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ɸʅʆʊɸʎɯʗ 

ʉʝʨʛʽʻʥʢʦ ʉ.ɸ. ʉʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 134 ɸʚʽʘʮʽʡʥʘ ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ (ʛʘʣʫʟʴ ʟʥʘʥʴ 

13 ʄʝʭʘʥʽʯʥʘ ʽʥʞʝʥʝʨʽʷ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

"ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ", ʍʘʨʢʽʚ, 2026. 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʩʪʚʦʨʝʥʥ ʁ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɺʄʇʉ) ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ 

ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʚ 

ʤʝʞʘʭ ʩʪʘʥʠʥʠ ɺʄʇʉ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʨʧʫʩʥʠʭ ʯʘʩʪʠʥ ɺʄʇʉ ʧʽʜ ʯʘʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʧʝʨʰʝ ʚʨʘʭʦʚʘʥʦ ʷʢ ʢʣʘʩʠʯʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ, ʪʘʢ ʽ ʟʫʩʠʣʣʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʩʢʣʘʜʘʥʥʷ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʚ 

ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɺ ʯʘʩʪʠʥʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʩʧʨʦʻʢʪʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʮʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʠʥʠ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺʄʇʉ ʪʘ 

ʙʝʟʧʝʯʥʫ ʨʦʙʦʪʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʦʙʤʝʞʝʥʴ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ 

ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ. 

ʊʨʠʚʠʤʽʨʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʩʘʤʝ ʥʘʭʠʣʫ, ʧʽʜʡʦʤʫ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʪʘʥʠʥʠ ɺʄʇʉ ʙʝʟ ʧʦʣʶʩʽʚ ʽ ʟ ʧʦʣʶʩʘʤʠ, ʧʦʢʘʟʘʚ, ʱʦ ʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʟôʻʜʥʘʥʥʷʭ ʩʪʘʥʠʥʠ ʙʘʟʦʚʦʛʦ 

ʚʠʢʦʥʘʥʥʷ, ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 
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ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʨʦʙʦʪʽ ʩʧʨʦʻʢʪʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʘʥʠʥʠ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʩʠʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ, ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʜʦʧʫʩʪʠʤʠʭ, ʘ ʚʩʽ ʜʝʬʦʨʤʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʟʦʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ɼʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʨʦʚʘʜʞʝʥʠʭ ʩʫʯʘʩʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʪʘ ʟʘʩʦʙʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ɺʄʇʉ, ʟʦʢʨʝʤʘ 

ʩʪʘʥʠʥʠ, ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʩʪʘʥʠʥʠ ʫ ʧʨʦʮʝʩʽ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʝʨʰʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʠʡ ʩʠʩʪʝʤʥʦʤʫ ʦʛʣʷʜʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʧʨʦʙʣʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʾʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪ ̔ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʧʨʠʡʥʷʪʦʾ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ. ɺʠʟʥʘʯʝʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʣʝʢʪʨʠʯʥʦ ʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʩʪʨʦʧʫʚʘʥʥʷ, 

ʢʘʥʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘʢʦʛʦ ʬʽʟʠʯʥʦʛʦ ʷʚʠʘɦ, ʷʢ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʾʭ 

ʟʥʠʞʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʘ ʨʦʟʨʦʙʢʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ɺʄʇʉ ʫ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ 

ʜʽʶʯʠʭ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʘʥʠʥʠ ʚʝʣʠʢʦ ʾ
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ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʟʥʘʯʝʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʙʘʟʦʚʦʾ ʪʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʥʠʥʠ. ʅʘ ʦʩʥʦʚʽ ʦʙʯʠʩʣʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʴ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʾʾ ʧʽʜʡʦʤʽ ʪʘ ʢʘʥʪʫʚʘʥʥʽ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽ ̫ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʤʝʪʦʜʦʤ Hot Spot Stress (HSS) ʫ ʧʦʩʪʘʥʦʚʮʽ ʣʽʥʽʡʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ (LSE) ʪʘ ʤʝʪʦʜʦʤ ʟʙʽʞʥʦʩʪʽ ʟʘ ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʚʽʜʯʫʶʪʴ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʩʪʘʥʠʥʠ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ 

ʧʝʨʝʤʽʱʝʥʴ ʚ ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ 

ʜʣʷ ʚʠʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʷʢ ʧʨʠ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʟ ʧʽʜʡʦʤʫ ʪʘ ʢʘʥʪʫʚʘʥʥʷ ʩʪʘʥʠʥʠ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʚʠʜʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʧʝʨʝʛʣʷʥʫʪʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʚʝʜʝʥʥʷ ʙʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʜʘʨʪʽʚ ʜʦ 

ʩʫʯʘʩʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ. ʆʢʨʝʤʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʘʰʠʥʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʻ ʦʜʥʠʤ 

ʟ ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʜʽʙʥʦʛʦ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʣʠ ʨʦʟʨʦʙʣʝʥʽ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ ʩʪʘʥʠʥʠ, ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʫʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʥʝʤʦʞʣʠʚʦ ʙʫʣʦ 

ʦʮʽʥʠʪʠ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʩʧʨʦʱʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ 
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ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ɺʄʇʉ ʷʢ 

ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢ ʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʥʘʜʽʡʥʦʩʪʽ ʮʴʦʛʦ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ ʥʘʜʘʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʤʝʪʦʜ 

ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʩʪʘʥʠʥʽ ɺʄʇʉ ʫ ʧʨʦʮʝʩʽ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʥʘʜʘʻ ʛʥʫʯʢʽʩʪʴ ʧʨʦʮʝʩʘʤ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʊʆɺ "ʍɽʄɿ" (ʤ. ʍʘʨʢʽʚ) 

ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʢʘʬʝʜʨʠ ʘʝʨʦʛʽʜʨʦʜʠʥʘʤʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ "ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ". 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʝ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥ ɺʄʇʉ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. ʈʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ: 

1. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʠʡ ʥʦʚʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʩʪʘʥʠʥʠ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥ ̔ʪʘ ʦʩʥʦʚʥ ̔ʩʠʣʦʚ ̔ʬʘʢʪʦʨʠ ʫ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʫ ʯʘʩʪʠʥʽ ʜʝʪʘʣʴʥʦʛʦ 

ʦʧʠʩʫ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʚ ʯʘʩʪʠʥʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʚʧʨʦʚʘʜʞʝʥʠʭ ʩʫʯʘʩʥʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. 
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4. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʽ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʚ ʯʘʩʪʠʥʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʘ ʦʩʥʦʚʥʠʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʪʘʥʠʥʠ ɺʄʇʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʷʭ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, 

ʜʦʟʚʦʣʷʻ ʧʽʜʪʚʝʨʜʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʽʚ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʧʽʜʡʦʤ, 

ʢʘʥʪʫʚʘʥʥʷ). 

2. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ɺʄʇʉ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʜʦʧʫʩʪʠʤʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

3. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʠʭ ʩʫʯʘʩʥʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ. 

ʈʦʟʨʦʙʣʝʥʽ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢʽ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʙʶʨʦ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʪʘ ʧʨʦʻʢʪʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʘʝʨʦʢʦʩʤʽʯʥʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ,ʱʦ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʚ ʛʘʣʫʟʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʤʘʰʠʥʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʤʘʰʠʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʩʪʘʥʠʥʘ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʝʭʘʥʽʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʤʽʮʥʽʩʪʴ, ʢʘʥʪʫʚʘʥʥʷ, ʩʪʨʦʧʫʚʘʥʥʷ.  
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ABSTRACT 

Serhiienko S. Creation of methods for three-dimensional modeling, design, 

calculation and implementation of multi-component structures in the production of 

large DC machines. ï A qualifying scientific work as a manuscript. 

The thesis for a degree of Doctor of Philosophy (PhD) in specialty 134 

Aerospace Engineering (13 Mechanical Engineering). ï National Aerospace 

University "Kharkiv Aviation Institute", Kharkiv, 2026. 

The dissertation work is purposed to the creation of methods for 

three-dimensional modeling and design of multi-component structures in production of 

large direct current machines (LDCMs) to solve urgent issues of increasing the 

reliability of their design and ensuring flexibility of production. The distribution of 

stresses and deformations within the LDCM frame was calculated to determine critical 

loads associated with the specifics of the performance of technological operations. The 

design and calculation of the stressed-strained state of the LDCM body parts during 

manufacturing and operation were considered. At the same time, both classical 

electromagnetic forces and efforts during the performance of technological operations 

necessary for mechanical processing and assembly of such objects, as well as during 

transportation, were taken into account for the first time. In terms of determining 

mechanical stresses, it was established that the safety margins of the designed structure 

allow ensuring the strength of the frame elements during the manufacture of LDCMs 

and safe operation during operation without restrictions on loads and operating modes. 

Three-dimensional analysis of the stressed-strained state of the structure during 

technological operations, namely tilting, lifting and moving the frame of the LDCMs 

without poles and with poles, showed that the values of mechanical stresses and 

deformations that arise in the joints of the basic version of the frame exceed the 

permissible limits, which leads to significant deformation of the structure. The work 

designed the structure of the frame with additional stiffening ribs and performed 

calculations of the stressed-strained state of the unit. The analysis of the reinforced 

structure showed that during technological operations, the mechanical stresses that 

arise do not exceed the permissible ones, and all deformations are in the elastic zone for 
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the used material. 

Additionally, issues of testing of electrical machines are considered, taking into 

account the implemented modern European standards that require updating of existing 

testing methods for electrical machines and test equipment. 

The purpose of the dissertation is to develop methods for studying the 

stressed-strained state of the structural elements of the LDCMs, in particular of the 

frame, in a three-dimensional setting using the finite element method, the application 

of which shall allow reducing the residual stresses of the frame during its production. 

The first section of the dissertation is purposed to a systematic review of the 

designs of large DC machines and the problems of manufacturing of their components. 

The design features of a large DC machine adopted for further calculations are 

considered. An analysis of modern methods for determining loads on the structure is 

carried out. The force factors that affect the stressed-strained state of the structural 

elements of an electric machine when performing technological operations of slinging, 

tilting and transferring are determined. An analysis of such a physical phenomenon as 

residual stresses is carried out, the causes of their occurrence are established and 

methods for their reduction are determined. 

In the second section, an improved method for determining the stressed-strained 

state of the structural elements of the LDCMs in a three-dimensional formulation using 

the finite element method, taking into account all force factors acting during operation 

and manufacture, is developed. The results of calculating the stressed-strained state of 

a large DC machine frame in a three-dimensional formulation using the finite element 

method are presented. The distribution of stresses and deformations of the basic and 

modernized frame structures is determined. Based on the calculations, the 

effectiveness of the frame design with two fastening belts to reduce residual stresses 

during its lifting and tilting is confirmed. 

In the third section, the results of the study of the SSS of the modernized frame 

are verified by the Hot Spot Stress (HSS) method in the linear surface extrapolation 

(LSE) formulation and the method of convergence by the size of the elements of the 

calculation grid. The results of the results convergence test indicate the high accuracy 
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of the method for calculating the SSS of the frame. The values of stresses and 

displacements in critical zones satisfy the requirements for permissible levels for the 

selected structural material in all considered load cases both during the operation of the 

electric motor and during the performance of technological operations for lifting and 

tilting of the frame. 

The fourth section presents the methods of testing of electrical machines used to 

confirm the reliability of the developed methods for determining the stressed-strained 

state. The main types of tests of DC electric machines are considered, revised based on 

the results of bringing the base of standards used in Ukraine to modern European 

standards. Separately, methods of control and adjustment of switching processes in DC 

machines are presented, which is one of the key issues that need to be resolved to 

ensure reliable long-term operation of such electrical machine equipment. 

The result of the carried out researches is the development of effective methods 

for modeling the stressed-strained state of assemblies and structural elements of large 

DC machines, in particular of the frame, throughout the entire cycle of their production 

and operation which were put in to practice. 

The use of research methods in three-dimensional formulation allows 

determining the stresses of structural elements that were previously impossible to 

estimate using existing methods of simplified analytical calculations, which opens up 

broad prospects for ensuring the proper mechanical strength of the LDCMs both during 

manufacture and operation, which will contribute to increasing the reliability of this 

electrical mechanical equipment used as an electric drive in many industries in 

Ukraine. 

The presented research work provides a scientifically substantiated method for 

reducing residual stresses in the frame of a LDCM during its production, which makes 

it possible to optimize the design of new DC electric machines and provides flexibility 

to the production processes of electrical machinery equipment. 

The results of the dissertation work were used at LLC "KHEMZ" (Kharkiv) in 

the design of new and reconstruction of existing large DC machines. In addition, the 

results of the work were implemented in the scientific and methodological processes of 
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the Department of Aerohydrodynamics of the National Aerospace University "Kharkiv 

Aviation Institute". 

The next step of the research will be the creation of methods and algorithms for 

calculating the stressed-strained state of the active parts of the new generation of 

LDCMs. The development of research in this direction will allow to increase the 

reliability of the structural elements of the machines and ensure the efficient use of 

production capacities. 

Scientific novelty of the work: 

1. A new method for calculating of the stressed-strained state of a large DC 

machine frame has been created for the first time, which, unlike existing ones, allows 

taking into account technological and basic force factors in a three-dimensional 

formulation. 

2. The algorithm for setting boundary conditions for three-dimensional models 

of structural components of electrical machines has been improved in terms of a 

detailed description of loads at different moments of the production and operation 

cycle. 

3. The algorithm and methodology for testing of electric machines have been 

improved in terms of their compliance with the requirements of the implemented 

modern European standards. 

4. Existing engineering methods for determining the stressed-strained state 

based on classical strength theory have been further developed in terms of improving 

the accuracy of stress distribution based on mathematical modeling of the structure, 

taking into account the three-dimensional distribution of technological and basic force 

factors. 

Practical significance of the obtained results: 

1. The developed method for determining the stressed-strained state of the 

LDCMs frame, taking into account the loads that arise during technological operations 

during the manufacturing process and during the operation of the finished product, 

allows confirming the operability of the housing design not only for the main operating 

modes, but also for technological operations (lifting, turning over). 
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2. Based on the developed method, the creation of additional stiffeners was 

justified, which provides reinforcement of the structure of the LDCMs frame to prevent 

unacceptable deformations during technological operations. 

3. Recommendations have been developed for testing of DC electric machines, 

based on the implemented modern European standards. 

The methods developed in the work for three-dimensional calculation of stress 

distribution can be used in the study of the stressed-strained state of other electrical 

mechanical equipment. 

The obtained scientific results can be used by organizations specializing in the 

field of research and operation of electrical mechanical equipment, design bureaus, 

research and design organizations, aerospace universities and other organizations 

specializing in the field of operation and research of electrical mechanical equipment. 

Keywords: electrical mechanical equipment, DC machine, frame, 

stressed-strained state, finite element method, mechanical stresses, strength, turning 

over, slinging. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ɯ ʉʂʆʈʆʏɽʅʔ 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʩʠʤʚʦʣʠ 

�ê ï ʤʝʭʘʥʽʯʥʘ ʥʘʧʨʫʛʘ, ʄʇʘ 

h ï ʪʦʚʱʠʥʘ ʝʣʝʤʝʥʪʫ, ʤʤ 

�Â ï ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ, % 

I ï ʩʪʨʫʤ, ɸ 

U ï ʥʘʧʨʫʛʘ, ʢɺ 

�4 ï ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʆʤ 

Ŭ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʪʝʨʽʘʣʫ, 1/ʂ 

�P ïʪʝʤʧʝʨʘʪʫʨʘ, ʂ 

�J ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ 

 

ɯʥʜʝʢʩʠ 

�7�Ð ï ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ, ɺ; 

�J�Ð ï ʥʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ; 

æɯ ï ʜʦʜʘʪʢʦʚʠʡ ʩʪʨʫʤ, ɸ 

 

ʉʢʦʨʦʯʝʥʥʷ 

ɺʄʇʉ ï ʚʝʣʠʢʘ ʤʘʰʠʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʄʉɽ ï ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʅɼʉ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʄʈʉ ï ʤʘʛʥʽʪʦʨʫʰʽʡʥʘ ʩʠʣʘ 

ɽʈʉ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ɽʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʛʘʣʫʟʷʭ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʱʦ ʤʦʞʫʪʴ ʚʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʪʠ ʾʭ ʚʽʜ ʤʘʰʠʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʝʱʦ ʩʢʣʘʜʥʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ. ɿʦʢʨʝʤʘ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ, ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʦʪʥʦ-ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʉʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʩʽʭ ʡʦʛʦ ʝʪʘʧʘʭ ʚʽʜ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʨʘʭʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʩʧʨʠʯʠʥʠʪʠ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥʠ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʻ ʪʝ, ʱʦ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʠ ʚ ʤʝʪʘʣʽ, ʚʠʥʠʢʘʶʪʴ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʚʤʠʩʥʦ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʫ, ʘʣʝ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʧʨʠ ʣʠʪʪʽ ʘʙʦ ʟʚʘʨʶʚʘʥʥʽ, ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʥʘʚʧʘʢʠ, 

ʟʥʠʞʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʨʦʙʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʯʝʨʝʟ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʘ ʨʝʣʘʢʩʘʮʽʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʪʨʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʫ ʤʝʪʘʣʽ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʧʦʨʫʰʫʻ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ʚʠʢʣʠʢʘʶʯʠ ʜʝʬʦʨʤʘʮʽʶ ʜʝʪʘʣʽ ʟ ʩʫʪʪʻʚʠʤ 

ʟʤʽʥʝʥʥʷʤ ʾʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. 

ɺʽʜ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʤʽʮʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʝʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʨʫʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʤʘʰʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 
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ʟʘʟʦʨʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ, ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʘʙʦ ʥʘʚʽʪʴ 

ʜʦ ʘʚʘʨʽʾ ʚʥʘʩʣʽʜʦʢ ʟʘʢʣʠʥʶʚʘʥʥʷ ʘʙʦ ʟʽʪʢʥʝʥʥʷ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʟʽ 

ʥʝʨʫʭʦʤʠʤʠ. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ï 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʚʽʜʧʘʣʶʚʘʥʥʷ ʪʘ ʧʨʠʨʦʜʥʝ ʩʪʘʨʽʥʥʷ. ɸʣʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʷʚʣʷʶʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʫʯʘʩʥʽ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʟ ʘʥʘʣʽʟʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʷʚʥʠʭ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʟʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʽ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ. 

ʇʦʜʽʙʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ɿʦʢʨʝʤʘ ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʘʰʠʥʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʛʨʽʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʪʝʧʣʦʚʠʭ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʙôʻʤʫ ʤʘʰʠʥʠ, 

ʚʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʠʭ ʽ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʾʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ. 

ɺ ʩʫʢʫʧʥʦʩʪʽ ʮʝ ʚʩʝ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʤʘʰʠʥʠ ʟʽ ʟʥʠʞʝʥʥʷʤ ʾʾ 

ʧʠʪʦʤʦʾ ʚʘʛʠ, ʱʦ ʻ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʰʠʨʦʢʠʡ ʧʦʧʠʪ ʥʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʜʣʷ ʛʽʨʥʠʯʦʰʘʭʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʠʢʠ ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʦʚʽ ʧʨʦʻʢʪʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥ,̔ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ,̔ ʤʦʥʪʘʞ ̔ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʢʠʭ ʤʘʰʠʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ ʩʪʘʥʠʥʠ, ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʟʤʝʥʰʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʘʥʠʥʠ ʫ ʧʨʦʮʝʩʽ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʩʠʩʪʝʤʥʠʡ ʦʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʪʠ ʚʝʣʠʢʠʭ 

ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ ʫ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ; 

- ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʠʢʨʠʚʣʝʥʴ ʬʦʨʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʛʨʘʥʠʯʥʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʩʪʘʥʠʥʠ ɺʄʇʉ ʚ ʯʘʩʪʠʥʽ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʜʽʶʯʠʭ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʠʣʦʚʠʭ 

ʬʘʢʪʦʨʽʚ; 

- ʦʪʨʠʤʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʦʾ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʫ ʩʪʘʥʠʥʽ ɺʄʇʉ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ 

ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʢʘʥʪʫʚʘʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʥʘʡʙʽʣʴʰʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ɺʄʇʉ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʘʥʠʥʠ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʦʾ 

ʥʘʷʚʥʽʩʪʶ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʟʘʧʘʩ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤʠ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ; 
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- ʧʽʜʪʚʝʨʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʨʝʟʫʣʴʪʘʪʽʚ HSS-ʤʝʪʦʜʦʤ ʪʘ ʤʝʪʦʜʦʤ ʟʙʽʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ; 

- ʘʜʘʧʪʫʚʘʪʠ ʽʩʥʫʶʯʠ ʤʝʪʦʜʠʢʠ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʜʦ ʚʠʤʦʛ 

ʩʫʯʘʩʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʛʝʦʤʝʪʨʽʶ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʦʪʷʛʦʤ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʚ 

ʥʦʤʽʥʘʣʴʥʠʭ ʨʝʞʠʤʘʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚʫʟʣʽʚ ʪʘ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ ʩʪʘʥʠʥʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʽ ʤʦʜʝʣʽ ʪʝʦʨʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ. 

2. ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʽʣ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʘ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

3. ʏʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ SolidWorks Simulation, ʚ ʷʢʦʤʫ ʩʪʚʦʨʶʚʘʣʠʩʷ ʪʨʠʚʠʤʽʨʥʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʚʦʜʠʣʠʩʷ ʨʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ. 

4. ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʝʪʦʜʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽʟʦʣʷʮʽʾ, ʟʥʷʪʪʷ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʣʘʰʪʦʚʫʚʘʥʥʷ ʢʦʤʫʪʘʮʽʾ. 

ʊʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʩʥʦʚʢʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʙʝʟ ʩʫʪʪʻʚʠʭ ʩʧʨʦʱʝʥʴ ʪʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʤʦʚ 

ʩʠʤʝʪʨʽʾ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ɺʄʇʉ ʟʘʜʦʚʽʣʴʥʦ 

ʧʦʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʠʡ ʥʦʚʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʩʪʘʥʠʥʠ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥ ̔ʪʘ ʦʩʥʦʚʥ ̔ʩʠʣʦʚ ̔ʬʘʢʪʦʨʠ ʫ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʫ ʯʘʩʪʠʥʽ ʜʝʪʘʣʴʥʦʛʦ 

ʦʧʠʩʫ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʣʛʦʨʠʪʤ ʪʘ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʚ ʯʘʩʪʠʥʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʚʧʨʦʚʘʜʞʝʥʠʭ ʩʫʯʘʩʥʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

4. ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʽ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʚ ʯʘʩʪʠʥʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʘ ʦʩʥʦʚʥʠʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʪʘʥʠʥʠ ɺʄʇʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʷʭ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, 

ʜʦʟʚʦʣʷʻ ʧʽʜʪʚʝʨʜʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʽʚ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʧʽʜʡʦʤ, 

ʢʘʥʪʫʚʘʥʥʷ). 

2. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ɺʄʇʉ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʜʦʧʫʩʪʠʤʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

3. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʠʭ ʩʫʯʘʩʥʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʘʭ. 

ʈʦʟʨʦʙʣʝʥʽ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ 
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ʥʘʧʨʫʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʝʭʥʮ̔ʽ ʚ ʯʘʩʪʠʥʽ ʩʪʚʦʨʝʥʥ̫  ʥʦʚʠʭ ʢʦʨʧʫʩʽʚ ʩʦʪʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʙʶʨʦ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ 

ʪʘ ʧʨʦʻʢʪʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʘʝʨʦʢʦʩʤʽʯʥʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʚ ʛʘʣʫʟʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʦʤ ʥʘʫʢʦʚʽ 

ʧʦʣʦʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʽ: 

- ʥʘ ʊʆɺ "ʍɽʄɿ" (ʤ. ʍʘʨʢʽʚ) ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʽʩʥʫʶʯʠʭ ʚʝʣʠʢʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

- ʚ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʧʨʦʮʝʩʘʭ ʢʘʬʝʜʨʠ ʘʝʨʦʛʽʜʨʦʜʠʥʘʤʽʢʠ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ "ʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪ". 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦ ʟʘʭʠʩʪʫ, ʚʠʢʦʥʘʥʽ 

ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ. ɺ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʩʫʪʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʩʧʽʚʘʚʪʦʨʘʤ, 

ʨʘʟʦʤ ʟ ʷʢʠʤʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ, 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʽ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ: ʍXX - ʤʽʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ 

ʜʚʠʛʫʥʦʙʫʜʽʚʥʠʢʽʚ (ʋʢʨʘʾʥʘ, ʤ. ʍʘʨʢʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍɸɯè, 2025 ʨ.); ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "1st International 

Scientific and Practical Conference. International Scientific Unity" (October 8-10, 

2025. Seville, Spain) ʪʘ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ 

ʥʘ ʪʝʤʫ çɯʥʬʦʨʤʘʮʽʡʥʝ ʩʫʩʧʽʣʴʩʪʚʦ: ʪʝʭʥʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ 

ʩʪʘʥʦʚʣʝʥʥʷè (ʚʠʧʫʩʢ 103, 14-15 ʞʦʚʪʥʷ 2025 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʦʜʥʽʡ ʩʪʘʪʪʽ ʚ 

ʥʘʫʢʦʚʦʤʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ ʟʘʪʚʝʨʜʞʝʥʦʤʫ ʄʆʅ ʋʢʨʘʾʥʠ [1], ʪʨʴʦʭ ʩʪʘʪʪʷʭ ʫ 
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ʚʠʜʘʥʥʷʭ, ʱʦ ʨʝʬʝʨʫʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ Scopus [2-4]. ʆʢʨʽʤ ʮʴʦʛʦ, ʦʩʥʦʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʪʨʴʦʭ ʪʝʟʘʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

[5-7], ʚ ʦʜʥʽʡ ʤʦʥʦʛʨʘʬʽʾ [8] ʪʘ ʚ ʜʚʦʭ ʧʘʪʝʥʪʘʭ [9, 10]. 

ɺʩʽ ʧʦʣʦʞʝʥʥʷ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʜʠʩʝʨʪʘʮʽʾ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ɺ ʩʪʘʪʪʷʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ; ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʽ ʚʠʩʥʦʚʢʽʚ 

ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʽ ʯʘʩʪʢʦʚʦ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ; 

ʧʽʜʛʦʪʦʚʢʘ ʡ ʚʠʜʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʩʪʘʪʝʡ ʚʠʢʦʥʘʥʦ ʟʘ ʫʯʘʩʪʶ ʩʧʽʚʘʚʪʦʨʽʚ. 

ɺ ʩʧʽʣʴʥʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: 

[1] ï ʆʙʯʠʩʣʝʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʤʽʮʥʽʩʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʚ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʪʝʨʤʦʥʘʧʨʫʞʝʥʠʭ 

ʯʠʥʥʠʢʽʚ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ; 

[2] ï ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʦʭʦʣʦʜʞʫʚʘʯʽʚ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ 

ʛʽʜʨʦʜʠʥʘʤʽʮʽ, ʜʣʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʨʝʙʨʘʤʠ ʦʭʦʣʦʜʞʫʶʯʦʾ 

ʪʨʫʙʠ ʽ ʚʦʜʥʝʤ; 

[3] ï ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʢʦʨʧʫʩʽʚ ʛʽʜʨʦʛʝʥʝʨʘʪʦʨʽʚ ʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ; 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʘʜʽʘʣʴʥʦʾ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ; 

[4] ï ʧʽʜʛʦʪʦʚʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʪʘʪʥʴʦʾ 

ʟʙʽʞʥʦʩʪʽ ʜʣʷ ʜʝʪʘʣʝʡ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ ʟʥʘʯʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʨʦʟʤʽʨʘʤʠ; 

[5] ï ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʘʥʠʥʠ ʂʄʇʊ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ SolidWorks; ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʚʧʝʨʰʝ ʚʨʘʭʦʚʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʯʠʥʥʠʢʠ ʫ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ; 

[6] ï ʆʙʯʠʩʣʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʜʽʻʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʉʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ 
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ʢʦʥʪʘʢʪʥʠʭ ʪʝʨʤʦʥʘʧʨʫʞʝʥʠʭ ʟʘʜʘʯ ʟ ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ; 

[7] ï ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʚ ʯʘʩʪʠʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʪʨʠʚʠʤʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ; 

[8] ï ʘʥʘʣʽʟ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʩʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ 

ʨʦʪʦʨʘʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ; ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʤʝʞ ʧʣʠʥʥʦʩʪʽ, 

ʪʝʢʫʯʦʩʪʽ ʪʘ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʝʧʣʦʚʠʭ 

ʨʝʞʠʤʘʭ; 

[9] ï ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʽʪʢʠ ʜʣʷ ʤʽʮʥʽʩʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ; 

[10] ï ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʨʝʙʝʨ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʝʬʝʢʪʠʚʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʢʦʨʧʫʩʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ 

ʨʽʟʥʠʤ ʪʠʧʦʤ ʚʝʥʪʠʣʷʮʽʾ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʠʭ ʥʘʛʥʽʪʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘ ʫʤʦʚʠ ʚʠʢʣʶʯʝʥʥʷ ʣʦʢʘʮʽʡ ʟ ʥʫʣʴʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦʚʽʪʨʷ; 

[11] ï ʉʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʢʨʫʧʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʬʘʢʪʦʨ̔ ʚ, ʧʦʟʥʘʯʝʥʠʭ ʚ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʪʘ ʨʝʪʝʣʴʥʦʾ ʧʨʦʨʦʙʢʠ ʛʝʦʤʝʪʨʽʾ; 

[12] ï ʆʙʯʠʩʣʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʪʦʨʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ; 

[13] ï ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʦʚʦʚʚʝʜʝʥʴ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʛʽʜʨʦʛʝʥʝʨʘʪʦʨʫ ʚ ʯʘʩʪʠʥʽ ʤʦʞʣʠʚʦʾ ʨʦʙʦʪʠ ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʜʦ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʽ 

ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 147 ʩʪʦʨʽʥʦʢ, ʟ ʥʠʭ 123 

ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 47 ʨʠʩʫʥʢʽʚ ʧʦ ʪʝʢʩʪʫ, 6 ʪʘʙʣʠʮʴ ʧʦ ʪʝʢʩʪʫ; ʩʧʠʩʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʜʦ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ, ʩʫʤʘʨʥʦ ʚʠʢʣʘʜʝʥʠʭ ʥʘ 8 ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1  ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʄɸʐʀʅ ʇʆʉʊɯʁʅʆɻʆ 

ʉʊʈʋʄʋ ɯ ʇʈʆɹʃɽʄ ɺʀʈʆɹʅʀʎʊɺɸ ɰʍ ʂʆʄʇʆʅɽʅʊɯɺ 

 

1.1 ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ɽʣʝʢʪʨʠʯʥʘ ʤʘʰʠʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʨʠʩ.1.1) ï ʮʝ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ɯʩʥʫʻ ʜʚʘ ʪʠʧʠ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ: 

- ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʤʝʭʘʥʽʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ 

ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 

- ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʝʭʘʥʽʯʥʫ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʜʚʠʛʫʥʽʚ) ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʷʚʠʱʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʪʘ ʷʚʠʱʽ ʚʟʘʻʤʦʜʽʾ ʧʨʦʚʽʜʥʠʢʘ, ʧʦ ʷʢʦʤʫ 

ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ, ʟ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ʇʨʠ ʮʴʦʤʫ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʤʘʶʪʴ ʪʘʢʦʞ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʚʝʨʩʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʢʦʞʥʘ ʤʘʰʠʥʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʷʢ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ ʜʚʠʛʫʥʘ. 

ʂʣʘʩʠʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʷʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: 

ï ʷʢʽʨ (ʦʙʝʨʪʦʚʫ ʯʘʩʪʠʥʫ ʤʘʰʠʥʠ, ʪʦʙʪʦ ʨʦʪʦʨ), ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ 

ʚʘʣ, ʤʘʛʥʽʪʥʝ ʦʩʝʨʜʷ ʟ ʨʦʟʪʘʰʦʚʘʥʦʶ ʚ ʧʘʟʘʭ ʦʙʤʦʪʢʦʶ, ʘ ʪʘʢʦʞ ʢʦʣʝʢʪʦʨ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʽʥʠ ʧʦʣʷʨʥʦʩʪʽ ʩʪʨʫʤʫ (ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʜʣʷ ʚʠʧʨʷʤʣʝʥʥʷ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ) ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ; 

ï ʩʪʘʥʠʥʘ (ʥʝʨʫʭʦʤʘ ʯʘʩʪʠʥʘ, ʘʙʦ ʩʪʘʪʦʨ), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʤʢʥʝʥʦʛʦ 

ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ, ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʽ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ 

ʪʘ ʜʦʜʘʪʢʦʚʽ ʧʦʣʶʩʠ ʟ ʦʙʤʦʪʢʘʤʠ; 

ï ʱʽʪʢʦʚʦ-ʢʦʥʪʘʢʪʥʠʡ ʘʧʘʨʘʪ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 

ʯʝʨʝʟ ʢʦʣʝʢʪʦʨ ʜʦ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʽʚ; 

ï ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʟʦʢʨʝʤʘ ʢʦʨʧʫʩʥʽ ʯʘʩʪʠʥʠ, 

ʧʽʜʰʠʧʥʠʢʠ, ʦʭʦʣʦʜʞʫʚʘʯʽ (ʟʘ ʥʘʷʚʥʦʩʪʽ), ʪʘ ʽʥ. 

ɼʝʪʘʣʴʥʦ ʧʨʠʥʮʠʧ ʜʽʾ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [1]. 
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ʈʠʩ. 1.1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʟʥʘʯʥʠʡ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ. ʎʽ 

ʧʝʨʝʚʘʛʠ ʟʫʤʦʚʣʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʛʝʥʝʨʘʪʦʨʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʻ ʥʝʟʘʜʦʚʽʣʴʥʽ ʤʘʩʦʚʦ-ʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ (ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʽ 

ʚʘʛʘ) ʧʦʨʽʚʥʷʥʦ ʟ ʛʝʥʝʨʘʪʦʨʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʢʦʣʝʢʪʦʨʘ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʥʘʩʣʽʜʦʢ ʤʦʞʣʠʚʦʛʦ ʽʩʢʨʽʥʥʷʤ. ɺʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ 

ʟʫʤʦʚʣʶʶʪʴ ʦʙʤʝʞʝʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [2]. 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʤʘʩʫ ʟ ʛʨʘʥʠʯʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ. ʆʜʥʘʢ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ 

ʛʽʜʨʦʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʷʢ ʥʘʡʙʽʣʴʰ ʚʘʞʢʠʭ ʤʘʰʠʥ [3, 4, 5]. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠʩʚʷʯʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʦʜʝʣʶʚʘʥʥʶ ʘʛʨʝʛʘʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʥʘʧʨʷʤʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʩʘʤʝ 

ʚʠʙʦʨʫ ʪʠʧʫ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ [6]. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ 
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ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦʩʣʽʜʞʝʥʥʶ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʛʨʝʛʘʪʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [7, 8]. 

ʅʘʫʢʦʚʮʽ ʧʨʠʜʽʣʷʶʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʜʦʩʣʽʜʞʝʥʥʶ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʤʘʰʠʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʅʘʡʙʽʣʴʰʝ ʨʦʙʽʪ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʠʩʚʷʯʝʥʦ ʪʘʢʠʤ 

ʥʝʩʧʨʘʚʥʦʩʪʷʤ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʘʰʠʥ, ʷʢ ʽʩʢʨʽʥʥʷ, ʧʝʨʝʛʨʽʚ, ʥʠʟʴʢʽ/ʚʠʩʦʢʽ 

ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʾ, ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʩʧʨʠʯʠʥʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʨʠʯʠʥʘʤʠ [9, 

10]. ʗʢ ʧʨʘʚʠʣʦ, ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʻ ʱʽʪʢʦʚʦ-ʢʦʣʝʢʪʦʨʥʠʡ 

ʘʧʘʨʘʪ. ʑʽʪʢʠ ʽ ʢʦʣʝʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʢʦʤʫʪʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʤʘʰʠʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʽ ʪʦʤʫ ʚʠʤʘʛʘʶʪʴ ʦʩʦʙʣʠʚʦʾ 

ʫʚʘʛʠ, ʪʘʢʦʾ ʷʢ ʤʦʥʽʪʦʨʠʥʛ ʽʩʢʨʽʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʮʝʩʠ 

ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʠʥʽ ʚʝʜʫʪʴʩʷ ʘʢʪʠʚʥʽ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [11, 12]. ɭ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ 

ʤʝʪʦʜʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʶ ʦʙʣʘʜʥʘʥʥʷ [13, 14]. ɸʣʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʘʰʠʥʘʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʧʨʦʙʣʝʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʾʭ ʩʢʣʘʜʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʟʦʢʨʝʤʘ ʢʦʨʧʫʩʥʠʭ ʯʘʩʪʠʥ, ʤʘʡʞʝ ʥʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

 

1.2 ʆʩʦʙʣʠʚʦʩʪʽ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ʗʢ ʽ ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʾ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʾ 

ʨʦʙʦʪʠ ʨʦʟʛʣʷʥʝʤʦ ʢʦʥʩʪʨʫʢʮʽʶ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

 

1.2.1 ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

ɿʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʝʣʠʢʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1.2. ʗʢ ʮʝ ʙʽʣʦ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʤʘʰʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: 
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ʥʝʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ ï ʩʪʘʪʦʨʘ, ʪʘ ʦʙʝʨʪʦʚʦʾ ʯʘʩʪʠʥʠ ï ʷʢʦʨʷ. ʉʪʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʪʘʥʠʥʫ, ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʟʘʢʨʽʧʣʝʥʽ ʦʩʝʨʜ ̫ʛʦʣʦʚʥʠʭ ʧʦʣʶʩʽʚ ʟ 

ʧʦʣʶʩʥʠʤʠ ʢʦʪʫʰʢʘʤʠ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʣʶʩʘʤʠ. 

 

 

ʈʠʩ. 1.2 ï ʂʦʥʩʪʨʫʢʮʽʷ ɺʄʇʉ 

 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʦʜʥʠʤ ʨʦʙʦʯʠʤ ʢʽʥʮʝʤ ʚʘʣʘ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ 

ʟ ʤʝʭʘʥʽʟʤʦʤ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ. ʂʽʥʝʮʴ ʚʘʣʘ, ʧʨʦʪʠʣʝʞʥʠʡ ʨʦʙʦʯʦʤʫ, ʤʘʻ ʙʫʪʠ 

ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʜʦ ʥʴʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ ʰʚʠʜʢʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ɺʄʇʉ ʫ ʷʢʦʩʪʽ ʧʨʠʚʦʜʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʪʫʞʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʠʢʪʫʻ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʜʦ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ɿʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ 

ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʤʫ ʪʘʢʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʧʠʪʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʠʤʦʛʠ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ɺʄʇʉ ʩʧʝʮʽʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʚʩʽ ʧʨʦʢ̒ʪʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ ʚ ʮʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ ʦʙʦʚôʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʻ 

ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʦʙʤʦʪʢʠ. ʂʘʨʢʘʩ ʜʚʠʛʫʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 
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ʤʽʮʥʦʩʪʽ ʟʚʘʨʝʥʠʡ ʟʽ ʩʪʘʣʝʚʦʛʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʪʘ ʤʘʻ ʨʦʟ'ʻʤ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ. 

ɺ ʦʩʝʨʜʽ ʷʢʦʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʽʟʦʣʶʚʘʥʥʷʤ ʣʠʩʪʽʚ ʦʩʝʨʜʷ 

ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʥʘ ʥʠʭ ʣʘʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʧʝʮʽʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʽʟʦʣʷʮʽʾ ʚ ʥʘʪʠʩʢʥʽʡ ʩʠʩʪʝʤʠ 

ʦʩʝʨʜʷ ʷʢʦʨʷ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʭ ʢʦʥʪʫʨʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʦʩʥʦʚʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʪʦʢʦʤ ʤʘʰʠʥʠ. 

ʅʘʷʚʥʽʩʪʴ ʚʠʤʦʛʠ ʨʝʚʝʨʩʠʚʥʦʩʪʽ ʧʨʠʚʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʢʣʠʥʶʚʘʥʥʷ 

ʦʩʝʨʜʷ ʷʢʦʨʷ ʚʽʜʥʦʩʥʦ ʚʪʫʣʢʠ ʚʘʣʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʠʭ ʦʙʝʨʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʧʨʠ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʦʙʝʨʪʘʥʥʷ. 

ɺ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽ ʧʝʨʝʜʙʘʯʝʥʘ ʟʘʤʢʥʫʪʘ ʧʨʠʤʫʩʦʚʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ. 

ʇʦʜʘʯʘ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʟʫ ʢʨʽʟʴ ʱʠʪ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ, 

ʥʘʛʨʽʪʝ ʧʦʚʽʪʨʷ ʚʠʭʦʜʠʪʴ ʟ ʙʦʢʫ ʢʦʣʝʢʪʦʨʘ. 

ʗʢʽʨ ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʚʟʘʥʥʷ. ʇʽʜʰʠʧʥʠʢ ʥʘ ʢʽʥʮʽ ʢʦʣʝʢʪʦʨʘ 

ʽʟʦʣʴʦʚʘʥʠʡ ʚʽʜ ʬʫʥʜʘʤʝʥʪʥʦʾ ʧʣʠʪʠ, ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʧʽʜʰʠʧʥʠʢʘ ʚʽʜʥʦʩʥʦ 

ʬʫʥʜʘʤʝʥʪʥʦʾ ʧʣʠʪʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 10  ʆʤ. 

 

1.2.2 ʋʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʘʞʢʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʘʭ S1 ʪʘ S8 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ IEC 60034-1:2019. ʆʩʥʦʚʥʠʤ ʨʝʞʠʤʦʤ ʨʦʟʨʘʭʫʥʢʫ ʻ ʨʝʞʠʤ S1, 

ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʤʘʨʢʫʻʪʴʩʷ ʪʘ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ. 

ʊʨʠʚʘʣʽʩʪʴ ʟʘʜʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

15 ʩʝʢʫʥʜ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʩʢʨʽʥʥʷ ʥʘ ʢʦʣʝʢʪʦʨʽ ʥʝ ʧʦʚʠʥʥʦ ʚʧʣʠʚʘʪʠ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʪʘ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʊʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʠʞʯʝ ʟʘ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʙʦʯʝ, ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʨʦʙʦʪʠ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʉʪʫʧʽʥʴ ʽʩʢʨʽʥʥʷ ʥʘ ʢʦʣʝʢʪʦʨʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 1İ 

ʟʛʽʜʥʦ ʟ ɼʉʊʋ IEC 60034-1:2019. ʆʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʤʘʻ ʙʫʪʠ 
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ʟʚʦʨʦʪʥʠʤ. ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʦʟʛʽʥ ʪʘ ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʩʪʽʣʴʢʠ ʨʘʟʽʚ ʟʘ ʟʤʽʥʫ, ʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ, ʟʘ ʫʤʦʚʠ, ʱʦ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʨʦʙʦʪʠ ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʚʠʥʝʥ ʜʦʧʫʩʢʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʥʫʣʷ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʷʢʦʨʷ. 

ʇʨʠ ʞʠʚʣʝʥʥʽ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʽʜ ʪʠʨʠʩʪʦʨʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʷʢʦʨʷ ʥʝ ʧʦʚʠʥʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 4 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʷʢʦʨʷ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʥʘʧʨʫʟʽ. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʥʘʧʨʫʛʠ ʷʢʦʨʷ ʜʦ 25 % ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʷʢʦʨʷ ʜʦ 7 %. 

ʉʪʨʫʤ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɯʟʦʣʷʮʽʷ ʢʦʨʧʫʩʫ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʧʨʫʛʫ 1000 ɺ. ɯʟʦʣʷʮʽʷ ʦʙʤʦʪʦʢ ʷʢʦʨʷ ʜʚʠʛʫʥʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʢʣʘʩ 

ʥʘʛʨʽʚʫ çHè, ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ï ʢʣʘʩ ʥʘʛʨʽʚʫ çFè ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ ɯɽʉ 60085:2015 [15]. 

ɼʽʝʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʚʩʽʭ ʦʙʤʦʪʦʢ ʷʢʦʨʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʧʨʫʛʫ 1500 ɺ ʚʽʜʥʦʩʥʦ ʢʦʨʧʫʩʫ (ʟʥʘʯʝʥʥʷ 1500 ɺ 

ï ʮʝ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽʟʦʣʷʮʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʤʽʮʥʽʩʪʴ; 

ʩʧʨʘʚʥʘ ʽʟʦʣʷʮʽʷ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʘ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʽ). ʆʧʽʨ ʽʟʦʣʷʮʽʾ 

ʚʩʽʭ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʘ ʚʽʜʥʦʩʥʦ ʢʦʨʧʫʩʫ ʪʘ ʤʽʞ ʦʙʤʦʪʢʘʤʠ ʧʨʠ ʨʦʙʦʯʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 106 ʆʤ. 

ʂʣʽʤʘʪʠʯʥʝ ʚʠʢʦʥʘʥʥʷ ï ʋʍʃ, ʢʘʪʝʛʦʨʽʷ ʨʦʟʤʽʱʝʥʥʷ ï 4. ʅʦʤʽʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 8280:2015 [16] ʪʘ ɼʉʊʋ EN 

60529:2018 [17], ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ +1 ʜʦ +40 Áʉ. 

ʅʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʘʻ ʙʫʪʠ ʥʝʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤ, ʥʝ ʤʽʩʪʠʪʠ 

ʧʨʦʚʽʜʥʦʛʦ ʧʠʣʫ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʱʦ ʟʥʠʞʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ 

ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʤʝʞ. ʇʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʤʘʻ ʙʫʪʠ 

ʯʠʩʪʠʤ, ʥʝ ʤʽʩʪʠʪʠ ʧʨʦʚʽʜʥʦʛʦ ʧʠʣʫ, ʾʜʢʠʭ ʧʘʨʽʚ, ʱʦ ʟʥʠʞʫʶʪʴ ʤʽʮʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʚʤʽʩʪ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ, ʱʦ ʦʭʦʣʦʜʞʫʻ 
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ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,2 ʤʛ/ʤ3. ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ 

ʧʦʚʽʪʨʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜ +5 ʜʦ 40Áʉ. 

ʈʘʜʽʘʣʴʥʽ ʪʘ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ ʥʘ 

ʢʽʥʝʮʴ ʚʘʣʘ ʜʚʠʛʫʥʘ ʤʘʶʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʠʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 24 000 

ʛʦʜʠʥ (ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʥʠʢʦʤ ʫʩʽʭ ʧʝʨʝʚʽʨʦʢ ʪʘ ʨʝʤʦʥʪʽʚ ʫ ʪʝʨʤʽʥʠ, 

ʟʘʟʥʘʯʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ). ɺʩʪʘʥʦʚʣʝʥʠʡ ʨʝʩʫʨʩ ʜʦ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 8 ʨʦʢʽʚ. ʇʦʚʥʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 25 ʨʦʢʽʚ. ʂʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

0,995. ʇʦʢʘʟʥʠʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʜʘʨʪʘʤ ʘʙʦ ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ ʥʘ ʮʽ ʚʠʨʦʙʠ. 

ʋʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ 

ʩʧʦʩʦʙʦʤ ʩʢʣʘʜʘʥʥʷ ï ɯʄ 7321 ʟʛʽʜʥʦ ʟ ɼʉʊʋ 2365-94. 

ʈʽʚʝʥʴ ʰʫʤʫ, ʚʠʤʽʨʷʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 1 ʤ ʚʽʜ ʢʦʨʧʫʩʫ ʜʚʠʛʫʥʘ, ʚ ʨʝʞʠʤʽ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 92 ʜɹɸ ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 

60034-9:2014 [18]. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʤʦʪʦʢ ʜʚʠʛʫʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʦʧʦʨʫ 

(ʚʠʤʽʨʶʚʘʥʥʷ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʷʢʦʨʷ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ EN 60034-2:2014 [19]. 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʢʨʠʪʪʽʚ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ɼʉʊʋ ɹ ɺ.2.6-76:2008 ʜʣʷ ʰʦʩʪʦʛʦ ʢʣʘʩʫ ʧʦʢʨʠʪʪʷ. ɿʘʭʠʩʥʽ, ʜʝʢʦʨʘʪʠʚʥʽ ʪʘ 

ʣʘʢʦʬʘʨʙʦʚʽ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ ɻʆʉʊ 9.101:2004. 

 

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʜʽʶʯʠʭ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘʚʘʥʪʘʞʝʥʴ 

ʅʘ ʢʦʥʩʪʨʫʢʮʽʶ ʚʩʽʭ ʯʘʩʪʠʥ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʚ ʨʽʟʥʽ ʝʪʘʧʠ ʾʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʽʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʥʘʚʘʥʪʘʞʝʥʴ: 

- ʪʝʭʥʦʣʦʛʽʯʥʽ ï ʧʨʠ ʩʪʨʦʧʫʚʘʥʥ,̔ ʢʘʥʪʫʚʘʥʥ ̔ ʪʘ ʧʝʨʝʥʝʩʝʥʥ ̔

(ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ)̔; 

- ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ (ʨʦʙʦʯʽ) ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ, 

ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʠʣʘʤʠ, ʢʨʫʪʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʥʘ ʚʘʣʫ. 
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ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʧʘʨʘʤʝʪʨʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʷʢʦʛʦʩʴ ʚʫʟʣʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʷʢ ʜʦʩʪʘʪʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʭʘʥʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʝ ʟʘʚʞʜʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ 

ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʧʣʠʚʦʤ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʮʝ ʧʠʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʪʘʢʦʾ ʯʘʩʪʠʥʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢ ʩʪʘʥʠʥʘ. 

ʉʪʘʥʠʥʘ ʻ ʥʘʡʙʽʣʴʰ ʤʘʩʠʚʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʣʠʢʠʭ ʤʘʰʠʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʨʦʚʫ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʩʧʨʠʡʥʷʪʪʷ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʦʥʘ ʻ ʯʘʩʪʠʥʦʶ ʤʘʛʥʽʪʥʦʛʦ ʣʘʥʮʶʛʘ ʤʘʰʠʥʠ, ʜʦ ʷʢʦʾ 

ʢʨʽʧʣʷʪʴʩʷ ʛʦʣʦʚʥʽ ʽ ʜʦʜʘʪʢʦʚʽ ʧʦʣʶʩʠ. ʉʪʘʥʠʥʠ ʩʪʘʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʩʫʮʽʣʴʥʦʣʠʪʠʤʠ, ʟʚʘʨʥʠʤʠ ʘʙʦ ʪʨʫʙʥʠʤʠ ʟʽ ʩʪʘʣʽ ʘʙʦ ʯʘʚʫʥʫ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʱʠʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʞʦʨʩʪʢʦʩʪʽ ʜʦʚʞʠʥʫ 

ʩʪʘʥʠʥʠ ʟʙʽʣʴʰʫʶʪʴ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ. ɿʙʽʣʴʰʝʥʘ ʯʘʩʪʠʥʘ ʩʪʘʥʠʥʠ ʫʙʽʢ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʱʠʪʽʚ ʤʦʞʝ ʤʘʪʠ ʤʝʥʰʫ ʪʦʚʱʠʥʫ. ʊʦʚʱʠʥʘ ʩʪʘʥʠʥʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ʆʪʨʠʤʘʥʽ ʨʦʟʤʽʨʠ ʩʪʘʥʠʥʠ ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ ʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʮʝ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʤʽʮʥʽʩʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

 

1.3.1 ʈʦʙʦʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʘʥʠʥʫ, ʩʧʨʠʯʠʥʝʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʩʠʣʘʤʠ 

ʋ ʤʘʰʠʥʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʩʪʘʥʠʥʘ, ʢʨʽʤ ʪʦʛʦ, ʱʦ ʜʦ ʥʝʾ ʧʨʠʢʨʽʧʣʶʶʪʴ 

ʛʦʣʦʚʥʽ ʪʘ ʜʦʜʘʪʢʦʚʽ ʧʦʣʶʩʠ, ʻ ʯʘʩʪʠʥʦʶ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ 

ʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʡʤʘʶʪʴʩʷ ʩʪʘʥʠʥʦʶ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜ 

ʧʦʣʶʩʽʚ ʯʝʨʝʟ ʝʣʝʤʝʥʪʠ ʾʭ ʢʨʽʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʣʘʩʥʽ, ʱʦ ʜʽʶʪʴ ʚʟʜʦʚʞ ʜʽʘʤʝʪʨʘ 

ʢʦʨʧʫʩʫ. 

ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦ ʦʙʤʦʪʮʽ ʷʢʦʨʷ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʚʣʘʩʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ. ɺʧʣʠʚ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʷʢʦʨʷ ʥʘ ʧʦʣʝ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʝʘʢʮʽʻʶ ʷʢʦʨʷ 
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[20]. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʮʠʭ ʜʚʦʭ ʧʦʪʦʢʽʚ ʟ ʦʜʥʘʢʦʚʦʶ ʯʘʩʪʦʪʦʶ ʩʪʚʦʨʶʻʪʴʩʷ 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ʇʽʜ ʜʽʻʶ ʧʦʪʦʢʫ ʷʢʦʨʷ ʮʝʡ 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʧʦʪʽʢ ʟʤʽʱʫʻʪʴʩʷ ʱʦʜʦ ʧʦʪʦʢʫ ʥʘ ʢʫʪ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ɗ ʫ ʙʽʢ 

ʚʽʜʩʪʘʚʘʥʥʷ (ʨʠʩ. 1.3). 

 

 

ʘ) 

 

ʙ) 

 

ʈʠʩ. 1.3 ï ɺʟʘʻʤʦʜʽʷ ʤʘʛʥʽʪʥʠʭ ʧʦʪʦʢʽʚ ʷʢʦʨʷ ʪʘ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ: 

ʘ) ʭʦʣʦʩʪʠʡ ʭʽʜ; ʙ) ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

 

ʎʝʡ ʧʽʜʩʫʤʢʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ʥʘ ʢʦʨʧʫʩ 

(ʩʪʘʥʠʥʫ). ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʫʩʠʣʴ ʫ ʩʪʘʪʠʮʽ ʪʘ ʜʠʥʘʤʽʮʽ ʥʘʚʝʜʝʥʦ ʫ 

ʣʽʪʝʨʘʪʫʨʽ [21]. 

 

1.3.2 ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʩʪʘʥʠʥʠ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʋ ʧʨʦʮʝʩʽ ʢʘʥʪʫʚʘʥʥʷ, ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʞʢʠʭ ʜʝʪʘʣʝʡ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʤʘʪʝʨʽʘʣʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʟʥʘʯʥʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ 

ʜʝʬʦʨʤʘʮʽʾ. ʅʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʥʘʥʥʷ ʜʘʥʠʭ ʦʧʝʨʘʮʽʡ ʟʜʘʪʥʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʦʨʫʰʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʘ ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʽʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʧʦʪʫʞʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʘʥʪʫʚʘʥʥʷ, 
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ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʧʝʨʘʮʽʾ, ʧʨʠ ʷʢʠʭ ʥʘ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʧʣʠʚʘʶʪʴ ʩʢʣʘʜʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʚʠʥʠʢʥʝʥʥʶ ʥʘʧʨʫʞʝʥʴ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʈʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʅɼʉ ʫ ʜʘʥʠʭ ʫʤʦʚʘʭ 

ʥʝʦʙʭʽʜʥʝ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ, ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʚʠʨʦʙʫ [22]. 

 

1.3.3 ʉʪʨʦʧʫʚʘʥʥʷ, ʢʘʥʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ 

ʅʘ ʨʠʩ. 1.4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʽ ʚʠʜʠ ʩʪʨʦʧʫʚʘʥʥʷ ʽ ʢʘʥʪʫʚʘʥʥʷ ʚʘʞʢʠʭ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʙʨʦʙʮʽ. 

 

 

ʈʠʩ. 1.4 ï ɺʠʜʠ ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʢʘʥʪʫʚʘʥʥʷ ʚʘʞʢʠʭ ʜʝʪʘʣʝʡ 

 

ʂʘʥʪʫʚʘʥʥʷ ï ʦʧʝʨʘʮʽʷ ʟʽ ʟʤʽʥʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʜʝʪʘʣʽ (ʟʘʟʚʠʯʘʡ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʟʛʠʥʘʣʴʥʠʭ ʽ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʩʠʣ ʽʥʝʨʮʽʾ. ʇʨʠ ʢʘʥʪʫʚʘʥʥʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ 

ʘʤʧʣʽʪʫʜʘ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʦʶ, ʦʪʞʝ, ʨʠʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʠʤʠ. ʃʽʢʚʽʜʫʚʘʪʠ ʾʭ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ 

ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʫ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʝʭʘʥʽʟʤʽʚ ʙʫʜʴ-ʷʢʦʛʦ 
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ʢʨʘʥʘ. ʅʘʡʙʽʣʴʰʽ ʥʘʧʨʫʞʝʥʥʷ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ 

ʢʘʥʪʫʚʘʥʥʷ, ʜʝ ʤʦʞʣʠʚʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʛʦʩʪʨʠʭ 

ʢʨʦʤʦʢ, ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʢʘʥʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʪʘ ʛʘʙʘʨʠʪʽʚ ʚʘʥʪʘʞʫ, ʡʦʛʦ ʬʦʨʤʠ, 

ʥʘʷʚʥʦʩʪʽ ʤʽʩʮʴ ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʢʨʽʧʣʝʥʥʷ ʜʦ ʩʪʨʦʧ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʻ ʢʘʥʪʫʚʘʥʥʷ ʫ ʚʠʩʷʯʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʥʘ ʫʧʦʨ ʪʘ ʥʘ 

ʢʠʜʦʢ. 

ʉʪʨʦʧʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʽʰʫʚʘʥʥʷ ʜʝʪʘʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʨʦʧʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʣʘʥʮʶʛʽʚ, ʢʘʥʘʪʽʚ, ʨʝʤʝʥʽʚ). ʅʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʟʫʩʠʣʣʷ ʚ ʤʽʩʮʷʭ ʟʘʯʝʧʣʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʥʝʥʥʷ, ʟʩʫʚʫ ʘʙʦ ʟʤʠʥʘʥʥʷ. ʇʨʠ 

ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʘʙʦ ʘʩʠʤʝʪʨʠʯʥʦʤʫ ʩʪʨʦʧʫʚʘʥʥʽ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʛʠʥʫ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ. 

ʋ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʷʢ ʩʪʘʪʠʯʥʽ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʦʩʠʣʶʚʘʪʠ ʅɼʉ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʙʨʘʮʽʡ, ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ ʧʽʜ ʯʘʩ ʨʽʟʢʠʭ ʟʫʧʠʥʦʢ ʘʙʦ ʨʠʚʢʽʚ. ʇʨʠ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʮʠʢʣʘʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ 

ʫʰʢʦʜʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʟʚʘʨʥʠʭ ʘʙʦ ʣʠʪʠʭ ʚʠʨʦʙʘʭ [23]. 

ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ: 

- ʤʘʩʘ ʪʘ ʛʘʙʘʨʠʪʠ ʚʠʨʦʙʫ (ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ); 

- ʤʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʢʮʽʾ (ʚʠʟʥʘʯʘʻ ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʢʨʠʭʢʦʾ ʨʫʡʥʘʮʽʾ); 

- ʛʝʦʤʝʪʨʽʷ ʢʦʥʩʪʨʫʢʮʽʾ (ʥʘʷʚʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʧʦʩʠʣʶʻ 

ʣʦʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ); 

- ʩʧʦʩʽʙ ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʢʘʥʪʫʚʘʥʥʷ (ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʽʭ 

ʟʫʩʠʣʴ); 

- ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʦʩʠʣʶʻ ʅɼʉ ʟʘ ʨʘʭʫʥʦʢ ʽʥʝʨʮʽʡʥʠʭ 

ʪʘ ʫʜʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ); 

- ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʙʘʛʘʪʦʨʘʟʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʨʠʷʶʪʴ 
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ʚʪʦʤʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ). 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʴ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤ'ʷʢʠʭ ʧʨʦʢʣʘʜʦʢ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʟ ʦʩʥʘʩʪʢʦʶ; 

- ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʩʠ ʪʘ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʪʦʯʦʢ ʩʪʨʦʧʫʚʘʥʥʷ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʢʦʥʪʨʦʣʶ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ; 

- ʧʨʦʚʝʜʝʥʥʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʽʩʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʅɼʉ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ, ʪʘʢ ʽ 

ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

1.4 ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʠ ʚ 

ʤʝʪʘʣʽ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʚʤʠʩʥʦ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʫ (ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʢʣʝʧ, 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ). ɸʣʝ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʘʙʦ 

ʟʚʘʨʶʚʘʥʥʷ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʥʝʟʘʧʣʘʥʦʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʨʦʙʫ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʙʽʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʫ ʤʝʪʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʘʪʝʨʽʘʣʽ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʜʝʬʦʨʤʘʮʽʶ ʜʝʪʘʣʽ ʟʽ ʟʤʽʥʦʶ ʾʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʆʩʥʦʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʻ ʟʥʠʞʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʤʘʪʝʨʽʘʣʽ 

ʜʝʪʘʣʽ. ɿʥʠʞʝʥʥʷ ʮʠʭ ʜʝʬʝʢʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʩʧʨʠʷʻ ʚʠʨʽʚʥʶʚʘʥʥʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ ʥʝʙʘʞʘʥʠʭ ʟʤʽʥ ʬʦʨʤʠ ʜʝʪʘʣʽ. 

 

1.4.1 ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʉʝʨʝʜ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 
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ʥʘʩʪʫʧʥʽ: 

ʘ) ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʦ 

ʮʴʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʘʛʘʨʪʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʮʽʣʴʥʦʣʠʪʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʧʽʩʣʷ ʣʠʪʪʷ. 

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʨʘʟʽ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʫ ʟʘ 

ʧʝʨʝʨʽʟʦʤ ʜʝʪʘʣʽ. ʇʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ʜʝʪʘʣʽ, ʱʦ 

ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʰʚʠʜʰʝ, ʙʫʜʫʪʴ ʨʦʟʪʷʛʥʫʪʽ. ʉʝʨʮʝʚʠʥʘ ʧʽʜ ʜʽʻʶ ʭʦʣʦʜʥʽʰʠʭ 

ʰʘʨʽʚ ʙʫʜʝ ʩʪʠʩʥʫʪʘ. ʗʢʱʦ ʚ ʮʝʡ ʤʦʤʝʥʪ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʚʠʷʚʣʷʪʴʩʷ 

ʚʠʱʝ ʤʝʞʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦ ʚʽʜʙʫʜʝʪʴʩʷ ʧʣʘʩʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ. ʄʦʞʣʠʚʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʥʘʧʨʫʞʝʥʥʷ ʫ ʟʦʚʥʽʰʥʽʭ 

ʰʘʨʘʭ ʧʝʨʝʚʠʱʠʪʴ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʪʨʽʱʠʥʘ (çʛʘʨʷʯʘ 

ʪʨʽʱʠʥʘè). 

ʙ) ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ. ɿʚʘʨʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻ ʩʢʣʘʜʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʟ'ʻʜʥʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʥʠʭ ʰʚʽʚ. ʋ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ 

ʚ ʮʠʭ ʟ'ʻʜʥʘʥʥʷʭ ʚʠʥʠʢʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʘ ʬʦʨʤʫʶʪʴ ʧʦʣʝ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ [24]. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʻ ʡʦʛʦ ʣʦʢʘʣʽʟʦʚʘʥʠʡ 

ʪʝʧʣʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ, ʧʨʠ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ, ʱʦ ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ (ʜʦ 3000 ÁC ʧʨʠ ʛʘʟʦʚʦʤʫ ʪʘ 4000 ÁC ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ 

ʟʚʘʨʶʚʘʥʥʽ). ʊʘʢʽ ʪʝʨʤʽʯʥʽ ʫʤʦʚʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʥʝʦʜʥʦʨʽʜʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʷʢ ʫ ʤʝʪʘʣʽ ʰʚʘ, ʪʘʢ ʽ ʚ 

ʟʦʥʘʭ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ɿʦʥʘ ʨʦʟʧʦʜʽʣʫ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ, 

ʪʨʠʚʘʣʽʩʪʶ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʦʤ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʦʥʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ ʟʚʘʨʥʦʛʦ ʰʚʘ. 

ɻʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʫ ʟʦʥʽ ʟʚʘʨʥʦʛʦ ʰʚʘ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ 
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ʧʝʨʝʪʚʦʨʝʥʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʝʨʝʭʽʜ ʧʝʨʣʽʪʫ ʪʘ ʬʝʨʠʪʫ ʚ 

ʘʫʩʪʝʥʽʪ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ, ʘ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ï 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʚ ʤʘʨʪʝʥʩʠʪ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ. 

ʂʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ ʩʪʨʫʢʪʫʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʚʩʴʦʤʫ ʦʙ'ʻʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝ ʦʜʥʦʯʘʩʥʦ, ʽ ʚ ʤʽʨʫ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʩʴʦʛʦ ʧʝʨʝʨʽʟʫ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʟʤʽʥʶʻʪʴʩʷ. ʋ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ 

ʨʦʟʧʘʜ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 600 Áʉ ʪʘ ʤʘʡʞʝ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. ɺ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʷʭ ʧʽʜ ʯʘʩ ʦʩʪʠʛʘʥʥʷ 

ʨʦʟʧʘʜ ʘʫʩʪʝʥʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʣʠ ʤʝʪʘʣ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʬʘʟʦʚʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ [25, 26]. 

ʚ) ʥʘʧʨʫʞʝʥʥʷ ʧʽʩʣʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʥʫʪʨʽʰʥʽʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʤʘʪʝʨʽʘʣʽ ʧʽʩʣʷ 

ʧʨʠʧʠʥʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ. ɺʦʥʠ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ, ʪʘʢʠʭ ʷʢ ʢʫʚʘʥʥʷ, ʰʪʘʤʧʫʚʘʥʥʷ, 

ʧʨʦʢʘʪʢʘ ʪʘ ʽʥ. 

ʇʣʘʩʪʠʯʥʘ ʬʦʨʤʦʟʤʽʥʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʟʘ ʥʦʨʤʘʣʴʥʠʭ, ʪʘʢ ʽ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʽ 

ʭʘʨʘʢʪʝʨ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ. ɺ ʫʤʦʚʘʭ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʭʦʣʦʜʥʦʾ) 

ʜʝʬʦʨʤʘʮʽʾ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʦʙʤʝʞʝʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ. ɺʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʽ ʚʠʢʣʠʢʘʪʠ ʨʦʟʚʠʪʦʢ ʜʝʬʝʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ. 

ɺʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʪʫʧʝʥʝʤ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʦʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʏʠʤ ʙʽʣʴʰʠʡ 

ʦʙ'ʻʤ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʟʥʘʚ ʧʣʘʩʪʠʯʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ, ʪʠʤ ʚʠʱʠʡ ʨʽʚʝʥʴ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ. ʃʦʢʘʣʽʟʦʚʘʥʽ ʟʦʥʠ 
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ʜʝʬʦʨʤʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʛʨʘʜʽʻʥʪʘʤʠ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʧʣʘʩʪʠʯʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʪʘ ʧʨʫʞʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʤʠ ʟʦʥʘʤʠ. 

ʛ) ʥʘʧʨʫʞʝʥʥʷ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ (ʪʦʯʽʥʥʷ, 

ʬʨʝʟʝʨʫʚʘʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʚʠʜʠ ʨʽʟʘʥʥʷ), ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷʤ ʟʥʘʯʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʤʘʪʝʨʽʘʣʫ, 

ʪʦʚʱʠʥʦʶ ʚ ʤʝʞʘʭ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʤʽʣʽʤʝʪʨʘ, ʽ ʦʙʫʤʦʚʣʝʥʽ ʧʦʻʜʥʘʥʥʷʤ 

ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʠʩʦʢʠʭ ʛʨʘʜʽʻʥʪʽʚ ʰʚʠʜʢʦʩʪʝʡ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. 

ʏʠʥʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ: 

- ʤʽʩʮʝʚʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʘ ʜʽʻʶ 

ʚʠʩʦʢʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʤʽʞ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ ʦʙʨʦʙʣʶʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. ʋ ʟʦʥʽ ʧʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʘʪʝʨʽʘʣ ʩʪʠʩʢʘʻʪʴʩʷ ʧʝʨʝʜʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʚ ʟʦʥʽ ʟʘ ʥʠʤ ï ʨʦʟʪʷʛʫʻʪʴʩʷ ʧʨʠ ʪʝʨʪʽ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʦʙ ʦʙʨʦʙʣʝʥʫ ʯʘʩʪʠʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʝʞʝʶ ʨʦʟʜʽʣʫ ʮʠʭ ʟʦʥ ʻ ʨʽʞʫʯʘ 

ʢʨʦʤʢʘ ʽʥʩʪʨʫʤʝʥʪʫ. 

- ʣʦʢʘʣʽʟʦʚʘʥʝ ʥʘʛʨʽʚʘʥʥʷ ʪʦʥʢʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʫ, ʟʫʤʦʚʣʝʥʝ 

ʽʥʪʝʥʩʠʚʥʦʶ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʪʘ ʪʝʨʪʷʤ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʨʽʞʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʛʨʘʜʽʻʥʪʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʫ ʧʣʠʥʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʚ ʥʘʛʨʽʪʦʤʫ ʩʪʘʥʽ. ʋ ʤʽʨʫ ʟʘʚʝʨʰʝʥʥʷ ʦʙʨʦʙʢʠ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʪʘʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʽʟʥʠʭ ʰʘʨʘʭ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʟʥʘʯʥʠʭ ʨʦʟʪʷʛʫʶʯʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʾʾ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. 

ʇʦʻʜʥʘʥʠʡ ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʚʝʣʠʯʠʥʘ ʽ ʟʥʘʢ ʷʢʠʭ (ʨʦʟʪʷʛʫʶʯʽ ʘʙʦ ʩʪʠʩʢʘʶʯʽ) ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ. 
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1.4.2 ʄʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ, ʚʘʞʣʠʚʦ 

ʟʥʠʟʠʪʠ ʚʥʫʪʨʽʰʥʽ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʎʴʦʛʦ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʘ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ ʯʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʚʽʜʧʘʣ ʘʙʦ ʥʦʨʤʘʣʽʟʘʮʽʷ). ɺʽʜʧʘʣ ʻ ʪʝʧʣʦʚʠʤ ʧʨʦʮʝʩʦʤ ʟʥʷʪʪʷ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʚʠʛʦʪʦʚʣʝʥʘ ʩʪʘʣʝʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʽʯ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦ 200...600 Áʉ. ʎʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ, ʧʦʪʽʤ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ 

ʩʧʦʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʪʘ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʝʚʦʾ 

ʤʘʪʨʠʮʽ. ɿʘʚʜʷʢʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʽʜʧʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʽʩʮʷʭ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʥʝʟʥʘʯʥʝ ʾʭ ʟʥʠʞʝʥʥʷ ʧʦ 

ʚʩʴʦʤʫ ʦʙʩʷʛʫ ʤʘʪʝʨʽʘʣʫ; 

ʙ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʪ-ʦʙʨʦʙʢʠ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʨʽʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʽʩʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʟʘʟʥʘʶʯʠ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʢʣʠʢʘʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʩʽʭ ʾʾ 

ʝʣʝʤʝʥʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʯʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʶ ʟʘ ʨʘʭʫʥʦʢ ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʾ ʝʨʦʟʽʾ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʅʝʜʦʣʽʢʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʨʽʥʥʷ  ̒ʡʦʛʦ ʚʝʣʠʢʘ ʪʨʠʚʘʣʽʩʪʴ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʟʘʧʘʩʽʚ ʟʘʛʦʪʦʚʦʢ ʪʘ ʚʠʜʽʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ; 

ʚ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, 

ʪʘʢʠʭ ʷʢ ʧʨʝʮʠʟʽʡʥʝ ʣʠʪʪʷ ʘʙʦ ʣʘʟʝʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʣʦʢʘʣʴʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ; 

ʛ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʩʪʘʪʠʯʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ ʧʨʠʢʣʘʜʘʥʥʽ ʜʦ ʚʠʨʦʙʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʘʙʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ) ʜʦʩʪʘʪʥʴʦʾ ʚʝʣʠʯʠʥʠ ʽ ʪʨʠʚʘʣʦʩʪʽ, 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʚ ʙʽʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʥʘʧʨʫʞʝʥʥʷʤ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʟʦʥʘʭ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚʠʥʠʢʘʻ 

ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʩʧʨʠʷʻ ʾʭ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʽ ʟʥʠʞʝʥʥʶ. ɿʘʣʝʞʥʦ ʚʽʜ 
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ʟʘʚʜʘʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʨʘʟʦʚʠʤ ʘʙʦ ʧʨʠʢʣʘʜʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʮʠʢʣʽʚ [27]; 

ʜ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʘʨʽʥʥʷ. ʎʝ ʤʝʪʦʜ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ 

ʦʩʪʘʥʥʽʡ ʯʘʩ. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʜʽʾ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʝʚʥʦʾ ʯʘʩʪʦʪʠ ʪʘ 

ʘʤʧʣʽʪʫʜʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʽʭ (ʟʘʣʠʰʢʦʚʠʭ) ʥʘʧʨʫʞʝʥʴ ʫ 

ʤʘʪʝʨʽʘʣʽ ʙʝʟ ʡʦʛʦ ʩʫʪʪʻʚʦʛʦ ʥʘʛʨʽʚʫ ʘʙʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ; 

ʝ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʤʦʞʣʠʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʯʠ ʢʦʨʠʛʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ: 

- ʤʝʭʘʥʽʯʥʘ ʘʙʦ ʪʝʨʤʽʯʥʘ ʧʨʘʚʢʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ ʘʙʦ ʦʙʨʦʙʢʠ; 

- ʧʦʧʝʨʝʜʥʻ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʛʨʘʜʽʻʥʪʠ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʜʝʬʦʨʤʘʮʽʾ; 

- ʚʠʢʦʥʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ ʫ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʾʭ ʩʠʤʝʪʨʠʯʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦ ʟʤʝʥʰʫʻ ʧʝʨʝʢʦʩʠ ʪʘ ʤʽʥʽʤʽʟʫʻ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʬʽʢʩʘʪʦʨʽʚ, ʱʦ ʫʪʨʠʤʫʶʪʴ 

ʜʝʪʘʣʴ ʫ ʧʦʪʨʽʙʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷ; 

- ʧʦʧʝʨʝʜʥʻ ʩʪʠʩʢʘʥʥʷ ʘʙʦ ʨʦʟʪʷʛʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʜʦ ʟôʻʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʦʯʽʢʫʚʘʥʽ ʜʝʬʦʨʤʘʮʽʾ; 

- ʧʦʧʝʨʝʜʥʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʜʝʬʦʨʤʘʮʽʻʶ, ʧʨʦʪʠʣʝʞʥʦʶ ʜʦ 

ʦʯʽʢʫʚʘʥʦʾ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʟʚʘʨʶʚʘʥʥʷ; 

- ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʦʨʩʪʢʠʭ ʨʝʙʝʨ ʘʙʦ ʩʪʷʞʦʢ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. 

 

1.4.3 ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ 
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ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʤʽʮʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ [28, 29], ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʘʢʪʠʚʥʠʭ 

ʯʘʩʪʠʥ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ). ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʥʦʛʦ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD). 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʤʝʪʦʜʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: 

ï ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚʫʟʣʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʟ ʟʘʟʥʘʯʝʥʥʷʤ ʾʭ 

ʨʦʟʤʽʨʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ [30]; 

ï ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ ʟ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʟʘʚʜʘʥʠʭ ʚʫʟʣʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ 

ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʙʘʟʽ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

ï ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʪʝʧʣʦʚʦʛʦ ʪʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʚʠʟʥʘʯʝʥʠʭ ʚʫʟʣʽʚ; 

ï ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ (ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʟ ʥʝʜʦʩʪʘʪʥʽʤʠ ʟʘʧʘʩʘʤʠ ʤʽʮʥʦʩʪʽ), 

ʧʦʚʪʦʨʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʽʚ ʟ ʚʽʜʢʦʨʠʛʦʚʘʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʜʘʥʠʤʠ. 

ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʰʣʷʭʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʛʦʪʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʾʾ ʧʘʨʘʤʝʪʨʽʚ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʡ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ). 

 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʧʨʦʙʣʝʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʽʩʪʦʪʥʫ ʫʚʘʛʫ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʠʯʠʥ. ɺʝʣʠʢʦʶ 

ʧʨʦʙʣʝʤʦʶ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʢʣʘʜʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʻ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ. 

ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 
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ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʢʣʘʜʘʥʥʷ 

ʟʚʘʨʥʠʭ ʰʚʽʚ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʧʣʠʚ ʮʠʭ ʯʠʥʥʠʢʽʚ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ 

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʻ 

ʥʘʩʣʽʜʢʦʤ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʙ'ʻʤʫ ʪʘ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɿʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ, ʪʘʢʠʭ ʷʢ ʛʝʦʤʝʪʨʽʷ ʪʘ ʩʪʘʥ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʠʜ ʪʘ ʨʝʞʠʤ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʚʠʨʦʙʫ. 

ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʚʘʨʪʦ ʧʨʠʜʽʣʠʪʠ ʢʦʥʪʨʦʣʶ ʪʘ ʢʦʨʠʛʫʚʘʥʥʶ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʝʡ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. 

ʌʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʧʨʦʮʝʩʽ ʢʘʥʪʫʚʘʥʥʷ, 

ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʞʢʠʭ ʜʝʪʘʣʝʡ ʻ ʩʢʣʘʜʥʠʤ ʤʝʭʘʥʽʯʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʱʦ ʚʠʤʘʛʘʻ ʚʩʝʙʽʯʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʅʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʦʧʝʨʘʮʽʡ ʟʜʘʪʥʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʧʦʛʽʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʙʦ ʥʘʚʽʪʴ ʚʠʭʦʜʫ ʚʠʨʦʙʫ ʟ ʣʘʜʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ. 
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ʈʆɿɼɯʃ 2  ɺʀɿʅɸʏɽʅʅʗ ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ 

ʉʊɸʅʀʅʀ 

 

2.1 ʄʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʻ 

ʦʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ, ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʪʘ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽ ʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʽʣʽ ʧʽʜ 

ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʢʣʶʯʘʶʯʠ ʝʬʝʢʪʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʘ 

ʬʽʟʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʘʥʽʟʦʪʨʦʧʽʾ ʤʘʪʝʨʽʘʣʫ, ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ, 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʣʦʩʢʠʭ ʤʦʜʝʣʝʡ, ʪʨʠʚʠʤʽʨʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʫʩʽʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʽʣ 

ʩʢʣʘʜʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʛʝʦʤʝʪʨʽʾ, ʦʙ'ʻʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʪʘ ʩʪʠʢʽʚ (ʟʚʘʨʥʠʭ, ʢʣʝʡʦʚʠʭ, 

ʙʦʣʪʦʚʠʭ), ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ (ʦʪʚʦʨʠ, ʥʘʜʨʽʟʠ, ʪʨʽʱʠʥʠ, ʥʘʩʽʯʢʠ), 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʨʘʞʝʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ (ʢʦʤʧʦʟʠʪʠ, ʘʨʤʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, 

ʛʝʦʤʘʪʝʨʽʘʣʠ), ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʢʨʫʯʝʥʥʷ + ʚʠʛʠʥ + ʨʦʟʪʷʛ) [1, 2]. 

ʉʫʯʘʩʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʥʘʩʘʤʧʝʨʝʜ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʅɼʉ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ [3, 4]. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ: 

- ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʦʙ'ʻʤʽ ʪʽʣʘ; 

ʚʠʟʥʘʯʘʪʠ ʥʝʙʝʟʧʝʯʥʽ ʟʦʥʠ, ʜʝ ʜʦʩʷʛʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʩʪʘʥʠ ʟʘ ʚʠʙʨʘʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʤʽʮʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʄʽʟʝʩʦʤ, ʊʨʝʩʢʘ, ʤʘʢʩʠʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ). 

- ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ, ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʽʚ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ; ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʬʝʢʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ, ʟʦʢʨʝʤʘ ʜʦʜʘʚʘʥʥʷ ʨʝʙʝʨ 

ʞʦʨʩʪʢʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ, ʜʦʜʘʪʢʦʚʠʭ ʚʠʨʽʟʽʚ, ʪʦʱʦ; ʚʨʘʭʦʚʫʚʘʪʠ 



55 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʯʠ ʘʥʽʟʦʪʨʦʧʽʾ ʤʘʪʝʨʽʘʣʫ); 

- ʨʦʟʛʣʷʜʘʪʠ ʩʢʣʘʜʥʽ ʛʨʘʥʠʯʥʽ ʪʘ ʢʦʥʪʘʢʪʥʽ ʫʤʦʚʠ (ʟʘʜʘʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʟʦʢʨʝʤʘ ʞʦʨʩʪʢʝ ʟʘʢʨʽʧʣʝʥʥʷ, ʧʨʫʞʥʘ ʦʩʥʦʚʘ, ʟʘʜʘʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ, ʩʠʣʠ; ʤʦʜʝʣʶʚʘʪʠ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʧʦʚʝʨʭʥʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ, ʚʽʜʨʠʚʫ, ʢʦʚʟʘʥʥʷ; ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ 

ʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʧʦʧʝʨʝʜʥʶ ʜʝʬʦʨʤʘʮʽʶ); 

- ʚʠʢʦʥʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʚʠʚʯʘʪʠ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʘʥʪʘʞʝʥʴ, ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʥʘ ʧʦʚʝʜʽʥʢʫ 

ʢʦʥʩʪʨʫʢʮʽʾ; ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʬʦʨʤ ʪʘ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʘʧʨʫʞʝʥʴ ʯʠ ʜʝʬʦʨʤʘʮʽʡ; ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʨʝʘʣʽʟʘʮʽʷ 

ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʭ ʩʮʝʥʘʨʽʾʚ ʥʘʚʘʥʪʘʞʝʥʥʷ); 

- ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʦʜʝʣʽ ʟʽ ʩʧʦʣʫʯʝʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʚʨʘʭʫʚʘʪʠ ʚ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʝʬʝʢʪ ʪʝʨʤʦʧʨʫʞʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʛʨʘʜʽʻʥʪʽʚ ʥʘ ʅɼʉ; ʚʨʘʭʫʚʘʪʠ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʝʬʝʢʪʠ, 

ʧʣʘʩʪʠʯʥʽʩʪʴ, ʧʦʚʟʫʯʽʩʪʴ, ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʻ 

ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʛʣʠʙʦʢʦʾ ʪʘ ʚʩʝʙʽʯʥʦʾ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʟʦʥʠ, ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʨʦʢ̒ʪʥʽ ʨʽʰʝʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʽʥʞʝʥʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ. 

 

2.2 ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʄʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʢʦʨʠʩʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚ ʛʘʣʫʟʷʭ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʩʧʨʦʱʝʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʜʦʚʽʣʴʥʠʭ ʤʦʜʝʣʝʡ ʷʢ ʫ 

ʜʚʦʚʠʤʽʨʥʽʡ, ʪʘʢ ʽ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʙʫʜʴ-ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʾʾ ʯʘʩʪʠʥ. ɿʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʥʝʦʜʥʦʨʽʜʥʠʤʠ (ʚ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ) ʘʙʦ ʘʥʽʟʦʪʨʦʧʥʠʤʠ (ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ, 

ʥʘʧʨʠʢʣʘʜ ʚʟʜʦʚʞ ʯʠ ʧʦʧʝʨʝʢ ʥʘʧʨʷʤʢʫ ʩʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ). ʄʝʪʦʜ ʪʘʢʦʞ 

ʧʝʨʝʜʙʘʯʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʢʨʽʧʣʝʥʴ ʜʝʪʘʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ 

ʪʘ ʟʨʫʯʥʦ ʤʦʜʝʣʶʚʘʪʠ ʥʘʷʚʥʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ ʪʘ ʤʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʜʽʶʯʽ ʥʘ ʤʦʜʝʣʴ ʬʘʢʪʦʨʠ, ʟʦʢʨʝʤʘ ʟʫʩʠʣʣʷ, ʪʠʩʢ, 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʪʦʱʦ [5, 6]. 

ʄʉɽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʝʨʽʚʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʫ ʩʠʩʪʝʤʫ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʙʣʠʞʝʥʦ ʨʦʟʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [7]. ʊʦʯʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚ'ʷʟʢʫ ʜʣʷ 

ʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʥʘʙʣʠʞʝʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ . 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʙʣʠʞʝʥʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ 

ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʦʙʯʠʩʣʝʥʴ (ʧʦʩʪ-ʦʙʨʦʙʢʠ), ʥʘʧʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʨʦʟʚ'ʷʟʢʫ 

ʘʙʦ ʡʦʛʦ ʧʦʭʽʜʥʠʭ. ɺʠʢʦʥʘʥʥʷ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ 

ʧʦʭʠʙʦʢ ʨʦʟʨʘʭʫʥʢʫ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʝ ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʥʘʷʚʥʽ ʚʽʜʭʠʣʝʥʥʷ ʪʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʥʘʧʨʷʤʢʠ ʤʦʞʣʠʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʷʚʥʽ ʘʜʘʧʪʠʚʥʽ 

ʧʨʦʮʝʜʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʧʨʘʚʣʝʥʴ ʪʘ 

ʧʦʚʪʦʨʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʦʩʷʛʘʪʠ ʟʘʜʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʪʦʯʥʽʩʪʴ ʪʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʬʘʢʪʦʨʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʢʦʨʝʢʪʥʠʤʠ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʘʙʦ ʧʨʠʡʥʷʪʠʤʠ ʩʧʨʦʱʝʥʥʷʤʠ ʘʙʦ ʧʨʠʧʫʱʝʥʥʷʤʠ. 

ʄʉɽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʜʽʶʯʠʭ ʚʩʝʨʝʜʠʥʽ ʩʪʨʫʢʪʫʨ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʽ ʛʘʣʫʟʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʥʘʧʨʠʢʣʘʜ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʣʠʢʘʻ ʪʝʨʤʽʯʥʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʚʝʨʜʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʣʦʛʽʯʥʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʙʘʛʘʪʦʝʪʘʧʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʜʝʣʴ. ʋ 

ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʪʘʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʧʝʨʝʜʘʚʘʥʥʷʤ ʜʘʥʠʭ ʤʽʞ ʝʪʘʧʘʤʠ 

ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʚʠʧʘʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʄʉɽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʩʪʘʶʪʴ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ. ɺ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʚʽʜ ʩʠʩʪʝʤ 

ʘʥʘʣʽʟʫ ʨʫʭʫ (ʢʽʥʝʤʘʪʠʢʠ) ʪʘ ʩʠʩʪʝʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ʅʘ ʮʝʡ ʯʘʩ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʯʠʩʣʦʚʦʛʦ 

ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ. ɯʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʄʉɽ ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ [8, 9]. 

 

2.2.1 ʆʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʤʝʪʦʜʫ 

ʆʩʥʦʚʥʘ ʢʦʥʮʝʧʮʽʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʾ ʬʽʛʫʨʠ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʩʪʠʭ ʬʽʛʫʨ 

(ʥʘʧʨʠʢʣʘʜ, ʪʨʠʢʫʪʥʠʢʽʚ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʬʽʛʫʨ, ʘʙʦ ʪʝʪʨʘʝʜʨʽʚ ʫ ʚʠʧʘʜʢʫ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ), ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʜʝʪʘʣʽ. ɺʠʢʦʨʠʩʪʘʥʽ ʧʨʦʩʪʽ ʬʽʛʫʨʠ ʥʘʟʠʚʘʶʪʴʩʷ ʩʢʽʥʯʝʥʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʟ ʥʠʭ ʟʘʡʤʘʻ ʥʝʚʝʣʠʢʫ, ʘʣʝ ʩʢʽʥʯʝʥʥʫ ʯʘʩʪʠʥʫ 

ʚʠʭʽʜʥʦʾ ʜʝʪʘʣʽ. ɺʦʥʠ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʭ (ʘʙʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ) ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʪʝʤʘʪʠʮʽ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɺ ʷʢʦʩʪʽ ʧʨʦʩʪʦʛʦ ʧʨʠʢʣʘʜʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʨʦʮʝʩʫ 

ʜʽʣʝʥʥʷ ʪʘ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱʽ ʜʦʚʽʣʴʥʦʾ ʬʽʛʫʨʠ, 

ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ.2.1 (ʘ). 
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ʘ)    ʙ)    ʚ) 

ʈʠʩ. 2.1 ï ʇʣʦʱʘ, ʛʨʫʙʦ ʨʦʟʙʠʪʘ ʥʘ ʣʽʥʽʡʥʽ ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʽ ʪʨʠʢʫʪʥʠʢʠ 

 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʦʯʥʠʭ ʨʽʚʥʷʥʴ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ, 

ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʪʘʢʠʡ 

ʧʨʦʮʝʩ ʭʦʯ ʽ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ, ʧʨʦʪʝ 

ʧʦʪʨʝʙʫʻ ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʠʭ ʦʙʯʠʩʣʝʥʴ, ʥʝʟʨʫʯʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʨʦʟʜʽʣʝʥʥʷ ʥʘʷʚʥʦʾ ʬʽʛʫʨʠ ʥʘ ʥʘʙʽʨ ʟʘʤʢʥʫʪʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ (ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʧʦʢʨʠʪʪʷ ʬʽʛʫʨʠ ʩʽʪʢʦʶ) ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʧʣʦʱʽ ʦʢʨʝʤʠʭ ʪʨʠʢʫʪʥʠʢʽʚ: 
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ɼʣʷ ʧʨʠʛʨʘʥʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʬʽʛʫʨʠ ʻ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ ʪʠʧʫ 

ʪʨʠʢʫʪʥʠʢʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ 

(ʢʦʞʥʘ ʟʽ ʩʪʦʨʽʥ ʷʢʦʛʦ ʻ ʚʽʜʨʽʟʢʦʤ), ʧʨʦʪʝ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʛʫʨ, ʷʢʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʛʝʦʤʝʪʨʽʾ ʻ ʪʨʠʢʫʪʥʠʢʘʤʠ ʣʠʰʝ ʫʤʦʚʥʦ, ʟʦʢʨʝʤʘ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʪʨʠʢʫʪʥʠʢʠ, ʫ ʷʢʠʭ ʦʜʥʘ ʯʠ ʢʽʣʴʢʘ ʩʪʦʨʽʥ ʻ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʢʨʠʚʠʤʠ (ʪʦʙʪʦ 

ʧʘʨʘʙʦʣʘʤʠ) ʘʙʦ ʢʫʙʽʯʥʠʤʠ ʢʨʠʚʠʤʠ. 

ʇʣʦʱʫ ʣʽʥʽʡʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʟ ʚʽʜʦʤʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʨʰʠʥ ʤʦʞʣʠʚʦ 

ʟʥʘʡʪʠ ʟʘ ʚʽʜʦʤʠʤ ʘʣʛʝʙʨʘʾʯʥʠʤ ʚʠʨʘʟʦʤ 
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ʜʝ ( �T�5�â�U�5�;, ( �T�6�â�U�6�; , ( �T�7�â�U�7�;  ï ʢʦʦʨʜʠʥʘʪʠ ʪʨʴʦʭ ʚʝʨʰʠʥʠ ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. 

ʎʝʥʪʨ ʚʘʛʠ ʪʨʠʢʫʪʥʠʢʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱʽ ʬʽʛʫʨʠ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʪʠ 

ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʜʘʥʦʾ ʩʽʪʢʠ ʟ ʧʦʜʘʣʴʰʠʤ ʦʙʯʠʩʣʝʥʥʷʤ 

ʧʣʦʱ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʪʘ ʾʭ ʩʫʤʠ. ʊʘʢʦʞ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʘʶʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʦʙʯʠʩʣʝʥʴ, ʟʦʢʨʝʤʘ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʬʽʛʫʨʠ. 

ʆʙʯʠʩʣʝʥʥʷ ʧʣʦʱʽ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʣʦʚʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʧʨʦʪʝ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʨʘʟʠ ʙʫʜʫʪʴ ʩʢʣʘʜʥʽʰʠʤʠ, ʘ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ ʙʽʣʴʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʧʘʜʢʦʤ ʣʽʥʽʡʥʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ. 

ɺʘʨʽʘʥʪʠ ʪʨʠʢʫʪʥʦʾ ʩʽʪʢʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.1, ʜʝ (ʙ) ï ʩʽʪʢʘ ʟ ʣʽʥʽʡʥʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ, (ʚ) ï ʩʽʪʢʘ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʡʧʨʦʩʪʽʰʘ 

ʪʨʠʢʫʪʥʘ ʩʽʪʢʘ ʟ ʧʨʷʤʠʤʠ ʩʪʦʨʦʥʘʤʠ (ʙ) ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʘʧʨʦʢʩʠʤʫʻ ʧʣʦʱʫ, ʘʣʝ 

ʚʦʜʥʦʯʘʩ ʚʥʦʩʠʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʧʦʭʠʙʢʠ ʚʟʜʦʚʞ ʢʨʠʚʦʣʽʥʽʡʥʦʾ ʤʝʞʽ ʬʽʛʫʨʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʘʤʽʥʠ ʛʨʘʥʠʯʥʦʾ ʢʨʠʚʦʾ ʥʠʟʢʦʶ ʚʽʜʨʽʟʢʽʚ ʧʨʷʤʠʭ ʣʽʥʽʡ. 

ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʮʶ ʛʝʦʤʝʪʨʠʯʥʫ ʧʦʭʠʙʢʫ ʚʟʜʦʚʞ ʤʝʞʽ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʜʦ 

ʙʫʜʴ-ʷʢʦʛʦ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ (ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʨʦʟʤʽʨʽʚ). ɺʽʜʧʦʚʽʜʥʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʙʽʣʴʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʪʘ ʟʤʫʰʫʻ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʧʦʪʨʽʙʥʦʶ 

ʛʝʦʤʝʪʨʠʯʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘ ʯʘʩʦʤ ʥʝʦʙʭʽʜʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʇʣʦʱʘ ʻ ʩʢʘʣʷʨʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦʤʫ ʾʾ ʨʦʟʨʘʭʫʥʦʢ ʫ ʚʠʛʣʷʜʽ ʟʥʘʭʦʜʞʝʥʥʷ 

ʩʫʤʠ ʧʣʦʱ ʚʩʽʭ ʾʾ ʯʘʩʪʠʥ ʚʠʛʣʷʜʘʻ ʧʨʠʨʦʜʥʦʶ ʪʘ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦʶ 
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ʧʨʦʮʝʜʫʨʦʶ. ʇʨʦʪʝ ʮʝʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʠʡ ʽ ʜʣʷ ʘʥʘʣʽʟʫ ʽʥʰʠʭ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʤʝʭʘʥʽʯʥʘ 

ʨʦʙʦʪʘ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʄʉɽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʪʠʧʽ ʦʧʠʩʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʨʽʰʝʥʥʷ ʷʢʠʭ ʦʙʯʠʩʣʶʶʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʤʘʪʨʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʧʫʱʝʥʴ ʱʦʜʦ ʟʤʽʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʤʝʞʘʭ 

ʪʠʧʦʚʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʽʜʧʦʚʽʜʥʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʫʤʫ ʽʥʪʝʛʨʘʣʽʚ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. 

ɺ ʭʦʜʽ ʨʦʟʚʠʪʢʫ ʄʉɽ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʨʦʟʨʦʙʢʘ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʦʙʯʠʩʣʝʥʥʷ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ 

ʤʘʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʝʪʘʣʽ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʪʨʠʢʫʪʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʤʘʩʦʚʦʾ ʯʘʩʪʠʥʢʠ ʜʦʨʽʚʥʶʻ 

 

�- 
L
�I �R�6

�t
�������á�����������������������������������������������������������������������������������������������������������������������������������:�t�ä�v�; 

 

ʜʝ �I  ï ʤʘʩʘ ʯʘʩʪʠʥʢʠ, 

 �R ï ʾʾ ʰʚʠʜʢʽʩʪʴ. 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʣʦʩʢʦʛʦ ʪʽʣʘ ʪʦʚʱʠʥʦʶ �P ʟ ʦʩʥʦʚʦʶ, ʟʦʙʨʘʞʝʥʦʶ ʥʘ 

ʨʠʩ. 2.1 (ʙ), ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʤʘʩʘʤʠ 

 

�- 
L
�s
�t


± �R�6�@�I
L
�s
�t


± �R�6�é�@�8
L
�P
�t


± �R�6�é���@�#���ä�����������������������������������������:�t�ä�w�; 

 

ʜʝ �é ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʪʽʣʘ; 

 �8 ï ʦʙôʻʤ ʪʽʣʘ. 

 

ʊʘʢʦʞ ʾʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʝʣʝʤʝʥʪʽʚ 
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�- 
L 
Í �-�Ü

�á

�Ü�@�5


L
�P
�t


Í 
± �R�6�é���@�#
�º�Ô

�á

�Ü�@�5

���ä�����������������������������������������������������������������������������������:�t�ä�x�; 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʫʩʽʭ ʪʦʯʦʢ ʩʽʪʢʠ ʚʽʜʦʤʘ. ʊʦʜʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʩʽʭ ʪʨʴʦʭ ʚʝʨʰʠʥ. 

ɼʣʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʚʠʜʢʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʚʩʝʨʝʜʠʥʽ ʝʣʝʤʝʥʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʝʨʰʠʥ ʝʣʝʤʝʥʪʘ. ʇʦʟʥʘʯʠʤʦ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ ʚʫʟʣʘ �F ʷʢ �0�:�T�á�U�;�Ý. 

ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʚʩʝʨʝʜʠʥʽ ʪʨʠʢʫʪʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʦʨʽʚʥʶʻ 

 

�R�:�T�á�U�; 
L �0�:�T�á�U�;�5 �®�R�5 
E�0�:�T�á�U�;�6 �®�R�6 
E�0�:�T�á�U�;�7 �®�R�7 
L 
Í �0�:�T�á�U�;�Ý�®�R�Ý

�7

�Ý�@�5

�ä�����:�t�ä�y�; 

 

ʎʶ ʣʽʥʽʡʥʫ ʧʨʦʩʪʦʨʦʚʫ ʽʥʪʝʨʧʦʣʷʮʽʶ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʤʘʪʨʠʯʥʦʤʫ 

ʟʘʧʠʩʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

�R�:�T�á�U�; 
L �>�0�:�T�á�U�;�?�<�R�Ü�=
L �<�R�Ü�=�Í �>�0�:�T�á�U�;�?�Í �������ä�������������������������������������������������:�t�ä�z�; 

 

ɺʽʜʧʦʚʽʜʥʦ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʝʣʝʤʝʥʪʘ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʨʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʫ 

 

�-�Ü
L
�s
�t


±�<�R�Ü�=�Í �>�0�:�T�á�U�;�?�Í �é�>�0�:�T�á�U�;�?�<�R�Ü�=�P���@�#
�º�Ô

�������ä�������������������������������������������:�t�ä�{�; 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʫʟʣʦʚʽ ʰʚʠʜʢʦʩʪʽ ʻ ʚʽʜʦʤʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ (ʘʙʦ 

ʬʫʥʢʮʽʷʤʠ ʣʠʰʝ ʯʘʩʫ), ʪʦʙʪʦ ʾʭ ʤʦʞʥʘ ʚʠʥʝʩʪʠ ʟʘ ʤʝʞʽ ʽʥʪʝʛʨʘʣʘ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
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�-�Ü
L
�s
�t

�<�R�Ü�=�Í 
±�>�0�:�T�á�U�;�?�Í �é�>�0�:�T�á�U�;�?�<�R�Ü�=�P���@�#
�º�Ô

�������ä�������������������������������������:�t�ä�s�r�; 

 

ʇʦʟʥʘʯʠʤʦ ʨʝʰʪʫ ʢʚʘʜʨʘʪʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʷʢ ʤʘʪʨʠʮʶ ʤʘʩ: 

 

�>�I �Ü�?
L 
±�>�0�:�T�á�U�;�?�Í �é�>�0�:�T�á�U�;�?�P���@�#
�º�Ô

�������ä�����������������������������������������������������:�t�ä�s�s�; 

 

ʊʦʜʽ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

 

�-�Ü
L
�s
�t

�<�R�Ü�=�Í �>�I �Ü�?�<�R�Ü�=�������ä���������������������������������������������������������������������������������������������������:�t�ä�s�t�; 

 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʽʙʥʠʡ ʜʦ ʚʠʨʘʟʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʦʢʨʝʤʦʾ 

ʯʘʩʪʠʥʢʠ, ʙʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʽʣʘ ʬʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ 

ʧʦʣʦʚʠʥʽ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʽ ʤʘʩ ʽ ʢʚʘʜʨʘʪʫ ʚʫʟʣʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ɼʣʷ ʧʨʷʤʦʛʦ ʜʚʦʚʫʟʣʦʚʦʛʦ ʩʪʨʠʞʥʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦʚʞʠʥʦʶ �.�Ü ʪʘ 

ʧʣʦʱʝʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ �#�Ü ʤʘʪʨʠʮʷ ʤʘʩ ʜʦʨʽʚʥʶʻ 

 

�>�I �Ü�?
L
�é�.�Ü�#�Ü

�x
�B�t �s
�s �t

�C�������ä�����������������������������������������������������������������������������������������������:�t�ä�s�u�; 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʩʪʨʠʞʥʝʚʦʛʦ ʝʣʝʤʝʥʪʘ �I 
L �é�.�Ü�#�Ü 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʜʽʣʫ ʤʽʞ ʡʦʛʦ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʪʘ ʾʭʥʽʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ, �<�R�Ü�=�Í 
L �>�R�Ü�5�R�Ü�6�?. ʗʢʱʦ ʜʚʽ ʢʽʥʮʝʚʽ ʰʚʠʜʢʦʩʪʽ ʦʜʥʘʢʦʚʽ (ʪʦʙʪʦ 

ʩʪʨʠʞʥʝʚʠʡ ʝʣʝʤʝʥʪ ʨʫʭʘʻʪʴʩʷ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ ʟʽ ʰʚʠʜʢʽʩʪʶ�R�Ü�5 
L �R�Ü�6 
L �R), ʪʦʜʽ 

ʜʦʙʫʪʢʠ ʤʘʪʨʠʮʴ ʜʘʶʪʴ ʦʯʽʢʫʚʘʥʫ ʩʢʘʣʷʨʥʫ ʚʽʜʧʦʚʽʜʴ ʜʣʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

�-�Ü
L
�à �é�.

�6
. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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ʧʝʨʝʪʚʦʨʶʻ ʩʢʘʣʷʨʥʽ ʽʥʪʝʛʨʘʣʠ ʥʘ ʤʘʪʨʠʯʥʽ ʚʠʨʘʟʠ, ʧʨʠʧʫʩʢʘʶʯʠ ʧʨʦʩʪʦʨʦʚʫ 

ʽʥʪʝʨʧʦʣʷʮʽʶ ʤʽʞ ʚʫʟʣʘʤʠ ʪʠʧʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʷʢʠʭ ʻ ʥʝʚʽʜʦʤʠʤ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʫ, ʟʦʢʨʝʤʘ ʧʦʣʦʞʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʽ ʧʨʦʩʪʦʨʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʽ ʛʨʘʜʽʻʥʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

2.2.2 ʆʧʝʨʘʪʦʨʠ ʟʙʠʨʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʨʠʥʮʠʧʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʙʫʜʦʚʠ 

ʩʽʪʢʠ, ʟʘʟʚʠʯʘʡ ʮʝ ʪʨʠʢʫʪʥʘ ʩʽʪʢʘ ʜʣʷ ʧʣʦʩʢʠʭ ʯʠ ʚʠʛʥʫʪʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʪʝʪʨʘʝʜʨʠʯʥʘ ʩʽʪʢʘ ʜʣʷ ʪʚʝʨʜʠʭ ʪʽʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʠʥʠʢʘʻ ʱʦʥʘʡʤʝʥʰʝ ʜʚʘ ʥʘʙʦʨʠ ʜʘʥʠʭ. ʇʝʨʰʠʡ (ʚʫʟʣʦʚʠʡ) ʥʘʙʽʨ ï ʮʝ 

ʧʨʦʥʫʤʝʨʦʚʘʥʠʡ ʩʧʠʩʦʢ ʚʩʽʭ ʫʪʚʦʨʝʥʠʭ ʚʝʨʰʠʥ ʨʘʟʦʤ ʟ ʾʭʥʽʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ɼʨʫʛʠʡ (ʝʣʝʤʝʥʪʥʠʡ) ʥʘʙʽʨ ï ʮʝ ʧʨʦʥʫʤʝʨʦʚʘʥʠʡ ʥʘʙʽʨ ʝʣʝʤʝʥʪʽʚ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʧʠʩʢʦʤ ʥʦʤʝʨʽʚ ʚʝʨʰʠʥ ʝʣʝʤʝʥʪʽʚ, ʟ ʷʢʠʤʠ ʟ'ʻʜʥʘʥʠʡ ʮʝʡ ʝʣʝʤʝʥʪ 

(ʪʘʢʦʞ ʚʽʥ ʤʘʻ ʥʘʟʚʫ ʩʧʠʩʦʢ ʟʚ'ʷʟʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ). ʅʘ ʨʠʩ. 2.2 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ 

ʪʘʢʽ ʜʘʥʽ ʜʣʷ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʈʠʩ. 2.2 ï ʆʧʝʨʘʮʽʾ ʟʙʠʨʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʪʨʠʮʴ 
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ʉʧʠʩʦʢ ʟʚ'ʷʟʥʦʩʪʽ ï ʮʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʘʥʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɹʫʜʴ-ʷʢʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʝʨʘʮʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʢʦʥʢʨʝʪʥʠʭ ʥʦʤʝʨʘʭ ʚʫʟʣʽʚ (ʚʝʨʰʠʥ) ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʎʽ ʜʚʽ ʦʧʝʨʘʮʽʾ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʶʪʴʩʷ ʦʧʝʨʘʮʽʷʤʠ ʟʙʠʨʘʥʥʷ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ (ʘʙʦ ʜʦʜʘʚʘʥʥʷ). 

ʆʧʝʨʘʮʽʷ ʟʙʠʨʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʩʪʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʚʽʜʦʤʠʭ 

ʚʫʟʣʦʚʠʭ ʜʘʥʠʭ ʫ ʧʦʚʥʽʡ ʩʽʪʮʽ ʥʘʟʘʜ ʜʦ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ɿʘʟʚʠʯʘʡ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʽʥʪʝʛʨʘʣʘʭ ʝʣʝʤʝʥʪʽʚ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʚʫʟʣʦʚʠʤʠ ʜʘʥʠʤʠ ʩʽʪʢʠ. ʍʦʯʘ ʩʽʪʢʘ 

ʤʦʞʝ ʤʘʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ, ʢʦʞʝʥ ʝʣʝʤʝʥʪʘʨʥʠʡ ʣʽʥʽʡʥʠʡ ʪʨʠʢʫʪʥʠʡ 

ʝʣʝʤʝʥʪ ʤʘʻ ʣʠʰʝ ʪʨʠ ʚʫʟʣʠ. ʆʧʝʨʘʪʦʨ ʟʙʠʨʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʠʩʦʢ ʟʚ'ʷʟʢʽʚ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʪʨʠ ʡʦʛʦ ʚʫʟʣʦʚʽ ʰʚʠʜʢʦʩʪʽ. 

ɿʚʦʨʦʪʥʦʶ ʜʦ ʦʧʝʨʘʮʽʾ ʟʙʠʨʘʥʥʷ ʻ ʦʧʝʨʘʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ (ʘʙʦ ʜʦʜʘʚʘʥʥʷ). 

ʎʷ ʦʧʝʨʘʮʽʷ ʚʠʢʦʥʫʻ ʯʘʩʪʢʦʚʝ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʟ 

ʟʘʥʝʩʝʥʥʷʤ ʾʭ ʜʦ ʤʘʪʨʠʮʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʘʥʠʤʠ ʩʽʪʢʠ. 

ʈʦʟʩʽʶʚʘʥʥʷ ʙʝʨʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦʩʴ ʧʘʨʘʤʝʪʨʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʣʦʢʘʣʴʥʠʤʠ 

ʚʫʟʣʘʤʠ ʝʣʝʤʝʥʪʘ, ʪʘ ʜʦʜʘʻ ʮʽ ʟʥʘʯʝʥʥʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʽ ʥʘ 

ʨʽʚʥʽ ʧʦʚʥʦʾ ʩʽʪʢʠ. ʆʧʝʨʘʮʽʾ ʨʦʟʩʽʶʚʘʥʥʷ (ʘʙʦ ʜʦʜʘʚʘʥʥʷ), ʟʘʧʦʚʥʶʶʪʴ ʟʘʧʠʩʠ ʚ 

ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʥʷʭ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚ'ʷʟʘʪʠ ʜʣʷ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʯʽ. 

ʍʽʜ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʜʚʦʭ ʧʦʰʠʨʝʥʠʭ ʦʧʝʨʘʮʽʡ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ. 2.2. ʅʝʦʙʭʽʜʥʽ ʜʘʥʽ ʟʚ'ʷʟʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ (ʜʚʘ ʚʫʟʣʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʦʞʥʦʛʦ ʟ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚ ʪʨʝʪʴʦʤʫ ʨʷʜʢʫ ʮʴʦʛʦ ʨʠʩʫʥʢʘ. 

 

2.2.3 ɻʝʦʤʝʪʨʠʯʥʽ ʧʦʭʠʙʢʠ ʤʝʞʽ 

ʊʝʦʨʝʪʠʯʥʦ ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʭʠʙʢʘ ʤʝʞʽ, ʟʛʘʜʘʥʘ ʜʣʷ ʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ, 

ʫʩʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʪʢʠ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʟ 

ʧʘʨʘʙʦʣʽʯʥʦʶ ʩʪʦʨʦʥʦʶ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 2.1 (ʘ). ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʪʘʢʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ ʧʦʭʠʙʢʘ ʬʦʨʤʠ ʤʝʞʽ ʩʧʨʘʚʜʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʥʽʰʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʣʦʱʽ, ʘʣʝ ʧʦʚʥʽʩʪʶ ʚʦʥʘ ʥʝ ʫʩʫʚʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ 
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ʧʨʘʢʪʠʯʥʠʭ ʢʨʠʚʠʭ ʻ ʜʫʛʘʤʠ ʢʦʣʘ, ʩʧʣʘʡʥʘʤʠ ʘʙʦ ʽʥʰʠʤʠ ʢʨʠʚʠʤʠ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʨʤʫʣʽ ʧʘʨʘʙʦʣʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ 

ʟʤʝʥʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʭʠʙʢʠ ʩʽʪʢʠ ʻ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. 

ɺʠʙʽʨ ʝʣʝʤʝʥʪʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ SolidWorks Simulation ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʪʨʠʢʫʪʥʠʢ ʟʽ ʩʪʦʨʦʥʦʶ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ 

ʧʦʣʽʥʦʤʦʤ. ɯʥʰʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʧʨʦʧʦʥʫʚʘʪʠ ʰʠʨʰʠʡ ʜʽʘʧʘʟʦʥ ʩʪʫʧʝʥʽʚ 

ʧʦʣʽʥʦʤʽʚ ʨʝʙʝʨ (ʥʘʧʨʠʢʣʘʜ, ʢʫʙʽʯʥʠʡ ʧʦʣʽʥʦʤ), ʘ ʪʘʢʦʞ ʽʥʰʽ ʬʦʨʤʠ ʦʩʝʨʝʜʢʽʚ 

ʩʽʪʢʠ, ʟʦʢʨʝʤʘ ʯʦʪʠʨʠʢʫʪʥʠʢʠ ʘʙʦ ʧʨʷʤʦʢʫʪʥʠʢʠ. ɼʣʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʝʷʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʶʪʴ ʜʝʩʷʪʢʠ 

ʚʘʨʽʘʥʪʽʚ ʧʦʨʷʜʢʫ ʧʦʣʽʥʦʤʽʚ ʩʪʫʧʝʥʽʚ ʨʝʙʝʨ ʩʽʪʢʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʠʭ ʬʦʨʤ 

ʦʩʝʨʝʜʢʽʚ (ʚʢʣʶʯʘʶʯʠ ʛʝʢʩʘʝʜʨʠʯʥʽ, ʢʣʠʥʦʧʦʜʽʙʥʽ ʪʘ ʪʝʪʨʘʝʜʨʠʯʥʽ ʝʣʝʤʝʥʪʠ). 

SolidWorks Simulation ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʪʚʝʨʜʠʭ ʪʽʣ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʠʰʝ 

ʪʝʪʨʘʝʜʨʠʯʥʽ ʝʣʝʤʝʥʪʠ,ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʙʘʛʘʪʦ ʣʝʛʰʫ ʘʚʪʦʤʘʪʠʯʥʫ ʧʦʙʫʜʦʚʫ 

ʩʽʪʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʦʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

 

2.2.4 ɽʪʘʧʠ ʘʥʘʣʽʟʫ ʪʘ ʾʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ɸʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ ʟʘʚʞʜʠ ʚʢʣʶʯʘʻ ʥʠʟʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʊʠʧʦʚʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʥʷ ʄʉɽ ʪʘ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʧʝʨʝʣʽʯʝʥʽ ʜʘʣʽ. 

ʘ) ʉʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʛʨʘʤʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ 

ɺ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʽʩʥʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʫʪʚʦʨʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʧʦʙʫʜʦʚʠ(ʥʘʧʨʠʢʣʘʜ ʣʽʥʽʡ, ʧʦʚʝʨʭʦʥʴ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʟ ʜʫʞʝ 

ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʟʫʘʣʴʥʦ ʧʦʤʽʪʠʪʠ ʧʦʭʠʙʢʫ ʤʦʞʝ ʙʫʪʠ 

ʚʢʨʘʡ ʚʘʞʢʦ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʽʚ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ, ʘʣʝ ʮʷ ʧʦʭʠʙʢʘ 

ʤʦʞʝ ʟʘʚʘʞʘʪʠ ʩʪʚʦʨʝʥʥʶ ʩʽʪʢʠ. ɹʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʤʘʶʪʴ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʚʽʨʢʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʪʘ ʚʠʧʨʘʚʠʪʠ ʪʘʢʽ ʧʨʦʙʣʝʤʠ, ʧʝʨʰ ʥʽʞ ʧʝʨʝʡʪʠ ʜʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ. ɯʥʦʜʽ ʢʦʨʠʩʥʦʶ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʮʝʜʫʨʘ ʝʢʩʧʦʨʪʫʚʘʥʥʷ ʜʝʪʘʣʽ, ʟ ʥʘʩʪʫʧʥʠʤ ʽʤʧʦʨʪʫʚʘʥʥʷʤ ʾʾ ʥʘʟʘʜ ʟ ʥʦʚʦʶ 

ʥʘʟʚʦʶ, ʦʩʢʽʣʴʢʠ ʽʤʧʦʨʪʦʚʘʥʽ ʜʝʪʘʣʽ ʟʘʟʚʠʯʘʡ ʧʽʜʜʘʶʪʴʩʷ ʙʽʣʴʰ ʪʨʠʚʘʣʠʤ 
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ʧʝʨʝʚʽʨʢʘʤ ʧʦʨʽʚʥʷʥʦ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʜʝʪʘʣʷʤʠ. ʂʦʣʠ ʢʽʣʴʢʘ ʜʝʪʘʣʝʡ 

ʫʪʚʦʨʶʶʪʴ ʟʙʽʨʢʫ, ʜʦʮʽʣʴʥʦʶ ʻ ʧʦʧʝʨʝʜʥʷ ʧʝʨʝʚʽʨʢʘ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ 

ʜʣʷ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ. ʊʘʢʦʞ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʚʦʜʠʪʠ ʚ ʤʦʜʝʣʴ ʜʦʜʘʪʢʦʚʽ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ "ʤʘʡʜʘʥʯʠʢʠ" ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʣʫʯʝʥʴ ʚʫʟʣʽʚ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ (ʢʨʽʧʣʝʥʥʷ ʯʠ ʦʧʦʨʠ). 

ʙ) ɺʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʦʜʝʣʽ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʜʝʪʘʣʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʽʪʢʠ 

ʊʚʝʨʜʦʪʽʣʴʥʘ ʜʝʪʘʣʴ ʤʦʞʝ ʤʽʩʪʠʪʠ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʨʝʣʴʻʬʥʠʡ ʣʦʛʦʪʠʧ, 

ʷʢʽ ʥʝ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʘʙʦ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʘʣʝ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʪʠ ʧʦʙʫʜʦʚʫ ʩʽʪʢʠ. ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ 

ʟ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʾ ʦʧʝʨʘʮʽʾ, ʱʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʙʽʣʴʰʽʩʪʶ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ (ʥʘʧʨʠʢʣʘʜ, ʦʧʮʽʷ "ʛʘʩʽʥʥʷ" ʚ 

SolidWorks). ʆʜʥʘʢ ʩʣʽʜ ʦʙʝʨʝʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʢʘʟʘʥʫ ʬʫʥʢʮʽʶ, ʙʦ ʾʾ 

ʥʝʢʦʨʝʢʪʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʧʦʤʠʣʦʢ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʽʥʞʝʥʝʨʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʜʘʣʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʟʘʦʢʨʫʛʣʝʥʴ 

ʤʘʣʦʛʦ ʨʘʜʽʫʩʘ ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʽ ʩʧʨʦʩʪʠʪʠ ʩʪʚʦʨʝʥʥʷ 

ʩʽʪʢʠ, ʧʨʦʪʝ ʮʝ ʩʪʚʦʨʶʻ ʛʦʩʪʨʽ ʟʚʦʨʦʪʥʽ ʢʫʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʭʠʙʥʠʭ 

ʥʝʩʢʽʥʯʝʥʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʭʠʙʥʠʭ 

ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʤʦʞʫʪʴ ʟʘʣʠʰʠʪʠʩʴ 

ʥʝʧʦʤʽʯʝʥʠʤʠ ʽʥʰʽ ʦʙʣʘʩʪʽ ʟʽ ʩʧʨʘʚʞʥʽʤʠ ʢʨʠʪʠʯʥʦ ʚʠʩʦʢʠʤʠ ʨʽʚʥʷʤʠ 

ʥʘʧʨʫʞʝʥʴ. 

ʅʘʷʚʥʽʩʪʴ ʤʘʣʠʭ ʦʪʚʦʨʽʚ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʙʘʛʘʪʴʦʭ ʜʨʽʙʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʪʘ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʾʾ ʧʦʙʫʜʦʚʠ. ʊʘʢʽ ʦʪʚʦʨʠ ʪʘʢʦʞ ʩʧʨʠʯʠʥʷʶʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʽʜʚʠʱʫʶʪʴ ʣʦʢʘʣʴʥʽ ʨʽʚʥʽ 

ʥʘʧʨʫʞʝʥʴ. ʈʽʰʝʥʥʷ ʧʨʦ ʾʭ ʚʠʜʘʣʝʥʥʷ ʟ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʜʝʪʘʣʽ (ʟʙʝʨʝʞʝʥʥʷ ʦʪʚʦʨʽʚ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ, ʪʘ 

ʚʠʜʘʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʥʘʧʨʫʞʝʥʴ). ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʭ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʦʙʣʘʩʪʴ ʥʠʟʴʢʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʦʙʣʘʩʪʶ ʚʠʩʦʢʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʚ) ʆʙ'ʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʜʝʪʘʣʝʡ ʫ ʟʙʽʨʢʫ. 

ʆʪʨʠʤʘʥʘ ʟʙʽʨʢʘ ʤʦʞʝ ʤʘʪʠ ʦʯʽʢʫʚʘʥʠʡ ʚʽʟʫʘʣʴʥʠʡ ʚʠʛʣʷʜ, ʦʜʥʘʢ 

ʥʝʧʦʤʽʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ. ɺʠʙʽʨ ʬʽʟʠʯʥʦʛʦ ʦʧʠʩʘʥʥʷ 

ʩʧʦʣʫʯʝʥʴ ʤʦʜʝʣʽ ʯʘʩʪʦ ʤʦʞʝ ʙʫʪʠ ʥʝʟʨʦʟʫʤʽʣʠʤ ʟ ʧʝʨʰʦʛʦ ʧʦʛʣʷʜʫ, ʽ 

ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʚʚʝʜʝʥʥʷ ʨʷʜʫ ʧʨʠʧʫʱʝʥʴ, ʚʠʚʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʛʽʨʰʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ ʢʦʥʪʘʢʪʽʚ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʙʘʛʘʪʦ 

ʯʘʩʫ ʪʘ ʟʨʝʰʪʦʶ ʤʦʞʫʪʴ ʥʝ ʟʽʡʪʠʩʷ. 

ʛ) ʈʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʪʠʧʫ ʝʣʝʤʝʥʪʘ 

ʉʠʩʪʝʤʘ SolidWorks ʤʘʻ ʥʘʩʪʫʧʥʽ ʜʦʩʪʫʧʥ ̔ ʦʩʥʦʚʥʽ ʪʠʧʠ ʝʣʝʤʝʥʪʽʚ: 

ʝʣʝʤʝʥʪʠ ʬʝʨʤ (ʩʪʝʨʞʥʽ), ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ (ʙʘʣʢʠ), ʪʦʥʢʽ ʦʙʦʣʦʥʢʠ (ʘʙʦ ʧʣʦʩʢʽ 

ʧʣʘʩʪʠʥʠ), ʪʦʚʩʪʽ ʦʙʦʣʦʥʢʠ ʪʘ ʪʚʝʨʜʽ ʪʽʣʘ. ʉʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ SolidWorks 

ʚʠʙʠʨʘʻ ʪʠʧ ʝʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʠ ʜʝʪʘʣʽ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʪʚʦʨʠʪʠ ʦʙʣʘʩʪʴ ʥʝʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʦʙʣʘʩʪʴ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʽ ʥʘʚʧʘʢʠ. 

ʅʝʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʪʠʧʫ ʝʣʝʤʝʥʪʫ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʜ) ʉʪʚʦʨʝʥʥʷ ʩʽʪʢʠ 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʩʽʪʢʠ ʜʣʷ ʜʝʪʘʣʝʡ ʘʙʦ ʚʫʟʣʽʚ ʩʣʽʜ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʝ 

ʩʽʪʯʘʩʪʝ ʪʽʣʦ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʜʝʪʘʣʽ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʤʦʞʝ 

ʦʟʥʘʯʘʪʠ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʥʦʩʪʽ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʦʩʪʘʪʥʴʦ ʛʨʫʙʫ ʩʽʪʢʫ (ʘʙʦ ʧʨʠʥʘʡʤʥʽ ʛʨʫʙʫ ʚ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ) ʪʘ ʚʜʘʚʘʪʠʩʷ ʜʦ 

ʫʤʦʚ ʩʠʤʝʪʨʽʾ ʯʠ ʘʥʪʠʩʠʤʝʪʨʽʾ. ʇʦʣʽʧʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʤʘʛʘʻ ʫʱʽʣʴʥʝʥʥʷ ʩʽʪʢʠ ʚ ʦʙʣʘʩʪʷʭ ʤʦʞʣʠʚʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʟʘʥʘʜʪʦ ʜʨʽʙʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʚ ʮʠʭ ʤʽʩʮʷʭ ʤʦʜʝʣʽ. 

ʃʦʢʘʣʴʥʘ ʧʦʭʠʙʢʘ ʨʦʟʚ'ʷʟʢʫ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʩʥʠʭ ʨʦʟʤʽʨʽʚ 

ʩʫʩʽʜʥʽʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ ʥʘʷʚʥʦʩʪʽ ʜʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʫʯ ʟ ʚʝʣʠʢʠʤʠ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʘʚʪʦʤʘʪʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ ʩʽʪʦʢ ʤʘʶʪʴ ʬʫʥʢʮʽʶ 

ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʽʥʝʥʥʷ ʨʦʟʤʽʨʽʚ ʩʫʩʽʜʥʽʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʥʘʡʤʝʥʰʦʛʦ ʜʦ 
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ʥʘʡʙʽʣʴʰʦʛʦ. 

ʊʚʝʨʜʦʪʽʣʴʥʘ ʤʦʜʝʣʴ, ʜʣʷ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ, ʤʦʞʝ ʤʘʪʠ 

ʦʙʣʘʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʦʙʤʝʞʝʥʥʷ (ʢʨʽʧʣʝʥʥʷ) ʚ ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʠʭ ʚ ʤʦʜʝʣʽ 

ʝʣʝʤʝʥʪʘʭ ("ʤʘʡʜʘʥʯʠʢʘʭ"), ʥʘʚʽʪʴ ʷʢʱʦ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʥʝ ʧʦʪʨʽʙʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʽʪʢʘ ʟʘʟʚʠʯʘʡ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʫʱʽʣʴʥʝʥʥʷ ʚ ʧʦʜʽʙʥʠʭ ʦʙʣʘʩʪʷʭ. 

ʉʽʪʢʘ ʧʦʚʠʥʥʘ ʚʠʛʣʷʜʘʪʠ ʷʢ ʜʝʪʘʣʴ, ʘʣʝ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʟʘʜʦʚʽʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʘʙʦ ʟʛʠʥʘʥʴ, 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʟʘʟʚʠʯʘʡ ʱʦʥʘʡʤʝʥʰʝ ʧ'ʷʪʴ ʰʘʨʽʚ 

ʝʣʝʤʝʥʪʽʚ (ʚ ʢʨʘʡʥʴʦʤʫ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʪʨʠ ʰʘʨʠ) ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʜʣʷ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʮʷ ʢʽʣʴʢʽʩʪʴ ʤʘʻ ʙʫʪʠ 

ʱʦʥʘʡʤʝʥʰʝ ʧʦʜʚʦʻʥʘ. 

ʝ) ɺʠʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʶʪʴ ʙʽʙʣʽʦʪʝʢʫ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʘ ʤʽʩʪʠʪʴ ʣʽʥʽʡʥʽ ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʚʽ ʪʘ/ʘʙʦ ʨʽʜʠʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʙʽʣʴʰʦʩʪʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʦʞ ʮʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʫ ʚʠʟʥʘʯʘʪʠ ʚʣʘʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʥʘʷʚʥʠʭ ʪʘʙʣʠʮʷʭ ʯʘʩʪʦ ʤʦʞʝ 

ʙʫʪʠ ʥʝʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʦʚʘʥʝ. ʎʝ ʧʦʚôʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʟʘʷʚʣʝʥʽ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʽ ʙʘʛʘʪʴʦʭ ʟʥʘʯʝʥʴ, ʚʟʷʪʠʭ ʟ ʙʘʛʘʪʴʦʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ɼʦʩʪʘʪʥʴʦ ʨʽʜʢʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʚ ʥʘʩʧʨʘʚʜʽ. ɹʽʣʴʰʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʜʘʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ "ʜʟʚʦʥʦʧʦʜʽʙʥʽʡ" ʢʨʠʚʽʡ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, 

ʚʫʞʯʽʡ (ʷʢ ʜʣʷ ʩʪʘʣʽ) ʘʙʦ ʰʠʨʰʽʡ (ʷʢ ʜʣʷ ʯʘʚʫʥʫ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ 

ʤʘʪʝʨʽʘʣʫ. 

ʋʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʬʘʢʪʦʨʫ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʫ ʨʘʟʽ ʤʦʞʣʠʚʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜ ʾʾ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʻ) ɺʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʜʝʪʘʣʴ, ʷʢ ʧʨʘʚʠʣʦ ʚʠʢʦʥʫʻʪʴʩʷ 
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ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʙʣʘʩʪʝʡ ʜʝʪʘʣʽ, ʥʘ ʷʢʽ ʜʽʶʪʴ ʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʚʢʘʟʘʪʠ ʪʠʧ 

ʜʽʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʤʦʤʝʥʪ, ʟʫʩʠʣʣʷ, ʪʠʩʢ)ʪʘ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʧʦʪʦʢʫ ʥʘ ʛʨʘʥʠʯʥʽʡ 

ʦʙʣʘʩʪʽ ʥʘʟʠʚʘʶʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʅʝʡʤʘʥʘ. ɻʝʦʤʝʪʨʠʯʥʽ ʦʙʣʘʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʦʯʢʘʤʠ (ʪʝʦʨʝʪʠʯʥʦ), ʣʽʥʽʷʤʠ, ʧʦʚʝʨʭʥʷʤʠ ʘʙʦ ʦʙ'ʻʤʘʤʠ. ɺ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʝ ʚʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʴ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʪʠʤʫʪʴ 

ʪʦʯʥʝ ʤʽʩʮʝ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʩʣʽʜ ʦʙʤʝʞʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʢʦʚʠʭ ʩʠʣ 

(ʘʙʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ), ʙʦ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʷʢ ʧʨʘʚʠʣʦ ʻ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʭʠʙʥʠʭ 

ʥʝʩʢʽʥʯʝʥʥʠʭ ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɿʘʤʽʩʪʴ ʪʦʯʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʫʩʠʣʣʷ ʘʙʦ ʪʠʩʢ, ʱʦ ʜʽʻ ʥʘ ʥʝʚʝʣʠʢʫ ʧʣʦʱʫ. ʇʨʠʥʮʠʧ 

ʉʝʥ-ɺʝʥʘʥʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʜʚʽ ʨʽʟʥʽ, ʘʣʝ ʩʪʘʪʠʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʩʠʩʪʝʤʠ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʥʝʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʩʪʚʦʨʶʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʥʘʧʨʫʞʝʥʴ ʥʘ ʚʽʜʩʪʘʥʽ, ʥʝʚʝʣʠʢʽʡ ʧʦʨʽʚʥʷʥʦ ʟ ʣʽʥʽʡʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʦʾ 

ʯʘʩʪʠʥʠ. 

ɺʢʘʟʘʥʠʡ ʧʨʠʥʮʠʧ ʰʚʠʜʢʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʨʠʩ. 2.3. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʢʦʚʝ ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ ʥʘ ʧʨʘʚʦʤʫ 

ʢʽʥʮʽ ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʥʝʚʝʣʠʢʦʶ ʦʙʣʘʩʪʶ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ, ʧʨʠ ʮʴʦʤʫ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʽʥʰʠʭ ʯʘʩʪʠʥʘʭ ʜʝʪʘʣʽ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩʫʥʢʫ, ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʦʩʴʦʚʝ ʥʘʧʨʫʞʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʠʣʦʩʷ 

ʪʘ ʟʨʽʚʥʷʣʦʩʷ ʟ ʥʘʧʨʫʞʝʥʥʷʤ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙôʻʤʽ ʜʝʪʘʣʽ. 

 

 

ʈʠʩ. 2.3 ï ʇʨʠʥʮʠʧ ʉʝʥ-ɺʝʥʘʥʘ 

 

ɺʝʣʠʯʠʥʠ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʯʘʩʪʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ 
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ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʝʷʢʠʭ ʧʨʠʧʫʱʝʥʥʷʭ ʘʙʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʝʨʽʚʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʴ, ʱʦ 

ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʫʤʦʚʠ ʾʭ ʧʨʠʢʣʘʜʝʥʥʷ ʤʦʞʫʪʴ ʜʝʱʦ 

ʚ̔ ʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ (ʥʘʚʽʪʴ ʜʣʷ ʥʘʡʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʫʤʦʚ ʟʛʽʜʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʦʶ ʤʝʪʦʜʠʢʦʶ). ɺʽʜʧʦʚʽʜʥʦ ʧʨʠʡʥʷʪʠʡ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ 

ʤʽʮʥʦʩʪʽ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʬʘʢʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠʢʣʘʜʝʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

ʞ) ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʨʽʧʣʝʥʴ ʤʦʜʝʣʽ 

ɺʟʘʻʤʦʜʽʷ ʤʦʜʝʣʴ ʟ ʦʪʦʯʝʥʥʷʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʾʾ ʟʘʢʨʽʧʣʝʥʴ. 

ɿʘʢʨʽʧʣʝʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʙʣʘʩʪʽ ʦʙʤʝʞʝʥʥʷ (ʦʧʦʨʥʽ ʘʙʦ ʢʨʽʧʠʣʴʥʽ), ʷʢʽ ʫ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʗʢ ʧʨʘʚʠʣʦ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʝʪʘʣʽ ʥʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʜʦ ʩʝʙʝ 

ʥʘʚʢʦʣʠʰʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʜʝʪʘʣʣʶ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ 

ʽʩʥʫʶʪʴ ʩʧʨʦʱʝʥʽ ʢʦʥʮʝʧʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʱʝ ʥʘ ʝʪʘʧʘʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ (ʥʘʧʨʠʢʣʘʜ ʞʦʨʩʪʢʝ ʟʘʱʝʤʣʝʥʥʷ, ʞʦʨʩʪʢʽ ʘʙʦ ʧʦʜʘʪʣʠʚʽ ʦʧʦʨʠ, 

ʨʦʣʠʢʦʚʽ ʦʧʦʨʠ, ʪʦʱʦ). ʎʽ ʢʦʥʮʝʧʮʽʾ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʉɽ. 

ʇʨʠ ʮʴʦʤʫ ʪʘʢʠʡ ʧʽʜʭʽʜ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʥʘʜʤʽʨʥʦ ʩʧʨʦʱʫʚʘʪʠ 

ʩʧʨʘʚʞʥʶ ʜʽʶ ʦʧʦʨ ʪʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʩʫʪʪʻʚʠʭ ʧʦʤʠʣʦʢ ʫ ʨʝʟʫʣʴʪʘʪʘʭ. 

ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʚ ʦʧʦʨʘʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʨʝʟʫʣʴʪʘʪʘʭ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʙʫʚʘʻ ʜʦʮʽʣʴʥʠʤ 

ʜʦʩʣʽʜʠʪʠ ʥʠʟʢʫ ʡʤʦʚʽʨʥʠʭ ʫʤʦʚ ʦʧʦʨʠ ʟʽ ʟʥʘʭʦʜʞʝʥʥʷʤ ʥʘʡʛʽʨʰʦʛʦ ʤʦʞʣʠʚʦʛʦ 

ʚʠʧʘʜʢʫ. 

ɿʥʦʚ ʪʘʢʠ, ʤʦʞʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ ʤʦʞʣʠʚʦ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ. 

ʟ) ʆʪʨʠʤʘʥʥʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʪʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʉʫʯʘʩʥʽ ʯʠʩʣʦʚʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʢʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʟʘʜʘʯ ʥʘ ʷʢ 

ʧʨʘʚʠʣʦ ʥʝ ʚʥʦʩʷʪʴ ʩʫʪʪʻʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʦʪʝ 

ʦʪʨʠʤʘʥʽ ʥʝʚʽʜʦʤʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ ʰʣʷʭʦʤ 
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ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ (ʦʪʨʠʤʘʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʰʣʷʭʦʤ ʥʘʙʣʠʞʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ). 

ʽ) ɺʠʢʦʥʘʥʥʷ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʨʽʰʝʥʥʷ 

ʗʢ ʧʨʘʚʠʣʦ ʦʪʨʠʤʘʥʝ ʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʪʦʨʠʥʥʠʭ ʟʤʽʥʥʠʭ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʮʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ, ʨʝʘʢʮʽʡ ʦʧʦʨ ʪʘ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ; ʜʣʷ ʪʝʧʣʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ï ʮʝ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʝʢʪʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ 

ʨʝʘʢʮʽʡ; ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ï ʢʽʣʴʢʘ ʬʦʨʤ ʜʝʬʦʨʤʘʮʽʡ. ɻʨʘʬʽʯʥʽ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʟʨʫʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʦʪʨʠʤʘʥʽ ʨʦʟʧʦʜʽʣʠ ʧʘʨʘʤʝʪʨʽʚ, ʘ 

ʪʘʢʦʞ ʾʭ ʤʘʢʩʠʤʘʣʴʥʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ. 

ʠ) ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ 

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʩʘʤʝ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʚʠʢʦʥʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʩʥʫʻ ʨʷʜ ʪʝʦʨʽʡ ʜʣʷ ʮʴʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʞʝʥʴ ʘʙʦ ʨʽʚʥʷʭ ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ (ʟʦʢʨʝʤʘ ʢʨʠʪʝʨʽʡ 

ʄʽʟʝʩʘ), ʘʣʝ ʜʝʷʢʽ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ. ɺʠʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ 

ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʚʥʦʩʠʪʠ ʚʣʘʩʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 

2.3 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʠʥʠ 

ʄʝʪʦʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ 

ʩʪʘʥʠʥʽ ɺʄʇʉ. 

ʅʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʠʥʘ ɺʄʇʉ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʽʜʜʘʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʧʝʨʘʮʽʷʤ ʢʘʥʪʫʚʘʥʥʷ, ʩʪʨʦʧʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ. ʋ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʪʘʥʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʣʘʚʥʝ 

ʧʝʨʝʢʠʜʘʥʥʷ ʚʘʥʪʘʞʫ ʥʘ ʧʽʜʚʽʩʮʽ, ʪʦʙʪʦ ʢʘʥʪʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʘʥʪʘʞ 

ʧʝʨʝʚʝʨʪʘʻʪʴʩʷ ʫʟʛʦʜʞʝʥʠʤʠ ʨʫʭʘʤʠ ʢʨʘʥʘ: ʧʽʜʡʦʤʦʤ ʘʙʦ ʦʧʫʩʢʘʥʥʷʤ ʛʘʢʘ, 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʤʦʩʪʘ ʘʙʦ ʚʽʟʢʘ. ʇʝʨʝʚʝʨʪʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ 

ʨʘʭʫʥʦʢ ʨʫʭʫ ʤʦʩʪʘ ʘʙʦ ʚʽʟʢʘ. ɼʝʪʘʣʴ ʧʨʠ ʮʴʦʤʫ ʢʨʽʧʠʪʴʩʷ ʦʙʭʚʘʪʦʤ ʘʙʦ ʛʘʢʦʤ 

ʢʨʘʥʫ. 

ʂʘʥʪʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʨʷʜʦʤ ʩʝʨʡʦʟʥʠʭ ʨʠʟʠʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʽʻʶ ʜʠʥʘʤʽʯʥʠʭ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ 
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ʥʘʧʨʫʞʝʥʴ ʫ ʚʫʟʣʘʭ ʧʽʜʚʽʩʢʠ ʪʘ ʢʨʽʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʠʤʠ ʥʝʙʘʞʘʥʠʤʠ 

ʜʝʬʦʨʤʘʮʽʷʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʟʚʘʨʥʠʭ ʪʘ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ɿʚʘʞʘʶʯʠ 

ʥʘ ʮʝ, ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʘʥʠʥʠ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʽʜ ʷʢʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʨʦʙʫ. 

ɼʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʚʘʨʥʦʾ ʩʪʘʥʠʥʠ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʪʘ 

ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʥʬʽʛʫʨʘʮʽʶ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʣ̫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ SolidWorks Simulation ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʪʨʘʝʜʨʠʯʥʦʾ ʩʽʪʢʠ ʟʤʽʥʥʦʾ ʱʽʣʴʥʦʩʪʽ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʟʦʥʘʤ 

ʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʠʤ ʤʽʩʮʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ 

ʦʮʽʥʢʠ ʅɼʉ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʄʽʟʝʩʦʤ ʪʘ ʧʦʣʷ 

ʧʝʨʝʤʽʱʝʥʴ. 

ʅʘ ʨʠʩ. 2.4 ʥʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʅɼʉ 

ʩʪʘʥʠʥʠ ɺʄʇʉ ʥʘ ʦʩʥʦʚʽ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ. 
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ʈʠʩ. 2.4 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ 

 

2.3.1 ʇʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ɼʣʷ ʮʽʣʝʡ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʫ CAD-ʤʦʜʝʣʴ 

ʩʪʘʥʠʥʠ (ʨʠʩ. 2.5), ʱʦ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ: ʩʠʣʦʚʠʡ ʢʘʨʢʘʩ, ʨʝʙʨʘ 

ʞʦʨʩʪʢʦʩʪʽ, ʤʦʥʪʘʞʥʽ ʤʘʡʜʘʥʯʠʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʪʚʦʨʠ. ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ ʙʫʣʘ 

ʯʘʩʪʢʦʚʦ ʩʧʨʦʱʝʥʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʢʣʶʯʦʚʠʭ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʜʣʷ ʟʥʠʞʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 
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ʈʠʩ. 2.5 ï ɹʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʘʥʠʥʠ 

 

ʇʨʦʮʝʩ ʢʘʥʪʫʚʘʥʥʷ ʤʦʜʝʣʶʚʘʚʩʷ ʷʢ ʢʚʘʟʽʩʪʘʪʠʯʥʠʡ, ʟ ʥʘʢʣʘʜʝʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 

- ʧʦʩʪʫʧʦʚʘ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ; 

- ʚʨʘʭʫʚʘʥʥʷ ʩʠʣʠ ʪʷʞʢʦʩʪʽ ʷʢ ʦʩʥʦʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʚʝʣʠʯʠʥʘ ʟʫʩʠʣʣʷ ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ ʤʘʩʽ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʽʤʽʪʘʮʽʷ ʧʽʜʪʨʠʤʫʶʯʠʭ ʪʘ ʧʽʜʚʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ ʰʘʨʥʽʨʥʽ ʘʙʦ ʯʝʨʝʟ 

ʞʦʨʩʪʢʽ ʦʧʦʨʠ; 

- ʟʘʚʜʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʢʘʥʪʫʚʘʥʥʷ. 

 

2.3.2 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʪʘʥʠʥʠ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʪʘ ʘʜʝʢʚʘʪʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʘʚʠʣʴʥʘ ʧʦʙʫʜʦʚʘ ʩʽʪʢʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʛʠʥʠ, 

ʦʪʚʦʨʠ ʪʘ ʟʚʘʨʥʽ ʟ'ʻʜʥʘʥʥʷ, ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʪʨʘʝʜʨʠʯʥʘ ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ, ʱʦ 
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ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʝ ʘʜʘʧʪʫʚʘʥʥʷ ʜʦ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [10]. 

ʋ ʟʦʥʘʭ ʟ ʚʠʩʦʢʦʶ ʦʯʽʢʫʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ (ʪʘʢʠʭ ʷʢ ʟʚʘʨʥʽ 

ʰʚʠ, ʤʽʩʮʷ ʧʽʜʚʽʩʢʠ ʪʘ ʢʨʽʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʤʽʩʮʷʭ ʩʧʦʣʫʯʝʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʪʘ 

ʤʘʩʠʚʥʠʭ ʯʘʩʪʠʥ) ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʣʦʢʘʣʴʥʝ ʫʪʦʯʥʝʥʥʷ ʩʽʪʢʠ. ʈʦʟʤʽʨ ʢʽʥʮʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʮʠʭ ʦʙʣʘʩʪʷʭ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 2 ʜʦ 5 ʤʤ. ʋ ʤʝʥʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʽ 

ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʦʩʪʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʣʦʩʢʠʭ ʩʪʽʥʢʘʭ ʽ ʚʝʣʠʢʠʭ 

ʢʦʨʧʫʩʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ï ʙʣʠʟʴʢʦ 

10é15 ʤʤ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʩʽʪʮʽ. ʄʦʜʝʣʽ ʟ ʨʽʟʥʠʤ ʨʦʟʤʽʨʦʤ 

ʝʣʝʤʝʥʪʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʘʧʨʫʞʝʥʴ ʪʘ 

ʜʝʬʦʨʤʘʮʽʾ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʽʚ ʟʤʽʥʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʠ 3é5 %, ʱʦ ʟʘʩʚʽʜʯʠʣʦ ʧʨʦ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʬʦʨʤʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʜʦʩʪʘʪʥʶ 

ʜʝʪʘʣʽʟʘʮʽʶ ʛʝʦʤʝʪʨʽʾ ʪʘ ʜʦʟʚʦʣʠʣʘ ʚʠʷʚʠʪʠ ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʢʘʥʪʫʚʘʥʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʫʪʦʯʥʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʦʢ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʧʽʜʚʠʱʠʣʦ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʦʚʝʜʝʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

2.4 ʊʨʠʚʠʤʽʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʢʘʥʪʫʚʘʥʥʷ 

ʩʪʘʥʠʥʠ ʢʣʘʩʠʯʥʦʾ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʧʨʫʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ʮʽʻʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.6, ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ï ʥʘ ʨʠʩ 2.7. ʅʘ ʨʠʩ 2.8 

ʧʦʢʘʟʘʥʦ ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʯʘʩ ʢʘʥʪʫʚʘʥʥʷ. 
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ʈʠʩ. 2.6 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ 

 

 

 

ʈʠʩ. 2.7 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ 
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ʈʠʩ. 2.8 ï ɼʝʬʦʨʤʘʮʽʾ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ 

 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʣʶʩʘʭ ʜʝʬʦʨʤʘʮʽʷ ʧʨʠ ʧʽʜʡʦʤʽ ʩʪʘʥʠʥʠ ʽ ʥʘʧʨʫʞʝʥʥʷ 

ʧʨʠ ʾʾ ʧʝʨʝʚʝʨʪʘʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 2.9 ʪʘ 2.10. 

 

 

ʈʠʩ. 2.9 ï ɼʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ʩʪʘʥʠʥʠ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʦʣʶʩʘʤʠ 
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ʈʠʩ. 2.10 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʩʪʘʥʠʥʠ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʦʣʶʩʘʤʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʥʠʥʠ ʙʘʟʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʨʫʞʥʦʾ ʟʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘʧʨʫʞʝʥʥʷ ʜʣʷ ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ, ʘ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʽʥʫ ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʽʚ. 

 

2.5 ʊʨʠʚʠʤʽʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʥʠʥʠ ʟ ʦʜʥʠʤ ʧʦʷʩʦʤ ʢʨʽʧʣʝʥʥʷ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʥʠʥʠ ʙʘʟʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʾʾ ʤʦʜʝʨʥʽʟʘʮʽʶ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʷʩʫ ʢʨʽʧʣʝʥʥʷ ʨʘʤʠ (ʨʠʩ. 2.11). 
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ʈʠʩ. 2.11 ï ʂʦʥʩʪʨʫʢʮʽʷ ʩʪʘʥʠʥʠ ʟ ʦʜʥʠʤ ʧʦʷʩʦʤ ʢʨʽʧʣʝʥʴ 

 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʜʦʜʘʪʢʦʚʦʤʫ ʧʦʷʩʽ ʢʨʽʧʣʝʥʴ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʠ ʧʽʜʡʦʤʽ ʩʪʘʥʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 2.12 ʽ 2.13. 

 

 

ʈʠʩ. 2.12 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʧʽʜʡʦʤʽ ʩʪʘʥʠʥʠ ʟ ʦʜʥʠʤ ʧʦʷʩʦʤ 

ʢʨʽʧʣʝʥʴ 
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ʈʠʩ. 2.13 ï ɼʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʧʽʜʡʦʤʫ ʩʪʘʥʠʥʠ ʟ ʦʜʥʠʤ ʧʦʷʩʦʤ ʢʨʽʧʣʝʥʴ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʥʠʥʠ ʟ ʦʜʥʠʤ ʧʦʷʩʦʤ 

ʢʨʽʧʣʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʘʢʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʥʝ ʚʠʨʽʰʠʣʘ ʧʨʦʙʣʝʤʫ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ, 

ʷʢʽ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʧʨʫʞʥʦʾ ʟʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʧʨʫʞʝʥʥʷ ʜʣʷ ʟʚʘʨʥʠʭ ʰʚʽʚ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ, ʘ ʜʝʬʦʨʤʘʮʽʾ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʽʥʫ 

ʧʦʚʽʪʨʷʥʠʭ ʟʘʟʦʨʽʚ, ʷʢ ʥʘʩʣʽʜʦʢ ʧʦʪʨʽʙʥʝ ʧʦʜʘʣʴʰʝ ʧʦʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

2.6 ʊʨʠʚʠʤʽʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ 

ʇʽʩʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ʚ ʫʤʦʚʘʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʦʩʠʣʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʢʘʨʢʘʩʘ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʨʫʛʦʛʦ ʧʦʷʩʫ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʧʦʧʝʨʝʯʥʠʭ ʪʘ 

ʧʦʟʜʦʚʞʥʽʭ ʨʝʙʝʨ, ʘ ʪʘʢʦʞ ʢʨʫʛʣʠʭ ʧʣʘʩʪʠʥ ʚ ʨʘʡʦʥʽ "ʚʫʰʦʢ". ʊʦʚʱʠʥʘ ʚʩʽʭ 

ʜʦʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻ 40 ʤʤ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʢʘʨʢʘʩʘ ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.14. 
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ʈʠʩ. 2.14 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ. 

 

ɼʽʶʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʧʽʜʡʦʤʽ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ 2.15. 

 

 

 

ʈʠʩ. 2.15 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʧʽʜʡʦʤʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 
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ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʚʦʭ ʧʦʷʩʘʭ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʨʝʙʨʘʭ ʦʪʨʠʤʘʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʧʽʜʡʦʤʽ ʩʪʘʥʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.16 ʪʘ 2.17. 

 

 

ʈʠʩ. 2.16 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʧʽʜʡʦʤʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

ʈʠʩ. 2.17 ï ɼʝʬʦʨʤʘʮʽʾ ʧʨʠ ʧʽʜʡʦʤʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

ʅʘʚʘʥʪʘʞʝʥʥʷ, ʜʽʶʯʽ ʧʽʜ ʯʘʩ ʢʘʥʪʫʚʘʥʥʷ ʩʪʘʥʠʥʠ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʜʚʦʤʘ 

ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʨʝʙʨʘʤʠ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ 2.18. 
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ʈʠʩ. 2.18 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʢʘʥʪʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʚʦʭ ʧʦʷʩʘʭ ʢʨʽʧʣʝʥʴ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʨʝʙʨʘʭ ʦʪʨʠʤʘʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʩʪʘʥʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.19 ʪʘ 

2.20. 
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ʈʠʩ. 2.19 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʯʘʩ ʢʘʥʪʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

 

ʈʠʩ. 2.20 ï ɼʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʢʘʥʪʫʚʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 
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ɼʽʶʯʽ ʥʘ ʩʪʘʥʠʥʫ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʜʚʦʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʷʩʘʤʠ ʪʘ ʨʝʙʨʘʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ 2.21. 

 

 

ʈʠʩ. 2.21 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

ʅʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʜʽʶʯʽ ʥʘ 

ʩʪʘʥʠʥʫ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʚʦʭ ʧʦʷʩʘʭ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʨʝʙʨʘʭ, ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 2.22 ʪʘ 2.23. 

 

 

 

ʈʠʩ. 2.22 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 
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ʈʠʩ. 2.23 ï ɼʝʬʦʨʤʘʮʽʾ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʙʨʘʤʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʴ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ 

ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʤʽʮʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʷʭ ʚ ʭʦʜʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʫ. 

 

2.7 ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

ɺʠʢʦʥʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʫ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ 

ʨʦʟʧʦʜʽʣ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʩʪʘʥʠʥʠ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʥʽʤʘʥʥʷ ʪʘ ʢʘʥʪʫʚʘʥʥʷ. 

ʅʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʥʠʥʠ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʚʘʨʥʠʭ 

ʰʚʽʚ ʧʝʨʝʚʠʱʠʣʠ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʧʨʫʞʥʦʾ ʟʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʦʜʘʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʘʥʠʥʠ ʦʜʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʷʩʫ ʢʨʽʧʣʝʥʴ ʥʝ 

ʜʘʣʦ ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ, ʧʽʩʣʷ ʯʦʛʦ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʦʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʦʜʘʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʘʥʠʥʠ ʜʨʫʛʦʛʦ ʧʦʷʩʫ ʢʨʽʧʣʝʥʴ ʪʘ ʨʝʙʝʨ 

ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ, ʟʘʜʦʚʦʣʴʥʠʚʰʠ ʚʩʽ ʚʠʤʦʛʠ 
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ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʧʽʜʡʦʤʽ ʪʘ ʚ ʫʤʦʚʘʭ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 25 ʄʇʘ (ʜʣʷ ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ 

ʜʦʧʫʩʪʠʤʦ 60 ʄʇʘ), ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʧʽʜʡʦʤʽ ʪʘ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 0,2 ʤʤ. ʅʘʧʨʫʞʝʥʥʷ ʧʨʠ ʢʘʥʪʫʚʘʥʥʽ ʜʦʩʷʛʘʶʪʴ ʟʘ ʦʩʥʦʚʥʠʤ 

ʤʝʪʘʣʦʤ ʜʦ 130 ʄʇʘ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 2 ʤʤ, ʧʨʠ ʮʴʦʤʫ ʚʩʽ 

ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʫʞʥʽʡ ʟʦʥʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʥʘ ʊʆɺ çʍʘʨʢʽʚʩʴʢʠʡ 

ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜè ʪʘ ʧʨʦʡʰʣʘ ʚʩʽ ʩʪʝʥʜʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʚʣʘʩʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ [11]. 

 

2.8 ʃʽʪʝʨʘʪʫʨʘ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. Pidgurskyi M., Pidgurskyi I., Stashkiv M., Ihnatieva V., Danylchynko S., 

Bykiv D., Pidluzhnyi O. (2023) Peculiarities of studying the stress-strain state of 

structural steel perforated beams using the finite element method. Scientific Journal of 

TNTU (Tern.), vol 111, no 3, pp. 126ï138. 

https://doi.org/10.33108/visnyk_tntu2023.03.126 ; 

2. Hahalyuk A., Krupa V. (2023) Modeling of a lathe bed using the method of 

topological optimization. Scientific Journal of TNTU (Tern.), vol 111, no 3, pp. 67ï75. 

https://doi.org/10.33108/visnyk_tntu2023.03.067 ; 

3. Martynov, I., Kalabukhin, Y., Trufanova, A., & Martynov, S. (2025). Study 

of stress-strain state of passenger car body. Transport Systems and Technologies, (45). 

Retrieved from https://tst.duit.in.ua/index.php/tst/article/view/433 ; 

4. Ripetskyi, E., Ripetskyi, R., & Nepelyak, O. (2024). Analysis of stress-strain 
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Chemistry of Solid State, 25(3), 595ï604. https://doi.org/10.15330/pcss.25.3.595-604; 
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ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʏʝʨʥʽʛʽʚ: ʏɼʊʋ, 2007. ï 288 ʩ.; 

6. Tretiak, O., Smyk, S., Kravchenko, S., Smakhtin, S., Brega, D., Zhukov, A., 
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7. ʊʨʝʪʷʢ ʆ.ɺ., ɸʨʝʬʴʻʚʘ ʄ.ʆ., ʂʦʙʟʘʨ ɯ.ɺ., ʈʝʧʝʪʝʥʢʦ ʄ.ɺ., 
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ʈʆɿɼɯʃ 3  ɺɽʈʀʌɯʂɸʎɯʗ ʈɽɿʋʃʔʊɸʊɯɺ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʦʢʘʣʴʥʝ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʚ ʤʽʩʮʷʭ ʤʦʜʝʣʽ ʟ ʥʘʷʚʥʠʤʠ ʜʨʽʙʥʠʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʥʦʚʥʦʶ ʩʽʪʢʦʶ ʜʝʪʘʣʷʤʠ. ʊʘʢʦʞ ʧʦʜʽʙʥʝ ʟʛʫʱʝʥʥʷ ʩʽʪʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʟʦʥʘʭ ʦʯʽʢʫʚʘʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʪʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ ʚʜʘʻʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʦʯʽʢʫʚʘʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʘ ʥʘʚʧʘʢʠ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ 

ʝʣʝʤʝʥʪʽʚ ʚ ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ ʤʦʜʝʣʽ (ʟʘʟʚʠʯʘʡ ʚ ʟʦʥʘʭ ʩʪʠʢʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʢʫʪʦʤ ʩʧʦʣʫʯʝʥʥʷ, ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʥʫʣʷ) ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʧʦʯʠʥʘʶʪʴ ʨʦʟʭʦʜʠʪʠʩʴ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʴ ʫ ʮʠʭ ʟʦʥʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʦʶ. ʊʘʢʝ ʷʚʠʱʝ ʤʘʻ ʥʘʟʚʫ 

ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ [1]. 

ɺʠʢʦʥʘʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: 

- ʤʝʪʦʜ Hot Spot Stress (HSS) ʫ ʧʦʩʪʘʥʦʚʮʽ ʣʽʥʽʡʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ (LSE); 

- ʤʝʪʦʜ ʟʙʽʞʥʦʩʪʽ ʟʘ ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

 

3.1 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

HSS-ʤʝʪʦʜʦʤ 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʧʨʦʚʝʜʝʥʦʛʦ ʜʣʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ, ʤʦʞʝ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʰʣʷʭʦʤ ʾʭ ʚʝʨʠʬʽʢʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ Hot Spot Stress (HSS) ʫ ʧʦʩʪʘʥʦʚʮʽ 

ʣʽʥʽʡʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ (LSE), ʱʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʫ ʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ HSS-ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ, 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʜʘʪʢʦʚʦ 
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ʚʠʢʦʥʘʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʭʘʨʘʢʪʝʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʢʨʘʷʤ ʜʠʩʢʽʚ, ʧʦʧʝʨʝʯʥʠʤ ʨʝʙʨʘʤ, ʪʨʘʥʩʧʦʨʪʥʝ "ʚʫʰʢʘʤ" ʪʘ 

ʟʚʘʨʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʨʝʙʝʨ ʪʘ ʜʠʩʢʽʚ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʟʦʥʠ ʩʧʨʠʡʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʛʠʥʘʥʥʷ ʪʘ ʟʨʽʟʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʡ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʪʘʥʠʥʠ ʪʘ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [2-4]. 

 

3.1.1 ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʟʙʽʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

HSS-ʤʝʪʦʜʦʤ 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʟʘʩʦʙʘʤʠ 

ʄʉɽ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ HSS [5], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʢʦʨʠʛʫʚʘʪʠ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʥʘʜʘʪʠ ʾʤ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʽ ʟʥʘʯʝʥʥʷ. 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʣʽʥʽʡʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚ ʟʦʥʽ ʥʘʚʢʦʣʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʫʞʝʥʥʷ. ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ 

ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʅɼʉ ʤʦʜʝʣʽ ʟ ʥʘʷʚʥʠʤ ʥʘʢʣʘʜʥʠʤ ʟʚʘʨʥʠʤ ʰʚʦʤ 

(ʨʠʩ. 3.1). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʧʦʙʣʠʟʫ ʟʦʥʠ ʟʚʘʨʥʦʛʦ ʰʚʘ ʤʘʻ 

ʙʫʪʠ ʟʛʫʱʝʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʫ ʥʝ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʪʦʚʱʠʥʠ 

ʣʠʩʪʘ h. 
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ʈʠʩ. 3.1 ï ɿʘʩʪʦʩʫʚʘʥʥʷ HSS-ʤʝʪʦʜʫ ʜʣʷ ʦʮʽʥʢʠ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʟʚʘʨʥʦʛʦ ʰʚʘ 

 

ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʪʦʯʢʘʭ ʥʘ ʚʽʜʩʪʘʥʽ 0,5h ʪʘ 1,5h ʚʽʜ 

ʤʝʞʽ ʰʚʘ. ʃʽʥʽʷ ʝʢʩʪʨʘʧʦʣʷʮʽʾ (ɸɺ) ʙʫʜʫʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʰʚʘ, ʘ ʨʦʟʤʽʨ 

ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʦʯʢʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ �V0,5 

ʪʘ �V1,5 ʚʽʜʥʦʚʠʣʠʩʴ ʜʦ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. 

ʅʦʤʽʥʘʣʴʥʽ (ʛʝʦʤʝʪʨʠʯʥʽ) ʥʘʧʨʫʞʝʥʥʷ �V0 ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ [6]: 

 

0 0,5 1,51,5 0,5�V �V �V�  � � 

 

3.1.2 ʇʝʨʝʚʽʨʢʘ ʟʙʽʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ 

ʩʪʘʥʠʥʽ HSS-ʤʝʪʦʜʦʤ 

ʇʝʨʝʚʽʨʢʘ ʟʙʽʞʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʘʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʥʦʤʽʥʘʣʴʥʠʭ (ʛʝʦʤʝʪʨʠʯʥʠʭ) ʥʘʧʨʫʞʝʥʴ ʥʘ ʜʽʣʷʥʢʘʭ ʩʪʘʥʠʥʠ ʟ 

ʧʽʢʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ HSS-ʤʝʪʦʜʦʤ ʚʠʢʦʥʫʚʘʣʘʩʴ ʜʣʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʴ ʪʘ ʧʦʧʝʨʝʯʥʠʤʠ 

ʨʝʙʨʘʤʠ. 
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ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2, ʜʦʜʘʪʢʦʚʦ ʥʘ ʨʠʩʫʥʢʫ ʚʢʘʟʘʥʽ 

ʜʽʣʷʥʢʠ ʟ ʧʽʢʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

 

 

ʈʠʩ. 3.2 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

 

ɽʧʶʨʠ ʥʘʧʨʫʞʝʥʴ ʜʽʣʷʥʦʢ ʟ ʧʽʢʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ 

ʩʪʘʥʠʥʽ ʪʘ ʜʽʘʛʨʘʤʠ ʧʝʨʝʚʽʨʢʠ ʟʙʽʞʥʦʩʪʽ ʟʘ HSS-ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.3é3.12. 
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ʈʠʩ. 3.3 ï ʃʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 1 

 

 

ʈʠʩ. 3.4 ï ɼʽʘʛʨʘʤʘ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 1 
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ʈʠʩ. 3.5 ï ʃʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 2 

 

 

ʈʠʩ. 3.6 ï ɼʽʘʛʨʘʤʘ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 2 
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ʈʠʩ. 3.7 ï ʃʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 3 

 

 

ʈʠʩ. 3.8 ï ɼʽʘʛʨʘʤʘ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 3 
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ʈʠʩ. 3.9 ï ʃʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 4 

 

 

ʈʠʩ. 3.10 ï ɼʽʘʛʨʘʤʘ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 4 
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ʈʠʩ. 3.11 ï ʃʦʢʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 5 

 

 

ʈʠʩ. 3.12 ï ɼʽʘʛʨʘʤʘ ʟʽʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʜʣʷ ʜʽʣʷʥʢʠ 5 

 

3.1.3 ʋʪʦʯʥʝʥʽ ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ 

ʈʦʟʨʘʭʫʥʢʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʧʝʨʝʚʽʨʢʫ ʾʭ ʟʙʽʞʥʦʩʪʽ 

HSS-ʤʝʪʦʜʦʤ ʙʫʣʠ ʟʚʝʜʝʥʽ ʚ ʧʦʨʽʚʥʷʣʴʥʫ ʪʘʙʣʠʮʶ 3.1. 
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ʊʘʙʣʠʮʷ 3.1 ï ʇʝʨʝʚʽʨʢʘ ʟʙʽʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʠʥʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʪʘʥʠʥʠ 

ʅʘʧʨʫʞʝʥʥʷ, ʄʇʘ 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʤʝʪʦʜʠ 

3D-ʤʦʜʝʣʶʚʘʥʥʷ 

HSS-ʤʝʪʦʜ 

1. ɺʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʜʠʩʢʫ 3,28 3,3 

2. ɿʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʜʠʩʢʫ 3,88 3,91 

3. ʇʦʧʝʨʝʯʥʝ ʨʝʙʨʦ 4,6 4,65 

4. ʊʨʘʥʩʧʦʨʪʥʝ ʚʫʰʢʦ 0,367 0,371 

5. ɿʚʘʨʥʝ ʟôʻʜʥʘʥʥʷ ʜʠʩʢʫ ʪʘ ʬʣʘʥʮʶ 7,47 7,53 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʠʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 %, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʽʚ. 

 

3.2 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʝʪʦʜʦʤ ʟʙʽʞʥʦʩʪʽ ʟʘ ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

ɯʥʰʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʚʽʨʢʠ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʅɼʉ ʻ ʧʝʨʝʚʽʨʢʘ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʽʚ ʩʽʪʢʠ (ʟʘ ʟʤʝʥʰʝʥʥʷʤ 

ʘʙʦ ʫʢʨʫʧʥʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ) ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʩʪʽʡʢʽʩʪʴ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʽʚʥʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ [7, 8]. 

ɿʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʻ ʦʜʥʠʤ ʽʟ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʄʉɽ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʜʦʩʷʛʥʫʪʽ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ 

ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧôʷʪʴ 

ʤʝʭʘʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ 

ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʧʝʨʝʯʥʠʤʠ ʨʝʙʨʘʤʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ 
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ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʽʚ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʧʦʩʣʽʜʦʚʥʦ ʟʤʝʥʰʫʚʘʣʠʩʴ ʜʦ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ ʚʽʜʥʦʩʥʘ 

ʨʽʟʥʠʮʷ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʘʣʘ ʤʝʥʰʦʶ ʟʘ 1 %. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʜʽʣʷʥʢʫ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʠʩʢʽʚ ʪʘ ʬʣʘʥʮʶ (ʜʽʣʷʥʢʘ 

5 ʟʛʽʜʥʦ ʟ ʨʠʩ. 3.2). 

ɺ ʪʘʙʣʠʮʽ 3.2 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʽʪʦʢ. ɽʧʶʨʠ 

ʥʘʧʨʫʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʷʩʘʤʠ 

ʢʨʽʧʣʝʥʥʷ ʪʘ ʧʦʧʝʨʝʯʥʠʤʠ ʨʝʙʨʘʤʠ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟ 

ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʩʽʪʢʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.13é3.17. 

ʅʘ ʜʽʘʛʨʘʤʽ ʨʠʩ. 3.18 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʇʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ɿʥʘʯʝʥʥʷ 

ʊʠʧ ʩʽʪʢʠ ʉʽʪʢʘ ʥʘ ʪʚʝʨʜʦʤʫ ʪʽʣʽ 

ʈʦʟʙʠʪʪʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʉʪʘʥʜʘʨʪʥʘ ʩʽʪʢʘ 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʫ, 

ʤʤ 

80 60 40 30 20 

ʄʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʫ, 

ʤʤ 

8 5 3 2,5 2 

ɺʩʴʦʛʦ ʚʫʟʣʽʚ, ʦʜ. 70758 164396 343952 739568 2190444 

ɺʩʴʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʦʜ. 41929 102970 222210 491355 1507785 

ɺʽʜʩʦʪʦʢ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʪʦʨʽʥ < 3, % 

95,7 97,1 98,4 99,7 99,7 

ɺʽʜʩʦʪʦʢ ʝʣʝʤʝʥʪʽʚ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʪʦʨʽʥ > 10, % 

0,0382 0,0175 0,0257 0,0193 0,0097 

ʅʘʧʨʫʞʝʥʥʷ ʚ ʟʚʘʨʥʦʤʫ 

ʟôʻʜʥʘʥʥʽ, ʄʇʘ 

8,72 9,01 10,3 11,4 11 
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ʈʠʩ. 3.13 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʜʽʣʷʥʮʽ 8,72 ʄʇʘ, ʨʦʟʤʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 80 ʤʤ) 

 

 

ʈʠʩ. 3.14 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʜʽʣʷʥʮʽ 9,01 ʄʇʘ, ʨʦʟʤʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 60 ʤʤ) 
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ʈʠʩ. 3.15 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʜʽʣʷʥʮʽ 10,3 ʄʇʘ, ʨʦʟʤʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 40 ʤʤ) 

 

 

ʈʠʩ. 3.16 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʜʽʣʷʥʮʽ 11,4 ʄʇʘ, ʨʦʟʤʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 30 ʤʤ) 
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ʈʠʩ. 3.17 ï ɽʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʩʪʘʥʠʥʽ ʧʨʠ ʥʦʤʽʥʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʜʽʣʷʥʮʽ 11 ʄʇʘ, ʨʦʟʤʽʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ 20 ʤʤ) 

 

 

ʈʠʩ. 3.18 ï ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 
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3.3 ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

ɺʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ 

ʩʪʘʥʠʥʠ ʟ ʜʚʦʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʧʦʷʩʘʤʠ ʢʨʽʧʣʝʥʴ ʪʘ ʨʝʙʨʘʤʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʜʚʦʤʘ 

ʥʝʟʘʣʝʞʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʤʝʪʦʜʦʤ HSS ʫ ʧʦʩʪʘʥʦʚʮʽ ʣʽʥʽʡʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʟʘ ʨʦʟʤʽʨʦʤ ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

ɿʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʚʝʨʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʠʪʠ ʧʽʜʪʚʝʨʜʠʪʠ ʢʦʨʝʢʪʥʽʩʪʴ 

ʧʨʠʡʥʷʪʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʅɼʉ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ 

ʩʪʘʥʠʥʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʟʘʩʚʽʜʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʩʪʘʥʠʥʠ. ɿʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʚ 

ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʜʣʷ ʚʠʙʨʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʥʘʚʘʥʪʘʞʝʥʴ: ʷʢ ʧʨʠ ʨʦʙʦʪʽ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʽʜʡʦʤʫ ʪʘ 

ʢʘʥʪʫʚʘʥʥʷ ʩʪʘʥʠʥʠ. 

ʅʘʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʪʘ ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʪʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʽʜʩʪʘʚʦʶ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʽʥʞʝʥʝʨʥʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʩʪʘʥʠʥʠ ʪʘ ʧʦʜʽʙʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. 

 

3.4 ʃʽʪʝʨʘʪʫʨʘ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. Zhao W., Ji S. Mesh Convergence Behavior and the Effect of Element 

Integration of a Human Head Injury Model. Ann Biomed Eng. 2019. Vol. 47, ˉ2. 

ʨʨ. 475-486. https://doi.org/10.1007/s10439-018-02159-z ; 

2. Csaki E. Mathematical Statistics. In: Horv§th, J. (eds) A Panorama of 

Hungarian Mathematics in the Twentieth Century I. Bolyai Society Mathematical 

Studies. Springer, Berlin, Heidelberg. 2006. Vol 14. pp. 491-521. 

http://dx.doi.org/10.1007/978-3-540-30721-1_16 ; 

3. Milovanoviĺ, M.: The Measurement Problem in Statistical Signal 

Processing. Mathematics. 2023. Vol. 11, ˉ22, 4623. 
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https://doi.org/10.1007/978-3-662-03792-8_16 ; 
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ʢʦʨʧʫʩʽʚ ʪʘ ʦʧʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʛʝʥʝʨʘʪʦʨʽʚ. ɺʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ɽʥʝʨʛʝʪʠʯʥi ʪʘ 

ʪʝʧʣʦʪʝʭʥiʯʥi ʧʨʦʮʝʩʠ ʡ ʫʩʪʘʪʢʫʚʘʥʥʷ. 2021. ɺʠʧ. 1. ʩ. 19-24, 
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7. Chirkov A. ɿʤʽʰʘʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 
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ʈʆɿɼɯʃ 4  ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɸ ʉʊɺʆʈɽʅʅʗ ʄɽʊʆɼɯɺ 

ɺʀʇʈʆɹʋɺɸʅʔ ʄɸʐʀʅ ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʧʨʦʭʦʜʷʪʴ ʧʨʦʮʝʩʠ ʚʽʜʤʽʥʠ ʟʘʩʪʘʨʽʣʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʜʣʷ ʚʝʣʠʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽʚ 

ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʽʚʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʜʚʠʛʫʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ ʜʦ 

ʢʨʘʾʥʠ ʯʣʝʥʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʪʦ ʜʣʷ ʚʪʽʣʝʥʥʷ ʘʚʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʙʫʣʘ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʘ ʦʥʦʚʣʝʥʘ 

ʧʨʦʛʨʘʤʘ ʽʩʧʠʪʽʚ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʠʤʦʛʠ ʥʦʨʤ ɭʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ EN ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʫʢʨʘʾʥʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ɼʉʊʋ. 

ɼʘʣʽ ʨʦʟʛʣʷʥʫʪʽ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʙôʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʧʽʩʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ, ʟʘʩʦʙʠ ʪʘ ʫʤʦʚʠ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʧʝʨʝʚʽʨʮʽ, ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʷʢ ʧʨʘʚʠʣʦ ʥʘʚʝʜʝʥʽ ʫ ʧʨʦʛʨʘʤʽ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʮʽ ʤʘʰʠʥ, 

ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘ ʙʘʟʽ ʚʠʤʦʛ 

ʟʘʤʦʚʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʾʾ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʤʽʩʮʷ ʝʢʩʧʣʫʘʪʘʮʽʾ [1, 2]. 

ɽʣʝʢʪʨʠʯʥʽ ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʜʘʤ ʚʠʧʨʦʙʫʚʘʥʴ: 

- ʧʨʠʡʤʘʣʴʥʦ-ʟʜʘʚʘʣʴʥʠʤ; 

- ʧʨʠʡʤʘʣʴʥʠʤ (ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤ); 

- ʧʝʨʽʦʜʠʯʥʠʤ; 

- ʪʠʧʦʚʠʤ. 

ʄʝʪʦʶ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʠʤʦʛʘʤ 

ʩʪʘʥʜʘʨʪʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ɼʉʊʋ IEC 60034-1 [3], ʉʆʋ-ʅ ɽɽ 20.302 [4], ʘ ʪʘʢʦʞ 

ʚʠʤʦʛʘʤ ʢʦʤʧʣʝʢʪʫ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʪʘ ʢʦʥʪʨʘʢʪʥʠʭ ʚʠʤʦʛ 

ʟʘʤʦʚʥʠʢʘ. 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʛʦʪʦʚʦʢ ʪʘ ʧʦʢʫʧʥʠʭ ʚʫʟʣʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʚʠʢʦʥʫʶʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʩʝʨʪʠʬʽʢʘʪʘʭ, ʱʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʭʽʜʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʇʨʦʤʽʞʥʽ ʢʦʥʪʨʦʣʴʥʽ ʦʧʝʨʘʮʽʾ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝ ʚʢʘʟʘʥʽ ʚ ʦʩʥʦʚʥʽʡ ʧʨʦʛʨʘʤʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʠ ʮʴʦʤʫ ʚʦʥʠ ʤʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʨʝʩʣʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʙʫʪʠ 

ʦʬʦʨʤʣʝʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʧʝʨʝʚʽʨʦʢ. 

ʇʨʠʡʤʘʣʴʥʦ-ʟʜʘʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘ ʩʢʣʘʜʝʥʦʶ ʧʨʦʛʨʘʤʦʶ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʷʪʴʩʷ ʧʝʨʩʦʥʘʣʦʤ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ, ʜʣʷ ʦʢʨʝʤʠʭ ʧʝʨʝʚʽʨʦʢ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʘ ʫʯʘʩʪʴ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟʘʤʦʚʥʠʢʘ. 

ʇʨʠʡʤʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʘ ʚʠʤʦʛʘʤ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʘʙʦ ʽʥʰʠʭ ʢʦʥʪʨʘʢʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʧʽʜ ʯʘʩ ʦʩʚʦʻʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʤ ʚʠʨʦʙʥʠʢʦʤ, ʟʘ ʧʨʦʛʨʘʤʦʶ, ʟʘʪʚʝʨʜʞʝʥʦʾ 

ʤʽʞʚʽʜʦʤʯʦʶ ʢʦʤʽʩʽʻʶ. 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʽʟ ʥʘʩʪʘʥʦʚʥʦʾ ʩʝʨʽʾ 

(ʧʝʨʰʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʧʘʨʪʽʾ) ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʝʨʽʡʥʦʛʦ (ʤʘʩʦʚʦʛʦ) ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ. 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʻʜʥʫʚʘʪʠ ʟ ʧʨʠʡʤʘʣʴʥʠʤʠ. 

ʇʝʨʽʦʜʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʚʠʧʫʱʝʥʦʾ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ. 

ʇʝʨʽʦʜʠʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘʭ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʘ ʧʨʘʚʠʣʦ ʦʜʠʥ ʨʘʟ ʥʘ ʜʚʘ ʨʦʢʠ, ʷʢʱʦ ʽʥʰʠʡ ʪʝʨʤʽʥ ʥʝ 

ʦʙʫʤʦʚʣʝʥʠʡ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʝʜʩʪʘʚʥʠʢ 

ʟʘʤʦʚʥʠʢʘ ʚʠʙʠʨʘʻ ʦʜʠʥ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʟ ʯʠʩʣʘ ʪʠʭ, ʱʦ ʧʨʦʡʰʣʠ 

ʧʨʠʡʤʘʣʴʥʦ-ʟʜʘʪʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʥʠʭ ʧʨʠʜʘʪʥʠʤʠ. 

ʗʢʱʦ ʧʨʠ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʝʨʽʡʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʘʰʠʥʘ ʥʝ 
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ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʦʜʥʦʛʦ ʟ ʧʫʥʢʪʽʚ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʪʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦʚʪʦʨʥʦ ʥʘ ʧʦʜʚʦʻʥʽʡ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. 

ʗʢʱʦ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʭʦʯʘ ʦʜʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʤʘʰʠʥʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʧʫʥʢʪʽʚ ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʪʦ 

ʚʠʧʫʩʢ ʪʘʢʠʭ ʤʘʰʠʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʧʠʥʝʥʠʡ ʜʦ ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʊʠʧʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʤʽʥ, ʱʦ ʚʥʦʩʷʪʴʩʷ. 

 

4.1 ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʫʤʦʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ  ̔ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

4.1.1 ʋʤʦʚʠ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦ-ʟʜʘʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʝʜ'ʷʚʣʷʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʘ ʤʘʰʠʥʘ ʨʘʟʦʤ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ (ʟʘ ʥʘʷʚʥʦʩʪʽ) ʪʘ 

ʢʦʤʧʣʝʢʪʦʤ ɿɯʇ (ʟʘ ʥʘʷʚʥʦʩʪʽ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʦʤʦʩʪʽ ʢʦʤʧʣʝʢʮʽʾ, 

ʦʧʠʪʫʚʘʣʴʥʦʛʦ ʣʠʩʪʘ ʘʙʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ. 

ʈʘʟʦʤ ʽʟ ʦʙʣʘʜʥʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʪʘʢʽ ʜʦʢʫʤʝʥʪʠ: 

- ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ʚʢʣʶʯʘʶʯʠ ʢʨʝʩʣʝʥʠʢʠ, ʩʭʝʤʠ, 

ʪʝʭʥʽʯʥʠʡ ʦʧʠʩ), ʽʥʩʪʨʫʢʮʽʷ ʟ ʤʦʥʪʘʞʫ ʪʘ ʥʘʩʪʘʥʦʚʘ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʧʽʜʧʨʠʻʤʩʪʚʘ-ʚʠʨʦʙʥʠʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʤʘʰʠʥʫ (ʟʘ 

ʥʘʷʚʥʦʩʪʽ); 

- ʧʘʩʧʦʨʪ ʥʘ ʧʨʝʜ'ʷʚʣʝʥʫ ʝʣʝʢʪʨʠʯʥʫ ʤʘʰʠʥʫ ʟ ʚʽʜʤʽʪʢʦʶ ʧʨʦ ʧʨʠʡʤʘʥʥʷ 

ɺʊʂ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ; 

- ʧʘʩʧʦʨʪʠ ʥʘ ʢʦʤʧʣʝʢʪʫʶʯʫ ʘʧʘʨʘʪʫʨʫ ʪʘ ʧʦʢʫʧʥʽ ʚʫʟʣʠ; 

- ʧʨʦʪʦʢʦʣʠ ʟʘʚʦʜʩʴʢʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ 

ʟʘʚʦʜʽ. 
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4.1.2 ɺʠʤʦʛʠ ʜʦ ʫʤʦʚ ʪʘ ʟʘʩʦʙʽʚ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʟʘʢʨʠʪʦʤʫ 

ʦʧʘʣʶʚʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ. ʇʨʠʤʽʱʝʥʥʷ ʤʘʻ ʙʫʪʠ ʦʙʣʘʜʥʘʥʝ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ-ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ 

ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ. ʋ ʧʨʠʤʽʱʝʥʥʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 380/220 ɺ. ʇʨʠʤʽʱʝʥʥʷ 

ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʷʢʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ) ʟʛʽʜʥʦ ʚʠʤʦʛ ɼʉʊʋ IEC 60034-1 ʪʘ ʉʆʋ-ʅ ɽɽ 20.302: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʣʶʩ 25 Ñ 10 Áʉ; 

- ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʚʽʜ 84 ʜʦ 106 ʢʇʘ; 

- ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚʽʜ 45 ʜʦ 80 %. 

ʋ ʨʘʟʽ ʢʦʣʠ ʫʤʦʚʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʟʘʟʥʘʯʝʥʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʚʥʦʩʷʪʴʩʷ ʧʦʧʨʘʚʢʠ, ʷʢʱʦ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ 

ʤʝʪʦʜʦʤ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɺʠʧʨʦʙʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʧʨʘʚʥʠʤʠ, ʚʽʜʧʦʚʽʜʘʪʠ ʚʩʽʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ, ʙʫʪʠ ʧʦʚʽʨʝʥʠʤʠ ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ 

ʧʦʨʷʜʢʫ ʪʘ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʪʠʬʽʢʘʪʠ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʙʫʪʠ 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʽ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʢʣʶʯʝʥʥʷʤ ʜʦ ʤʝʨʝʞʽ, 

ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʴ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʟʘʚʦʜʩʴʢʦʤʫ ʩʪʝʥʜʽ. ʇʦʪʫʞʥʽʩʪʴ ʤʝʨʝʞʽ 

ʞʠʚʣʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʫʩʢʫ ʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʫ ʟʘʟʥʘʯʝʥʠʭ ʚ 

ʧʨʦʛʨʘʤʽ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʞʠʤʘʭ. ʇʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ (ʟʤʘʱʫʚʘʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ, ʪʝʧʣʦʚʠʡ 

ʢʦʥʪʨʦʣʴ ʪʘ ʽʥ.). 

 

  


