʜ ʪʚʝʨʜʽʩʪʶ ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʯʠʥʠʪʠ ʦʧʽʨ ʧʨʫʞʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ, ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʨʫʡʥʫʚʘʥʥʶ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

[71]. ɺʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʜʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥ ɹʤʝʪʘʣʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ɺʽʢʢʝʨʩʘ (HV), ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʫ ʚʜʘʚʣʶʚʘʥʥʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʝʪʘʣʝʚʠʡ ʟʨʘʟʦʢ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ ʟ 

ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ ʤʽʞ ʧʨʦʪʠʣʝʞʥʠʤʠ ʛʨʘʥʷʤʠ 136Á. ɿʫʩʠʣʣʷ ʚʜʘʚʣʝʥʥʷ 

ʚʠʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʪʘ ʪʚʝʨʜʦʩʪʽ ʟʨʘʟʢʘ ̔ ʩʢʣʘʜʘʻ ʚʽʜ 1 ʜʦ 100 

ʢʛʩ. ɿʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʦʪʨʠʤʫʪ̒ʴʩʷ ʜʽʣʝʥʥʷʤ ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʽʥʜʝʥʪʦʨʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʦʱʫ ʧʽʨʘʤʽʜʘʣʴʥʦʛʦ ʚʽʜʙʠʪʢʘ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦ 

ʜʽʘʛʦʥʘʣʽ ʚʽʜʙʠʪʢʘ. ʄʝʪʦʜ ʜʦʩʠʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ 

ʪʚʝʨʜʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʙʫʜ-ɹʷʢʦʛʦ ʤʝʪʘʣʫ ʪʘ ʩʧʣʘʚʫ [72]. 

ʇ̔ʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʩʪʘʥʜʘʨʪʥʽ ʟʨʘʟʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʪʚʝʨʜʽʩʪʴ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ISO 6507-1:2007 çʄʘʪʝʨʽʘʣʠ 

ʤʝʪʘʣʝʚʽ. ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ɺʽʢʢʝʨʩʦʤ. ʏʘʩʪʠʥʘ 1. ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥ̫è. 

ɿʨʘʟʢʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʪʘʣʽ 45, ʧʜ̔ʜʘʚʘʣʠ ʰʣʽʬʫʚʘʥʥʶ. ɺʽʜʰʣʽʬʦʚʘʥʽ 

ʟʨʘʟʢʠ ʬʽʢʩʫʚʘʣʠ ʚ ʦʧʨʘʚʮʽ. ʇʦʪʽʤ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʤʽʢʨʦʰʣʽʬ ʧʽʜʜʘʚʘʣʠ 

ʪʨʘʚʣʝʥʥʶ 10% ʨʦʟʯʠʥʦʤ HNO3 (ʘʟʦʪʥʘ ʢʠʩʣʦʪʘ). ɺʠʭʽʜʥʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʟʨʘʟʢʽʚ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʽ 

ʇʄʊ-3ʄ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 20 ʽ 50 ʛ ʧʨʦʪʷʛʦʤ 15 ʩ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʢʫʣʷʨ-ʤʽʢʨʦʤʝʪʨʘ ɸʄ9-3 ʥʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʽ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ Ñ0,5 ʧʦʜʽʣʢʠ 
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ʰʢʘʣʠ ʙʘʨʘʙʘʥʘ ʘʙʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʫ ʟʙʽʣʴʰʝʥʥʷ, ʚʦʥʘ ʜʦʨʽʚʥʶʻ 

0,15 ʤʢʤ. ʅʘʡʙʽʣʴʰʘ ʦʩʥʦʚʥʘ ʧʦʭʠʙʢʘ ʦʢʫʣʷʨ-ʤʽʢʨʦʤʝʪʨʘ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʧʝʨʝʚʠʱʫʻ Ñ2 ʤʢʤ ʟʛʽʜʥʦ ʟ ʧʘʩʧʦʨʪʦʤ ʧʨʠʣʘʜʫ.  

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʝʪʦʜʦʤ ʚʽʜʥʦʚʣʝʥʦʛʦ ʚʽʜʙʠʪʢʘ [73] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʥʪʦʨʘ ï ʯʦʪʠʨʠʛʨʘʥʥʦʾ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ ʟ ʢʚʘʜʨʘʪʥʦʶ 

ʦʩʥʦʚʦ  ʁʟ ʢʫʪʦʤ ʧʨʠ ʚʝʨʰʠʥʽ 136Á ï ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʚʝʨʜʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪɹ  

ʬʦʨʤʫʣʫ [74]:  

2 2

2 sin
2 1,854ʢʚ

P
P P

H H
S d d

m

a

= = = = ,    (2.1) 

ʜʝ ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʜʝʥʪʦʨ; 

d ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʜʦʚʞʠʥʠ ʦʙʦʭ ʜʽʘʛʦʥʘʣʝʡ ʚʽʜʙʠʪʢʘ ʧʽʩʣʷ 

ʟʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʤ. 

ɺʝʣʠʯʠʥʘ ʜʽʘʛʦʥʘʣ̔ ʚʽʜʙʠʪʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

,      (2.2) 

ʜʝ ʄ ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʣʦʢ ʥʘ ʰʢʘʣʽ ʙʘʨʘʙʘʥʘ ʤʽʢʨʦʤʝʪʨʘ; 

ʩ ï ʮʽʥʘ ʤʘʣʝʥʴʢʦʾ ʧʦʜʽʣʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʦʢʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʤʝʪʨʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ 0,3 ʤʢʤ ʫ ʧʨʠʣʘʜʽ ʇʄʊ-3ʄ. 

ʑʦʙ ʥʝ ʦʙʯʠʩʣʶʚʘʪʠ ʪʚʝʨʜ̔ ʩʪʴ ʟʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʬʦʨʤʫʣʦʶ (2.1), 

ɼʉʊʋ ISO 6507-4:2008 çʄʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ. ɺʠʟʥʘʯʝʥʥ̫ ʪʚʝʨʜʦʩʪʽ ʟʘ 

ɺʽʢʢʝʨʩʦʤ. ʏʘʩʪʠʥʘ 4. ʊʘʙʣʠʮʽ ʟʥʘʯʝʥʴ ʪʚʝʨʜʦʩʪʽè ʧʝʨʝʜʙʘʯʝʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʪʘʙʣʠʮʽ (ʪʘʙʣ. 2.6ï2.7), ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 20 ʛ ʪʘ 50 ʛ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʧʨʦʙʦʚʫʚʘʥʥ̫ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʜʝʢʽʣʴʢʦʭ ʽʜʝʥʪʠʯʥʦ ʦʙʨʦʙʣʝʥʠʭ 

ʟʨʘʟʢʘʭ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥ ̒ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʪʦʯʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 

ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʢʨʘʶ ʟʨʘʟʢʘ (25, 50, 75, 100, 150, ... 225 ʤʢʤ). ɿʥʘʯʝʥʥʷ 

ʤ̔ ʢʨʦʪʚʝʨʜʦʩʪʽ ʦʙʯʠʩʣʚʁʘʣʠ ʟʘ ʩʝʨʝʜʥʽʤ ʘʨʠʬʤʝʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʫ ʜʽʘʛʦʥʘʣʽ ʚʽʜʙʠʪʢʽʚ [74]. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣ ʪʚʝʨʜʦʩʪʽ  ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʜʽʘʛʦʥʘʣʽ ʚʽʜʙʠʪʢʘ ʪʘ ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʪʘʙʣ. 2.4ï2.5). 
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ʊʘʙʣʠʮʷ 2.4 

ʏʠʩʣʘ ʪʚʝʨʜʦʩʪʽ ʢʛʩ/ʤʤ2 ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪɹ 

ʚʜʘʚʣʝʥʥʷʤ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ 20 ʛ 

ɼʽʘʛʦʥʘʣʴ 

ʚʽʜʙʠʪʢʘ ɛ 

0 1 2 3 4 5 6 7 8 9 

0 ð ð ð ð 231 148 103 757 580 458 

10 371 307 258 219 189 165 145 128 114 103 

20 92 84 76 70 64,4 59,4 54,9 50 47 44 

30 41 38 36 34 32,1 30,3 28,6 27 25 24 

40 23 22 21 20 19,2 18,3 17,5 16 16 15 

50 14 14 13 13 12,7 12,3 11,8 11 11 10 

60 10 10 ð ð ð ð ð ð ð ð 

 

ʊʘʙʣʠʮʷ 2.5 

ʏʠʩʣʘ ʪʚʝʨʜʦʩʪʽ ʢʛʩ/ʤʤ2 ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪ ɹ

ʚʜʘʚʣʝʥʥʷʤ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ. ʅʘʚʘʥʪʘʞʝʥʥ ̫50 ʛ 

ɼʽʘʛʦʥʘʣʴ 

ʚʽʜʙʠʪʢʘ ɛ 

0 1 2 3 4 5 6 7 8 9 

0 ð ð ð ð ð 371 257 189 144 134 

10 927 766 644 549 473 412 362 321 286 257 

20 232 210 192 175 161 148 137 127 118 110 

30 103 96 90 85 80 75,7 71,6 67,7 64,2 61 

40 58 55 52 50 50,7 45,8 43,8 42 40,3 38,6 

50 37 35 34 33 31 30,6 29,6 28,5 27,6 26,6 

60 25 24 24 23 22 22 21,3 20,6 20,1 19,5 

70 18 18 17 17 16 16,5 16,1 15,6 15,2 14,9 

80 14 14 13 13 13 12,8 12,5 12,2 12 11,7 

90 11 11 11 10 10 10,3 10,1 ð ð ð 
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ɿʦʚʥʽhʥʡ̔ ʚʠʛʣʷʜ ʤ̔ ʢʨʦʪʚʝʨʜʦʤʽʨʘ ʇʄʊ-3ʄ (ʨʠʩ. 2.10 (ʘ, ʙ) ʪʘ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ [75]. 

 

 

           (ʘ)         (ʙ) 

ʈʠʩ. 2.10. ʄʽʢʨʦʪʚʝʨʜʦʤʽʨ ʇʄʊ-3ʄ: ʘ) ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ; ʙ) ʙʫʜʦʚʘ 

 

ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ ʇʄʊ-3ʄ ʩʣʜ̔ 

ʚ̔ ʜʥʝʩʪʠ ʡʦʛʦ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʪʘ ʤʘʩʫ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʥʝ ʙʽʣʴʰʝ 270ʭ290ʭ470 

ʤʤ ʪʘ 22 ʢʛ ʚʽʜʧʦʚʽʜʥʦ, ʜʽʘʧʘʟʦʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʚʽʜ 0,0196 ʅ ʜʦ 4,9 ʅ (ʚʽʜ 0,002 

ʢʛʩ ʜʦ 0,500 ʢʛʩ); ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʩʢʦʧʘ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʘ, 

ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʭ130, ʭ500 ʘʙʦ ʭ800; ʮʽʥʫ ʧʦʜʽʣʢʠ ʰʢʘʣ ʙʘʨʘʙʘʥʽʚ 

ʤʽʢʨʦʤʝʪʨʠʯʥʠʭ ʛʚʠʥʪʽʚ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,01 ʤʤ; 

ʤʝʞʽ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʦʣʠʢʘ ʫ ʜʚʦʭ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ (ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʝʥʥʷ 0 ʽ 10 ʤʤ). 

 

2.3.4. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ɺʠʭʽʜ ʟ ʣʘʜʫ ʚʘʣ̔ ʚ ʽ ʧʨʠʪʠʩʢʥʠʭ ʨʦʣʠʢʽʚ ʚʫʟʣʘ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʨʠʩ. 2.11) ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ ʟʫʤʦʚʣʝʥʠʡ ʨʫʡʥʫʚʘʥʥʷʤ ʾʭ 
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ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʮʴʦʛʦ ʚʫʟʣʘ,  ʡʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʽ ʨʫʭʦʤʽ ʜʝʪʘʣʽ (1) ʪʘ (2), ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʧʘʣʽʪʫʨʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʧʝʨʝʤʽʱʫʶʪʴ ʦʙʝʨʪʘʣʴʥʠʤʠ ʨʫʭʘʤʠ ʥʘ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʟʘʛʦʪʦʚʢʠ 

ʦʙʢʣʘʜʠʥʦʢ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʨʠʧʨʝʩʫʚʘʥʥʤ̫ ʾʭ ʢʨʘʡʢʽʚ (ʩʬʘʣʴʮʴʦʚʘʥʠʭ ʪʘ ʟ 

ʥʘʥʝʩʝʥʠʤ ʢʣʝʻʚʠʤ ʰʘʨʦʤ) [66]. ʇʝʨʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʥʦʰʝʥʥʷ ʨʫʭʦʤʠʭ 

ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʻ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʜʘʯʽ, ʧʝʨʝʢʦʩʠ ʪʘ ʽʥʰʽ ʥʘʩʣʽʜʢʠ ʚʽʜ ʢ̫ʠʭ 

ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʢʦʥʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʦʪʦʚʠʭ ʦʙʢʣʘʜʠʥʦʢ.  

 

 

ʈʠʩ. 2.11. ʎʠʣʽʥʜʨʠʯʥʽ ʧʘʨʠ ʪʝʨʪʷ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ: 

1 ï ʧʨʠʚʽʜʥʠʡ ʦʧʦʨʥʠʡ ʚʘʣ, 2 ï ʧʨʠʪʠʩʢʥʽ ʨʦʣʠʢʠ 

 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʘʨʘ ʪʝʨʪʷ ʨʦʣʠʢ ï ʨʦʣʠʢ, ʪʦʙʪʦ ʚ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʥʠʞʥʽʡ (ʦʧʦʨʥʠʡ) ʚʘʣ 
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ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ (1) ʙʫʚ ʟʘʤʽʥʝʥʠʡ ʥʘ ʤʝʥʰʠʡ ʟ ʤʦʞʣʠʚʽʩʪʶ ʬʽʢʩʘʮʽʾ ʥʘ 

ʥʴʦʤʫ ʧʨʠʪʠʩʢʥʠʭ ʨʦʣʠʢʽʚ (2) (ʽʜʝʥʪʠʯʥʠʡ ʚʝʨʭʥʴʦʤʫ). 

ɺʠʧʨʦʙʦʚʫʚʘʥʥ ̫ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʠʣʦʩ ̫ʩʧʝʨʰʫ ʥʘ 

ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 45 ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ (ʦʙʨʦʙʢʘ ʯʠʩʪʦʚʠʤ ʪʦʯʽʥʥʷʤ), ʷʢʽ 

ʷʚʣʷʣʠ ʩʦʙʦʶ ʪʦʯʥʽ ʢʦʧʽʾ ʨʦʣʠʢʽʚ (2) (ʨʠʩ. 2.11) ʽ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʚʘʣʘʭ, 

ʜʘʣʽ ï ʥʘ ʘʥʘʣʦʛʽʯʥʠʭ ʟʨʘʟʢʘʭ ʟ ʥʘʥʝʩʝʥʠʤ ʇʈʄʈ ʪʘ ʧʦʟʜʦʚʞʥ̔ʤ ʏʈʄʈ, 

ʥʘʩʪʫʧʥʽ ï ʥʘ ʟʨʘʟʢʘʭ, ʷʢʽ ʧʨʦʡʰʣʠ ʚʩʽ ʪʨʠ ʝʪʘʧʠ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ (ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʇʈʄʈ ʚʽʙʨʘʮʽʡʥʠʤ ʥʘʢʘʪʫʚʘʥʥʷʤ, 

ʬʦʨʤʫʚʘʥʥʷ ʏʈʄʈ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʠʥ ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ 

ʪʘ ʦʙʨʦʙʢʘ ʽʦʥʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ).  

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥ̫  ʜʦʩʣʽʜʽʚ ʙʫʣʠ ʘʥʘʣʦʛʽʯʥʽ ʨʝʘʣʴʥʠʤ. ʐʚʠʜʢʽʩʪʴ 

ʢʦʚʟʘʥʥʷ V ï 0,6 ʤ/ʩ; ʩʭʝʤʘ ʪʝʨʪʷ: ʨʦʣʠʢ (ʢʦʥʪʨʪʽʣʦ), HRC 44é46 ï ʨʦʣʠʢ 

(ʟʨʘʟʦʢ), HRC 44é46; ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ; ʰʣʷʭ ʪʝʨʪʷ ï 45360 ʤ (ʯʘʩ = 21 

ʛʦʜ), ʚʝʣʠʯʠʥʘ ʟʫʩʠʣʣ ̫ʥʘʚʘʥʪʘʞʝʥʥ̫ ï 5 ʢʛʩ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦh ʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʘʛʦʚʠʡ ʤʝʪʦʜ, ʷʢʠʡ 

ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʰʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʜʝʪʘʣʝʡ. ɰʭ 

ʟʚʘʞʫʶʪʴ ʜʦ ʽ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʧʦ 

ʚʪʨʘʪʽ ʤʘʩʠ. ʇʝʨʝʜ ʟʚʘʞʫʚʘʥʥ̫ ʤ ʪʘ ʧʽʩʣʷ ʟʚʘʞʫʚʘʥʥʷ ʜʝʪʘʣʽ ʙʫʣʠ ʨʝʪʝʣʴʥʦ 

ʧʨʦʤʠʪʽ ʪʘ ʚʠʩʫʰʝʥʽ. ʊʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʘʛ ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ (0,05...5)Ŀ10-6 ʛ. ɺ ʷʢʦʩʪʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʘʛʠ: ʧʨʠʣʘʜʦʚʽ ʇʈ-500, ʘʥʘʣʽʪʠʯʥʽ ɺɸ-200, ɸɼɺ-

200ʄ, ʪʝʭʥʽʯʥʽ, ʥʘʩʪʽʣʴʥʽ, ʟʘʢʨʠʪʽ ɺʅɿ-3 ʪʘ ʥ̔. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʘʛ 

Radwag PS 600.R2 (ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 0,001 ʛ). 

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʝʥʥʷ ʧʦ ʚʪʨʘʪʽ ʚʘʛʠ ʟʜ̔ʡʩʥʶʻʪʴʩʷ 

ʰʣ̫ ʭʦʤ ʦʙʯʠʩʣʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. ʃʽʥʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʥʦʰʫʚʘʥʥʷ ʷʚʣʷʻ 

ʩʦʙʦʶ ʚʠʩʦʪʫ ʟʥʦʰʝʥʦʛʦ ʰʘʨʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʰʣʷʭʫ ʪʝʨʪʷ, 

ɺʘʛʦʚʝ ʟʥʦʰʝʥʥʷ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʚ ʣʽʥʽʡʥʝ ʟʘ ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ [76]: 
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ʜʝ Q  ï ʚʘʛʦʚʝ ʟʥʦʰʝʥʥʷ, ʤʛ; 

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ, ʩʤ2;  

v  ï ʧʠʪʦʤʘ ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ, ʛ/ʩʤ3;  

L  ï ʣhʷʭ ʪʝʨʪʷ, ʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʝʩʷʪʠ ʢʦʤʧʣʝʢʪʘʭ ʟʨʘʟʢʽʚ, ʚʘʛʦʶ ʧʦ 570 

ʛ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʽʜʭʠʣʝʥʥʽ ʚʘʛʠ ʢʦʞʥʦʛʦ ʽʟ ʟʨʘʟʢʽʚ Ñ10ʛ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʚʘʛʠ ʟʨʘʟʢʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʢʦʞʥʽ 45 ʭʚ (ʘʙʦ ʧʽʩʣʷ ʢʦʞʥʠʭ 

1620 ʤ ʰʣʷʭʫ ʪʝʨʪ)̫ ʥʘ ʧʨʦʪʷʟʽ 1260 ʭʚ (ʘʙʦ 45,36 ʢʤ). 

 

 2.3.5. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CAD / CAE ANSYS  

 ʄʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭʝʪʘʧʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʥ̔ʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

CAD / CAE ANSYS, ʦɦ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ [77; 78]. 

ɺʠʨʽʰʫʚʘʣʘʩʷ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ ʽʥʜʝʥʪʦʨʦʤ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʦʛʦ ʪʽʣʘ [79]. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ 

ʪʘʢ̔ ʝʪʘʧʠ:   

 1. ɺʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʨʦʮʝʩʫ.  

 2. ɺʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ.  

 3. ɻʝʦʤʝʪʨʠʯʥʘ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ.  

 4. ɿʘʜʘʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʽʚ 

ʤʦʜʝʣʽ. 

 5. ɺʠʙʽʨ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʨʦʟʙʠʚʢʘ ʤʦʜʝʣʽ.  

 6. ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ.  

 7. ɺʠʙʽʨ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʘʜʘʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ 

ʜʝʪʘʣʣʶ.  

 8. ɺʠʙʽʨ ʚʠʨʽʰʫʚʘʯʘ ʪʘ ʚʠʨʽʰʝʥʥʷ ʪʝʩʪʦʚʦʛʦ ʟʘʚʜʘʥʥʷ.  

 9. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨ̔ʝhʥʥʷ.  

ʇʦʙʫʜʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜ. 4. 
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2.3.6. ɼʦʩʣʽʜʞʝʥʥʷ ʪʠʨʘʞʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ  

 ɼʦʩʣʽʜʞʝʥʥʷ ʪʠʨʘʞʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʦʪʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ,  

ʪʦʙʪʦ ʚʽʜʭʠʣʝʥʥʷ ʾʭ ʢʦʥʪʫʨʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚ̔ʜ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʤʽʨʽʚ 

(ʚʽʜʩʦʪʦʢ ʚʽʜʙʨʘʢʫʚʘʥʥʷ ʫ ʤʝʞʘʭ ʥʘʢʣʘʜʫ), ʟʜʡ̔ʩʥʶʚʘʣʦʩʴ ʚʽʟʫʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ 

ʪʘ ʤʝʪʦʜʦʤ ʚʠʙʽʨʢʦʚʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʽʯʝʥʦʛʦ ʟ ʧʣʘʩʪʠʢʫ 

ʰʘʙʣʦʥʘ. ʐʘʙʣʦʥ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʽʢʘʻʪʴʩʷ ʥʘ ʪʦʤʫ ʞ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʽ 

ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʦʙʢʣʘʜʠʥʦʢ, ʡʦʛʦ ʨʦʙʦʯʦʶ ʯʘʩʪʠʥʦʶ ʻ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ. 

ʇʘʨʘʣʝʣʴʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥ̫  ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ ʛʦʪʦʚʦʾ ʦʙʢʣʘʜʠʥʢʠ ʚʽʜ 

ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʙʫʜʦʚʠ (ʥʘ 100 ʤʤ) ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,2ï0,5 ʤʤ, ʽʥʘʢʰʝ 

ʚʦʥʘ ʚʽʜʙʨʘʢʦʚʫʻʪʴʩʷ ʪʘ ʧʽʜʣʷʛʘʻ ʚʠʣʫʯʝʥʥʶ ʟ ʥʘʢʣʘʜʫ. ɺʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣɹ  

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʚʩʽʻʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʚʠʙʽʨʢʦʚʝ ʚʠʤʽʨʶʚʘʥʥʷ ʰʘʙʣʦʥʦʤ ï ʜʦ 10 % 

ʧʨʦʜʫʢʮʽʾ ʟ ʥʘʢʣʘʜʫ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

  

1. ʆʙʨʘʥʦ ʤʘʪʝʨʽʘʣʠ ʡ ʫʤʦʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʚʫʟʣʘ 

ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʙʘʢʫʚʘʥʴ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʧʨʠ ʨ̔ ʟʥʠʭ ʥʘʢʣʘʜʘʭ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʆɿʆ ʜʣʷ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʪʘ ʟ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʷʢʽʩʥʝ ʧʨʦʛʥʦʟʦʚʘʥʝ ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʢʦʞʥʦʤʫ ʝʪʘʧʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ: ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʜʘʥʦ ʦʧʠʩ ʽ ʪʝʭʥ̔ʯʥ̔ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʦʨ̫ʜʦʢ ʪʘ ʫʤʦʚʠ ʾʭ ʨʦʙʦʪʠ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
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5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʦʜʠʢʫ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨ̔ʚ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ, ʷʢ: ʛʝʦʤʝʪʨʠʯʥʽ 

(ʰʦʨʩʪʢʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʨʝʣʴʻʬʫ), ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ (ʪʚʝʨʜʽʩʪʴ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ) ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ (ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ). 
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ʈʆɿɼɯʃ 3 

ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʄʇʃɽʂʉʅʆɻʆ 

ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ 

 

3.1. ʈʦʟʨʦʙʢʘ ʫʟʘʛʘʣʴʥʝʥʦ ʾ ʣʦʛʽʯʥʦ ʾ ʩʭʝʤʠ ʚ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʫʨʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ 

 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ  ʦʙʢʣʘʜʠʥʢʠ ʻ 

ʢʦʥʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʢʦʥʪʫʨʽʚ 

ʚʽʜ ʧʨʷʤʦʢʫʪʥʦʾ ʧʦʙʫʜʦʚʠ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʟʘʛʦʪʦʚʢʠ ʦʙʢʣʘʜʠʥʢʠ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ. ɿʘʟʥʘʯʝʥʠʡ ʧʦʢʘʟʥʠʢ 

ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʘʧʽʨ, ʢʘʨʪʦʥ-ʭʨʦʤʝʨʟʘʮ, ʢʣʝʡ, 

ʪʝʨʤʦʢʣʝʡ), ʪʘʢ ʽ ʚʽʜ ʪʠʨʘʞʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟ ʦʙʢʣʘʜʠʥʢʦʶ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʽ ʢʝʨʫʚʘʥʥʷ ʥʝ ʪ̔ ʣʴʢʠ ʢʦʥʪʫʨʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʘ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʝʪʘʣʝʡ, ʨʦʟʨʦʙʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 3.1).  

 

 

 

 

 

 

 



74 

  
ʈ
ʠ
ʩ
.
 

3
.1

. 
ʋ
ʟ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ

ʝ
ʥ
ʘ
 
ʣ
ʦ

ʛ
ʯ̔
ʥ
ʘ
 
ʩ
ʭ
ʝ
ʤ
ʘ
 

ʚ
 
ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʠ
ʯ
ʥ
ʦ
ʤ
ʫ
 
ʚ
ʠ
ʛ
ʣ
ʷ
ʜ
ʽ
 

ʤ
ʦ
ʜʝ
ʣ
ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

 ʧ
ʨ
ʦ
ʮ
ʝ
ʩ
ʽ
ʚ
 
ʪ
ʝ
ʭ
ʥ
ʦ
ʣ
ʦ
ʛ
ʽ
ʯ
ʥ
ʦ
ʛ
ʦ
 
ʟ
ʘ
ʙ
ʝ
ʟ
ʧ
ʝ
ʯ
ʝ
ʥ
ʥ
ʷ
 

ʢ
ʦ
ʥ
ʪ
ʫ
ʨ
ʥ
ʦ
ʾ
 
ʩ
ʪ
ʘ
ʙ
ʽ
ʣ
ʴ
ʥ
ʦ
ʩ
ʪ
ʽ
 
ʦ
ʙ
ʢ
ʣ
ʘ
ʜ
ʠ
ʥ
ʦ
ʢ
 
ʪ
ʘ
 
ʝ
ʢ
ʩ
ʧ
ʣ
ʫ
ʘ
ʪ
ʘ
ʮ
ʽ
ʡ

ʥ
ʠʭ
 
ʚ
ʣ
ʘ
ʩ
ʪ
ʠ
ʚ
ʦ
ʩ
ʪ
ʝ
ʡ
 
ʮ
ʠ
ʣ
ʽ
ʥ
ʜ
ʨ
ʠ
ʯ
ʥ
ʠ
ʭ
 
ʜ
ʝ
ʪ
ʘ
ʣ

ʝ
ʡ
 ʢ
ʦ
ʦ
ʨ

ʜ
ʠ
ʥ
ʫ
ʚ
ʘ
ʣ
ʴ

ʥ
ʦ-

ʪʨ
ʘ
ʥ
ʩ
ʧ
ʦ

ʨ
ʪ
ʫ
ʚ
ʘ
ʣ
ʴ

ʥ
ʦ
ʛ
ʦ
 
ʙ
ʣ
ʦ
ʢ
ʫ
 
ʣ

ʽ
ʥ
ʽ
ʾ
 
ʜ
ʣ
ʷ
 
ʚ
ʠ
ʛ
ʦ
ʪ
ʦ
ʚ
ʣ
ʝ
ʥ
ʥ
ʷ
 
ʽ
ʥ
ʪ
ʝ
ʛ
ʨ
ʘ
ʣ
ʴ
ʥ
ʠ
ʭ
 
ʦ

ʙ
ʢ
ʣ
ʘ
ʜ
ʠ
ʥ
ʦ
ʢ
 
ʟ
 
ʰ
ʠ
ʨ
ʦ
ʢ

ʠ
ʤ
ʠ
 
ʢ
ʣ
ʘ
ʧ
ʘ
ʥ
ʘ
ʤ
ʠ

 
 



75 

 

ʅʘ ʩʭʝʤʽ ʥʘʚʝʜʝʥʦ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʆɿʆ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʩʪʦʪʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʩʦʪʢʘ ʾʭ ʚʽʜʙʨʘʢʫʚʘʥʥ̫ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʆɿʆ. ʑʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

3.2. ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ɺʜ̔ʦʤʦ ʜʝʢʽʣɹʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʽʜʚʠɦʝʥʥ̫ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʘʣʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɿʦʢʨʝʤʘ, ʦʜʠʥ ʟ ʥʠʭ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʦʟʥʘʢ ʻ ʩʧʦʩʦʙʦʤ ʫʪʚʦʨʝʥʥʷ ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʜʝʪʘʣʽ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʾʾ ʦʙʝʨʪʘʥʥʷ ʟʽ ʩʪʘʣʦʶ 

ʰʚʠʜʢʽʩʪʶ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʨʝʣʴʻʬʫ [8]. ʎʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʆɿʆ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʠʢʦʥʫʶʪʴ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʠʡ 

ʤʽʢʨʦʨʝʣʴʻʬ ʟ ʨʝʛʫʣʷʨʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʈʘʜʽʫʩ 

ʩʬʝʨʠ ʜʝʬʦʨʤʫʚʘʣɹʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ R = 1,0ï4,0 ʤʤ, ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʈ 

= 50ï600 ʅ, ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʝ = 0,4ï1,5 ʤʤ, 

ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʰʧʠʥʜʝʣʷ nʰʧ = 20ï150 ʦʙ./ʭʚ, ʯʘʩʪʦʪʘ ʦʩʮʠʣʷʮʽʡ 

ʽʥʩʪʨʫʤʝʥʪʘ nʧʦʜʚ.ʭ = 1250-2648 1/ʭʚ ʽ ʧʦʜʘʯʘ S = 0,2ï3 ʤʤ/ʦʙ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʤʝʪʘʣʝʚʫ ʧʦʚʝʨʭʥʶ ʭʨʦʤʫʶʪʴ [9]. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝ, ʱʦ ʜʣʷ ʫʪʚʦʨʝʥʥ ̫

ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟʘ ʨʘʭʫʥʦʢ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ 

ʢʦʥʪʘʢʪʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʘʣʽʚ ʤʝʭʘʥʽʟʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʭʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʦʪʨʽʙʥʦ ʜʦʢʣʘʜʘʪʠ ʯʠʤʘʣʠʭ ʟʫʩʠʣɹ . 

ɸʥʘʣ̔ʟ ʩʧʦʩʦʙʽʚ ʟʤʽʮʥʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ 

ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ ʚʫʟʣʽʚ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
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ʥ̔ʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʦʶ ʻ ʢʦʤʧʣʝʢʩʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʟʤʽʮʥʝʥʥʷ, ʷʢʘ ʧʦʻʜʥʫʻ ʧʨʦʮʝʩʠ ʚʽʙʨʘʮʽʡʥʦʾ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʧʦʜʘʣʴʰʝ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʢʦʨʦʟʡ̔ʥʦʛʦ ʧʦʢʨʠʪʪʷ ʘʙʦ ʜʠʬʫʟʽʡʥʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʘʟʦʪʫʚʘʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥ̫ , ʚ 

ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʠʪʠ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʘhʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʘʣʽʚ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʦʙʢʣʘʜʠʥʦʢ ʫ ʙʣʦʮʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ 

ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʝʪʘʧʠ: 

¶ ʧʝʨ ʠhʡ ï ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʽʢʨʦʨʝʣʴʻʬʫ (ʇʈʄʈ) ʤʝʪʦʜʦʤ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ; 

¶ ʜʨʫʛʠʡ ï ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʚʞʝ ʫʪʚʦʨʝʥʠʤ ʥʘ ʥʽʡ 

ʇʈʄʈ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʫ ʚʠʛʣ̫ʜ̔ ʧʦʟʜʦʚʞʥʽʭ 

ʟʘʛʣʠʙʠʥ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʟʠʮʽʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʦʙʢʣʘʜʠʥʦʢ) ʫ ʥʘʧʨʷʤʢʫ ʬʘʣʴʮʶʚʘʣʴʥʦ-ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ. 

¶ ʪʨʝʪʽʡ, ʟʘʚʝʨh ʘʣʴʥʠʡ ʝʪʘʧ ï ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʰʣʷʭʦʤ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ  ʩʪʽʡʢʦʩʪʽ. 

 ʇʝʨʰʠʡ ʝʪʘʧ ʦʙʨʦʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʽʚ 

ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ (ʇʈʄʈ) ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ, ʱʦ, 

ʟʛʽʜʥʦ ʟ ɻʆʉʊ 24773ï81 ʥʘʣʝʞʠʪʴ: ʜʦ ʢʣʘʩʫ ï ʟ ʝʣʝʤʝʥʪʘʤʠ ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ; 

ʜʦ ʛʨʫʧʠ ï ʥʦʚʠʡ ʤʽʢʨʦʨʝʣʴʻʬ; ʜʦ ʚʠʜʫ ï ʩ̔ ʪʯʘʩʪʠʡ, ʜʦ ʪʠʧʫ ï ʰʝʩʪʠʢʫʪʥʠʡ 

[80]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʫʤʦʚʣʝʥʝ 

ʫʥʽʚʝʨʩʘʣʴʥ̔ ʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʨʝʛʫʣʷʨʥʠʭ ʤʽʢʨʦʨʝʣɹʻʬʽʚ. ʄʝʪʦʜ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʥʢʦʤʫ ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ 
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ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʽ ʩʢʣʘʜʥʦʤʫ ʚʽʜʥʦʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʪʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ɿʘʚʜʷʢʠ ʦʜʥʦʯʘʩʥʦʤʫ ʥʝʟʘʣʝʞʥʦʤʫ ʚʘʨʽʶʚʘʥʥʶ ʟʥʘʯʝʥʴ ʚʝʣʠʢʦʾ 

ʢ̔ ʣɹʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʢʘʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʨʝʛʫʣʷʨʥʽ ʤʽʢʨʦʨʝʣʴʻʬʠ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʤʝʞʝʥʦ ʨʝʛʫʣʶʶʪʴʩʷ 

ʪʘ ʟʤʽʥʶʁ ʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʽ ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ [33]. 

 ʌʦʨʤʫʚʘʥʥ̫  ʏʈʄʈ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʠʥ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟʫʤʦʚʣʝʥʝ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʪʦʯʥʦʾ ʧʦʜʘʯʽ ʚʠʭʽʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʜʦ ʬʘʣʴʮʶʚʘʣʴʥʦ-

ʩʢʣʝʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʦʩʢʽʣʴʢʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʚʘʣʽʚ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʾʭ ʟʤʽʱʝʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʢʦʩʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʬʘʣʴʮʶʚʘʥʥʷ ʪʘ ʩʢʣʝʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝ ʚ ʯʽʪʢʦ ʚʽʜʚʝʜʝʥʠʭ ʜʣʷ ʮʴʦʛʦ ʜʽʣʷʥʢʘʭ ʽ ʢʽʥʮʝʚʘ ʧʨʦʜʫʢʮʽʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʥʝʦʙʭʽʜʥʠʤ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ. 

 ɿʘʩʪʦʩʫʚʘʥʥ̫ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʚ̔ ʣhʷʭʦʤ ʭʽʤʽʢʦ-

ʪʝʨʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʤʽʮʥʝʥʥʷ, ʟʦʢʨʝʤʘ ʘʟʦʪʫʚʘʥʥʷʤ, ʥʘ ʪʨʝʪʴʦʤʫ 

(ʟʘʚʝʨʰʘʣʴʥʦʤʫ) ʝʪʘʧʽ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ 

ʦʙʫʤʦʚʣʝʥʝ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʙʝʨʝʞʝʥʥʷ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʜʦʜʘʪʢʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ.  

 ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ [81; 82] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ 

ʩʪʨʫʢʪʫʨʠ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʘʢʪʠʚʥʽʡ ʜʠʬʫʟʽʾ 

ʚʧʨʦʚʘʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. ɿʘʟʥʘʯʝʥʽ ʚʽʜʦʤʦʩʪʽ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʥʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʟʦʪʦʤ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʪʦʢʽʚ ʽʦʥ̔ ʚ, ʦʩʘʜʞʫʚʘʥʠʭ ʟ ʧʣʘʟʤʠ ʥʘ ʜʝʪʘʣʴ, ʱʦ ʟʤʽʮʥʶʻʪʴʩʷ, 

ʘʙʦ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʾ ʽʤʧʣʘʥʪʘʮʽʾ [83; 84]. ɼʝʬʝʢʪʠ 

ʩʪʨʫʢʪʫʨʠ ʫʪʚʦʨʶʶʪʴʩ̫ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʇʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʩʪʘʣʝʚʦʾ ʜʝʪʘʣʽ 

ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʤʘʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʫ ʬʝʨʨʠʪʦ-ʧʝʨʣʽʪʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ 

ʧʨʦʮʝʩʽ ʇʇɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʪʘʣʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧ̔ ʜ ʚʧʣʠʚʦʤ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 
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ʟʝʨʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʨʽʚʥʦʦʩʴʦʚʫ ʬʦʨʤʫ ʪʘ ʚʠʪʷʛʫʶʪʴʩʷ 

ʚ ʥʘʧʨʷʤʽ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘ. 

 ɺʠʚ̫ʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʪʨʝʪʴʦʛʦ  (ʟʘʚʝʨʰʘʣʴʥʦʛʦ) ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦ ʾʦʙʨʦʙʢʠ, ʚʠʙʽʨ 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮ̔ʣʥɹʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʜʝ 

ʧʦʜʘʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʟʤʽʮʥʝʥʥʷ 

ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʪʘ ʧʽʜʜʘʶʪʴʩʷ ʚʠʩʦʢʠʤ 

ʬʽʟʠʯʥʠʤ ʽ ʭʽʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥ̫ʤ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇʈʄʈ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ 

ʽʥʰʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʻ ʚʽʜʥʦʩʥʘ ʦʧʦʨʥʘ ʧʣʦʱʘ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʾʾ ʟʘʡʤʘʶʪʴ ʨʝʛʫʣʷʨʥʽ ʥʝʨʽʚʥʦʩʪʽ. ɺʽʜʥʦʩʥʘ ʦʧʦʨʥʘ ʧʣʦʱʘ ï ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʨʝʛʫʣʷʨʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ (ʦʪʨʠʤʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʰʠʭ 

ʜʚʦʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ) ʜʦ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʘ ʦʙʨʦʙʣʶʻʪʴʩʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʨʘʜʽʫʩʘ ʩʬʝʨʠ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʬ̔ ʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 ʆʙʨʦʙʢʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚʘʣʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ̔ ʙʨʦʦʙʢʘʪʫʚʘʥʥʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʦʙʨʦʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʇʈʄʈ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ: 

ï ʨʘʜʽʫʩ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ (ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ) R = 3,0ï4,0 ʤʤ; 

ï ʟʫʩʠʣʣʷ ʧʨʠ ʚʜʘʚʣʶʚʘʥʥʽ ʈ = 150ï500 ʅ;  

ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʽʥʩʪʨʫʤʝʥʪʘ e = 0,2ï1,0 ʤʤ;  

ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ n ʧh = 20ï2000 ʦʙ./ʭʚ;  

ï ʯʘʩʪʦʪʘ ʦʩʮʠʣʷʮʽʡ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ nʧʦʜʚ.ʭ =1000ï2000 

ʧʦʜʚ.ʭ./ʭʚ; 

ï ʧʦʜʘʯʘ ʽʥʩʪʨʫʤʝʥʪʘ S = 0,08ï15,5 ʤʤ/ʦʙ. [85]. 

ʉʢʣʘʜʥʠʡ ʨʫʭ ʽʥʜʝʥʪʦʨʘ ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʟ ʨʽʟʥʠʭ ʙʦʢʽʚ ʟ ʢʦʞʥʠʤ ʚʠʩʪʫʧʦʤ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʚʠʭʽʜʥʦʾ 

ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.2) ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥʷ ʇʈʄʈ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ 
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ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ (ʨʠʩ. 3.3, ʘ). ʇʨʠ ʮʴʦʤʫ ʤʝʪʘʣ ʧʽʜʜʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʶ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

 ʊʘʢʦʞ ʥʘ ʨʠʩ. 3.3, ʙ, ʚ ʪʘ ʨʠʩ. 3.4 ʧʦʜʘʥʦ ʧʨʠʢʣʘʜʠ ʬʦʨʤʫʚʘʥʥʷ ʏʈʄʈ ʟʘ 

ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 

ʈʠʩ. 3.2. ʉʧʦʩʽʙ ʫʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ 

 

 

 ʈʠʩ. 3.3. ɿʘʛʦʪʦʚʢʘ ʟ ʜʽʣʷʥʢʘʤʠ ʥʘʥʝʩʝʥʦʛʦ ʈʄʈ: ʘ ï ʇʈʄʈ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ; ʙ, ʚ ï ʏʈʄʈ 
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 ʈʠʩ. 3.4. ɿʘʛʦʪʦʚʢʘ (ʘ) ʟ ʜʣ̔ʷʥʢʘʤʠ: ʙ ï ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ;  ʚï̒  ï  

ʟ ʫʪʚʦʨʝʥʠʤ ʏʈʄʈ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥhʠʪʠ ʦʧʨ̔ ʜʝʬʦʨʤʫʚʘʥʥʶ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʮʝ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʽ ʜʦʩʷʛʘʪʠ ʽʩʪʦʪʥʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʾʾ ʟʥʘʯʥʦʾ ʟʘʛʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ.  

ɼʨʫʛʠʡ ʝʪʘʧ ʟʤʽʮʥʶʚʘʣʥɹʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʘʣʫ ʟ ʇʈʄʈ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʷʢʠʡ ʟʘʡʤʘʻ ʧʣʦʱʫ ʥʝ 

ʤʝʥʰʝ 30 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʪʘ ʤʘʻ ʚʠʛʣʷʜ ʧʨʷʤʠʭ 

ʟʘʛʣʠʙʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʚʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʜ̔ ʦʜʥʦʾ ʥʝ 

ʤʝʥʰʝ 2b. ɻʣʠʙʠʥʘ ʟʘʛʣʠʙʠʥ h = 0,006ï0,009 ʤʤ, ʰʠʨʠʥʘ b = 0,35ï0,5 ʤʤ ʽ 
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ʚʠʩʦʪʘ ʥʘʧʣʠʚʽʚ 0,0017ï0,0040 ʤʤ. ɿʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʽʥʜʝʥʪʦʨʘ P = 150ï

550 ʅ, ʨʘʜʽʫʩ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ R = 1,5ï2,5 ʤʤ (ʨʠʩ. 3.5).  

 

 

ʈʠʩ. 3.5. ʉʧʦʩʽʙ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟ ʧʦʚʥʩ̔ʪʶ ʨʝʛʫʣʷʨʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ 

  

 ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʢʠ ʫʪʚʦʨʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʠʭ ʟʘʛʣʠʙʠʥ 

ʜʽʣ̫ʥʢʠ ʟʛʣʘʜʞʫʶʪʴ ʤʽʢʨʦʨʝʣʴʻʬ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʟʘʚʜʷʢʠ ʧʦʚʪʦʨʥʦʤʫ 

ʧʨʠʢʣʘʜʘʥʥʶ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʅʘ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ 

ʤʽʢʨʦʨʝʣʴʻʬ (ʨʠʩ. 3.6), ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ (ʚʠʩʦʪʘ, ʬʦʨʤʘ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ) ʚʠʟʥʘʯʘʶʪʴʩ ̫ ʢ̫ ʚʝʣʠʯʠʥʦʶ ʟʫʩʠʣʣʷ, ʪʘʢ ʽ 

ʨʘʜʽʫʩʦʤ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ, ʰʚʠʜʢʽʩʪʶ, ʧʦʜʘʯʝʶ, ʯʠʩʣʦʤ ʦʩʮʠʣʷʮʽʡ ʪʘ 

ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ [85]. ɿʘʣʝʞʥ̔ʩʪɹ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʦ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ.  

 

 

1) 
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2) 

ʈʠʩ. 3.6. 1) ɿʘʛʦʪʦʚʢʘ ʟ ʜʽʣʷʥʢʦʶ ʏʈʄʈ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ 

ʟʘʛʣʠʙʣʝʥʴ, ʥʘʥʝʩʝʥʦʶ ʥʘ ʇʈʄʈ; 2) ʇʨʠʢʣʘʜʠ ʫʪʚʦʨʝʥʥʷ ʏʈʄʈ ʫ ʚʠʛʣʷʜʽ 

ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʣʝʥʴ. 

 

 ʊʨʝʪʽʡ ʝʪʘʧ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʪʢʦʚʝ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʟʘʚʜʷʢʠ ʤʦʜʠʬʽʢʘʮ̔ʾ ʾʭ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʽʦʥʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ ʫ ʛʝʣʽʢʦʥʥʦʤʫ ʨʦʟʨʜ̫ʽ. ʎʝʡ 

ʽʥʥʦʚʘʮʽʡʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʥʘʤʠ ʚʧʝʨʰʝ ʪʘ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ 

ʚʽʜʦʤʠʤʠ ʥʠʥʽ ʤʝʪʦʜʘʤʠ ʘʟʦʪʫʚʘʥʥʷ (ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ [86], ʰʚʠʜʢʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʽʥ.) [63]. 

 

 3.3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤ̔ ʢʨʦʨʝʣʴʻʬʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ 

  

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʖ. ɻ. ʐʥʝʡʜʝʨʘ, ɭ. ɺ. ʈʠʞʦʚʘ, ɺ. ɸ. ɻʦʨʦʭʦʚʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʈʄʈ ʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ [87ï89], ʘʣʝ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʥʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ [90] ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʘʣʽʚ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ 

(ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʨʘʜʽʫʩʘ ʩʬʝʨʠ 
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ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʪʘ ʚʽʜʥʦʩʥʦʶ ʦʧʦʨʥʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ 

ʜʦʟʚʦʣʠʪʴ ʟʘʚʜʷʢʠ ʨʝʛʫʣ ʚʁʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [85]. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʥʝʨʽʚʥʦʩʪʝʡ, 

ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʜʚʦʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ, ʪʘ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʜʠʥʠʮ̔ ʧʣʦʱʽ ʦʪʨʠʤʘʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ (ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʫʩʘ ʩʬʝʨʠ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ [85]. 

 ʉʧʦʯʘʪʢʫ ʦʙʯʠʩʣʠʤʦ ʧʣʦɦʫ 

ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʧʨʠ ʚʠʛʣʷʜʽ 

ʟʚʝʨʭʫ ʤʘʻ ʬʦʨʤʫ ʧʨʘʚʠʣʴʥʦʛʦ 

ʰʝʩʪʠʢʫʪʥʠʢʘ. ʁʦʛʦ ʦʪʨʠʤʘʥʦ ʧʽʩʣʷ 

ʚʜʘʚʣʁʚʘʥʥʷ ʚ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟʘʛʦʪʦʚʢʠ 

ʩʬʝʨʠʯʥʦʛʦ ʽʥʜʝʥʪʦʨʘ ʨʘʜʽʫʩʦʤ R (ʨʠʩ. 

3.7, 3.8). 

 ʅʝʭʘʡ ʰʝʩʪʠʢʫʪʥʠʢ ʤʘʻ ʚʠʩʦʪʫ h (ʫ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʦʪʘ ï ʮʝ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʡʦʛʦ ʮʝʥʪʨʫ ʜʦ ʩʪʦʨʦʥʠ). ɺʜ̔ʧʦʚʽʜʥʦ, 

ʜʦʚʞʠʥʘ ʩʪʦʨʦʥʠ = 
2

3

h
.  

 

ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʻʤʦ 

ʧʣʦʱʫ ʟʘʛʣʠʙʠʥʠ ʙʘʟʦʚʦʛʦ 

ʝʣʝʤʝʥʪʘ (ʟʘʰʪʨʠʭʦʚʘʥʘ 

ʟʦʥʘ) ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʨʽʚʥʽʚ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ 

ʈʄʈ. ɰʾ ʧʣʦ ʘɦ ʜʦʨʽʚʥʶʻ 

2ˊRH, ʜʝ H ï ʚʠʩʦʪʘ 

ʟʘʛʣʠʙʠʥʠ. 

 

 

 

 

     ʈʠʩ. 3.7. ɺʠʛʣʷʜ ʟʚʝʨʭʫ ʥʘ 

ʙʘʟʦʚʠʡ ʝʣʝʤʝʥʪ ʧʦʚʝʨʭʥʽ ʇʈʄʈ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ 

 

     ʈʠʩ. 3.8. ɺʠʛʣʷʜ ʩʧʝʨʝʜʫ ʥʘ ʟʘʛʣʠʙʠʥʫ 

ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʽ ʇʈʄʈ 
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ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ  

2 2ïH R R h= - , 

ʪʦʤʫ 

( )2 2

. 2 ïʟʘʛS R R R hp= - . 

 ʇʽʩʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʶʻʤʦ ʈ ï ʧʣʦʱʫ ʨʽʚʥʽʚ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʇʈʄʈ 

(ʥʝʟʘʰʪʨʠʭʦʚʘʥʘ ʟʦʥʘ), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 12 ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʦʜʠʥ 

ʟ ʷʢʠʭ ʟʘʰʪʨʠʭʦʚʘʥʠʡ ʥʘ ʨʠʩ. 3.3. ɼʘʣʽ ʚʠʟʥʘʯʘʻʤʦ ʧʣʦʱʫ ʮʴʦʛʦ ʪʨʠʢʫʪʥʠʢʘ. 

 ɺʚʝʜʝʤʦ ʢʫʪʠ a ʪʘ b, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.9 ʪʘ ʨʠʩ. 3.10. ʇʨʠ 

ʥʝʚʝʣʠʢʠʭ ʟʤʽʥʘʭ ʮʠʭ ʢʫʪʽʚ ʥʘ da ʽ db ʧʦʢʨʠʚʘʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʠʢ ʟʽ 

ʩʪʦʨʦʥʘʤʠ ( )sinR db a-   ̔ Rdb. 

 

 

ʈʠʩ. 3.9. ɺʠʛʣʷʜ ʟʚʝʨʭʫ ʥʘ ʨʽʚʥʽ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʇʈʄʈ 

 

ʊʦʤʫ 

()

()1

2

6
2

0

12 sin    PS R d d

p
b a

b a

b b a= ñ ñ . 

ʄʝʞʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʣʷ  ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0 ʜʦ / 6p , ʘ ʜʣʷ b ï ʚʽʜ ()1b a ʜʦ 

()2b a (ʨʠʩ. 3.9). 
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ɿʘʟʥʘʯʠʤʦ, ʱʦ 

()1 arcsin
h

R
b a

å õ
= æ ö

ç ÷
  

ʪʘ 

()2
cosarcsin  arcsin

h
OA

R R
a ab a

å õ
æ öå õ

= = æ öæ ö
ç ÷ æ ö

ç ÷

, 

ʪʦʙʪʦ 

()2 arcsin
cos

h

R
b a

a

å õ
= æ ö

ç ÷
. 

 

 

ʈʠʩ. 3.10. ɺʠʛʣʷʜ ʩʧʝʨʝʜʫ ʥʘ ʟʘʛʣʠʙʠʥʫ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʥʘ ʨʽʚʥʽ 

ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʇʈʄʈ 

 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʣʦʱʘ ʨʚ̔ʥʽʚ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʈʄʈ (ʧʦʟʥʘʯʠʤʦ ʾʾ .ʧS ) 

ʜʦʨʽʚʥʶʻ:  

arcsin arcsin
cos6 6 cos

2 2

.

0 0 arcsinarcsin
cos

12 sin     12 cos

h h
R R

ʧ
hh

RR

S R d d R d

p p

a a

b
a

b b a b a

å õ å õ
æ ö æ öç ÷ ç ÷

å õå õ = æ öæ ö ç ÷ç ÷

å õ
æ ö

= = - =æ ö
æ ö
ç ÷

ñ ñ ñ  

6
2

0

12 cos sin cos arcsin
cos

h h
R arc d

R R

p

a
a

å õå õ å õå õ å õ
= -æ öæ ö æ öæ ö æ ö

ç ÷ ç ÷ç ÷ ç ÷ç ÷
ñ . 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ 2cos 1ʭ sin x= -  (ʜʣʷ 0;
2

x
pè ø

Íé ù
ê ú

),  
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ʪʦʤʫ ( ) ( )2 2cos sin 1 arcsin 1arc x sin x x= - = -. 

 ʊʘʢʠʤ ʯʠʥʦʤ, 

2 26
2

. 2 2 2

0

12 1 1ʧ

h h
S R d

R R cos

p

a
a

å õ
= - - - =æ ö

æ ö
ç ÷
ñ  

2

2 6 2 2
2

2 2
0

2

1

12 1 1

1

h

h R cosR d
R h

R

p

a a

å õ
-æ ö

æ ö= - -
æ ö

-æ ö
ç ÷

ñ . 

 ʇʝʨʝʪʚʦʨʠʤʦ ʚʠʨʘʟ ʧʽʜ ʽʥʪʝʛʨʘʣʦʤ: 

( )
( )

2 2 2 2

2 2 2 2
2 2 2 2

2 2 2 22 2 2

2 2

1

1 1 1

1

h R cos h
R cos h RR cos R cos

R h R cosh R h

R R

a
aa a

a

-
- -

- = - = - =
--

-

 

( )
( )

( )

2 22 2 2

2 2 2 2 2 2

1
1 1 1

h cosR cos h

R h cos R h cos

aa

a a

--
= - = - - =

- -
 

( ) ( )

2 2 2 2

2 2 2 2 2
1 1 1 1

h sin h tg

R h cos R h

a a

a
= - - = - -

- -
. 

ʊʦʙʪʦ:  

( )

2 26
2 2

. 2 2 2

0

12 1ï 1ï 1ï
-

ʧ

h h
S R tg d

R R h

p

a a
å õ
æ ö=
æ ö
ç ÷
ñ . 

 ʎʝʡ ʽʥʪʝʛʨʘʣ ʥʝ ʦʙʯʠʩʣʶʻʪʴʩ ̫ ʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʷʭ, ʪʦʤʫ 

ʦʙʯʠʩʣʠʤʦ ʡʦʛʦ ʥʘʙʣʠʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

1ï 1ï
2

z
zº , ʧʨʠʜʘʪʥʫ ʜʣʷ1z . 

 ʄʘʤ̒ʦ: 

( )

2 2 26
2 2

. 2 2

0

12  
2

ʧ

R h h
S R tg d

R R h

p

a a
-

º =
-

ñ  
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2 26 6
2 2 2

2 2 22 2
0 0

6 1
6   1

cos

h Rh
R R h tg d d

R h R h

p p

a a a
a

å õ
= - Ö = - =æ ö

- ç ÷-
ñ ñ  

( ) ( )
2 2 26

2 2 2 2 2 2
0

6 6 1
tg 2 3

63

Rh Rh Rh

R h R h R h

p

a

p
a a p

=

å õ
= - = - = -æ ö

ç ÷- - -
. 

ʇʦʚʥʘ ʧʣʦʱʘ: 

( ) ( )
2

2 2

. . . 2 2
2 ï 2 3ïï

ï
ʟ ʟʘʛʣ ʧ

Rh
S S S R R R h

R h
p p= + º + . 

ʆʙʯʠʩʣʠʤʦ ʚʽʜʥʦʩʥʫ ʦʧʦʨʥʫ ʧʣʦʱʫ (ʧʣʦʱʫ ʨʝʣʴʻʬʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʧʦʜʽʣʝʥʫ ʥʘ ʧʣʦʱʫ ʧʣʦʩʢʦʾ): 

( )
( )2

2 2

2 2
.

1

2 3
2

2
3

3

ʟ

ʰʝʩʪʠʢʫʪʥʠʢʘ

Rh
R R R h

S R h
hS h

p
p

r

-
- - +

-= º =

Ö

 

( )
( )

2 2 2 2

2 2 2 2

2 2 2 2 2

2 2 3ï

1ï
2 3 ï3 2 3

ï ï

ï ï

ï

R R h Rh
R

R RR R h R h

h R R h R h

p p
p p

+
å õ+= = ³ +æ ö
ç ÷+

. 

ɼʘʣ̔ ʦʙʯʠʩʣʠʤʦ ʚʽʜʥʦʩʥʫ ʧʣʦʱʫ ʧʦʟʜʦʚʞʥʴʦʾ ʟʘʛʣʠʙʠʥʠ ʰʠʨʠʥʦʶ b, 

ʧʨʦʜʘʚʣʝʥʫ ʽʥʜʝʥʪʦʨʦʤ, ʱʦ ʤʘʻ ʨʘʜʽʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ R2 (ʨʠʩ. 

3.11). 

 

 

ʈʠʩ. 3.11. ɺʠʛʣʷʜ ʩʧʝʨʝʜʫ ʥʘ ʧʦʟʜʦʚʞʥʶ ʟʘʛʣʠʙʠʥʫ, ʫʪʚʦʨʝʥʫ ʥʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧ ̔ʦʙʨʦʙʢʠ 
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ɼʝ 

2

22
2

2arcsin
2ʜʫʛʠ

b
R

l RR

b b b

g
r

å õ
æ ö
ç ÷= = =

Ö

. 

 ʄʘʻʤʦ: 

2
2

2

2
arcsin

2

R b

b R
r

å õ
= æ ö

ç ÷
. 

 ʇʣʦʱʘ ʇʈʄʈ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʟʘʡʤʘʻ 2/3 ʚʽʜ ʟʘʛʘʣɹ ʥʦʾ ʧʣʦʱʽ, ʘ 

ʤʽʢʨʦʨʝʣʴʻʬ, ʥʘʥʝʩʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʣʝʥʴ, ï 1/3 ʧʣʦʱʽ.  

ʊʦʤʫ ʟʘʛʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʦʧʦʨʥʘ ʧʣʦʱʘ: 

2
1 2 2 2 2 2

2ï

2 1 2 2 2
ï arcsin

3 3 3 3 23 3 3 3 ï

R R R b

b RR R h R h

p p
r r r

å õå õ
= + º ³ + + æ öæ ö

ç ÷+ ç ÷
. 

 

  ʋʩʪʘʥʦʚʣʝʥʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʨʘʜʽʫʩʦʤ ʩʬʝʨʠ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʪʘ ʚʽʜʥʦʩʥʦʶ ʦʧʦʨʥʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʜʚʦʭʝʪʘʧʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ 

(ʟʘʚʜ̫ ʢʠ ʨʝʛʫʣʶʚʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ) ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [85]. 

ɿʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʘʣʽʚ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʤʦʞʝ ʥʘʩʪʫʧʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ï ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ, ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ, 

ʷʢ ʟʘʚʝʨʰʘʣʴʥʘ ʩʪʘʜʽʷ ʦʙʨʦʙʢʠ (ʪʨʝʪʽʡ ʝʪʘʧ). ʎʷ ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ ʤʘʻ 

ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʽʯʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʟ 

ʛʘʟʦʚʦʾ ʬʘʟʠ:  

¶ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ (ʫ 1,5ï2 ʨʘʟʠ ʰʚʠʜʰʝ);  

¶ ʤʦʞʣʠʚʩ̔ʪʴ ʧʨʦʚʦʜʠʪʠ ʨʝʛʫʣʴʦʚʘʥʽ ʧʨʦʮʝʩʠ ʘʟʦʪʫʚʘʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʻʁ 

ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʟʘ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʽ ʙʫʜʦʚʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ;  

¶ ʤʽʥʽʤʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʨʦʙʽʚ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʢʣʘʩʫ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ;  
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¶ ʚʝʣʠʢʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʟʥʘʯʥʦ ʥʠʞʯʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘʩʠʯʫʚʘʣʴʥʠʭ ʛʘʟʽʚ ʫ ʨʦʙʦʯʽʡ 

ʫʩʪʘʥʦʚʮʽ [91]. 

 ʇʝʨʝʚʘʛʠ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʘʟʦʪʫʚʘʥʥʷ, ʾʭ ʩʫʪʥʽʩʪʴ ʽ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [92ï103]. ʇʨʦʪʝ, ʥʘ ʩʴʦʛʦʜʥʽʰʥ̔ ʡ ʜʝʥʴ ʥʝʤʘʻ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʫ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʻ 

ʚʝʣʴʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʯʝʨʝʟ: ʚʠʩʦʢʫ ʛʫʩʪʠʥʫ ʧʣʘʟʤʠ, ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʩʢʣʘʜʫ ʽʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʝʥʝʨʛʦʦʱʘʜʣʠʚʽʩʪ,ɹ ʩʪʘʣʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʛʘʟʫ ʪʘ ʥʘʧʨʫʛʠ, ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʨʷʤʦʚʫʚʘʪʠ ʧʦʪʽʢ ʽʦʥʽʚ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʜʦ ʘʟʦʪʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʇʝʨʝʣʽʯʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʨʦʙʣʷʪʴ ʧʨʠʚʘʙʣʠʚʠʤ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ ʚ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 

 

3.4. ɸʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʝʨʭʥʝʚʦ ʾ

ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ɿʘʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʆɿʆ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʦʙʣʘʜʥʘʥʥ̫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʦʙʢʣʘʜʠʥʦʢ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʣʽʥʽʾ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʨʴʦʭʝʪʘʧʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ (ʨʠʩ. 3.12). ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ 

ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʇʇɼ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʤʝʪʦʜ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ [104] ʚ 

ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ [105]. 
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ʈʠʩ. 3.12. ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʧʦʚʝʨʭʥʝʚʦ ʾ ʦʙʨʦʙʢʠ ʮʠʣ̔ʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʧʦʯʘʪʦʢ) 
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ʈʠʩ. 3.12. ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʧʦʚʝʨʭʥʝʚʦ ʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʟʘʢʽʥʯʝʥʥʷ) 
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ɸʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʉʧʦʯʘʪʢʫ 

ʚʚʦʜʠʤʦ ʚʭʽʜʥʽ ʜʘʥʽ: ʤʘʪʝʨʽʘʣ ʦʙʨʦʙʣʶʚʘʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ, ʾʾ ʜʽʘʤʝʪʨ 

(D), ʤʤ, ʜʦʚʞʠʥʫ (L), ʤʤ, ʪʚʝʨʜʽʩʪʴ (HRC); ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʧʨʦʬʽʣʶ (Ra), ʤʢʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʙʠʨʘʻʤʦ ʢʣʘʩ ʤʽʢʨʦʨʝʣʴʻʬʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʝʪʘʧʫ ʦʙʨʦʙʢʠ: ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ï ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ, ʚʽʜʧʦʚʽʜʥʦ, ï ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʠʥ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ çʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ 

ʤʽʢʨʦʨʝʣɹʻʬè ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ɺ ʽʥ ʦhʤʫ ʨʘʟʽ ʟʜʽʡʩʥʶʻʤʦ 

ʧʝʨʝʭʽʜ ʜʦ çʚʠʙʦʨʫ ʛʨʫʧʠ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫè. ʎʝʡ ʢʨʦʢ 

ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʰʣʷʭʦʤ ʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥ ̫[106]. 

ɼʘʣʽ ʦʙʠʨʘʻʤʦ ʪʠʧ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ  (ʯʦʪʠʨʠʢʫʪʥʠʡ 

ʘʙʦ ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ) ʽ ʡʦʛʦ ʬʦʨʤʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʚʽʛʥʫʪʦʶ ʘʙʦ ʚʠʧʫʢʣʦʶ. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ 

ʡʦʛʦ ʛʝʦʤʝʪʨʽʾ, ʦɦ ʜʘʻ ʟʤʦʛʫ ʦʙʨʘʪʠ ʘʣʤʘʟʥʠʡ ʯʠ ʪʚʝʨʜʦʩʧʣʘʚʥʠʡ 

ʥʘʢʦʥʝʯʥʠʢ, ʘʙʦ ʩʪʘʣʝʚʫ ʟʘʛʘʨʪʦʚʘʥʫ ʢʫʣʴʢʫ ʟ ʬʦʨʤʘʤʠ ʧʦʚʝʨʭʥʽ, ʷʢ-ʦʪ 

ʢʦʥʫʩ, ʮʠʣʽʥʜʨ, ʩʬʝʨʘ ʯʠ ʢʨʫʛʦʚʠʡ ʪʦʨ. ɺʠʙʽʨ ʨʘʜʽʫʩʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʘ ʜʝʪʘʣɹ. 

ɿʛʽʜʥʦ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʪʚʝʨʜʽʩʪʴ 

ʜʝʪʘʣ ̔ʥʝ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʚʝʨʜʽʩʪʴ ʥʠʞʯʫ, ʥ̔ ʞ HRC 48..52, ʘʣʝ ʚʦʥʘ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ ʽ HRC 63..66. ʗʢʱʦ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞ̔ HRC 

50..65, ʪʦ ʨʘʜʽʫʩ ʨʦʙʦʯʦ ʾʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʚʠʙʠʨʘʻʤʦ ʚ 

ʤʝʞʘʭ R1 = 0,5ï1 ʤʤ. ʇʨʠ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʚ ʤʝʞʘʭ HRC 32..50 ï 

ʨʘʜʽʫʩ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ (R1) ʤʘʻ ʩʪʘʥʦʚʠʪʠ  2ï

4 ʤʤ. 

ʇʽʩʣʷ ʚʠʙʦʨʫ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʦʙʠʨʘʻʤʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚ̔ ʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ (ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʘʣʥɹʠʡ ʚʝʨʩʪʘʪ). ɿʛʽʜʥʦ ʟ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʨʦʙʠʤʦ ʚʠʙʽʨ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʚ ʜʽʘʧʘʟʦʥʽ ʈ1 = 150ï500 ʅ. ʇʨʠ ʮʴʦʤʫ 

ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʜʝʬʦʨʤʫʚʘʣɹʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʘʣʝʞʥʦ ʚʽʜ 
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ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʤʘʻ ʙʫʪʠ ʚ ʤʝʞʘʭ S 

= 0,08ï12,5 ʤʤ/ʦʙ. ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʯ̔ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʢʘʨʥʦ-

ʛʚʠʥʪʦʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʽʥʩʪʨʫʤʝʥʪʘ ʥʝ ʧʦʚʠʥʝʥ ʚʠʭʦʜʠʪʠ ʟʘ 

ʤʝʞʽ e = 0,2ï1,0 ʤʤ, ʘ ʯʘʩʪʦʪʘ ʦʩʮʠʣʷʮʽʡ ʤʘʻ ʩʪʘʥʦʚʠʪʠ nʧʦʜʚ.ʭ=1000ï2000 

ʧʦʜʚ./ʭʚ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʰʧʠʥʜʝʣʷ ʟ ʯʘʩʪʦʪʦʶ ʚ ʜʽʘʧʘʟʦʥʽ nʰʧ = 25ï2000 ʦʙ./ʭʚ.  

ɺ̔ ʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪʠ ʦʩʮʠʣʷʮʽʡ ʜʦ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ 

ʚʝʨʩʪʘʪʘ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: .ʧʦʜʚ ʭ

ʰʧ

n
i

n
= . 

ʗʢʱʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʠʤ 

ʚʠʤʦʛʘʤ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ï 

ʧʦʚʝʨʪʘʻʤʦʩʴ ʜʦ ʢʨʦʢʫ çɺʠʙʽʨ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ, P1è [106]. 

ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʝʣʝʤʝʥʪʘ ʤʽʢʨʦʨʝʣʴʻʬʫ Re ʚʠʙʠʨʘʻʤʦ ʟʽ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ: 1000, 800, 630, 500, 400, 100, 80, é, 0,100, 

0,080, 0,063, 0,050, 0,040. ɿʛʽʜʥʦ ʟ ɻʆʉʊ 24773ï81, ʚʠʙʽʨ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ ʟ ʨʝʛʫʣʷʨʥʠʤ ʤʽʢʨʦʨʝʣʴʻʬʦʤ ʨʦʙʠʤʦ ʟ ʨʷʜʫ: 5, 10, 

15, 20, 25, 30, 40, 50, 60, 70, 80 % ʚʽʜ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʝʣʝʤʝʥʪʘ [80]. 

ʂ̔ ʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ (1 ʤʤ2) N ʚʠʙʠʨʘʻʤʦ ʟʽ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʨʷʜʫ ʟʥʘʯʝʥʴ: 1, 3, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 

80, 90, 100 % [80]. ɼʽʘʧʘʟʦʥ ʢʫʪ̔ʚ ʥʘʧʨʷʤʫ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʇʈʄʈ ɓ ʪʘ ɔ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʤʝʞʘʭ 0ï180ę. 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʟ ʇʈʄʈ ɟ1 ʧ̔ ʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʚʦʜʠʤʦ ʟʘ ʘʥʘʣʽʪʠʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ [106]: 

1 2 2 2 2
1ï

3 ï3 2ï

R R

R R h R h

p p
r

å õ
= Ö +æ ö

ç ÷+
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ʇʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘ̒ʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ. ʗʢʱʦ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪ ɹʫʩʽʤ ʚʠʤʦʛʘʤ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʢʨʦʢʫ, ʷʢʱʦ ʥʽ, ʪʦ ʧʦʚʝʨʪʘʻʤʦʩʴ ʜʦ ʢʨʦʢʫ çʚʠʙʽʨ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, P1è. 
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ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʤʦ ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥ.̔ ʗʢʱʦ ʚʦʥʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʤʦʛʘʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ɿʘ 

ʥʝʚʠʢʦʥʘʥʷ ʮʽʻʾ ʚʠʤʦʛʠ, ʟʜʽʡʩʥʶʻʤʦ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ çʚʠʙʽʨ ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ̔ʥʩʪʨʫʤʝʥʪʘ, P1è. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʧʝʨʝʭʽʜ ʥʘ ʜʨʫʛʠʡ ʝʪʘʧ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ, ʥʘ 

ʷʢʦʤʫ ʦʙʠʨʘʻʤʦ ʛʨʫʧʫ ʏʈʄʈ. ʆʩʢʽʣʴʢʠ ʫʤʦʚʘ çʧʦʚʥʩ̔ʪʶ ʨʝʛʫʣʷʨʥʠʡ 

ʤʽʢʨʦʨʝʣʴʻʬè ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ çʚʠʙʽʨ 

ʛʨʫʧʠ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫè, ʷʢʠʡ, ʟʛʽʜʥʦ ʟ ɻʆʉʊ 24773ï81, 

ʦʙʠʨʘʻʤʦ ʫ ʛʨʫʧʽ ʏʈʄʈ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʨʝʛʫʣʷʨʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ [80; 106]. 

ʎʝʡ ʚʠʜ ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʣʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʝ ʤʝʥʰʝ ʧʦʜʚʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥʠ ʟʘʛʣʠʙʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʣʦʘɦ ʟʘʛʣʠʙʣʝʥʴ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

30 % ʧʣʦʱʽ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ʄʘʪʝʨʽʘʣ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʡʦʛʦ ʛʝʦʤʝʪʨʽʷ ʤʘʶʪʴ ʙʫʪʠ 

ʪʘʢʠʤʠ: ʘʣʤʘʟʥʠʡ ʯʠ ʪʚʝʨʜʦʩʧʣʘʚʥʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʘʙʦ ʩʪʘʣʝʚʘ ʟʘʛʘʨʪʦʚʘʥʘ 

ʢʫʣʴʢʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʥʫʩ, ʮʠʣʽʥʜʨ, ʩʬʝʨʘ ʘʙʦ ʢʨʫʛʦʚʠʡ ʪʦʨ. ɺ̔ ʜ ʪʚʝʨʜʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʟʘʣʝʞʠʪʴ ʨʘʜʽʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ. ʗʢʱʦ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʩʪʘʥʦʚʠʪʴ HRC 50..65, ʪʦ 

ʨʘʜʽʫʩ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʤʝʞʘʭ 

R2 = 0,5ï1 ʤʤ.  ɿʘ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʤʝʞʘʭ HRC 32..50 ï ʨʘʜʽʫʩ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʦʪʨʽʙʥʦ ʦʙʠʨʘʪʠ R2 = 1,5ï4 ʤʤ. ʋ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ R2 = 1,5ï2,5 ʤʤ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʤʮ̔ʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʦʢʘʨʥʦ-

ʛʚʠʥʪʦʨʽʟʥʠʡ ʚʝʨʩʪʘʪ, ʪʦʙʪʦ ʪʘʢʝ ʩʘʤʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʽ ʥʘ ʧʝʨʰʦʤʫ. 

ʌʽʢʩʘʮʽʷ ʜʝʪʘʣʽ ʚ ʟʘʪʠʩʢʘʯʘʭ ʚʝʨʩʪʘʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟʤʽʱʝʥʥʷʤ ʾʾ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʚʽʜʥʦʩʥʦ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʽ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʫʪʚʦʨʝʥʠʤʠ ʟʘʛʣʠʙʠʥʘʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʦʶ, ʥʽʞ ʚʝʣʠʯʠʥʘ 

ʧʦʜʚʽʡʥʦʾ ʰʠʨʠʥʠ ʟʘʛʣʠʙʠʥʠ. ɿʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʘ ʧʽʜʙʠʨʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʈ2 = 75ï500 ʅ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥ ̫

ʚhʠʜʢʦʩʪʽ ʡʦʛʦ ʧʦʜʘʯʽ ʦʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ ʪʘ ʟ ʚʠʤʢʥʝʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ʰʧʠʥʜʝʣʷ (nʰʧ = 

0 ʦʙ./ʭʚ) ʚ ʤʝʞʘʭ S = 0,2ï7,5 ʤʤ/ʭʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʥʝʨʽʚʥʦʩʪʽ h, ʰʠʨʠʥʠ ʥʝʨʽʚʥʦʩʪʽ b ʪʘ ʚʠʩʦʪʠ 

ʥʘʧʣʠʚʽʚ hʥ ʟʜʽʡʩʥʶʻʤʦ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ 

ʚʜ̔ ʟʫʩʠʣʴ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʨʘʜʽʫʩʽʚ ʡʦʛʦ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ [90]. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʫʪʚʦʨʝʥʠʤʠ ʟʘʛʣʠʙʠʥʘʤʠ 

(ʨʠʩ. 3.13). ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʮʴʦʛʦ ʢʨʦʢʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʽʜʩʪʘʥ ɹ ʤʽʞ 

ʮʝʥʪʨʘʤʠ ʫʪʚʦʨʝʥʠʭ ʟʘʛʣʠʙʠʥ (l) ʙʫʣʘ ʥʝ ʤʝʥʰʦʶ, ʥʽʞ ʧʦʪʨʽʡʥʝ ʟʥʘʯʝʥʥʷ 

ʰʠʨʠʥʠ ʟʘʛʣʠʙʠʥʠ (l Ó 3b). ɿʘ ʥʝʚʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʦ ʾʫʤʦʚʠ ʜʝʪʘʣʴ ʬʽʢʩʫʻʤʦ ʚ 

ʽʥʰʦʤʫ ʧʦʣʦʞʝʥʥʽ  ʪʘ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʢʨʦʢʫ çʬʽʢʩʘʮʽʷ ʜʝʪʘʣʽ / ʟʤʽʱʝʥʥʷ 

ʜʝʪʘʣʽ ʚʽʜʥʦʩʥʦ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʰʣʷʭʦʤ ʾʾ ʦʙʝʨʪʘʥʥʷè. 

 

ʈʠʩ. 3.13. ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʦʟʜʦʚʞʥʽʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʦʙʨʦʙʢʠ 

 

ʆʙʯʠʩʣʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʟ ʏʈʄʈ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ɟ2 ʧʨʦʚʦʜʠʤʦ ʟʘ ʘʥʘʣʽʪʠʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ [85]: 
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ʈʦʟʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʦʾ ʚʽʜʥʦʩʥʦʾ ʦʧʦʨʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʟ ʈʄʈ ʧʽʩʣʷ 

ʟʘʚʝʨʝhʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ɟ ʧʨʦʚʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, 

ʚʠʚʝʜʝʥʦʶ ʚ ʨʦʙʦʪʽ [85]: 

2
1 2 2 2 2 2

2ï

2 1 2 2 2
ï arcsin

3 3 3 3 23 3 3 3 ï

R R R b

b RR R h R h

p p
r r r

å õå õ
= + º ³ + + æ öæ ö

ç ÷+ ç ÷
. 

ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

ʇʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ çʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤè. ʗʢʱʦ ʚʦʥʘ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ʗʢʱʦ ʥʽ, ʪʦ ʧʦʚʝʨʪʘʻʤʦʩʴ 

ʜʦ ʢʨʦʢʫ çʬʽʢʩʘʮʽʷ ʜʝʪʘʣʽ / ʟʤʽʱʝʥʥʷ ʜʝʪʘʣʽ ʚʽʜʥʦʩʥʦ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʰʣʷʭʦʤ ʾʾ ʦʙʝʨʪʘʥʥʷè [106]. 

ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ, ʘʙʦ 

ʞ ʟʘʚʝʨʰʠʪʠ ʦʙʨʦʙʢʫ, ʧʝʨʝʡʰʦʚʰʠ ʜʦ ʚʠʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ. 

ʇʝʨʝʭʽʜ ʜʦ ʪʨʝʪʴʦʛʦ, ʟʘʢʣʶʯʥʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ (ʡʦʛʦ ʜʝʪʘʣʥɹʠʡ 

ʦʧʠʩ: ʦʙʣʘʜʥʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʽʥ. ï ʥʘʚʝʜʝʥʦ ʫ ʨʦʟʜ. 2 ʪʘ ʚ ʩʪʘʪʪʷʭ [51, 107]) 

ʟʜʽʡʩʥʶʻʤʦ ʢʨʦʢʦʤ çʚʠʙʽʨ ʩʧʦʩʦʙʫ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷè. ʇʨʠ ʮʴʦʤʫ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽ ʦʙʠʨʘʻʤʦ ʧʣʘʟʤʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʛʘʟʫ, ʘʙʦ ʾʭ 

ʩʫʤʽʰʽ. ʇʽʜ ʯʘʩ ʦʯʠʱʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʘʟ ʘʨʛʦʥ, ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʷʢʦʛʦ ʚ 

ʢʘʤʝʨʽ ʩʪʘʥʦʚʠʪʴ 7Ŀ10-3 ʤʤ. ʨʪ. ʩʪ., ʘ ʩʘʤ ʧʨʦʮʝʩ ʪʨʠʚʘʻ 5 ʭʚ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʘʪʦʨʘ ʈ = 600 ɺʪ ʽ ʟʥʘʯʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʩʪʦʣʠʢʘ U = -50 V. 

ʇʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʙʝʟ ʚʠʣʫʯʝʥʥʷ ʟʨʘʟʢʘ ʟ ʢʘʤʝʨʠ ʦʙʨʦʙʢʠ 

ʧʦʯʠʥʘ̒ʪʴʩʷ ʧʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ. ɺʠʙʽʨ ʥʘʩʠʯʫʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ 

ʘʟʦʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʤʦ ʟ-ʧʦʤʽʞ ʘʟʦʪʫ ʘʙʦ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʟ ʘʟʦʪʦʤ (ʘʨʛʦʥ  

30 %, ʘʟʦʪ 70 %). ɸʟʦʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʪʠʩʢʫ ʨʦʙʦʯʦʛʦ ʛʘʟʫ ʚ ʢʘʤʝʨʽ ʚ 

ʜʽʘʧʘʟʦʥʽ 5..7Ŀ10-3 ʤʤ. ʨʪ. ʩʪ., ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ ʈ = 600 ɺʪ, ʘ 

ʚʠʙʽʨ ʧʦʪʝʥʮʽʘʣʫ ʩʪʦʣʠʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ -50é-200 ɺ, ʘʙʦ 

çʧʣʘʚʘʶʯʠʡè. ʆʧʪʠʤʘʣʴʥʘ ʪʨʠʚʘʣ̔ʩʪʴ ʧʨʦʮʝʩʫ ʘʟʦʪʫʚʘʥʥʷ ï 30 ʭʚ. ʇʽʜ ʯʘʩ 

ʘʟʦʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦ ʾ

ʩʪʘʥʦʚʠʪʴ T=330 Áʉ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʛʝʨʤʝʪʠʟʦʚʫʻʤʦ ʢʘʤʝʨʫ ʪʘ 

ʚʠʣʫʯʘʻʤʦ ʟ ʥʝʾ ʦʙʨʦʙʣʝʥʫ ʜʝʪʘʣʴ [51]. 
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ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʜʝʪʘʣʽ ʧʨʦʚʦʜʠʤʦ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʾʾ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ ʚʠʟʥʘʯʘʻʤʦ ʨʦʟʧʦʜʽʣ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ 

ʘʟʦʪʦʚʘʥʦʛʦ ʘhʨʫ. 

ɼʘʣʽ ʚʠʟʥʘʯʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʗʢʱʦ ʚʦʥʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ï ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ. ɺ ʽʥʰʦʤʫ ʨʘʟʽ 

ʧʦʚʝʨʪʘʻʤʦʩʷ ʜʦ ʢʨʦʢʫ çʚʠʙʽʨ ʩʧʦʩʦʙʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽè. 

ɺʠʟʥʘʯʘʻʤʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʪʘʣʽ: ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, 

ʢʦʨʦʟ̔ʡʥʫ ʩʪʽʡʢʽʩʪʴ ʽ ʢʦʥʪʘʢʪʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ 

çʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠè. ʗʢʱʦ ʮʶ ʫʤʦʚʫ   

ʚʠʢʦʥʘʥʦ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ, ʚ ʽʥʰʦʤʫ ʨʘʟʽ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʢʨʦʢʫ çʚʠʙʽʨ ʩʧʦʩʦʙʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽè. 

ɿʘʚʝʨʰʘʣʴʥ̔ ʢʨʦʢʠ ï ʫʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʽ ʥʘʢʦʧʠʯʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. 

 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

  

1. ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣɹʥʝʥʫ ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʷʢʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʝʭʘʥʽʟʤʫ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʢʣʘʜʠʥʦʢ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʆɿʆ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. ʇʨʦʮʝʩ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʽ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ:  

¶ ʧʝʨʰʠʡ ï ʦʙʨʦʙʢʘ ʚʽʙʨʘʮʽʡʥʠʤ ʦʙʢʘʪʫʚʘʥʥʷʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʇʈʄʈ, ʱʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʜʝʪʘʣʝʡ;  

¶ ʜʨʫʛʠʡ ï ʫʪʚʦʨʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʠʥ ʰʣʷʭʦʤ ʘʣʤʘʟʥʦʛʦ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ;  
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¶ ʪʨʝʪʽʡ ï ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ 

ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʚʝʨʭʥʽ, ʷʢ ʪʚʝʨʜʽʩʪʴ, ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʙʝʟ ʟʤ̔ ʥʠ ʾʾ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʝʞʠʤʘʤʠ ʦʙʨʦʙʢʠ 

(ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʨʘʜʽʫʩʘ ʩʬʝʨʠ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʪʘ ʚʽʜʥʦʩʥʦʶ ʦʧʦʨʥʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʘʚʜʷʢʠ ʨʝʛʫʣʶʚʘʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ 

ʦʙʨʦʙʢʠ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʆɿʆ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʪʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ. 
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ʈʆɿɼɯʃ 4 

ɸʅɸʃɯʊʀʏʅɯ ʄʆɼɽʃɯ ʂʆʄʇʃɽʂʉʅʆɻʆ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ 

ʇʈʆʎɽʉʋ ɼʃʗ ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɽʊɸʃɽʁ ʂʆʆʈɼʀʅʋɺɸʃʔʅʆ-

ʊʈɸʅʉʇʆʈʊʋɺɸʃʔʅʆɻʆ ɹʃʆʂʋ ʃɯʅɯɰ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ 

ɯʅʊɽɻʈɸʃʔʅʀʍ ʆɹʂʃɸɼʀʅʆʂ ɿ ʐʀʈʆʂʀʄʀ ʂʃɸʇɸʅɸʄʀ 

 

4.1. ɹʘʛʘʪʦʬʘʢʪʦʨʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘʢʦʞ ʚʦʥʠ ʩʣʫʛʫʶʪɹ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ ï 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʨʴʦʭʝʪʘʧʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʮʥʝʥʥʷ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

ɿʥʦʰʫʚʘʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʢʝʨʦʚʘʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ ʩʢʣʘʜʥʠʤʠ 

ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʥʠʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʯʽʪʢʦ ʚʠʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʚʜ̔ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ 

ʦʙʨʦʙʢʠ ʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʷʢʽ ʬʦʨʤʫʁʪʴ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʟ 

ʝʪʘʧʽʚ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩ ̫ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ [108ï112] ʽ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ [111; 113; 114], ʷʢʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [114ï118]. ʇʨʠ ʮʴʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ [118ï121], ʙʽʣʴʰʽʩʪʴ 
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ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʝʬʝʢʪʠʚʥʽ ʪʘ ʟʘʩʪʘʨʽʣʽ ʧʣʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʜʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ [118; 121].  

ɿʚôʷʟʦʢ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʪʠʧʫ 

. 

ʜʝ 
k
ʭxʭ ,...,

21
 ï ʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ. ɰʭ 

ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʘʙʦ ʞ ʬʽʢʩʫʚʘʪʠ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ 

(ʧʨʠʢʣʘʜ ʬʘʢʪʦʨʽʚ: ʨʘʜʽʫʩʠ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʥʘ ʢʦʞʥʦʤʫ ʟ ʧʦʯʘʪʢʦʚʠʭ ʜʚʦʭ ʝʪʘʧʚ̔ ʦʙʨʦʙʢʠ 

ʇʇɼ; ʪʦʚʱʠʥʘ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ). 

ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʋ 

ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ ʢʣʶʯʦʚʠʤ ʚʠʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ɯ, ʢʛ/ʤ2, ʷʢʠʡ ʽ ʧʨʠʧʫʩʢʘʻʤʦ ʬʫʥʢʮʽʻʶ ʚʽʜʛʫʢʫ. ɺʠʭʽʜʥʠʤʠ ʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʩʪʘʥʦʚʣʶʻʤʦ (ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʝʪʘʧʽʚ 

ʦʙʨʦʙʢʠ) ï ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ̔ʥʩʪʨʫʤʝʥʪʘ ʈ1, ʈ2; ʨʘʜʽʫʩ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ R1, R2; ʧʦʜʘʯʫ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪa 

S1, S2; ʛʣʠʙʠʥʫ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ a, ʪʦʙʪʦ I=ű (ʈ1, ʈ2, R1, R2, S1, S2, a). 

ʅʝʟʘʣʝʞʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʻ 

ʦʜʥʦʟʥʘʯʥʠʤʠ, ʢʝʨʦʚʘʥʠʤʠ, ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʽ ʩʫʤʽʩʥʠʤʠ 

ʤʽʞ ʩʦʙʦʶ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʶʪʴ: ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ ʦʙʨʦʙʢʠ (ʈ1) ï x1, ʅ; ʨʘʜʽʫʩ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ ʦʙʨʦʙʢʠ (R1) ï x2, ʤʤ; ʧʦʜʘʯʘ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ ʦʙʨʦʙʢʠ (S1) ï x3,  ʤʤ/ʦʙ; ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II  ʝʪʘʧʽ ʦʙʨʦʙʢʠ (ʈ2) ï x4, ʅ; 

ʨʘʜ̔ ʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II ʝʪʘʧʽ ʦʙʨʦʙʢʠ (R2) ï x5, ʤʤ; ʧʦʜʘʯʘ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II  ʝʪʘʧʽ ʦʙʨʦʙʢʠ (S2) ï x6,  ʤʤ/ʭʚ; ʪʦʚʱʠʥʘ 

ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ III  ʝʪʘʧʽ ʦʙʨʦʙʢʠ (ʘ) ï x7, ʤʢʤ;. ɿʥʘʯʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ ʟʘʣʠʰʘʪʁʴʩʷ ʩʪʘʣʠʤʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ 

ʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ. ɺʠʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. 

ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ 1
Ĕy   ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʙʘʩʪʥʠʡ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ 34 Ĭ 
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51 Ĭ 91 Ĭ 101 // 30: 4 ʬʘʢʪʦʨʠ ʥʘ 3 ʨʽʚʥʷʭ, 1 ʬʘʢʪʦʨ ʥʘ 5 ʨʽʚʥʷʭ, 1 ʬʘʢʪʦʨ ʥʘ 9 

ʨʽʚʥʷʭ, 1 ʬʘʢʪʦʨ ʥʘ 10 ʨʽʚʥʷʭ, 30 ʜʦʩʣʽʜʽʚ. 

 ɼʦʩʣʽʜʞʫʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ y ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ hʘʨʫ ʚʘʣʫ (I, ʢʛ/ʤ2) ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʘ ʥʝʾ ʚʧʣʠʚʘʶʪʴ: 

 1X  ï ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ 

ʦʙʨʦʙʢʠ, ʈ1, ʅ, ʨʽʚʥʽ: 150, 200, 220, 250, 275, 300, 350, 400, 450, 500. 

 
2X  ï ʨʘʜʽʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ ʦʙʨʦʙʢʠ, R1, ʤʤ, 

ʨʽʚʥʽ: 3; 3,5; 4. 

 3X  ï ʧʦʜʘʯʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ I ʝʪʘʧʽ ʦʙʨʦʙʢʠ, S1, 

ʤʤ/ʦʙ, ʨʽʚʥʽ: 0,4; 0,5; 0,6. 

 4X  ï ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II  ʝʪʘʧʽ 

ʦʙʨʦʙʢʠ, ʈ2, ʅ, ʨʽʚʥʽ: 150, 200, 250, 275, 300, 350, 400, 500, 550. 

 5X  ï ʨʘʜʽʫʩ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II ʝʪʘʧʽ ʦʙʨʦʙʢʠ, R2, ʤʤ, 

ʨʽʚʥʽ: 1; 1,5; 2. 

 6X  ï ʧʦʜʘʯʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ II  ʝʪʘʧʽ ʦʙʨʦʙʢʠ, S2, 

ʤʤ/ʭʚ, ʨʽʚʥʽ: 4,5; 4,7; 4,9. 

 7X  ï ʪʦʚʱʠʥʘ ʘʟʦʪʦʚʘʥʦʛʦ ʘhʨʫ ʥʘ III ʝʪʘʧʽ ʦʙʨʦʙʢʠ, ʘ, ʤʢʤ, ʨʽʚʥʽ: 125, 

175, 200, 220, 275. 

 ʈʦʙʦʯʘ ʤʘʪʨʠʮʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʤʽʮʥʝʥʥ ̫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʟ 

ʰʠʨʦʢʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʬʘʢʪʦʨʽʚ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.1. 
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ʊʘʙʣʠʮʷ 4.1   

ʈʦʙʦʯʘ ʤʘʪʨʠʮʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʂʦʜʦʚʽ ʪʝʦʨʝʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ 

ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ 

ʌʘʢʪʦʨʠ ʌʫʥʢʮʽʷ 

ʅʘʪʫʨʘʣʴʥʝ ʧʦʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʅʘʪʫʨʘʣʴʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ 

ʈ1 R1 S1 ʈ2 R2 S2 a I 

ʌʦʨʤʘʣʽʟʦʚʘʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʬʘʢʪʦʨʽʚ ʪʘ ʥʘʪʫʨʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʭʾʥʽʭ ʨʽʚʥʽʚ 

ʌʦʨʤʘʣʽʟʦʚʘʥʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ 

F1 

F2, 

F3, 

F5, 

F6 

F4 F7 X1 X2 X3 X4 X5 X6 X7 y 

0 0 0 0 150 3 0,4 150 1,5 4,5 125 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ 

1 1 1 1 200 3,5 0,5 200 2 4,7 175 

2 2 2 2 220 4 0,6 250 2,5 4,9 200 

3 ï 3 3 250 ï ï 275 ï ï 220 

4 ï 4 4 275 ï ï 300 ï ï 275 

5 ï 5 ï 300 ï ï 350 ï ï ï 

6 ï 6 ï 350 ï ï 400 ï ï ï 

7 ï 7 ï 400 ï ï 500 ï ï ï 

8 ï 8 ï 450 ï ï 550 ï ï ï 

9 ï ï ï 500 ï ï ï ï ï ï 

ɼʦʩʣʽʜ 1 300 3 0,4 200 1,5 4,7 175 0,0163 

2 400 3,5 0,6 300 2 4,5 220 0,0076 

3 150 4 0,5 500 2,5 4,9 175 0,0131 

4 250 3 0,4 150 1,5 4,7 200 0,3992 

5 500 4 0,6 300 2 4,5 175 0,0093 

6 250 3,5 0,5 550 2,5 4,9 125 0,0184 

7 350 3 0,6 350 2 4,5 275 0,0057 

8 400 3,5 0,6 400 2 4,5 200 0,011 

9 150 4 0,4 250 1,5 4,7 275 0,0063 

10 275 3,5 0,5 550 2 4,5 175 0,0129 

11 350 4 0,4 350 2,5 4,9 125 0,0146 

12 400 3 0,6 150 1,5 4,7 200 0,0109 

13 150 3,5 0,5 550 2 4,5 275 0,0092 

14 250 3 0,6 300 1,5 4,5 125 0,0168 

15 350 4 0,4 150 1,5 4,9 220 0,0094 

16 450 3 0,5 400 2 4,5 275 0,0130 

17 500 3,5 0,6 250 1,5 4,9 125 0,0179 

18 200 4 0,5 150 2,5 4,7 220 0,0099 

19 250 3,5 0,6 275 1,5 4,5 175 0,0103 

20 350 3 0,4 550 2 4,5 200 0,0194 
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21 400 4 0,4 300 2 4,9 275 0,0868 

22 150 3 0,6 350 2,5 4,7 125 0,0213 

23 500 4 0,5 400 2,5 4,5 275 0,0086 

24 350 3,5 0,4 550 2 4,9 200 0,0159 

25 220 3 0,4 150 2,5 4,5 125 0,0217 

26 400 4 0,5 300 1,5 4,7 175 0,0183 

27 300 3,5 0,6 400 2 4,9 220 0,0074 

28 150 3 0,5 250 2,5 4,5 125 0,0166 

29 500 4 0,4 550 1,5 4,7 275 0,0052 

30 250 3,5 0,5 200 2 4,9 220 0,0931 
 

 ʇʦʙʫʜʦʚʫ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʇʈɯɸʄ (ʧʣʘʥʫʚʘʥʥʷ, ʨʝʛʨʝʩʽʷ ʪʘ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ) [122].  

 ʇʦ ʚʽʜʛʫʢʫ Y ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ: 

1 6 2 4 3 7 2 4

3 4 4 6 3 6 1 7 4 5

5 6 1 4 5 7 5 6

  0.0339 0.0456 0.0459 0.0281 0.0617

0.0495 0.1024 0.0473 0.0439 0.0366

  0.0278 0.0234 0.0386 0.0212

Y u z x z x z x u

x x u z x z u x x x

z x u z x u x x

= - - + + +

+ + + + + -

- + + +

  

ʜʝ: 

 

( )

( )( )

( ) ( )( )

1 1

2

1 1 1

3 2

1 1 1

  0.0054  316.5 ;

  1.7224 0.0444 0.375 ;

  4.32056 0.1259 0.7247 0.0306 ;

x x

z x x

u x x x

= Ö -

= Ö - Ö -

= Ö - Ö - Ö +

 

 

( )

( )( )
( )

( )( )

2 2

2

2 2

3 3

2 7

3 3 3

  2  3.5 ;

  1.5 0.6667 ;

  10  0.5 ;

  1.5 1.4901 10 0.6667 ;

x x

z x

x x

z x x-

= Ö -

= Ö -

= Ö -

= Ö - Ö Ö -

 

 

( )

( )( )

( ) ( )( )
( )

( )( )

4 4

2

4 4 4

3 2

4 4 4 4

5 5

2

5 5 5

  0.0047  337.5 ;

    1.8918 0.186 0.414 ;
 

    4.1681 0.1266 0.7695 0.0246 ;

    1.875  1.9667 ;

  1.9058 0.083 0.5234 ;

x x

z x x

u x x x

x x

z x x

= Ö -

= Ö - Ö -

= Ö - Ö - Ö -

= Ö -

= Ö - Ö -

  

 
( )

( )( )
6 6

2

6 6 6

  4.4118  4.6733 ; 

  1.7675 0.1915 0.5571 ;

x x

z x x

= Ö -

= Ö - Ö -
 



104 

 

( )

( )( )

( ) ( )( )

7 7

2

7 7 7

3 2

7 7 7 7

  0.013  198.333 ;
 

 

.

  2.0381 0.0569 0.4787 ;

  4.1416 0.0432 0.8987 0.0066

x x

z x x

u x x x

= Ö -

= Ö - Ö -

= Ö - Ö - Ö -

 

 ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.2. 

 

 ʊʘʙʣʠʮʷ 4.2   

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ Y 

ʇʘʨʘʤʝʪʨʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʠʟʫ 
ʋʤʦʚʥʽ 

ʧʦʟʥʘʯʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

1y  

ʇ
ʝ
ʨ
ʝ
ʚ
ʽ
ʨ
ʢ
ʘ
 
ʛ
ʽ
ʧ
ʦ
ʪ
ʝ
ʟ

ʠ
  

ʧ
ʨ
ʦ

 ʚ
ʽ
ʜ
ʪ
ʚ
ʦ
ʨ
ʶ
ʚ
ʘ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʨ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
ʽ
ʚ

 ɻ
ʢ
ʩ
ʧ
ʝ
ʨ
ʠ
ʤ
ʝ
ʥ
ʪ
ʫ

 ɼʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ*  
2

ʚʽʜʪʚs  3,81183e-7 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ  ʚʽʜʪʚs  6,17400e-4 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʜʠʩʧʝʨʩʽʾ ʚ̔ ʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʚʽʜʪʚ1f  13 

ʚʽʜʪʚ2f  16 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫ 

G-ʢʨʠʪʝʨʽ ʁ
G ʝʢʩʧ 0.0190221 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

 G-ʢʨʠʪʝʨʽ ʁ
G ʢʨʠʪ 0,0248447 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 
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ʦ
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ʽ
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 ɼʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪ ̔
2

ʘʜs  0,000344281 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨ̔  ʁ
F ʝʢʩʧ 15,2295 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 1,62 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʩʪ ̔

fʘʜ1 13 

fʘʜ2 16 

ʈʚ̔ʝʥʴ ʟʥʘʯʫ ʦɦʩʪʽ a 0,05 

ɺʠʩʥʦʚʦʢ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʘʜʝʢʚʘʪʥʘ 
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 ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ R 0,980778 

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ  

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 
fk¡ 16 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʟʘʣʠʰʢʦʚʦʾ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 
FʟʘʣR 29 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫

F- ʢʨʠʪʝʨʽʶ 
F ʝʢʩʧ 2,39725 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 1,62636 
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ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ʂʨʠʪʝʨʽʡ ɹʦʢʩʘ ï ɺʝʮʘ ɔ 3 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʜʦʙʨʘ 

ʏʠʩʣʦ ʦʙʫʤʦʚʣʝʥʦʩʪʽ cond 2,16219 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ  

ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ,% uʚʽʜʥe  93,5823 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ 

ʘʙʩʦʣʶʪʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ue  0,0112845 

ʏʘʩʪʢʘ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʫ ʧʦʷʩʥʶʻ ʤʦʜʝʣ ɹ yQ  0,961925 

 

* ï ɼʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʦʙʯʠʩʣʝʥʘ ʽʟ ʟʘʜʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

 

ʊʘʙʣʠʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢ̔ʚ 

(ʧʦ ʥʘʚʯʘʣʴʥʽʡ ʤʘʪʨʠʮʽ) ʜʣʷ ʤʦʜʝʣʽ Y ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ (ʪʘʙʣ. 1ï3). 

 ɼʣʷ ʩʫʜʞʝʥʥʷ ʧʨʦ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʟ ʚʽʜʥʦʩʥʠʭ ʚʽʜʭʠʣʝʥʴ ʧʦ ʢʦʞʥʦʤʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʶ ʧʦʤʠʣʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʷʢ ʩʝʨʝʜʥʶ 

ʘʨʠʬʤʝʪʠʯʥʫ ʧʨʦʩʪʫ: 

%100
Ĕ1

1

Ö
-

= ä
=

k

i i

ii

y

yy

k
A  

 ʊʦʯʥʽʩʪʴ ʦʧʠʩʫ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʪʘʙʣ. 4.2, ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʦ ʷʢʦʩʪʽ ʮʽʻʾ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʩʝʨʝʜʥ ̫ ʧʦʭʠʙʢʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 93,5823 % ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʤʝʞʽ ʟʥʘʯʝʥʴ ɸ ï ʥʝ 

ʙʽʣʴʰʝ 8ï10% (ʜʦʧʫʩʢʘʻʪʴʩʷ 8ï15%). ʇʨʦ ʭʦʨʦʰʠʡ ʧʽʜʙʽʨ ʤʦʜʝʣʽ ʜʦ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʝʞ 5ï7%. 

ʎʝ ʩʣʫʞʠʪʴ ʥʝʧʨʷʤʦʶ ʦʟʥʘʢʦʶ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ [123; 

124]. ʇʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʥʦʱʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʙʫʜʦʚʠ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʮʝʩʽʚ ʆɿʆ, ʨʽʟʘʥʥʷ ʪʘ ̔ʥ. ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʷʢʽ ʚʽʜʟʥʘʯʝʥʦ ʚ [123]. 

 ʊʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ [125] ʙʫʣʠ ʚʠʜʽʣʝʥʽ 

ʛʽʧʦʪʝʪʠʯʥʽ ʦʜʥʦʨʽʜʥʽ ʦʙʣʘʩʪʽ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ [126ï128]. ʅʝʯʽʪʢʠʡ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ 

ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 4ï7 ʜʦʜʘʪʢʫ ɸ. 
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 ʉʧʨʦʙʘ ʨʦʟʙʠʪʪʷ ʥʘ 3, 4, 5, 6 ʢʣʘʩʪʝʨʽʚ ʙʫʣʘ ʥʝʚʜʘʣʦʶ: ʚʠʜʽʣʝʥʽ 

ʢʣʘʩʪʝʨʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

 ʄʦʜʝʣʴ ʟʘ ʢʣʘʩʪʝʨʦʤ 1. 

 ɿʘ ʢʣʘʩʪʝʨʦʤ ˉ1 ʧʦ ʚʽʜʛʫʢʫ Y ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ: 

3 5 6 7 3

1 5 7 2 6 1 2

0.0121 0.0085 0.0053 0.0021  

0.0024 0.0017 0.0016 0.0025

Y x z x z x

x x z z x x x

= + + - -

- - - -
  

 ʜʝ: 

 

( )

( )( )

( ) ( )( )

1 1

2

1 1 1

3 2

1 1 1 1

  0.0050  348.214 ;

    1.9052 0.1514 0.3238 ;

    4.3875 0.3130 0.6560 0.0523 ;

x x

z x x

u x x x

= Ö -

= Ö + Ö -
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2
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2
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2

5 5 5

  1.75  3.5714 ;

    2.351 0.1528 0.4219 ;

    10  0.5 ;
 

    1.75 0.0001 0.5714 ;

    1.647  2.1071 ;

  1.2492 0.0116 0.211 ;

x x

z x x

x x

z x x
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z x x
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3 2
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  4.1177  4.6571 ;

    1.5943 0.3387 0.5986 ;

    0.0115  212.143 ;  

    1.7922 0.0697 0.3723 ;

  5.0217 0.464 0.6302 0.14 8.6
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x x
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 ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ ʟʘ ʢʣʘʩʪʝʨʦʤ ˉ1 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 

4.3. 
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 ʊʘʙʣʠʮʷ 4.3   

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ Y ʟʘ ʢʣʘʩʪʝʨʦʤ ˉ1 

ʇʘʨʘʤʝʪʨʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʠʟʫ 
ʋʤʦʚʥʽ 

ʧʦʟʥʘʯʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

1y  
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ʽ
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ʠ
ʤʝ
ʥ
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ʫ

 ɼʠʩʧʝʨʩʽʷ ʚʜ̔ʪʚʦʨʶʚʘʥʦʩʪʽ* 
2

ʚʽʜʪʚs  5,46892e-8 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ  ʚʽʜʪʚs  4,83677e-4 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʚʽʜʪʚ1f  7 

ʚʽʜʪʚ2f  6 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ̫  

G-ʢʨʠʪʝʨʽ ʁ
G ʝʢʩʧ 0.00109918 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

 G-ʢʨʠʪʝʨʽ ʁ
G ʢʨʠʪ 0,00149793 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 
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ʤ
ʦ
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ʽ

 ɼʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪ ̔
2

ʘʜs  9,09219e-7 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥɹʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʝʢʩʧ 21,5036 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 2,72666 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʩʪ ̔

fʘʜ1 7 

fʘʜ2 6 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ɺʠʩʥʦʚʦʢ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʘʜʝʢʚʘʪʥʘ 
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ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ R 0,985636 

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ  

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 
fk¡ 7 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʟʘʣʠʰʢʦʚʦʾ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 
FʟʘʣR 13 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

F- ʢʨʠʪʝʨʽʶ 
F ʝʢʩʧ 4,20666 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 2,72666 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ʂʨʠʪʝʨʽʡ ɹʦʢʩʘ ï ɺʝʮʘ ɔ 2 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʜʦʙʨʘ 

ʏʠʩʣʦ ʦʙʫʤʦʚʣʝʥʦʩʪʽ cond 2,53427 

ʉʝʨʝʜʥ̒ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ  

ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ, % uʚʽʜʥe  5,34124 
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ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʁʪʥʠʭ ʚʝʣʠʯʠʥ 

ʘʙʩʦʣʶʪʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ue  0,000483677 

ʏʘʩʪʢʘ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʫ ʧʦʷʩʥʶʻ ʤʦʜʝʣ ɹ yQ  0,971479 

 

* ï ɼʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʦʙʯʠʩʣʝʥʘ ʽʟ ʟʘʜʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. 

 

ʊʘʙʣʠʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʽʚ 

(ʧʦ ʥʘʚʯʘʣʴʥʽʡ ʤʘʪʨʠʮʽ) ʜʣʷ ʤʦʜʝʣʽ Y ʟʘ ʢʣʘʩʪʝʨʦʤ ˉ1 ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɹ 

(ʪʘʙʣ. 8ï10). 

 ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʆɿʆ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʨʠʩ. 4.1ï4.2. 

 

 ʈʠʩ. 4.1. ɺʟʘʻʤʦʜʽʷ ʨʘʜʽʫʩʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ (R2) ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ (S1) ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʽ. ʈʝʰʪʘ ʬʘʢʪʦʨʽʚ ʙʫʣʠ 

ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʪʘʢʠʭ ʨʽʚʥʷʭ: P1 = 150, R1 = 3, S2 = 4.5, a = 275. 

 

 ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ y ʚʽʜ ʬʘʢʪʦʨʽʚ S1 ʽ R2 ʟʘʣʝʞʥʦ ʚʽʜ ʦʢʨʝʤʠʭ 

ʧʘʨʘʤʝʪʨ̔ʚ ʫ ʧʣʦʱʠʥʽ ʾʭ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ (ʨʠʩ. 4.2), ʧʨʠ ʮʴʦʤʫ ʨʝʰʪʘ 

ʬʘʢʪʦʨʽʚ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʪʘʢʠʭ ʨʽʚʥʷʭ: P1 = 150, R1 = 3, S2 = 4.5, a = 125. 
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 ʈʠʩ. 4.2. ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʬʫʥʢʮʽʾ y = f (S1, R2). 

  

 ʄʦʜʝʣʴ ʟʘ ʢʣʘʩʪʝʨʦʤ 2. 

 ɿʘ ʢʣʘʩʪʝʨʦʤ ˉ 2 ʧʦ ʚʽʜʛʫʢʫ Y ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ: 

3 4 6 2 4 4 7

7 7 4 2 4 3 7

1 3 6

  0.0496 0.2088 0.2263 0.3440 0.4256
 

  0.2142 0.0880 0.1460 0.1023  0.0670

0.0881 0.0268 0.0160 .

Y x x z x z z u

z x x x x x u

z z z

= - + - + -

- - + - + +

+ + +

  

 ʜʝ: 

 

( )

( )( )

( ) ( )( )

1 1

2

1 1 1

3 2

1 1 1 1

  0.0047  288.75 ;
 

    1.6786 0.1601 0.2442 ;

  4.0085 0.3694 0.4322 0.0511 ;

x x

z x x

u x x x

= Ö -

= Ö - Ö -

= Ö - Ö - Ö +
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( )

( )
( )

( )
( )

( )
( )

2 2

2

2 2 2

3 3

2

3 3 3

5 5

2

5 5 5

4 4

4

    1.7778  3.4375 ;

  1.6996 0.1844 0.5802 ;

    10  0.5 ;

    1.3333 0.0001 0.75 ;

    1.5238  1.8437 ;

    2.1892 0.4137 0.4150 ;

  0.0085  232.813 ;

    1.477

x x

z x x

x x

z x x

x x

z x x

x x

z

= Ö -

= Ö - Ö -

= Ö -

= Ö - Ö -

= Ö -

= Ö - Ö -

= Ö -

= Ö( )

( )

2

4 4

3 2

4 4 4 4

 

0.0003 0.3227 ;

  4.2322 0.3527 0.5247 0.1137 ;

x x

u x x x

- Ö -

= Ö - Ö - Ö +

 

 

( )

( )
( )

( )

( )

6 6

2

6 6 6

7 7

2

7 7 7

3 2

7 7 7 7

  4.7059  4.6875 ;

    2.0179 0.0716 0.4948 ;
 

  0.0113  186.25 ;

.

    1.7552 0.1143 0.316 ;

  5.8572 0.4489 0.5855 0.1058

x x

z x x

x x

z x x

u x x x

= Ö -

= Ö - Ö -

= Ö -

= Ö - Ö -

= Ö - Ö - Ö +

 

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ ʟʘ ʢʣʘʩʪʝʨʦʤ ˉ 2 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.4. 

 

ʊʘʙʣʠʮʷ 4.4  

ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ Y ʟʘ ʢʣʘʩʪʝʨʦʤ ˉ2 

ʇʘʨʘʤʝʪʨʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʠʟʫ 
ʋʤʦʚʥʽ 

ʧʦʟʥʘʯʝʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

1y  

ʇ
ʝ
ʨ
ʝ
ʚ
ʽ
ʨ
ʢ
ʘ
 

ʛ̔
ʧ
ʦ
ʪ
ʝ
ʟ
ʠ

  

ʧ
ʨ
ʦ

 ʚ
ʜ̔
ʪ
ʚ
ʦ
ʨ
ʶ
ʚ
ʘ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʨ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
ʽ
ʚ

 ɻ
ʢ
ʩ
ʧ
ʝ
ʨ
ʠ
ʤ
ʝ
ʥ
ʪ
ʫ

 ɼʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ* 
2

ʚʽʜʪʚs  9,08209e-7 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ  ʚʽʜʪʚs  3,6789e-3 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʜʠʩʧʝʨʩʽʾ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʚʽʜʪʚ1f  12 

ʚʽʜʪʚ2f  3 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫ 

G-ʢʨʠʪʝʨʽ ʁ
G ʝʢʩʧ 0.0110675 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

 G-ʢʨʠʪʝʨ̔ ʁ
G ʢʨʠʪ 0,0214321 

ʈ̔ ʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ʇ
ʝ
ʨ
ʝ
ʚ
ʽ
ʨ

ʢ
ʘ
 

ʛ
ʽ
ʧ
ʦ
ʪ
ʝ
ʟ
ʠ

  

ʧ
ʨ
ʦ
 

ʘ
ʜ
ʝ
ʢ
ʚ
ʘ
ʪ
ʥ
ʽ
ʩ
ʪ
ʴ
 
 

ʤ
ʦ
ʜ
ʝ
ʣ
ʽ

 ɼʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪ ̔
2

ʘʜs  1,01193e-4 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʝʢʩʧ 93,6471 
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ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 7,19571 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʩʪ ̔

fʘʜ1 12 

fʘʜ2 3 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ɺʠʩʥʦʚʦʢ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʘʜʝʢʚʘʪʥʘ 

ɸ
ʥ
ʘ
ʣ
ʽ
ʟ
 
ʦ
ʪ
ʨ

ʠ
ʤ
ʘʥ
ʦ
ʾ
 
ʤ
ʦ
ʜ
ʝ
ʣ
ʽ
 

 

ʥ
ʘ
 
ʽ
ʥ
ʬ
ʦ
ʨ
ʤ
ʘ
ʪ
ʠ
ʚ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʂʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ R 0,998707 

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ  

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 
fk¡ 12 

ʏʠʩʣʦ ʩʪʫʧʝʥ̔ʚ ʩʚʦʙʦʜʠ ʜʣʷ  

ʟʘʣʠʰʢʦʚʦʾ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 
FʟʘʣR 15 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

F- ʢʨʠʪʝʨʽʶ 
F ʝʢʩʧ 8,74464 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫

F-ʢʨʠʪʝʨʽ ʁ
F ʢʨʠʪ 7,19571 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ a 0,05 

ʂʨʠʪʝʨʽʡ ɹʦʢʩʘ ï ɺʝʮʘ ɔ 3 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʜʦʙʨʘ 

ʏʠʩʣʦ ʦʙʫʤʦʚʣʝʥʦʩʪ ̔ cond 1,64068 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ  

ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ,% uʚʽʜʥe  29,1566 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ 

ʘʙʩʦʣʶʪʥʠʭ ʧʦʭʠʙʦʢ ʘʧʨʦʢʩʠʤʘʮʽʾ ue  0,0036789 

ʏʘʩʪʢʘ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʫ ʧʦʷʩʥʶʻ ʤʦʜʝʣɹ yQ  0,997415 

 

* ï ɼʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʦʙʯʠʩʣʝʥʘ ʽʟ ʟʘʜʘʥʦʛʦ ʚʽʜʭʠʣʝʥʥ̫. 

 

ʊʘʙʣʠʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʽʚ 

(ʟʘ ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ) ʜʣʷ ʤʦʜʝʣʽ Y ʟʘ ʢʣʘʩʪʝʨʦʤ ̄ 2 ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ 

ɸ (ʪʘʙʣ. 11ï13). 

 ʆʩʢʽʣʴʢʠ ʬʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʚʠʷʚʠʚʩʷ ʥʝʦʜʥʦʨʽʜʥʠʤ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʡʦʛʦ 

ʨʦʟʜʽʣʠʣʠ ʥʘ ʦʜʥʦʨʽʜʥʽ ʧʽʜʦʙʣʘʩʪʽ, ʫ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʩʚʦʷ 

ʤʦʜʝʣʴ. ʋʩʽ ʤʦʜʝʣʽ ʻ ʘʜʝʢʚʘʪʥʠʤʠ, ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʪʘ ʩʪʽʡʢʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʠʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 



112 

 4.2. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʚʦʭʝʪʘʧʥʦʾ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ 

  

 ʈʝʩʫʨʩ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ̔ ʤʝʭʘʥʽʟʤʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʥʦʤ ʾʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʧʨʦʮʝʩʽ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʧʣʠʚʘʻ ʥʘ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

 ʇʨʦʮʝʩ ʆɿʆ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʜʦʢʣʘʜʘʥʥʷʤ ʟʫʩʠʣ ɹ

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ, ʫʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʫʞʥʘ 

ʽ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʠʥʠʢʘʶʪʴ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. 

 ʇʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʩʥʦʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʟʘʛʦʪʦʚʢʠ, 

ʷʢʽ ʬʦʨʤʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʛʦʪʦʚʢʠ ʪʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥ,̔ ʻ 

ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪ ɹʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʝʪʘʣʣ ,ʁ 

ʘ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʝ ʪʝʨʪʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

 ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ï 

ʫʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥ̫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʥʝʥʥʷ, ʷʢʽ ʧʦʟʠʪʠʚʥʦ 

ʚʣʠʚʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʽ. 

 ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟʘʜʘʥʦʾ ʜʝʪʘʣʽ 

ʟʨʦʙʣʝʥʦ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

 ʘ) ʧʽʜ ʯʘʩ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʪʘʣʴ ʚʚʘʞʘʻʪʴʩʷ ʙʝʟʢʽʥʝʯʥʦʶ 

ʟʘʛʦʪʦʚʢʦ ;ʁ 

 ʙ) ʜʝʬʦʨʤʫʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʤʘʻ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ, ʽ  ̒ʘʙʩʦʣʶʪʥʦ 

ʪʚʝʨʜʠʤ; 

 ʚ) ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʨʝʣʴʻʬʫ ʻ ʜʠʥʘʤʽʯʥʠʤ, ʪʦʤʫ 

ʧʨʠ ʡʦʛʦ ʤʦʜʝʣʶʚʘʥʥ ̔ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʨʦʟʚ'ʷʟʫʚʘʣʠ ʾʾ ʷʢ 

ʢʚʘʟʽʜʠʥʘʤʽʯʥʫ, ʪʦʙʪʦ ʚ ʩʪʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮ ̔ʜʝʬʦʨʤʫʚʘʣʴʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʫ 

ʟʘʜʘʚʘʣʘʩʴ ʥʝ ʰʚʠʜʢʽʩʪʴ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ. 
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 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʨʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʟʽ 

ʩʪʘʣʽ. 

 ɺʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʘʣʽʚ ʫ ʧʦʣʽʛʨʘʬʽʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥ.̔ ɿʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [9]. ʁʦʛʦ ʩʫʪʴ ʫ 

ʪʦʤʫ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘ ʧʦʚʝʨʭʥ ʁʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʥʘʥʦʩʷʪʴ ʯʘʩʪʢʦʚʦ 

ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʟ ʨʝʛʫʣʷʨʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʤʝʪʘʣʝʚʫ ʧʦʚʝʨʭʥʶ ʭʨʦʤʫʶʪʴ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʻ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʥʪʘʢʪʥʝ ʪʝʨʪʷ, ʷʢʝ 

ʚʠʥʠʢʘʻ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʝʨʪʷ ʪʘ ʜʝʬʦʨʤʫʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

 ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʞ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʶʪʴ ʧʦʚʥʽʩʪʶ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ ʥʘ ʚʩʽʡ ʧʦʚʝʨʭʥʽ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʟʫʩʠʣʣʷʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ. ʎʝ ʟʤʽʥʶʻ 

ʚʝʣʠʯʠʥʫ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ [129]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʟʘʛʦʪʦʚʢʠ ʚʠʨʽʰʫʻʪʴʩʷ ʧʣʦʩʢʘ ʟʘʜʘʯʘ 

ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʫ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʘ ʚʽʩʴ ʟʘʛʦʪʦʚʢʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʜʚʘ ʝʪʘʧʠ: ʥʘ ʧʝʨ ʦhʤʫ ʝʪʘʧʽ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʙʠʪʢʠ ʚʽʜ 

ʚʽʙʨʦʚʠʛʣʘʞʫʚʘʣʴʥʦʾʦʙʨʦʙʢʠ (ʨʠʩ. 4.3, ʘ) ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʩʣʽʜʘʤʠ S=0.2 ʤʤ, ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʚʟʜʦʚʞ ʦʩʽ 

ʟʘʛʦʪʦʚʢʠ ʧʦ ʚʞʝ ʩʬʦʨʤʦʚʘʥʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʣʠʰʢʦʚʦʤʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʫ (ʨʠʩ. 4.3, ʙ). 

 

ʘ) 
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ʙ) 

ʈʠʩ. 4.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʥʥʷ:  

ʘ ï ʝʪʘʧ 1 ï ʬʦʨʤʫʚʘʥʥʷ ʅɼʉ ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟ ʟʫʩʠʣʣʷʤ (ʈ1=100ʅ),  

ʙ ï ʝʪʘʧ 2 ï ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʟ̔ ʟʫʩʠʣʣʷʤ ʈ2=150ʅ. 

 

 ʈʝʟʫʣʴʪʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘ ʘʢʪʠʚʥʽʡ ʩʪʘʜʽʾ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʜʝʥʪʦʨʘ ʥʘʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʢʘʟʘʥʽ ʨʠʩ. 4.4. 

 

 

   ʘ)       ʙ) 

 

   ʚ)       ʛ) 
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ʜ) 

ʈʠʩ. 4.4. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʜʝʥʪʦʨʘ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ: ʘ), ʙ) ʽ ʚ) ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

sx, sʫ, sz, ʛ) ï ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ txy, ʜ) ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

 

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩ. 

4.4) ʧʦʢʘʟʫʻ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ sx, sy, sz, ʻ 

ʩʪʠʩʢʘʣʴʥʠʤʠ, ʾʭ ʤʘʢʩʠʤʘʣʴʥ̔ ʚʝʣʠʯʠʥʠ ï 1000 ʄʇʘ, 1239 ʄʇʘ ʪʘ 1000 ʄʇʘ 

ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ. 4.4, ʘ-ʚ). ʅʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ txy ʟʤʽʥʁ̒ ʟʥʘʢ ʧʽʜ ʽʥʜʝʥʪʦʨʦʤ 

ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ, ʘ ʾʭ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʤʽʞ ʜʝʪʘʣʣʶ 

ʪʘ  ʜʝʬʦʨʤʫʚʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ [130]. 

 ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ 

(ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʥʥʷ) ï ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ï ʧʦʢʘʟʘʥʦ ʨʠʩ. 4.5. 

 

ʘ) 
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ʙ) 

 

ʚ) 

ʈʠʩ. 4.5. ʈʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʢʠ 

ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʥʥʷʤ: ʘ) ʽ ʙ) ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ sx  ʽ sz,  

ʚ) ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʙʦʨʦʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʨʦʙʨʦʙʢʠ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʬʦʨʤʫʶʪʴʩʷ ʩʪʠʩʢʘʣʴʥʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥ̫ ůx ʽ ůz. ɰʭ ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʩʣʽʜʦʤ ʚʽʜ ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʈʦʟʧʦʜʽʣ ʜʽʶʯʠʭ ʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.6. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 4.6. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʫ ʧʨʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ: ʘ) ï ʜʽʶʯʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʘʢʪʠʚʥʽʡ ʩʪʘʜʽʾ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙ) ï ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 

ʛʣʠʙʠʥʽ 50ï100 ʤʢʤ ʪʘ ʩʢʣʘʜʘʻ sʭ = 117 ʄʇʘ, sz = 191 ʄʇʘ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ï ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʜʝʪʘʣʽ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʚʨʘʭʦʚʫʶʯʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʙʫʚ 

ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʽʙʨʦʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ (ʨʠʩ. 4.7). 
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩ. 4.7. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ: ʘ) ʪʘ ʙ) ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ sx, 

ʪʘ sz, ʚ) ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

 

ʈʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʢʠ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.8. 
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 4.8. ʈʦʟʧʦʜʣ̔ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʦʙʨʦʙʢʠ 

ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ: ʘ) ʽ ʙ) ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ sx  ̔sz 

 

 ʋ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʩʪʠʩʢʫ ʥʘʧʨʫʞʝʥʥʷ sx ʽ sz. ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʦ ʛʣʠʙʠʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ h ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 4.9. 

 

 

 

ʈʠʩ. 4.9. ʈʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨ̔ ʧʽʩʣʷ 

ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 
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ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʚʠʛʣʘʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʪʘ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ sz ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʛʦ ʟʫʩʠʣʣʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ [131]. ɿʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʣʠʰʢʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ sʭ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʙʽʛʦʤ ʥʘʧʨʷʤʢʽʚ ʜʽʾ ʮʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʘ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʝʪʘʧʘʭ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ. 

 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʘʚʜʷʢʠ 

ʦʪʨʠʤʘʥʽʡ ʘʥʘʣʽʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʰʣʷʭʦʤ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣɹ ʥʠʭ ʨʝʞʠʤʽʚ ʟʤ̔ʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ. 

2. ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ ʇʈɯɸʄ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʽ 

ʧʦʙʫʜʫʚʘʪʠ ʾʭ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʘʣʽʟʘʮʽ ʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʬʦʨʤʫʶʪʴʩʷ ʩʪʠʩʢʫʚʘʣʴʥʽ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʛʠ ůx ʽ ůz. ɰʭ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 50ï100 ʤʢʤ 

ʪʘ ʩʢʣʘʜʘʻ ůx=100ï120 ʄʇʘ, ůz=170ï190 ʄʇʘ. 

ʇʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʤʽʩʮʷʭ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʣʠʙʠʥʘ ʪʘ 

ʚʝʣʠʯʠʥʘ ʟʘʣʷʛʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ůz ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʫʩʠʣʣʷ ʚʠʛʣʘʜʞʫʚʘʥʥʷ. ɸ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ůx ʤʦʞʥʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʙʽʛʦʤ ʥʘʧʨʷʤʢʽʚ ʜ̔ ʾ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʝʪʘʧʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

 ʇʽʜʚʠʱʝʥʥʷ ʧʘʨʘʤʝʪʨʚ̔ ʷʢʦʩʪʽ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʚʘʣʽʚ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʮʠʭ ʚʘʣʽʚ. 
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ʈʆɿɼɯʃ 5 

ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ɿʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʫ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʧʘʨʠ ʪʝʨʪʷ ʫ ʚʫʟʣʘʭ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʥʘ ʟʘʚʜʷʢʠ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʦʻʜʥʘʥʥʶ ʜʝʷʢʠʭ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʬʽʟʠʢʦ-ʤʝʭʘʥ̔ʯʥʠʭ, 

ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤʠ ʻ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʾʭ ʧʦʚʝʨʭʥʽ, 

ʪʦʙʪʦ ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʶʪʴʩ̫  

ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ  ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʚʫʟʣʽʚ. 

ʊʦʤʫ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ, ʱʦ ʫʪʚʦʨʶʁʪʴ ʧʘʨʠ ʪʝʨʪʷ, ʥʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʥʘ 

ʷʢʽʩʥʫ ʨʦʙʦʪʫ  ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʟʘʛʘʣʦʤ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ 

ʨʦʟʜʽʣʽ 2, ʪʘ ʟʛʽʜʥʦ ʟ ʧʦʜʘʥʠʤʠ ʚ ʥʴʦʤʫ ʤʝʪʦʜʠʢʘʤʠ. 

 

 5.1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ  

 

 ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʦʣʠʢʠ ʚʘʣʽʚ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʽ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʽ 45.  

 ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʽ 45 

ʤʘʶʪʴ ʬʝʨʠʪʥʦ-ʧʝʨʣʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ̔ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʬʝʨʠʪʥʠʭ ʟʝʨʝʥ 

40...60 ʤʢʤ (ʨʠʩ. 5.1). ʇʝʨʣʽʪʥʘ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʣʘʩʪʠʥʯʘʪʦʶ ʙʫʜʦʚʦʶ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʙʣʠʟʴʢʦ 0,1...0,3 ʤʢʤ. 
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ʈʠʩ. 5.1. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

  

 ʇʽʩʣʷ ʜʚʦʭʝʪʘʧʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ, ʘ 

ʩʘʤʝ ʚ̔ʙʨʘʮʽʡʥʠʤ ʦʙʢʘʪʫʚʘʥʥʷʤ ʽ ʥʘʩʪʫʧʥʠʤ ʧʦʟʜʦʚʞʥʽʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʬʦʨʤʦʚʘʥʽ ʟʝʨʥʘ ʬʝʨʠʪʫ 

ʪʘ ʧʝʨʣʽʪʫ.  ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʦ ʧʦʜʨʽʙʥʝʥʫ ʩʪʨʫʢʪʫʨʫ, ʫ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʷʢʦʾ ʦʢʨʝʤʽ ʟʝʨʥʘ ʦʪʨʠʤʫʶʪʴ ʥʝʚʠʨʘʟʥʠʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩ. 5.2). 

 ɼʝʬʦʨʤʘʮʽʾ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʛʣʠʙʠʥʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʟʤʽʥʠ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʙʽʢ ʟʨʦʩʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʥʫʪʨʽʰʥʴʦʟʝʨʥʦʚʦʛʦ ʜʠʩʣʦʢʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʤʝʪʘʣʫ. 

 

 

ʈʠʩ. 5.2. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʇʇɼ 
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ʋ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ ʟʘʚʜʷʢʠ ʪʨʴʦʭʝʪʘʧʥʽʡ ʢʦʤʧʣʝʢʩʥʽʡ ʦʙʨʦʙʮʽ (ʨʠʩ. 5.3) 

ʬʦʨʤʫʶʪʴʩʷ ʜʨʽʙʥʽʰʽ ʟʝʨʥʘ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʧ̔ ʩʣʷ ʇʇɼ ʪʘ 

ʫʪʚʦʨʶʪ̒ʴʩʷ ʥʽʪʨʠʜʥʠʡ ʧʨʦʰʘʨʦʢ ʫʥʘʩʣʽʜʦʢ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ 

ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʜʘʪʢʦʚʝ ʟʤʽʮʥʝʥʥʷ ʪʘ ʟʥʘʯʥʝ 

ʧʜ̔ʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

 

 

 ʈʠʩ. 5.3. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 ʧʽʩʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ 

(ʇʇɼ + ʽʦʥʥʦ-ʧʣʘʟʤʦʚʝ ʘʟʦʪʫʚʘʥʥʷ 

 

 ɿʥʘʯʥʫ ʛʣʠʙʠʥʫ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʛʣʠʙ ʤʝʪʘʣʫ ʦʪʨʠʤʘʣʠ 

ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʞʠʤʽʚ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ 

ʘʟʦʪʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʟ-ʧʦʤʽʞ ʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

 

5.2. ɺʧʣʠʚ ʨʝʞʠʤ̔ ʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ 

 

ɯʟ-ʟʘ ʥʝʤʦʞʣʠʚʦʩʪʽ ʰʣʷʭʦʤ ʚʠʢʣʶʯʥʦ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʧʣʠʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ ʥʘ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ 

ʦʜʥʦʬʘʢʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

ʗʢ ʧʦʢʘʟʘʣʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʨʝʪʽʡ ʝʪʘʧ ʢʦʤʧʣʝʢʩʥʦʾ 

ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʥʝ 
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ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ, ʦʩʢʽʣʢɹʠ ʪʫʪ 

ʤʘʻ ʤʩ̔ʮʝ ʪʽʣʴʢʠ ʜʠʬʫʟʽʡʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʘ 

ʩʧʨʠʯʠʥʷʻ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ. ʊʦʤʫ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ ʦʢʨʝʤʦ ʧʽʩʣʷ ʪʨʝʪʴʦʛʦ 

ʝʪʘʧʫ ʦʙʨʦʙʢʠ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 ʪʘ ʩʪʘʣʽ 

20ʍ  ʧʽʩʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʢʘʪʫʚʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ, 

ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ï ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ. ʄʝʪʦʜʠʢʫ 

ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 2. 

ʗʢ ʧʦʢʘʟʘʣʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟ-ʧʦʤʽʞ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʇʇɼ ʪʘʢʠʭ, ʷʢ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ (ʈ), ʨʘʜʽʫʩ 

ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ̔ʥʩʪʨʫʤʝʥʪʘ (R), ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ (S), ʢʽʣʴʢʽʩʪʴ ʧʦʜʚʽʡʥʠʭ ʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʘ (nʧʦʜʚ.ʭ.), ʢʽʣʴʢʽʩʪʴ 

ʦʙʝʨʪʽʚ ʰʧʠʥʜʝʣʷ (nʰʧ.) ʪʦʱʦ, ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʧʝʨʰʽ ʜʚʘ.  

 ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʠ ʟʤʮ̔ʥʶʚʘʣʴʥʫ ʦʙʨʦʙʢʫ 

ʚʽʙʨʦʥʘʢʘʪʫʚʘʥʥʷʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ (D=65 ʤʤ) ʟʽ ʩʪʘʣʝʡ 45 (HRC 

44é46) ʽ  20ʍ (HRC 60é62). ɿʘ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ R=3ï4 ʤʤ, P=150ï

500 ʅ, e=0,2ï1,0 ʤʤ, nʧʦʜʚ.ʭ =1000ï2000 ʧʦʜʚ.ʭ./ʭʚ, S=0,08ï12,5 ʤʤ/ʦʙ., 

nʰʧ=25ï2000 ʦʙ/ʭʚ ʦʪʨʠʤʘʥʦ ʧʦʚʥʽʩʪʁ ʨʝʛʫʣʷʨʥʠʡ ʤʽʢʨʦʨʝʣʴʻʬ 

ʛʝʢʩʘʢʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʱʦ, ʟʛʽʜʥʦ ʟ ɻʆʉʊ 24773ï81 ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ï ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ; ʛʨʫʧʠ ï ʥʦʚʠʡ ʤʽʢʨʦʨʝʣʴʻʬ; ʚʠʜʫ ï 

ʩʽʪʯʘʩʪʠʡ, ʪʠʧʫ ï ʰʝʩʪʠʢʫʪʥʠʡ; ʬʦʨʤʠ ï ʚʚʽʛʥʫʪʘ. ʊʘʢʘ ʚʠʙʽʨʢʘ 

ʦʙʫʤʦʚʣʝʥʘ ʘʥʘʣʽʟʦʤ ʜʦʩʣ̔ʜʞʝʥʴ ʇ. ʆ. ʂʠʨʠʯʢʘ, ɺ. ɻ. ʆʣʽʡʥʠʢʘ,  ʆ. ɯ 

ʃʦʪʦʮʴʢʦʾ,  ʆ. ɯ. ʍʤʽʣʷʨʯʫʢ ʪʘ ʽʥ. [34; 132ï135]. 

 ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʝʣʴʻʬʫ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ ʚʚʽʛʥʫʪʦʾ ʬʦʨʤʠ ʥʘ 

ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʘʥʘʣʦʛʯ̔ʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʜʣʷ 

ʏʈʄʈ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʪʠʧʫ ʪʘ ʇʈʄʈ [7; 80; 135; 136]. 
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ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʠ ʟʤʽʮʥʶʚʘʣʴʥʫ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ (ʟ ʫʞʝ 

ʥʘʥʝʩʝʥʠʤ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ ʇʈʄʈ). ʆʙʨʦʙʢʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʛʽʜʥʦ ʟ ʦʧʠʩʘʥʦʶ ʚ ʨʦʟʜ. 2 ʤʝʪʦʜʠʢʦʶ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʏʈʄʈ 

ʥʝʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʚʠʜʫ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʽʭ ʟʘʛʣʠʙʣʝʥʴ ʚʚʽʛʥʫʪʦʾ 

ʬʦʨʤʠ. ʎʽ ʟʘʛʣʠʙʣʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʷʢʘ ʥʝ ʤʝʥʰʘ, ʥʽʞ 

ʧʦʜʚʽʡʥʝ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʟʘʛʣʠʙʣʝʥʥʷ (ʨʦʟʜ. 3, ʨʠʩ. 3.12). 

ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʥʝʨʽʚʥʦʩʪʝʡ ʤʽʢʨʦʨʝʣʴʻʬʫ (h),  ʾʭ ʰʠʨʠʥʠ (b) ʽ 

ʚʠʩʦʪʠ ʥʘʧʣʠʚʽʚ (hʥ) ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʘʜʽʫʩʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ 

ʜʽʘʧʘʟʦʥʽ 1,5é2,5 ʤʤ ʪʘ ʽ ʟʫʩʠʣʣ̔ ʚʜʘʚʣʶʚʘʥʥʷ P=150ï550 ʅ ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʤʘʻ ʯʽʪʢʠʡ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 5.4, 5.5, 5.6). 

 

 

 

ʈʠʩ. 5.4. ɿʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʥʝʨʽʚʥʦʩʪʝʡ ʤʽʢʨʦʨʝʣʴʻʬʫ ʚ̔ ʜ ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʨʘʜʽʫʩʽʚ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ 
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ʈʠʩ. 5.5. ɿʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʥʝʨʽʚʥʦʩʪʝʡ ʤʽʢʨʦʨʝʣɹ̒ ʬʫ ʚʽʜ ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʨʘʜʽʫʩʽʚ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ 

 

 

ʈʠʩ. 5.6. ɿʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʥʘʧʣʠʚʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʚʽʜ ʟʫʩʠʣʣʷ 

ʚʜʘʚʣʶʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʨʘʜʽʫʩʽʚ ʩʬʝʨʠ ʽʥʜʝʥʪʦʨʘ 

 

ʗʢ ʚʠʜʥʦ ʟ  ʨʠʩ. 5.4ï5.6 ʧʦʯʘʪʢʦʚʘ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘʢʦʞ 

ʤʘʻ ʥʝʘʙʠʢ̫ʠʡ ʚʧʣʠʚ ʥʘ ʟʘʣʝʞʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʨʽʚʥʦʩʪʝʡ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʅʘ ʨʠʩʫʥʢʘʭ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʟʘ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ 

ʟʥʘʯʝʥʴ ʟʫʩʠʣʴ ʽ ʨʘʜʽʫʩʽʚ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʨʦʟʤʽʨʠ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ 
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ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 45 ʙʽʣʴʰʽ ʥʽʞ ʟ̔ ʩʪʘʣʽ 20ʍ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʠʮʝʶ 

ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ.   

ʄʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ 

ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 ʥʘ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʘʭ. ɺʽʙʨʘʮʽʡʥʝ ʦʙʢʘʪʫʚʘʥʥʷ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʪʘ ʘʣʤʘʟʥʝ ʚʠʛʣʘʜʞʫʚʘʥʥ̫ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʘʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5.1 ʪʘ 5.2 [1; 12; 137; 138]. 

 

ʊʘʙʣʠʮʷ 5.1 

ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʇʈʄʈ ʚʽʙʨʘʮʽʡʥʠʤ ʦʙʢʘʪʫʚʘʥʥʷʤ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʄ
ʘ
ʪʝ
ʨ
ʽ
ʘ
ʣ

 

ɿ
ʫ
ʩ
ʠ
ʣ
ʣ
ʷ
 

ʚ
ʜ
ʘ
ʚ
ʣ
ʶ
ʚ
ʘ
ʥ
ʥ
ʷ
 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ

ʘ
 ʈ
,
 
ʅ

 

ʈ
ʘ
ʜ
ʽ
ʫ

ʩ
 

ʜ
ʝ
ʬ
ʦ
ʨ
ʤ
ʫ

ʚ
ʘ
ʣ
ʴ
ʥ

ʦ
ʛ
ʦ
 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ

 

R
,
 
ʤ
ʤ

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ

 

ʧ
ʦ
ʜ
ʚ
ʽ
ʡ
ʥ
ʠ
ʭ
 
ʭ
ʦ
ʜ
ʽ
ʚ
 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ
 

n
ʧ
ʦ
ʜ
ʚ
.
ʭ

., 

ʭ
ʚ-1
 

ʇ
ʦ
ʜ
ʘ
ʯ
ʘ
 

ʜ
ʝ
ʬ
ʦ
ʨ
ʤ
ʫ

ʚ
ʘ
ʣ
ʴ
ʥ
ʦ
ʛ
ʦ

 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ

 

S
,
 
ʤ
ʤ
/
ʦ
ʙ

 

ʂ̔
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ

 ʦ
ʙ
ʝ
ʨ
ʪ
ʽ
ʚ
 

ʰ
ʧ
ʠ
ʥ
ʜ
ʝ
ʣ
ʷ
 

n
ʰ
ʧ.
, 

ʦ
ʙ
/
ʭ
ʚ

 

ʉ
ʪ
ʘ
ʣ
ʴ
 

4
5
, 

H
R

C
 4

4ï
4

6 

325 3,5 1300 0,5 125 

ʉ
ʪ
ʘ
ʣ
ʴ
 
2
0
ʍ
,

 

H
R

C
 6

0ï
6

2 

450 2,0 1300 0,5 125 
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ʊʘʙʣʠʮʷ 5.2 

ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʏʈʄʈ ʘʣʤʘʟʥʠʤ ʚʠʛʣʘʜʞʫʚʘʥʥʷʤ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʢʦʤʧʣʝʢʩʥʦʾ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 
ʄ
ʘ
ʪ
ʝ
ʨ
ʽ

ʘ
ʣ 

ɿ
ʫ
ʩ
ʠ
ʣ
ʣ
ʷ

 

ʚ
ʜ
ʘ
ʚ
ʣ
ʶ
ʚ
ʘ

ʥ
ʥ
ʷ

 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ
 

ʈ
,
 
ʅ

 

ʈ
ʘ
ʜ
ʽ
ʫ
ʩ
 

ʜ
ʝ
ʬ
ʦ
ʨ
ʤ

ʫ
ʚ
ʘ
ʣ
ʴ
ʥ

ʦ
ʛ
ʦ
 

ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ
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ʤ
ʤ
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ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

ʧ
ʦ
ʜ
ʚ
ʽ
ʡ
ʥ
ʠ
ʭ
 
ʭ
ʦ
ʜ
ʽ
ʚ
 

ʽ
ʥ
ʩ
ʪ

ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
ʘ
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ʦ
ʜ
ʚ
.
ʭ

.,
 
ʭ
ʚ

-1
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ʦ
ʜ
ʘ
ʯ
ʘ
 

ʜ
ʝ
ʬ
ʦ
ʨ
ʤ
ʫ

ʚ
ʘ
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ʥ

ʦ
ʛ
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ʽ
ʥ
ʩ
ʪ
ʨ
ʫ
ʤ
ʝ
ʥ
ʪ
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,
 
ʤ
ʤ
/

ʭ
ʚ 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʦ
ʙ
ʝ
ʨ
ʪ
ʽ
ʚ
 

ʰ
ʧ
ʠ
ʥ
ʜ
ʝ
ʣ
ʷ
 

n
ʰ
ʧ.
, 

ʦ
ʙ
/
ʭ
ʚ

 

ʉ
ʪ
ʘ
ʣ
ʴ
 

4
5,

 

H
R

C
 4

4ï
4

6 

350 2 0 4,7 0 

ʉ
ʪ
ʘʣ
 ɹ2
0
ʍ
,

 

H
R

C
 6

0ï
6

2 

500 1,0 0 4,7 0 

 

 

5.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ. ɺʦʥʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ISO 4287:2012 çʊʝʭʥʽʯʥʽ 

ʚʠʤʦʛʠ ʜʦ ʛʝʦʤʝʪʨʽʾ ʚʠʨʦʙʽʚ (GPS). ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ. ʇʨʦʬʽʣʴʥʠʡ ʤʝʪʦʜ. 

ʊʝʨʤʽʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ ʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠè [139].  

ɼʦʩʣʽʜʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ 

ʨʦʟʜʽʣʽ 2, ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʝʡ 45 ʪʘ 20ʍ ʧʽʩʣʷ ʪʦʯʽʥʥʷ, ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʥʘ ʟʨʘʟʢʫ ʟʽ ʩʪʘʣʽ 45 ʧʽʩʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʪʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ Ra (ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ) ʪʘ Rz (ʚʠʩʦʪʘ 

ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʬʽʣʶ ʧʦ 10 ʪʦʯʢʘʭ ʫ ʤʝʞʘʭ ʙʘʟʦʚʦʾ ʜʦʚʞʠʥʠ). 

ʅʘ ʨʠʩ. 5.7ï5.10 ʧʦʜʘʥʦ ʧʨʦʬʽʣʦʛʨʘʤʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʝʡ 45 

ʪʘ 20ʍ ʙʝʟ ʦʙʨʦʙʢʠ ʪʘ ʧʽʩʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʦʙʨʦʙʢʠ ʩʪʘʣʽ 45, 

ʦɦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʴʦʭʝʪʘʧʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ.   
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ʈʠʩ. 5.7. ʇʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʟʽ ʩʪʘʣʽ 45 ʙʝʟ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ 

 

 

ʈʠʩ. 5.8. ʇʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʟʽ ʩʪʘʣʽ 20ʍ ʙʝʟ ʟʤʽʮʥʶʚʘʣʴʥʦʾ 

ʦʙʨʦʙʢʠ 

 

 

ʈʠʩ. 5.9. ʇʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʟʽ ʩʪʘʣʽ 45 ʧʽʩʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʦʙʢʘʪʫʚʘʥʥʷ (ʝʪʘʧ 1) ʪʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ (ʝʪʘʧ 2) 
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ʈʠʩ. 5.10. ʇʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʟʽ ʩʪʘʣʽ 20ʍ ʧʽʩʣʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʦʙʢʘʪʫʚʘʥʥʷ ʪʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʘʣʤʘʟʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ 

 

ʇʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙʨʦʙʢʠ, ʥʘ ʧʨʦʤʽʞʥʽʡ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ 

ʪʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.3. 

 

ʊʘʙʣʠʮʷ 5.3 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʪʘ ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʨʦʬʽʣʶ ʧʦ 10 ʪʦʯʢʘʭ ʜʣʷ ʩʪʘʣʽ 45 ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ 

ʄʝʪʦʜ ʧʦʚʝʨʭʥʝʚʦʾ 

ʦʙʨʦʙʢʠ 

ʉʝʨʝʜʥ̒ ʘʨʠʬʤʝʪʠʯʥʝ 

ʚʜ̔ʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ, 

Ra, ʤʢʤ 

ɺʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʨʦʬʽʣʶ ʧʦ 10 

ʪʦʯʢʘʭ, Rz, ʤʢʤ 

ʉʪʘʣʴ 45 

ɿʨʘʟʦʢ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʪʦʯʽʥʥʷʤ 
5,8 18,2 

ɿʨʘʟʦʢ ʧʽʩʣʷ ʦʙʨʦʙʢʠ  

ʇʇɼ 
2,7 8,4 

ɿʨʘʟʦʢ ʧʽʩʣʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʆɿʆ 
ʙʝʟ ʟʤʽʥ ʙʝʟ ʟʤʽʥ 
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ʉʪʘʣʴ 20ʍ 

ɿʨʘʟʦʢ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʪʦʯʽʥʥʷʤ 
4,3 17,6 

ɿʨʘʟʦʢ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʇʇɼ 3,5 10,5 

 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʮʥʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʫ ʟʫʩʠʣʣʷ ʚʜʘʚʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʟʤʽʥʶʚʘʣʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 150 ʅ ʜʦ 550 ʅ, ʘ ʨʷʜ ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʘ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ ʩʪʘʥʦʚʠʚ: 1,5; 2,0; 2,5; 3,0; 3,5; 4,0 ʤʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ 

ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ (ʟʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ 

ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʮʥʝʥʥʷ) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩ ɹʚʽʜ ʧʘʨʘʤʝʪʨʚ̔ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ (ʧʦʯʘʪʢʦʚʽ 

ʜʚʘ ʝʪʘʧʠ).  

 

5.4. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʚ ʧʣʘʟʤʽ ʛʝʣʽʢʦʥʥʦʛʦ 

ʨʦʟʨʷʜʫ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʟʦʪʫʚʘʥʥʷ ʚ ʛʝʣʽʢʦʥʥʦʤʫ ʨʦʟʨʷʜʽ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʽʟ ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 45, ʦʩʢʽʣʴʢʠ ʟ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʣʝʥʽ ʚʘʣʠ ʪʘ ʨʦʣʠʢʠ ʢʦʦʨʜʠʥʫʚʘʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʽ ʮʝʡ ʤʘʪʝʨʽʘʣ ʤʘʻ 

ʠhʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʥʝʚʝʣʠʢʽʡ ʚʘʨʪʦʩʪʽ ʧʨʦʢʘʪʫ.  

ɸʟʦʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʽʡ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʛʝʣʽʢʦʥʥʝ ʜʞʝʨʝʣʦ ʧʣʘʟʤʠ (ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ï  

13,56 ʄɻʮ) ʟ ʙʘʛʘʪʦʚʠʪʢʦʚʦʶ ʧʣʘʩʢʦʶ ʘʥʪʝʥʦʶ, ʨʦʟʪʘʰʦʚʘʥʦʶ ʟʘ 

ʪʦʨʮʝʚʠʤ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʚʽʢʥʦʤ, ʪʘ ʦʢʨʝʤʠʤʠ ʨʦʟʨʷʜʥʦʶ ʽ ʜʨʝʡʬʦʚʦ  ʁ

ʢʘʤʝʨʘʤʠ (ʨʠʩ. 5.11) [140ï145]. 
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ʈʠʩ. 5.11. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʾ 

ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʛʝʣʽʢʦʥʥʠʤ ʜʞʝʨʝʣʦʤ ʧʣʘʟʤʠ ʪʘ  

ʨʦʟʜʽʣʝʥʠʤʠ ʨʦʟʨʷʜʥʦʶ ʽ  ʜʨʝʡʬʦʚʦʶ ʢʘʤʝʨʘʤʠ. 

 

ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʛʝʣʽʢʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʟ ʧʣʘʩʢʦʶ ʘʥʪʝʥʦʶ ʜʣ̫  ʟʙʫʜʞʝʥʥ̫  

ʨʦʟʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʣʘʥʘʨʥʘ ʘʥʪʝʥʘ, ʨʦʟʪʘʰʦʚʘʥʘ ʟʦʚʥʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʚʽʢʥʘ, ʱʦ ʟʘʤʠʢʘʻ ʟ ʪʦʨʮʷ ʤʝʪʘʣʝʚʫ ʘʙʦ ʜʽʝʣʝʢʪʨʠʯʥʫ ʨʦʟʨʷʜʥʫ ʢʘʤʝʨʫ. ʇʨʠ 

ʮʦɹʤʫ ɺʏ ʧʦʪʫʞʥʽʩʪʴ ʚʚʦʜʠʪʴʩʷ ʚʟʜʦʚʞ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ ʥʘʰʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʭʥʦʣʦʛ̔ ʯʥʫ ʜʨʝʡʬʦʚʫ ʢʘʤʝʨʫ ʪʘ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʧʣʘʟʤʦʶ ʚʝʣʠʢʦʾ ʛʫʩʪʠʥʠ ʟʘ ʤʝʞʘʤʠ 

ʛʝʣʽʢʦʥʥʦʛʦ ʨʝʘʢʪʦʨʘ. ɼʦʢʣʘʜʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʣʽʢʦʥʥʦʾ ʧʣʘʟʤʠ, ʦɦ 

ʧʨʦʜʫʢʫʻʪɹ ʩʷ ʚ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʽʡ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʚʠʢʣʘʜʝʥʦ ʚ 

ʨʦʟʜʽʣʽ 2 ʪʘ ʚ ʨʦʙʦʪʘʭ [140ï145].  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʩʪʘʣʽ 45 ʚ ʛʝʣʽʢʦʥʥʽʡ ʧʣʘʟʤʽ 

ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʾ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʜʚʘ ʝʪʘʧʠ 

[63]:  

1) ʧʦʧʝʨʝʜʥ ̒ ʦʯʠʱʝʥʥʷ ʟʨʘʟʢʘ (ʛʝʣʽʢʦʥʥʦʶ ʧʣʘʟʤʦʶ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʘʨʛʦʥʫ);  

2) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ ʚ ʛʝʣʽʢʦʥʥʽʡ ʧʣʘʟʤʽ. 
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ʇʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʚʠʢʦʥʫʚʘʣʠ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ:  

- ʧʨʦʚʦʜʠʣʠ ʧʦʧʝʨʝʜʥʻ ʚʽʜʢʘʯʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʚʘʢʫʫʤʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʦ ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʦʨʷʜʢʘ 10-4 ʤʤ. ʨʪ. 

ʩʪ.; 

- ʧʨʦʚʦʜʠʣʠ ʥʘʧʫʩʢ ʨʦʙʦʯʦʛʦ ʛʘʟʫ (ʘʨʛʦʥʫ) ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʪʘ 

ʚʠʢʦʥʫʚʘʣʠ ʦʧʝʨʘʮʽʾ ʦʯʠʱʝʥʥʷ.  

ʆʧʝʨʘʮʽʶ ʦʯʠʱʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʥʦʚʢʠ:  

- ʪʠʩʢ ʨʦʙʦʯʦʛʦ ʛʘʟʫ (ʘʨʛʦʥʫ) ï 7Ŀ10ï3 ʤʤ. ʨʪ. ʩʪ.; 

- ʚʝʣʠʯʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ɺʏ ʛʝʥʝʨʘʪʦʨʘ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʟʜʽʡʩʥʶʚʘʣʠ 

ʛʝʣʽʢʦʥʥʠʡ ʨʦʟʨʷʜ ʫ ʨʝʞʠʤʽ çʂʦʣʦʥʘè, ï ʈ = 600 ɺʪ; 

- ʧʦʪʝʥʮʽʘʣ ʨʦʙʦʯʦʛʦ ʩʪʦʣʠʢʘ ï U= ï 50 ɺ; 

- ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ï 5 ʭʚ. 

ʉʘʤ ʧʨʦʮʝʩ ʘʟʦʪʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʨʦʟʧʦʯʠʥʘʣʠ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʦʧʝʨʘʮʽʾ ʾʭ ʦʯʠʱʝʥʥʷ ʪʘ ʙʝʟ ʚʠʣʫʯʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ. 

ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ ʨʦʙʦʯʠʡ ʛʘʟ ʘʨʛʦʥ ʟ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʚʽʜʢʘʯʫʚʘʣʠ ʪʘ 

ʥʘʧʫʩʢʘʣʠ ʨʦʙʦʯʠʡ ʛʘʟ ʘʟʦʪ (ʘʙʦ ʩʫʤʽʰ ʘʟʦʪʫ ʪʘ ʘʨʛʦʥʫ), ʚ ʘʪʤʦʩʬʝʨʽ ʷʢʦʛʦ 

ʨʝʘʣʽʟʦʚʫʚʘʚʩʷ ʨʝʞʠʤ çʂʦʣʦʥʘè ʛʝʣʽʢʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʘʟʦʪʫʚʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 30 ʭʚ. 

ʇʝʨʝʜ ʘʟʦʪʫʚʘʥʥʷʤ ʟʨʘʟʢʘ, ʷʢʠʡ ʧʨʦʡʰʦʚ ʧʝʨʰʠʭ 2 ʝʪʘʧʠ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʟʦʪʫʚʘʥʥ ̫ʧʨʦʚʦʜʠʣʠ ʨʷʜ ʜʦʩʣʽʜʽʚ ʥʘ ʧôʷʪʠ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 45, ʷʢʽ 

ʥʝ ʧʨʦʭʦʜʠʣʠ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ. ʈʦʟʤʽʨʠ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʽʜʜʘʚʘʣʠ ʘʟʦʪʫʚʘʥʥʶ 

ʚ ʛʝʣʽʢʦʥʥʽʡ ʧʣʘʟʤʽ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʾ ʚʘʢʫʫʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʙʫʣʠ 

20(L)Ĭ10Ĭ3(H) ʤʤ. 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʘʟʦʪʫʚʘʥʥʷ ʚ ʛʝʣ̔ʢʦʥʥʽʡ ʧʣʘʟʤʽ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 5.4. 
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ʊʠʩʢ ʛʘʟʫ 

(ʘʟʦʪ/ʩʫʤ̔h ), 

ʤʤ.ʨʪ.ʩʪ. 

ʇʦʪʝʥʮʽʘʣ 

ʩʪʦʣʠʢʘ,  ɺ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʠ, Áʉ 

1 600 7Ŀ10-3 -50 330 

2 600 7Ŀ10-3 ñʧʣʘʚʘʶʯʠʡò 330 

3 600 7Ŀ10-3 -197 330 

4 600 7Ŀ10-3, ʩʫʤʽʰ (ʘʨʛʦʥ 

30 %, ʘʟʦʪ 70 %) 

-50 330 

5 600 5-7Ŀ10-3, ʩʫʤʽʰ (ʘʨʛʦʥ 

30 %, ʘʟʦʪ 70 %) 

ñʧʣʘʚʘʶʯʠʡò 330 

 

 

5.5. ɼʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ 

 

ɺʠʤʽʨ ʚʁʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʥʘ 

ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ ʟʨʘʟʢʘʭ (ʨʠʩ.5.12ï5.14) ʧʦʢʘʟʘʣʦ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʧʦ ʛʣʠʙʠʥʽ ʧʨʦʥʠʢʥʝʥʥʷ (ʨʠʩ.5.15). ʊʘʢʦʞ ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʭ 

ʟʨʘʟʢʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ, ʷʢʘ 

ʙʣʦʢʫʚʘʣʘ ʧʨʦʭʦʜʞʝʥʥʷ ʽʦʥʽʚ ʘʟʦʪʫ ʚʛʣʠʙ ʧʽʜʢʣʘʜʢʠ (ʨʠʩ. 5.12 ʙ, ʚ, ʛ). 

ʇʨʠʨʦʜʘ ʫʪʚʦʨʝʥʥ̫  ʮ̔̒ ʾ ʧʣʽʚʢʠ, ʷʢ ʧʦʢʘʟʘʣʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʚʣʷʣʘ ʩʦʙʦʶ ʦʢʩʠʜʥʫ ʧʣʽʚʢʫ. ʅʘ ʟʨʘʟʢʫ 5, 

ʧʦʚʝʨʭʥʶ ʷʢʦʛʦ ʧʽʜʜʘʚʘʣʠ ʙʽʣʴʰ ʨʝʪʝʣʴʥ̔ʡ ʦʯʠʩʪʮʽ (ʧʦʜʚʽʡʥʘ ʧʨʦʤʠʚʢʘ 

ʢʘʤʝʨʠ ʽʥʝʨʪʥʠʤʠ ʛʘʟʘʤʠ), ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʥʘʯʥʝ 

ʧʽʜʚʠʝɦʥʥ̫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʩʠʯʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʽʦʥʘʤʠ ʘʟʦʪʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʠʜʥʠʭ ʰʘʨʽʚ. 

ʊʘʙʣʠʮʷ 5.4 

ʇʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʘʟʦʪʫʚʘʥʥʷ ʜʣʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 45 
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ʈʠʩ. 5.12. ɸʟʦʪʦʚʘʥʘ ʩʪʦʨʦʥʘ ʟʨʘʟʢʘ: ʘ ï ʙʽʦʣʦʛʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ; ʙïʛ ï 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ 


