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ɸʅʆʊɸʎɯʗ 

 

ʈʘʜʯʫʢ ɼ.ɯ. ʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʟ ʢʘʧʶʰʦʥʦʤ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.26.01 ï ʦʭʦʨʦʥʘ ʧʨʘʮʽ ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, 

ɼʥʽʧʨʦ, 2026. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʚʘʞʣʠʚʫ ʜʣʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʫ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ ʪʘ 

ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʜʣʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ, ʟʜʘʪʥʠʤʠ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʚʜʘʥʥʷ. ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʪʘ ʢʦʛʥʽʪʠʚʥʠʤʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʡ ʝʬʝʢʪʠʚʥʠʤ ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʘʢʫʤʫʣʷʮʽʾ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʽ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʪʘ ʨʦʟʧʦʜʽʣʦʤ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʊʘʢʦʞ ʚʨʘʭʦʚʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʘʭ 

ʨʝʩʧʽʨʘʪʦʨʘ, ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʽ 

ʟʘʣʠʰʢʦʚʠʤ ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ 

ʨʦʟʨʦʙʢʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ɿɯɿʆɼ), ʟʦʢʨʝʤʘ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ 

ʬʽʣʴʪʨʘʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʝʚʦʣʶʮʽʶ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ, 

ʛʘʟʽʚ ʪʘ ʘʝʨʦʟʦʣʽʚ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 
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ʋʟʘʛʘʣʴʥʝʥʦ ʽʩʥʫʶʯʽ ʢʦʥʮʝʧʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ, 

ʟʦʢʨʝʤʘ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʢʘʥʘʣʽʚ, ʚʠʙʽʨ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤ̔ ʥʽʤʘʣʴʥʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʣʘʩʠʯʥʠʭ ʽ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʠʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʤʦʛʠ ʜʦ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ɿɯɿʆɼ, ʷʢʽ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʯʠʥʥʠʤʠ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɿɯɿʆɼ, ʪʘʢʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʦʧʽʨ ʜʠʭʘʥʥʶ, ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʧʨʠʣʷʛʘʥʥʷ ʪʘ ʝʨʛʦʥʦʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʽʟʦʣʶʚʘʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʚʽʜ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʚʤʘʩʦʢ ʽ ʤʘʩʦʢ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʪʠʧʫ. ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ (ʄʌʈ) ʧʨʦʚʽʜʥʠʭ 

ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ 3M Versaflo TR-600, Honeywell North Primair PA7000, 

Scott Safety Duraflow SRS. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʄʌʈ. 

ɿʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʫʯʘʩʥʠʭ ɿɯɿʆɼ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʚʦʣʦʢʥʠʩʪʽ, ʚʫʛʽʣʴʥʽ, 

ʢʦʤʧʦʟʠʪʥʽ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʦʟʛʣʷʥʫʪʦ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ. 

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ɿɯɿʆɼ. ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʽʜʭʦʜʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʤʝʥʪ ʥʘʩʠʯʝʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʰʘʨʫ 
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ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɺʠʟʥʘʯʝʥʦ ʥʝʜʦʣʽʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ ʬʽʣʴʪʨʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʻ ʥʝʧʦʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʙôʻʤʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʪʘʢ ʟʚʘʥʠʭ çʤʝʨʪʚʠʭ ʟʦʥè. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ, 

ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʫ ʬʽʣʴʪʨʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʛʝʦʤʝʪʨʽʾ ʢʦʨʧʫʩʫ ʪʘ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ɿɯɿʆɼ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʾʭʥʴʦʾ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʨʫʯʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʥʥʷ, ʨʽʚʥʷ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʢʦʛʥʽʪʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʫ 

ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʛʦ ʥʦʩʽʥʥʷ ɿɯɿʆɼ. 

ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʦʩʽʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ 

ʥʘ ʢʦʛʥʽʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʫʚʘʛʠ, ʪʦʯʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ ʽ ʯʘʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ 

ʨʝʩʧʽʨʘʪʦʨʽ ʨʽʟʥʠʭ ʪʠʧʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʦʪʢʦʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʧʽʨʘʪʦʨʘ ʥʝ ʣʠʰʝ ʥʝ ʟʥʠʞʫʻ ʢʦʛʥʽʪʠʚʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʘʣʝ ʡ ʩʧʨʠʷʻ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʚʜʷʢʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʠʭʘʣʴʥʦʛʦ ʨʠʪʤʫ 

ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɺʦʜʥʦʯʘʩ ʪʨʠʚʘʣʝ ʥʦʩʽʥʥʷ ʙʝʟ ʧʝʨʝʨʚ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʧʦʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʪʦʤʠ ʯʝʨʝʟ ʟʤʽʥʫ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʽʜ ʤʘʩʢʦʶ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ. ʅʦʚʝ 



5 

 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʥʫʯʢʦʛʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʝʣʘʩʪʠʯʥʽʩʪʶ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʣʦʢʘʣʴʥʦʛʦ ʪʠʩʢʫ ʥʘ 

ʜʽʣʷʥʢʠ ʰʢʽʨʠ ʦʙʣʠʯʯʷ. ɺʜʦʩʢʦʥʘʣʝʥʦ ʩʠʩʪʝʤʫ ʢʨʽʧʣʝʥʥʷ ʽ ʛʝʨʤʝʪʠʟʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʨʝʩʧʽʨʘʪʦʨ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʥʘʪʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʮʽʶ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫ ʬʦʨʤ ̔ʢʘʧʶʰʦʥʫ, 

ʱʦ ʦʭʦʧʣʶʻ ʛʦʣʦʚʫ ʪʘ ʰʠʶ, ʩʪʚʦʨʶʶʯʠ ʙʝʟʧʝʨʝʨʚʥʫ ʟʘʭʠʩʥʫ ʦʙʦʣʦʥʢʫ ʙʝʟ 

ʪʦʯʢʦʚʠʭ ʟʦʥ ʪʠʩʢʫ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ. ʊʘʢʝ ʨʽʰʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʠʡ ʢʦʤʬʦʨʪ ʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʧʦʜʨʘʟʥʝʥʥʷ ʰʢʽʨʠ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʥʦʩʽʥʥʽ. 

ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʣʘʥʛʘ. ɺʠʟʥʘʯʝʥʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ, ʜʦʚʞʠʥʫ ʪʘ ʛʥʫʯʢʽʩʪʴ ʰʣʘʥʛʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʧʦʜʘʯʽ ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪʘʭ ʪʠʩʢʫ. 

ʇʨʦʚʝʜʝʥʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʪʦʢʫ 

ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ. 

ɺʠʢʦʥʘʥʦ ʦʮʽʥʶʚʘʥʥ ̫ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʟʨʫʯʥʽʩʪʴ 

ʢʦʤʫʥʽʢʘʮʽʾ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʯʽʪʢʦʩʪʽ ʤʦʚʣʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʠʧ ʨʝʩʧʽʨʘʪʦʨʘ, ʪʦʚʱʠʥʫ ʪʘ ʱʽʣʴʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʬʦʨʤʫ ʧʽʚʤʘʩʢʠ ʡ ʚʽʜʩʪʘʥʴ ʜʦ ʜʞʝʨʝʣʘ ʟʚʫʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʬʦʨʤʘ ʨʝʩʧʽʨʘʪʦʨʘ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʤʦʚʥʦʾ ʧʝʨʝʜʘʯʽ: ʥʘʜʤʽʨʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʤʘʣʘ ʚʥʫʪʨʽʰʥʷ ʢʘʤʝʨʘ ʦʙʤʝʞʫʶʪʴ ʨʫʭʣʠʚʽʩʪʴ 

ʤʽʤʽʯʥʠʭ ʤôʷʟʽʚ ʽ ʟʤʽʥʶʶʪʴ ʘʢʫʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʣʦʩʫ. ɺʜʦʩʢʦʥʘʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʢʘʧʶʰʦʥʫ ʜʘʻ ʟʤʦʛʫ ʟʙʝʨʽʛʘʪʠ ʧʨʠʨʦʜʥʽʩʪʴ ʤʦʚʣʝʥʥʷ ʽ ʧʦʣʝʛʰʫʻ 

ʢʦʤʫʥʽʢʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʢʦʣʝʛʘʤʠ. 

ɿʜʽʡʩʥʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʧʘʨʘʤʝʪʨʠ ʩʝʨʮʝʚʦ-ʜʠʭʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʨʽʚʝʥʴ ʚʪʦʤʣʶʚʘʥʦʩʪʽ, ʟʦʨʦʚʫ ʽ ʩʣʫʭʦʚʫ ʯʫʪʣʠʚʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʽʟʦʚʘʥʘ 

ʬʦʨʤʘ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟʥʠʞʫʻ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʢʨʘʱʫʻ ʚʝʥʪʠʣʷʮʽʶ 
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ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʘʥʥʶ ʩʪʘʙʽʣʴʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʽʟ ʢʘʧʶʰʦʥʦʤ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘ 10ï15 % ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʢʦʤʬʦʨʪʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʪʦʤʠ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʜʽʣʫ ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʝʩʧʽʨʘʪʦʨʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʚʠʛʣʷʜʽ 

ʢʘʧʶʰʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ, ʢʦʛʥʽʪʠʚʥʠʭ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɿɯɿʆɼ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ 

ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʢʨʘʱʝʥʥʶ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʢʦʤʬʦʨʪ, 

ʙʝʟʧʝʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʜʠʭʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʨʦʙʦʪʽ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʠʣʫ, ʪʦʢʩʠʯʥʠʭ ʛʘʟʽʚ ʯʠ 

ʙʽʦʣʦʛʽʯʥʠʭ ʘʛʝʥʪʽʚ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʢʦʥʮʝʧʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʚʦʛʦ ʄʌʈ ʟ 

ʢʘʧʶʰʦʥʦʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ, ʚʝʥʪʠʣʷʪʦʨʘ, ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ ʟ ʩʝʥʩʦʨʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʢʘʧʶʰʦʥʥʦʾ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʩʫʤʽʱʝʥʦʾ ʟ 

ʢʘʩʢʦʶ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ, ʦʙʣʠʯʯʷ, 

ʰʠʾ ʪʘ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʧʽʜʚʠʱʫʻ ʢʦʤʬʦʨʪ ʢʦʨʠʩʪʫʚʘʯʘ, ʩʧʨʦʱʫʻ ʥʘʜʷʛʘʥʥʷ ʽ 

ʟʥʽʤʘʻ ʦʙʤʝʞʝʥʥʷ ʨʫʭʽʚ. 

ʇʨʦʚʝʜʝʥʦ FMEA-ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ (ʚʝʥʪʠʣʷʪʦʨʘ, ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ 

ʙʣʦʢʫ, ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ) ʽ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʾʭ 

ʤʽʥʽʤʽʟʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʦ ʪʘʙʣʠʮʶ ʧʨʽʦʨʠʪʝʪʽʚ ʨʠʟʠʢʽʚ ʪʘ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ 
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ʫʩʫʥʝʥʥʷ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʡ ʙʝʟʧʝʢʠ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʦʥʘʥʦ ʙʝʟʧʦʩʝʨʝʜʥ ʁʨʦʟʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʧʶʰʦʥʫ, ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʪʘ 

ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʘʧʶʰʦʥ ʽʟ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʦʻʜʥʫʻ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, ʧʦʚʽʪʨʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ. ʇʝʨʝʜʙʘʯʝʥʦ 

ʧʨʦʟʦʨʫ ʦʛʣʷʜʦʚʫ ʧʘʥʝʣʴ ʟ ʘʥʪʠʚʽʜʙʣʠʩʢʦʚʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʚʝʥʪʠʣʷʮʽʡʥʽ 

ʢʘʥʘʣʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʧʦʪʽʚʘʥʥʶ. ɽʨʛʦʥʦʤʽʯʥʘ ʬʦʨʤʘ ʢʘʧʶʰʦʥʘ 

ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʽ ʢʦʤʬʦʨʪ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʥʦʩʽʥʥʽ. 

ʉʧʨʦʝʢʪʦʚʘʥʦ ʢʦʤʧʘʢʪʥʠʡ ʢʦʨʧʫʩ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʣʽʪʽʡ-ʽʦʥʥʦʶ 

ʙʘʪʘʨʝʻʶ ʧʽʜʚʠʱʝʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʦʧʦʨʫ ʬʽʣʴʪʨʘ. ʇʝʨʝʜʙʘʯʝʥʦ 

ʽʥʜʠʢʘʪʦʨ ʩʪʘʥʫ ʟʘʨʷʜʫ ʪʘ ʙʣʦʢ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʄʌʈ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʨʽʚʥʷ 

ʰʫʤʫ, ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʫ, ʘ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʭʽʤʽʯʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ, ʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʟʘʛʨʦʟ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʜʠʭʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʧʨʦʮʝʩʠ ʤʘʩʦʦʙʤʽʥʫ ʪʘ ʦʯʠʱʝʥʥʷ 

ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʽ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ ʜʠʭʘʣʴʥʫ ʤʘʰʠʥʫ, ʥʘʣʘʰʪʦʚʘʥʫ ʥʘ 

ʨʽʟʥʽ ʨʝʞʠʤʠ ʚʝʥʪʠʣʷʮʽʾ ʣʝʛʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʨʽʚʥʷʤ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʷʢ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, 

ʪʘʢ ʽ ʧʨʠ ʨʦʙʦʪʽ ʤʦʪʦʨʠʟʦʚʘʥʦʛʦ ʙʣʦʢʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʩʦʦʙʤʽʥʫ ʚ ʢʘʧʶʰʦʥʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 
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ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʧʽʜ ʯʘʩ ʨʝʘʣʴʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ, ʷʢʘ ʦʧʠʩʫʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʦʧʦʨʦʤ ʬʽʣʴʪʨʘ, 

ʛʝʦʤʝʪʨʽʻʶ ʰʣʘʥʛʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ 

ʟʦʥʠ ʜʠʭʘʥʥʷ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʠʩʢʫ ʽ ʢʦʤʬʦʨʪʥʝ ʜʠʭʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ, ʪʨʠʚʘʣʫ ʟʘʭʠʩʥʫ ʜʽʶ ʪʘ ʟʨʫʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʫʤʦʚ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʦʤʙʽʥʦʚʘʥʠʭ 

ʬʽʣʴʪʨʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʽʟʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʨʠʩʪʫʚʘʯʘ, ʦʙʩʷʛʦʤ ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʰʚʠʜʢʽʩʪʶ 

ʥʘʩʠʯʝʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʰʘʨʽʚ ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 40 %, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʘʜʩʦʨʙʮʽʾ ʨʝʯʦʚʠʥ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ɿɯɿʆɼ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʢʦʨʧʫʩʫ, ʦʙôʻʤʫ ʩʦʨʙʝʥʪʫ ʡ ʪʦʚʱʠʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʰʘʨʫ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ. ɿʦʢʨʝʤʘ, ʜʦʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʧʦʪʦʢʦʤ ʚʭʦʜʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʪʠʚʥʠʡ ʦʙôʻʤ ʩʦʨʙʝʥʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʘʩʢʠʤʠ ʬʽʣʴʪʨʘʤʠ. 
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ɺʠʢʦʥʘʥʦ ʧʦʰʫʢ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʧʦʙʫʜʦʚʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ. ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʬʦʨʤʦʚʘʥʦ ʧʨʠʥʮʠʧʠ ʧʦʻʜʥʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʘʨʽʚ ʤʝʭʘʥʽʯʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʪʘ ʩʦʨʙʮʽʡʥʦʛʦ ʰʘʨʫ ʥʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ 

ʧʦʚʽʪʨʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʘ. 

ɺʠʢʦʥʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ 

ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʽʥʥʦʚʘʮʽʡʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ, ʘ ʩʘʤʝ ʽʥʪʝʛʨʘʮʽʶ ʘʨʦʤʘʪʠʯʥʦʛʦ 

ʽʥʜʠʢʘʪʦʨʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʫ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽʡ ʢʘʧʩʫʣʽ, ʱʦ ʟʤʽʥʶʻ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷ ʧʨʠ ʚʠʯʝʨʧʘʥʥʽ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ 

ʬʽʣʴʪʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʧʦʧʝʨʝʜʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʬʽʣʴʪʨʘ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ. ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʙʫʜʦʚʘʥʦ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʛʝʦʤʝʪʨʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ. ɸʣʛʦʨʠʪʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʨʠʩʪʽʡ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ. ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʯʘʩ ʬʽʣʴʪʨʘ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʨʦʙʦʯʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʣʴʪʨʽʚ ʽ ʩʪʨʦʢʦʤ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʾ ʜʽʾ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʘʫʢʦʚʽ 

ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ 

ʚʠʩʦʢʫ ʬʽʣʴʪʨʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʥʘʣʽʪʠʯʥʽ 

ʨʽʰʝʥʥʷ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ 
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ʩʪʘʥʫ ʬʽʣʴʪʨʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ 

ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʶʚʘʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʨʦʟʨʦʙʢʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠ 

ʟʥʠʞʝʥʦʤʫ ʦʧʦʨʽ ʜʠʭʘʥʥʶ ʪʘ ʩʪʘʙʽʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʜʠʟʘʡʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʧʨʦʮʝʩ 

ʬʽʣʴʪʨʘʮʽʾ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʚʝʜʝʥʦ 

ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʘ ʢʦʨʦʙʢʠ, ʾʾ 

ʦʙôʻʤ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʧʽʨ 

ʜʠʭʘʥʥʶ. ɿʦʢʨʝʤʘ, ʤʦʜʝʣʽ ʟ ʧʣʘʚʥʠʤʠ ʢʦʥʪʫʨʘʤʠ ʪʘ ʢʨʫʛʣʠʤʠ ʦʪʚʦʨʘʤʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʤʝʥʰʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

SolidWorks, ʜʝ ʜʦʩʣʽʜʞʝʥʦ ʨʫʭ ʧʦʚʽʪʨʷ ʚ ʢʦʨʦʙʢʘʭ ʟ ʨʽʟʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʥʘʷʚʥʽʩʪʴ ʟʦʥ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ 

ʧʦʪʦʢʫ (çʤʝʨʪʚʠʭ ʟʦʥè) ʫ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʱʦ ʟʥʠʞʫʻ ʩʪʫʧʽʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ ʬʽʣʴʪʨʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ 

ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ. 

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʪʦʚʱʠʥʦʶ, ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʱʽʣʴʥʽʩʪʶ ʫʢʣʘʜʘʥʥʷ ʰʘʨʽʚ ʩʢʣʘʜʦʢ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʧʨʦʚʝʜʝʥʦʛʦ ʫ SolidWorks, ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ʥʘʭʠʣʫ ʩʢʣʘʜʦʢ ʽ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟ 

ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʧʦʨʫ. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʪʝʦʨʝʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʜʦʟʚʦʣʠʣʠ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʪʝʨʤʽʥ ʟʘʭʠʩʥʦʾ ʜʽʾ ʨʝʩʧʽʨʘʪʦʨʘ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ 

ʥʘ ʧʨʦʮʝʩ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʪʚʦʨʽʚ ʽʟ ʟʘʦʢʨʫʛʣʝʥʠʤʠ ʢʨʘʷʤʠ ʪʘ ʧʣʘʚʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʪʦʢʫ ʽ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʚʠʱʫʻ ʢʦʤʬʦʨʪ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʜʠʭʘʥʥʷ. 

ʆʢʨʝʤʦ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʜʫʨʫ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ ʯʘʩʦʤ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ 

ʚʢʣʶʯʘʻ ʩʝʥʩʦʨʥʠʡ ʙʣʦʢ ʽ ʚʘʞʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʩʪʫʧʝʥʷ 

ʥʘʩʠʯʝʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʈʦʟʨʦʙʣʝʥʘ 

ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʦʮʽʥʶʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʬʽʣʴʪʨʘ, 

ʩʚʦʻʯʘʩʥʦ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʟʘʤʽʥʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʪʘʙʽʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʢʦʨʦʙʢʠ, ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʬʽʣʴʪʨʘ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʡʦʛʦ ʟʘʭʠʩʥʦʾ ʜʽʾ. ʆʪʨʠʤʘʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ, ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ 

ʽ ʟʨʫʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʟʘʭʠʱʘʶʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʾ 

1. ɼʣʷ ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʢʘʧʶʰʦʥʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟ 60 ʜʦ 200 ʜʤ
3
/ʭʚ. ʟʫʤʦʚʣʶʻ 

ʩʢʦʨʦʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ (ʈmax/ʈmin) ʟʘʣʝʞʥʦ ʚʽʜ 
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ʪʠʧʦʨʦʟʤʽʨʫ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʘ ʩʘʤʝ: ʚʽʜ 1,22 ʜʦ 1,16 ʜʣʷ ʪʠʧʦʨʦʟʤʽʨʫ ʄ  ̔ʚʽʜ 

1,11 ʜʦ 1,108 ʜʣʷ ʪʠʧʦʨʦʟʤʽʨʫ L, ʚʦʜʥʦʯʘʩ ʧʽʜʚʠʱʫʶʯʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ 

ʰʚʠʜʢʦʩʪʽ (Vmax/Vmin) ʚ 1,2 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʦʯʠʱʝʥʥʷ ʩʢʦʨʦʯʫʻʪʴʩʷ ʫ ʚ 

3,3 ʨʘʟʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʘʧʶʰʦʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

2. ɽʬʝʢʪʠʚʥʠʡ ʯʘʩ ʦʙôʻʤʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʢʘʧʶʰʦʥʽ 

ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʦʛʦ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʝ ʣʠʰʝ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʘ ʡ 

ʜʠʥʘʤʽʢʫ ʤʘʩʦʦʙʤʽʥʫ, ʱʦ ʟʫʤʦʚʣʝʥʘ ʚʝʥʪʠʣʷʮʽʻʶ ʣʝʛʝʥʴ, ʧʨʠ ʯʦʤʫ ʟʘ 

ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʦ 30 ʜʤį/ʭʚ ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʠʱʫʻ 

1, ʪʦʜʽ ʷʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʜʦ ʜʽʘʧʘʟʦʥʫ 30ï60 ʜʤį/ʭʚ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʪʘʻ ʤʝʥʰʠʤ ʟʘ 1. 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʥʘ 

ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʦʤʫ ʬʽʣʴʪʨʽ ʻ ʬʫʥʢʮʽʻʶ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʘʤʦʛʦ ʬʽʣʴʪʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʢʣʘʜʯʘʩʪʦʛʦ 

ʬʽʣʴʪʨʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,2 ʜʦ 0,7, ʪʘ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʫ 

ʽ, ʪʠʤ ʩʘʤʠʤ, ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

1. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ (ʄʌʈ) ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, 

ʩʝʥʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ ʢʘʧʶʰʦʥʘ ʟ ʢʘʩʢʦʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʽ ʥʘʜʽʡʥʦʩʪʽ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ, ʷʢʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ 

ʩʠʩʪʝʤʽ çʬʽʣʴʪʨ ï ʚʝʥʪʠʣʷʪʦʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï ʢʘʧʶʰʦʥè ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
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ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʚʝʥʪʠʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ. 

3. ɺʠʷʚʣʝʥʦ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʟʥʠʞʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʬʽʟʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

4. ʋʪʦʯʥʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ ʜʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʨʤʘʪʠʚʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʩʧʽʨʘʪʦʨʽʚ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

5. ɺʠʟʥʘʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʱʣ̔ʴʥʦʩʪʽ ʫʧʘʢʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʢʣʘʜʢʘʤʠ (Wʬ) ʜʦ ʾʭ ʚʠʩʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʟʨʦʩʪʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʧʣʘʩʢʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ. 

6. ʉʬʦʨʤʦʚʘʥʫ ʫʪʦʯʥʝʥʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʘ ʧʦʻʜʥʫʻ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ 

ʬʽʣʴʪʨʽʚ ʟ ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʘ ʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʽ 

ʚʠʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʩʪʚʦʨʝʥʦ ʧʽʜˇʨʫʥʪʷ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʬʽʣʴʪʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ; ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʨʝʞʠʤ ʜʠʭʘʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʭʠʙʢʫ ʥʝ ʙʽʣʴʰʝ 10 % ʚʽʜ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ; ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʬʽʣʴʪʨʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʤʽʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ 
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ʢʦʨʠʩʪʫʚʘʯʘ; ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ ʫ ʨʝʩʧʽʨʘʪʦʨʘʭ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʽʜ ʯʘʩ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʨʝʩʧʽʨʘʪʦʨ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʻ  ʁʢʘʧʶʰʦʥʘ ʟ ʫʜʘʨʦʟʘʭʠʩʥʦʶ ʢʘʩʢʦʶ, ʪʘ ʤʦʪʦʨʦʚʠʤ 

ʙʣʦʢʦʤ ʽʟ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ABS+), ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʽ 

ʩʝʥʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ (32 ʤʤ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʫ 

ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʫʤʦʚ ʧʨʘʮʽ ʪʘ ʚʠʢʦʥʫʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʪʠʧʫ (ʧʨʠʨʦʜʠ) 

ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʘʝʨʦʜʠʥʘʤʽʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʪʠʧʫ ʪʘ ʦʙôʻʤʫ ʩʦʨʙʝʥʪʫ ʪʘ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʜʽʘʧʘʟʦʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʙʽʣʴʰʝ 300 ppm, ʪʦʜʽ ʷʢ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦ 300 

ppm ʚʠʟʥʘʯʘʣʴʥʦʶ ʷʚʣʷʻʪʴʩʷ ʩʘʤʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʙʦʯʠʭ ʫʤʦʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʩʧʽʨʘʪʦʨ, ʩʢʦʤʙʽʥʦʚʘʥʠʡ ʬʽʣʴʪʨ, ʬʽʣʴʪʨʫʚʘʣʴʥʘ 

ʢʦʨʦʙʢʘ, ʢʘʧʶʰʦʥ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ, ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʨʠʟʠʢ, ʤʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. 
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In the dissertation, which represents a completed research work, an 

important scientific and practical problem in the field of occupational safety is 

addressed, namely ensuring that workers are provided with energy-efficient and 

ergonomic personal respiratory protective equipment for hazardous industrial 

conditions, capable of adapting to specific operational tasks. 

The solution to this problem was achieved by identifying the relationships 

between the userôs physical and cognitive energy expenditure and the effective 

duration of the protective action of the filtering system, which is determined by the 

dynamics of carbon dioxide accumulation in the internal volume of the protective 

hood and by the distribution of aerodynamic characteristics of the airflow in the 

undermask space. 

Additionally, the interrelationship between the pressure drop across 

respirator filters, the geometric parameters of filter cartridges, and the residual 

protective action time was taken into account, as this directly affects the userôs 

energy expenditure and the filtration efficiency of the filters.. 

In the first chapter , an in-depth analysis of the current state of 

development, manufacturing, and operation of filtering respiratory protective 

devices (RPDs), particularly respirators with filters, is presented. The evolution of 

design approaches for filtering respirators used in environments with high 

concentrations of dust, gases, and aerosols of various origins is examined. 

Existing design concepts for filtering RPDs are summarized, including the 

principles of forming aerodynamic channels, selecting filtering materials, and 

implementing structural solutions that ensure minimal breathing resistance while 

maintaining maximum air purification efficiency. A comparative analysis of 

classical and modern approaches to modeling airflow inside filters is provided. 

The requirements for combined RPDs, as regulated by current national and 

international standards, are considered in detail. Indicators determining the 

efficiency and safety of RPD use such as the penetration coefficient of harmful 

substances, breathing resistance, facepiece tightness, and ergonomic characteristics 

are analyzed. 
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Methods of isolating the respiratory organs from the environment are 

reviewed, particularly through the use of filtering half masks and full-face masks. 

The influence of geometric parameters, structural features, and materials of sealing 

elements on the overall protection factor of the user is examined. 

An analysis of the characteristics and structural features of existing powered 

filtering respirator (PFR) produced by leading global manufacturers 3M Versaflo 

TR-600, Honeywell North Primair PA7000, and Scott Safety Duraflow SRS was 

carried out. The results formed the basis for defining the technical requirements for 

the development of an improved PFR. 

An analysis of filtering materials used in the manufacture of modern RPDs 

is carried out. Fibrous, carbon-based, composite, and nanostructured materials are 

characterized, with attention to their properties, sorption characteristics, and 

resistance to aggressive environments. It is shown that the rational selection of 

materials directly affects the service life and efficiency of the filtering device. 

Methods for determining the protective time of filtering RPDs are analyzed. 

Existing experimental and computational approaches that allow forecasting the 

saturation point of the filtering layer with harmful substances are reviewed. The 

drawbacks of traditional methods, which fail to account for the uneven distribution 

of airflow within the filter, are identified. 

As a result of the conducted analysis, it is established that one of the key 

factors limiting the efficiency of filtering devices is the incomplete utilization of 

the active volume of the filtering material due to the formation of so-called ñdead 

spaceò. This leads to increased breathing resistance, reduced filter life, and higher 

energy expenditure for the user. 

Based on the obtained results, the necessity of improving the design of filter 

cartridges is substantiated, taking into account the aerodynamic characteristics of 

the airflow, the geometry of the housing, and the uniformity of air velocity 

distribution. The goals and objectives of further research are formulated, aimed at 

enhancing the efficiency of filtering material utilization, optimizing the structural 

parameters of RPDs, and extending their protective service life. 
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In the second chapter, the results of comprehensive studies aimed at 

improving the design of the facepiece of a filtering respirator are presented. The 

purpose of these improvements is to enhance ergonomic properties, user comfort, 

communication quality, and cognitive efficiency of workers during prolonged use 

of RPDs. 

The influence of wearing a protective hood on usersô cognitive parameters 

was assessed. Based on experimental testing, changes in reaction speed, attention, 

task accuracy, and decision-making time while working in different types of 

filtering respirators were determined. It was found that short-term use of a 

respirator not only does not reduce cognitive performance but also helps optimize 

the psychophysiological state by stabilizing breathing rhythm and increasing 

concentration. However, prolonged continuous wear may cause moderate fatigue 

due to changes in the microclimate under the facepiece. 

An improved design of the facepiece of a universal respirator was developed 

and experimentally tested. The new design incorporates a flexible multilayer 

material with enhanced elasticity, reducing local pressure on facial skin areas. The 

attachment and sealing system was refined to allow adaptation of the respirator to 

the individual anatomical features of users. A hood-shaped facepiece design was 

proposed, covering the head and neck to create a continuous protective shell 

without the localized pressure points typical of traditional respirators. This solution 

provides improved comfort and reduces the risk of skin irritation during extended 

wear. 

The air hose parameters were calculated and justified. The optimal diameter, 

length, and flexibility were determined to ensure stable delivery of clean air with 

minimal pressure loss. A hydrodynamic analysis was performed, taking into 

account flow turbulence and the potential for condensate accumulation. 

The impact of the protective hood on communication comfort was also 

evaluated. Speech intelligibility tests were conducted under real operating 

conditions, including during mobile device use. The speech clarity assessment 

method considered respirator type, material thickness and density, half-mask 
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shape, and distance from the sound source. It was found that the shape of the 

respirator significantly affects speech transmission quality: excessive material 

rigidity or a small internal cavity limits facial muscle movement and alters the 

acoustic properties of the voice. The improved hood design allows for more natural 

speech and facilitates communication among users. 

The effect of the protective hood on user performance was studied 

experimentally. Cardiopulmonary parameters, fatigue levels, and visual and 

auditory sensitivity were measured under conditions of increased physical activity. 

It was established that the optimized facepiece shape reduces thermal load, 

improves internal ventilation, and helps maintain stable performance over extended 

periods. A comparative analysis showed that users of hood-type respirators 

demonstrated 10-15% better results in comfort and fatigue resistance compared to 

those using standard models. 

The summary of this chapter indicates that improving the respirator 

facepiece through the use of a hood-type design ensures a comprehensive 

enhancement of ergonomic, cognitive, and functional characteristics of RPDs. This 

design reduces psychological strain, improves communication capabilities, and 

provides more effective user protection during prolonged operation. The obtained 

results can be applied in the design of next-generation respirators, focused on 

comfort, safety, and improved work efficiency. 

In the third chapter, the results of the development of a powered filtering 

respirator (PFR) with a hood are presented. The design aims to enhance user 

protection, improve breathing conditions, and reduce physiological strain when 

working in environments with high concentrations of dust, toxic gases, or 

biological agents. 

A general concept for the new PFR design with hood was formulated. The 

proposed system integrates a filter module, fan, control unit with sensor-based 

airflow monitoring, and a hood-type facepiece combined with a helmet. This 

design provides comprehensive protection of the head, face, neck, and respiratory 
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organs, enhances user comfort, simplifies donning and doffing, and eliminates 

movement restrictions. 

An FMEA risk analysis of the experimental design was conducted to 

identify potential system failures (fan, filtration unit, power supply elements, air 

delivery system) and determine ways to minimize them. A risk priority and 

mitigation table was developed, ensuring a high level of reliability and safety 

during operation. 

The direct design of the PFR with hood was carried out, consisting of three 

main components: the hood, the motor unit, and the air supply hose. 

The hood was designed using a composite multilayer material that combines 

mechanical strength, air tightness, and flexibility. A transparent anti-glare viewing 

panel and ventilation channels were incorporated to prevent fogging. The 

ergonomic hood shape ensures both a tight seal and comfort during prolonged 

wear. 

A compact motor unit was designed, featuring a fan driven by an energy-

efficient DC electric motor, a high-capacity lithium-ion battery, and an automatic 

control system that adjusts fan speed according to filter resistance. A charge level 

indicator and self-diagnostic module were included. 

The experimental prototype of the PFR with hood was evaluated for 

compliance with regulatory requirements in terms of filtration efficiency, noise 

level, ergonomics, and air tightness. Test results confirmed that the prototype fully 

meets the standard and can be certified for industrial use under chemical, 

biological, radiological, and technogenic hazard conditions. 

The results of experimental studies of the influence of the user's respiratory 

activity on the processes of mass exchange and purification of the gas mixture in 

the internal volume of the PFR with a hood are presented. To simulate real 

operating conditions, a breathing machine was used, configured for different lung 

ventilation modes corresponding to different levels of physical exertion. The 

studies were conducted both in the absence of air supply and during operation of 

the powered unit. The results obtained confirm the need to take into account the 
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intensity of breathing when modeling mass exchange in the hood and can be used 

to improve methods for assessing the effectiveness of respiratory systems during 

real operational loads. 

A mathematical model of the PFR with hood was developed to describe the 

relationship between fan operating parameters, filter resistance, hose system 

geometry, and the rate of clean air delivery to the breathing zone. The model 

allowed determination of optimal airflow modes depending on the userôs level of 

physical activity, ensuring stable pressure and comfortable breathing. The 

theoretical results were consistent with experimental data. 

In the fourth  chapter, the results of theoretical and experimental studies 

aimed at improving the design and determining the optimal parameters of 

combined filters for universal respirators are presented. These filters combine high 

air purification efficiency, long protective time, and ease of use under various 

industrial conditions. 

An analysis of the influence of working conditions on the use of combined 

filters was conducted. The relationship between the userôs physical workload, the 

volume of inhaled air, and the rate of saturation of filtering layers with harmful 

substances was established. It was determined that as energy expenditure increases, 

the protective time of filters decreases by up to 40%, due to the accelerated rate of 

substance adsorption. 

The influence of geometric parameters of the filter cartridges in combined 

RPDs on protective performance was investigated. Through modeling and 

experimental testing, optimal ratios between housing dimensions, sorbent volume, 

and filter layer thickness were determined to ensure uniform airflow distribution 

and minimal pressure drop. In particular, the advantages of cylindrical 

constructions with a modified inlet flow were demonstrated, as they allow for more 

efficient utilization of the active volume of the sorbent compared to flat filters. 

Patterns for the rational design of combined filters were identified. Based on 

the generalization of theoretical and experimental results, principles for combining 

physical and chemical filtration were formulated. The influence of the ratio 
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between mechanical cleaning layers and the sorption layer on overall efficiency 

and protective duration was determined. Recommendations were developed to 

increase the degree of air purification while maintaining the ergonomic qualities of 

the respirator. 

Approaches to alerting users about the end of the service life of combined 

fil ters were improved. An innovative design solution was proposed  the integration 

of an aromatic indicator placed in a sodium-chloride capsule, which changes the 

organoleptic properties of inhaled air when the sorption capacity of the filter is 

exhausted. This approach enables timely user notification about the need for filter 

replacement without the use of complex electronic systems. 

A software system for predicting the protective time of combined filters was 

developed. The software suite was designed considering user breathing parameters, 

working mode, geometry of filtering elements, and airflow distribution. The 

forecasting algorithm is based on modeling filtration processes and the 

accumulation of harmful substances within the porous structure of the material. 

The developed system enables real-time estimation of the remaining filter service 

life and optimization of its design for specific operating conditions. 

As a result of the conducted research, patterns of interdependence between 

working loads, filter design parameters, and their effective service life were 

established. The scientific foundations for creating next-generation combined 

filters were substantiated filters that integrate high filtration efficiency, low 

breathing resistance, and intelligent indication systems. The developed structural 

and software-analytical solutions provide a basis for further automation of filter 

condition monitoring and for enhancing the reliability of RPD. 

In the fifth  chapter, the results of theoretical and experimental studies, as 

well as computer simulations, aimed at developing a rational design of a universal 

filtering respirator that provides increased air purification efficiency with reduced 

breathing resistance and stable operational characteristics, are presented. 

The influence of the filter cartridge design on the filtration process is 

examined. The methodology for studying changes in pressure drop across various 
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filter cartridge configurations is described in detail, allowing for a quantitative 

assessment of design efficiency based on aerodynamic parameters. A series of 

experiments revealed that the shape of the cartridge, itsô volume, and the 

arrangement of inlet and outlet openings significantly affect breathing resistance. 

In particular, models with smooth contours and circular openings demonstrated the 

lowest pressure drop, indicating a more uniform distribution of airflow. 

The results of computer simulations conducted in the SolidWorks 

environment are presented, where the movement of air inside cartridges with 

different outlet positions was analyzed. The simulations confirmed the presence of 

uneven flow zones (ñdead spacesò) in non-optimal designs, which reduce the 

utilization of the active filter layer. These findings served as the basis for selecting 

the optimal geometry of the filter housing. 

The main configuration parameters of filters that influence their protective 

properties were identified. A theoretical analysis of the relationships between the 

thickness, surface area, packing density of pleated layers, and air purification 

efficiency was performed. Based on analytical and empirical data, an algorithm for 

calculating the configuration coefficient was formulated, allowing determination of 

optimal filter parameters to ensure minimal airflow resistance. 

The simulation results of changes in filter protective properties depending on 

their configuration, carried out in SolidWorks, showed that increasing the pleat 

angle and ensuring a uniform distribution of airflow channels lead to improved 

filtration efficiency without a significant increase in resistance. Laboratory studies 

confirmed the theoretical results and enabled a quantitative assessment of how 

structural parameters affect the respiratorôs protective service life. 

The influence of the inlet design of filter cartridges on airflow through the 

filter body was also investigated. It was found that the use of inlets with rounded 

edges and smooth transitions significantly reduces flow turbulence and pressure 

losses, directly enhancing breathing comfort for the user. 

A separate section addresses the development of a filter protection time 

monitoring system. An intelligent design was proposed, incorporating a sensor unit 
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and a lever mechanism to track the degree of saturation of the filtering material 

with harmful substances. The developed system allows real-time assessment of the 

filterôs remaining service life, timely signaling of the need for replacement, and 

ensures consistently high protective efficiency. 

The summary of the second chapter established a correlation between the 

geometric characteristics of the filter cartridge, the filter configuration, and the 

protective time. The obtained analytical relationships and simulation results 

formed the foundation for developing a universal filtering respirator with 

optimized parameters, providing enhanced protection efficiency, ergonomics, and 

ease of use. 

Scientific propositions defended in the dissertation: 

1. For powered filtering respirators with a hood, increasing the air flow rate 

from 60 to 200 dm
3
/min. causes a reduction in internal pressure fluctuations 

(ʈmax/ʈmin) depending on the size of the facepiece, namely: from 1.22 to 1.16 for 

size M and from 1.11 to 1.108 for size L, while increasing the amplitude of speed 

fluctuations (Vmax/Vmin) by 1.2 times. At the same time, the cleaning time is 

reduced by 3.3 times regardless of the type of hood, which allows predicting the 

intensity of the load and energy consumption of the user. 

2. The effective time of volumetric air renewal in the hood of a powered 

filtering respirator is described by a theoretically justified inversely proportional 

dependence on the air flow rate, taking into account the experimentally obtained 

correction factor, which allows us to take into account not only the geometric 

parameters of the facepiece, but also the dynamics of mass exchange caused by 

lung ventilation, with the correction factor exceeding 1 at a volumetric air flow rate 

of up to 30 dmį/min, while with an increase in the volumetric air flow rate to the 

range of 30-60 dmį/min, its value becomes less than 1. 

3. It has been experimentally proven that the aerodynamic resistance on an 

anti-aerosol filter is a function not only of the geometric parameters of the filter 

itself and the properties of the filtering medium, but also of the experimentally 

determined configuration coefficient of the pleated filter, which is in the range 
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from 0.2 to 0.7, and determines the nature of the flow and, thereby, allows us to 

predict the ergonomic characteristics of the pleated filter still at the design stage. 

The scientific novelty of the obtained results is as follows: 

1. A new design concept of a powered filtering respirator has been improved 

to include automatic airflow regulation, a sensor-based monitoring system, and the 

integration of the hood with a helmet, ensuring a high level of protection and 

reliability. 

2. A new mathematical model of the operation of a powered filtering 

respirator has been developed. The model describes the changes in pressure and 

airflow in the "filterïfanïair hoseïhood" system, enabling the assessment of the 

stability and efficiency of powered filtering respirator operation under different 

ventilation modes based on the systemôs transfer function. 

3. A nonlinear relationship has been established between user energy 

expenditure, the concentration of harmful substances, and filter performance, 

which determines the reduction of protective time under increased physical load. 

4. Refined analytical dependencies between user energy expenditure and 

protective time have been further developed and can be applied in establishing 

operational standards for respirators under various industrial conditions. 

5. The regularity of the variation in the configuration coefficient of filtering 

materials depending on fiber packing density and the ratio of the distance between 

pleats (Wf) to their height has been determined. This makes it possible to justify 

the increase in the initial pressure drop of a pleated filter compared to a flat one 

and to establish the optimal geometric parameters of filter cartridges. 

6. A refined model of airflow distribution model over the surface of a 

pleated filter has been refined. It now accounts not only for the geometric shape of 

the filters and the incoming airflow rate but also for the arrangement of inlet and 

outlet openings in the filter cartridges, allowing for maximal utilization of the 

filtering material surface. 

The practical significance of the obtained results lies in the creation of a 

foundation for developing new filtering personal respiratory protective equipment, 
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which includes an algorithm for calculating the configuration coefficient that can 

be used in the design of new filter types to ensure optimal air permeability 

parameters; a software package for predicting the protective tine of filters that 

takes into account airflow distribution, breathing patterns, and user energy 

expenditure, providing an error margin of no more than 10% compared to real 

data; a system for monitoring pressure drop and residual filter capacity, which 

enables timely detection of the moment for filter replacement and enhances user 

safety; a methodology for evaluating speech intelligibility while wearing 

respirators, which can be applied during certification testing of new personal 

protective equipment models. 

A powered filtering respirator has been developed, which differs from 

existing designs by incorporating a hood with a helmet against impact, a motor unit 

made of modern materials (ABS+), a brushless electric motor, and a sensor system 

based on an Arduino microcontroller. In addition, the optimal air duct diameter (32 

mm) has been determined, ensuring efficient air delivery in accordance with 

working conditions and the nature of the performed task. 

The effective protective time of gas filters depends not only on the 

concentration and type (nature) of the hazardous substance, the environmental 

climatic parameters, the aerodynamics of the filter housing, the type and volume of 

sorbent, and the userôs physical workload, but also on the processes of CO  

accumulation and renewal of the air environment in the under-hood breathing 

space. These factors become decisive when the hazardous substance concentration 

exceeds 300 ppm, while at concentrations below 300 ppm the determining factor is 

the concentration of the hazardous substance itself. 

Key words: respirator, combined filter, filter cartridge, hood, protection 

factor, aerodynamic characteristics, modeling, risk, powered filtering device. 
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ʊʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 

ɹʘʛʘʪʦʪʠʧʥʠʡ ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ ï ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʙʽʣʴʰ ʥʽʞ ʦʜʥʦʛʦ ʪʠʧʫ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ. 

ɺʠʟʥʘʯʝʥʠʡ ʚʠʨʦʙʥʠʢʦʤ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ï ʚʠʟʥʘʯʝʥʠʡ ʚʠʨʦʙʥʠʢʦʤ 

ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʘ ʚʠʨʦʙʥʠʢʦʤ ʤʽʥʽʤʘʣʴʥʘ 

ʦʙ'ʻʤʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ. 

ɿʘʩʽʙ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ɿɯɿʆɼ) ï ʟʘʩʽʙ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʭʠʩʪʫ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʚʜʠʭʘʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʝ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʟʜʦʨʦʚôʷ. 

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʾ ʘʪʤʦʩʬʝʨʠ ʚ ʣʠʮʝʚʫ ʯʘʩʪʠʥʫ ʟ ʫʩʽʭ ʜʞʝʨʝʣ, ʚʨʘʭʦʚʫʶʯʠ ʬʽʣʴʪʨ 

ʘʙʦ ʘʧʘʨʘʪ, ʟʘʤʽʨʷʥʠʡ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʟʥʘʯʝʥʦʶ 

ʚʠʧʨʦʙʦʚʫʚʘʣʴʥʦʶ ʘʪʤʦʩʬʝʨʦʶ. ʈʦʟʨʘʭʦʚʫʶʪʴ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʂʘʧʶʰʦʥ ï ʚʽʣʴʥʦ ʧʨʠʧʘʩʦʚʘʥʘ ʣʠʮʝʚʘ ʯʘʩʪʠʥʘ, ʷʢʘ ʟʘʢʨʠʚʘʻ ʦʙʣʠʯʯʷ 

ʪʘ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʚʘʪʠ ʛʦʣʦʚʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ï ʧ̔ ʜʩʤʦʢʪʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʾ 

ʘʪʤʦʩʬʝʨʠ ʚ ʣʠʮʝʚʫ ʯʘʩʪʠʥʫ ʟ ʫʩʽʭ ʜʞʝʨʝʣ, ʟʘ ʚʠʥʷʪʢʦʤ ʬʽʣʴʪʨʽʚ, ʟʘʤʽʨʷʥʝ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʟʥʘʯʝʥʦʶ ʘʪʤʦʩʬʝʨʦʶ. ʈʦʟʨʘʭʦʚʫʶʪʴ ʫ 

ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʝʥʥʷ ï ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʱʦ ʦʤʠʥʘʶʯʠ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʧʽʚʤʘʩʢʫ ʘʙʦ ʬʽʣʴʪʨʠ ʥʘʜʭʦʜʠʪʴ ʧʨʠ 

ʜʠʭʘʥʥʽ ʫ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʢʨʽʟʴ ʥʝʱʽʣʴʥʦʩʪʽ ʧʦ ʩʤʫʟʽ ʦʙʪʶʨʘʮʽʾ ʪʘ 

ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚʫʟʣʽʚ ʢʣʘʧʘʥʽʚ ʚʜʠʭʫ/ʚʠʜʠʭʫ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ (ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ). 

ʄʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ï ʬ̔ ʣʴʪʨʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʫ 

ʷʢʦʤʫ ʧʦʚʽʪʨʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʧʶʰʦʥʘ ʘʙʦ ʢʘʩʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ, 

ʷʢʠʡ ʧʝʨʝʥʦʩʠʪʴ ʢʦʨʠʩʪʫʚʘʯ. 
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ʅʦʤʽʥʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʧʘʨʘʪʘ, ʚʠʟʥʘʯʝʥʠʡ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʟ 

ʦʙ'ʻʤʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ.  

ʆʧʽʨ ʜʠʭʘʥʥʶ ī ʦʧʽʨ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʧʽʜ ʯʘʩ ʚʜʠʭʘʥʥʷ (ʦʧʽʨ ʚʜʠʭʫ) ʘʙʦ 

ʚʠʜʠʭʘʥʥʷ (ʦʧʽʨ ʚʠʜʠʭʫ) ʧʦʚʽʪʨʷ, ʱʦ ʩʪʚʦʨʶʻ ʨʝʩʧʽʨʘʪʦʨ ʘʙʦ ʡʦʛʦ ʩʢʣʘʜʦʚʽ 

(ʬʽʣʴʪʨ(ʠ), ʢʣʘʧʘʥʠ ʚʜʠʭʫ ʽ ʚʠʜʠʭʫ). ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ ʦʧʦʨʫ ï ʇʘ ʘʙʦ ʤʙʘʨ (1 

ʤʙʘʨ = 100 ʇʘ). 

ʇʨʦʪʠʘʝʨʦʟʦʣʴʥʠʡ ʬʽʣʴʪʨ ï ʬʽʣʴʪʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʜʘʣʷʥʥʷ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʦʚʽʪʨʽ. 

ʇʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ ï ʬ̔ ʣʴʪʨ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʜʘʣʷʥʥʷ 

ʚʠʟʥʘʯʝʥʠʭ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʟ ʧʦʚʽʪʨʷ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʴʦʛʦ. 

ʉʢʦʤʙʽʥʦʚʘʥʽ ʬʽʣʴʪʨʠ ï ʧʨʦʪʠʛʘʟʦʚʽ ʯʠ ʙʘʛʘʪʦʪʠʧʥʽ ʧʨʦʪʠʛʘʟʦʚʽ 

ʬʽʣʴʪʨʠ, ʩʢʦʤʙʽʥʦʚʘʥʽ ʟ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʤ ʬʽʣʴʪʨʦʤ. 

ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ī 

ɿɯɿʆɼ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʧʨʠ ʚʤʽʩʪʽ ʢʠʩʥʶ ʚ ʦʪʦʯʫʶʯʦʤʫ ʧʦʚʽʪʨʽ 

²17% (ʟʘ ʦʙôʻʤʦʤ) ʪʘ ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʥʷ ʚʤʽʩʪʫ ʚʽʜʦʤʠʭ ʰʢʽʜʣʠʚʠʭ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʜʦʤʽʰʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ɿɯɿʆɼ ʟʘʙʦʨʦʥʝʥʦ ʫ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʪʘ ʧʦʛʘʥʦ ʧʨʦʚʽʪʨʶʚʘʥʠʭ ʦʙôʻʢʪʘʭ ʤʘʣʦʛʦ ʦʙôʻʤʫ 

(ʮʠʩʪʝʨʥʘʭ, ʢʦʣʦʜʷʟʷʭ, ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʧʝʯʘʭ ʪʦʱʦ). 

ʌʽʣʴʪʨ ï ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʣʫʯʘʥʥʷ ʟʽ ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ 

ʪʦʢʩʠʯʥʠʭ ʘʝʨʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʘʙʦ/ʽ ʛʘʟʽʚ ʪʘ ʧʘʨʽʚ. 

ʌʘʢʪʠʯʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʧʘʨʘʪʘ, ʚʠʟʥʘʯʝʥʠʡ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʟ 

ʦʙ'ʻʤʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ ʟʛʽʜʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʩʪʘʥʜʘʨʪʦʤ.  
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ʉʢʦʨʦʯʝʥʥʷ  

 

ɿɯɿ ï ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ; 

ɿɯɿʆɼ ï ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ; 

ʂɿʈ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʘ; 

ʊɿ ï ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ; 

ʊʆɺ ï ʪʦʚʘʨʠʩʪʚʦ ʟ ʦʙʤʝʞʝʥʦʶ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ; 

ʅɺʇ ï ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ; 

ʊʈ ɿɯɿ ï ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ; 

ESLI - ʽʥʜʠʢʘʪʦʨ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ; 

NIOSH ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ 

ɸʤʝʨʠʢʠ; 

ʉʐɸ ï ʉʧʦʣʫʯʝʥʽ ʐʪʘʪʠ ɸʤʝʨʠʢʠ; 

ɻɼʂ ï ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ; 

CFD ï ʤʝʪʦʜʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ; 

ʊʈɼʊ ï ʪʦʥʢʦʧʣʽʚʢʦʚʠʡ ʨʝʟʠʩʪʠʚʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ ; 

PEF ï ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʠʜʠʭʫ, ʣ/ʭʚ.;  

FEV1 ï ʦʙôʻʤ ʬʦʨʩʦʚʘʥʦʛʦ ʚʠʜʠʭʫ ʟʘ ʧʝʨʰʫ ʩʝʢʫʥʜʫ, ʣ; 

RPN ï ʯʠʩʣʦ ʧʨʽʦʨʠʪʝʪʫ ʨʠʟʠʢʫ. 

 

ʇʦʟʥʘʯʝʥʥʷ ʚ ʬʦʨʤʫʣʘʭ 

ʘ, b ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ 

ʧʽʚʤʘʩʦʢ; 

ʘʢ, bʢ ʽ ʩʢ ï ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ, ʜʽʘʤʝʪʨʫ ʚʦʣʦʢʦʥ ʪʘ ʱʽʣʴʥʦʩʪʽ ʾʭ ʫʧʘʢʫʚʘʥʥʷ) ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ (ʚʠʩʦʪʠ ʩʢʣʘʜʢʠ) ; 

a1, a1*  ï ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʪʠʤʽʟʘʮʽʾ; 

bs ï ʟʩʫʚ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʣʽʥʽʾ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʚʽʜʥʦʩʥʦ ʥʫʣʷ, ʇʘ; 

Cʥʝʦʜʥ ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʬʦʨʤʠ ʬʽʣʴʪʨʘ; 

ʉʊ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ; 
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Cʚʜʠʭ(x) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʽʜʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʦʙʦʚʽʜʙʽʨʥʠʢ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʚʜʠʭʫ, ʤʛ/ʤ
3
; 

Cʚʠʜʠʭ(x) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʽʜʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʦʙʦʚʽʜʙʽʨʥʠʢ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʚʠʜʠʭʫ, ʤʛ/ʤ
3
; 

ʉ̔ ï ʰʫʢʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʤʛ/ʤ
3
; 

ʉ0 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʦʚʽʪʨʽ, ʤʛ/ʤ
3
; 

Cʨ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʥʠʢʥʝʥʥʷ, ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ/ʩʤ
3
; 

ʉppm ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ppm; 

Cʬʘʢʪ ï ʚʠʤʽʨʷʥʘ ʧʨʠʣʘʜʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʤʛ/ʤ
3
; 

Cʢʦʨ ï ʧʽʜʤʘʩʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟ ʢʦʨʝʢʮʽʻʶ ï ʦʮʽʥʢʘ ʨʝʘʣʴʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CT ʧʨʠ ʚʜʠʭʫ, ʤʛ/ʤ
3
; 

ʉ1 ʪʘ ʉ2 ï ʢʦʥʩʪʘʥʪʠ; 

ʉV ï ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ; 

D ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚʽʜʤʦʚʠ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ, ʙʘʣ; 

dʚ ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʦʪʚʦʨʽʚ ʤʽʞ ʦʙʪʶʨʘʪʦʨʦʤ ʽ ʦʙʣʠʯʯʷʤ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʤ; 

dʤʘʥ ï ʜʽʘʤʝʪʨ ʤʘʥʞʝʪʠ ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʤ; 

dʰʣ ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʤ; 

f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; 

f(Re) - ʬʫʥʢʮʽʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʝʞʠʤʫ ʪʝʯʽʾ; 

f(Wʨʦʙ) ï ʢʦʨʠʛʫʚʘʣʴʥʘ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ ʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ; 

fi(x) ï ʦʮʽʥʶʚʘʥʘ ʤʘʩʦʚʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʢ; 

fa(x) ï ʚʠʤʽʨʷʥʘ ʤʘʩʦʚʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʢ ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ, ʷʢʘ ʻ 

ʚʠʤʽʨʷʥʦʶ ʩʪʘʮʽʦʥʘʨʥʠʤ ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʧʝʨʝʥʦʩʥʠʤ ʧʨʠʣʘʜʦʤ ɻɼʂ; 

g(L/w) - ʬʫʥʢʮʽʷ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʜʦ ʰʠʨʠʥʠ ʬʽʣʴʪʨʘ; 

gc ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʤ/ʩ
2
; 

GM ï ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ, ʤʢʤ; 

H - ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ, ʤʢɿʚ; 
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Hf ï ʤʘʩʘ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʫ ʬʽʣʴʪʨʽ, ʛ;  

h ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ; 

h1, h2 ï ʰʠʨʠʥʘ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʢʘʥʘʣʽʚ ʩʢʣʘʜʦʢ ʬʽʣʴʪʨʘ; 

hʩʢʣ ï ʚʠʩʦʪʘ ʩʢʣʘʜʢʠ, ʤ; 

ʂʟ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʘ; 

ʂʧ - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʝʥʥʷ ʢʨʽʟʴ ʬʽʣʴʪʨ(ʠ), %; 

ʂʧʦ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ, %; 

kʬ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʬʽʣʴʪʨʘ, ʤ
5
/ʅĿc; 

kʧʦ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʱʽʣʠʥ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʦ ʩʤʫʟʽ ʦʙʪʶʨʘʮʽʾ, 

ʤ
5
/ʅĿc; 

K ï ʩʪʘʮʽʦʥʘʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ; 

ʂɦ  ï ʢʦʝʬʽʮʽʻʥʪ ʱʽʣʴʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʣʷʛʘʥʥʷ 

ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʝʩʧʽʨʘʪʦʨʘ ʜʦ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

kV  - ʢʦʝʬʽʮʽʻʥʪ ʥʘʭʠʣʫ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʣʽʥʽʾ ʜʘʪʯʠʢʘ ʪʠʩʢʫ, ʇʘ/ɺ; 

kv ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ, ʭʚ
-1
; 

Ki - ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ; 

ʂʤʘʩʰ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫʚʘʥʥʷ (10
-6
) ; 

ʂʧʨ.ʬ.ʰ. ï ʧʨʦʥʠʢʥʽʩʪʴ ʬʽʣʴʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤ
2
; 

ʂʬʦʨʭ ï ʧʨʦʥʠʢʥʽʩʪʴ ʌʦʨʭʛʝʡʤʝʨʘ, ʤ; 

ʂʛʝʦʤ ï ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʬʽʣʴʪʨʘ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ; 

Kʱ.ʩʢʣ ï ʢʦʝʬʽʮʽʻʥʪ ʱʽʣʴʥʦʩʪʽ ʫʢʣʘʜʢʠ ʩʢʣʘʜʦʢ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ 

ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚ ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ (0.9ï1.1); 

LD(x) ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʦʨʛʘʥʠ 

ʜʠʭʘʥʥʷ; 

LP(x) ï ʬʫʥʢʮʽʷ ʧʨʦʥʠʢʥʝʥʥʷ ʯʘʩʪʦʢ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ (ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ) ; 

Lʬ ï ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ, ʤ; 

Lʰʣ - ʜʦʚʞʠʥʘ ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʤ; 

lʩʢʣ ï ʜʦʚʞʠʥʘ ʩʢʣʘʜʢʠ, ʤ; 

N ï ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʯʦʣ.; 
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Npulse ï ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʦʥʪʨʦʣʝʨ Arduino ʚʽʜ 

ʜʘʪʯʠʢʘ ʨʽʚʥʷ ʨʘʜʽʘʮʽʾ; 

n ï ʢʽʣɹʢʽʩʪʴ ʩʢʣʘʜʦʢ ʬʽʣʴʪʨʘ; 

nʧʦʪ - ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʦʢʫ (ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ n=1, ʜʣʷ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ nι1) ; 

n  ̔ ï ʢʽʣʴʢʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʥʘʥʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ; 

ʆ ï ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʚʽʜʤʦʚ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ, ʙʘʣ; 

P0 ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʟʘʧʫʩʢʫ ʧʨʠʣʘʜʫ, 

ʇʘ; 

ȹʈ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ; 

ʈʬ ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʬʽʣʴʪʨʦʤ, ʇʘ;  

ʈʧʦʯ ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟ ʬʽʣʴʪʨʘ, 

ʇʘ; 

ʈɯ 1,2 ï ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʝʨʝʜ ʬʽʣʴʪʨʦʤ ʥʘ ʧʝʨʰʽʡ ʩʢʣʘʜʮʽ ʪʘ 

ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʢʠ, ʇʘ;  

ʈɽ 1,2 - ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʟʘ ʬʽʣʴʪʨʦʤ ʥʘ ʧʝʨʰʽʡ ʩʢʣʘʜʮʽ ʪʘ 

ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʢʠ, ʇʘ;  

ʈmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʇʘ; 

ʈmin ï ʤʽʥʽʤʘʣʴʥʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʇʘ; 

pi ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʟʨʦʟʫʤʽʣʠʭ ʩʣʽʚ ʩʣʫʭʘʯʝʤ, ʦʜ;  

pp ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ, ʷʢʘ ʚʠʤʦʚʣʷʣʘʩʴ ʦʜʥʠʤ ʧʨʦʤʦʚʮʝʤ, ʦʜ.; 

Q0 ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʤ
3
/ʩ; 

Qʧʦʛ ï ʚʝʣʠʯʠʥʘ ʧʦʛʽʨʰʝʥʥʷ ʨʽʚʥʷ ʧʨʦʤʦʚʣʷʥʥʷ; 

Qʬ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʜʤ
3
/ʭʚ.;  

Qʧʦ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʘʟʦʨʠ, ʜʤ
3
/ʭʚ. 

Qʚ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʚʠʪʦʢʠ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ, ʜʤ
3
/ʭʚ;  

Qi ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ -̔ʦʾ ʪʦʯʢʠ, ʜʤ
3
/ʭʚ.; 

Rʬ ï ʨʘʜʽʫʩ ʬʽʣʴʪʨʫʶʯʦʾ ʢʦʨʦʙʢʠ, ʤʤ;  

r ï ʨʘʜʽʫʩ ʢʦʚʧʘʯʢʘ, ʤʤ; 
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Rd ï ʜʽʘʤʝʪʨ ʨʽʟʴʙʣʝʥʥʷ ʟôʻʜʥʫʚʘʯʘ ʬʽʣʴʪʨʘ, ʤ; 

Rʢʣ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʢʣʘʧʘʥʘ, ʇʘÅʩ/ʤ;  

Rʬ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ, ʇʘÅʩ/ʤ; 

Rʬʤ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ, ʇʘÅʩ/ʤ; 

RPN ï ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʠʟʠʢʫ; 

Rʬʢ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʬʽʣʴʪʨʘ, ʇʘÅʩ/ʤ, ʇʘ;  

S ï ʩʝʨʡʦʟʥʽʩʪʴ ʚʽʜʤʦʚʠ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ, ʙʘʣ; 

Sh ʣ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʰʣʘʥʛʘ, ʤ
2
; 

Sʬ ï ʛʝʦʤʝʪʨʠʯʥʘ ʧʣʦʱʘ ʬʽʣʴʪʨʘ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ, 

ʤ
2
; 

S̔ ï ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʘ 

ʦʪʨʠʤʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

SD(x) ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʚʭʦʜʽ ʚ ʟʦʥʜ ʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʣʽʥʽʾ; 

SBʚʜʠʭ(x) - ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʜʠʭʫ ʯʝʨʝʟ ʤʽʩʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʦʙʦʚʽʜʙʽʨʥʦʛʦ ʟʦʥʜʘ ʘʙʦ ʡʦʛʦ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ;  

Sʅʚʜʠʭ(x) ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʰʣʷʭʦʤ ʾʭ ʫʣʦʚʣʶʚʘʥʥʷ ʯʝʨʝʟ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ; 

SBʚʠʜʠʭ(x) ï ʧʦʭʠʙʢʘ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʧʨʠ ʚʠʜʠʭʫ;  

Sʅʚʠʜʠʭ(x) ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʰʣʷʭʦʤ ʾʭ ʫʣʦʚʣ ʚʁʘʥʥʷ ʚʦʣʦʛʽʩʪʶ ʧʦʚʽʪʨʷ; 

t ï ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʝʩʧʽʨʘʪʦʨʽ, ʭʚ.;  

tʦʯ ï ʯʘʩ ʦʯʠʱʝʥʥʷ/ʟʘʤʽʥʠ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ, ʩ; 

tʬ ï ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ.;  

ʊʬʢ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʭʚ. ; 

ʊʬʘʢʪ ï ʨʝʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ.; 

ʊʥʦʨʤ ï ʥʦʨʤʘʪʠʚʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, 

ʭʚ.; 

Tʚʜʠʭ ï ʚʽʜʥʦʩʥʘ ʪʨʠʚʚʘʣʽʩʪʴ ʬʘʟʠ ʚʜʠʭʫ, ʩ; 
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V ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʤ/ʩ; 

Vʥʘʧʨ ï ʝʣʝʢʪʨʠʯʥʘ ʥʘʧʨʫʛʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʘʪʯʠʢ (0-5ɺ), ɺ; 

Vʤʽʩʮ - ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʫ ʧʝʚʥʽʡ ʟʦʥʽ, ʤ/ʩ; 

Vf ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʤʘʪʝʨʽʘʣ, ʤ/ʩ; 

V i ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, ʩʤ
3
/ʭʚ; 

Vʛʦʣ ï ʦʙôʻʤ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ (ʧʨʠʙʣʠʟʥʦ), ʤ
3
; 

Vʟʘʛ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʬʽʣʴʪʨʘ, ʩʤ
3
; 

Vʟʘʛ.ʢ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʢʘʧʶʰʦʥʫ, ʤ
3
; 

Vʜʽʻʚ ï ʦʙôʻʤ ʬʽʣʴʪʨʘ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ, ʩʤ
3
; 

Vmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ 

(ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ), ʤ/ʩ; 

Vminï ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ (ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ), ʤ/ʩ 

Vʩʝʨ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ (ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ), ʤ/ʩ; 

VE ï ʭʚʠʣʠʥʥʘ ʚʝʥʪʠʣʷʮʽʷ, ʜʤ
3
/ʭʚ.; 

We ï ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʛ/ʛ; 

W ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʢʛ/ʩ;  

f(Wʨʦʙ) ï ʢʦʨʠʛʫʚʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ; 

Wʬ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʢʣʘʜʢʘʤʠ, ʤ; 

X  ̔ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʘ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʉʧʝʮʽʘʣʴʥʽ ʟʥʘʢʠ 

ɓ, ɚ ï ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʣʽʥʽʡʥʦʩʪʽ; 

ɔ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʩʢʣʘʜʢʠ ʬʽʣʴʪʨʘ; 

ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʬʦʨʤʘʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʩʢʣʘʜʯʘʩʪʦʾ ʬʦʨʤʠ; 

ŭʟʘʟ ï ʟʘʟʦʨ ʤʽʞ ʪʢʘʥʠʥʦʶ ʪʘ ʰʠʻʶ ʢʦʨʠʩʪʫʚʘʯʘ, ʤ; 
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ȹpʤ(ʨ) ï ʟʤʽʥʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ ʤʘʩʮʽ; 

ȹn(ʨ) ï ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ; 

ɛ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʇʘ ʩ;  

ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, (1,2) ʢʛ/ʤ
3
; 

ɟc ï ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ ʛʨʘʥʫʣ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʛ/ʩʤ
3
; 

ɢ - ʙʝʟʨʦʟʤʽʨʥʘ ʧʦʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʘ ʧʝʚʥʦʾ ʪʦʯʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ;  

Re - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; 

ŰQ ï ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ, ʩ; 

‐̍́ ̎ï ʤʽʩʮʝʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʤʘʥʞʝʪʠ (1,2); 

Ůʪʝʭʥ ï ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʦʭʠʙʢʘ ʘʙʦ ʟʘʧʘʩ ʥʘ ʟʤʠʥʘʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʥʝʪʦʯʥʦʩʪʽ ʟʛʠʥʘʥʥʷ ʘʙʦ ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʦʢ; 

Ů ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘ ʚʭʦʜʽ (ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ);  

Ů  ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘ ʚʠʭʦʜʽ (ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʦʢʫ); 

ů ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

ůʨʝʟ ï ʚʽʜʭʠʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, %; 

В‚̨̗̍̒ - ʩʫʤʘʨʥʽ ʤʽʩʮʝʚʽ ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʯʝʨʝʟ ʦʧʽʨ (0,5) ; 

ɚhʣ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʰʣʘʥʛʘ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʠ 

ʪʘ ʩʠʩʪʝʤ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʣʶʜʠʥʘ ʧʦʩʪʽʡʥʦ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʨʛʘʥʠ 

ʜʠʭʘʥʥʷ. ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʧʠʣʦʤ, ʛʘʟʘʤʠ, ʘʝʨʦʟʦʣʷʤʠ, ʘ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʽ 

ʟʘʛʨʦʟʠ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʧʘʥʜʝʤʽʷʤʠ ʪʘ ʣʦʢʘʣʴʥʠʤʠ ʩʧʘʣʘʭʘʤʠ ʽʥʬʝʢʮʽʡ, 

ʬʦʨʤʫʶʪʴ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ (ɿɯɿʆɼ). ɽʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ, ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ. 

ʊʨʘʜʠʮʽʡʥʦ ɿɯɿʆɼ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʜʠʥ ʪʠʧ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ. ʇʨʦʪʠʘʝʨʦʟʦʣʴʥʽ ʨʝʩʧʽʨʘʪʦʨʽ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʪʚʝʨʜʠʭ ʪʘ ʨʽʜʢʠʭ ʯʘʩʪʠʥʦʢ. ʇʨʦʪʠʛʘʟʦʚʽ ʨʝʩʧʽʨʘʪʦʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʚʽʜ ʣʝʪʢʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʠʛʣʷʜʽ ʛʘʟʫ ʘʙʦ ʧʘʨʫ, ʘ 

ʨʝʩʧʽʨʘʪʦʨʠ ʧʨʦʪʠ ʙʽʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʫ ʤʝʜʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ ʽ ʟʤʫʰʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʦʜʥʦʯʘʩʥʦ, ʱʦ ʻ ʥʝʟʨʫʯʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʦ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ. 

ʅʘʫʢʦʚʠʡ ʧʨʦʛʨʝʩ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʽʚ. ʅʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ 

ʘʜʩʦʨʙʝʥʪʠ ʪʘ ʩʢʦʤʙʽʥʦʚʘʥʽ ʬʽʣʴʪʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʬʽʣʴʪʨʘʮʽʶ 

ʰʢʽʜʣʠʚʠʭ ʯʘʩʪʦʢ, ʛʘʟʽʚ, ʧʘʨʽʚ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʘʛʝʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʯʠ 

ʤʘʩʫ ʪʘ ʛʘʙʘʨʠʪʠ ʧʨʠʩʪʨʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʟʦʢʨʝʤʘ ʜʘʪʯʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʩʫʨʩʫ ʬʽʣʴʪʨʽʚ, 

ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʩʧʽʨʘʪʦʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʧʽʜʚʠʱʫʶʯʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʦʧʪʠʤʽʟʫʶʯʠ ʧʨʦʮʝʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʻʜʥʘʥʥʽ ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ɿɯɿʆɼ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʧʨʦʤʠʩʣʦʚʠʭ, ʤʝʜʠʯʥʠʭ ʪʘ ʮʠʚʽʣʴʥʠʭ 
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ʩʮʝʥʘʨʽʷʭ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʧʨʦʚʘʜʞʝʥʥʷ 

ʝʨʛʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʊʘʢʠʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʶʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʨʝʩʧʽʨʘʪʦʨʠ, ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ 

ʟʘʛʨʦʟ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʜʥʦʯʘʩʥʦ ʙʝʟʧʝʢʫ, ʢʦʤʬʦʨʪ ʪʘ ʦʧʪʠʤʘʣʴʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ʄʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʨʝʩʧʽʨʘʪʦʨ ʟ ʢʘʧʶʰʦʥʦʤ ʻ ʧʨʠʢʣʘʜʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ, ʟʜʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʦʯʘʩʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʧʠʣʫ, 

ʛʘʟʽʚ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʘʛʝʥʪʽʚ, ʦʧʪʠʤʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʝʨʛʦʥʦʤʽʢʫ. ʎʝ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ 

ʜʣʷ ʧʦʜʘʯʽ ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʘʣʝ ʡ ʢʦʤʧʣʝʢʩʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʚʩʽʭ ʡʦʛʦ 

ʩʢʣʘʜʦʚʠʭ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʘʤʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ; ʨʦʟʨʦʙʢʦ  ʁ ʝʨʛʦʥʦʤʽʯʥʦʛʦ 

ʢʘʧʶʰʦʥʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʢʦʤʬʦʨʪ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ; ʢʦʥʩʪʨʫʶʚʘʥʥʷʤ ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʥʫʯʢʦʩʪʽ, ʤʽʮʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʧʦʪʦʢʫ; ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʈʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ 

ʢʘʧʶʰʦʥʦʤ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʯʝʨʝʟ ʟʨʦʩʪʘʶʯʫ ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʧʦʪʨʝʙʫ ʫ ʙʘʛʘʪʦʨʽʚʥʝʚʦʤʫ ʟʘʭʠʩʪʽ. ɯʥʪʝʛʨʘʮʽʷ 

ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʨʽʰʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ, ʱʦ ʨʦʙʠʪʴ ʪʘʢʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʠʤ ʷʢ ʟ ʥʘʫʢʦʚʦʾ, ʪʘʢ ʽ ʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. 

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

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʫʚʽʡʰʣʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʟʛʽʜʥʦ ʟ 

ʪʝʤʘʪʠʯʥʠʤʠ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʪʘ ʌʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʣʶʜʠʥʠ ʟʘ ʪʝʤʘʤʠ: çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʘ ʛʝʦʪʝʭʥʦʣʦʛʽʯʥʘ ʽ 
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ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʚʠʜʦʙʫʪʢʫ ʤʘʣʦʧʦʪʫʞʥʠʭ ʟʘʧʘʩʽʚ ʤʽʥʝʨʘʣʴʥʦʾ 

ʩʠʨʦʚʠʥʠ ʫ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0117U006753, 2017 ʨ.); çʈʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʜʽʾ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (ˉ ɼʈ 0117U000376, 

2017-2018 ʨʨ.), çʈʦʟʨʦʙʢʘ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʘʤʠ ʰʣʷʭʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ʙʝʟʧʝʢʠ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʽʚè (ˉ 0125U002025 ʟ 2025 ʨʦʢʫ) ʫ ʷʢʠʭ ʘʚʪʦʨ 

ʙʨʘʚ ʫʯʘʩʪʴ ʷʢ ʚʠʢʦʥʘʚʝʮʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ 

ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʦʪʦʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʦʙôʻʤʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʭʘʨʘʢʪʝʨʫ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ ʨʽʚʥʷ 

ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʜʝʢʽʣʴʢʘ ʟʘʜʘʯ: 

1. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʨʦʙʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʘʧʶʰʦʥʥʦʛʦ ʪʠʧʫ, ʚʠʷʚʠʚʰʠ ʬʘʢʪʦʨʠ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ ʟʤʽʥʥʠʭ ʬʽʟʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

2. ʆʙˇʨʫʥʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫ ʚʠʛʣʷʜʽ 

ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʘʢʫʤʫʣʷʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʦʮʽʥʠʪʠ ʾʾ ʚʧʣʠʚ ʥʘ ʟʙʝʨʝʞʝʥʥʷ 

ʢʦʛʥʽʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

3. ʈʦʟʨʦʙʠʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʧʦʙʫʜʫʚʘʚʰʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʬʽʣʴʪʨ ï 
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ʚʝʥʪʠʣʷʪʦʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï ʢʘʧʶʰʦʥè ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʶ ʜʦ ʧʦʪʦʯʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

4. ɺʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʥʝʨʛʦʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʽʥʬʦʨʤʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

5. ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʢʣʘʜʯʘʩʪʠʭ ʬʽʣʴʪʨʽʚ ʥʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ çʤʝʨʪʚʠʭ 

ʟʦʥè, ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʨʫʭʫ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʯʠʱʝʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʫ ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʘʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʟ ʢʘʧʶʰʦʥʦʤ ʽ ʬʽʣʴʪʨʘʤʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʢʘʧʶʰʦʥʦʤ ʪʘ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʮʝʧʮʽʾ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʪʘ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ 

ʪʝʭʥʽʯʥʠʭ, ʝʨʛʦʥʦʤʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ ʪʘ 

ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʧʽʜʤʘʩʢʦʚʦʛʦ ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ 

ʨʦʙʦʯʦʾ ʟʦʥʠ ʥʘ ʧʨʦʪʷʟʽ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ ʥʘʣʝʞʥʦʛʦ 

ʨʽʚʥʷ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʶ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʟʘʩʪʦʩʦʚʘʥʦ: ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʘʥʘʣʽʟʽ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 
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ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʫʯʝʥʠʭ ʱʦʜʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ ʟ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ, ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ; ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ 

ʦʙʨʘʭʫʥʢʫ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʩʫʯʘʩʥʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʟʘ 

ʤʝʪʦʜʠʢʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʠʥʥʠʤ ʜʝʨʞʘʚʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɼʦʜʘʪʢʦʚʦ ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʤʦʜʫʣʽʚ SolidWorks 

Flow Simulation ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʽʣʴʪʨʽʚ, 

ʘʥʘʣʽʟ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʽ ʢʘʧʶʰʦʥʘ, ʘ ʪʘʢʦʞ 

ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʘ ʜʠʥʘʤʽʢʠ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ ʫ ʩʠʩʪʝʤʽ ʄʌʈ ʧʽʜ ʯʘʩ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʘʥʘʣʽʚ, ʧʦ ʷʢʠʤ ʧʦʜʘʻʪʴʩʷ ʧʦʚʽʪʨʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʠʣʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ ʢʘʥʘʣʽʚ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʟʤʝʥʰʠʪʠ 

ʣʦʢʘʣʴʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʝʥʪʠʣʷʮʽʾ ʢʘʧʶʰʦʥʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ. 

ʋ ʨʦʙʦʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ FMEA (Failure Modes and Effects 

Analysis), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʠʩʪʝʤʥʝ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʦʮʽʥʢʫ ʾʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɸʥʘʣʽʟ ʦʭʦʧʣʶʚʘʚ ʦʩʥʦʚʥʽ ʚʫʟʣʠ 

ʩʠʩʪʝʤʠ çʬʽʣʴʪʨ ï ʚʝʥʪʠʣʷʪʦʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï ʢʘʧʶʰʦʥè ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʽ ʩʧʝʮʠʬʽʢʠ ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʤʘʥʞʝʪʫ. ʄʝʪʦʜ 

ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʘʥʞʫʚʘʪʠ ʚʽʜʤʦʚʠ ʟʘ 

ʨʽʚʥʝʤ ʨʠʟʠʢʫ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʡ ʟʘʛʘʣʴʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʌʈ. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʟʘʭʠʱʘʶʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʾ 

1. ɼʣʷ ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʢʘʧʶʰʦʥʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟ 60 ʜʦ 200 ʜʤ
3
/ʭʚ. ʟʫʤʦʚʣʶʻ 
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ʩʢʦʨʦʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ (ʈmax/ʈmin) ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʠʧʦʨʦʟʤʽʨʫ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʘ ʩʘʤʝ: ʚʽʜ 1,22 ʜʦ 1,16 ʜʣʷ ʪʠʧʦʨʦʟʤʽʨʫ ʄ ʽ ʚʽʜ 

1,11 ʜʦ 1,108 ʜʣʷ ʪʠʧʦʨʦʟʤʽʨʫ L, ʚʦʜʥʦʯʘʩ ʧʽʜʚʠʱʫʶʯʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ 

ʰʚʠʜʢʦʩʪʽ (Vmax/Vmin) ʚ 1,2 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʦʯʠʱʝʥʥʷ ʩʢʦʨʦʯʫʻʪʴʩʷ ʫ ʚ 

3,3 ʨʘʟʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʘʧʶʰʦʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

2. ɽʬʝʢʪʠʚʥʠʡ ʯʘʩ ʦʙôʻʤʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʢʘʧʶʰʦʥʽ 

ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʦʧʠʩʫʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʦʛʦ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʥʝ ʣʠʰʝ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʘ ʡ 

ʜʠʥʘʤʽʢʫ ʤʘʩʦʦʙʤʽʥʫ, ʱʦ ʟʫʤʦʚʣʝʥʘ ʚʝʥʪʠʣʷʮʽʻʶ ʣʝʛʝʥʴ, ʧʨʠ ʯʦʤʫ ʟʘ 

ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʦ 30 ʜʤį/ʭʚ ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʠʱʫʻ 

1, ʪʦʜʽ ʷʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʜʦ ʜʽʘʧʘʟʦʥʫ 30ï60 ʜʤį/ʭʚ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʪʘʻ ʤʝʥʰʠʤ ʟʘ 1. 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʥʘ 

ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʦʤʫ ʬʽʣʴʪʨʽ ʻ ʬʫʥʢʮʽʻʶ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʘʤʦʛʦ ʬʽʣʴʪʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʢʣʘʜʯʘʩʪʦʛʦ 

ʬʽʣʴʪʨʘ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,2 ʜʦ 0,7, ʪʘ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʧʦʪʦʢʫ 

ʽ, ʪʠʤ ʩʘʤʠʤ, ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

1. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʩʝʥʩʦʨʥʦʶ 

ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ ʢʘʧʶʰʦʥʘ ʟ ʢʘʩʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʡ ʥʘʜʽʡʥʦʩʪʽ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ, ʷʢʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ 

ʩʠʩʪʝʤʽ çʬʽʣʴʪʨ ï ʚʝʥʪʠʣʷʪʦʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï ʢʘʧʶʰʦʥè ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 
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ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʚʝʥʪʠʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ. 

3. ɺʠʷʚʣʝʥʦ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʟʥʠʞʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʬʽʟʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

4. ʋʪʦʯʥʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʨʤʘʪʠʚʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʩʧʽʨʘʪʦʨʽʚ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

5. ɺʠʟʥʘʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʛʦʬʨʘʤʠ ʜʦ ʾʭ ʚʠʩʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʩʢʣʘʜʯʘʪʦʛʦ ʬʽʣʴʪʨʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʣʘʩʢʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥ ̔ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ. 

6. ʋʪʦʯʥʝʥʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʢʣʘʜʯʘʪʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʘ ʧʦʻʜʥʫʻ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ ʬʽʣʴʪʨʽʚ ʟ 

ʢʽʣʴʢʽʩʪʶ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʘ ʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ 

ʦʪʚʦʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʩʪʚʦʨʝʥʦ ʧʽʜˇʨʫʥʪʷ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʬʽʣʴʪʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʦʩʪʽ; ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʨʝʞʠʤ ʜʠʭʘʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʭʠʙʢʫ ʥʝ ʙʽʣʴʰʝ 10 % ʚʽʜ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ; ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʬʽʣʴʪʨʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʤʽʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ 
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ʢʦʨʠʩʪʫʚʘʯʘ; ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ ʫ ʨʝʩʧʽʨʘʪʦʨʘʭ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʽʜ ʯʘʩ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʨʝʩʧʽʨʘʪʦʨ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʻ  ʁʢʘʧʶʰʦʥʘ ʟ ʫʜʘʨʦʟʘʭʠʩʥʦʶ ʢʘʩʢʦʶ, ʪʘ ʤʦʪʦʨʦʚʠʤ 

ʙʣʦʢʦʤ ʽʟ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ABS+), ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʽ 

ʩʝʥʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ (32 ʤʤ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʘʮʽʦʥʘʣʴʥʫ 

ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʫʤʦʚ ʧʨʘʮʽ ʪʘ ʚʠʢʦʥʫʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʪʠʧʫ (ʧʨʠʨʦʜʠ) 

ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʘʝʨʦʜʠʥʘʤʽʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʪʠʧʫ ʪʘ ʦʙôʻʤʫ ʩʦʨʙʝʥʪʫ ʪʘ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʜʽʘʧʘʟʦʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʙʽʣʴʰʝ 300 ppm, ʪʦʜʽ ʷʢ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦ 300 

ppm ʚʠʟʥʘʯʘʣʴʥʦʶ ʷʚʣʷʻʪʴʩʷ ʩʘʤʝ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʙʦʯʠʭ ʫʤʦʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʟʜʦʙʫʚʘʯʽʚ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çʎʠʚʽʣʴʥʘ 

ʙʝʟʧʝʢʘè ʪʘ 184 ɻʽʨʥʠʮʪʚʦ ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çʆʭʦʨʦʥʘ ʧʨʘʮʽè ʧʽʜ ʯʘʩ 

ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ çʇʨʦʻʢʪʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʨʘʮʶʶʯʠʭè, çʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʘʮʶʶʯʠʭè 

ʪʘ çʇʨʦʻʢʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠè (ɼʦʜʘʪʦʢ ɸ), ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çɿʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʜʣʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡè (ʧʨʦʪʦʢʦʣ ɺʯʝʥʦʾ ʨʘʜʠ ˉ6 ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʚʽʜ 31.05.2023 ʨ.). 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʫ ʊʆɺ ʅɺʇ çʉʊɸʅɼɸʈʊè, ʘ ʪʘʢʦʞ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʨʞʘʚʥʦʾ ʪʝʤʠ çʈʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʜʽʾ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (ˉ 

ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0117U000376, 2017 ʨ.), ʫ ʷʢʠʭ ʘʚʪʦʨ ʙʨʘʚ ʫʯʘʩʪʴ ʷʢ 

ʚʠʢʦʥʘʚʝʮʴ ʥʘ ʙʘʟʽ ʌʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʣʶʜʠʥʠ. ʆʪʨʠʤʘʥʦ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʚʽʜ ɼɺɻʈɿ ɼʉʅʉ ʋʢʨʘʾʥʠ 

(ʤ. ʂʨʠʚʠʡ ʈʽʛ) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʱʦʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ, ʷʢʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʦʩʽʙʥʠʢʘ çʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ 

ʧʨʘʮʶʶʯʠʭè, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, 

ʟʦʢʨʝʤʘ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʪʫʜʝʥʪʘʤʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ ʟʘ 

ʜʨʫʛʠʤ ʨʽʚʥʝʤ ʚʠʱʦʾ ʦʩʚʽʪʠ (ʤʘʛʽʩʪʝʨʩʴʢʠʭ) ʜʠʧʣʦʤʥʠʭ ʨʦʙʽʪ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʚʠʩʥʦʚʢʽʚ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʦʨʝʢʪʥʽʩʪʶ ʧʦʩʪʘʥʦʚʢʠ ʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʪʦʚʽʨʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ, 

ʘʧʨʦʙʦʚʘʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ; ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʢʦʨʝʢʪʥʠʤ ʚʠʙʦʨʦʤ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʘʛʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʢʨʠʪʝʨʽʾʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ; ʟʙʽʛʦʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ 

ʚʠʤʽʨʶʚʘʥʴ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 15 %; ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʦʟʨʦʙʦʢ ʧʽʚʤʘʩʦʢ ʪʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʜʦʩʚʽʜʦʤ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʪʽʣʝʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʟ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʚʤʘʩʦʢ; ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʝʩʧʽʨʘʪʦʨʽʚ ʪʘ 

ʥʦʚʠʭ, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ, ʥʘʷʚʥʽʩʪʶ ʷʩʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʩʘʤʦʩʪʽʡʥʦ ʚʠʢʦʥʘʥʦʶ 

ʥʘʫʢʦʚʦʶ ʨʦʙʦʪʦʶ, ʚ ʷʢʽʡ ʨʦʟʨʦʙʣʝʥʽ ʪʝʦʨʝʪʠʯʥ ̔ ʟʘʩʘʜʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʟ ʢʘʧʶʰʦʥʦʤ, 

ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʟʤʽʥʦʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʬʽʣʴʪʨʽʚ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʟʘʣʠʰʢʦʚʠʤ ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ 

ʜʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʝʥʝʨʛʦʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʘʢʪʫʘʣʴʥʦʩʪʽ ʨʦʙʦʪʠ [1, 2, 

15-19], ʧʦʩʪʘʥʦʚʮʽ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ [3, 4, 21-24, 45], ʚʠʨʽʰʝʥʦʾ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʬʦʨʤʫʣʶʚʘʥʥʽ ʤʝʪʠ ʽ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʟʥʘʯʝʥʽ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘʢʠʭ 

ʧʨʦʮʝʩʽʚ: ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʽʣʴʪʨʽʚ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʫʚʘʥʥʷ 

ʚʦʣʦʢʦʥ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʢʣʘʜʢʘʤʠ ʜʦ 

ʾʭ ʚʠʩʦʪʠ [8, 11, 13], ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʯʘʩʪʦʛʦ 

ʬʽʣʴʪʨʘ [7, 20, 34], ʟʤʽʥʠ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ çʬʽʣʴʪʨ ï 

ʚʝʥʪʠʣʷʪʦʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï ʢʘʧʶʰʦʥè [19, 30, 56], ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ [14, 38], ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

[25, 26, 28, 29]. ʈʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʠʟʦʚʘʥʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ (ʄʌʈ) ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʩʝʥʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ 

ʢʘʧʶʰʦʥʘ ʟ ʢʘʩʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʽ ʥʘʜʽʡʥʦʩʪʽ [27, 

32, 56, 57]. ɺ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʩʧʽʨʘʪʦʨʽʚ. ʋ 

ʧʣʘʥʫʚʘʥʥʽ  ̔ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ [46-49], ʘ 

ʪʘʢʦʞ ʚ ʘʥʘʣʽʟʽ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʽ ʧʨʘʢʪʠʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʅʘ 

ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʫʯʘʩʥʽ 
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ʧʽʜʭʦʜʠ ʜʦ ʚʠʙʦʨʫ, ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ [53-55]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: ʋʢʨʘʾʥʩʴʢʘ ʰʢʦʣʘ ʛʽʨʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ ʟ 2018 ʧʦ 2024 ʨʦʢʠ; 8th 

International Scientific Conference çʈroblems and prospects of territoriesô socio-

economic developmentè (The Academy of Management and Administration in 

Opole, May 10, Opole, 2019); 9th International Symposium on Occupational 

Health and Safety SESAM 2019 Scientific Event (University of Petroĸani, 3 

October 2019, Petrosani, Romania); 9th international youth science forum çlitteris 

et artibusè (Lviv  Polytechnic National University, November 21ï23, 2019); 3rd 

International Webinar on Physical Health, Nursing Care and COVID-19 

Management (23-24 ʣʠʧʥʷ 2021, Kington, UK); XVIII  ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ çɻʝʦʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱè (29 ʞʦʚʪʥʷ 2020 ʨʦʢʫ, 

ɯɻʊʄ, ʤ. ɼʥʽʧʨʦ); 13th SAFETY GALA virtual workshop (13-14 April  2021, 

Cyprus); XIʍ ʤʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çɻʝʦʪʝʭʥʽʯʥʽ 

ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱè (28 ʞʦʚʪʥʷ 2021 ʨʦʢʫ, ɯɻʊʄ, ʤ. ɼʥʽʧʨʦ); 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çOSHAgro ï 2021 (ʤ. ʂʠʾʚ); 

ʆʭʦʨʦʥʘ ʧʨʘʮʽ: ʦʩʚʽʪʘ ʽ ʧʨʘʢʪʠʢʘ ʫ ʃʴʚʽʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ɹɾɼ (ʤ. ʃʴʚʽʚ 

2021, 2022 ʨʦʢʠ); Online 4th SAFETY GALA VIRTUAL  WORKSHOP (5&6 

APRIL 2022, ERA Ltd, Athens, Greece); ʍ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ 

ʽʥʥʦʚʘʮʽʾè (23ï25 ʣʠʩʪʦʧʘʜʘ 2022 ʨʦʢʫ, ʅʊʋ çɼʇè, ɼʥʽʧʨʦ); X ʄʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚ ʍʍɯ ʩʪʦʣʽʪʪʽè 

(17ï18 ʣʠʩʪʦʧʘʜʘ 2022, ʅʊʋ çɼʇè, ʤ. ɼʥʽʧʨʦ); ʄʽʞʥʘʨʦʜʥʠʡ ʬʦʨʫʤ 

çɹʝʟʧʝʯʥʘ, ʢʦʤʬʦʨʪʥʘ, ʩʧʨʦʤʦʞʥʘ, ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʛʨʦʤʘʜʘè (11-13 ʞʦʚʪʥʷ 

2023 ʨʦʢʫ, ʅʊʋ çɼʇè, ʤ. ɼʥʽʧʨʦ); 6nd International Scientific and Technical 

Internet Conference ñInnovative development of resource-saving technologies and 

sustainable use of natural resources (PetroἨani, Romania, 2023); ʍɯɯɯ 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 
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ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘ 2023è (1-3 ʙʝʨʝʟʥʷ 2023 ʨʦʢʫ, ʅʊʋ çɼʇè, ʤ. ɼʥʽʧʨʦ); 

ʍɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè (22ï24 ʣʠʩʪʦʧʘʜʘ 2023 ʨʦʢʫ, 

ʅʊʋ çɼʇè, ʤ. ɼʥʽʧʨʦ); THE FIRST INTERNATIONAL SCIENTIFIC AND 

PRACTICAL CONFERENCE ñCIVIL PROTECTION IN TIMES OF WARò 

(ʢʚʽʪʝʥʴ 2025, ʃɼʋ ɹɾɼ, ʤ. ʃʴʚʽʚ). 

ʇʫʙʣʽʢʘʮʽʾ. ʋʩʴʦʛʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 57 ʨʦʙʽʪ ʟ ʥʠʭ: 3 ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ, 45 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʥʠʭ 7 ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ 

ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, 8 ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ; 2 ʧʘʪʝʥʪʠ 

ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, ʪʘ 7 ʧʫʙʣʽʢʘʮʽʡ ʚ ʽʥʰʠʭ ʚʠʜʘʥʥʷʭ, ʥʝ ʚʢʣʶʯʝʥʠʭ ʜʦ 

ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (328 

ʥʘʡʤʝʥʫʚʘʥʴ)  ̔6 ʜʦʜʘʪʢʽʚ ʥʘ 393 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ï 251 

ʩʪʦʨʽʥʢʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ 119 ʨʠʩʫʥʢʽʚ ʪʘ 75 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʊɸʅʋ ʇʀʊɸʅʅʗ ɿ ʈʆɿɺʀʊʂʋ ʂʆʅʉʊʈʂʋʎɯʁ ʊɸ ɺʀʄʆɻ 

ɼʆ ɺʀɻʆʊʆɺʃɽʅʅɯ ʊɸ ɽʂʉʇʃʋɸʊɸʎɯɰ ʇʀʃʆɻɸɿʆɿɸʍʀʉʅʀʍ 

ʌɯʃʔʊʈʋɺɸʃʔʅʀʍ ɿɸʉʆɹɯɺ. ʄɽʊɸ ʊɸ ɿɸɺɼɸʅʅʗ 

ɼʆʉʃɯɼɾɽʅʔ 

 

 

1.1 ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ  

 

ʇʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʨʦʙʽʪ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʦʰʫʢ ʽʜʝʡ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ɿɯɿʆɼ), ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ'ʷʪʠ ʝʪʘʧʽʚ: 

ʧʨʦʻʢʪʥʦʛʦ, ʧʽʜʛʦʪʦʚʯʦʛʦ, ʚʠʨʦʙʥʠʯʦʛʦ, ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ 

ʧʦʩʪʚʠʨʦʙʥʠʯʦʛʦ (ʫʪʠʣʽʟʘʮʽʷ). ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ɿɯɿʆɼ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ 

4676 [1]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʥʝʧʝʨʝʜʙʘʯʝʥʠʤ ʧʦʜʽʷʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʨʦʙʥʠʢʘʤ ʟʘʟʜʘʣʝʛʽʜʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʟʘʛʨʦʟʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʷʢ ʥʘ ʷʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʩʧʽʨʘʪʦʨʘ, ʪʘʢ ʽ ʥʘ ʫʭʚʘʣʝʥʥʷ 

ʨʽʰʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʷʚʣʝʥʠʭ ʨʠʟʠʢʽʚ ʥʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʟ 

ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ ʫ 

ʨʦʟʨʦʙʮʽ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ʨʠʩ. 1.1). 
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ʈʠʩʫʥʦʢ 1.1 ï ʇʨʦʮʝʜʫʨʘ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʢʦʞʥʽʡ ʩʪʘʜʽʾ 

 

ʉʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʚ ʦʧʠʩʽ ʢʦʞʥʦʛʦ ʝʪʘʧʫ 

ʨʦʟʨʦʙʢʠ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʦʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʚʜʘʥʴ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʶʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ, ʘ ʪʘʢʦʞ ʫʭʚʘʣʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʟʥʘʯʝʥʠʭ ʮʽʣʝʡ. ɺʦʜʥʦʯʘʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʩʝʨʝʜ ʨʽʟʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ, 

ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʟ ʨʦʟʨʦʙʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʨʦʟʛʣʷʥʝʤʦ ʢʦʞʝʥ ʝʪʘʧ, ʱʦʙ ʚʠʷʚʠʪʠ ʥʘʙʽʨ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʽ ʩʢʣʘʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʚôʷʟʢʽʚ ʽ ʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʥʮʠʧʠ 

ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ʅʘ ʧʨʦʻʢʪʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʤʘʨʢʝʪʠʥʛʦʚʽ ʪʘ ʧʝʨʝʜʧʨʦʻʢʪʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʽ ʤʦʜʝʣʝʡ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ 

ʥʘʷʚʥʽ ʥʝʜʦʣʽʢʠ ʫ ʟʘʭʠʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʪʘʙʣ. 1.1). 

ɺʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʷʢʽʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ 
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ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʟʘʧʠʪʽʚ ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʘʨʘʣʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʷʢ ʽʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʥʘʷʚʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʪʘʢ ʽ ʟ ʤʦʞʣʠʚʠʤʠ 

ʧʦʤʠʣʢʘʤʠ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ (ɼʦʜʘʪʦʢ ɸ). ɼʣʷ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ EN 12941 ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ "FMEA". 

 

ʊʘʙʣʠʮʷ 1.1 - ʌʨʘʛʤʝʥʪ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʘʥʘʣʽʟʫ ɿɯɿʆɼ ʟ ʙʣʦʢʘʤʠ 

ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ 
ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠ-

ʪʠʢʠ 
SR 500 [2] X-plore 8700 [3] Versaflo TR-300 [4] 3ʄ JUPITER [5] 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

 

 

 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʦʙ'ʻʤʥʘ 

ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʜʤ
3
/ʭʚ 

225 210 190 160 

ɿʘʛʘʣʴʥʘ ʤʘʩʘ, ʢʛ 1,49 1,530 ʢʛ 1,15 1,48 

ʂʣʘʩ ʟʘʭʠʩʪʫ ʬʽʣʴʪʨʘ ʈ3; A1BE2K1P3 ʈ3; A1BE2K1P3 P3; A1B1E1  

ʈ3; ɸ2ʈ3; 

ɸɺɽʈ3; 

ɸɺɽʂʈ3 

ʏʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ, ʛʦʜ: 
8 8 12 8 

ʄʘʪʝʨʽʘʣʠ 
ʊʝʨʤʦʩʪʽʡʢʠʡ 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ 

ʇʦʣʽʧʨʦʧʽʣʝʥ. 

ʧʦʣʽʘʤʽʜ 
 

ʇʦʣʽʧʨʦʧʽʣʝʥ ʪʘ 

ʧʦʣʽʬʽʥʠʣ 

ɺʠʷʚʣʝʥʽ ʥʝʜʦʣʽʢʠ 

ʟʥʘʯʥʠʡ ʦʧʽʨ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ 

ʯʝʨʝʟ - ʥʝʚʝʣʠʢʽ 

ʨʦʟʤʽʨʠ 

ʧʦʚʽʪʨʷʥʠʭ 

ʢʘʥʘʣʽʚ; 

ʌʽʣʴʪʨʠ ʻ 

ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ, 

ʥʠʟʴʢʘ ʚʩʤʦʢʪʫʚʘʣʴʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʅʠʟʴʢʘ 

ʚʩʤʦʢʪʫʚʘʣʴʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʰʚʠʜʢʝ 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʬʽʣʴʪʨʫ; 

ʥʝʟʥʘʯʥʠʡ 

ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʣʦʛʽʯʥʽ ʪʘ 

ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ, ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʥʠʡ ʨʘʥʛ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʨʴʦʭ 

ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ (S), ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʜʤʦʚʠ ʘʙʦ ʽʥʮʠʜʝʥʪʫ (O) ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʥʝʙʝʟʧʝʯʥʦʶ ʜʽʻʶ ʘʙʦ ʾʾ ʚʽʜʩʫʪʥʽʩʪʶ (D). 
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ʇʦʢʘʟʥʠʢ D ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʘ, 

ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʣʶʜʩʴʢʫ ʧʦʤʠʣʢʫ ï ʷʢ ʘʢʪʠʚʥʫ ʜʽʶ, ʪʘʢ ʽ ʙʝʟʜʽʷʣʴʥʽʩʪʴ. 

ʅʘ ʦʩʥʦʚʽ ʚʝʣʠʯʠʥʠ ʨʘʥʛʫ ʨʠʟʠʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ɿɯɿʆɼ). 

ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʜʽʡ ʝʢʩʧʝʨʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ "FMEA" 

(ʨʠʩ. 1.2) ʧʦʜʘʥʦ ʫ ʩʪʘʥʜʘʨʪʽ [23]. ɿʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʠʟʠʢʫ (RPN) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ S, O ʽ D ʟʘ ʬʦʨʤʫʣʦʶ, ʥʘʚʝʜʝʥʦʶ ʫ 

ʩʪʘʥʜʘʨʪʽ [6]: 

RPN S O D= ³ ³
 

ʈʽʚʝʥʴ ʧʨʠʡʥʷʪʥʦʩʪʽ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʠʟʠʢʫ ʦʮʽʥʶʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 

ʜʦ 150. ʇʦʢʘʟʥʠʢʠ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ (S), ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ 

ʯʠ ʽʥʮʠʜʝʥʪʫ (O) ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ 

ʩʪʘʥʫ (D) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 10, ʜʝ 1 ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʥʠʞʯʦʤʫ 

ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ, ʘ 10 ï ʥʘʡʚʠʱʦʤʫ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʥʝʜʦʣʽʢʽʚ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʚʠʤʦʛʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ (ɿɯɿʆɼ). 

 
ʈʠʩʫʥʦʢ 1.2 ï ɸʣʛʦʨʠʪʤ ʜʽʡ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʤʝʪʦʜʦʤ "FMEA" [6] 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ EN 12941 [7], ʤʦʪʦʨʠʟʦʚʘʥʽ ʨʝʩʧʽʨʘʪʦʨʠ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʥʠʟʮʽ ʚʘʞʣʠʚʠʭ ʚʠʤʦʛ. ɺʦʥʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʘʝʨʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʧʠʣ, ʜʠʤ ʽ ʪʫʤʘʥ, ʘ ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʪʠ ʚʽʜ ʪʦʢʩʠʯʥʠʭ 

ʛʘʟʽʚ ʽ ʧʘʨʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʦʨʤʦʚʘʥʠʡ 

ʦʧʽʨ ʜʠʭʘʥʥʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘʢʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʻ ʚʜʦʩʢʦʥʘʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʶ ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ ʦʙʪʶʨʘʪʦʨʘ ʘʙʦ ʢʣʘʧʘʥʥʠʭ 

ʩʠʩʪʝʤ. ɺʦʥʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʟʥʘʯʥʠʡ çʤʝʨʪʚʠʡè ʦʙ'ʻʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʚʜʠʭʘʥʥʷ ʧʦʚʽʪʨʷ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʚʤʽʩʪʫ CO . ʈʝʩʧʽʨʘʪʦʨʠ 

ʤʘʶʪʴ ʙʫʪʠ ʣʝʛʢʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ, ʣʝʛʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʘʞʣʠʚʦ, ʱʦʙ ʾʭʥʷ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʣʘ 

ʤʽʮʥʦʶ ʽ ʟʙʝʨʽʛʘʣʘ ʩʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ ï ʚʽʜ +50ÁC ʜʦ ʤʽʥʫʩ 40ÁC. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɸʥʘʣʽʟ ʨʠʟʠʢʽʚ ʚʠʷʚʠʚ ʥʠʟʢʫ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʤʦʪʦʨʠʟʦʚʘʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ. ɿʦʢʨʝʤʘ, ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ ʦʙʫʤʦʚʣʝʥʘ 

ʟʥʘʯʥʠʤ ʦʧʦʨʦʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ ʧʦʚʽʪʨʦʧʨʦʚʦʜʽ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ 

ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʧʦʚʽʪʨʷʥʠʭ ʢʘʥʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʘʭʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʛʣʠʥʘʯʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚʠʷʚʠʣʠʩʷ ʥʝʜʦʩʪʘʪʥʽʤʠ. ʅʠʟʴʢʘ ʧʦʪʫʞʥʽʩʪʴ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʽʪʨʷ, ʱʦ ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ ʚ 

ʫʤʦʚʘʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ 

(ɼʦʜʘʪʦʢ ɹ). 

ɼʣʷ ʢʦʞʥʦʾ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘʚʦʜʠʤʦ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʝʩʪʠ ʘʩʧʝʢʪʽʚ: ʧʝʨʝʜʫʤʦʚ, ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 1.2).  
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ʊʘʙʣʠʮʷ 1.2 - ʌʨʘʛʤʝʥʪ ʦʧʠʩʫ ʩʪʘʜʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ 

ʨʝʩʧʽʨʘʪʦʨʽʚ 
ɸ
ʩ
ʧ
ʝ
ʢ
ʪ
ʠ
 

ʤ
ʝ
ʪ
ʦ
ʜ
ʫ

 

ʇʠʪʘʥʥʷ 

ʉʪʘʜʽʾ ʧʨʦʮʝʩʫ 

ʧʨʦʝʢʪʥʘ ʧʽʜʛʦʪʦʚʯʘ ʚʠʨʦʙʥʠʯʘ 

ɺ
ʭ
ʽ
ʜ

 

ɿ ʯʦʛʦ 

ʧʦʯʠʥʘʻʪʴʩʷ 

ʬʫʥʢʮʽʷ? 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ  

ɸʥʘʣʽʟ ʚʠʷʚʣʝʥʠʭ 

ʰʣʷʭʽʚ ʟ ʚʠʢʦʥʘʥʥʷ 

ʚʠʤʦʛ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʽ ʚʠʷʚʣʝʥʠʭ 

ʥʝʜʦʣʽʢʽʚ  

ɸʥʘʣʽʟ ʊɿ 

ʅʘ ʱʦ ʬʫʥʢʮʽʷ 

ʜʽʻ? 

ʅʘ ʬʦʨʤʫʚʘʥʥʷ 

ʊɿ 

ʅʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ɿɯɿʆɼ 

ʅʘ ʝʪʘʧʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɿɯɿʆɼ 

ɺ
ʠ
ʭ
ʽ
ʜ

 

ʑʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʫʥʢʮʽʾ? 

ɺʠʷʚʣʝʥʽ ʥʝʜʦʣʽʢʠ 

ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ  

ʊɿ 
ɺʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ 

ʥʦʚʠʭ ɿɯɿʆɼ 

ʂʦʤʫ ʧʦʪʨʽʙʝʥ 

ʨʝʟʫʣʴʪʘʪ? 

ɿʘʮʽʢʘʚʣʝʥʠʤ 

ʩʪʦʨʦʥʘʤ 
ʈʦʟʨʦʙʥʠʢʘʤ ɿɯɿʆɼ 

ɿʘʮʽʢʘʚʣʝʥʠʤ 

ʩʪʦʨʦʥʘʤ 

ʇ
ʝ
ʨ
ʝ
ʜ
ʫ
ʤ
ʦ
ʚ
ʘ

 ʑʦ ʤʘʻ ʙʫʪʠ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ  

ʬʫʥʢʮʽʾ? 

ʅʘʷʚʥʽ ʜʘʥʽ 

ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ɸʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʽʭ 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ ɿɯɿʆɼ   

ɺʠʨʦʙʥʠʯʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ɿɯɿʆɼ 

ʑʦ ʨʦʙʠʪʠ, ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʝʨʝʜʫʤʦʚ? 

ʇʨʦʚʦʜʠʪʠ 

ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ 

ʇʦʚʝʨʪʘʪʠʩʴ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʘʜʽʶ ʜʣʷ 

ʧʦʰʫʢʫ ʥʝʜʦʣʽʢʽʚ  

ʇʦʚʝʨʪʘʪʠʩʴ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʘʜʽʶ 

ʜʣʷ ʧʦʰʫʢʫ ʥʝʜʦʣʽʢʽʚ 

ʈ
ʝ
ʩ
ʫ
ʨ
ʩ

 

ʗʢʽ ʨʝʩʫʨʩʠ 

ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʾ? 

ʌʽʥʘʥʩʠ ʜʣʷ 

ʧʨʠʜʙʘʥʥʷ 

ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ɿɯɿʆɼ  

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʢʝʪʽʚ, 

ʤʘʪʝʨʽʘʣʠ ʽ ʩʢʣʘʜʦʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ɿɯɿʆɼ  

ʄʘʪʝʨʽʘʣʠ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ɿɯɿʆɼ 

ʑʦ ʨʦʙʠʪʠ, 

ʷʢʱʦ ʨʝʩʫʨʩʽʚ 

ʥʝʤʘʻ? 

ʇʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 

ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

ʇʦʚʝʨʪʘʪʠʩʴ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʘʜʽʶ ʜʣʷ 

ʧʦʰʫʢʫ ʥʝʜʦʣʽʢʽʚ 

ʇʦʚʝʨʪʘʪʠʩʴ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʩʪʘʜʽʶ 

ʜʣʷ ʧʦʰʫʢʫ ʥʝʜʦʣʽʢʽʚ 

ʂ
ʦ
ʥ
ʪ
ʨ
ʦ
ʣ
ʴ

 

ʏʠ ʯʽʪʢʽ 

ʧʨʦʮʝʜʫʨʠ ʘʙʦ 

ʽʥʩʪʨʫʢʮʽʾ? 

ʥ ̔
ʊʘʢ, ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʽʚ 

ʪʘ ʩʪʘʥʜʘʨʪʫ 

ʊʘʢ, ʨʦʟʨʦʙʣʝʥʽ 

ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʜʫʨʠ  

ʏʠ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʟʘ 

ʬʫʥʢʮʽʻʶ? 

ʪʘʢ 

ʊʘʢ, ʪʝʨʤʽʥʠ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ɿɯɿʆɼ 

ʊʘʢ, ʧʦʢʘʟʥʠʢʠ ɿɯɿʆɼ 

ʏʠ ʻ ʢʨʠʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ? 
ʂʘʨʪʠ ʨʠʟʠʢʽʚ 

ʊʘʢ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʭʠʩʪʫ, ʦʧʽʨ ʜʠʭʘʥʥʷ 

ʊʘʢ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʭʠʩʪʫ, ʦʧʽʨ ʜʠʭʘʥʥʷ 

ʏ
ʘ
ʩ

 

ʉʢʽʣʴʢʠ ʯʘʩʫ, 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʾ? 

ʤʽʩʷʮʴ ʄʽʩʷʮʴ 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʝʢʪʫ 

ʏʠ ʻ ʷʢʽʩʴ 

ʯʘʩʦʚʽ 

ʦʙʤʝʞʝʥʥʷ? 

ʊʘʢ, ʧʨʦʝʢʪʥʽ ʊʘʢ, ʧʨʦʝʢʪʥʽ ʊʘʢ, ʧʨʦʝʢʪʥʽ 
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ɼʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ Functional Resonance Analysis Method 

(FRAM). ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʝʪʘʧʘʤʠ ʨʦʟʨʦʙʢʠ ʨʝʩʧʽʨʘʪʦʨʘ, ʦʧʠʩʫʚʘʪʠ ʾʭ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ 

ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. ʇʝʨʝʚʽʨʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʥʝʦʙʭʽʜʥʦʛʦ ʯʘʩʫ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʨʝʩʫʨʩʽʚ ʪʘ ʫʤʦʚ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. 

ʆʩʥʦʚʦʶ ʤʝʪʦʜʫ FRAM ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʰʝʩʪʠʢʫʪʥʠʢ (ʨʠʩ. 1.3) [8], 

ʷʢʠʡ ʚʢʣʶʯʘʻ ʰʽʩʪʴ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʢʦʞʥʦʛʦ ʝʪʘʧʫ: ʯʘʩ, ʢʦʥʪʨʦʣʴ, ʚʠʭʽʜ, 

ʨʝʩʫʨʩʠ, ʧʝʨʝʜʫʤʦʚʠ ʪʘ ʚʭʽʜʥʽ ʜʘʥʽ. ʎʽ ʘʩʧʝʢʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ ʥʝʙʝʟʧʝʢ ʽ ʨʠʟʠʢʽʚ. 

ʂʦʞʥʘ ʩʪʘʜʽʷ ʨʦʟʨʦʙʢʠ ʨʝʩʧʽʨʘʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʶ 

ʚʘʨʽʘʪʠʚʥʽʩʪʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʙʨʘʢ 

ʨʝʩʫʨʩʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʜʫʤʦʚ, ʥʝʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ, ʥʝʯʽʪʢʝ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʦʢʽʚ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʪʘʙʣ. 

1.3). 

ʆʪʞʝ, ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʦʮʽʥʶʚʘʥʥʽ ʤʽʥʣʠʚʦʩʪʽ ʩʪʘʜʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʠʭ ʯʘʩʦʚʠʭ ʨʘʤʦʢ ʽ ʷʢʦʩʪʽ ʾʭ 

ʟʘʚʝʨʰʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʠʡ ʦʧʠʩ: ʩʪʘʜʽʷ 

ʟʘʚʝʨʰʝʥʘ ʚʯʘʩʥʦ ʪʘ ʚʠʢʦʥʘʥʘ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ; ʩʪʘʜʽʷ ʟʘʣʠʰʠʣʘʩʷ 

ʥʝʟʘʚʝʨʰʝʥʦʶ ʽ ʚʠʢʦʥʘʥʘ ʥʝʟʘʜʦʚʽʣʴʥʦ; ʩʪʘʜʽʷ ʚʠʢʦʥʘʥʘ ʟ ʟʘʪʨʠʤʢʦʶ, ʘʣʝ ʫ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ; ʩʪʘʜʽʷ ʟʘʚʝʨʰʝʥʘ ʚʯʘʩʥʦ, ʘʣʝ ʟ ʜʦʧʫʱʝʥʥʷʤ ʧʦʤʠʣʦʢ. 

 
ʈʠʩʫʥʦʢ 1.3 ï ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʰʝʩʪʠʢʫʪʥʠʢ ʤʝʪʦʜʫ çFRAMè 
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ʊʘʙʣʠʮʷ 1.3 ï ʌʨʘʛʤʝʥʪ ʦʧʠʩʫ ʤʽʥʣʠʚʦʩʪʽ ʩʪʘʜʽʡ ʨʦʟʨʦʙʢʠ ʨʝʩʧʽʨʘʪʦʨʘ 
ʉʪʘʜʽʷ ɺʘʨʽʘʪʠʚʥʽʩʪʴ ʆʧʠʩ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ 

ʇʨʦʝʢʪʥʘ  

F1V0 ɺʠʙʽʨ ʧʨʘʚʠʣʴʥʠʡ ʽ ʩʚʦʻʯʘʩʥʠʡ 

F1V1 ɺʠʙʽʨ ʧʨʘʚʠʣʴʥʠʡ, ʘʣʝ ʥʝʩʚʦʻʯʘʩʥʠʡ 

F1V2 
ɺʠʙʽʨ ʧʨʠʡʥʷʪʥʠʡ (ʟʘʜʦʚʽʣʴʥʠʡ ʙʝʟ ʢʨʠʪʠʯʥʠʭ 

ʧʦʤʠʣʦʢ), ʘʣʝ ʩʚʦʻʯʘʩʥʠʡ 

F1V3 ɺʠʙʽʨ ʥʝʧʨʘʚʠʣʴʥʘ 

ʇʽʜʛʦʪʦʚʯʘ 

F2V0 ʇʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʘ ʽ ʩʚʦʻʯʘʩʥʘ 

F2V1 ʇʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʘ, ʘʣʝ ʥʝ ʩʚʦʻʯʘʩʥʘ 

F2V2 ʇʝʨʝʚʽʨʢʘ ʧʨʠʡʥʷʪʥʘ ʽ ʩʚʦʻʯʘʩʥʘ 

F2V3 ʇʝʨʝʚʽʨʢʘ ʥʝʧʨʘʚʠʣʴʥʘ 

ɺʠʨʦʙʥʠʯʘ 

F3V0 ɽʢʩʧʣʫʘʪʘʮʽʷ ʚʽʜʧʦʚʽʜʥʘ ʽ ʩʚʦʻʯʘʩʥʘ 

F3V1 ɽʢʩʧʣʫʘʪʘʮʽʷ ʚʽʜʧʦʚʽʜʥʘ, ʘʣʝ ʥʝʩʚʦʻʯʘʩʥʘ 

F3V2 ɽʢʩʧʣʫʘʪʘʮʽʷ ʟ ʧʦʤʠʣʢʘʤʠ, ʘʣʝ ʩʚʦʻʯʘʩʥʘ 

F3V3 ɽʢʩʧʣʫʘʪʘʮʽʷ ʥʝʚʽʜʧʦʚʽʜʥʘ ʽ ʥʝ ʩʚʦʻʯʘʩʥʘ 

 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʙʠʪʠ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʚʯʘʩʥʦ ʨʦʟʨʦʙʠʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ. 

ʈʝʟʫʣʴʪʘʪ ʦʬʦʨʤʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʜʽʡ, ʷʢʽ ʧʦʪʨʽʙʥʽ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʪʘʜʽʡ ʨʦʟʨʦʙʢʠ. ʅʘʧʨʠʢʣʘʜ ʥʘ ʧʽʜʛʦʪʦʚʯʽʡ 

ʩʪʘʜʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʧʣʘʥʫʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ (ʊɿ) 

(ʪʘʙʣ. 1.4). 

ʊʘʙʣʠʮʷ 1.4 - ʌʨʘʛʤʝʥʪ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʡ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ɿɯɿʆɼ 
ʐʢʽʜʣʠʚʽ 

ʬʘʢʪʦʨʠ 

ʂʦʥʩʪʨʫʢʪʠʚʥ

ʽ ʝʣʝʤʝʥʪʠ 

ɿɯɿʆɼ 

ʇʨʠʥʮʠʧ ʜʽʾ ʄʘʪʝʨʽʘʣʠ ʂʦʥʪʨʦʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ 

ɸʝʨʦʜʠʩʧʝʨʩʥʽ 

ʯʘʩʪʠʥʠ 

ʨʽʟʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ 

(ʧʠʣ, ʜʠʤ, 

ʪʫʤʘʥ), 

ʪʦʢʩʠʯʥʽ ʛʘʟʠ ʽ 

ʧʘʨʠ 

 

-ʦʙʪʶʨʘʪʦʨʠ 

ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 

ʰʠʡʥʽ, 

-ʬʽʣʴʪʨʫʶʯʽ 

ʝʣʝʤʝʥʪʠ 

- ʚʫʟʣʠ 

ʢʣʘʧʘʥʽʚ 

ʚʜʠʭʫ ʽ 

ʚʠʜʠʭʫ, 

- ʝʣʝʤʝʥʪʠ 

ʬʽʢʩʘʮʽʾ. 

- ʽʟʦʣʷʮʽʷ 

ʧʽʜʤʘʩʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ 

- ʬʽʣʴʪʨʘʮʽʷ, 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʟʘ ʨʘʭʫʥʦʢ 

ʱʽʣʴʥʦʛʦ 

ʧʨʠʣʷʛʘʥʥʷ 

ʧʝʣʶʩʪʢʘ 

ʢʣʘʧʘʥʽʚ 

ʚʠʜʠʭʫ ʽ 

ʚʜʠʭʫ ʜʦ 

ʩʽʜʣʦʚʠʥʠ 

-ʧʦʚʽʪʨʦʥʝʧʨʦʥʠʢʥʽ 

ʤʘʪʝʨʽʘʣʠ (ʛʫʤʘ, 

ʩʠʣʽʢʦʥ, ʧʦʣʽʝʪʠʣʝʥ 

ʪʦʱʦ); 

- ʬʽʣʴʪʨʫʶʯʽ ʤʘʪʝʨʽʘʣʠ  

(ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, 

ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ); 

- ʜʦʧʦʤʽʞʥʽ 

ʤʘʪʝʨʽʘʣʠ. 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʦʩʫ: 

- ʯʝʨʝʟ ʩʤʫʛʫ 

ʦʙʪʶʨʘʮʽʾ; 

- ʯʝʨʝʟ ʢʣʘʧʘʥʠ 

ʚʜʠʭʫ ʽ ʚʠʜʠʭʫ. 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʦʥʠʢʘʥʥʷ 

ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʶʯʠʡ 

ʤʘʪʝʨʽʘʣ. 

ʏʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ. 
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ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 1.4, ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʘ 

ʚʧʣʠʚʘʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʪʠʧ ʬʽʣʴʪʨʽʚ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʘʞʣʠʚʦ ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʥʪʨʦʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ɿɯɿʆɼ. ʆʜʥʘʢ ʨʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʟʽʪʢʥʫʪʠʩʷ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ 

ʯʠʥʥʠʢʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʙʨʘʢ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʝʚʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʥʘ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʠ ʜʦʩʪʘʚʢʫ, ʥʝʜʦʩʪʘʪʥʷ 

ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʾʭ ʧʦʩʪʘʯʘʥʥʷ ʟ ʥʝʚʽʜʧʦʚʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʪʘʙʣ. 1.5). 

ɼʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʝʢʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ɿɯɿʆɼ 

ʤʦʞʥʘ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʘʞʣʠʚʦ, ʱʦʙ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʣʠ ʨʦʟʨʦʙʣʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʘʤ ʪʘ 

ʢʦʥʪʨʦʣʶʚʘʣʠʩʴ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʊʘʢʦʞ ʩʣʽʜ ʚʞʠʚʘʪʠ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʫ ʚʠʧʘʜʢʫ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

 

ʊʘʙʣʠʮʷ 1.5 ï ʌʨʘʛʤʝʥʪ ʦʧʠʩʫ ʤʽʥʣʠʚʦʩʪʽ ʩʪʘʜʽʾ ʽ ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ 
ʌʫʥʢʮʽʷ ɺʘʨʽʘʪʠʚʥʽʩʪʴ ʆʧʠʩ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ ʅʘʩʣʽʜʢʠ 

ʇʽʜʛʦʪʦʚʯʘ 

F2V0 

ɺʪʨʘʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ, 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɿɯɿʆɼ 

ʅʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʩʚʦʻʯʘʩʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʘʜʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

F2V1 

ʅʝ ʩʚʦʻʯʘʩʥʝ ʜʦʩʪʘʚʢʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɿɯɿʆɼ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʽ ʘʥʘʣʽʟʦʤ ʥʝʜʦʣʽʢʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʩʥʫʶʯʠʭ ɿɯɿʆɼ 

ʅʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʩʚʦʻʯʘʩʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʩʪʘʜʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

F2V2 

ʅʘʷʚʥʽʩʪʴ ʥʝʟʥʘʯʥʠʭ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʫ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʽʜʭʠʣʝʥʴ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʚʠʤʦʛʠ ʩʪʘʥʜʘʨʪʽʚ, ʘʣʝ ʥʝ 

ʟʘʜʦʚʽʣʴʥʷʪʴ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʽʚ  

ʅʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʚʠʤʦʛʠ 

ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ 

F2V3 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʤʠʣʦʢ 

ʟ ʧʽʜʽʙʨʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɿɯɿʆɼ 

ʅʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʨʦʝʢʪʥʽ ʚʠʤʦʛʠ 

ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ɿɯɿʆɼ 
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ʅʘ ʚʠʨʦʙʥʠʯʠʡ ʩʪʘʜʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ɿɯɿʆɼ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʨʫʜʠʮʽʾ, ʽʥʪʫʾʮʽʾ, 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʦʩʚʽʜʽ ʨʦʟʨʦʙʦʢ ʪʘ ʥʘʷʚʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʧʨʦ ʘʥʘʣʦʛʠ. 

ɺʽʜʧʦʚʽʜʥʘ ʩʪʘʜʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 1.4): 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʚʠʨʦʙʥʠʯʦʾ ʩʪʘʜʽʾ ɿɯɿʆɼ 
 

 

ɸʥʘʣʽʟ ʩʭʝʤʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʩʪʘʜʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʩʧʦʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʞʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦʙ 

ʰʚʠʜʢʦ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʚʠʤ ʧʨʦʤʽʞʢʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʝʪʫ ɿɯɿʆɼ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʎʝ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 3D 

ʧʦʚʝʨʭʦʥʴ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ NURBS ï ʧʦʚʝʨʭʦʥʴ, B-ʩʧʣʘʡʥʽʚ 

ʘʙʦ ʽʥʰʦʛʦ ʮʠʬʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʫʥʽʬʽʢʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʩʭʦʞʠʤʠ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʙʠʨʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʘʢʝʪʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʱʝ ʥʘ 

ʩʪʘʜʽʾ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʥʦʚʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʮʽʥʶʚʘʥʥʽ ʨʠʟʠʢʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ (ʪʘʙʣʠʮʷ 

1.6). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʷʚʣʝʥʠʭ ʤʦʞʣʠʚʠʭ ʥʝʜʦʣʽʢʽʚ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʩʪʘʜʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʪʘʙʣ. 1.7). 
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ʊʘʙʣʠʮʷ 1.6 ï ʌʨʘʛʤʝʥʪ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ɿɯɿʆɼ 

 

 

 

 

 

ʆʧʠʩ ʤʦʞʣʠʚʦʾ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʆʧʠʩ ʤʦʞʣʠʚʦʾ 

ʧʨʠʯʠʥʠ 

ʆʧʠʩ ʥʘʩʣʽʜʢʽʚ ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʣʘ 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʨʠʟʠʢʫ 

S O D RPN 

1. ʅʝʚʽʜʧʦʚʽʜʥʘ 

ʬʘʢʪʫʨʘ 

ʤʘʪʝʨʽʘʣʫ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ 

(ʟʘʥʘʜʪʦ 

ʞʦʨʩʪʢʠʡ ʘʙʦ 

ʤôʷʢʠʡ) F3V1 

- ʟʥʠʞʝʥʠʡ ʪʠʩʢ 

ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ 

ʧʦʜʘʯʽ; 

- ʧʦʨʫʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʤʘʪʝʨʽʘʣʫ . 

-  ʥʝʜʦʩʪʘʪʥʽʡ ʪʠʩʢ ʚ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʽ ; 

- ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʨʠʚʫ ʝʣʝʤʝʥʪʽʚ 

ʨʝʩʧʽʨʘʪʦʨʘ; 

- ʟʤʝʥʰʝʥʥʷ ʟʘʭʠʩʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʠʣʦʻʤʥʦʩʪʽ ʬʽʣʴʪʨʘ. 

8 5 1 40 

2. 

ʇʦʰʢʦʜʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʘʙʦ 

ʙʨʘʢ F3V2  

-ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʤʘʪʝʨʽʘʣʫ; 

-ʣʶʜʩʴʢʠʡ ʯʠʥʥʠʢ; 

-ʜʽʷ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʛʦʪʦʚʠʡ 

ʤʘʪʝʨʽʘʣ 

-ʚʪʨʘʪʘ ʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʝʩʧʽʨʘʪʦʨʘ. 

10 7 5 350 

3. ɼʝʬʦʨʤʘʮʽʷ 

ʣʠʮʝʚʦʾ 

ʯʘʩʪʠʥʠ 

ʨʝʩʧʽʨʘʪʦʨʘ  

F3V3 

- ʥʝʚʽʜʧʦʚʽʜʥʘ 

ʬʘʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ; 

- ʥʝʧʨʘʚʠʣʴʥʘ 

ʧʨʦʮʝʜʫʨʘ 

ʟʙʝʨʽʛʘʥʥʷ; 

- ʥʝʚʽʜʧʦʚʽʜʥʽ 

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ 

-ʟʥʠʞʝʥʥʷ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

4 7 6 168 

4. ɼʝʬʝʢʪʠ 

ʬʘʢʪʫʨʠ 

ʢʦʨʧʫʩʫ 

ʤʦʪʦʨʦʚʦʛʦ 

ʙʣʦʢʫ F3V4 

- ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʦʙʨʘʥʦ; 

- ʙʨʘʢ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ; 

- ʧʦʛʽʨʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʝʩʧʽʨʘʪʦʨʘ; 

- ʟʤʝʥʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

7 2 5 70 

5. ɼʝʬʝʢʪʠ 

ʜʝʪʘʣʝʡ (ʦʙʣʦʡ, 

ʟʘʜʠʨʢʠ) F3V5 

-ʥʘʷʚʥʽʩʪʴ ʟʘʟʦʨʽʚ 

ʤʘʪʨʠʮʽ ʚ ʧʨʝʩ-

ʬʦʨʤʽ; 

- ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʣʠʪʪʷ 

-  ʨʦʟʨʠʚ ʤʘʪʝʨʽʘʣʫ 

ɽʣʝʬʣʝʥ, ʚʪʨʘʪʘ 

ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʧʦʨʘʥʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ 
6 5 5 150 

6. 

ʅʝʨʦʟʙʽʨʣʠʚʝ 

ʤʘʨʢʫʚʘʥʥʷ 

ʚʠʨʦʙʫ ʪʘ 

ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ F3V6 

- ʟʘʩʤʽʯʝʥʘ ʜʨʫʢʫʶʯʘ 

ʛʦʣʦʚʢʘ 

ʤʘʨʢʠʨʘʪʦʨʘ; 

- ʥʝʧʨʘʚʠʣʴʥʦ 

ʚʠʙʨʘʥʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʨʫʢʫ. 

-ʥʝʚʽʨʥʠʡ ʧʽʜʙʽʨ ʢʣʘʩʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʩʧʽʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ 

ʫʤʦʚʘʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 
8 3 2 48 
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ʊʘʙʣʠʮʷ 1.7 ï ʌʨʘʛʤʝʥʪ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʤʠʣʦʢ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ  ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ 
ʉʪʘʜʽʷ ɺʘʨʽʘʪʠʚʥʽʩʪʴ ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ɺʠʛʦʪʦʚʣʝʥʥʷ F3V11 ʩʚʦʻʯʘʩʥʘ ʧʨʦʬʽʣʘʢʪʠʢʘ ʨʦʟʧʠʣʶʶʯʦʾ ʫʩʪʘʥʦʚʢʠ 

F3V12 ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʩʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ 

F3V21 ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʨʝʩʧʽʨʘʪʦʨʘ 

F3V22 ʩʚʦʻʯʘʩʥʘ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʦʥʴ ʟʙʝʨʽʛʘʥʥʷ ʡ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

F3V31 ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

F3V41 ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʟʘʪʚʝʨʜʞʝʥʠʡ ʧʝʨʝʣʽʢ 

ʤʘʪʝʨʽʘʣʽʚ 

F3V42 ʧʝʨʽʦʜʠʯʥʠʡ ʧʝʨʝʛʣʷʜ ʩʧʠʩʢʫ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

F3V51 ʧʨʦʚʦʜʠʪʠ ʩʚʦʻʯʘʩʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ 

F3V52 ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

F3V61 ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʩʪʘʥʫ ʜʨʫʢʫ ʪʘ ʨʦʙʦʪʠ ʤʘʨʢʠʨʘʪʦʨʘ 

ʗʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ, ʱʦ ʚʢʘʟʘʥʽ ʫ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʻ ʥʘʩʪʫʧʥʽ [9]: 

- ʧʦʢʘʟʥʠʢʠ ʧʨʠʟʥʘʯʝʥʥʷ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ɿɯɿʆɼ: ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ, ʧʠʣʦʤʽʩʪʢʽʩʪʴ, ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ. 

- ʝʨʛʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʫʟʣʽʚ ʢʣʘʧʘʥʥʠʭ ʩʠʩʪʝʤ ʚʜʠʭʫ-ʚʠʜʠʭʫ, ʩʤʫʛʠ 

ʦʙʪʶʨʘʮʽʾ, ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ: ʦʧʽʨ ʚʜʠʭʫ ʪʘ ʚʠʜʠʭʫ, ʚʤʽʩʪ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤ ʨʦʟʤʽʨʘʤ ʦʙʣʠʯʯʷ, ʧʦʣʷ ʟʦʨʫ, ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʧʨʦʤʦʚʣʷʥʥʷ; 

- ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ (ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʪʷʛʦʤ 

ʟʘʜʝʢʣʘʨʦʚʘʥʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ): ʛʘʨʘʥʪʽʡʥʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ, 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ, ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ. 

ʅʘ ʚʠʨʦʙʥʠʯʽʡ ʩʪʘʜʽʾ ʩʧʨʦʝʢʪʦʚʘʥʽ ɿɯɿʆɼ ʧʦʯʠʥʘʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʴ ʷʢ 

ʧʨʦʙʥʽ ʟʨʘʟʢʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʢʨʝʤʽ ʧʘʨʪʽʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʝʪʘʧʫ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ɿɯɿʆɼ ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʩʝʨʽʡʥʦ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ɿɯɿʆɼ ʱʝ ʥʝ ʧʽʜʪʚʝʨʜʞʝʥʘ, ʪʦʤʫ 

ʧʦʚʥʦʮʽʥʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʙʦʨʦʥʝʥʦ, ʦʢʨʽʤ ʚʠʧʘʜʢʽʚ, 

ʢʦʣʠ ʚʦʥʠ ʧʨʦʭʦʜʷʪʴ ʚʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. 
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ʅʘ ʩʪʘʜʽʡ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ɿɯɿʆɼ ʧʨʦʭʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ 

ʥʠʭ [10-12]. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʦʪʦʨʠʟʦʚʘʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ 

ʧʦʚʥʦʣʠʮʝʚʽ ʤʘʩʢʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ EN 136, ʘ 

ʧʦʪʽʤ ʚʞʝ ʤʘʩʢʘ, ʷʢʘ ʙʫʣʘ ʧʦʟʠʪʠʚʥʦ ʦʮʽʥʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʪʝʩʪʫʻʪʴʩʷ ʨʘʟʦʤ ʟ ʤʦʪʦʨʠʟʦʚʘʥʠʤ ʙʣʦʢʦʤ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ɼʉʊʋ 

EN 12942. ʊʦʤʫ, ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ɿɯɿʆɼ 

ʯʘʩʪʢʦʚʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʻʢʪʫʚʘʣʴʥʠʢʠ ʤʘʶʪʴ 

ʧʦʚʝʨʥʫʪʠʩʴ ʜʦ ʧʽʜʛʦʪʦʚʯʦʾ ʩʪʘʜʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ, ʱʦ ʩʪʘʣʠ ʜʞʝʨʝʣʦʤ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ. ɼʦ ʪʘʢʠʭ ʜʞʝʨʝʣ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʴ: 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʧʨʦʨʘʭʫʥʢʠ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʧʽʜʽʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʦʱʦ. 

ɿʘʚʝʨʰʫʻ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʙʫʜʴ-ʷʢʦʛʦ ɿɯɿʆɼ ʧʦʩʪʚʠʨʦʙʥʠʯʘ ʩʪʘʜʽʷ, ʢʦʣʠ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʢʽʥʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʡʦʛʦ 

ʧʦʜʘʣʴʰʘ ʫʪʠʣʽʟʘʮʽʷ. ɿʘʟʚʠʯʘʡ ʚʠʨʦʙʠ ʟʥʽʤʘʶʪʴʩʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ: 

- ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʘʙʦ ʩʪʘʥʜʘʨʪʘʤ ʥʘ 

ʮʝʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʩʪʘʥʜʘʨʪ ʥʘ ɿɯɿʆɼ ʟʘʣʠʰʠʚʩʷ ʙʝʟ ʟʤʽʥ, ʘʣʝ 

ʙʫʣʦ ʟʘʪʚʝʨʜʞʝʥʦ ʥʦʚʠʡ ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʽʙ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʜʦʢʫʤʝʥʪʫ ʙʽʣʴʰ ʚʠʱʦʛʦ ʟʘ ʟʥʘʯʠʤʽʩʪʶ; 

- ʟʘ ʚʣʘʩʥʠʤ ʨʽʰʝʥʥʷʤ ʚʠʨʦʙʥʠʢʘ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʤʦʚʣʝʥʴ ʘʙʦ 

ʧʦʯʘʪʦʢ ʚʠʧʫʩʢʫ ʥʦʚʦʾ ʙʽʣʴʰ ʩʫʯʘʩʥʦʾ ʤʦʜʝʣʽ ɿɯɿʆɼ; 

- ʚʠʤʫʰʝʥʦ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʘʙʦ ʟʤʽʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʫʩʽ ɿɯɿʆɼ ʤʘʶʪʴ ʫʪʠʣʽʟʦʚʫʚʘʪʠʩʴ ʷʢ ʚʽʜʭʦʜʠ ʟʛʽʜʥʦ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʚʽʜʭʦʜʠè ʪʘ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʪʘʣʦʙʨʫʭʪè, ʷʢʱʦ ʚ 

ʩʢʣʘʜʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʙʫʣʠ ʤʝʪʘʣʠ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ɿɯɿʆɼ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʪʘ ʟʤʝʥʰʠʪʠ ʩʪʨʦʢ ʚʠʢʦʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʽ ʷʢʽʩʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʘʱʝʥʥʷ [13]. 

 

 

1.2 ɸʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʢʦʤʧʣʝʢʩʥʠʭ ɿɯɿʆɼ 

 

ɺʠʤʦʛʠ ʜʦ ʢʦʤʧʣʝʢʩʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʘʤʠ, ʷʢʠʤ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ. ʊʘʢ, ʧʽʚʤʘʩʢʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʟ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʚʽʜôʻʜʥʫʶʪʴʩʷ, ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʛʘʟʽʚ, ʛʘʟʽʚ ʪʘ 

ʘʝʨʦʟʦʣʽʚ ʘʙʦ ʣʠʰʝ ʘʝʨʦʟʦʣʽʚ ʟʘ ɼʉʊʋ EN 1827 ʤʘʶʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ 

ʧʦʢʨʠʚʘʶʪʴ ʥʽʩ, ʨʦʪ ʽ ʧʽʜʙʦʨʽʜʜʷ, ʧʨʠ ʮʴʦʤʫ ʬʽʣʴʪʨ ʤʘʻ ʙʫʪʠ ʪʘʢʠʤ, ʱʦ 

ʚʽʜôʻʜʥʫʻʪʴʩʷ, ʪʘ ʟʘʤʽʥʥʠʤ, ʬʽʣʴʪʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 

ʦʜʥʽʻʾ ʟʤʽʥʠ [14]. 

ʅʘʪʦʤʽʩʪʴ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʧʽʚʤʘʩʢʠ ʟ ʢʣʘʧʘʥʘʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʛʘʟʽʚ ʘʙʦ 

ʛʘʟʽʚ ʽ ʘʝʨʦʟʦʣʽʚ ʟʘ ɼʉʊʋ EN 405 ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʶʪʴ ʩʢʣʘʜʘʪʠʩʴ ʧʦʚʥʽʩʪʶ 

ʘʙʦ ʯʘʩʪʢʦʚʦ ʟ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʨʝʩʧʽʨʘʪʦʨʘ. 

ʉʢʦʤʙʽʥʦʚʘʥʽ ʬʽʣʴʪʨʠ ʟʘ ɼʉʊʋ EN 14387 ʤʘʶʪʴ ʟʘʭʠʱʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ 

ʚʽʜ ʨʽʟʥʦʛʦ ʪʠʧʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʚʢʣʶʯʘʶʯʠ ʘʝʨʦʟʦʣʽ, ʛʘʟʠ ʪʘ 

ʚʠʧʘʨʠ. ʊʘʢʽ ʬʽʣʴʪʨʠ ʤʦʞʫʪʴ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʾ ʜʽʾ, ʪʦʙʪʦ ʟʘʭʠʩʪʫ ʚʽʜ ʦʜʥʽʻʾ 

ʚʠʟʥʘʯʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʥʘʧʨʠʢʣʘʜ NH3, ʘʙʦ ʙʘʛʘʪʦʪʠʧʥʠʤʠ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʚʽʜ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʦʛʦ ʛʘʟʫ ʘʙʦ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ. ɼʘʥʽ ʬʽʣʴʪʨʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʪʘ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʦʛʦ ʬʽʣʴʪʨʘ. 

ʋʩʽ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ ʨʝʩʧʽʨʘʪʦʨʠ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʱʦʜʦ ʟʘʭʠʩʥʠʭ ʪʘ 

ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʜʽʡʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʟʜʘʪʥʦʩʪʽ 

ʚʠʪʨʠʤʫʚʘʪʠ ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ [15-17]. ɼʦ ʟʘʭʠʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʷʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ ʪʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʥʠʢʘʥʥʷ ʚʠʨʦʙʫ (ʪʘʙʣ. 1.8). 
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ʊʘʙʣʠʮʷ 1.8 ï ɿʘʭʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʣʦʛʘʟʦʟʘʭʠʩʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ɿɯɿʆɼ 
ʇʦʟʥʘʯʝʥʥʷ 

ʪʠʧʫ ʪʘ ʢʣʘʩʫ 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʥʠʢʘʥʥʷ 

ʬʽʣʴʪʨʘ, % 

ʏʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʘ, ʭʚ. 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʥʠʢʘʥʥʷ 

ʚʠʨʦʙʫ, % 

ʇʨʠʤʽʪʢʠ 

ʇʽʚʤʘʩʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʟ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʚʽʜôʻʜʥʫʶʪʴʩʷ, ʟʘ ɼʉʊʋ EN 1827 

FM Gas1 ʈ1 20 70 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

50 (ʜʣʷ NH3) 

5 %  

FM Gas2 ʈ2 6 40 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

40 (ʜʣʷ NH3) 

5 %  

FM Gas3 ʈ3 0,05 - 5 %  

ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʧʽʚʤʘʩʢʠ ʟ ʢʣʘʧʘʥʘʤʠ ɼʉʊʋ EN 405 

FFGas1 P1 20 70 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

50 (ʜʣʷ NH3) 

5 %  

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.8 

FFGas1 P2 6 40 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

40 (ʜʣʷ NH3) 

5 %  

FFGas1 P3 1 - 5 %  

ʌʽʣʴʪʨʠ ʩʢʦʤʙʽʥʦʚʘʥʽ ɼʉʊʋ EN 14387 

Gas1 ʈ1 20 70 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

50 (ʜʣʷ NH3) 

- 

 

Gas2 ʈ2 6 40 (ʜʣʷ C6ʅ12) 

40 (ʜʣʷ ʅ2S) 

20 (ʜʣʷ SO2) 

40 (ʜʣʷ NH3) 

- 

 

Gas3 ʈ3 0,05 105 (ʜʣʷ C6ʅ12) 

120 (ʜʣʷ ʅ2S) 

60 (ʜʣʷ SO2) 

120 (ʜʣʷ NH3) 

- 

 

 

ɽʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʩʫʶʪʴʩʷ ʦʧʦʨʫ ʚʜʠʭʫ ʪʘ ʚʠʜʠʭʫ 

ʚʠʨʦʙʫ, ʚʤʽʩʪʫ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ, ʟʨʫʯʥʦʩʪ̔ ʚ 

ʢʦʨʠʩʪʫʚʘʥʥʽ ʚʠʨʦʙʦʤ, ʦʮʽʥʮʽ ʧʨʠʡʥʷʪʥʦʩʪʽ ʧʣʦʱ̔ ʧʦʣʷ ʟʦʨʫ ʪʘ ʟʨʫʯʥʦʩʪ̔ 

ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʥʘʛʦʣʽʚôʷ (ʪʘʙʣ. 1.9).  
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ʊʘʙʣʠʮʷ 1.9 ï ɽʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʣʦʛʘʟʦʟʘʭʠʩʥʠʭ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ 

ʇʦʟʥʘʯʝʥʥʷ 

ʪʠʧʫ ʪʘ ʢʣʘʩʫ 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ 

ʦʧʦʨʫ ʜʠʭʘʥʥʶ, ʤʙʘʨ, ʟʘ ʚʠʪʨʘʪʠ 

ɺʤʽʩʪ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʫ 

ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ, 

% 
30 ʣ/ʭʚ 95 ʣ/ʭʚ 

ʇʽʚʤʘʩʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʟ ʬʽʣʴʪʨʘʤʠ, ɦ ʦ ʚʽʜôʻʜʥʫʶʪʴʩʷ, ʟʘ ɼʉʊʋ EN 1827 

FM Gas1 ʈ1 1,6 6,1 

1,0 % FM Gas2 ʈ2 1,7 6,4 

FM Gas1 ʈ3 2,2 8,2 

ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʧʽʚʤʘʩʢʠ ʟ ʢʣʘʧʘʥʘʤʠ ɼʉʊʋ EN 405 

FFGas1 P1 1,6 6,1 

1,0 % FFGas1 P2 1,7 6,4 

FFGas1 P3 2,0 7,0 

ʌʽʣʴʪʨʠ ʩʢʦʤʙʽʥʦʚʘʥʽ ɼʉʊʋ EN 14387 

Gas1 ʈ1 1,6 6,1 

ʅʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ Gas2 ʈ2 2,1 8,0 

Gas1 ʈ3 2,2 8,2 

ʆʮʽʥʢʘ ʧʨʠʡʥʷʪʥʦʩʪʽ ʧʣʦʱʽ ʧʦʣʷ ʟʦʨʫ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʟʨʫʯʥʦʩʪʽ ʡʦʛʦ ʚ 

ʢʦʨʠʩʪʫʚʘʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʚʠʧʨʦʙʫʚʘʯʘʤʠ, ʪʦʤʫ ʡ ʦʮʽʥʢʘ 

ʧʨʠʡʥʷʪʥʦʩʪʽ ʻ ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʝʨʪʥʠʤ ʤʝʪʦʜʦʤ, ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ ʥʝʤʘʻ [18]. ʅʘʪʦʤʽʩʪʴ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢ ʦʧʽʨ ʜʠʭʘʥʥʶ ʪʘ ʚʤʽʩʪ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ ʤʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʟʥʘʯʝʥʥʷ [19, 

20]. 

ɼʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɿɯɿʆɼ ʟʽ ʟʜʘʪʥʦʩʪʽ ʜʦ ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʚʽʜʥʦʩʷʪʴʩʷ ʤʽʮʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʢʣʘʧʘʥʽʚ ʚʜʠʭʫ ʪʘ ʚʠʜʠʭʫ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʪʘ ʧʝʨʝʚʽʨʢʘ ʟ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. ʉʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ ʤʘʶʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ, ʱʦ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʽ ʚʠʨʦʙʫ. ɼʣʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʽʚʤʘʩʦʢ 

ʜʘʥʝ ʟʫʩʠʣʣʷ ʩʪʘʥʦʚʠʪʴ 10 ʅ. ʷʢʝ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 10 ʩ. ʇʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʥʷ ʟʫʩʠʣʣʷ ʚʠʨʽʙ ʚʽʟʫʘʣʴʥʦ ʥʝ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʧʦʰʢʦʜʞʝʥʴ. 

ʑʦʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ, ʪʦ ʜʘʥʘ ʚʠʤʦʛʘ ʧʝʨʝʚʽʨʷʻ ʚʠʨʽʙ ʱʦʜʦ 

ʟʜʘʪʥʦʩʪʽ ʚʠʪʨʠʤʫʚʘʪʠ ʢʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟ ʟʥʠʞʝʥʥʷ ʟʘʭʠʩʥʠʭ ʪʘ 

ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʩʧʽʨʘʪʦʨʠ ʤʘʶʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚʠʪʨʠʤʫʚʘʪʠʩʴ 
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ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʤʽʥʫʩ 30 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʪʘ + 70 Áʉ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʟ 

ʧʨʦʤʽʞʢʘʤʠ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʧʣʠʚʘʤʠ ʥʝ ʤʝʥʰʝ 4 ʛʦʜʠʥ. 

ʇʝʨʝʚʽʨʢʘ ʟ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦʧʦʤʘʛʘʻ ʦʮʽʥʠʪʠ ʨʝʩʧʽʨʘʪʦʨ ʱʦʜʦ 

ʤʦʞʣʠʚʦʛʦ ʬʽʟʠʯʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʊʘʢʘ 

ʧʝʨʝʚʽʨʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʽʙʨʘʮʽʡʥʠʡ ʚʧʣʠʚ ʧʨʠ ʮʴʦʤʫ ʨʝʩʧʽʨʘʪʦʨ ʧʽʜʢʠʜʘʻʪʴʩʷ 

ʥʘ ʚʠʩʦʪʫ ʜʦ 2 ʩʤ ʟ ʯʘʩʪʦʪʦʶ 100 ɻʮ. ʇʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘʢʠʡ ʨʝʩʧʽʨʘʪʦʨ ʥʝ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʧʨʦʜʦʚʞʫʚʘʪʠ ʥʦʨʤʘʣʴʥʦ ʧʨʘʮʶʚʘʪʠ. 

ʆʢʨʽʤ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʚʠʤʦʛ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ ʥʘ 

ʨʝʩʧʽʨʘʪʦʨ, ʦʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʦ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʡ ʚʠʤʦʛʘʤ ʊʈ ɿɯɿ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ: 

- ɿɯɿʆɼ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʚʦʥʠ ʥʝ ʩʪʚʦʨʶʚʘʣʠ ʨʠʟʠʢʽʚ ʘʙʦ ʽʥʰʠʭ ʙʫʜʴ-ʷʢʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʥʠʤ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ [21]; 

- ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ɿɯɿʆɼ, ʘ ʪʘʢʦʞ 

ʙʫʜʴ-ʷʢʽ ʤʦʞʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʦʞʫʪʴ ʟ ʥʠʭ ʚʠʜʽʣʷʪʠʩʴ ʚ ʧʨʦʮʝʩʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʫʩʽ ʯʘʩʪʠʥʠ ɿɯɿʆɼ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʘʙʦ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʫʪʴ ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʪʽʣʦʤ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʟʘʛʨʦʟ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʛʦʩʪʨʠʭ ʢʨʘʾʚ ʪʘ ʚʠʩʪʫʧʽʚ, ʰʦʨʩʪʢʫʚʘʪʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʦʱʦ [22]; 

- ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʬʦʨʤʘ ɿɯɿʆɼ ʤʘʶʪʴ ʩʧʨʠʷʪʠ ʡʦʛʦ ʧʨʘʚʠʣʴʥʦʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʽ ʬʽʢʩʘʮʽʾ ʥʘ ʛʦʣʦʚʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʩʪʨʦʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ [23]; 

- ɿɯɿʆɼ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʡʤʝʥʰʦʾ ʤʘʩʠ, ʱʦʙ ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʥʝʟʨʫʯʥʦʩʪʝʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ; 

- ʨʝʩʧʽʨʘʪʦʨʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʟ ʽʥʰʠʤʠ ɿɯɿ, 

ʤʘʶʪʴ ʙʫʪʠ ʩʫʤʽʩʥʠʤʠ ʟ ʪʘʢʠʤʠ ʪʘ ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʥʝʙʝʟʧʝʢ [24]; 

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʯʠʱʝʥʥʷ ʚʜʠʭʫʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʚʽʪʨʷ ʧʨʦʪʷʛʦʤ 

ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʠʭ ʚʠʨʦʙʥʠʢʦʤ ʫʤʦʚʘʭ [25]. 
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1.3 ɸʥʘʣʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟ ʽʟʦʣʶʚʘʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

ʧʽʚʤʘʩʢʘʤʠ (ʤʘʩʢʘʤʠ) ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

ɯʟʦʣʶʚʘʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɿɯɿʆɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʩʤʫʟʽ ʱʽʣʴʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ ʣʠʮʝʚʦʾ 

ʯʘʩʪʠʥʠ ʨʝʩʧʽʨʘʪʦʨʘ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ, ʜʦ ʦʙʣʠʯʯʷ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʧʘʥʘ(̔ʚ) ʚʠʜʠʭʫ [26]. 

ʂʣʘʧʘʥ(ʠ) ʚʠʜʠʭʫ ʜʦʟʚʦʣʷʻ(ʶʪʴ) ʚʠʚʦʜʠʪʠ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ 

ʚʠʜʠʭʫʚʘʥʝ ʣʶʜʠʥʦʶ ʧʦʚʽʪʨʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʫʚʘʪʠ ʚʤʽʩʪ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʚʽʜʚʦʜʠʪʠ 

ʚʠʜʠʭʫʚʘʥʫ ʚʦʣʦʛʫ. ʇʨʦʪʝ, ʱʦʙ ʩʘʤ ʢʣʘʧʘʥ ʚʠʜʠʭʫ ʥʝ ʩʪʘʚ ʜʞʝʨʝʣʦʤ 

ʧʦʪʨʘʧʣʷʥʥʷ ʥʝ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ï ʚʽʥ ʤʘʻ ʙʫʪʠ 

ʝʣʘʩʪʠʯʥʠʤ, ʛʝʨʤʝʪʠʯʥʠʤ ʪʘ ʰʚʠʜʢʦ ʧʝʨʝʢʨʠʚʘʪʠ ʢʘʥʘʣ ʚʽʜʚʦʜʫ ʧʦʚʽʪʨʷ [27-

34]. 

ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ɿɯɿʆɼ, ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ, ʘ ʪʦʤʫ ʡ ʟʘʭʠʱʘʪʠ ʚʽʜʤʽʥʥʽ 

ʜʽʣ̫ʥʢʠ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ [35-36]. 

ɿʘʛʘʣʦʤ ʙʫʜʴ-ʷʢʘ ʩʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʤʘʻ ʬʦʨʤʫ ʩʫʮʽʣʴʥʦʾ ʟʘʤʢʥʝʥʦʾ ʣʽʥʽʾ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʠʥʦʶ ʪʘ ʝʣʘʩʪʠʯʥʽʩʪʶ (ʛʥʫʯʢʽʩʪʶ). ʉʘʤʝ ʜʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʡʯʘʩʪʠʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʧʘʩʫʚʘʥʥʷ. ɿ ʽʥʰʦʾ 

ʩʪʦʨʦʥʠ, ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʨʝʩʧʽʨʘʪʦʨʠ ʤʘʻ ʧʝʚʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʬʦʨʤʫ, ʷʢʫ ʾʤ 

ʙʫʣʦ ʥʘʜʘʥʦ ʚʠʨʦʙʥʠʢʦʤ, ʪʦʤʫ ʝʣʘʩʪʠʯʥʽʩʪʴ ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʥʝʟʥʘʯʥʦ 

ʟʤʽʥʶʚʘʪʠ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʧʨʠ ʥʦʩʽʥʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʽʚʤʘʩʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʝʥʠʡ 

ʢʦʥʪʫʨ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʝʨʝʥʽʩʩʷ, ʱʦʢʠ ʪʘ ʧʽʜʙʦʨʽʜʜʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘ 

ʨʠʩʫʥʢʫ 1.5 ʧʦʢʘʟʘʥʦ ʩʤʫʛʫ ʦʙʪʶʨʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʣʝʛʢʦʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʧʽʚʤʘʩʢʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʘʝʨʦʟʦʣʽʚ ʪʘ ʛʘʟʽʚ çRespyè ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ ʅɺʇ 

çʉʊɸʅɼɸʈʊè (ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ). ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʽʚʤʘʩʢʠ ʩʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ [37]. 
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ʈʠʩʫʥʦʢ 1.5 ï ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʣʝʛʢʦʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʽʚʤʘʩʢʠ çRespyè 

 

ɼʣʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʘʤʝ ʜʽʣʷʥʢʘ ʥʘʚʢʦʣʦ ʥʦʩʫ ʪʘ ʚʠʣʠʮʴ ʻ ʧʨʦʙʣʝʤʥʦʶ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʬʦʨʤʦʶ ʧʦʚʝʨʭʥʽ 

ʪʘ ʧʨʠʩʫʪʥʽʩʪʶ ʤʽʤʽʯʥʠʭ ʨʫʭʽʚ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘ ʨʠʩʫʥʢʫ 1.6 ʧʦʢʘʟʘʥʦ ʩʤʫʛʫ ʦʙʪʶʨʘʮʽʾ ʧʽʚʤʘʩʢʠ ʈʇɸ-ɼɭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ ʅɺʇ çʉʊɸʅɼɸʈʊè (ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ), ʜʦ ʷʢʦʾ 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʪ ʟ ʜʚʦʭ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ. ɼʘʥʠʡ ʪʠʧ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʚ ʧʣʘʥʽ 

ʟʘʭʠʩʪʫ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʝʛʢʠʤʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤʠ 

ʨʝʩʧʽʨʘʪʦʨʘʤʠ (ʨʠʩ. 1.5). 
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ʈʠʩʫʥʦʢ 1.6 ï ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʧʽʚʤʘʩʢʠ ʈʇɸ-ɼɭ 

 

ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʤʘʩʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ʽ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʣʦʙ, ʩʢʨʦʥʽ, ʱʦʢʠ ʪʘ ʧʽʜʙʦʨʽʜʜʷ. ɺʦʥʘ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ. ʦʩʢʽʣʴʢʠ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʥʝʧʨʦʥʠʢʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʦʢʨʝʤʘ TPE ʯʠ ʯʫʤʘ. 

ʑʦʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʩʦʢ (ʧʦʚʥʦ ʣʠʮʝʚʠʭ ʤʘʩʦʢ) ʽʩʥʫʶʪʴ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʩʘʤʝ ʚʠʢʣʶʯʥʦ ʟ ʧʦʚʥʦʣʠʮʝʚʦʾ ʤʘʩʢʠ ʪʘ ʧʦʚʥʦʣʠʮʝʚʦʾ ʤʘʩʢʠ ʟ 

ʧʽʜʤʘʩʦʯʥʠʢʦʤ (ʨʠʩ. 1.7 ʪʘ 1.8). 
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ʈʠʩʫʥʦʢ 1.7 ï ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʤʘʩʢʠ ʙʝʟ ʧʽʜʤʘʩʦʯʥʠʢʘ 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʤʫʛʘ ʦʙʪʶʨʘʮʽʾ ʤʘʩʢʠ ʟ ʧʽʜʤʘʩʦʯʥʠʢʦʤ 
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ʋ ʩʧʨʘʚʥʦʤʫ ʽ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʦʤʫ ɿɯɿʆɼ ʜʦ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʤʦʞʣʠʚʠʡ 

ʪʽʣʴʢʠ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ ʽ ʥʝʱʽʣʴʥʦʩʪʷʤʠ ʢʣʘʧʘʥʽʚ ʚʠʜʠʭʫ ʥʘ ʬʘʟʽ ʚʜʠʭʫ 

[38-40]. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ ɿɯɿʆɼ 

ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ ʚʠʥʠʢʘʻ ʧʨʠ ʤʽʤʽʯʥʠʭ ʨʫʭʘʭ ʦʙʣʠʯʯʷ, 

ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʨʦʟʤʦʚʣʷʻ, ʧʦʟʽʭʘʻ ʘʙʦ ʜʠʭʘʻ ʨʦʪʦʤ. ʊʘʢʦʞ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ 

ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʫʭʘʭ ʛʦʣʦʚʦʶ, ʥʘʧʨʠʢʣʘʜ ʚʚʝʨʭ-

ʚʥʠʟ ʘʙʦ ʚʧʨʘʚʦ-ʚʣʽʚʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʩʧʽʨʘʪʦʨ ʤʦʞʝ ʟʤʽʱʫʚʘʪʠ ʥʘ 

ʦʙʣʠʯʯʽ ʚʽʜ ʩʚʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ [41, 42]. 

ʅʘʜʭʦʜʞʝʥʥʷ ʘʝʨʦʟʦʣʽʚ, ʛʘʟʽʚ ʽ/ʘʙʦ ʧʘʨʽʚ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʚ 

ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʯʝʨʝʟ ʢʣʘʧʘʥ ʚʠʜʠʭʫ ʥʝ ʚʠʢʣʠʢʘʥʦ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷʤ, 

ʦʩʢʽʣʴʢʠ ʢʣʘʧʘʥʠ ʧʨʦʻʢʪʫʶʪʴʩʷ ʪʘ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʛʝʨʤʝʪʠʯʥʠʤʠ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʻ 

ʨʦʟʨʽʜʞʝʥʥʷ, ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʣʶʜʠʥʦʶ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʜʠʭʫ 

[43, 44]. 

ʈʦʟʨʽʜʞʝʥʥʷ ʜʦʨʽʚʥʶ ̒ ʨʽʟʥʠʮʽ ʤʽʞ ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʠʩʢʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʜʠʭʫ ʟʘ ʬʦʨʤʫʣʦʶ  

( )ʦʙʪʢʣʬʧʤʘʪʤ RRRvPP ++=- m ,                                               (1.1) 

ʜʝ ʈʧʤ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʧʽʜ ʤʘʩʢʦʶ, ʇʘ; Rʬ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ, 

ʇʘÅʩ/ʤ; Rʢʣ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʢʣʘʧʘʥʘ ʚʠʜʠʭʫ ʇʘÅʩ/ʤ; Rʦʙʪ ï 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʦʙʪʶʨʘʪʦʨʘ, ʇʘÅʩ/ʤ; ɛ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʇʘ 

ʩ; v ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʤ/ʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʘ(ʽʚ) ɿɯɿʆɼ, ʦʧʦʨʫ 

ʢʣʘʧʘʥʽʚ ʚʜʠʭʫ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʬʽʣʴʪʨʽ(ʘʭ), ʘ ʪʘʢʦʞ ʚʽʜ ʦʙʩʷʛʫ ʣʝʛʝʥʝʚʦʾ 

ʚʝʥʪʠʣʷʮʽʾ (ʭʚʠʣʠʥʥʦʛʦ ʦʙʩʷʛʫ ʜʠʭʘʥʥʷ), ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [45-47]. ʊʘʢ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʣʝʛʝʥʝʚʘ ʚʝʥʪʠʣʷʮʽʷ, ʘ ʪʦʤʫ ʡ ʰʚʠʜʢʽʩʪʴ ʪʘ ʛʣʠʙʠʥʘ ʚʜʠʭʫ, ʚʩʝ 

ʮʝ ʟʙʽʣʴʰʫʻ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [48, 49]. ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, 
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ʱʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʦʧʦʨʠ ʬʽʣʴʪʨʫ ʪʘ ʢʣʘʧʘʥʫ ʚʜʠʭʫ ʥʝ ʻ ʧʦʩʪʽʡʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʘ ʟʘʣʝʞʘʪʴ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʪʘ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʟʫʩʠʣʣʷ ʚʜʠʭʫ ʣʶʜʠʥʦʶ [50]. 

ʇʽʜʩʤʦʢʪʫʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪ ̔ʟʘ ʩʤʫʛʦ  ʁ

ʦʙʪʶʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʢʣʘʧʘʥ ʚʠʜʠʭʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʝʨʮʽʡʥʦʩʪʽ ʘʙʦ 

ʰʚʠʜʢʦʩʪʽ ʟʘʢʨʠʪʪʷ ʦʩʪʘʥʥʴʦʛʦ [51-56]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʽʟʦʣʶʚʘʥʥʷ [57]. ʂʦʝʬʽʮʽʻʥʪ ʽʟʦʣʶʚʘʥʥʷ (ʂɯ) ʧʽʜ 

ʣʠʮʝʚʫ ʯʘʩʪʠʥʫ ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʽʚ (ʛʘʟʽʚ) ʪʘ 

ʘʝʨʦʟʦʣʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʫ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʯʝʨʝʟ ʩʤʫʛʫ ʦʙʪʶʨʘʮʽʾ ʽ 

ʢʣʘʧʘʥʠ ʚʠʜʠʭʫ ʉ̔, ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʽʚ, ʛʘʟʽʚ ʪʘ ʘʝʨʦʟʦʣʽʚ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʉʦ. ɼʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʻ ʨʦʟʨʘʭʫʥʢʦʚʠʤ, 

ʚʽʥ ʪʝʦʨʝʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶ ̒ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʥʘʜʽʡʰʣʘ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ. ɺʽʥ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʠ 

ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨʠ ʪʘ ʥʝʱʽʣʴʥʦʩʪʝʡ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʢʨʽʟʴ ʬʽʣʴʪʨʠ ʂʧ ʽ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʂʧʦ.  

ʂʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʦʞʝ ʧʨʦʥʠʢʥʫʪʠ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ, ʤʛ, 

ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦ  ʁ

( )tʂQʂQCC ʇʆʇʆʇʬʽ += 0 ,                                                 (1.2) 

ʜʝ t ï ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʝʩʧʽʨʘʪʦʨʽ, ʭʚ.; Qʬ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʜʤ
3
/ʭʚ.; 

Qʧʦ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʘʟʦʨʠ, ʜʤ
3
/ʭʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʘ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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3 .                                          (1.3) 

ɿ ʚʠʱʝ ʚʢʘʟʘʥʦʾ ʬʦʨʤʫʣʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʽʟʦʣʶʚʘʥʥʷ 
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,                                                       (1.4) 

ʜʝ ʚʽʜʥʦʰʝʥʥʷ Qʧʦ/Qʬ ï ʮʝ ʧʦʢʘʟʥʠʢ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʧʽʚʤʘʩʢʠ ʜʦ 

ʦʙʣʠʯʯʷ. ɼʘʥʘ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʪʶʨʘʪʦʨʘ, ʨʦʟʤʽʨʽʚ 

ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʠʜʫ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʫʭ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʻ 

ʧʝʨʝʚʘʞʥʦ ʣʘʤʽʥʘʨʥʠʤ, ʪʦʤʫ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ ʪʘ ʾʾ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʨʽʚʥʷʥʥʷʤ  

pkQ ʬʬ D= ,                                                                (1.5) 

ʜʝ ȹʨ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ, ʇʘ; kʬ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʬʽʣʴʪʨʘ, ʤ
5
/ʅĿc. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʘʟʦʨʠ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ ʪʘ 

ʥʝʱʽʣʴʥʦʩʪʷʤʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ ʬʦʨʤʫʣʦʶ 

( )ppkQ ʇʆʇʆ D-D= 1
,                                                          (1.6) 

ʜʝ ȹʨ1 ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʨʝʩʧʽʨʘʪʦʨʽ, ʇʘ; kʧʦ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʱʽʣʠʥ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʧʦ ʩʤʫʟʽ ʦʙʪʶʨʘʮʽʾ, ʤ
5
/ʅĿc. 

ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʱʽʣʴʥʦʩʪʽ ʂɦ  ʚʽʜ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ 

ʯʝʨʝʟ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʚʝʣʠʯʠʥʫ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʧʽʚʤʘʩʢʠ ʜʦ ʦʙʣʠʯʯʷ ʚ ʯʠʩʣʦʚʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

( )

p

kpp

Q

Q
K
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ʇʆ
ʱ

D

D-D
==

1 ,                                                   (1.7) 

ʜʝ kʨ =kʬ /kʧʩ. 

ʇʦʢʘʟʥʠʢ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʨʝʩʧʽʨʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʢʨʝʤʦ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʩʧʽʨʘʪʦʨʘ ʡ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʘʟʦʨʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʬʦʨʤʫʣʦʶ 

( )( )bB

a

BB dpkQ D= ,                                                          (1.8) 
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ʜʝ Qʚ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʚʠʪʦʢʠ ʟʘ ʩʤʫʛʦʶ ʦʙʪʶʨʘʮʽʾ, ʜʤ
3
/ʭʚ; ʘ, b ï 

ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʽʚʤʘʩʦʢ; 

kʧʦ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʟʘʟʦʨʽʚ, ʤ
5
/ʅĿc; dʚ ï ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʦʪʚʦʨʽʚ ʤʽʞ 

ʦʙʪʶʨʘʪʦʨʦʤ ʽ ʦʙʣʠʯʯʷʤ ʢʦʨʠʩʪʫʚʘʯʘ, ʤ. 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝ ʥʘʚʝʜʝʥ ̔ ʬʦʨʤʫʣʠ ʪʘ ʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʯʝʨʝʟ ʟʘʟʦʨʠ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʰʝʥʥʷ, 

ʷʢʠʤʠ ʨʝʘʣʴʥʦ ʟʤʝʥʰʠʪʠ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʟʘ ʥʝʱʽʣʴʥʦʩʪʷʤʠ. ɼʦ ʦʩʥʦʚʘʥʠʭ 

ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ: 

- ʇʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʦʙʪʶʨʘʪʦʨʘ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʩʤʫʛʠ ʦʙʪʶʨʘʮʽʾ, ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠʪʠʩʢʥʠʭ ʟʫʩʠʣʴ ʰʣʷʭʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʫ, ʧʽʜʚʠʱʝʥʥʷ ʝʣʘʩʪʠʯʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʦʙʪʶʨʘʪʦʨʘ [58]; 

- ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʢʣʘʧʘʥʫ ʚʠʜʠʭʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʧʝʣʶʩʪʢʠ ʢʣʘʧʘʥʫ [59]; 

- ɿʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʬʽʣʴʪʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʘ ʽ 

ʧʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [60]; 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʚʽʡʥʦʾ ʩʤʫʛʠ ʦʙʪʶʨʘʮʽʾ, ʷʢʘ ʙ ʫʨʘʭʦʚʫʚʘʣʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʠʯʯʷ [61, 62]; 

- ʉʪʚʦʨʝʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʰʣʷʭʦʤ 

ʥʘʛʥʽʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʯʠʱʝʥʦʛʦ ʯʝʨʝʟ ʬʽʣʴʪʨʠ ʧʦʚʽʪʨʷ 

[63]. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʽʟʦʣʶʚʘʥʥʷ ʤʘʩʦʢ ʘʙʦ ʧʽʚʤʘʩʦʢ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. ʄʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʽʟʦʣʶʚʘʥʥʷ ʦʧʠʩʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʥʘ 

ʚʠʨʦʙʠ ʪʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʝʩʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʟ ʽʤʽʪʘʮʽʻʶ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʊʝʩʪ-ʘʝʨʦʟʦʣʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʭʣʦʨʠʜ ʥʘʪʨʽʶ, ʛʝʢʩʘʬʪʦʨʠʜ ʩʽʨʢʠ ʪʘ ʽʥʰʽ. 

ʃʶʜʠʥʘ ʚ ʨʝʩʧʽʨʘʪʦʨʽ ʟʘʭʦʜʠʪʴ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʢʘʤʝʨʫ, ʜʝ ʨʦʟʧʠʣʝʥʦ ʪʝʩʪ-

ʘʝʨʦʟʦʣʴ, ʪʘ ʚʠʢʦʥʫʶʪʴ ʚʧʨʘʚʠ ʧʨʠ ʮʴʦʤʫ ʦʙʣʘʜʥʘʥʥʷ ʨʝʻʩʪʨʫʻ ʢʽʣʴʢʽʩʪʴ 

ʨʝʯʦʚʠʥʠ ʫ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ [64, 65]. ɼʘʥʽ ʤʝʪʦʜʠ ʻ ʢʽʣʴʢʽʩʥʠʤʠ ʪʘ 

ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʚʠʯʝʨʧʥʫ ʚʽʜʧʦʚʽʜʴ ʱʦʜʦ ʢʦʝʬʽʮʽʻʥʪʫ ʽʟʦʣʶʚʘʥʥʷ. 



85 

 

ʑʝ ʦʜʥʠʤ ʢʽʣʴʢʽʩʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʻ Fit 

Test [66]. ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʝʩʪ-ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʧʠʣʝʥʘ ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ, 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʢʘʟʫʻ, 

ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʱʽʣʴʥʽʩʪʴ ʧʨʠʣʷʛʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

[67]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪ-ʘʝʨʦʟʦʣʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʟʦʢʨʝʤʘ 

ʥʘʜʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ 

ʨʝʯʦʚʠʥʠ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ, ʘʣʝ ʪʘʢʦʞ ʤʘʶʪʴ ʡ ʥʝʜʦʣʽʢʠ ʷʢ ʦʪ ʜʽʘʤʝʪʨ 

ʯʘʩʪʦʢ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ ʪʘ ʡʦʛʦ ʩʪʘʥ [68-70]. ʅʘ ʨʠʩʫʥʢʫ 1.9 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʨʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʫ ʚʽʜʩʦʪʢʘʭ ʟʘ ʜʽʘʤʝʪʨʦʤ ʜʣʷ ʜʚʦʭ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʝʩʪ-

ʘʝʨʦʟʦʣʽʚ ï ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʪʘ ʧʘʨʘʬʽʥʦʚʦʾ ʦʣʠʚʠ. ɻʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʦ ʟʛʽʜʥʦ 

ʜʘʥʠʭ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ EN 13274-7:2019, ʚ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʠ ʜʦ 

ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʘʝʨʦʟʦʣʽʚ. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʢ ʪʝʩʪ-ʘʝʨʦʟʦʣʽʚ ʟʘ ʜʽʘʤʝʪʨʦʤ:  

1 ï ʧʘʨʘʬʽʥʦʚʘ ʦʣʠʚʘ; 2 ï ʭʣʦʨʠʜ ʥʘʪʨʽʶ 

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʠʡ ʨʠʩʫʥʦʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʪʝʩʪ-ʘʝʨʦʟʦʣʴ ʭʣʦʨʠʜ 

ʥʘʪʨʽʶ ʧʝʨʝʚʘʞʥʦ ʤʘʻ ʙʽʣʴʰ ʢʨʫʧʥʽ ʟʘ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʠʥʢʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʾʭ ʨʦʟʧʦʜʽʣʦʤ ʚʽʜ 0,02 ʜʦ 1,1 ʤʢʤ, ʪʦʜʽ ʷʢ ʧʘʨʘʬʽʥʦʚʘ ʦʣʠʚʘ 

ʧʝʨʝʚʘʞʥʦ ʤʘʻ ʙʽʣʴʰ ʜʨʽʙʥʽʰʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʢ 0,4 ʤʢʤ [71]. ʊʦʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʩʪ-
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ʘʝʨʦʟʦʣʽʚ ʥʘʜʘʻ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫʚʘʥʥʷ, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʚʥʦʩʠʪʠ ʩʚʽʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʠʡ ʦʪʨʠʤʫʚʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ [72-74]. ɺʚʘʚʞʘʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʚʦʭ ʪʠʧʽʚ ʘʝʨʦʟʦʣʽʚ 

ʜʦʟʚʦʣʷʻ ʟʤʦʜʝʣʶʚʘʪʠ ʩʠʪʫʘʮʽʾ ʟ ʧʨʦʠʥʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʊʘʢ, ʭʣʦʨʠʜ ʥʘʪʨʽʶ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʟʦʢʨʝʤʘ ʧʠʣ, ʱʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦʜʽ ʷʢ ʧʘʨʘʬʽʥʦʚʘ ʦʣʠʚʘ ʻ 

ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʨʽʜʢʠʭ ʘʝʨʦʟʦʣʽʚ, ʥʘʧʨʠʢʣʘʜ ʢʨʘʧʣʠʥʢʠ ʬʘʨʙʠ, ʧʘʨʘʬʽʥʫ 

ʪʦʱʦ, ʱʦ ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʴʪʘʢʦʞ ʚ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ. 

ʆʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ ʪʝʩʪʫʚʘʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʘʝʨʦʟʦʣʽʚ, 

ʧʨʦʪʝ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʧʨʦʚʘʜʞʝʥʽ ʤʝʪʦʜʠʢʠ ʻ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤʠ ʪʘ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʧʦʭʠʙʢʫ. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ, ʜʝ ʪʝʩʪ-ʘʝʨʦʟʦʣʷʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʯʦʚʠʥʠ ʟ ʩʦʣʦʜʢʠʤ ʘʙʦ ʛʽʨʢʠʤ ʩʤʘʢʦʤ [75, 76]. ʃʶʜʠʥʽ ʚ 

ʨʝʩʧʽʨʘʪʦʨʽ ʥʘʜʷʛʘʶʪʴ ʥʘ ʛʦʣʦʚʫ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʚʧʘʢ, ʱʦ ʦʙʤʝʞʫʻ ʟʦʥʫ 

ʧʦʰʠʨʝʥʥʷ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ, ʧʦʪʽʤ ʨʦʟʧʠʣʶʶʪʴ ʩʘʤ ʪʝʩʪ-ʘʝʨʦʟʦʣʴ ʧʽʜ 

ʢʦʚʧʘʢʦʤ. ʗʢʱʦ ʻ ʥʝʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʯʠ ʙʨʘʢ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʩʧʽʨʘʪʦʨʘ, 

ʪʦ ʢʦʨʠʩʪʫʚʘʯ ʚʽʜʯʫʻ ʮʝʡ ʩʤʘʢ, ʮʝ ʦʟʥʘʯʘʪʠʤʝ, ʱʦ ʥʝʱʽʣʴʥʽʩʪʴ ʧʨʠʩʫʪʥʷ. 

ʇʨʦʪʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʻ ʧʦʚʥʽʩʪʶ ʩʫʙôʻʢʪʠʚʥʠʤ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ ʟʦʢʨʝʤʘ ʧʨʠʧʘʩʫʚʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʜʦ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ 

ʥʘʷʚʥʦʩʪʽ ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʠʚʫ [77-80]. 

ʊʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ 

ʯʝʨʝʟ ʦʮʽʥʢʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ [81]. ʅʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʦ ʤʦʞʣʠʚʠʭ ʚʠʪʦʢʽʚ ʟʘ ʥʝʱʽʣʴʥʽʩʪʶ 

ʦʙʪʶʨʘʪʦʨʘ ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʫ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʘʥʽ 

ʤʝʪʦʜʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʦʟʨʽʜʞʝʥʥʷ 

ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʨʘʭʫʥʢʦʤ ʥʘ ʦʙôʻʤ ʧʦʚʽʪʨʷ, ʱʦ 

ʥʘʜʽʡʰʣʦ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ. ʇʨʦʪʝ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ 

ʜʦʩʪʝʤʝʥʥʦ ʥʝʚʽʜʦʤʦ ʯʝʨʝʟ ʷʢʽ ʩʘʤʝ ʤʽʩʮʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʜʭʦʜʞʝʥʥʷ ʥʝ 

ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ [82, 83]. 
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1.4 ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʤʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʢʘʧʶʰʦʥʦʤ 

 

ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʥʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ (ʄʌʈ), ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʴʦʭ ʧʦʧʫʣʷʨʥʠʭ ʥʘ ʨʠʥʢʫ 

ʤʦʜʝʣʝʡ. ɸʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ 

ʩʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʥʦʚʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʧʽʜʚʠʱʝʥʫ 

ʝʨʛʦʥʦʤʽʢʫ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʘʭʠʩʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

3M Versaflo TR-600 [84] ʮʝ ʢʦʤʧʘʢʪʥʠʡ ʄʌʈ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ 

ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʄʘʻ ʦʜʠʥ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʘʧʶʰʦʥʫ, ʥʝ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʽʟ ʢʘʩʢʦʶ, ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʬʽʢʩʦʚʘʥʽʡ 

ʰʚʠʜʢʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʜʘʪʢʦʚʠʭ ʥʝʙʝʟʧʝʢ ʚʽʜʩʫʪʥʽʡ. 

Honeywell North Primair PA7000 [85] ʮʝ ʤʦʜʫʣʴʥʘ ʩʠʩʪʝʤʘ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ. ʅʝʜʦʣʽʢʘʤʠ ʻ ʟʥʘʯʥʘ ʚʘʛʘ, 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʚʝʥʪʠʣʷʪʦʨʘ, ʨʦʟʜʽʣʴʥʽ ʢʘʧʶʰʦʥ ʽ ʢʘʩʢʘ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʪʘ ʩʝʥʩʦʨʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

Scott Safety Duraflow SRS [86] ʮʝ ʨʽʰʝʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʪʦʢʫ çʧʦ ʧʦʪʨʝʙʽè. ʄʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ ʢʘʧʶʰʦʥʘ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʽ ʪʘ ʽʥʰʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, 

ʥʝʤʘʻ ʫʜʘʨʦʟʘʭʠʩʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɸʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʩʠʩʪʝʤʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʚʢʣʶʯʘʚ ʯʦʪʠʨʠ ʝʪʘʧʠ: 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ. ɹʫʣʦ 

ʦʙʨʘʥʦ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʌʈ, ʘ ʩʘʤʝ ʧʽʜʛʦʥʢʘ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ, ʩʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʛʦʣʦʚʠ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʤʦʥʽʪʦʨʠʥʛ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʝʨʛʦʥʦʤʽʢʘ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʚʩʷ ʟʙʽʨ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʽʯʥʫ 

ʜʦʢʫʤʝʥʪʘʮʽʶ ʚʠʨʦʙʥʠʢʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʥʝʟʘʣʝʞʥʠʭ ʪʝʩʪʽʚ ʪʘ ʦʛʣʷʜʠ 
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ʢʦʨʠʩʪʫʚʘʯʽʚ  ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʜʣʷ ʤʦʜʝʣʝʡ 3M Versaflo 

TR-600, Honeywell North Primair PA7000 ʪʘ Scott Safety Duraflow SRS. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚʠʟʥʘʯʝʥʦ ʪʠʧʦʚʽ ʨʽʰʝʥʥʷ, ʾʭ ʥʝʜʦʣʽʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʪʘ ʦʯʽʢʫʚʘʥʽ ʧʝʨʝʚʘʛʠ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʦʩʴ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʧʦʨʽʚʥʷʣʴʥʦʾ ʪʘʙʣʠʮʽ (ʪʘʙʣ. 1.10), ʱʦ ʜʝʤʦʥʩʪʨʫʻ 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʽʩʥʫʶʯʠʤʠ ʨʽʰʝʥʥʷʤʠ ʪʘ ʧʨʦʝʢʪʦʚʘʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. 

ʈʦʟʛʣʷʜʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʽʩʥʫʶʯʽ ʥʘ ʨʠʥʢʫ ʤʦʜʝʣʽ: 

3M Versaflo TR-600 ʢʦʤʧʘʢʪʥʠʡ ʤʦʪʦʨʥʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʨʝʩʧʽʨʘʪʦʨ 

ʽʟ ʦʜʥʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʢʘʧʶʰʦʥʘ, ʥʝ ʽʥʪʝʛʨʦʚʘʥʠʡ ʽʟ ʢʘʩʢʦʶ. 

ʇʦʜʘʯʘ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʰʚʠʜʢʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛ 

ʜʦʜʘʪʢʦʚʠʭ ʥʝʙʝʟʧʝʢ ʚʽʜʩʫʪʥʽʡ. 

Honeywell North Primair PA7000 ʤʦʜʫʣʴʥʘ ʩʠʩʪʝʤʘ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ. ʅʝʜʦʣʽʢʠ: ʟʥʘʯʥʘ ʚʘʛʘ, ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʨʦʟʜʽʣʴʥʽ ʢʘʧʶʰʦʥ ʽ ʢʘʩʢʘ, ʚʽʜʩʫʪʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʾ ʘʜʘʧʪʘʮʽʾ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʪʘ ʩʝʥʩʦʨʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

Scott Safety Duraflow SRS ʨʽʰʝʥʥʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ 

çʧʦ ʧʦʪʨʝʙʽè. ʄʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ ʢʘʧʶʰʦʥʘ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʥʝʤʘʻ ʫʜʘʨʦʟʘʭʠʩʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʄʌʈ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʧʶʰʦʥʘ, ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʟ ʢʘʩʢʦʶ, ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʪʘ 

ʰʣʘʥʛʫ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʧʣʝʯʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʷʩʥʠʤ ʨʝʤʝʥʝʤ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʥʦʩʽʥʥʷ. ʋʩʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ 

ʧʨʠ ʨʦʙʦʪʽ ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟʘʭʠʩʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʝʨʛʦʥʦʤʽʢʠ. 
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ʊʘʙʣʠʮʷ 1.10 ï ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʽʟʥʠʭ ʄʌʈ 

ʂʨʠʪʝʨʽʡ ʊʠʧʦʚʽ ʤʦʜʝʣʽ ʅʝʜʦʣʽʢʠ 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʨʦʟʨʦʙʢʘ 

ʇʝʨʝʚʘʛʠ 

ʨʦʟʨʦʙʢʠ 

ʇʽʜʛʦʥʢʘ 

ʣʠʮʝʚʦʾ 

ʯʘʩʪʠʥʠ ʟʘ 

ʨʦʟʤʽʨʦʤ 

ʆʜʠʥ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʨʦʟʤʽʨ 

ʇʦʛʘʥʘ 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʪʘ 

ʢʦʤʬʦʨʪ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ 

ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ 

ʛʦʣʦʚʠ 

ɼʚʘ 

ʪʠʧʦʨʦʟʤʽʨʠ 

(M, L) ʥʘ 

ʦʩʥʦʚʽ 

ʘʥʪʨʦʧʦʤʝʪʨʽʾ 

ʂʨʘʱʘ 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʽ ʟʨʫʯʥʽʩʪʴ 

ɿʘʭʠʩʪ ʛʦʣʦʚʠ 

ʆʢʨʝʤʠʡ 

ʢʘʧʶʰʦʥ ʽ 

ʢʘʩʢʘ 

ɼʦʜʘʪʢʦʚʘ ʚʘʛʘ, 

ʛʨʦʤʽʟʜʢʽʩʪʴ, 

ʩʢʣʘʜʥʽʩʪʴ 

ʦʜʷʛʘʥʥʷ 

ʂʘʧʶʰʦʥ 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʟ 

ʢʘʩʢʦʶ 

ʄʝʥʰʘ ʚʘʛʘ, 

ʰʚʠʜʢʝ 

ʥʘʜʷʛʘʥʥʷ, 

ʟʘʭʠʩʪ ʚʽʜ 

ʧʠʣʫ ʪʘ ʫʜʘʨʽʚ 

ʈʝʛʫʣʶʚʘʥʥʷ 

ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ 

ʇʦʩʪʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ 

ʚʝʥʪʠʣʷʪʦʨʘ 

ʅʝ ʢʦʤʧʝʥʩʫʻ 

ʧʘʜʽʥʥʷ ʪʠʩʢʫ 

ʧʨʠ ʟʘʙʠʚʘʥʥʽ 

ʬʽʣʴʪʨʘ ʯʠ ʟʤʽʥʽ 

ʜʠʭʘʥʥʷ 

ɸʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʝʨʝʟ MP7002 

ʪʘ Arduino 

ʉʪʘʙʽʣʴʥʠʡ 

ʧʦʪʽʢ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚ

ʥʽʩʪʴ 

ʄʦʥʽʪʦʨʠʥʛ 

ʩʝʨʝʜʦʚʠʱʘ 
ɺʽʜʩʫʪʥʽʡ 

ʅʝʤʘʻ 

ʦʧʝʨʘʪʠʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʝʙʝʟʧʝʢʠ 

ɼʘʪʯʠʢ 

ʨʘʜʽʘʮʽʾ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʆʧʝʨʘʪʠʚʥʝ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʨʘʜʽʘʮʽʡʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʇʨʠʟʥʘʯʝʥʥʷ 
ʇʨʦʤʠʩʣʦʚʽ 

ʫʤʦʚʠ 

ʅʝ ʦʧʪʠʤʽʟʦʚʘʥʽ 

ʜʣʷ ʘʚʘʨʽʡʥʦ-

ʨʷʪʫʚʘʣʴʥʠʭ 

ʨʦʙʽʪ 

ʈʦʟʨʦʙʢʘ ʧʽʜ 

ʥʘʜʟʚʠʯʘʡʥʽ 

ʩʠʪʫʘʮʽʾ 

(ʍɹʈʗ-ʟʘʛʨʦʟʠ) 

ʇʽʜʚʠʱʝʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʢʨʠʪʠʯʥʠʭ 

ʫʤʦʚʘʭ 

ɽʨʛʦʥʦʤʽʢʘ 
ɺʝʣʠʢʘ ʚʘʛʘ 

ʪʘ ʰʫʤ 

ɺʪʦʤʘ 

ʢʦʨʠʩʪʫʚʘʯʘ 

ʆʧʪʠʤʽʟʦʚʘʥʠʡ 

ʨʦʟʧʦʜʽʣ ʚʘʛʠ, 

ʰʫʤʦʟʘʭʠʩʪ 

ʄʝʥʰʝ ʚʪʦʤʠ, 

ʢʦʤʬʦʨʪ 

ʪʨʠʚʘʣʦʾ 

ʨʦʙʦʪʠ 
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1.5 ɸʥʘʣʽʟ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ɿɯɿʆɼ 

 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʦʯʠʩʪʢʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʰʚʠʜʢʽʩʪɹ ʣʽʥʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʥʠʭ 

ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʩʤ/ʩ, ʛʦʣʦʚʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʟʘʭʚʘʪʘ ʯʘʩʪʦʢ 

ʙʫʜʫʪʴ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ, ʜʠʬʫʟʽʡʥʠʡ ʪʘ ʟʘʯʝʧʣʝʥʥʷ [87, 88]. ʇʨʦʪʝ, ʟ ʯʘʩʦʤ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʽʻʚʽʩʪʴ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʪʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʧʦʯʠʥʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʜʠʬʫʟʽʡʥʠʡ ʪʘ ʟʘʯʝʧʣʝʥʥʷ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʚʘʪʘ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʙʫʜʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʫ ʚʦʣʦʢʥʘ. ʊʘʢ, ʚ ʨʦʙʦʪʘʭ [89, 90] ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ ʟ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʠʥʦʢ 

0,4 ʤʢʤ ʪʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʚʦʣʦʢʥʘʤʠ ʜʘ̔ʤʝʪʨʦʤ ʤʝʥʰʝ 1 ʤʢʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʴʥʽ ʜʘʥʽ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʛʦ 

ʬʦʨʤʫʣʶʚʘʥʥʷ. 

ʆʜʥʘʢ ʤʘʪʝʨʽʘʣʠ ʟ ʪʦʥʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʜʽʘʤʝʪʨ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 

1 ʤʢʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʤʝʭʘʥʽʯʥʦ  ʁ ʤʽʮʥʽʩʪʶ ʱʦʜʦ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ [91]. ʊʫʪ ʧʽʜ ʟʦʚʥʽʰʥʽʤʠ ʯʠʥʥʠʢʘʤʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ 

ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʘʙʦ ʩʪʠʩʥʽ ʟʫʩʠʣʣʷ, ʚʧʣʠʚ ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʘʙʦ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʟʛʠʥʘʥʥʷ ʪʘ ʟʤʠʥʘʥʥʷ [92, 93]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʥʠʡ 

ʢʦʤʧʨʦʤʽʩ ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʤʫʣʴʪʠʨʦʟʤʽʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʝ ʙʫʜʫʪʴ 

ʧʨʠʩʫʪʥʽ ʚʦʣʦʢʥʘ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʥʘʧʨʠʢʣʘʜ 0,2 ʤʢʤ ʪʘ 1 ʤʢʤ. ʋ ʪʘʢʽʡ 

ʢʦʤʧʦʟʠʮʽʾ ʙʽʣʴʰ ʪʦʥʢʽ ʚʦʣʦʢʥʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʪʝʨʽʘʣʫ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʬʽʣʴʪʨʘʮʽʾ, ʘ ʙʽʣʴʰ ʪʦʚʩʪʽ ï ʩʪʚʦʨʶʶʪʴ ʢʘʨʢʘʩʥʫ ʦʩʥʦʚʫ, ʱʦ ʙʫʜʝ 

ʟʙʝʨʽʛʘʪʠ ʜʦʩʪʘʪʥʶ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ [94-97]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʽʙʥʠʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʷʭ 1.11 ʪʘ 1.12. 
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ʊʘʙʣʠʮʷ 1.11 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʪʯʠʟʥʷʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ 

ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʦʯʠʩʪʢʠ 

 

ʄʘʨʢʘ 

ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

ʄʘʩʘ 

ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ,  

ʛ/ʤ
2 

 

 

ʉʝʨʝʜʥʽʡ 

ʜʽʘʤʝʪʨ 

ʚʦʣʦʢʥʘ, 

ʤʢʤ 

 

ʑʽʣʴʥʽʩʪʴ, 

ʛ/ʤ
2
 

 

ʆʧʽʨ   

ʧʦʚʽʪʨʷʥʦ

ʤʫ ʧʦʪʦʢʫ, 

ʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʦʥʠʢʘʥʥʷ 

(ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ 

ʧʘʨʘʬʽʥʦʚʦʶ 

ʦʣʠʚʦʶ ʟʘ 

ʚʠʪʨʘʪʠ 95 ʣ/ʭʚ.) 

 

 

ʅʦʨʤʘʪʠʚʥʠʡ 

ʜʦʢʫʤʝʥʪ ʥʘ 

ʤʘʪʝʨʽʘʣ 

  ɽʣʝʬʣʝʥ 5ʈ 45-55 1,5 45õ55 4õ7 5õ8 ʊʋ ʋ 25513947.010-

20000 

  ɽʣʝʬʣʝʥ 5ʃ 45-55 1,2 45õ55 5õ8 3õ5 ʊʋ ʋ 25513947.010-

20000 

ʅʌʇ 45-55 2,0 45õ55 4õ6 8õ10 ʊʋ ʋ 13486464.003-

96 

 

ʊʘʙʣʠʮʷ 1.12 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʢʦʨʜʦʥʥʠʭ ʚʦʣʦʢʥʠʩʪʠʭ 

ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʦʯʠʩʪʢʠ 

ʌʽʨʤʘ, 

ʢʨʘʾʥʘ 

ʄʘʨʢʘ     

 ʤʘʪʝʨʽʘʣʫ 

ʈʝʯʦʚʠʥʘ 

ʚʦʣʦʢʦʥ 

ʉʝʨʝʜʥʽʡ 

ʜʽʘʤʝʪʨ 

ʚʦʣʦʢʦʥ,  

ʤʢʤ 

ʊʦʚʱʠʥʘ 

ʅ, ʤʤ 

ʑʽʣʴʥʽʩ

ʪʴ 

ʤʘʪʝʨʽʘʣ

ʫ, ʛ/ʤ2 

ʉʪʘʥʜʘʨʪ-

ʥʠʡ ʦʧʽʨ 

[ȹʈ], (ʤʤ 

ʚ.ʩ.) ʩ/ʩʤ 

ʇʨʦʥʠʢʥʽʩ

ʪ ɹ

ʂ, % 

ʇʦʩʠʣʘ-

ʥʥʷ  

ʊʝʭʥʦʣʦʛʽʷ Meltblown 

Sterlitech, 

ʉʐɸ 
GA-55 ʉʢʣʦ 0,6 0,21 55 23 0,5 [98] 

DORSAN 

filtration, 

ʅʽʤʝʯʯʠʥ

ʘ 

FV-110 ʉʢʣʦ 0,6 0,25 52 18 0,1 [99] 

Hollings- 

worth & 

Vose 

PE13050N

A-H 

ʇʦʣʽʧʨʦ

-ʧʽʣʝʥ 0,7 0,46 50 4 2,6
3
 [100] 

NOWOmelt 
FT 35 W, 

PP 91289 

ʇʦʣʽʧʨʦ

ʧʽʣʝʥ  
1,2 1,0 35-37 8,2 3,8 [101] 

NOWOm

elt  

FT 30 W, 

PP, FFP-3 

91307 

ʇʦʣʽʧʨʦ

-ʧʽʣʝʥ 1,0 0,8 30-32 6,9-8,1 1,1 [101] 

Berry 

Synergex  

BP3 R20, 

natur 

ʇʦʣʽʧʨʦ

ʧʽʣʝʥ  
0,4 1,2 50 8,9-9,5 0,1 [102] 

Berry 

Synergex  

BP2 R20, 

natur 

ʇʦʣʽʧʨʦ

-ʧʽʣʝʥ 
0,8 1,0 45 7,1-7,7 0,8-1,3 [102] 

ʇʘʧʝʨʦʚʘ ʪʝʭʥʦʣʦʛʽʷ 

ʉʐɸ ʅɽʈɸ ʉʢʣʦʚʦ-

ʣʦʢʥʦ 

0,63 1 7 7,5 10
-5

 [103] 

ʉʐɸ ULPA 0,37 1 8 8,0 10
-6

 [103] 
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ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʫʟʘʛʘʣʴʥʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʪʦ ʾʭ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʟʘ ʚʠʭʽʜʥʦʶ ʨʝʯʦʚʠʥʦʶ (ʤʘʪʨʠʮʝʶ) ʟ ʷʢʦʾ ʚʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. 

ʅʘʡʯʘʩʪʽʰʝ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʻ ʩʠʥʪʝʪʠʯʥʠʤʠ ʦʩʢʽʣʴʢʠ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ʟʤʦʛʣʘ ʩʪʚʦʨʠʪʠ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʚʘʨʽʘʮʽʡ, ʢʨʽʤ ʪʦʛʦ ʦʨʛʘʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʻ 

ʜʦʨʦʛʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɼʘʥʫ ʢʘʨʪʠʥʫ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʈʄ2,5 

ʩʠʥʪʝʪʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʪʘʙʣ. 1.13). 

 

ʊʘʙʣʠʮʷ 1.13 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʫʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʤʘʪʝʨʽʘʣʦʤ 

ʊʠʧ ʤʘʪʝʨʽʘʣʫ ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ, % 

ʇʝʨʝʧʘʜ 

ʪʠʩʢʫ, ʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʇʦʩʠʣʘʥʥʷ  

ʇʦʣʽʘʤʽʜ (PI) 99.97 73 0.1072 [104] 

ʇʦʣʽʩʪʠʨʦʣ (PS) 99.99 145 0.15 [105] 

ʇʦʣʽʘʢʨʠʣʦʥʽʪʨʠʣ 

(PAN) 

96.12 133 0.024 [106] 

ʇʦʣʽʚʽʥʠʣ (PVA) 96,70 178 0,019 [107] 

ʇʦʣʽʚʽʥʽʣʧʰʨʦʣʽʜʦʥ 

(PVP) 

95 101 0,029 [108] 

ʇʦʣʽʚʽʥʽʣʜʝʥʬʪʦʨʠʜ 

(PVDF) 

98,16 30 0,120 [109] 

ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʙʝʟ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ ʥʘʧʠʣʝʥʥʷ ʚʦʣʦʢʦʥ ʥʘ 

ʚʞʝ ʛʦʪʦʚʫ ʤʘʪʨʠʮʶ ʘʙʦ ʡʦʛʦ ʫʱʽʣʴʥʝʥʥʷʤ ʰʣʷʭʦʤ ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʠʣʦʤʽʩʪʢʦʩʪʽ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʰʠʡ ʧʨʠʡʦʤ ï ʟʤʽʥʶʶʪʴ ʨʘʜʽʫʩ ʚʦʣʦʢʦʥ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʱ̔ ʣʴʥʽʩʪʴ ʾʭ ʫʧʘʢʦʚʢʠ ʧʦ ʛʣʠʙʠʥʽ ʪʘʢ, ʱʦʙ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦ ʥʽʡ ʦʩʘʜʫ 

ʘʝʨʦʟʦʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʙʫʣʦ ʷʢʦʤʦʛʘ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ [110, 111]. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ (ʨʠʩ. 1.10 ʘ), ʘʙʦ 
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ʧʦʰʘʨʦʚʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʮʽʣʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʪʨʽʙʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʱʝ 

ʥʘ ʩʪʘʜʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʨʠʩ. 1.10 ʙ).  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.10 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ:  

ʘ ï ʩʬʦʨʤʦʚʘʥʦʛʦ ʟ ʧʘʢʝʪʫ ʤʘʪʝʨʽʘʣʽʚ,  

ʙ ï ʰʣʭ̫ʦʤ ʥʘʧʠʣʝʥʥʷ ʚʦʣʦʢʦʥ ʥʘ ʤʘʪʨʠʮʶ 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʛʦ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʧʦ 

ʛʣʠʙʠʥʽ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʨʽʰʫʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʚʘʨʽʘʮʽʡʥʫ ʟʘʜʘʯʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʟʚʠʯʘʡ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. ɼʝʪʘʣʴʥʽʰʝ ʮʝ ʧʠʪʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʦ ʚ [112-115]. 

ʋʣʦʚʣʶʚʘʥʥʷ ʧʘʨʦʛʘʟʦʧʦʜʽʙʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤʠ 

ɿɯɿʆɼ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʾʭ ʧʦʛʣʠʥʘʥʥʷ ï ʩʦʨʙʮʽʾ [116]. 

ʇʨʠ ʮʴʦʤʫ, ʢʦʣʠ ʩʦʨʙʝʥʪ ʟʘʙʝʟʧʝʯʫʻ ʟʥʝʰʢʦʜʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʷʛʫʚʘʥʥʷ 

ʤʦʣʝʢʫʣ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʩʚʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʮʝʡ ʧʨʦʮʝʩ 

ʥʘʟʠʚʘʶʪʴ ʘʜʩʦʨʙʮʽʻʶ. 

ʇʨʠ ʬʽʟʠʯʥʽʡ ʘʜʩʦʨʙʮʽʾ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʨʠ ʪʠʧʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ: 

- ʜʠʩʧʝʨʩʥʘ ʚʟʘʻʤʦʜʽʷ, ʢʦʣʠ ʤʦʣʝʢʫʣʠ ʘʜʩʦʨʙʝʥʪʫ ʽ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ 

ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʙʣʠʟʴʢʽ ʜʦ ʥʫʣʷ. ɼʠʧʦʣʽ ʚʠʥʠʢʘʶʪʴ ʚ 

ʧʘʨʘʭ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʤʠʪʪʻʚʦ ʷʢ ʪʽʣʴʢʠ ʚʦʥʘ ʧʦʪʨʘʧʣʷʻ ʚ ʩʠʣʦʚʝ ʧʦʣʝ 

ʝʣʝʢʪʨʦʥʽʚ ʘʜʩʦʨʙʝʥʪʫ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ 

ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʘʜʩʦʨʙʫʻ ʧʘʨʠ ʚʫʛʣʝʚʦʜʥʽʚ; 

- ʽʥʜʫʢʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ, ʢʦʣʠ ʦʜʠʥ ʟ ʜʚʦʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʤʘʻ 

ʤʦʣʝʢʫʣʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʜʠʧʦʣʷʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʦʜʠʥ ʟ ʫʯʘʩʥʠʢʽʚ 
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ʧʨʦʮʝʩʫ ʻ ʘʢʪʠʚʥʠʤ ʪʘ ʛʝʥʝʨʫʻ ʟôʻʜʥʘʥʥʷ ʚ ʽʥʰʠʤ ʫʯʘʩʥʠʢʦʤ ʧʨʦʮʝʩʫ, ʷʢ 

ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʚʠʧʘʜʦʢ ʘʜʩʦʨʙʮʽʾ ʘʤʽʘʢʫ ʟ ʘʢʪʠʚʥʠʤ ʚʫʛʽʣʣʷʤ; 

- ʦʨʽʻʥʪʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ, ʢʦʣʠ ʤʦʣʝʢʫʣʠ, ʷʢ ʘʜʩʦʨʙʝʥʪʫ, ʪʘʢ ʽ 

ʘʜʩʦʨʙʫʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʜʠʧʦʣʴ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʧʘʨʽʚ ʚʦʜʠ ʩʠʣʽʢʘʛʝʣʝʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʨʝʘʛʫʶʪʴ 

ʚʠʢʣʶʯʥʦ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʪʘ ʥʝ ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʟ ʽʥʰʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ʈʫʰʽʡʥʦʶ ʩʠʣʦʶ ʘʜʩʦʨʙʮʽʾ ʻ ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʨʠ ʘʜʩʦʨʙʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʝʥʝʨʛʽʾ ɽ ʩʠʩʪʝʤʠ çʨʝʯʦʚʠʥʘ - ʪʚʝʨʜʝ ʪʽʣʦè. ʏʠʤ ʙʽʣʴʰʘ ɽ, 

ʪʠʤ ʤʽʮʥʽʰʝ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʘʜʩʦʨʙʮʽʡʥʦʾ ʤʦʣʝʢʫʣʠ ʟ ʤʦʣʝʢʫʣʘʤʠ ʪʚʝʨʜʦʛʦ 

ʪʽʣʘ. ʅʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʧʨʠ ʘʜʩʦʨʙʮʽʾ ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʧʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʛʣʠʥʘʣʴʥʦʛʦ ʰʘʨʫ ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʻ ʢʽʥʝʪʠʢʘ 

ʘʜʩʦʨʙʮʽʾ ʪʘ ʧʦʟʜʦʚʞʥʻ ʧʝʨʝʥʝʩʝʥʥʷ ʰʢʽʣʠʚʠʭ ʨʝʯʦʚʠʥ. ɺ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʘʜʩʦʨʙʮʽʾ ʻ ʚʠʩʦʢʦʶ, ʘʣʝ ʥʝ ʙʝʟʤʝʞʥʦʶ. ʇʦʟʜʦʚʞʥʻ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʫʤʦʚʣʝʥʝ ʪʨʴʦʤʘ ʝʬʝʢʪʘʤʠ: ʩʪʽʥʦʚʠʤ ʝʬʝʢʪʦʤ, ʱʦ ʚʠʥʠʢʘʻ 

ʯʝʨʝʟ ʤʝʥʰʠʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʦʨʙʝʥʪʫ ʙʽʣʷ ʩʪʽʥʦʢ 

ʬʽʣʴʪʨʫ ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʤ ʦʙôʻʤʦʤ; ʝʬʝʢʪʦʤ ʛʨʘʥʫʣʷʮʽʾ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʝʥʠʡ ʨʽʟʥʠʤ ʨʦʟʤʽʨʦʤ ʛʨʘʥʫʣ ʩʦʨʙʝʥʪʫ; ʪʘ ˇʨʫʥʪʦʚʠʤ ʝʬʝʢʪʦʤ, ʱʦ 

ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʫʞʠʥ ʽ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʶ. 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʧʦʨʠʩʪʠʭ ʩʦʨʙʝʥʪʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʘʙʦ ʽʥʰʠʭ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʧʦʛʣʠʥʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʭʝʤʦʩʦʨʙʮʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʣʷʛʘʻ ʚ ʭʽʤʽʯʥʽʡ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʛʘʟʫ ʟ 

ʧʦʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ ʩʦʨʙʝʥʪʫ, ʱʦ ʚʝʜʝ ʜʦ ʾʭ ʧʦʜʘʣʴʰʦʾ ʨʝʘʢʮʽʾ ʟ ʥʘʥʝʩʝʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʽ ʻ ʥʝʟʚʦʨʦʪʥʠʤ ʧʨʦʮʝʩʦʤ [117]. 

ʌʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ ʦʙʫʤʦʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʠʤʠ 

ʩʠʣʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʘʜʩʦʨʙʦʚʘʥʘ ʩʧʦʣʫʢʘ ʥʝ ʟʘʟʥʘʻ ʭʽʤʽʯʥʦʾ ʟʤʽʥʠ. 

ʆʢʨʽʤ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʚʽʜʦʤʠʡ ʪʘʢʦʞ ʧʨʦʮʝʩ ʭʝʤʦʩʦʨʙʮʽʾ [118-120]. ʊʘʢʠʡ 

ʪʠʧ ʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʜʽʙʥʦ ʜʦ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʝʣʠʢʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ; ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʭʽʤʽʯʥʠʡ 
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ʟʚ'ʷʟʦʢ, ʷʢʠʡ ʟʤʽʥʶʻ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʩʦʨʙʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʝʥʪʫ, ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ 

ʥʝ ʯʘʩʪʦ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʭʝʤʦʩʦʨʙʮʽʾ ʚʠʥʠʢʘʶʪʴ ʤʽʮʥʽʰʽ ʟʚ'ʷʟʢʠ, 

ʥʽʞ ʧʨʠ ʬʽʟʠʯʥʽʡ ʘʜʩʦʨʙʮʽʾ, ʭʦʯʘ ʽʥʦʜʽ ʤʦʞʣʠʚʝ ʧʨʦʤʽʞʥʝ ʷʚʠʱʝ - ʪʘʢ ʟʚʘʥʘ 

ʣʝʛʢʦ ʦʙʦʨʦʪʥʘ ʭʝʤʦʩʦʨʙʮʽʷ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦʶ ʻ ʟʜʘʪʥʽʩʪʴ ʘʜʩʦʨʙʝʥʪʫ ʧʦʛʣʠʥʘʪʠ ʧʝʚʥʫ ʰʢʽʜʣʠʚʫ ʨʝʯʦʚʠʥʫ. ʊʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʦʚʘʞʥʫ ʘʜʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʟʘ ʧʦʩʪʽʡʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʬʫʥʢʮʽʶ ʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʎʷ 

ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʷʢ ʽʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʽʾ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʪʘʢʦʞ ʮʽʢʘʚʣʷʪʴʩʷ ʽʟʦʙʘʨʦʶ ʘʜʩʦʨʙʮʽʾ ï ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʘʜʩʦʨʙʮʽʾ 

ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ (ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ) [121, 122]. 

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʻ: ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʜʦʩʪʘʪʥʷ 

ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ, ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʧʘʭʫ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʩʪʽʡʢʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʙʣʠʟʴʢʠʭ ʜʦ ʥʝʾ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʘ 

ʜʝʰʝʚʠʟʥʘ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʩʦʨʙʮʽʾ ʧʘʨʽʚ ʽ ʛʘʟʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʪʦʢʩʠʯʥʠʭ 

ʭʽʤʽʢʘʪʽʚ ʚʽʜʥʦʩʷʪʴ:  

- ʛʽʜʨʦʣʽʟ; ʻ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʝʘʢʮʽʾ ʟ ʭʣʦʨʦʤ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 [ ] [ ] HClʆʘʜʩOʅʘʜʩCl 2222 +­+                             (1.9) 

- ʬʽʟʠʯʥʘ ʘʜʩʦʨʙʮʽʷ (ʥʘʡʯʘʩʪʽʰʝ ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʘʤʽʘʢʫ ʭʽʤʽʯʥʠʤ 

ʧʦʛʣʠʥʘʯʝʤ çʢʫʧʨʘʤʽʪè: 

( )[ ] 463436 SOCuNHCuSONH ­+                          (1.10) 
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- ʢʘʪʘʣʽʟ; ʥʘʧʨʠʢʣʘʜ ʦʢʠʩ ʚʫʛʣʝʮʶ ʚ ʰʘʨʽ ʛʦʧʢʘʣʠʪʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʦʢʩʠʜ 

ʚʫʛʣʝʮʶ ʟʘ ʬʦʨʤʫʣʦʶ: 

22 COOCO ­+                                        (1.11) 

ʇʦʛʣʠʥʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʥʫʣ, ʮʠʣʽʥʜʨʽʚ ʘʙʦ ʟʝʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ. ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ, ʩʠʣʽʢʦʥʦʚʽ ʛʨʘʥʫʣʠ, ʛʦʧʢʘʣʽʪ ʪʘ ʘʣʶʤʦʛʝʣʴ. 

ɸʜʩʦʨʙʮʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʢʨʦʧʦʨ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʥʝ ʤʘʻ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʾʭ ʤʘʣʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ. ɺ ʩʦʨʙʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚʦʥʠ ʛʨʘʶʪʴ ʨʦʣʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʘʥʘʣʽʚ, ʧʦ ʷʢʠʤ ʤʦʣʝʢʫʣʠ ʨʝʯʦʚʠʥʠ, ʷʢʘ 

ʧʦʛʣʠʥʘʻʪʴʩʷ, ʧʨʦʥʠʢʘʶʪʴ ʚʛʣʠʙ ʟʝʨʝʥ ʩʦʨʙʝʥʪʫ [123, 124]. ʗʢ ʧʨʘʚʠʣʦ, 

ʦʙôʻʤ ʤʘʢʨʦʧʦʨ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 0,2-0,8 ʩʤ
3
/ʛ, ʘ 

ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʩʢʣʘʜʘʻ 0,5-2 ʤ
2
/ʛ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʛʨʘʪʠ ʟʥʘʯʥʫ ʨʦʣʴ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʧʘʨʦʛʘʟʦʦʙʨʘʟʥʠʭ ʨʝʯʦʚʠʥ ʟʘ 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɰʭ ʦʙôʻʤ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 0,02 ʜʦ 0,1 ʩʤ
2
/ʛ, ʘ 

ʧʠʪʦʤʘ ʤʽʢʨʦʧʦʨʠʩʪʽʩʪʴ ï ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 20 ʜʦ 70 ʤ
2
/ʛ. ʊʦʤʫ ʩʘʤʝ ʘʢʪʠʚʥʝ 

ʚʫʛʽʣʣʷ ʟʜʦʙʫʣʦ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ.  

ɸʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʦʩʽʡ ʢʘʪʘʣʽʪʠʯʥʠʭ ʽ 

ʭʝʤʦʩʦʨʙʮʽʡʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ 

ʩʧʠʨʪʽʚ, ʦʩʥʦʚʥʠʭ ʽ ʢʠʩʣʠʭ ʛʘʟʽʚ, ʧʘʨʽʚ ʨʪʫʪʽ ʪʘ ʽʥʰʠʭ ʧʦʣʷʨʥʠʭ ʩʧʦʣʫʢ [125]. 

ʅʘʡʯʘʩʪʽʰʝ ʪʘʢʠʤʠ ʜʦʙʘʚʢʘʤʠ ʻ ʩʦʣʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʧʦʛʣʠʥʘʥʥʷ ʘʤʽʘʢʫ ʡ ʦʩʥʦʚʥʠʭ ʛʘʟʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʫʣʴʬʘʪ ʤʽʜʽ, ʭʣʦʨʠʜ 

ʢʦʙʘʣʴʪʫ ʘʙʦ ʭʣʦʨʠʜ ʥʽʢʝʣʶ, ʘ ʜʣʷ ʢʠʩʣʠʭ ʛʘʟʽʚ, ʪʘʢʠʭ ʷʢ ʭʣʦʨʠʜ ʩʽʨʢʦʚʦʜʥʶ 

ʘʙʦ ʩʽʨʯʘʥʠʡ ʘʥʛʽʜʨʠʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʩʠʜʠ ʭʨʦʤʫ ʪʘ ʤʘʨʛʘʥʮʶ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʧʦʨʠʩʪʽʡ ʩʪʨʫʢʪʫʨʽ ʩʦʨʙʝʥʪʫ ʧʦʛʣʠʥʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʘʨʽʚ ʽ ʛʘʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʭʝʤʦʩʦʨʙʮʽʶ [126]. ʎʝʡ ʧʨʦʮʝʩ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʽʤʽʯʥʽʡ ʚʟʘʻʤʦʜʽʾ 

ʤʦʣʝʢʫʣ ʛʘʟʫ ʟ ʧʦʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ ʩʦʨʙʝʥʪʫ. ʍʝʤʦʩʦʨʙʮʽʷ ʻ ʩʠʣʴʥʽʰʦʶ ʟʘ 



97 

 

ʬʽʟʠʯʥʫ ʘʜʩʦʨʙʮʽʶ ʪʘ ʯʘʩʪʦ ʻ ʥʝʟʚʦʨʦʪʥʦʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ, 

ʜʝ ʧʦʛʣʠʥʝʥʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʜʝʩʦʨʙʫʚʘʪʠʩʷ ʫ ʥʝʟʤʽʥʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʯʠ ʪʠʩʢʫ, ʭʝʤʦʩʦʨʙʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ [127]. 

ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʝ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

 

1.6 ɸʥʘʣʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ɿɯɿʆɼ 

 

ʆʩʥʦʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʱʦ ʨʝʛʫʣʶʻ ʚʠʤʦʛʠ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ɿɯɿ ʚ ʋʢʨʘʾʥʽ, ʻ 

ʊʝʭʥʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ʊʈ ɿɯɿ) [128]. ʆʜʥʘʢ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʽʥʯʝʥʥʷ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʠʨʦʙʽʚ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ. ʋ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ EN 14387 [129], 

ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʠʤʦʛʠ ʜʦ ʧʨʦʪʠʛʘʟʦʚʠʭ ʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ, ʪʘʢʦʞ ʥʝʤʘʻ 

ʚʠʤʦʛʠ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɺʠʨʦʙʥʠʢ ʘʙʦ ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʚʠʥʥʽ 

ʟʘʟʥʘʯʘʪʠ ʚ ʽʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʚ ʫʤʦʚʘʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʽ ʥʝ ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʤʦʞʣʠʚʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʌʘʢʪʠʯʥʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʟʘʭʠʩʥʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʴʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʷʢ ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [130]. 

ʋ ʩʪʘʥʜʘʨʪʽ [131], ʚʧʨʦʚʘʜʞʝʥʦʤʫ ʚ ʉʐɸ, ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʠ ʜʦ 

ʩʠʩʪʝʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʠʨʦʙʫ. ɿʛʽʜʥʦ ʟ ʧʫʥʢʪʦʤ 

1910.134(b) ʮʴʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʝ: ʽʥʜʠʢʘʪʦʨ ʟʘʢʽʥʯʝʥʥʷ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ (ESLI) ï ʮʝ ʩʠʩʪʝʤʘ, ʷʢʘ ʧʦʧʝʨʝʜʞʘʻ ʢʦʨʠʩʪʫʚʘʯʘ ʨʝʩʧʽʨʘʪʦʨʘ 

ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʫ ʨʘʟʽ ʥʘʙʣʠʞʝʥʥʷ ʥʘʩʠʯʝʥʥʷ ʩʦʨʙʝʥʪʫ ʘʙʦ ʚʪʨʘʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ɿʘʭʠʩʪ ʚʽʜ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʩʧʽʨʘʪʦʨʦʤ, ʦʙʣʘʜʥʘʥʠʤ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʤ NIOSH ʽʥʜʠʢʘʪʦʨʦʤ ESLI, ʚʽʜʧʦʚʽʜʥʠʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʠʧʫ ʟʘʙʨʫʜʥʝʥʴ. ʗʢʱʦ ESLI ʚʽʜʩʫʪʥʽʡ, ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ 

ʚʧʨʦʚʘʜʠʪʠ ʛʨʘʬʽʢ ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʙôʻʢʪʠʚʥʠʭ ʜʘʥʠʭ, ʷʢʽ 

ʛʘʨʘʥʪʫʶʪʴ ʾʭ ʟʘʤʽʥʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʋ ʧʨʦʛʨʘʤʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʨʦʙʦʪʦʜʘʚʝʮʴ ʧʦʚʠʥʝʥ ʟʘʟʥʘʯʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘ 

ʜʘʥʽ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʨʘʬʽʢʘ ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ, ʘ ʪʘʢʦʞ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ. 

ʉʪʘʥʜʘʨʪ ɼʉʊʋ EN 529:2006 [132] ʟʘʟʥʘʯʘʻ, ʱʦ ʚʩʪʘʥʦʚʠʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʝ ʧʨʘʚʠʣʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ. ʂʦʨʠʩʪʫʚʘʯʽ ʧʦʚʠʥʥʽ ʦʪʨʠʤʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʚ ʧʦʚʽʪʨʽ 

ʨʦʙʦʯʦʾ ʟʦʥʠ, ʾʭ ʡʤʦʚʽʨʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʨʽʚʥʽ ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ 

ʪʘʢʦʞ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ. ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʜʘʥʽ, 

ʧʨʘʮʽʚʥʠʢʠ ʤʘʶʪʴ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʨʦʙʥʠʢʘ ʱʦʜʦ ʡʤʦʚʽʨʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ. 

ʇʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʪʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʪʘʢʠʤʠ ʥʘʧʨʷʤʘʤʠ [133]: 

ɿʘʤʽʥʘ ʬʽʣʴʪʨʽʚ ʟʘ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʤʘʩʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʤʘʩʘ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʘʢʦʾ ʷʢ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ, ʦʩʢʽʣʴʢʠ ʦʙôʻʤ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʥʝʟʤʽʥʥʠʡ, ʘ ʘʢʪʠʚʦʚʘʥʝ 

ʚʫʛʽʣʣʷ ʥʝ ʚʠʩʠʧʘʻʪʴʩʷ. ʆʪʞʝ, ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʬʽʣʴʪʨʘ ʤʦʞʣʠʚʝ ʣʠʰʝ 

ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʧʽʜ ʯʘʩ ʾʭ ʩʦʨʙʮʽʾ. ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʬʽʣʴʪʨ ʧʝʨʽʦʜʠʯʥʦ ʟʚʘʞʫʶʪʴ, ʽ ʟʘ ʬʘʢʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʤʘʩʠ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ ʪʘ ʦʩʽʜʘʥʥʷ ʧʠʣʫ ʥʘ ʢʦʨʧʫʩʽ ʬʽʣʴʪʨʘ ʯʠ ʛʨʘʥʫʣʘʭ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʝ 

ʣʠʰʝ ʚʠʨʦʙʥʠʢʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 
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ɿʘʤʽʥʘ ʬʽʣʴʪʨʘ ʧʨʠ ʧʦʷʚʽ ʟʘʧʘʭʫ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. ʎʝʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʧʦʩʪʫʧʦʚʦ ʥʘʩʠʯʫʻʪʴʩʷ 

ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʚʪʨʘʯʘʶʯʠ ʩʚʦʾ ʧʦʛʣʠʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʢʽʣʴʢʽʩʪʴ ʥʝʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ʜʦ 

ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʧʦʯʠʥʘʻ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. 

ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʧʦʯʠʥʘʻ ʚʽʜʯʫʚʘʪʠ ʟʘʧʘʭ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʘ ʚ 

ʜʝ̫ʢʠʭ ʚʠʧʘʜʢʘʭ ʪʘʢʦʞ ʧʨʠʩʤʘʢ ʘʙʦ ʧʦʜʨʘʟʥʝʥʥʷ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ 

(ʧʝʨʰʽʥʥʷ ʚ ʛʦʨʣʽ, ʥʘʙʨʷʢʣʽʩʪʴ), ʮʝ ʻ ʩʠʛʥʘʣʦʤ ʜʣʷ ʥʝʛʘʡʥʦʛʦ ʟʘʣʠʰʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʟʦʥʠ. ʋ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʬʽʣʴʪʨ ʥʘ ʥʦʚʠʡ. 

ɿʘʤʽʥʘ ʬʽʣʴʪʨʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʛʨʘʬʽʢʦʤ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʨʝʛʫʣʷʨʥʦ (ʱʦʟʤʽʥʠ) ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʠ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ ʧʨʦʪʷʛʦʤ ʟʤʽʥʠ, 

ʚʩʽ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʽ ʥʦʚʽ ʥʝ ʟôʷʚʣʷʶʪʴʩʷ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʙʝʟʧʝʢʫ ʪʘ ʛʽʛʽʻʥʫ ʧʨʘʮʽ ʤʦʞʫʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʦʨʽʻʥʪʦʚʥʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʽ ʩʢʣʘʩʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʛʨʘʬʽʢ ʾʭ ʟʘʤʽʥʠ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʾʭ 

ʷʢʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʘʭʠʩʥʦʾ ʜʽʾ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʫʪʴ 

ʧʨʦʚʦʜʠʪʠʩʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʘʙʦ ʟʘʣʠʰʢʦʚʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ. 

ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʣʘʙʦʨʘʪʦʨʽʷ, ʟ ʷʢʦʶ ʩʧʽʚʧʨʘʮʶʻ 

ʧʽʜʧʨʠʻʤʩʪʚʦ, ʽʤʽʪʫʻ ʨʦʙʦʯʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʩʪʚʦʨʶʻʪʴʩʷ ʩʫʤʽʰ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʪʘ ʧʦʚʽʪʨʷ, ʷʢʫ ʧʨʦʧʫʩʢʘʶʪʴ ʯʝʨʝʟ 

ʬʽʣʴʪʨʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʨʝʘʣʴʥʠʡ ʯʘʩ ʾʭ ʟʘʭʠʩʥʦʾ ʜʽʾ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ. 

ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʜʘʯʽ ʜʦ ʣʘʙʦʨʘʪʦʨʽʾ ʟʨʘʟʢʽʚ ʬʽʣʴʪʨʽʚ, ʷʢʽ 

ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɿʘʚʜʘʥʥʷʤ ʣʘʙʦʨʘʪʦʨʽʾ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʘʙʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ 

ʟʘʤʽʥʠ. 

ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʧʨʦʚʽʜʥʽ ʩʚʽʪʦʚʽ ʚʠʨʦʙʥʠʢʠ ʥʘʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʣʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 
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ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ. ʎʽ ʧʨʦʛʨʘʤʠ ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ, ʙʘʞʘʥʫ ʧʨʦʧʫʩʢʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ, ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʙʦʪʠ. ʅʘ 

ʦʩʥʦʚʽ ʚʚʝʜʝʥʠʭ ʜʘʥʠʭ ʧʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʦʧʪʠʤʘʣʴʥʽ ʟʘʩʦʙʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʟ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʢʘ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʟʨʫʯʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ. 

ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʰʚʠʜʢʦ ʚʠʙʨʘʪʠ ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ ʥʝʦʙʭʽʜʥʦʛʦ ʢʣʘʩʫ 

ʟʘʭʠʩʪʫ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʟʘ ʫʤʦʚʠ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʂʨʽʤ ʪʦʛʦ, ʙʘʟʠ 

ʜʘʥʠʭ ʧʨʦʛʨʘʤ ʨʝʛʫʣʷʨʥʦ ʦʥʦʚʣʶʶʪʴʩʷ, ʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʇʨʦʪʝ ʮʝʡ ʧʽʜʭʽʜ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ. ɿʦʢʨʝʤʘ, ʧʨʦʛʨʘʤʠ ʥʝ ʜʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, ʢʦʣʠ ʩʘʤʝ ʩʣʽʜ ʟʘʤʽʥʶʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʬʽʣʴʪʨ. ʊʘʢʦʞ 

ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʦʙʤʝʞʫʶʯʠ ʚʠʙʽʨ ʣʠʰʝ ʧʨʦʜʫʢʮʽʻʶ ʢʦʥʢʨʝʪʥʦʾ ʢʦʤʧʘʥʽʾ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʽ 

ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʱʦ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʪʨʫʜʥʦʱʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ. 

ʊʦʞ, ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʭʦʜʦʤ ʽʟ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʩʥʫʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʢʘʪʝʛʦʨʽʾ ï ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʥʘʫʢʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘ 

ʝʬʝʢʪʠʚʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʟ ʽʥʜʠʢʘʪʦʨʘʤʠ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤ. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟ ʧʽʜʭʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʽʟʦʣʶʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɿɯɿʆɼ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʽʜʩʫʤʦʢ, ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ: 



101 

 

- ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʦʢ ʧʠʣʦʛʘʟʦʟʘʭʠʩʥʠʭ 

ʬʽʣʴʪʨʽʚ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ ʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʬʽʣʴʪʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʬʽʣʴʪʨʠ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; 

- ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʧʠʣʦʛʘʟʦʟʘʭʠʩʥʠʭ ʬʽʣʴʪʨʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʚʜʦʩʢʦʥʘʣʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʬʽʣʴʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ɿʘʫʚʘʞʫʶʯʠ, ʱʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʟʘʭʠʩʪʫ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʢʦʥʢʫʨʝʥʪʥʫ ʙʦʨʦʪʴʙʫ ʤʽʞ ʚʝʜʫʯʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ 

ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʟʘ ʨʠʥʢʠ ʟʙʫʪʫ, ʜʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʽ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʟ ʤʝʪʦʶ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ɿɯɿʆɼ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʊʦʤʫ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʚʘʞʣʠʚʦ 

ʚʨʘʭʫʚʘʪʠ: 

ï ʧʘʨʘʤʝʪʨʠ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʤʽʢʨʦʢʣʽʤʘʪ, ʷʢʽʩʥʠʡ ʽ 

ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʥʝʙʝʟʧʝʯʥʠʭ ʪʘ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʯʠʥʥʠʢʽʚ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ);  

ï  ʨʝʞʠʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʪʨʠʚʘʣʽʩʪʴ, ʮʠʢʣʽʯʥʽʩʪʴ, ʧʝʨʽʦʜʠʯʥʽʩʪʴ), 

ʚʘʞʢʽʩʪʴ ʽ ʥʘʧʨʫʞʝʥʽʩʪʴ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʜʦʜʘʪʢʦʚʠʭ 

ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʝʣʝʢʪʨʠʟʘʮʽʻʶ ʽ ʧʝʨʝʛʨʽʚʘʥʥʷʤ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʪʨʫʜʦʚʠʭ ʟʘʚʜʘʥʴ; 

ï  ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ɿɯɿʆɼ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʾʭ ʮʽʣʽʩʥʦʩʪʽ; 

- ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʤʦʜʝʣʽ ɿɯɿʆɼ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʟʘʭʠʩʪʫ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʧʦʜʦʣʘʪʠ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʫʣʦ ʚʠʨʽʰʝʥʦ. 

ɸʥʘʣʽʟʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʧʦʢʨʘʱʝʥʥʷ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʦʙʢʠ ɿɯɿʆɼ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚ ʩʬʝʨʽ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʟ: 
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- ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʠʯ ʟ ʤʝʪʦʶ ʧʦʙʫʜʦʚʠ ʘʫʪʝʥʪʠʯʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʛʦʣʦʚʠ, ʷʢʘ 

ʙ ʜʦʟʚʦʣʷʣʘ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʮʠʬʨʦʚʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʟʤʽʥʠ ʨʠʩ ʦʙʣʠʯʯʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʟʘ ʚʽʢʦʤ, ʩʪʘʪʪʶ ʽ ʥʘʮʽʦʥʘʣʴʥʽʩʪʶ; 

- ʢʦʨʝʢʪʥʦʾ ʧʦʙʫʜʦʚʠ 3D ʧʦʚʝʨʭʥʽ ʧʽʚʤʘʩʢʠ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʠʩ ʣʶʜʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʪʶʨʘʪʦʨʘ 

ʧʽʚʤʘʩʢʠ; 

- ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʷʢ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʪʘʢ ʽ ʥʘ ʝʪʘʧʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙ ʚʥʦʩʠʪʠ ʢʦʨʝʢʪʠʚʠ ʫ 

ʧʦʙʫʜʦʚʘʥʫ ʤʦʜʝʣʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ; 

- ʦʙʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʷʢ ʢʣʽʤʘʪʠʯʥʠʭ 

ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʽʪʥʽʭ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʽʥʜʠʢʘʮʽʻʶ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘʭʠʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʬʦʨʤʦʚʘʥʦ ʤʝʪʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʬʽʣʴʪʨʘʮʽʾ 

ʨʝʯʦʚʠʥ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ 

ʧʦʜʘʣʴʰʦʶ ʨʦʟʨʦʙʢʦʶ ʤʦʜʝʣʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ. 

ɼʣʷ ʾʾ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʟʦʢʨʝʤʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʬʽʣʴʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ ʪʘ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʢʣʘʜʝʥʽ ʚ ʨʦʟʨʦʙʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ; 

ï ʜʦʩʣʽʜʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʱʦ ʜʦʧʦʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚʠʨʦʙʫ ʥʘ ʟʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʬʽʣʴʪʨʘʮʽʾ 

ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʤʧʣʝʢʩʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ. 

ï ʙʘʟʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʥʠʤ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʪʘ ʫ ʚʠʧʘʜʢʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ; 

ï ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʘʚʠʣʴʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ʃʀʎɽɺʆɰ ʏɸʉʊʀʅʀ 

ʌɯʃʔʊʈʋɺɸʃʔʅʆɻʆ ʈɽʉʇɯʈɸʊʆʈɸ 

 

 

2.1 ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ 

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʟʘʡʥʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʚʘʚ ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ, ʽʥʞʝʥʝʨʥʽ ʧʨʠʥʮʠʧʠ ʪʘ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ [1-3]. ɿʦʢʨʝʤʘ, ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

ʜʘʥʠʭ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʱʦʜʦ ʨʦʟʤʽʨʽʚ ʛʦʣʦʚʠ, ʦʙʣʠʯʯʷ, ʰʠʾ ʨʽʟʥʠʭ 

ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ (ʟʘ ʚʽʢʦʤ, ʩʪʘʪʪʶ, ʝʪʥʽʯʥʦʶ ʧʨʠʥʘʣʝʞʥʽʩʪʶ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥʠ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ ʢʘʧʶʰʦʥʽʚ [1]. ʊʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʟʜʘʪʥʽ 

ʫʩʫʥʫʪʠ ʟʘʩʪʽʡʥʽ ʷʚʠʱʘ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʶʪʴ ʦʧʽʨ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ [2]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʯʠ ʜʦʨʝʯʥʦʩʪʽ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʜʠʟʘʡʥʫ ʢʘʧʶʰʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

[3]. ɺʽʥ ʚʠʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʘ ʣʽʥʽʷ ʘʙʦ ʤʘʪʝʨʽʘʣ ʫ ʜʠʟʘʡʥʽ ʢʘʧʶʰʦʥʘ ʙʫʜʫʪʴ 

ʯʽʪʢʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʽ ʩʧʨʠʷʪʠʤʫʪʴ ʜʦʩʷʛʥʝʥʥʶ ʦʩʥʦʚʥʦʾ ʤʝʪʠ ï ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʫʤʦʚʘʭ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʠʟʘʡʥʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ CAD-ʩʠʩʪʝʤ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʬʦʨʤʠ ʢʘʧʶʰʦʥʘ, 

ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʫ 

ʧʝʨʝʚʽʨʢʫ ʢʦʨʝʢʪʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʪʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ ʚʠʨʦʙʫ [4]. 

ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʢʘʧʶʰʦʥʘ, ʷʢ ʽ ʙʫʜʴ-ʷʢʦʛʦ ʩʢʣʘʜʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʻ ʮʠʢʣʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ: ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʍʦʯʘ ʢʦʥʢʨʝʪʥʽ ʜʝʪʘʣʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʘʧʶʰʦʥʘ (ʩʘʤʦʨʷʪʽʚʥʠʢ ʯʠ PAPR) ʪʘ ʚʠʨʦʙʥʠʢʘ, ʟʘʛʘʣʴʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [5]: 
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1. ɺʠʟʥʘʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʢʘʧʶʰʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʪʨʝʙ 

ʟʘʤʦʚʥʠʢʘ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ: ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ (ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʭʠʩʪʫ), ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ. 

3. ʆʛʣʷʜ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ 

(ʥʘʧʨʠʢʣʘʜ, EN 403, EN 12941, NIOSH), ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. 

4. ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʝʩʢʽʟʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʢʦʥʮʝʧʮʽʡ 

ʬʦʨʤʠ ʢʘʧʶʰʦʥʘ, ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ, ʩʠʩʪʝʤʠ ʢʨʽʧʣʝʥʴ ʪʘ ʟʘʛʘʣʴʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ. 

5. ʊʝʭʥʽʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ (ʬʘʟʘ ʜʠʟʘʡʥʫ): ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʚʦʨʝʥʥʷ 

ʜʝʪʘʣʴʥʠʭ 3D-ʤʦʜʝʣʝʡ ʫʩʽʭ ʯʘʩʪʠʥ ʢʘʧʶʰʦʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ (CAD). ʎʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨʠ, ʬʦʨʤʠ, ʟ'ʻʜʥʘʥʥʷ. 

6. ɯʥʞʝʥʝʨʥʽ ʩʠʤʫʣʷʮʽʾ (CAE/CFD/FEA), CFD (Computational Fluid 

Dynamics) ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʘ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʥʪʠʣʷʮʽʾ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʧʦʪʽʚʘʥʥʶ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

7. ʇʦʧʝʨʝʜʥʷ ʧʝʨʝʚʽʨʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʘʣʽʟʫ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʥʘ ʦʙʣʠʯʯʷ, ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

8. ʇʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʛʝʨʤʝʪʠʟʘʮʽʾ, ʨʦʟʨʦʙʢʘ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʱʽʣʴʥʝ ʧʨʠʣʷʛʘʥʥʷ ʜʦ ʦʙʣʠʯʯʷ/ʰʠʾ ʙʝʟ ʥʘʜʤʽʨʥʦʛʦ 

ʪʠʩʢʫ. 

9. ɯʥʪʝʛʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʽʩʮʴ ʢʨʽʧʣʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʷ 

ʟ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʜʣʷ ʩʘʤʦʨʷʪʽʚʥʠʢʽʚ), ʚʝʥʪʠʣʷʪʦʨʥʠʤ ʙʣʦʢʦʤ 

ʪʘ ʧʦʚʽʪʨʦʚʦʜʘʤʠ (ʜʣʷ PAPR). 

ɼʦ ʽʩʥʫʶʯʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʢʘʧʶʰʦʥʽʚ ʥʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ 

ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʝʩʢʽʟʽʚ, ʜʦʜʘʻʤʦ ʜʝʢʽʣʴʢʘ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʚʦʭ ʥʘʫʢʦʚʠʭ ʧʨʠʥʮʠʧʘʭ: ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʇʨʠʥʮʠʧ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ 

ʝʨʛʦʥʦʤʽʢʠ, ʙʽʦʽʥʞʝʥʝʨʽʾ ʪʘ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʷʢʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʨʦʙʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʧʨʘʢʪʠʯʥʦʤʫ ʚʪʽʣʝʥʥʽ, ʧʨʠʥʮʠʧ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʥʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʰʣʷʭʦʤ 3D-ʩʢʘʥʫʚʘʥʥʷ ʛʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʙʘʟʠ 

ʧʘʨʘʤʝʪʨʽʚ (ʦʢʨʫʞʥʽʩʪʴ ʛʦʣʦʚʠ, ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ, ʢʦʥʪʫʨʠ ʱʝʣʝʧʠ ʪʦʱʦ). ʅʘ 

ʦʩʥʦʚʽ ʮʽʻʾ ʙʘʟʠ ʨʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʘʪʨʠʮʶ ʨʦʟʤʽʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʘʜʘʧʪʫʚʘʪʠ ʢʘʧʶʰʦʥ ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʠʧʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʨʠʣʷʛʘʥʥʷ, ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʜʤʽʨʥʦʛʦ ʪʠʩʢʫ ʪʘ 

ʩʪʘʙʽʣʴʥʦʾ ʬʽʢʩʘʮʽʾ. 

ʇʨʠʥʮʠʧ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʣʦʞʝʥʥʷʭ 

ʤʝʭʘʥʽʢʠ ʨʽʜʠʥʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʝʡ ʧʨʠʥʮʠʧ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ ʚ ʤʝʞʘʭ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙ'ʻʤʫ ʢʘʧʶʰʦʥʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʜʦ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʢʘʧʶʰʦʥʘ 

ʜʦʜʘʻʤʦ: 

- ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʨʝʘʢʮʽʡ; ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘ ʷʢʠʤʠ ʬʦʨʤʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʽʚ; 

- ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 

ʪʠʭʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ, ʤʽʥʽʤʽʟʫʶʯʠ çʤʝʨʪʚʽ ʟʦʥʠè ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʨʠʻʤʥʠʡ ʦʙʜʫʚ ʦʙʣʠʯʯʷ ʚ ʩʝʨʝʜʥʽ ʢʘʧʶʰʦʥʘ. 

ʅʘʷʚʥʽʩʪʴ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʽʚ ʛʦʣʽʚ ʣʶʜʝʡ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ 

ʪʠʧʦʨʦʟʤʽʨʠ ʢʘʧʶʰʦʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʨʛʦʥʦʤʽʯʥʠʭ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ 

ʝʩʪʝʪʠʯʥʠʭ ʚʠʤʦʛ. ʊʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʱʽʣʴʥʝ ʧʨʠʣʷʛʘʥʥʷ 

ʪʘ ʢʦʤʬʦʨʪ, ʘ ʡ ʤʽʥʽʤʽʟʘʮʽʶ ʤʝʨʪʚʠʭ ʟʦʥ ʽʟ ʟʘʩʪʽʡʥʠʤ ʧʦʚʽʪʨʷʤ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʠʟʘʡʥʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʛʽʜʥʦ ISO/TS 16976-2 (ʨʠʩ. 2.1): 

1) ʆʢʨʫʞʥʽʩʪʴ ʛʦʣʦʚʠ ʆɻ, ʱʦ ʚʠʟʥʘʯʘʻ ʙʘʟʦʚʠʡ ʨʦʟʤʽʨ (ʜʽʘʤʝʪʨ) 

ʢʘʧʶʰʦʥʫ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʯʝʨʝʟ ʣʦʙ ʪʘ ʧʦʪʠʣʠʮʶ; 
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2) ɼʦʚʞʠʥʘ ʛʦʣʦʚʠ ɼɻ, ʚʠʟʥʘʯʘʻ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʘʧʶʰʦʥʫ ʪʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜ ʚʝʨʭʽʚʢʠ ʛʦʣʦʚʠ ʜʦ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʧʽʜʙʦʨʽʜʜʷ; 

3) ʐʠʨʠʥʘ ʛʦʣʦʚʠ ʐɻ, ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʰʠʨʠʥʫ ʢʘʧʶʰʦʥʫ, ʷʢʘ ʥʝ 

ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʜʠʩʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʫ ʪʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʰʠʨʠʥʦʶ ʤʽʞ ʙʦʢʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʯʝʨʝʧʘ ʥʘʜ ʚʫʭʘʤʠ; 

4) ʐʠʨʠʥʘ ʦʙʣʠʯʯʷ ʐʆ, ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʪʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʞ ʚʠʩʪʫʧʘʤʠ ʚʠʣʠʯʥʠʭ ʢʽʩʪʦʢ; 

5) ɼʦʚʞʠʥʘ ʦʙʣʠʯʯʷ ɼʆ, ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨʠ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʪʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜ ʤʝʞʽ ʚʦʣʦʩʩʷ ʜʦ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʧʽʜʙʦʨʽʜʜʷ; 

6) ɼʦʚʞʠʥʘ ʥʦʩʫ ɼʅ, ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙʣʠʯʯʷ ʜʦ 

ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʦʙʣʠʯʯʷ ʜʦ ʢʽʥʯʠʢʘ ʥʦʩʫ; 

7) ʂʦʥʪʫʨ ʧʽʜʙʦʨʽʜʜʷ ʪʘ ʱʝʣʝʧʠ, ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʠʛʣʷʜ 

ʤʘʥʞʝʪʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʧʶʰʦʥʫ. 

 
 

ʈʠʩʫʥʦʢ 2.1 ï ɺʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʦʣʽʚ ʥʘ ʧʣʦʱʠʥʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʫʯʥʦʛʦ 3D-ʩʢʘʥʝʨʫ EinScan Pro 2X ʪʘ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ EXScan 

Pro. ɼʘʥʽ ʟʽ ʩʢʘʥʝʨʘ ʬʦʨʤʫʚʘʣʠʩʴ ʚ ʟʘʛʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤʽ ʨʫʯʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟ ʷʢʽʩʪʶ HD: ʪʦʯʥʽʩʪʴ (ʜʦ 0.05 

ʤʤ), ʰʚʠʜʢʽʩʪʴ (ʜʦ 20 ʢʘʜʨʽʚ/ʩ), ʦʙôʻʤʥʘ ʪʦʯʥʽʩʪʴ (0,3 ʤʤ/ʤ). ɺʽʥ ʻ ʙʝʟʧʝʯʥʠʤ 

ʜʣʷ ʦʯʝʡ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʤ'ʷʢʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʰʢʽʨʫ ʦʙʣʠʯʯʷ ʪʘ ʚʦʣʦʩʩʷ (ʨʠʩ. 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ɺʠʛʣʷʜ ʚʽʜʩʢʘʥʦʚʘʥʦʛʦ ʦʙʣʠʯʯʷ ʟ ʚʠʤʽʨʶʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 3D-

ʩʢʘʥʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʦʛʨʘʤʘ MeshLab [6], ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʟ ʪʨʠʢʫʪʥʠʤʠ ʩʽʪʢʘʤʠ (mesh) ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʙʘʟʦʚʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ 3D-ʩʢʘʥʝʨʘ 

EinScan Pro 2X, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʬʦʨʤʦʚʘʥʦ ʮʠʬʨʦʚʽ 3D-ʤʦʜʝʣʽ ʫ ʬʦʨʤʘʪʽ 

.stl. ɼʘʣʽ ʮʽ ʤʦʜʝʣʽ ʙʫʣʦ ʽʤʧʦʨʪʦʚʘʥʦ ʜʦ MeshLab ʜʣʷ ʘʥʘʣʽʟʫ. ʋ ʩʝʨʝʜʦʚʠʱʽ 

MeshLab ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʭʘʨʘʢʪʝʨʥʠʤʠ ʪʦʯʢʘʤʠ 

ʛʦʣʦʚʠ. ʇʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤ ʤʦʜʝʣʴ ʦʨʽʻʥʪʫʚʘʣʘʩʷ ʫ ʟʨʫʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʠ (ʦʙʝʨʪʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʧʘʥʦʨʘʤʫʚʘʥʥʷ). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʙʦʨʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ 

ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʝʢʩʧʦʨʪʫʚʘʣʠʩʷ ʚʨʫʯʥʫ ʜʦ ʪʘʙʣʠʮʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʛʦʣʽʚ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʨʘʣʠ ʫʯʘʩʪʴ 412 

ʜʦʙʨʦʚʦʣʴʮʽʚ (210 ʯʦʣʦʚʽʢʽʚ ʽ 202 ʞʽʥʢʠ) ʚʽʢʦʤ ʚʽʜ 20 ʜʦ 30 ʨʦʢʽʚ ʟ ʨʷʜʫ 

ʟʜʦʙʫʚʘʯʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʩʝʨʝʜʠʥʽ 

ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ ʧʨʦʚʦʜʠʣʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SolidWorks, ʟʦʢʨʝʤʘ ʚ ʤʦʜʫʣʽ SolidWorks Flow Simulation [7]. ɹʫʣʦ ʟʘʜʘʥʦ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʚʭʽʜ ʧʦʚʽʪʨʷ ʚʽʜ ʚʝʥʪʠʣʷʪʦʨʘ 170-200 ʣ/ʭʚ (0.0028 - 

0.0033 ʤį/ʩ); ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 20 
0
ʉ; ʘutomatic ʤeshing (ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʦʟʙʠʪʪʷ ʩʽʪʢʠ) ʩʢʣʘʜʘʣʦ 6 ï 7 ʨʽʚʥʽʚ ʜʝʪʘʣʽʟʘʮʽʾ; ʧʦʟʠʪʠʚʥʠʡ ʪʠʩʢ ʧʽʜ 

ʢʘʧʶʰʦʥʦʤ 20 ʇʘ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 
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ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʟʘʭʠʩʥʦʤʫ ʢʘʧʶʰʦʥʽ, ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʉV: 

CV=ů/Vʤʽʩʮ, 

ʜʝ ů - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ, Vʤʽʩʮ - ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʫ 

ʧʝʚʥʽʡ ʟʦʥʽ, ʤ/ʩ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʘʥʦʨʘʤʥʦʤʫ ʩʢʣʽ ʘʙʦ ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ). 

ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ: ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

 

Ratio=Vmax/Vmin 

 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʯʘʩ ʦʯʠʱʝʥʥʷ/ʟʘʤʽʥʠ ʧʦʚʽʪʨʷ tʦʯ ʟ ʢʨʦʢʦʤ 0,1 

ʩ., ʷʢʠʡ ʧʦʨʽʚʥʶʚʘʚʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

tʦʯ å ʆʙǋʻʤʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ (Q0)/ʆʙǋʻʤ ʢʘʧʶʰʦʥʫ (Vʟʘʛ.ʢ) 

 

ʑʝ ʦʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʠʤʽʨʶʚʘʚʩʷ, ʙʫʚ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʩʝʨʝʜʥʽ 

ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ 5 ʪʦʯʢʘʭ: ʙʽʣʷ 

ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ, ʙʽʣʷ ʰʠʾ (ʚ ʦʙʣʘʩʪʽ ʤʘʥʞʝʪʠ, ʬʨʦʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ), ʚ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʘʧʶʰʦʥʫ (ʜʽʣʷʥʢʘ ʯʦʣʘ), ʙʽʣʷ ʨʦʪʫ/ʥʦʩʫ, ʙʽʣʷ ʧʦʪʠʣʠʮʽ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʚ ʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʤʘʥʦʤʝʪʨ Testo 512 ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜ 

ʤʽʥʫʩ 200 ʇʘ ʜʦ 200 ʇʘ, ʟ ʪʦʯʥʽʩʪʶ 0,3 ʇʘ ʪʘ ʯʘʩʪʦʪʦʶ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ 1 ʩ. 

ʆʜʠʥ ʰʪʫʮʝʨ ʜʣʷ ʰʣʘʥʛʽʚ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ ʟʥʘʭʦʜʠʚʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʙʫʚ ʚʽʜʢʨʠʪʠʡ. ɸ ʽʥʰʠʡ ʰʪʫʮʝʨ ʜʣʷ ʰʣʘʥʛʽʚ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ 

ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ ʟʘʚʦʜʠʚʩʷ ʜʦ ʢʘʧʶʰʦʥʫ ʚ 

ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ. ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʰʣʘʥʛʫ ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʪʦʯʮʽ 

ʩʪʘʥʦʚʠʣʘ ʥʝ ʤʝʥʰʝ 5 ʩʝʢʫʥʜ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʪʨʠʤʫʚʘʥʠʭ ʜʘʥʠʭ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 10 ʩʝʢʫʥʜ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚʠʤʽʨʶʚʘʥʥʷ. 
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ɼʣʷ ʦʩʥʦʚʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ EN 13274-2. ɺʠʧʨʦʙʫʚʘʯʽ ʚʠʢʦʥʫʚʘʣʠ 

ʥʘʩʪʫʧʥʽ ʚʧʨʘʚʠ: 

- ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʨʦʙʦʪʠ, 

ʚʠʧʨʦʙʫʚʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʜʷʯʠ ʫ ʟʨʫʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ; 

- ʭʦʜʴʙʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʧʦʚʥʠʡ ʟʨʽʩʪ ʽʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʧʨʦʪʷʛʦʤ 10 ʭʚ.; 

- ʭʦʜʽʥʥʷ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟ 

ʛʘʙʘʨʠʪʥʦʶ ʚʠʩʦʪʦʶ (1,3 Ñ 0,2) ʤ; 

- ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʟ ʛʘʙʘʨʠʪʥʦʶ ʚʠʩʦʪʦʶ (0,7 Ñ 0,05) ʤ; 

- ʟʘʧʦʚʥʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʦʨʟʠʥʠ (ʦʙôʻʤʦʤ 8 ʜʤ
3
) ʛʫʤʦʚʦʶ ʩʪʨʫʞʢʦʶ ʘʙʦ 

ʽʥʰʠʤ ʧʨʠʜʘʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʙʫʥʢʝʨʘ (ʚʠʩʦʪʦʶ 1,5 ʤ). ʊʘʢʽ ʜʽʾ 

ʚʠʢʦʥʫʚʘʣʠʩʷ 19 ʨʘʟʽʚ ʧʨʦʪʷʛʦʤ 10 ʭʚ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 5 ʚʠʧʨʦʙʫʚʘʯʽʚ (3 ʯʦʣʦʚʽʢʠ ʪʘ 2 ʞʽʥʢʠ) 

ʚʽʢʦʤ ʚʽʜ 25 ʜʦ 50 ʨʦʢʽʚ, ʷʢʽ ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʛʦʣʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʨʠʩ. 2.3): ʜʚʦʻ ïʫ 3-ʶ ʢʦʤʽʨʢʫ, ʜʚʦʻ ï ʫ 5-ʫ ʢʦʤʽʨʢʫ, ʦʜʠʥ ï 

8-ʤʫ ʢʦʤʽʨʢʫ. ɼʦʜʘʪʢʦʚʦ, ʥʘ ʩʪʘʜʽʾ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʝʨʝʣʽʢʫ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʱʦ 

ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʪʝʩʪʫʚʘʥʥʽ, ʧʨʦʚʦʜʠʣʦʩʴ ʾʭ ʦʧʠʪʫʚʘʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, 

ʥʝʱʦʜʘʚʥʴʦʛʦ ʤʝʜʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʘʙʦ ʧʝʨʝʥʝʩʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ ʨʘʟʽ 

ʧʦʟʠʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʯʽʚ ʨʝʢʦʤʝʥʜʫʚʘʣʠ. ʇʝʨʝʜ 

ʪʝʩʪʫʚʘʥʥʷʤ ʚʠʧʨʦʙʫʚʘʯʽʚ ʦʟʥʘʡʦʤʣʶʚʘʣʠ ʟ ʧʨʦʮʝʜʫʨʦʶ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʥʘʚʯʘʣʠ ʧʨʘʚʠʣʘʤ ʢʦʨʠʩʪʫʚʘʥʥʷ ʢʘʧʶʰʦʥʦʤ. ʋʯʘʩʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ ʚ 

ʪʝʩʪʫʚʘʥʥʽ ʙʫʣʘ ʜʦʙʨʦʚʽʣʴʥʦʶ, ʧʨʦ ʱʦ ʚʦʥʠ ʧʽʜʧʠʩʘʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʢʫʤʝʥʪ 

(ʧʦʛʦʜʞʝʥʥʷ) ʥʘ ʫʯʘʩʪʴ, ʟʘ ʷʢʠʤ ʥʝ ʤʘʶʪʴ ʧʨʝʪʝʥʟʽʡ ʜʦ ʦʨʛʘʥʽʟʘʪʦʨʽʚ. 

ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʠʪʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦʜʦ ʢʦʤʬʦʨʪʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ. ʇʽʜ ʯʘʩ ʷʢʦʛʦ ʥʘ ʢʦʞʥʝ ʟʘʧʠʪʘʥʥʷ 

ʩʫʙôʻʢʪʠʚʥʦ ʚʠʩʪʘʚʣʷʣʠʩʴ ʙʘʣʠ ʚʽʜ 1 ʜʦ 5, ʜʝ 1 ï ʜʫʞʝ ʧʦʛʘʥʦ, ʘ 5 ï ʜʫʞʝ 

ʜʦʙʨʝ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʋʜʦʩʢʦʥʘʣʝʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʪʘʙʣʠʮʷ ʟ ʚʢʘʟʘʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʣʶʜʝʡ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʧʝʚʥʫ ʢʦʤʽʨʢʫ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʠʧʦʨʦʟʤʽʨʘʤʠ 

 

ʇʽʜ ʯʘʩ ʦʧʠʪʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʯʽ ʦʮʽʥʶʚʘʣʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

- ʟʨʫʯʥʽʩʪʴ ʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʘ (ɿɻɻ); 

- ʣʝʛʢʽʩʪʴ ʟʥʽʤʘʥʥʷ ʪʘ ʥʘʜʷʛʘʥʥʷ (ʃɿʅ); 

- ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʴ (ʅʂ); 

- ʯʽʪʢʽʩʪʴ ʽ ʧʦʣʝ ʟʦʨʫ, ʦʭʦʧʣʶʶʯʠ ʟʘʧʦʪʽʚʘʥʥʷ (ʏʇɿ); 

- ʟʙʝʨʽʛʘʥʥʷ ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʘʧʘʨʘʪʘ (ʈɺɸ): 

- ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʈʐʇ). 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʝʨʝʥʦʩʠʣʠʩʴ ʟ ʧʘʧʝʨʦʚʠʭ ʘʥʢʝʪ ʚ ʝʣʝʢʪʨʦʥʥʠʡ 

ʜʦʢʫʤʝʥʪ, ʜʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʘ Microsoft Excel 365. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʩʝʨʝʜʥʶʚʘʣʠʩʴ ʟ ʦʮʽʥʢʦʶ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ P<0.05 ʚʽʜʧʦʚʽʜʥʦ ʜʦ Evaluation of 

measurement data ï Guide to the expression of uncertainty in measurement. - 

JCGM 100:2008 [8]. ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʢʨʠʚʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Microsoft 

Excel 365. 

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʽ ʦʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʦʩʥʦʚʥʠʭ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʠʯ ʯʦʣʦʚʽʢʽʚ ʽ ʞʽʥʦʢ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʨʷʜʫ ʤʦʜʝʣʝʡ ʟʘʭʠʩʥʠʭ ʢʘʧʶʰʦʥʽʚ ʜʦ ʤʦʪʦʨʦʚʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ. 

ɺʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʛʦʣʽʚ, ʘ ʩʘʤʝ ʦʢʨʫʞʥʦʩʪʽ ʆɻ (ʚʽʜ 531 ʤʤ ʜʦ 648 ʤʤ) ʪʘ 
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ʜʦʚʞʠʥʠ ɼɻ (ʚʽʜ 165 ʤʤ ʜʦ 209 ʤʤ), ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ 

ʨʦʟʤʽʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʘʙʣʠʮʽ (ʨʠʩ. 2.3). ʇʦʣʝ ʪʘʙʣʠʮʽ ʨʽʚʥʦʤʽʨʥʦ ʧʦʜʽʣʝʥʝ 

ʥʘ ʜʝʚôʷʪʴ ʢʦʤʽʨʦʢ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ 

ʛʦʣʽʚ. ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʪʫ ʯʠ ʽʥʰʫ 

ʢʦʤʽʨʢʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʘʙʣʠʮʽ (ʪʘʙʣ. 2.2). ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʢʘʧʶʰʦʥʽʚ ʚ ʨʦʟʨʽʟʽ ʜʽʘʤʝʪʨʫ ʪʘ ʜʦʚʞʠʥʠ ʚʠʨʦʙʫ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʰʠʨʠʥʘ ʦʙʣʠʯʯʷ ʐʆ (ʚʽʜ 126 ʤʤ ʜʦ 165 ʤʤ) ʪʘ 

ʜʦʚʞʠʥʘ ʦʙʣʠʯʯʷ ɼʆ (ʚʽʜ 90 ʤʤ ʜʦ 131 ʤʤ). ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʘʙʣʠʮʽ (ʨʠʩ. 2.3). ʇʦʣʝ ʪʘʙʣʠʮʽ ʨʽʚʥʦʤʽʨʥʦ ʧʦʜʽʣʝʥʝ 

ʥʘ ʜʝʚôʷʪʴ ʢʦʤʽʨʦʢ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʽʚ. ɼʘʣʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʪʫ ʯʠ ʽʥʰʫ ʢʦʤʽʨʢʫ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʪʘʙʣʠʮʽ (ʪʘʙʣ. 2.2 ʪʘ 2.3). ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʻ ʙʘʟʦʚʠʤʠ ʜʣʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʢʘʧʶʰʦʥʘ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ 

ʧʦʣʷ ʟʦʨʫ. 

 

ʊʘʙʣʠʮʷ 2.1 ï ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʨʦʟʤʽʨʽʚ ʦʙʣʠʯ, ʤʤ 

ʈʦʟʤʽʨ ʏʦʣʦʚʽʢʠ (210) ɾʽʥʢʠ (202) ɺʩʴʦʛʦ (412) 

ɺʽʢ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʨ 22,5 Ñ 2,3 22,6 Ñ 1,7 22,5 Ñ 2,0 

ʆʢʨʫʞʥʽʩʪʴ ʛʦʣʦʚʠ 

ʆɻ, ʤʤ 
590,2 Ñ 15,0 556,6 Ñ 13,5 573,9 Ñ 21,3 

ɼʦʚʞʠʥʘ ʛʦʣʦʚʠ ɼɻ, 

ʤʤ 
195,6 Ñ 7,0 183,9 Ñ 7,8 189,9 Ñ 9,4 

ɼʦʚʞʠʥʘ ʦʙʣʠʯʯʷ ɼʆ, 

ʤʤ 
115,0 Ñ 6,4 108,0 Ñ 7,0 111,6 Ñ 7,6 

ʐʠʨʠʥʘ ʛʦʣʦʚʠ ʐɻ, 

ʤʤ 
163,3 Ñ 4,4 151,2 Ñ 4,8 157,4 Ñ 7,6 

ʐʠʨʠʥʘ ʦʙʣʠʯʯʷ ʐʆ, 

ʤʤ 
154,5 Ñ 4,4 142,0 Ñ 4,9 148,4 Ñ 7,8 

ɼʦʚʞʠʥʘ ʥʦʩʫ ɼʅ, ʤʤ 20,2 Ñ 2,2 16,6 Ñ 2,1 18,4 Ñ 2,8 
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ʊʘʙʣʠʮʷ 2.2 ï ʈʦʟʧʦʜʽʣ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʽʚ 

ˉ ʢʦʤʽʨʢʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʪʘʙʣʠʮʽ 
1 2 3 4 5 6 7 8 9 

ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ, 

ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʢʦʤʽʨʢʫ 

55 4 114 0 74 25 2 120 18 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, 

ʟʘʣʫʯʝʥʠʭ ʜʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, % 

13,3 1,0 27,6 0 18,0 6,1 0,5 29,1 4,4 

 

ʊʘʙʣʠʮʷ 2.3 ï ʈʦʟʧʦʜʽʣ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʠʯ 

ˉ ʢʦʤʽʨʢʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʪʘʙʣʠʮʽ 
1 2 3 4 5 6 7 8 9 

ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ, 

ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʢʦʤʽʨʢʫ 

20 31 28 2 186 0 71 42 32 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, 

ʟʘʣʫʯʝʥʠʭ ʜʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, % 

4,9 7,5 6,8 0,5 45,1 0 17,2 10,2 7,8 

 

 

2.2 ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʘʧʶʰʦʥʫ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʦʨʦʟʤʽʨʠ ʢʘʧʶʰʦʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʢʽʚ (Ñ 5 ʤʤ ʧʦ ʜʦʚʞʠʥʽ 

ʛʦʣʦʚʠ ʪʘ Ñ 10 ʤʤ ʧʦ ʦʢʨʫʞʥʦʩʪʽ) ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʧʦʩʘʜʢʠ ʙʝʟ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ. ʇʝʨʰʠʡ ʪʠʧʦʨʦʟʤʽʨ (M) ï ʜʽʘʤʝʪʨ ʢʘʧʶʰʦʥʫ 185 ʤʤ, 

ʚʠʩʦʪʘ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ 220 ʤʤ. ɼʘʥʠʡ ʨʦʟʤʽʨ ʧʦʢʨʠʚʘʻ 47 % ʚʠʧʨʦʙʫʚʘʯʽʚ, 
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ʱʦ ʙʫʣʠ ʟʘʜʽʷʥʽ, ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 95 %. ɼʨʫʛʠʡ 

ʪʠʧʦʨʦʟʤʽʨ (L) ï ʜʽʘʤʝʪʨ ʢʘʧʶʰʦʥʫ 200 ʤʤ, ʚʠʩʦʪʘ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ 230 ʤʤ. 

ɼʘʥʠʡ ʨʦʟʤʽʨ ʧʦʢʨʠʚʘʻ 48 % ʚʠʧʨʦʙʫʚʘʯʽʚ, ʱʦ ʙʫʣʠ ʟʘʜʽʷʥʽ, ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 95 % (ʨʠʩ. 2.4). 

 

ʈʠʩʫʥʦʢ 2.4 ï ɽʩʢʽʟ ʟʘʭʠʩʥʠʭ ʢʘʧʶʰʦʥʽʚ ʜʚʦʭ ʪʠʧʽʚ: ʟʘʭʠʩʥʠʡ ʢʘʧʶʰʦʥ 

ʨʦʟʤʽʨ ʄ, ʧʘʨʘʤʝʪʨ A = 185 ʤʤ, B = 220 ʤʤ; ʟʘʭʠʩʥʠʡ ʢʘʧʶʰʦʥ ʨʦʟʤʽʨ L, 

ʧʘʨʘʤʝʪʨ C = 200 ʤʤ, D = 230 ʤʤ.  

 

ʄʽʥʽʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ ʩʪʘʥʦʚʣʷʪʴ 130 Ĭ 165 ʤʤ. ɺʦʥʠ 

ʚʠʟʥʘʯʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʧʦʣʷ ʟʦʨʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʚʠʜʠʤʦʩʪʽ (ʚ 

ʫʤʦʚʘʭ ʟʘʜʠʤʣʝʥʥʷ, ʟʘʧʠʣʝʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʩʚʽʪʣʝʥʥʽ) ʪʘ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʌʦʨʤʘ ʪʘ ʨʦʟʤʽʨʠ ʦʛʣʷʜʦʚʦʛʦ 

ʝʣʝʤʝʥʪʘ ʙʫʣʠ ʟʘʧʦʟʠʯʝʥʽ ʟ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʭʠʩʥʠʭ ʱʠʪʢʽʚ 

ʦʙʣʠʯʯʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʽʚ ʪʠʧʫ EN 166. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʛʘʨʘʥʪʫʻ ʜʦʩʪʘʪʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʡ ʦʛʣʷʜ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʟʦʨʦʛʦ ʫʜʘʨʦʩʪʽʡʢʦʛʦ ʇɽʊ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʘʭʠʩʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʧʨʦʪʠ ʧʦʜʨʷʧʠʥ ʽ ʟʘʧʦʪʽʚʘʥʥʷ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ 

ʧʨʠ ʨʦʙʦʪʽ ʫ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʘʥʦʨʘʤʥʝ ʩʢʣʦ ʤʘʻ 

ʣʝʛʢʫ ʢʨʠʚʠʟʥʫ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʧʦʣʷ ʟʦʨʫ ʙʝʟ ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɼʣʷ ʧʨʠʧʘʩʫʚʘʥʥʷ ʢʘʧʶʰʦʥʫ ʜʦ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʝʨʝʜʠʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʤʽʱʫʻʤʦ ʩʪʘʥʜʘʨʪʥʠʡ ʨʝʛʫʣʴʦʚʘʥʠʡ ʦʙʽʜ ʽʟ ʟʘʭʠʩʥʠʤ 

ʛʦʣʦʚʥʠʤ ʛʘʨʥʽʪʫʨʦʤ (ʨʠʩ. 2.5), ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʦʜʝʣʷʭ 
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ʢʘʩʦʢ ʟʘ EN 397 ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʣʷ ʛʦʣʽʚ ʟ ʦʢʨʫʞʥʽʩʪʶ ʚʽʜ 510 

ʤʤ ʜʦ 620 ʤʤ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʧʶʰʦʥʫ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʙʦʜʘ ʦʜʥʽʻʶ ʨʫʢʦʶ ʙʝʟ ʟʥʷʪʪʷ ɿɯɿ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ɿʛʽʜʥʦ ʟ ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ɿɯɿ 

ʛʦʣʦʚʠ (EN 397, ISO 27528), ʨʝʛʫʣʴʦʚʘʥʽ ʦʙʽʜʢʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʢʦʤʬʦʨʪʥʝ ʥʦʩʽʥʥʷ ʱʦʥʘʡʤʝʥʰʝ ʧʨʦʪʷʛʦʤ ʧʦʚʥʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʟʤʽʥʠ (8-12 

ʛʦʜʠʥ) ʙʝʟ ʚʠʢʣʠʢʘʥʥʷ ʪʦʯʢʦʚʦʛʦ ʪʠʩʢʫ, ʜʠʩʢʦʤʬʦʨʪʫ ʘʙʦ ʧʦʨʫʰʝʥʥʷ 

ʢʨʦʚʦʦʙʽʛʫ. ʊʦʤʫ ʜʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʬʦʨʪʥʝ ʥʦʩʽʥʥʷ 

ʢʘʧʶʰʦʥʫ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʪʨʠʚʘʣʽʩʪʶ ʜʦ 12 ʛʦʜʠʥ ʙʝʟ ʥʘʜʤʽʨʥʦʛʦ 

ʪʠʩʢʫ ʥʘ ʛʦʣʦʚʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢʦʞ ʫ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʚʩʷ ʧʘʨʘʤʝʪʨ ʜʦʚʞʠʥʠ ʥʦʩʘ 

(ɼʅ) ʢʦʨʠʩʪʫʚʘʯʘ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʘʪʦʤʽʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ 

ʫʥʠʢʥʝʥʥʷ ʪʠʩʢʫ ʥʘ ʟʦʥʫ ʧʝʨʝʥʽʩʩʷ ʽ ʢʽʥʯʠʢ ʥʦʩʫ, ʬʨʦʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʢʘʧʶʰʦʥʫ ʤʘʻ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʜʦʚʞʝʥʥʷ. ɺʦʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʧʦʨʥʠʤ 

ʢʘʨʢʘʩʦʤ, ʱʦ ʤʽʮʥʦ ʫʪʨʠʤʫʻ ʧʘʥʦʨʘʤʥʝ ʩʢʣʦ ʚ ʩʪʘʪʠʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʨʠʩ. 

2.6). ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʘʥʦʨʘʤʥʠʤ ʩʢʣʦʤ ʪʘ ʦʙʣʠʯʯʷʤ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʧʦʢʨʘʱʫʻ ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʥʦʩʽʥʥʽ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʧʨʦʩʪʽʨ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʦʢʫʣʷʨʽʚ ʜʣʷ ʟʦʨʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2.5 ï ʉʪʘʥʜʘʨʪʥʠʡ 

ʨʝʛʫʣʴʦʚʘʥʠʡ ʦʙʽʜ ʟ ʟʘʭʠʩʥʠʤ 

ʛʦʣʦʚʥʠʤ ʛʘʨʥʽʪʫʨʦʤ 

ʈʠʩʫʥʦʢ 2.6 ï ʄʦʜʝʣʴ ʧʘʥʦʨʘʤʥʦʛʦ 

ʩʢʣʘ ʟ ʦʧʦʨʥʠʤ ʢʘʨʢʘʩʦʤ 
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ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʟʘʛʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʤʘʩʦʶ ʜʦ 500 ʛ/ʤ
2
 ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʰʠʡʥʠʡ ʚʽʜʜʽʣ ʭʨʝʙʪʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ ʢʘʧʶʰʦʥʘ 

ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʤʘʥʞʝʪʫ-

ʶʙʢʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʜʽʣʷʥʢʫ ʰʠʾ, ʧʣʝʯʝʡ ʪʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʛʨʫʜʥʦʾ ʢʣʽʪʢʠ. 

ʎʝʡ ʝʣʝʤʝʥʪ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʜʦʜʘʪʢʦʚʦʛʦ ʙʘʨôʻʨʘ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʧʦʪʨʘʧʣʷʥʥʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʧʽʜ ʢʘʧʶʰʦʥ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʨʫʯʥʦʤʫ 

ʧʦʻʜʥʘʥʥʶ ʟ ʽʥʰʠʤ ʟʘʭʠʩʥʠʤ ʦʜʷʛʦʤ. ʋ ʟʦʥʽ ʰʠʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʝʛʫʣʶʶʯʦʾ ʝʣʘʩʪʠʯʥʦʾ ʟʘʚ'ʷʟʢʠ (ʫʱʽʣʴʥʶʶʯʠʡ ʰʥʫʨ ʽʟ ʬʽʢʩʘʪʦʨʦʤ), ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʩʪʫʧʽʥʴ ʧʨʠʣʷʛʘʥʥʷ 

ʢʘʧʶʰʦʥʘ ʜʦ ʪʽʣʘ (ʨʠʩ. 2.7). ʊʘʢʠʡ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʱʽʣʴʥʝ ʪʘ 

ʥʘʜʽʡʥʝ ʧʨʠʣʷʛʘʥʥʷ ʚ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽʡ ʟʦʥʽ ʥʘʚʢʦʣʦ ʰʠʾ, ʥʝ ʩʪʚʦʨʶʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʥʘʜʤʽʨʥʦʛʦ ʪʠʩʢʫ ʘʙʦ ʜʠʩʢʦʤʬʦʨʪʫ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʥʦʩʽʥʥʷ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʟʘʪʷʛʫʚʘʥʥʷ ʟʘʚ'ʷʟʢʠ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʠʮʶ ʚ 

ʘʥʘʪʦʤʽʯʥʽʡ ʙʫʜʦʚʽ ʰʠʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʧʦʩʘʜʢʫ 

ʢʘʧʶʰʦʥʘ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʘʢʪʠʚʥʠʭ ʨʫʭʽʚ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʄʦʜʝʣʴ ʤʘʥʞʝʪʠ ʜʣʷ ʰʠʾ ʟ ʨʝʛʫʣʶʶʯʦʶ ʝʣʘʩʪʠʯʥʦʶ ʟʘʚ'ʷʟʢʦʶ 

 

ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʧʶʰʦʥʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʪʘ 

ʚʽʜʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʚʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʫ ʪʘ ʙʫʜʝ ʟʘʧʦʙʽʛʘʪʠ ʥʘʢʦʧʠʯʝʥʥʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 
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ʪʝʧʣʘ ʪʘ ʚʦʣʦʛʠ. ʉʠʩʪʝʤʘ ʧʦʜʘʯʽ ʧʝʨʝʜʙʘʯʘʻ ʨʫʭ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʨʦʟʩʽʶʚʘʯ (ʨʠʩ. 

2.8). 

ɺʠʛʥʫʪʘ ʬʦʨʤʘ ʨʦʟʩʽʶʚʘʯʘ ʩʧʨʠʷʪʠʤʝ ʧʣʘʚʥʦʤʫ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʶ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʟʦʥ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʅʘ ʚʠʧʫʩʢʥʽʡ ʯʘʩʪʠʥʽ 

ʝʣʝʤʝʥʪʘ ʧʣʘʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʧʝʨʬʦʨʦʚʘʥʠʡ ʱʽʣʠʥʥʠʡ ʙʣʦʢ, ʱʦ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ ʨʦʟʩʽʶʚʘʯʘ. ʑʽʣʠʥʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ 

ʧʝʨʠʤʝʪʨʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʝʙʽʯʥʝ, ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʘ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟʘʧʦʙʽʛʘʪʠʤʝ 

ʫʪʚʦʨʝʥʥʶ ʟʦʥ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ʘʙʦ ʧʝʨʝʛʨʽʚʦʤ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʜʦ ʢʦʨʧʫʩʫ ʰʦʣʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʥʪʘʞʥʦʛʦ ʬʣʘʥʮʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʫ ʟ ʧʘʥʦʨʘʤʥʠʤ 

ʩʢʣʦʤ ʽ ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʾ ʱʽʣʠʥʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.9. 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʩʽʶʚʘʯ ʧʦʚʽʪʨʷ ʟ 

ʩʠʩʪʝʤʦʶ ʱʽʣʠʥʥʦʾ ʧʦʜʘʯʽ 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʫ ʟ ʧʘʥʦʨʘʤʥʠʤ 

ʩʢʣʦʤ ʽ ʩʠʩʪʝʤʦʶ ʘʢʪʠʚʥʦʾ ʱʽʣʠʥʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ 

 

2.3 ʈʦʟʨʘʭʫʥʦʢ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʰʣʘʥʛʘ ʜʣʷ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʚʽʜ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʜʦ ʢʘʧʶʰʦʥʘ 

 

ʇʦʜʘʯʘ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ, ʟôʻʜʥʘʥʠʡ ʽʟ 

ʜʞʝʨʝʣʦʤ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ (ʤʦʪʦʨʦʚʠʤ ʙʣʦʢʦʤ ʟ ʧʦʟʠʪʠʚʥʠʤ ʪʠʩʢʦʤ). 

ɺʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙ'ʻʤʫ ʢʘʧʶʰʦʥʫ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʝ 
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ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʚʦʨʶʻ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ, ʷʢʠʡ 

ʜʦʜʘʪʢʦʚʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʥʠʢʥʝʥʥʶ ʟʘʙʨʫʜʥʝʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʢʨʽʟʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʱʽʣʠʥʠ (ʨʠʩ. 2.10). ɺʠʧʫʩʢ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʥʝʱʽʣʴʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʰʠʾ, 

ʟʦʢʨʝʤʘ ʚ ʤʽʩʮʽ ʧʨʠʣʷʛʘʥʥʷ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʘʧʶʰʦʥʫ ʜʦ ʪʽʣʘ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʠʨʦʜʥʫ ʮʠʨʢʫʣʷʮʽʶ ʧʦʚʽʪʨʷ ʙʝʟ ʧʦʪʨʝʙʠ ʫ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʢʣʘʧʘʥʽʚ, ʚʦʜʥʦʯʘʩ ʟʙʝʨʽʛʘʶʯʠ ʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʜʦʩʪʘʪʥʴʦʤʫ ʜʣʷ ʟʘʭʠʩʪʫ ʨʽʚʥʽ. 

 
ʈʠʩʫʥʦʢ 2.10 ï ʉʭʝʤʘ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ 

 

ʐʣʘʥʛ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʨʽʚʥʦʤʽʨʥʦʾ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʧʦʜʘʯʽ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʜʦ 

ʢʘʧʶʰʦʥʘ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʰʣʘʥʛʠ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʝʨʝʧʘʜʽʚ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʧʣʠʚʫ ʚʦʣʦʛʠ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʣʘʩʴ ʛʥʫʯʢʦʩʪʽ ʰʣʘʥʛʘ, ʘʜʞʝ ʚʦʥʘ ʚʠʟʥʘʯʘʻ ʟʨʫʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʨʫʭʽʚ ʛʦʣʦʚʦʶ ʢʦʨʠʩʪʫʚʘʯʘ ʙʝʟ ʨʠʟʠʢʫ 

ʧʝʨʝʢʨʠʪʪʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ (ʪʘʙʣ. 2.4). 
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ʊʘʙʣʠʮʷ 2.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʰʣʘʥʛʘ [9, 10] 

ʅʘʟʚʘ ʤʘʪʝʨʽʘʣʫ 

ʰʣʘʥʛʘ 
ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʇʦʣʽʚʽʥʽʣʭʣʦʨʠʜ 

(ʇɺʍ) 

ʃʝʛʢʠʡ ʽ ʛʥʫʯʢʠʡ. 

ʉʪʽʡʢʠʡ ʜʦ ʚʦʣʦʛʠ ʪʘ ʧʠʣʫ. 

ʅʝʜʦʨʦʛʠʡ. 

ʄʦʞʣʠʚʽʩʪʴ ʩʪʠʩʢʘʥʥʷ ʜʣʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. 

ʄʦʞʝ ʩʪʚʦʨʶʚʘʪʠ 

ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʧʦʪʦʢʫ. 

ʄʝʥʰʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʘʛʨʝʩʠʚʥʠʭ ʭʽʤʽʢʘʪʽʚ. 

ɿ ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ 

ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʉʠʣʽʢʦʥ ɻʥʫʯʢʠʡ ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʉʪʽʡʢʠʡ ʜʦ ʦʟʦʥʫ, ʋʌ, 

ʚʦʣʦʛʠ ʪʘ ʙʽʣʴʰʦʩʪʽ 

ʭʽʤʽʢʘʪʽʚ. 

ɻʣʘʜʢʘ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ, 

ʪʦʤʫ ʤʝʥʰʠʡ ʦʧʽʨ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ. 

ɺʠʱʘ ʮʽʥʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʇɺʍ. 

ɼʝʱʦ ʙʽʣʴʰʘ ʚʘʛʘ 

ʇʦʣʽʫʨʝʪʘʥ (PU) ɺʠʩʦʢʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ 

ʤʽʮʥʽʩʪʴ. 

ʍʦʨʦʰʘ ʛʥʫʯʢʽʩʪʴ ʽ 

ʧʨʫʞʥʽʩʪʴ, ʰʣʘʥʛ ʥʝ 

ʟʤʠʥʘʻʪʴʩʷ. 

ʇʨʦʟʦʨʽʩʪʴ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʯʠʩʪʦʪʫ. 

ɼʦʨʦʞʯʠʡ ʟʘ ʇɺʍ. 

ʄʦʞʝ ʚʪʨʘʯʘʪʠ ʧʨʫʞʥʽʩʪʴ 

ʧʨʠ ʩʠʣʴʥʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ 

ɻʫʤʘ ɼʫʞʝ ʤʽʮʥʠʡ ʽ ʜʦʚʛʦʚʽʯʥʠʡ. 

ʉʪʽʡʢʠʡ ʜʦ ʤʝʭʘʥʽʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ ʽ ʩʪʠʨʘʥʥʷ. 

ɺʘʞʯʠʡ ʟʘ ʽʥʰʽ ʚʘʨʽʘʥʪʠ. 

ʄʝʥʰ ʛʥʫʯʢʠʡ. 

ʄʦʞʝ ʤʘʪʠ ʩʧʝʮʠʬʽʯʥʠʡ 

ʟʘʧʘʭ. 

ʄʝʜʠʯʥʠʡ ʇɺʍ 

ʘʙʦ ʩʠʣʽʢʦʥ 

(ʭʘʨʯʦʚʠʡ) 

ɹʝʟʧʝʯʥʠʡ ʜʣʷ ʜʠʭʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʥʝ ʚʠʜʽʣʷʻ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ʃʝʛʢʠʡ ʽ ʧʨʦʟʦʨʠʡ. 

ɼʦʙʨʘ ʛʥʫʯʢʽʩʪʴ. 

ʅʝ ʪʘʢʠʡ ʤʽʮʥʠʡ ʧʨʠ 

ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʏʫʪʣʠʚʠʡ ʜʦ 

ʫʣʴʪʨʘʬʽʦʣʝʪʫ (ʦʩʦʙʣʠʚʦ 

ʇɺʍ). 
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ɼʦʜʘʪʢʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʨʘʭʦʚʫʚʘʚʩʷ ʧʨʠ ʚʠʙʦʨʽ ʰʣʘʥʛʘ ʙʫʣʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘ ʭʚʠʣʠʥʫ, ʪʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʚʽʪʨʷ, ʱʦ ʤʦʞʝ 

ʧʨʦʡʪʠ ʯʝʨʝʟ ʰʣʘʥʛ ʧʝʚʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʘ ʦʜʥʫ ʭʚʠʣʠʥʫ. ʈʦʟʛʣʷʜʘʣʠʩʷ ʰʣʘʥʛʠ 

ʜʽʘʤʝʪʨʦʤ 25 ʤʤ (ʩʠʣʽʢʦʥ), 32 ʤʤ (ʤʝʜʠʯʥʠʡ ʇɺʍ) ʪʘ 40 ʤʤ (PU), ʦʩʢʽʣʴʢʠ 

ʩʘʤʝ ʪʘʢʽ ʟʨʘʟʢʠ ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ. ɯʥʰʽ 

ʢʦʤʧʣʝʢʪʘʮʽʾ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʧʽʜ ʟʘʤʦʚʣʝʥʥʷ ʘʙʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʟ-ʟʘ ʢʦʨʜʦʥʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʰʣʘʥʛʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʢʦʥ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ 

ʫ ʚʠʛʣʷʜʽ  

Ўὖ Ὢ̙̌

̙̌
, ʇʘ 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, (1,2) ʢʛ/ʤ
3
; V ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʤ/ʩ; Lʰʣ ï 

ʜʦʚʞʠʥʘ ʰʣʘʥʛʘ, ʤ; dʰʣ ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʰʣʘʥʛʘ, ʤ; f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

(0,02 ʜʣʷ ʛʣʘʜʢʠʭ ʪʨʫʙ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ). 

ɼʦʚʞʠʥʘ ʰʣʘʥʛʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʘ Lʰʣ=1,0 ʤ. ʂʽʥʝʤʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ ɜhʣå1.5ẗ10
-5
 ʤ

2
/ʩ.  

ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ Q ʟʘʜʘʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 95-200 ʜʤ
3
/ʭʚ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʦʙôʻʤʥʽʡ ʚʠʪʨʘʪʽ 0.00158-0.00333 ʤ
3
/ʩ. ʃʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʷʢ         

v=Q/ Sh ʣ, ʜʝ Sh ʣ ʮʝ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʰʣʘʥʛʘ. ɼʣʷ ʦʮʽʥʢʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ f ʚʠʢʦʨʠʩʪʘʥʦ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ ɹʣʘʟʽʫʩʘ f=0.3164 Re
-0.25

, 

ʱʦ ʢʦʨʝʢʪʥʘ ʜʣʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚ ʥʘʙʣʠʞʝʥʥʽ Reå4ẗ10
3 
-1,5ẗ10

5
. 

ʊʝʩʪʫʚʘʥʥʷ ʰʣʘʥʛ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 2.11). 

ʇʦʚʽʪʨʷ ʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ʧʦʜʘʚʘʣʦʩʴ ʯʝʨʝʟ ʚʠʪʨʘʪʦʤʽʨ ʈʄ-25ɻʋɿ ʜʦ ʜʠʬʫʟʦʨʘ, 

ʷʢʠʡ ʙʫʚ ʨʦʟʤʽʰʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʯʝʨʝʟ ʰʣʘʥʛ. ʈʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʚʝʥʪʠʣʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʚ ʥʝʦʙʭʽʜʥʫ ʧʦʜʘʯʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. ʅʘ 

ʜʠʬʫʟʦʨʽ ʟʥʘʭʦʜʠʣʠʩʴ ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʬʽʢʩʘʮʽʾ ʨʝʟʠʥʦʚʦʾ ʧʨʦʢʣʘʜʢʠ ʟ ʦʪʚʦʨʦʤ 

ʜʽʘʤʝʪʨʦʤ 22 ʤʤ, ʚ ʷʢʠʡ ʚʩʪʘʚʣʷʚʩʷ ʚʠʧʨʦʙʫʚʘʥʠʡ ʟʨʘʟʦʢ ʰʣʘʥʛʘ. ʈʝʟʠʥʦʚʘ 

ʧʨʦʢʣʘʜʢʘ ʻ ʛʥʫʯʢʦʶ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʬʽʢʩʘʮʽʶ ʟʨʘʟʢʽʚ, ʘ ʜʽʘʤʝʪʨ ʤʽʛ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʋ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʨʽʟʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʟʘʟʜʘʣʝʛʽʜʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ 7 ʤʤ ʥʘ ʚʽʜʩʪʘʥʽ 50 ʤʤ 
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ʪʘ 150 ʤʤ ʚʽʜ ʢʨʘʾʚ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʪʫʮʝʨʽʚ ʚʽʜ ʝʣʝʢʪʨʦʥʥʠʭ 

ʤʽʢʨʦʤʘʥʦʤʝʪʨʽʚ Testo 512, ʷʢʽ ʧʘʨʘʣʝʣʴʥʦ ʬʽʢʩʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ ʚ ʚʠʧʨʦʙʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ʰʣʘʥʛʫ. 

 

ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʰʣʘʥʛʫ: 1- 

ʢʦʤʧʨʝʩʦʨ; 2 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʚʝʥʪʠʣʴ; 3 ï ʚʠʪʨʘʪʦʤʽʨ ʈʄ-25 ɻʋɿ; 4 ï 

ʜʠʬʫʟʦʨ ʟ ʢʨʽʧʣʝʥʥʷʤ; 5 ï ʨʝʟʠʥʦʚʘ ʧʨʦʢʣʘʜʢʘ ʟ ʦʪʚʦʨʦʤ; 6 ï ʝʣʝʢʪʨʦʥʥʠʡ 

ʤʽʢʨʦʤʘʥʦʤʝʪʨ Testo 512 ʟ ʰʪʫʮʝʨʘʤʠ; 7 ï ʚʠʧʨʦʙʫʚʘʥʠʡ ʟʨʘʟʦʢ ʰʣʘʥʛʘ 

ɺʽʜʭʠʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

„̑ ̆̈

ЎʈʨʦʟʨЎʈʝʢʩʧ

Ўʈʝʢʩʧ
ρππϷ 

ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ 

ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 2.5-2.7 ʪʘ ʥʘ ʨʠʩʫʥʢʫ 2.12. 

ʊʘʙʣʠʮʷ 2.5 ï ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʰʣʘʥʛ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ 

ɼʽʘʤʝʪʨ 

ʰʣʘʥʛʘ, ʤʤ 

ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ 

Q, ʜʤ
3
/ʭʚ. 

ʈʦʟʨʘʭʦʚʘʥʘ 

ʰʚʠʜʢʽʩʪʴ V, ʤ/ʩ 

ʏʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ Re 

ʈʦʟʨʘʭʦʚʘʥʠʡ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ 

ȹPʨʦʟʨ, ʇʘ 

25 95 3,22 5,33ẗ10
3
 50 

25 160 5,45 8,99ẗ10
3
 143 

25 200 6,80 1,12ẗ10
4
 221 

32 95 1,98 4,19ẗ10
3
 15 

32 160 3,34 7,06ẗ10
3
 42 

32 200 4,16 8,79ẗ10
3
 65 

40 95 1,26 3,30ẗ10
3
 5 

40 160 2,12 5,60ẗ10
3
 13 

40 200 2,64 6,99ẗ10
3
 21 
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ʊʘʙʣʠʮʷ 2.6 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʰʣʘʥʛ ʨʽʟʥʦʛʦ 

ʜʽʘʤʝʪʨʫ 

ɼʽʘʤʝʪʨ 

ʰʣʘʥʛʘ, ʤʤ 

ɺʠʪʨʘʪʘ 

ʧʦʚʽʪʨʷ Q, 

ʜʤ
3
/ʭʚ. 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ 

ʥʘ ʚʭʦʜʽ 

ʰʣʘʥʛʘ, ʇʘ 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ 

ʥʘ ʚʠʭʦʜʽ 

ʰʣʘʥʛʘ, ʇʘ 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ 

ȹPʝʢʩʧ, ʇʘ 

25 95 36 -4 40 

25 160 115 -14 129 

25 200 186 -20 206 

32 95 14 0 14 

32 160 39 -5 44 

32 200 66 -9 75 

40 95 6 0 6 

40 160 20 1 19 

40 200 33 2 29 

 

ʊʘʙʣʠʮʷ 2.7 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ɼʽʘʤʝʪʨ 

ʰʣʘʥʛʘ, ʤʤ 

ɺʠʪʨʘʪʘ 

ʧʦʚʽʪʨʷ Q, 

ʜʤ
3
/ʭʚ. 

ȹʈʝʢʩʧ, ʇʘ ȹʈʨʦʟʨ, ʇʘ 

ɺʽʜʭʠʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ů, 

% 

25 95 40 50 25 

25 160 129 143 11 

25 200 206 221 7 

32 95 14 15 7 

32 160 44 42 5 

32 200 75 65 15 

40 95 6 5 20 

40 160 19 13 46 

40 200 29 21 38 
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ʈʠʩʫʥʦʢ 2.12 ï ɿʘʣʝʞʥʦʩʪʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ  

ʜʣʷ ʰʣʘʥʛ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ  

 

ʄʦʞʣʠʚʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʰʣʘʥʛ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʢʩʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ (0,02), 

ʪʦʜʽ ʷʢ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʜʠʟʘʡʥʫ ʪʘ ʰʦʨʩʪʢʦʩʪʽ 

ʰʣʘʥʛʫ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

ʊʘʢʦʞ ʧʝʚʥʫ ʢʦʨʝʢʪʠʚʫ ʚ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ 

ʥʝʱʽʣʴʥʦʩʪʽ ʚ ʤʽʩʮʽ ʟʘʪʠʩʢʫ ʰʣʘʥʛʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʘ ʚʝʣʠʢʦʾ 

ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ. 

ɺ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʟʥʘʯʘʚʩʷ ʪʠʩʢ ʚ ʰʣʘʥʛʫ ʜʦʚʞʠʥʦʶ 1 ʤ, 

ʪʦʜʽ ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʤʘʣʘ ʦʪʚʦʨʠ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʥʘ ʚʽʜʩʪʘʥʽ      

5 ʩʤ ʪʘ 15 ʩʤ ʚʽʜ ʢʨʘʾʚ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʬʘʢʪʠʯʥʦ ʟʤʝʥʰʫʚʘʣʦ ʟʘʛʘʣʴʥʫ 

ʜʦʚʞʠʥʫ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 

ɿʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ 200 ʜʤ
3
/ʭʚ. ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʜʣʷ 25 ʤʤ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 206 ʇʘ, ʜʣʷ 32 ʤʤ ʚʞʝ ʩʢʦʨʦʪʠʚʩʷ ʜʦ 65 ʇʘ, ʪʦʜʽ ʷʢ ʜʣʷ 

40 ʤʤ ʙʣʠʟʴʢʦ 21 ʇʘ. ʆʪʞʝ, ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʟ 32 ʜʦ 25 ʤʤ ʧʽʜʚʠʱʫʻ 

ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʤʘʡʞʝ ʚ 3.2 ʨʘʟʠ ʟʘ ʪʽʻʾ ʞ ʜʦʚʞʠʥʠ ʪʘ ʚʠʪʨʘʪʠ.  

ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʫ ʰʣʘʥʛʫ ʧʨʠ 200 ʜʤ
3
/ʭʚ. ʜʣʷ 25 ʤʤ ʙʣʠʟʴʢʦ 6,8 ʤ/ʩ, 

ʜʣʷ 32 ʤʤ ʧʨʠʙʣʠʟʥʦ 4,16 ʤ/ʩ, ʘ ʜʣʷ 40 ʤʤ ʚʞʝ ʩʪʘʥʦʚʠʪʴ 2,64 ʤ/ʩ. ʇʨʘʢʪʠʯʥʝ 

ʧʨʘʚʠʣʦ ʜʣʷ ʢʦʤʬʦʨʪʥʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʪʨʠʤʘʪʠ ʰʚʠʜʢʽʩʪʴ ʫ ʰʣʘʥʛʫ ʥʝ 
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ʙʽʣʴʰʝ 5 ʤ/ʩ, ʪʦʤʫ ʰʣʘʥʛʠ ʜʽʘʤʝʪʨʦʤ 32 ʤʤ ʪʘ 40 ʤʤ ʜʦʟʚʦʣʷʶʪʴ ʮʴʦʛʦ 

ʜʦʩʷʛʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 200 ʜʤ
3
/ʭʚ. ɺʠʱʘ 

ʰʚʠʜʢʽʩʪʴ ʦʟʥʘʯʘʻ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, ʽʥʪʝʥʩʠʚʥʽʰʫ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, 

ʩʠʣʴʥʽʰʽ ʧʫʣʴʩʘʮʽʾ ʧʦʪʦʢʫ ʪʘ ʚʽʜʯʫʪʥʠʡ ʦʧʽʨ ʧʨʠ ʚʜʠʭʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʂʨʽʤ ʪʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʜʣʷ ʰʣʘʥʛʫ ʜʽʘʤʝʪʨʦʤ 25 ʤʤ ʪʘ 32 ʤʤ 

ʨʝʻʩʪʨʫʚʘʥʥʷ ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʟʥʘʯʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ  ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʚ 

ʪʨʫʙʮʽ ʧʨʠʻʜʥʘʥʦʾ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ. 

ʆʮʽʥʝʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ ʚ ʰʣʘʥʛʫ ʧʨʠ 

Q 200 ʜʤ
3
/ʭʚ., ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 0.21 ɺʪ ʜʣʷ ʜʽʘʤʝʪʨʘ 25 ʤʤ ʽ ʙʣʠʟʴʢʦ 0,065 

ɺʪ ʜʣʷ 32 ʤʤ. ʍʦʯʘ ʮʽ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʥʝʚʝʣʠʢʽ, ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʝʥʪʠʣʷʪʦʨʫ ʜʦʚʝʜʝʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʟʥʘʯʥʦ ʙʽʣʴʰʦʤʫ ʥʘʧʦʨʽ ʽ 

ʦʙʝʨʪʘʭ ʫ ʚʠʧʘʜʢʫ ʚʫʟʴʢʦʛʦ ʰʣʘʥʛʘ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʫʤʫ, ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʥʦʩʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʅʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʦʧʽʨ, ʱʦ ʚʠʥʠʢʘʻ ʧʦ ʜʦʚʞʠʥʽ 

ʛʣʘʜʢʦʛʦ ʰʣʘʥʛʘ; ʜʦ ʥʠʭ ʪʨʝʙʘ ʜʦʜʘʪʠ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʫ ʬʽʣʴʪʨʘʭ, ʥʘ ʨʽʟʴʙʦʚʠʭ 

ʟôʻʜʥʘʥʥʷʭ, ʧʝʨʝʭʦʜʘʭ, ʢʦʣʽʥʘʭ ʽ ʧʘʪʨʫʙʢʘʭ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ. ʗʢʱʦ ʦʙʨʘʥʠʡ 

ʜʽʘʤʝʪʨ ʟʘʤʘʣʠʡ (ʥʘʧʨʠʢʣʘʜ, 25 ʤʤ), ʪʦ ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʪʘʪʠ 

ʢʨʠʪʠʯʥʠʤ, ʘ ʚʝʥʪʠʣʷʪʦʨ ʥʝ ʟʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʦʙôʻʤ ʧʦʚʽʪʨʷ ʘʙʦ 

ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʦʙʦʨʦʪʘʭ ʽ ʚʠʱʦʤʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʯʠʩʝʣ ʽ ʧʨʘʢʪʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʢʦʤʬʦʨʪʫ ʚʠʧʣʠʚʘʻ ʨʝʢʦʤʝʥʜʘʮʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʽʘʤʝʪʨ ʰʣʘʥʛʘ ʥʝ ʤʝʥʰʠʡ ʟʘ 32 ʤʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ 140-220 ʜʤ
3
/ʭʚ. ʟʛʽʜʥʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ EN 12941 ʧʨʠ 

ʜʦʚʞʠʥʽ 1,0 ʤ. ʋ ʚʠʧʘʜʢʫ ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ ʘʙʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʛʠʥʽʚ ʚʘʨʪʦ 

ʨʦʟʛʣʷʜʘʪʠ ʜʽʘʤʝʪʨʠ 35-40 ʤʤ ʘʙʦ ʟʘʩʪʦʩʫʚʘʪʠ ʰʣʘʥʛ ʟʽ ʛʣʘʜʢʦʶ 

ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʚʘʨʽʘʥʪ ʟ ʧʨʦʟʦʨʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ ʪʦʚʱʠʥʦʶ 0,6 ʤʤ 

ʪʘ ʜʽʘʤʝʪʨʦʤ 40 ʤʤ (ɯʅʊɽʈɻʋʄɸ, ʋʢʨʘʾʥʘ). ɼʘʥʠʡ ʰʣʘʥʛ ʻ ʜʫʞʝ ʛʥʫʯʢʠʤ 

(ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʚʠʛʠʥʫ 28 ʤʤ) ʪʘ ʣʝʛʢʠʡ (0,23 ʢʛ/ʤ.ʧ.) [11]. 
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2.4 ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʢʘʧʶʰʦʥ 

 

ʇʦʻʜʥʘʥʥʷ ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʪʘ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ 

ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʧʝʨʝʛʨʽʚʘʥʥʷ, ʟʘʧʦʪʽʚʘʥʥʷ ʦʛʣʷʜʦʚʦʛʦ ʩʢʣʘ ʪʘ ʟʥʠʟʠʪʴ 

ʬʽʟʽʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʩʦʙʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2.13) ʪʘ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʟʘʭʠʩʥʦʤʫ 

ʢʘʧʶʰʦʥʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ SolidWorks Flow 

Simulation ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.8. 

 

ʊʘʙʣʠʮʷ 2.8 ï ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʥʴ ʰʚʠʜʢʽʩʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʪʠʩʢʫ 

ʚ ʟʘʭʠʩʥʦʤʫ ʢʘʧʶʰʦʥ,̔ ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ ʦʯʠʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ 

ʢʘʧʶʰʦʥʫ 

ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ  

ʢʘʧʶʰʦʥ Q, ʜʤ
3
/ʭʚ. 

Vmax/Vmin ʈmax/ʈmin Tʦʯ, ʩ 

ʊʠʧʦʨʦʟʤʽʨ ʄ (ʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʭɺ = 40700) 

60 1,697 1,224 9,4 

95 1,800 1,200 6,0 

140 1,900 1,182 4,07 

200 2,000 1,166 2,85 

ʊʠʧʦʨʦʟʤʽʨ L (ʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʭɺ = 46000) 

60 1,784 1,112 12,4 

95 1,900 1,100 8,0 

140 2,010 1,091 5,43 

200 2,125 1,083 3,8 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.14ʘ ʪʘ 2.14ʙ ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʣʠʚʘʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʘʧʶʰʦʥʫ ʚʽʜ ʦʙôʻʤʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʪʘ ʪʠʧʦʨʦʟʤʽʨʫ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ. 
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ʈʠʩ. 2.13 ï ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʘ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʨʦʟʤʽʨʫ L ʟ ʛʦʣʦʚʦʶ ʢʦʨʠʩʪʫʚʘʯʘ: ʘ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʤʦʜʝʣʴ, ʙ ï ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙô̒ ʤʽ ʢʘʧʶʰʦʥʫ 

 

 

ʘ) ʢʦʣʠʚʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʚʽʪʨʷ (1) ʪʘ ʯʘʩʫ ʦʯʠʱʝʥʥʷ (2) ʢʘʧʶʰʦʥʫ 

ʪʠʧʦʨʦʟʤʽʨʫ ʄ, ʢʦʣʠʚʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʚʽʪʨʷ (3) ʪʘ ʯʘʩʫ ʦʯʠʱʝʥʥʷ (4) 

ʢʘʧʶʰʦʥʫ ʪʠʧʦʨʦʟʤʽʨʫ L 

 

ʘ) ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ (1) ʪʘ ʯʘʩʫ ʦʯʠʱʝʥʥʷ (2) ʢʘʧʶʰʦʥʫ ʪʠʧʦʨʦʟʤʽʨʫ ʄ, 

ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ (3) ʪʘ ʯʘʩʫ ʦʯʠʱʝʥʥʷ (4) ʢʘʧʶʰʦʥʫ ʪʠʧʦʨʦʟʤʽʨʫ L 

ʈʠʩʫʥʦʢ 2.14 ï ʈʦʟʧʦʜʽʣ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ ʟʘ ʨʽʟʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ, ʚ ʩʝʨʝʜʠʥʽ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.9. 

 

ʊʘʙʣʠʮʷ 2.9 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʪʦʢʫ 

ʚʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʫ 

ʄʽʩʮʝ ʟʘʤʽʨʫ ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ, ʇʘ 

ɹʽʣʷ ʧʘʥʦʨʘʤʥʦʛʦ ʩʢʣʘ 13,1Ñ0,54 

ɹʽʣʷ ʰʠʾ (ʬʨʦʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ) 8,6Ñ0,68 

ɺʝʨʭ ʢʘʧʶʰʦʥʫ 13,0Ñ0,60 

ɹʽʣʷ ʨʦʪʫ/ʥʦʩʫ ʢʦʨʠʩʪʫʚʘʯʘ 15,8Ñ0,64 

ɹʽʣʷ ʧʦʪʠʣʠʮʽ 18,0Ñ0,40 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʟʦʥʽ ʚʠʭʦʜʫ ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ, ʘ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʟʦʥʽ ʰʠʾ, ʜʝ ʻ 

ʥʘʡʙʽʣʴʰʠʡ ʦʙôʻʤ ʚʠʪʦʢʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ. ʇʨʦʪʝ, ʜʘʥʽ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʪʦʤʫ ʥʘʜʭʦʜʞʝʥʥʷ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.  

ɺʠʭʦʜʷʯʠ ʽʟ ʚʠʱʝ ʥʘʚʝʜʝʥʦʛʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʤʦʜʝʣʴ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʫ ʨʦʟʤʽʨʫ L (ʨʠʩ. 2.15), ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʟʘʭʠʩʥʦʶ 

ʢʘʩʢʦʶ ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ EN 397. ɹʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʢʘʩʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʝʭʘʥʽʯʥʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ, ʥʘ ʧʦʚʝʨʭʥʶ 

ʷʢʦʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʛʝʨʤʝʪʠʯʥʠʡ ʧʦʢʨʠʚʥʠʡ ʝʣʝʤʝʥʪ ʽʟ ʥʝʧʨʦʥʠʢʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʣʘʤʽʥʦʚʘʥʠʡ ʩʧʘʥʙʦʥʜ) ʱʽʣʴʥʽʩʪʶ 50 ʛ/ʤ
2
. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʫʜʘʨʦʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʩʢʠ ʟ ʙʘʨôʻʨʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʧʶʰʦʥʘ, ʩʪʚʦʨʶʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʩʽʙ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʤʘʻ ʜʚʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʧʦ-ʧʝʨʝh, 

ʚʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʤʦʞʣʠʚʠʭ ʫʜʘʨʽʚ, 

ʧʘʜʽʥʥʷ ʧʨʝʜʤʝʪʽʚ ʘʙʦ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʘʙʦ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ; ʧʦ-ʜʨʫʛʝ, 
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ʢʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʧʨʠʧʘʩʫʚʘʥʥʷ ʜʦ ʛʦʣʦʚʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʦʙʦʜʫ, ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫ ʚʥʫʪʨʽʰʥʶ ʯʘʩʪʠʥʫ 

ʢʘʩʢʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʘʜʘʧʪʫʚʘʪʠ ʟʘʩʽʙ ʟʘʭʠʩʪʫ ʜʦ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʽʜʚʠʱʫʶʯʠ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʬʽʢʩʘʮʽʾ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

  
ʈʠʩʫʥʦʢ 2.15 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ ʢʘʧʶʰʦʥʫ 

 

ʅʘ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʧʝʨʝʜʙʘʯʝʥʦ ʚʭʽʜʥʠʡ ʢʘʥʘʣ ʜʣʷ 

ʧʦʜʘʯʽ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʦʪʦʨʦʚʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ. ʏʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ ʙʫʜʝ ʧʦʜʘʚʘʪʠʩʷ ʦʯʠʱʝʥʝ ʧʦʚʽʪʨʷ, ʷʢʝ 

ʮʠʨʢʫʣʶʻ ʚʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʨʠʩʪʫʚʘʯʫ ʢʦʤʬʦʨʪʥʝ 

ʜʠʭʘʥʥʷ ʪʘ ʟʥʠʞʫʶʯʠ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦʛʦ ʪʠʩʢʫ 

ʚʩʝʨʝʜʠʥʽ ʦʙ'ʻʤʫ ʩʧʨʠʷʻ ʜʦʜʘʪʢʦʚʦʤʫ ʟʘʭʠʩʪʫ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʟʟʦʚʥʽ. 

ɿʘʛʘʣʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʻʜʥʫʻ ʤʝʭʘʥʽʯʥʠʡ ʟʘʭʠʩʪ, 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʦʛʣʷʜʦʚʽʩʪʴ ʽ ʢʦʤʬʦʨʪ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ, ʟʦʢʨʝʤʘ ʚ ʭʽʤʽʯʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ, 

ʙʽʦʣʦʛʽʯʥʦ-ʟʘʨʘʞʝʥʠʭ ʘʙʦ ʟʘʧʠʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʨʦʟʨʦʙʣʝʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʟʘʭʠʩʥʠʭ ʢʘʧʶʰʦʥʽʚ ʧʦʢʘʟʘʣʠ ʟʘʜʦʚʽʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,15 ï 2; ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ 

ʪʠʩʢʫ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1; ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʦʯʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 
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ʧʨʦʩʪʦʨʫ ʢʘʧʶʰʦʥʫ ʥʝ ʙʽʣʴʰʝ 8 ʩʝʢʫʥʜ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʢʦʥʫʚʘʣʘʩʴ ʰʣʷʭʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʪʦʪʠʧʫ ʢʘʧʶʰʦʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.10. 

 

ʊʘʙʣʠʮʷ 2.10 ï ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʪʦʪʠʧʫ ʢʘʧʶʰʦʥʫ ʚʠʧʨʦʙʫʚʘʯʘʤʠ 

ɺʠʧʨʦʙʫʚʘʯ 
ʇʘʨʘʤʝʪʨʠ, ʙʘʣʠ ʉʝʨʝʜʥʻ ʟʘ 

ʚʠʧʨʦʙʫʚʘʯʝʤ ɿɻɻ ʃɿʅ ʅʂ ʏʇɿ ʈɺɸ ʈʐʇ 

1 5 4 4 5 5 4 4,5 

2 5 5 4 5 5 5 4,8 

3 5 5 5 5 5 5 5,0 

4 4 4 4 5 5 4 4,3 

5 5 4 4 4 5 4 4,3 

ʉʝʨʝʜʥʻ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ 
4,8 4,4 4,2 4,8 5,0 4,4 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʟʘʭʠʩʥʠʭ ʢʘʧʶʰʦʥʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ ʧʦʩʪʘʚʠʣʠ ʦʮʽʥʢʫ 

ʜʦʙʨʝ, ʚʽʜʤʽʯʘʶʯʠ ʧʦʟʠʪʠʚʥʦʶ ʩʪʦʨʦʥʦʶ ʢʘʧʶʰʦʥʫ ʟʨʫʯʥʽʩʪʴ ʛʦʣʦʚʥʦʛʦ 

ʛʘʨʥʽʪʫʨʘ, ʯʽʪʢʽʩʪʴ ʽ ʧʦʣʝ ʟʦʨʫ, ʦʭʦʧʣʶʶʯʠ ʟʘʧʦʪʽʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʘʧʘʨʘʪʘ, ʪʦʜʽ ʷʢ ʥʠʟʴʢʫ ʦʮʽʥʢʫ ʦʪʨʠʤʘʚ 

ʧʦʢʘʟʥʠʢ ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʴ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʘʧʶʰʦʥʽʚ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʥʠʟʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ [12]. 

ʅʘʩʘʤʧʝʨʝʜ, ʜʦʮʽʣʴʥʦ ʨʦʟʰʠʨʠʪʠ ʨʦʟʤʽʨʥʠʡ ʨʷʜ ʢʘʧʶʰʦʥʽʚ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʜʽʪʝʡ, ʧʽʜʣʽʪʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʣʶʜʝʡ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ 

ʘʙʦ ʥʝʪʠʧʦʚʠʤʠ ʬʦʨʤʘʤʠ ʛʦʣʽʚ, ʚʢʣʶʯʥʦ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʤʝʜʠʯʥʽ 

ʯʠ ʬʽʟʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʩʪʚʦʨʝʥʥʷ 
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ʜʦʜʘʪʢʦʚʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʘʙʦ ʥʘʚʽʪʴ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ. ɽʬʝʢʪʠʚʥʠʤ 

ʧʽʜʭʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʘʙʦ ʘʜʘʧʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʧʦʩʘʜʢʫ ʢʘʧʶʰʦʥʘ ʙʝʟ ʰʢʦʜʠ ʜʣʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʯʠ ʢʦʤʬʦʨʪʫ.  

ʊʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (Variational 

Autoencoder ʽʟ ʪʦʯʢʦʚʠʤʠ ʭʤʘʨʘʤʠ ʦʙʣʠʯ) ʧʦʢʘʟʘʣʦ, ʱʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʢʣʘʩʪʝʨʥʽ ʨʦʟʤʽʨʥʽ ʛʨʫʧʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʩʪʘʥʜʘʨʪʥʽ 

ʪʠʧʦʨʦʟʤʽʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʟʤʽʨʥʫ ʩʽʪʢʫ, 

ʚʢʣʶʯʥʦ ʟ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ [13]. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʘʜʘʧʪʘʮʽʾ ʢʘʧʶʰʦʥʽʚ ʜʦ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʦʙʽʪ (ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʨʦʙʦʪʘ ʚ ʫʤʦʚʘʭ 

ʪʝʨʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʠʣʝʥʦʩʪʽ, ʭʽʤʽʯʥʦʛʦ ʯʠ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ). ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʥʘʷʚʥʽʩʪʴ ʘʛʨʝʩʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʘʙʦ ʧʦʪʨʝʙʫ ʫ ʰʚʠʜʢʦʤʫ ʟʥʷʪʪʽ/ʦʜʷʛʘʥʥʽ ʢʘʧʶʰʦʥʘ. ʎʝ ʚʠʤʘʛʘʻ 

ʨʝʪʝʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʘʧʶʰʦʥʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʦʙʦʜʘ, ʚʥʫʪʨʽʰʥʽʭ ʝʣʝʤʝʥʪʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 

ʦʙôʻʤʫ ʪʘ ʧʦʩʘʜʢʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʱʽʣʴʥʝ, ʘʣʝ ʢʦʤʬʦʨʪʥʝ ʧʨʠʣʷʛʘʥʥʷ 

ʢʘʧʶʰʦʥʫ ʜʦ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʧʦʪʨʝʙʠ ʚ 

ʥʘʜʤʽʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʠʧʦʨʦʟʤʽʨʽʚ ʽ ʩʧʨʦʱʫʻ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ɺ ʨʦʙʦʪʽ [14] ʘʚʪʦʨʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʜʣʷ ʧʽʚʤʘʩʦʢ 

ʰʠʨʠʥʘ ʦʙʣʠʯʯʷ (face width) ʽ ʰʠʨʠʥʘ ʨʦʪʘ (mouth width) ʥʘʡʩʠʣʴʥʽʰʝ 

ʢʦʨʝʣʶʶʪʴ ʽʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʭʠʩʪʫ (Protection Factor), ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʶʯʦʚʠʭ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʘʧʶʰʦʥʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ [15, 16]. ʅʘʧʨʠʢʣʘʜ, ʫ ʛʘʣʫʟʽ ʘʚʽʘʮʽʾ ʪʘ ʜʦʙʨʦʚʽʣʴʥʠʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʛʨʘʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʪʚʦʨʶʚʘʪʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʤʦʜʝʣʽ 

ʦʙʣʠʯ (RFMs) ʘʙʦ ʪʠʧʦʚʽ ʩʢʘʥʦʚʘʥʽ ʧʨʦʬʽʣʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʜʽʘʥʥʽʤ 

ʨʦʟʤʽʨʘʤ ʧʝʚʥʦʾ ʧʦʧʫʣʷʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ 
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ʢʦʤʬʦʨʪ ʧʦʩʘʜʢʠ [17]. ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʧʶʰʦʥʫ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʫʤʽʩʥʽʩʪʴ ʟ 

ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ: ʥʘʚʫʰʥʠʢʘʤʠ, ʟʘʭʠʩʥʠʤ ʦʜʷʛʦʤ 

ʪʦʱʦ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʙʝʟ ʚʪʨʘʪʠ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʯʠ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʛʣʷʜʦʚʽ 

ʩʪʘʪʪʽ ʟ ʬʘʭʫ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʽʩʥʫʶʯʽ ʩʪʘʥʜʘʨʪʠ ʪʠʧʫ 

NFPA ʟʜʝʙʽʣʴʰʦʛʦ ʦʮʽʥʶʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʨʝʘʣʴʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ, ʱʽʣʴʥʽʩʪʴ ʰʚʽʚ 

ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ. ɼʦʮʽʣʴʥʦ ʚʢʣʶʯʠʪʠ ʚʠʤʦʛʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʩʪʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʩʠʤʫʣʷʮʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ ʽʟ ʨʝʘʣʴʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ [18, 

19].  

ʆʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʡ ʢʦʤʬʦʨʪ ʢʦʨʠʩʪʫʚʘʯʘ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ [20] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʚʤʘʩʦʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʠʰʝ 8  % ʨʝʩʧʦʥʜʝʥʪʽʚ 

ʚʚʘʞʘʣʠ ʨʝʩʧʽʨʘʪʦʨʠ ʢʦʤʬʦʨʪʥʠʤʠ, ʘ 62  % ʥʝʟʨʫʯʥʠʤʠ; ʜʠʟʘʡʥ ɿɯɿ ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʽ ʢʦʤʬʦʨʪ ʥʦʩʽʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʜʽʪʝʡ ʘʙʦ ʣʶʜʝʡ ʟ ʧʽʜʚʠʱʝʥʦʶ ʯʫʪʣʠʚʽʩʪʶ [21]. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʠʥʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʠʩʢ ʥʘ ʰʢʽʨʫ [22], ʤʘʪʠ ʝʬʝʢʪʠʚʥʫ 

ʚʝʥʪʠʣʷʮʽʶ [23], ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʚʽʜʯʫʪʪʷ ʩʪʠʩʥʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʭʦʨʦʰʠʡ ʦʛʣʷʜ ʯʝʨʝʟ ʧʘʥʦʨʘʤʥʝ ʩʢʣʦ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʪʨʠʚʘʣʦʛʦ ʥʦʩʽʥʥʷ ʙʝʟ ʧʦʜʨʘʟʥʝʥʥʷ, ʚʪʦʤʠ ʯʠ 

ʛʦʣʦʚʥʦʛʦ ʙʦʣʶ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʝʟʧʝʢʠ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʫʤʦʚʘʭ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ [24, 25]. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʩʪʘʪʴ, 

ʝʪʥʽʯʥʽʩʪʴ, ʚʽʢʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ) ʥʘ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʙʦ ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ [26, 27]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʧʶʰʦʥʽʚ, ʷʢ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʧʦʚʠʥʥʝ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʛʥʫʯʢʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʨʦʟʤʽʨʥʦʾ ʩʽʪʢʠ, ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʧʝʮʠʬʽʢʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ, ʘʥʘʪʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʚʠʩʦʢʠʭ ʚʠʤʦʛ ʜʦ ʩʫʤʽʩʥʦʩʪʽ, ʝʨʛʦʥʦʤʽʢʠ ʡ ʢʦʤʬʦʨʪʫ. 
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2.5 ʆʮʽʥʶʚʘʥʥʷ ʥʦʩʽʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʢʦʛʥʽʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ʇʽʜ ʯʘʩ ʝʚʘʢʫʘʮʽʾ ʟ ʤʽʩʮʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʯʠ ʚʠʢʦʥʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ ʚ ʫʤʦʚʘʭ ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʞʠʪʪʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ. 

ʏʘʩʪʦ ʚ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʟʘʜʘʯ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ 

ʢʘʧʶʰʦʥʘ ʥʘ ʢʦʛʥʽʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʯʠ ʥʝ 

ʟʘʚʘʞʘʻ ʟʘʩʽʙ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠʩʴ ʥʘ 

ʧʝʚʥʽʡ ʧʨʦʙʣʝʤʽ ʯʠ ʟʘʜʘʯʽ, ʱʦ ʚʠʥʠʢʣʘ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʧʠʪʘʥʥʷ ʧʦʪʨʽʙʥʦ: 

- ʧʽʜʽʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥ ̔ʤʝʪʦʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʟ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʨʽʰʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʨʝʩʧʽʨʘʪʦʨʘ ʧʨʠ ʽʤʽʪʘʮʽʾ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʟʘʙʨʫʜʥʝʥʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

- ʧʨʦʚʝʩʪʠ ʦʮʽʥʁʚʘʥʥʷ ʚʧʣʠʚʫ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʢʦʛʥʽʪʠʚʥʽ 

ʟʜʽʙʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

- ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽ ʾʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ. 

ɺ ʜʦʩʣʽʜʞʝʥʽ ʙʨʘʣʠ ʫʯʘʩʪʴ 15 ʦʩʽʙ, ʩʝʨʝʜ ʷʢʠʭ 10 ʯʦʣʦʚʽʢʽʚ ʪʘ 5 ʞʽʥʦʢ 

ʚʽʢʦʤ ʚʽʜ 21 ʜʦ 45 ʨʦʢʽʚ, ʷʢʽ ʻ ʟʜʦʙʫʚʘʯʘʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽ ʚʠʢʣʘʜʘʯʘʤʠ ʫ ʅʊʋ 

"ɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ" (ʪʘʙʣ. 2.11). ɺʩʽ ʫʯʘʩʥʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʜʘʣʠ 

ʧʠʩʴʤʦʚʫ ʟʛʦʜʫ ʥʘ ʫʯʘʩʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʪʘ ʧʠʩʴʤʦ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʤʝʜʠʯʥʠʭ ʧʨʦʪʠʧʦʢʘʟʘʥʴ ʜʣʷ ʫʯʘʩʪʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʠʩʴʤʦʚʦʾ ʟʛʦʜʠ ʱʦʜʦ ʫʯʘʩʪʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʫʩʽ ʚʠʧʨʦʙʫʚʘʯʽ ʥʘʜʘʣʠ 

ʧʝʨʩʦʥʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʩʚʦʛʦ ʚʽʢʫ ʪʘ ʧʨʦʡʰʣʠ ʦʮʽʥʢʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ IQ 

(ʟʘ ʪʝʩʪʦʤ ɸʡʟʝʥʢʘ). ɺʩʽ ʫʯʘʩʥʠʢʠ ʤʘʣʠ ʜʦʩʚʽʜ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ, ʭʦʯʘ ʮʝ 

ʥʝ ʙʫʣʦ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʫʯʘʩʪʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 
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ʊʘʙʣʠʮʷ 2.11 ï ɹʘʟʦʚʽ ʧʦʢʘʟʥʠʢʠ ʫʯʘʩʥʠʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʦʢʘʟʥʠʢʠ ʏʦʣʦʚʽʢʠ ɾʽʥʢʠ 

ʂʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ 10 5 

ʉʝʨʝʜʥʽʡ ʚʽʢ ʫʯʘʩʥʠʢʽʚ 26 Ñ 4,1 23 Ñ 2,4 

ʈʽʚʝʥʴ IQ*  106 ï 132 109 ï 129 

ʉʝʨʝʜʥʷ ʯʘʩʪʦʪʘ 

ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ** 

71,4 Ñ 4,6 78,6 Ñ 3,4 

*ʇʨʠʤʽʪʢʘ ʨʽʚʝʥʴ IQ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʝʩʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʝʥʴ ʟʜʘʪʥʦʩʪʽ ʚʯʠʪʠʩʷ, ʨʦʟʫʤʽʪʠ, ʬʦʨʤʫʚʘʪʠ ʧʦʥʷʪʪʷ, ʦʙʨʦʙʣʷʪʠ 

ʽʥʬʦʨʤʘʮʽʶ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʦʛʽʢʫ ʪʘ ʤʽʨʢʫʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ; ʪʝʩʪ 

ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʽ https://international-iq-test.com/uk/. 

**ʉʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʨʽʚʥʷ ʪʨʠʚʦʞʥʦʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʩʦʤʝʪʨʫ çCardio Control 7.0è (ʚʠʨʦʙʥʠʢ ï çMedica +è, ʂʠʪʘʡ). 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚ ʘʢʨʝʜʠʪʦʚʘʥʽʡ ʅʘʮʽʦʥʘʣʴʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʟ 

ʘʢʨʝʜʠʪʘʮʽʾ ʋʢʨʘʾʥʠ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʊʆɺ çʉʊɸʅɼɸʈʊ ʂɸʇɯʊɸʃ ɯʅɺɽʉʊè, ʷʢʘ ʤʘʻ ʥʝʦʙʭʽʜʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʩʧʽʨʘʪʦʨʽʚ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʧʨʦʩʠʣʠ ʚʽʜʧʦʯʠʪʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʦʟʫʤʦʚʠʭ ʟʜʽʙʥʦʩʪʝʡ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ 2 ʜʥʽ ʧʦʩʧʽʣʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚʘʭ: ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (22 Ñ 2) Áʉ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ (70 Ñ 5) %. 

ʇʘʨʘʤʝʪʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʢʦʥʪʨʦʣʶʚʘʣʠʩʴ ʛʽʛʨʦʤʝʪʨʦʤ ʧʩʠʭʨʦʤʝʪʨʠʯʥʠʤ 

ɺɯʊ-2 (ʚʠʨʦʙʥʠʢ çʉʢʣʦʧʨʠʣʘʜè, ʋʢʨʘʾʥʘ), ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʠʮʽʦʥʝʨʘ OSAKA ST-24HH (ʚʠʨʦʙʥʠʢ 

çOsakaè, ʂʠʪʘʡ). ɺ ʧʝʨʰʠʡ ʜʝʥʴ ʚʩʽ ʫʯʘʩʥʠʢʠ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʣʠ ʨʷʜ 

ʧʩʠʭʦʤʝʪʨʠʯʥʠʭ ʪʝʩʪʽʚ ʚ ʨʝʩʧʽʨʘʪʦʨʽ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʝʚʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ ʩʪʘʥʦʚʠʣʘ ʧʨʠʙʣʠʟʥʦ 50 

ʭʚʠʣʠʥ. ʅʘ ʧʦʯʘʪʢʫ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʧʦ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʽ ʚ ʨʦʙʦʯʠʭ ʟʘʧʠʩʘʭ 

ʨʝʻʩʪʨʫʚʘʣʘʩʴ ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʩʦʤʝʪʨʫ 

çCardio Control 7.0è. 

https://international-iq-test.com/uk/
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ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʥʩʪʨʫʢʪʘʞ ʟ ʚʠʢʦʥʘʥʥʷ on-

line ʪʝʩʪʽʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʪʝʩʪʠ ʟʘ 

ʚʢʘʟʘʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ: 

1. Online ʪʝʩʪ çStroop Color Wordè [28], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʝʨʝʰʢʦʜʠ; ʫ ʧʝʨʰʽʡ ʯʘʩʪʠʥʽ ʪʝʩʪʫ ʫʯʘʩʥʠʢʽʚ ʧʨʦʩʷʪʴ ʷʢʦʤʦʛʘ 

ʰʚʠʜʰʝ ʧʨʦʯʠʪʘʪʠ ʚʛʦʣʦʩ ʩʣʦʚʘ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʟʚ ʢʦʣʴʦʨʽʚ ʞʦʚʪʦʛʦ, 

ʟʝʣʝʥʦʛʦ, ʯʝʨʚʦʥʦʛʦ ʪʘ ʩʠʥʴʦʛʦ, ʥʘʜʨʫʢʦʚʘʥʠʭ ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ; ʫ ʜʨʫʛʽʡ 

ʯʘʩʪʠʥʽ ï ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʯʠʪʘʪʠ ʥʘʟʚʠ ʢʦʣʴʦʨʽʚ, ʢʦʣʠ ʢʦʣʽʨ ʩʣʽʚ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʠʩʘʥʠʤʠ ʩʣʦʚʘʤʠ; ʟʘʪʨʠʤʢʘ ʨʝʘʢʮʽʾ ʦʮʽʥʶʶʪʴʩʷ ʚ ʩʝʢʫʥʜʘʭ 

(ʨʠʩ. 2.16).  

 
ʈʠʩʫʥʦʢ 2.16 ï Online ʪʝʩʪ "Stroop Color Word" [29] 

 

ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʫ ʟʘ 45 ʩ ʚʠʟʥʘʯʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ 

ʪʝʩʪʽʚ ʧʨʠ ʯʠʪʘʥʥʽ ʩʣʽʚ (SWR), ʥʘʟʚʠ ʢʦʣʴʦʨʽʚ (SCN) ʽ ʢʦʣʴʦʨʦʚʠʭ ʩʣʽʚ (SCW). 

ʇʦʪʽʤ ʧʨʦʛʥʦʟʦʚʘʥʫ ʦʮʽʥʢʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

CW = (SWR Ĭ SCN)/(SWR + SCN), 

ʜʝ CW - ʟʜʘʪʥʽʩʪʴ ʧʨʠʛʥʽʯʫʚʘʪʠ, ʜʝ ʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ ʦʟʥʘʯʘʻ ʙʽʣʴʰʽ 

ʪʨʫʜʥʦʱʽ ʚ ʧʨʠʛʥʽʯʝʥʥʽ ʧʝʨʝʰʢʦʜ.  

2. Online ʪʝʩʪ çTrailmaking Halstead-Reitanè [30], ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʰʫʢʫ, ʩʢʘʥʫʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʪʘ ʨʦʟʫʤʦʚʦʾ ʛʥʫʯʢʦʩʪʽ; ʫʯʘʩʥʠʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ 

ʟôʻʜʥʘʪʠ ʥʘʙʽʨ ʽʟ 25 ʪʦʯʦʢ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ (ʯʘʩʪʠʥʘ ɸ) ʽ 
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ʟôʻʜʥʘʪʠ ʮʠʬʨʠ ʚʽʜ 1 ʜʦ 13 ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʣʽʪʝʨʘʤʠ ʚʽʜ A ʜʦ L, ʷʢʽ ʜʦʚʽʣʴʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʘʨʢʫʰʽ ʧʘʧʝʨʫ (ʨʠʩ. 2.17). 

 

 
ʈʠʩʫʥʦʢ 2.17 ï Online ʪʝʩʪ çTrailmaking Halstead-Reitanè [31] 

 

3. ʊʝʩʪ ʈʘʚʝʥʘ [32], ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ 

ʽʥʪʝʣʝʢʪʫ ʪʘ ʚʠʚʯʝʥʥʷ ʣʦʛʽʯʥʦʩʪʽ ʤʠʩʣʝʥʥʷ; ʫʯʘʩʥʠʢʘʤ ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʨʠʩʫʥʢʠ ʟ ʬʽʛʫʨʘʤʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʧʦʪʨʽʙʥʦ 

ʟʥʘʡʪʠ ʦʜʥʫ ʬʽʛʫʨʫ, ʷʢʦʾ ʙʨʘʢʫʻ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ (ʨʠʩ. 2.18). 

 
ʈʠʩʫʥʦʢ 2.18 ï ʊʝʩʪ ʈʘʚʝʥʘ [33] 

 

4. ʊʝʩʪ ʥʘ ʨʽʚʝʥʴ ʪʨʠʚʦʞʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ 

ʦʥʣʘʡʥ ʨʝʩʫʨʩʫ çIDRlabs.comè [34], ʜʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʩʪʠ ʥʘ 30 

ʟʘʧʠʪʘʥʴ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʧʦʪʦʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʫ, ʥʘʷʚʥʦʩʪʽ 

ʟʘʥʝʧʦʢʦʻʥʥʷ, ʷʢʝ ʥʝʨʽʜʢʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʘʢʠʤʠ ʬʽʟʠʯʥʠʤʠ ʩʠʤʧʪʦʤʘʤʠ, 

ʷʢ ʩʧʽʪʥʽʣʽ ʜʦʣʦʥʽ, ʘʨʠʪʤʽʷ ʪʘ ʛʦʣʦʚʥʠʡ ʙʽʣʴ; ʯʘʩʪʦ ʪʨʠʚʦʛʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ.  
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ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʪʨʴʦʭ ʪʝʩʪʽʚ ʽ ʧʽʩʣʷ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ 

ʚʠʤʽʨʷʪʠ ʨʽʚʝʥʴ ʩʪʨʝʩʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʠʚʦʞʥʦʩʪʽ. 

ʅʘ ʜʨʫʛʠʡ ʜʝʥʴ ʫʯʘʩʥʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʥʫʚʘʣʠ ʚʠʱʝ ʥʘʚʝʜʝʥʽ 

ʪʝʩʪʠ ʟʘ ʟʚʦʨʦʪʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʧʽʜ ʯʘʩ ʥʦʩʽʥʥʷ 

ʨʝʩʧʽʨʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠʩʷ ʦʜʥʦʯʘʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ 

ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ ʽ ʚ ʣʠʮʝʚʽʡ ʯʘʩʪʠʥʽ (ʚʽʜ ʚʜʠʭʘʥʥʷ ʜʦ ʽʥʛʘʣʷʮʽʾ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʝʨʪʚʠʡ ʧʨʦʩʪʽʨ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ çɼʦʟʦʨ-ʉ-2è (ʚʠʨʦʙʥʠʢ 

ʊʆɺ ʅɺʇ çʆʨʽʦʥè, ʋʢʨʘʾʥʘ), ʱʦ ʟʜʘʪʥʠʡ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʘʟʫ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 0,001 % ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 5 ʦʙ. % ʉʆ2, ʪʘ ʩʠʩʪʝʤʠ ʚʽʜʙʠʨʘʥʥʷ 

ʧʨʦʙʠ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʨʝʩʧʽʨʘʪʦʨʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʚ ʥʘʟʘʣʴʥʠʡ 

ʘʩʧʽʨʘʪʦʨ ç802è (ʚʠʨʦʙʥʠʢ çMedica+è, ʂʠʪʘʡ), ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʣʘʚʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʦʙôʻʤʫ ʚʽʜʽʙʨʘʥʦʾ ʧʨʦʙʠ ʪʘʢ, ʱʦʙ ʚʦʥʘ ʥʝ ʚʧʣʠʚʘʣʘ ʥʘ ʧʨʦʮʝʩ 

ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʘʢʝʪ SPSS (ʚʝʨʩʽʷ 

21.0; SPSS, Inc., USA). ɸʩʠʤʝʪʨʽʶ ʨʦʟʧʦʜʽʣʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʪʝʩʪʫ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʧʦʧʝʨʝʜʥʽʤʠ ʪʘ 

ʧʦʩʪ-ʚʠʙʽʨʢʘʤʠ ʜʚʦʭ ʦʮʽʥʶʚʘʥʠʭ ʩʠʪʫʘʮʽʡ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

çMANOVAè ʽʟ ʟʨʘʟʢʘʤʠ ʷʢ ʬʽʢʩʦʚʘʥʠʤ ʬʘʢʪʦʨʦʤ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ 

çBonferroni post hocè. ʅʘʨʝʰʪʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʦʚʠʤʽʨʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ 

ʘʥʘʣʽʟ ʤʽʞ ʫʩʽʤʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʇʽʨʩʦʥʘ. ʈʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ʜʣʷ ʚʩʽʭ ʧʦʨʽʚʥʷʥʴ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨ 

Ò 0,05. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʩʪʽʚ ʙʝʟ ʨʝʩʧʽʨʘʪʦʨʘ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.12. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʤʘʶʪʴ ʜʦʚʦʣʽ ʥʝʦʜʥʦʟʥʘʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʦɦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʠʤ ʧʨʦʷʚʦʤ ʚʧʣʠʚʫ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʬʫʥʢʮʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʊʘʢ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ online ʪʝʩʪʫ 

çStroop Color Wordè ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʝʨʝʰʢʦʜʠ CW 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘʷʚʥʽʩʪʴ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʣʦʛʽʯʥʽʩʪʴ 
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ʤʠʩʣʝʥʥʷ ʚʽʥ ʥʝ ʤʘʚ. ʍʦʯʘ ʧʦʢʘʟʥʠʢ CW, ʜʝʱʦ ʚʠʱʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʩʧʽʨʘʪʦʨʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʝʰ ʟʘ ʚʩʝ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʫʤʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʠʧʨʦʙʫʚʘʯʽ ʧʨʦʭʦʜʠʣʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʪʝʩʪ ʟ ʨʽʟʥʠʮʝʶ ʚ 

ʦʜʠʥ ʜʝʥʴ. 

ʊʘʙʣʠʮʷ 2.12 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ 

ʢʦʛʥʽʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ 

ʇʦʢʘʟʥʠʢʠ 
ʏʦʣʦʚʽʢʠ ɾʽʥʢʠ 

ɹʈ ɺʈ ɹʈ ɺʈ 

CW (ʟʜʘʪʥʽʩʪʴ ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʝʨʝʰʢʦʜʠ) ʟʘ online 

ʪʝʩʪʦʤ çStroop Color Wordè, % 
3-21 4-18 3-17 5-16 

ʏʘʩ ʚʠʢʦʥʘʥʥʷ online ʪʝʩʪʫ çTrailmaking Halsteadï

Reitanè, (ʯʘʩʪʠʥʘ ɸ), ʩ 

22-

35 

21-

37 

20-

37 

25-

36 

ʏʘʩ ʚʠʢʦʥʘʥʥʷ online  ʪʝʩʪʫ çTrailmaking Halstead-

Reitanè, (ʯʘʩʪʠʥʘ ɹ), ʩ 

52-

84 

55-

86 

49-

81 

51-

82 

ʈʽʚʝʥʴ ʫʚʘʞʥʦʩʪʽ ʟʘ ʪʝʩʪʦʤ ʈʘʚʝʥʘ, % 83 86 83 83 

IQ ʟʘ ʪʝʩʪʦʤ ʈʘʚʝʥʘ, % 85 93 92 92 

ʈʽʚʝʥʴ ʪʨʠʚʦʞʥʦʩʪʽ, % 35 41 34 41 
ʇʨʠʤʽʪʢʘ: ɹʈ ï ʙʝʟ ʨʝʩʧʽʨʘʪʦʨʘ; ɺʈ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʧʽʨʘʪʦʨʘ 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʥʠʢʘʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʨʝʩʧʽʨʘʪʦʨʘ, ʭʦʯʘ ʙ ʽ 

ʥʝʟʥʘʯʥʦ, ʘʣʝ ʚʩʝ ʞ ʪʘʢʠ ʟʙʽʣʴʰʫʻ ʫʚʘʛʫ, ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʦʜʽʙʥʠʡ ʝʬʝʢʪ ʙʫʚ ʚʽʜʤʽʯʝʥʠʡ ʚ ʽʥʰʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʱʦʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʨʦʟʫʤʦʚʽ ʟʜʽʙʥʦʩʪʽ [35]. 

ɸʚʪʦʨʠ ʚʽʜʤʽʪʠʣʠ, ʱʦ ʨʝʩʧʽʨʘʪʦʨʠ ʚ ʜʝʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ 

ʫʚʘʞʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʨʠʛʥʽʯʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʟʜʘʪʥʽʩʪʴ ʛʘʣʴʤʫʚʘʪʠ ʩʠʣʴʥʽʰʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʚʝʨʙʘʣʴʥʽ ʬʫʥʢʮʽʾ ʟʘʨʘʜʠ 

ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʴʦʨʫ, ʚʠʩʦʢʘ - ʧʨʦ ʪʝ, ʱʦ ʚʠʧʨʦʙʫʚʘʥʠʡ ʥʘʩʠʣʫ ʟʚʽʣʴʥʷʻʪʴʩʷ 

ʚʽʜ ʚʧʣʠʚʫ ʟʥʘʯʝʥʥʷ ʩʣʦʚʘ ʧʨʠ ʡʦʛʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʦʯʥʦʤʫ ʚʨʘʞʝʥʥʶ. ɺ 

ʪʽʤ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʘʥʦʛʦ ʪʝʩʪʫ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʽ ʨʽʚʥʷ ʦʩʚʽʪʠ ʦʩʢʽʣʴʢʠ 

ʫʯʘʩʥʠʢʠ ʤʘʣʠ ʨʽʟʥʠʡ ʨʽʚʝʥʴ IQ, ʷʢʠʡ ʙʫʚ ʥʘʜʘʥʠʡ ʫʯʘʩʥʠʢʘʤʠ ʷʢ ʦʜʥʘ ʟ 

ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʦʛ ʫʯʘʩʪʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ (ʪʘʙʣ. 2.11). ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʟʨʦʙʣʝʥʠʤʠ ʚʠʩʥʦʚʢʘʤʠ ʚ ʨʦʙʦʪʽ [29], ʜʝ ʛʦʚʦʨʠʪʴʩʷ ʧʨʦ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʫ ʚʠʢʦʥʘʥʥʽ ʧʦʜʽʙʥʠʭ ʪʝʩʪʽʚ ʧʨʠ ʥʠʟʴʢʽʡ 

ʫʩʧʽʰʥʦʩʪʽ ʟʜʦʙʫʚʘʯʽʚ. 
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ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʟʥʘʯʘʣʠʩʴ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

online ʪʝʩʪʫ çTrailmaking Halstead-Reitanè, ʥʘʧʨʠʢʣʘʜ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ ʟʨʦʙʣʝʥʦʾ ʫʯʘʩʥʠʢʦʤ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʴ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ, 

ʱʦ ʟôʻʜʥʫʚʘʣʠʩʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʫ ʞʽʥʦʢ ʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʪʦʯʦʢ, ʱʦ ʤʦʞʝ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʧʝʚʥʠʡ ʜʠʩʢʦʤʬʦʨʪ ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ. ʆʧʠʪʫʚʘʥʥʷ 

ʫʯʘʩʥʠʮʴ ʧʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʧʦʢʘʟʘʣʦ, ʷʢʦʛʦʩʴ ʩʫʪʪʻʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʥʘʜʘʚ ʨʝʩʧʽʨʘʪʦʨ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʽʥʦʜʽ ʚʠʥʠʢʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ 

ʧʦʧʨʘʚʣʷʥʥʷ, ʱʦ ʚʽʜʚʦʣʽʢʘʣʦ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʟʘʚʜʘʥʥʷ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʫʢʫ ʪʦʯʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʛʘʜʘʥʦʛʦ ʪʝʩʪʫ ʫ ʯʦʣʦʚʽʢʽʚ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʩʧʽʨʘʪʦʨʠ ʚʠʷʚʠʚʩʷ ʜʝʱʦ ʢʨʘʱʠʡ ʥʽʞ ʫ ʞʽʥʦʢ (ʨʠʩ. 2.19), ʱʦ 

ʤʦʞʝ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʤʦʪʠʚʘʮʽʾ ʫ ʚʠʢʦʥʘʥʥʽ 

ʟʘʟʥʘʯʝʥʠʭ ʟʘʚʜʘʥʴ ʞʽʥʢʘʤʠ. ɿʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ [31], ʜʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʱʦ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʤʘʨʰʨʫʪʽʚ 

ʚ online ʪʝʩʪʽ çTrailmaking Halstead-Reitanè ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʢʫ ʪʘ ʦʩʚʽʪʠ, ʘʣʝ ʥʝ 

ʚʽʜ ʩʪʘʪʽ ʫʯʘʩʥʠʢʽʚ (ʨʠʩ. 2.20). 

 

 
 

ʈʠʩʫʥʦʢ 2.19 ï ɼʽʘʛʨʘʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ online ʪʝʩʪʫ çTrailmaking HalsteadïReitanè 
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ʈʠʩʫʥʦʢ 2.20 ï ɼʽʘʛʨʘʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʫʢʫ ʪʦʯʦʢ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ online ʪʝʩʪʫ çTrailmaking Halstead-Reitanè 

 

ʅʘ ʨʠʩ. 2.21 ʥʘʚʝʜʝʥʦ ʜʽʘʛʨʘʤʫ ʟ ʚʠʟʥʘʯʝʥʥʷ IQ ʟʘ ʪʝʩʪʦʤ ʈʘʚʝʥʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʝʩʧʽʨʘʪʦʨʽʚ ʥʘ ʣʦʛʽʯʥʽʩʪʴ ʤʠʩʣʝʥʥʷ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ 

ʤʠʩʣʠʪʠ ʪʦʯʥʦ ʡ ʧʦʩʣʽʜʦʚʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʪʝʩʪʫ ʜʦʟʚʦʣʠʣʠ ʟôʷʩʫʚʘʪʠ 

ʚʣʠʚ ʨʝʩʧʽʨʘʪʦʨʽʚ ʯʝʨʝʟ ʜʠʩʢʦʤʬʦʨʪʥʽ ʚʽʜʯʫʪʪʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʦʣʷ ʟʦʨʫ ʥʘ 

ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫ 

ʫʯʘʩʥʠʢʽʚ ʙʫʚ ʨʽʟʥʠʤ (ʪʘʙʣ. 2.11), ʱʦ ʚʠʟʥʘʯʘʣʦʩʴ ʱʝ ʜʦ ʧʦʯʘʪʢʫ ʪʝʩʪʫʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʨʽʚʥʷ ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʨʽʚʥʷ ʫʚʘʞʥʦʩʪʽ (ʪʘʙʣ. 2.12) 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ, ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʟʘʟʥʘʯʝʥʽ 

ʢʦʛʥʽʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ. ʍʦʯʘ ʨʘʥʽʰʝ ʜʝʷʢʽ ʫʯʘʩʥʠʢʠ ʩʢʘʨʞʠʣʠʩʴ ʥʘ 

ʚʽʜʚʦʣʽʢʘʥʥʷ ʥʘ ʧʝʚʥʽ ʥʝʟʨʫʯʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʱʦ 

ʚʠʤʘʛʘʣʦ ʧʽʜ ʯʘʩ ʪʝʩʪʫ ʾʭ ʚʠʧʨʘʚʠʪʠ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʮʝ ʡ ʬʘʢʪ ʥʝ 

ʚʧʣʠʥʫʚ. ʆʜʥʘʢ, ʙʫʣʦ ʚʠʚʯʝʥʦ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʦʞʥʦʩʪʽ ʽ ʩʪʨʝʩʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʢʘʟʘʥʠʭ ʪʝʩʪʽʚ ʫ ʨʝʩʧʽʨʘʪʦʨʽ (ʨʠʩ. 2.22), ʱʦ 

ʡʤʦʚʽʨʥʦ ʡ ʢʦʤʧʝʥʩʫʚʘʣʦ ʚʠʷʚʣʝʥʽ ʥʝʟʨʫʯʥʦʩʪʽ. ɼʦ ʨʝʯʽ, ʧʦʢʘʟʥʠʢ ʯʘʩʪʦʪʠ 

ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ, ʷʢʠʡ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ, ʪʝʞ 

ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ ʚʠʩʥʦʚʢʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 10 % ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ, ʱʦ ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 2.11). ʂʨʽʤ 

ʪʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʟʚôʷʟʦʢ ʢʦʛʥʽʪʠʚʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ IQ, ʧʦʚʪʦʨʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʥʘʰʽ ʛʨʫʧʦʚʽ 
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ʚʽʜʤʽʥʥʦʩʪʽ, ʚʠʧʨʘʚʠʚʰʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʽʢʫ ʪʘ IQ (IQ ʪʘ ʨʽʚʝʥʴ ʦʩʚʽʪʠ ʤʘʶʪʴ 

ʩʠʣʴʥʫ ʚʟʘʻʤʥʫ ʢʦʨʝʣʷʮʽʶ). 

 
ʈʠʩʫʥʦʢ 2.21 ï ɼʽʘʛʨʘʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ IQ ʽ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʩʪʫ ʈʘʚʝʥʘ 

 
ʈʠʩʫʥʦʢ 2.22 ï ɼʽʘʛʨʘʤʘ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʪʨʝʩʫ ʽ ʪʨʠʚʦʞʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʪʝʩʪʽʚ ʫ ʨʝʩʧʽʨʘʪʦʨʽ ʽ ʙʝʟ ʥʴʦʛʦ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ online ʪʝʩʪʫ 

çTrailmaking Halstead-Reitanè ʪʘ ʜʽʻʚʦʩʪʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʟʘ ʯʘʩʦʤ 

ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʘ ʈʘʚʝʥʘ) ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʽʟʥʘʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʥʝ ʪʽʣʴʢʠ ʥʝ ʟʙʽʣʴʰʠʣʠ ʯʘʩ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ, ʘ ʥʘʚʽʪʴ ʫ ʜʝʷʢʠʭ ʫʯʘʩʥʠʢʽʚ ʚʽʥ ʧʦʢʨʘʱʠʚʩʷ, ʭʦʯʘ ʧʦʪʨʽʙʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʽ ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʩʧʽʨʘʪʦʨʘ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʥʘ ʦʜʥʝ ʟʘʚʜʘʥʥʷ ʩʢʣʘʚ (0,18 Ñ 0,04) ʩ, 
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ʪʦʜʽ ʷʢ ʙʝʟ ʨʝʩʧʽʨʘʪʦʨʘ (0,23 Ñ 0,02) ʩ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʤ 

ʟʚôʷʟʢʦʤ ʟ ʯʘʩʦʤ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʚʠʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʊʦʯʥʽʩʪʴ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʯʘʩʪʢʘ ʧʨʘʚʠʣʴʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʚʽʨʥʠʭ ʧʦʤʠʣʢʦʚʠʭ ʚʠʢʦʥʘʥʠʭ ʟʘʚʜʘʥʴ ʟ online ʪʝʩʪʽʚ 

çTrailmaking Halstead-Reitanè ʪʘ çStroop Color Wordè ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʟʘʚʜʘʥʴ, 

ʜʝ ʫʯʘʩʥʠʢ ʨʦʙʠʚ ʚʠʙʽʨ. ɯʩʪʦʪʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʪʦʯʥʦʩʪʽ ʨʝʘʢʮʽʾ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ ʽ ʢʦʥʪʨʦʣʶ ʥʝ ʙʫʣʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ 

ʚʠʤʽʨʶʚʘʥʥʷ [36]. 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʟʘʚʞʜʠ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ 

ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʽ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ [37-39]. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʛʥʽʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

(ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʧʨʦʪʷʛʦʤ 40 ʭʚ.) ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʟʜʘʪʥʽʩʪʴ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʝʨʝʰʢʦʜʠ, ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʪʦʯʥʽʩʪʴ ʚʽʜʙʦʨʫ - 

ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ, ʷʢʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʘʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʫ ʩʠʩʪʝʤʫ ʢʦʨʠʩʪʫʚʘʯʘ ʨʝʩʧʽʨʘʪʦʨʘ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʷʢʝ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʥʷ, ʟ ʨʦʟʨʽʟʥʝʥʥʷ ʩʣʽʚ ʽ ʢʦʣʴʦʨʽʚ (ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ). 

ʎʝ ʜʦʟʚʦʣʷʻ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʨʝʩʧʽʨʘʪʦʨ ʤʦʞʝ ʜʝʱʦ ʧʦʣʽʧʰʠʪʠ 

ʢʦʛʥʽʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʯʝʨʝʟ ʟʙʫʜʞʝʥʥʷ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ 

ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʽʡ ʥʘʧʨʫʟʽ, ʱʦ ʧʦʢʘʟʫʻ ʧʝʨʝʚʽʨʢʘ ʥʘ ʨʽʚʝʥʴ ʩʪʨʝʩʫ (ʨʠʩ. 2.21), 

ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʦʩʥʦʚʥʽ ʥʝʡʨʦʥʥʽ ʣʘʥʮʶʛʠ, ʟʘʜʽʷʥʽ ʚ ʦʙʨʦʙʮʽ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʪʘ ʧʨʠʰʚʠʜʰʫʻ ʥʝʡʨʦʝʥʜʦʢʨʠʥʥʦʾ ʜʠʥʘʤʽʢʫ [40]. ʊʘʢ, ʜʝʷʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʽʜʝʶ ʧʨʦ ʪʝ, ʱʦ ʛʦʩʪʨʠʡ ʩʪʨʝʩ ʟʥʠʞʫʻ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʧʦʚʝʜʽʥʢʦʚʽ [33, 41] ʪʘ ʥʝʡʨʦʚʽʟʫʘʣʽʟʘʮʽʡʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʧʣʠʚ ʥʘ ʦʨʙʽʪʦʬʨʦʥʪʘʣʴʥʫ ʢʦʨʫ, ʤʝʜʽʘʣʴʥʫ 

ʧʨʝʬʨʦʥʪʘʣʴʥʫ ʢʦʨʫ, ʤʠʛʜʘʣʝʧʦʜʽʙʥʝ ʪʽʣʦ ʪʘ ʩʤʫʛʘʩʪʝ ʪʽʣʦ ʧʨʠʰʚʠʜʰʫʶʯʠ 

ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʠʩʥʽ ʨʝʘʢʮʽʾ [35, 42, 43]. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʦʚʛʦʪʨʠʚʘʣʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʟʙʽʣʴʰʫʻ ʪʨʠʚʦʞʥʽʩʪʴ ʽ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʘʥʥʷ ʚʪʦʤʠ, ʷʢʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʽ ʥʘ ʧʝʨʝʚʽʨʝʥʠʭ 
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ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʊʦʤʫ ʤʦʞʥʘ, ʛʦʚʦʨʠʪʠ, ʱʦ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʥʝ ʚʧʣʠʥʝ ʥʘ ʟʘʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ, ʘʣʝ ʟ ʯʘʩʦʤ, ʢʦʣʠ 

ʥʘʢʦʧʠʯʠʪʴʩʷ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʚʪʦʤʠ, ʧʦʛʽʨʰʠʪʴʩʷ ʨʽʚʝʥʴ ʫʚʘʛʠ ʧʨʦʷʚʠʪʴʩʷ ʽ 

ʝʬʝʢʪ ʚʽʜ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʘʭ [44, 45]. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʻ ʚʧʣʠʚ ʧʝʚʥʝ 

ʥʝʨʚʦʚʝ ʟʙʫʜʞʝʥʥʷ, ʷʢʝ ʤʦʛʣʦ ʙ ʧʦʣʽʧʰʠʪʠ ʫʚʘʛʫ ʫʯʘʩʥʠʢʽʚ, ʽ ʧʦʣʽʧʰʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ. ʊʘʢ, ʦʙʤʝʞʝʥʥʷ ʧʦʣʷ ʟʦʨʫ ʪʘ 

ʬʦʢʫʩʫʚʘʥʥʷ ʧʦʛʣʷʜʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʚʧʣʠʚʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʩʪʨʝʩ. 

ʎʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʟʚʫʞʝʥʥʷ ʧʦʣʷ ʟʦʨʫ ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ ʧʦʢʨʘʱʫʻ 

ʟʦʨʦʚʫ ʫʚʘʛʫ, ʚʽʜʩʽʶʶʯʠ ʩʠʛʥʘʣʠ ʚʽʜ ʧʝʨʠʬʝʨʠʯʥʦʛʦ ʟʦʨʫ, ʜʦʟʚʦʣʷʶʯʠ ʢʨʘʱʝ 

ʟʦʩʝʨʝʜʠʪʠʩʷ [46].  

ʊʦʡ ʬʘʢʪ, ʱʦ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʚʠʷʚʠʣʦ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʦʩʽʥʥʷ 

ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʢʦʛʥʽʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʥʝ ʜʦʚʦʜʠʪʴ, ʱʦ ʽʥʰʽ ʬʘʢʪʦʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʫʪʴ ʧʝʨʝʰʢʦʜʠʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʟʘ ʪʘʢʠʤʠ ʚʠʤʽʨʘʤʠ. 

ʊʨʠʚʘʣʽʩʪʴ ʪʝʩʪʦʚʦʛʦ ʧʝʨʽʦʜʫ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ ʤʦʞʝ 

ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʦʶ, ʱʦʙ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ [47]. 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ, ʷʢʘ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰ ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ ʫ ʯʦʣʦʚʽʢʽʚ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʞʽʥʢʘʤʠ ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ, ʻ ʢʨʘʱʠʡ ʨʽʚʝʥʴ ʫʚʘʛʠ, ʯʝʨʝʟ 

ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʚʝʥʴ ʤʦʪʠʚʘʮʽʾ, ʷʢʠʡ ʧʨʦʷʚʣʷʚʩʷ ʫ ʩʫʧʝʨʥʠʮʪʚʽ ʟʘ ʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʪʦʜʽ ʷʢ ʫ ʞʽʥʦʢ ʧʦʜʽʙʥʽ ʚʠʢʣʠʢʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. ʋ ʞʽʥʦʢ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ ʧʨʠ ʥʦʩʽʥʥʽ ʨʝʩʧʽʨʘʪʦʨʘ (ʜʣʷ ʚʩʽʭ 

ʟʘʚʜʘʥʴ, ʜʝ ʚʠʟʥʘʯʘʚʩʷ ʯʘʩ ʨʝʘʢʮʽʾ) ʭʦʯʘ ʚʦʥʘ ʽ ʥʝ ʙʫʣʘ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʫʱʦʶ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ, ʱʦ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʤʽʛ ʚʧʣʠʥʫʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʜʦʩʚʽʜʫ ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʜʦ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʣʝ ʘʧʦʩʪʝʨʽʦʨʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʩʚʽʜ ʥʦʩʽʥʥʷ ʥʝ ʟʨʦʙʠʚ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʷʚʣʝʥʫ 

ʨʽʟʥʠʮʶ ʚ ʯʘʩʽ ʨʝʘʢʮʽʾ ʫ ʫʯʘʩʥʠʢʽʚ ʨʽʟʥʦʾ ʩʪʘʪʽ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʦʪʨʠʤʘʥʠʤ ʫ ʨʦʙʦʪʽ [48, 49]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫ 

ʬʦʨʤʽ ʢʘʧʶʰʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟʦʢʨʝʤʘ 

ʤʦʪʦʨʦʚʦʛʦ ʟʤʝʥʰʠʪʴ ʨʽʚʝʥʴ ʩʪʨʝʩʫ ʪʘ ʪʨʠʚʦʞʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

 

 

2.6 ʆʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʟʨʫʯʥʽʩʪʴ 

ʢʦʤʫʥʽʢʘʮʽ ʾ

 

ʂʦʤʫʥʽʢʘʮʽʷ ʧʽʜ ʯʘʩ ʝʚʘʢʫʘʮʽʾ ʯʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ 

ʟʘʚʜʘʥʥʷ ʷʚʣʷʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʧʝʨʝʜʘʯʽ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ, ʘ ʪʘʢʦʞ 

ʙʫʜʴ-ʷʢʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʥʘ ʾʾ ʩʧʦʪʚʦʨʝʥʥʷ ʯʠ ʟʥʠʞʝʥʥʷ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʧʦ ʨʦʟʤʦʚʠ ʧʦ ʪʝʣʝʬʦʥʫ 

[50]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ ʚ ʫʤʦʚʘʭ ʥʦʩʽʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ; 

- ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʯʽʪʢʦʩʪʽ ʤʦʚʣʝʥʥʷ ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʯʽʪʢʦʩʪʽ ʧʨʦʤʦʚʣʷʥʥʷ ʪʘ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʚʫʢʽʚ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʛʫʯʥʦʩʪʽ ʪʘ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ ʥʘ ʷʢʽʩʪʴ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʨʝʩʧʽʨʘʪʦʨʘʭ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʟʷʣʠ ʫʯʘʩʪʴ 20 ʩʪʫʜʝʥʪʽʚ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʚʽʢʦʤ ʚʽʜ 18 ʜʦ 22 ʨʦʢʽʚ (ʧʦ 10 ʯʦʣʦʚʽʢʽʚ ʽ ʞʽʥʦʢ). ʇʦʧʝʨʝʜʥʴʦ 

ʚʩʽ ʫʯʘʩʥʠʢʠ ʧʨʦʡʰʣʠ ʢʦʨʦʪʢʠʡ ʪʝʩʪ ʥʘ ʧʝʨʝʚʽʨʢʫ ʚʦʣʦʜʽʥʥʷ ʫʢʨʘʾʥʩʴʢʦʶ 

ʤʦʚʦʶ [51]. ʂʦʞʝʥ ʽʟ ʥʠʭ ʧʠʩʴʤʦʚʦ ʧʦʛʦʜʠʚʩʷ ʥʘ ʫʯʘʩʪʴ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽ 

ʧʽʜʪʚʝʨʜʠʚ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʧʨʦʪʠʧʦʢʘʟʘʥʴ ʯʠ ʧʨʦʙʣʝʤ ʟʽ ʩʣʫʭʦʤ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʣʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʦʩʽʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʩʧʽʣʢʫʚʘʥʥʷ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʫʯʘʩʥʠʢʘʤ 
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ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʚʽʜʪʚʦʨʶʚʘʪʠ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʟ ʪʝʩʪʫ ʉ. ʈʫʙʽʥʰʪʝʡʥʘ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʧʘʤôʷʪʽ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʚʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʘʧʶʰʦʥʽʚ, ʘ ʩʘʤʝ çʇʫʣʴʩè ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʂɸʃɯʇʉʆ 2015è ʪʘ ʤʦʜʝʣʴ 

XHZLC-40 ʚʠʨʦʙʥʠʮʪʚʘ Jiangshan Kexing Fire Equipment Co, Ltd, ʂʅʈ, ʘ 

ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ ʜʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ (ʨʠʩ. 2.14). ɼʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ 

çXiaomi Redmi 9 4/64GBè (163,32Ĭ77,01 ʤʤ), ʥʦʫʪʙʫʢ çHuawei Mate Book D 

14 AMDè ʪʘ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʰʫʤʫ WALCOM SL-5868F. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʫʯʘʩʥʠʢʠ ʩʧʽʣʢʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ, ʷʢʠʡ 

ʪʨʠʤʘʣʠ ʙʽʣʷ ʚʫʭʘ ʷʢ ʧʨʦʤʦʚʝʮʴ, ʪʘʢ ʽ ʩʣʫʭʘʯ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʪʝʣʝʬʦʥ 

ʧʝʨʝʚʦʜʠʚʩʷ ʫ ʨʝʞʠʤ ʛʫʯʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 50 ʩʤ ʚʽʜ 

ʚʠʧʨʦʙʫʚʘʯʘ. ʇʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʙʠʜʚʘ ʫʯʘʩʥʠʢʠ (ʧʨʦʤʦʚʝʮʴ ʽ 

ʩʣʫʭʘʯ) ʧʝʨʝʙʫʚʘʣʠ ʫ ʢʘʧʶʰʦʥʘʭ ʦʜʥʽʻʾ ʤʦʜʝʣʽ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʨʦʪʢʦʛʦ ʽʥʩʪʨʫʢʪʘʞʫ ʫʯʘʩʥʠʢʽʚ ʧʦʜʽʣʠʣʠ ʥʘ 10 ʧʘʨ 

(ʧʦ 2 ʦʩʦʙʠ: ʧʨʦʤʦʚʝʮʴ ʪʘ ʩʣʫʭʘʯ). ɺʦʥʠ ʧʦʯʝʨʛʦʚʦ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʫ ʜʚʦʭ 

ʨʽʟʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ ʚʠʢʣʶʯʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʯʫʪʠ ʦʜʥʝ ʦʜʥʦʛʦ ʙʝʟ 

ʪʝʣʝʬʦʥʫ. ʂʦʞʥʦʤʫ ʫʯʘʩʥʠʢʫ ʥʘʜʘʚʘʚʩʷ ʧʝʨʝʣʽʢ ʽʟ ʜʝʩʷʪʠ ʦʜʥʘʢʦʚʠʭ 

ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʟʘʧʦʟʠʯʝʥʠʭ ʽʟ ʪʝʩʪʫ ʉ. ʈʫʙʽʥʰʪʝʡʥʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʘʤôʷʪʽ 

[52]. ʊʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʧʦʩʣʽʜʦʚʥʦ ʚʩʽ ʛʨʫʧʠ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʢʦʨʦʪʢʝ ʪʨʝʥʫʚʘʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʣʘʩʷ ʛʫʯʥʽʩʪʴ ʤʦʚʣʝʥʥʷ (65ï68 ʜɹ), ʪʝʤʧ ʚʠʤʦʚʠ ʪʘ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨʠ. 

ʋ ʢʦʞʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʟʥʘʭʦʜʠʣʠʩʷ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʽ ʥʦʫʪʙʫʢ. ʅʘ 

ʝʢʨʘʥʽ ʥʦʫʪʙʫʢʘ ʧʨʦʤʦʚʮʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʽʜʦʙʨʘʞʘʣʠʩʷ ʩʣʦʚʘ, ʷʢʽ ʚʽʥ, 

ʧʝʨʝʙʫʚʘʶʯʠ ʫ ʨʝʩʧʽʨʘʪʦʨʽ, ʧʝʨʝʜʘʚʘʚ ʩʣʫʭʘʯʝʚʽ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ 

(ʨʠʩ. 2.23). ʇʦʯʫʚʰʠ ʩʣʦʚʦ, ʩʣʫʭʘʯ ʧʦʚʪʦʨʶʚʘʚ ʡʦʛʦ ʫ ʚʽʜʧʦʚʽʜʴ. ʗʢʱʦ 

ʚʠʤʦʚʘ ʙʫʣʘ ʧʨʘʚʠʣʴʥʦʶ, ʧʨʦʤʦʚʝʮʴ ʧʽʜʪʚʝʨʜʞʫʚʘʚ ʮʝ ʪʘ ʨʦʙʠʚ ʧʦʟʥʘʯʢʫ ʚ 
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ʪʘʙʣʠʮʽ ʥʘ ʝʢʨʘʥʽ ʥʦʫʪʙʫʢʘ (ʪʘʙʣ. 2.13). ʋ ʨʘʟʽ ʧʦʤʠʣʢʠ ʧʨʦʤʦʚʝʮʴ 

ʧʦʚʽʜʦʤʣʷʚ ʩʣʫʭʘʯʝʚʽ, ʱʦ ʩʣʦʚʦ ʚʽʜʪʚʦʨʝʥʝ ʥʝʚʽʨʥʦ. 

 
ʈʠʩʫʥʦʢ 2.23 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʘʧʶʰʦʥʫ ʥʘ 

ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʩʣʽʚ: 1 ï ʚʠʧʨʦʙʫʚʘʯ; 2 ï ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ; 3 ï ʚʠʧʨʦʙʫʚʘʥʠʡ 

ʢʘʧʶʰʦʥ; 4 ï ʰʫʤʦʤʽʨ; 5 ï ʥʦʫʪʙʫʢ 

 

ʇʨʦʪʷʛʦʤ ʪʝʩʪʫʚʘʥʥʷ ʟ ʧʨʦʤʦʚʣʷʥʥʷ ʩʣʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʛʫʯʥʽʩʪʴ 

ʛʦʣʦʩʫ ʚʠʧʨʦʙʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʫʤʦʤʽʨʫ (ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʰʫʤʫ 

WALCOM SL-5868F), ʷʢʠʡ ʟʥʘʭʦʜʠʚʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 65ï75 ʜɹ ʪʘ ʪʝʤʧʦʤ 

ʧʨʦʤʦʚʣʷʥʥʷ 100ï110 ʩʣʽʚ/ʭʚ. ʗʢʱʦ ʛʦʣʦʩʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʠʭʦʜʠʣʦ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʽʘʧʘʟʦʥ, ʥʘʚʯʘʣʴʥʝ ʩʣʦʚʦ ʟʘʤʽʥʶʚʘʣʦʩʷ ʽʥʰʠʤ. ʇʽʩʣʷ 

ʧʨʦʤʦʚʣʷʥʥʷ ʚʩʽʭ ʩʣʽʚ ʫʯʘʩʥʠʢʠ ʤʽʥʷʣʠʩʷ ʨʦʣʷʤʠ: ʩʣʫʭʘʯ ʩʪʘʚʘʚ ʧʨʦʤʦʚʮʝʤ. 

ɼʨʫʛʠʡ ʫʯʘʩʥʠʢ ʦʪʨʠʤʫʚʘʚ ʽʥʰʠʡ ʥʘʙʽʨ ʽʟ ʜʝʩʷʪʠ ʩʣʽʚ, ʷʢʽ ʟôʷʚʣʷʣʠʩʷ ʥʘ 

ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ, ʽ ʧʨʦʮʝʜʫʨʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʣʽʚ ʧʦʚʪʦʨʶʚʘʣʘʩʷ ʟʘ ʪʽʻʶ ʞ 

ʩʭʝʤʦʶ. 

 

 

https://simvolt.ua/analzator-spektra-shumu-walcom-sl-5868f.html/
https://simvolt.ua/analzator-spektra-shumu-walcom-sl-5868f.html/


165 

 

ʊʘʙʣʠʮʷ 2.13 ï ɿʨʘʟʦʢ ʚʥʝʩʝʥʥʷ ʜʘʥʠʭ ʜʦ ʪʘʙʣʠʮʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʥʠʞʝʥʥʷ 

ʷʢʦʩʪʽ ʤʦʚʣʝʥʥʷ ʧʨʦʤʦʚʮʷ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʨʝʩʧʽʨʘʪʦʨʽ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʧʦ 

ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʫ 

ʂʣʶʯʦʚʝ ʩʣʦʚʦ 

ɻʫʯʥʽʩʪʴ 

ʧʨʦʤʦʚʣʷʥʥʷ 

ʧʨʦʤʦʚʮʝʤ, ʜɹ 

ʇʦʟʥʘʯʢʘ ʧʨʦ ʚʽʜʧʦʚʽʜʥʝ ʩʧʨʠʡʥʷʪʪʷ 

ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ ʩʣʫʭʘʯʝʤ 

ʧʨʘʚʠʣʴʥʦ ʥʝ ʧʨʘʚʠʣʴʥʦ 

ʧʝʩ 65 +  

ʣʦʞʢʘ 66 +  

ʣʷʣʴʢʘ 65 +  

ʮʫʢʝʨʢʘ 68  - 

ʛʦʜʠʥʥʠʢ 67 +  

 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʫʩʽ ʫʯʘʩʥʠʢʠ ʧʨʦʡʰʣʠ ʦʧʠʩʘʥʫ ʧʨʦʮʝʜʫʨʫ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʧʨʦʜʦʚʞʝʥʦ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ: ʰʚʠʜʢʦʛʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 150ï

160 ʩʣʽʚ/ʭʚ. ʪʘ ʧʦʚʽʣʴʥʦʛʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 50ï60 ʩʣʽʚ/ʭʚ. ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʝʣʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʫʯʥʦʩʪʽ ʚʠʤʦʚʠ ʩʣʽʚ ʫ ʤʝʞʘʭ ʚʽʜ 40 ʜɹ 

ʜʦ 80 ʜɹ ʟʘ ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ. 

ɺʝʣʠʯʠʥʫ ʧʦʛʽʨʰʝʥʥʷ ʨʽʚʥʷ ʧʨʦʤʦʚʣʥ̫ʥʷ Qʧʦʛ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ 

ʨʝʩʧʽʨʘʪʦʨʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ὗ̐ ̏̄ ρ В ρππ Ϸ,   

 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʯʦʣ; pi ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ 

ʟʨʦʟʫʤʽʣʠʭ ʩʣʽʚ ʩʣʫʭʘʯʝʤ, ʦʜ; pp ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʽʚ, ʷʢʘ ʚʠʤʦʚʣʷʣʘʩʴ 

ʦʜʥʠʤ ʧʨʦʤʦʚʮʝʤ, ʦʜ. 

ɼʚʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʘʧʶʰʦʥʽʚ, ʘ ʩʘʤʝ çʇʫʣʴʩè ʚʠʨʦʙʥʠʮʪʚʘ 

ʊʆɺ çʂɸʃɯʇʉʆ 2015è ʪʘ ʤʦʜʝʣʴ XHZLC-40 ʚʠʨʦʙʥʠʮʪʚʘ Jiangshan Kexing 

Fire Equipment Co, Ltd, ʂʅʈ (ʨʠʩ. 2.24) ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʻ ʧʦʜʽʙʥʠʤʠ, ʧʨʦʪʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘʭʠʩʥʽ ʤʘʪʝʨʽʘʣʠ ʩʘʤʦʛʦ ʢʘʧʶʰʦʥʫ.  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.24 ï ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʢʘʧʶʰʦʥʠ: ʘ ï çʇʫʣʴʩè; ʙ ï XHZLC-40 

 

ʂʘʧʶʰʦʥ çʇʫʣʴʩè ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʚʦʛʥʝʩʪʽʡʢʦʾ ʧʦʣʽʤʝʨʥʦʾ 

ʩʠʣʽʢʦʥʦʚʦʾ ʪʢʘʥʠʥʠ, ʷʢʘ ʤʘʻ ʚʠʩʦʢʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʜʽʶ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʄʦʜʝʣʴ XHZLC-40 

ʚʠʢʦʥʘʥʘ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʚʦʛʥʝʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʧʽʜʚʠʱʝʥʦʶ ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʽʰʝ ʟʘʭʠʱʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʜʽʾ ʚʽʜʢʨʠʪʦʛʦ ʧʦʣʫʤôʷ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʭʦʯʘ ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ ʻ ʤʝʥʰ ʛʥʫʯʢʠʤ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʣʽʢʦʥʦʚʦʶ ʪʢʘʥʠʥʦʶ. ʆʙʠʜʚʘ ʢʘʧʶʰʦʥʠ ʦʩʥʘʱʝʥʽ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦ-ʧʦʛʣʠʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʽ ʜʠʤʫ (ʪʘʙʣ. 2.14). ɺʽʜʤʽʥʥʽʩʪʶ 

ʜʘʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʻ ʧʨʠʥʮʠʧ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ 

ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ʻ ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ, ʫ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʤʫʩʦʚʝ ʥʘʛʥʽʪʘʥʥʷ ʧʦʚʽʪʨʷ.  
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ʊʘʙʣʠʮʷ 2.14 ï ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʘʧʶʰʦʥʽʚ 

ʇʘʨʘʤʝʪʨ 
ɺʦʛʥʝʩʪʽʡʢʘ ʧʦʣʽʤʝʨʥʘ 

ʩʠʣʽʢʦʥʦʚʘ ʪʢʘʥʠʥʘ 

ɸʣʶʤʽʥʽʻʚʠʡ 

ʚʦʛʥʝʩʪʽʡʢʠʡ ʤʘʪʝʨʽʘʣ 

ʊʝʤʧʝʨʘʪʫʨʦʩʪʽʡʢʽʩʪʴ 
ʜʦ +250 ÁC 

(ʢʦʨʦʪʢʦʯʘʩʥʦ ʜʦ 300 ÁC) 

ʚʽʜʙʠʚʘʻ ʜʦ 90ï95% 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ  

ʜʦ +600 ÁC 

ʄʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ 

ɺʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ, 

ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʨʦʟʪʷʛʫʚʘʥʥʷ ʡ ʧʨʦʢʦʣʽʚ 

ʄʝʥʰ ʝʣʘʩʪʠʯʥʠʡ, ʤʦʞʣʠʚʝ 

ʣʘʤʘʥʥʷ ʧʨʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʟʛʠʥʘʥʥʽ 

ɺʘʛʘ 

ʃʝʛʢʠʡ ʤʘʪʝʨʽʘʣ, 

ʟʨʫʯʥʠʡ ʜʣʷ ʪʨʠʚʘʣʦʛʦ 

ʥʦʩʽʥʥʷ 

ɺʘʞʯʠʡ, ʧʽʜʚʠʱʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʨʠʩʪʫʚʘʯʘ 

ʍʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

ɼʦʙʨʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʙʽʣʴʰʦʩʪʽ ʢʠʩʣʦʪ, ʣʫʛʽʚ, 

ʤʘʩʝʣ 

ʄʝʥʰ ʩʪʽʡʢʠʡ ʜʦ ʢʦʨʦʟʽʾ 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ 

ɼʦʚʛʦʚʽʯʥʠʡ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʐʚʠʜʰʝ ʟʥʦʰʫʻʪʴʩʷ ʧʨʠ 

ʤʝʭʘʥʽʯʥʠʭ ʜʽʷʭ 

(ʧʦʜʨʷʧʠʥʠ, ʟʛʠʥʠ) 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʍʽʤʽʯʥʠʡ ʟʘʭʠʩʪ, 

ʧʦʞʝʞʥʽ ʨʦʙʦʪʠ, 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ɿʘʭʠʩʪ ʚʽʜ ʚʽʜʢʨʠʪʦʛʦ 

ʧʦʣʫʤôʷ ʪʘ ʩʠʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʤʝʪʘʣʫʨʛʽʷ, 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ) 

ʂʦʥʩʪʨʫʢʮʽʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʘʧʶʰʦʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.25. 

ɼʘʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ. 

 

ʈʠʩʫʥʦʢ 2.25 ï ʂʦʥʩʪʨʫʢʮʽʷ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ:  

1 ï ʟʘʭʠʩʥʠʡ ʢʘʧʶʰʦʥ; 2 ï ʧʘʥʦʨʘʤʥʝ ʩʢʣʦ; 3 ï ʬʽʣʴʪʨ; 4 ï ʛʝʨʤʝʪʠʟʫʶʯʘ 

ʤʘʥʞʝʪʘ; 5 ï ʢʣʘʧʘʥ ʚʠʜʠʭʫ 
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ʋ ʪʘʙʣʠʮʽ 2.15 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʟʥʠʞʝʥʥʷ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ ʤʦʜʝʣʝʡ ʢʘʧʶʰʦʥʽʚ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʚʧʣʠʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʧʶʰʦʥʽʚ ʥʘ ʤʦʚʣʝʥʥʷ ʻ ʩʫʪʪʻʚʠʤ ʽ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 18 % ʜʦ 35 %, ʷʢʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʭʠʙʢʠ. 

 

ʊʘʙʣʠʮʷ 2.15 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʛʽʨʰʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ 

ʤʦʚʣʝʥʥʷ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʠʭ ʤʦʜʝʣʝʡ ʢʘʧʶʰʦʥʽʚ 

ʄʦʜʝʣʴ ʢʘʧʶʰʦʥʫ 

ɺʝʣʠʯʠʥʘ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ 

ʤʦʚʠ ʙʝʟ 

ʢʘʧʶʰʦʥʫ, % 

ɺʝʣʠʯʠʥʘ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʠ ʟ 

ʦʜʷʛʥʝʥʠʤ 

ʢʘʧʶʰʦʥʦʤ ʥʘ 

ʦʙʣʠʯʯʽ ʧʨʦʤʦʚʮʷ, % 

ʉʝʨʝʜʥʷ 

ʚʝʣʠʯʠʥʘ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ 

ʤʦʚʠ ʫ 

ʢʘʧʶʰʦʥʽ, % ʥʘ 

ʛʫʯʥʦʤʦʚʮʽ 

ʙʽʣ̫ 

ʚʫʭʘ 

çʇʫʣʴʩè 

98Ñ0,14 

68Ñ0,47 75Ñ0,44 71 

XHZLC-40 61Ñ0,49 69Ñ0,46 65 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʟʨʘʟʦʢ 
79Ñ0,41 85Ñ0,39 82 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʶʰʦʥʫ, ʷʢʘ ʩʪʘʥʦʚʠʣʘ 98,0 %. ʇʨʠ ʥʦʩʽʥʥʽ ʢʘʧʶʰʦʥʫ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʟʥʠʞʫʚʘʚʩʷ ʜʦ 61-68 % ʧʨʠ ʩʧʽʣʢʫʚʘʥʥʽ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʫ 

ʨʝʞʠʤʽ ʛʫʯʥʦʤʦʚʮʷ ʪʘ ʜʦ 69-75 % ʢʦʣʠ ʪʝʣʝʬʦʥ ʧʨʠʢʣʘʜʘʣʠ ʜʦ ʚʫʭʘ ʜʣʷ 

ʤʦʜʝʣʝʡ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʩʝʨʽʡʥʦ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ 

ʚʝʣʠʯʠʥʘ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʠ ʟ ʦʜʷʛʥʝʥʠʤ ʢʘʧʶʰʦʥʦʤ ʟʥʠʞʫʚʘʣʘʩʴ ʜʦ 79 % 

ʧʨʠ ʩʧʽʣʢʫʚʘʥʥʽ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʫ ʨʝʞʠʤʽ ʛʫʯʥʦʤʦʚʮʷ ʪʘ ʜʦ 85 % 

ʢʦʣʠ ʪʝʣʝʬʦʥ ʧʨʠʢʣʘʜʘʣʠ ʜʦ ʚʫʭʘ ʜʣʷ ʤʦʜʝʣʝʡ. 

ʅʘ ʨʠʩ. 2.26 ʥʘʚʝʜʝʥʦ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʨʦʟʙʽʨʣʠʚʦʩʪʽ 

ʤʦʚʣʝʥʥʷ ʫ ʢʘʧʶʰʦʥʘʭ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʽ ʙʝʟ ʥʠʭ ʧʨʠ ʩʧʽʣʢʫʚʘʥʥʽ ʯʝʨʝʟ 

ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ. ɸʥʘʣʽʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʧʨʦʤʦʚʣʷʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʧʶʰʦʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʜʦ 40 %. 
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ʈʠʩʫʥʦʢ 2.26 ï ɺʝʣʠʯʠʥʘ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʤʦʚʣʝʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʧʶʰʦʥʫ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʩʧʽʣʢʫʚʘʥʥʽ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ 

ʪʝʣʝʬʦʥ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʛʫʯʥʦʩʪʽ ʤʦʚʣʝʥʥʷ ʥʘ ʡʦʛʦ 

ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʚ ʢʘʧʶʰʦʥʽ ʧʦ ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.27. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʙʘʯʠʤʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʛʫʯʥʦʩʪʽ ʚʠʤʦʚʠ ʩʣʽʚ ʾʭ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʦʜʥʘʢ ʧʨʠ 

70 ʜɹ ʧʦʢʘʟʥʠʢ, ʷʢ ʽ ʜʣʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʽʚʤʘʩʦʢ, ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʪʘ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʇʦʜʘʣʴʰʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʨʽʚʥʷʭ ʧʦʥʘʜ 80 ʜɹ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ 

ʟ ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ʮʴʦʛʦ ʧʦʨʦʛʘ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʩʣʫʭ. 

 
ʈʠʩʫʥʦʢ 2.27 ï ɺʝʣʠʯʠʥʘ ʧʦʛʽʨʰʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʢʘʧʶʰʦʥʽ 

ʚʠʭʦʜʷʯʠ ʽʟ ʛʫʯʥʦʩʪʽ ʧʨʦʤʦʚʠ: 1 ï çʇʫʣʴʩè; 2 ï XHZLC-40; 3 ï 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧ ʧʨʦʤʦʚʣʷʥʥʷ ʩʣʽʚ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʩʣʽʚ ʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʧʶʰʦʥʫ (ʨʠʩ. 2.28). ʄʦʞʥʘ ʟʨʦʙʠʪʠ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʥʠʟʴʢʠʡ ʪʝʤʧ ʧʨʦʤʦʚʣʷʥʥʷ ʩʣʽʚ (50ï60 ʩʣʽʚ/ʭʚ.) ʻ 

ʥʘʡʢʨʘʱʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ. ɿʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʤʦʚʣʷʥʥʷ ʧʦʛʽʨʰʫʻ 

ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʩʣʽʚ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʧʽʜʤʘʩʦʯʥʠʢʘ, ʷʢʠʡ ʟʘʚʘʞʘʻ ʤʽʤʽʯʥʠʤ 

ʨʫʭʘʤ ʢʦʨʠʩʪʫʚʘʯʘ. 

 
ʈʠʩʫʥʦʢ 2.28 ï ɺʝʣʠʯʠʥʘ ʧʦʛʽʨʰʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʢʘʧʶʰʦʥʽ  

ʚʠʭʦʜʷʯʠ ʽʟ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ ʪʘ ʛʫʯʥʦʩʪʽ 65-75 ʜɹ:  

1 ï ʤʦʜʝʣʴ çʇʫʣʴʩè; 2 ï ʤʦʜʝʣʴ XHZLC-40; 3 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ 

 

ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʥʦʩʽʥʥʷ ʢʘʧʶʰʦʥʽʚ ʟʥʠʞʫʻ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ ʜʦ 

50 % ʧʨʠ ʛʫʯʥʦʩʪʽ 65ï75 ʜɹ ʪʘ ʪʝʤʧʽ 100ï110 ʩʣʽʚ/ʭʚ., ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʦ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ ʟ ʷʢʦʛʦ ʚʦʥʠ ʟʨʦʙʣʝʥʽ ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʤʘʩʦʯʥʠʢʘ ɺʦʜʥʦʯʘʩ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʛʫʯʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʘʧʶʰʦʥʽʚ ʥʘ 

ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʩʫʪʪʻʚʠʤ ʽ 

ʩʪʘʥʦʚʠʪʴ ʜʦ 35 % ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʘʧʶʰʦʥʫ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ 

ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʦʛʦ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʽʜʤʘʩʦʯʥʠʢʘ. [53, 54]. 

ɺʽʜʤʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʜʘʥʠʭ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʯʽʪʢʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʽʟ ʜʝʩʷʪʠ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʟʽ ʩʧʠʩʢʫ ʉ. 
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ʈʫʙʽʥʰʪʝʡʥʘ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʧʦ ʤʦʙʽʣʴʥʦʤʫ ʪʝʣʝʬʦʥʫ. 

ʅʘʪʦʤʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʢʘʧʶʰʦʥʫ, ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʦʛʦ 

ʚʽʜʩʫʪʥʽʡ ʧʽʜʤʘʩʦʯʥʠʢ, ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʩʣʽʚ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ, ʜʝ 

ʟʥʠʞʝʥʥʷ ʥʘ ʨʽʚʥʽ 19 % ʧʨʠ ʛʫʯʥʦʩʪʽ 65ï75 ʜɹ ʪʘ ʪʝʤʧʽ 100ï110 ʩʣʽʚ/ʭʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʝʛʢʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʘʧʶʰʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʠ ʟ ʙʽʣʴʰʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʱʽʣʴʥʽʩʪʶ 

(ʜʦ 500 ʛ/ʤ
2
) ʪʘ ʝʬʝʢʪʦʤ ʽʟʦʣʶʚʘʥʥʷ ʚʽʜ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟʚʫʢʽʚ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʬʦʨʤʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʂʘʧʶʰʦʥʠ ʤʘʶʪʴ ʬʦʨʤʫ ʩʬʝʨʠ ʟ 

ʧʘʥʦʨʘʤʥʠʤ ʩʢʣʦʤ ʚ ʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜʤʘʩʦʯʥʠʢ, ʜʠʟʘʡʥ ʪʘ 

ʤʘʪʝʨʽʘʣ ʧʽʜʤʘʩʦʯʥʠʢʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʪʘ ʦʙʤʝʞʫʶʪʴ ʥʘ ʤʽʤʽʯʥʽ ʨʫʭʠ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʚ ʽʥʩʪʨʫʢʮʽʷʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɯɿʆɼ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʛʫʯʥʦʩʪʽ ʪʘ ʪʝʤʧʫ ʤʦʚʣʝʥʥʷ, ʘʜʞʝ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʫʤʦʚ ʧʨʦʤʦʚʠ ʚ ʨʝʩʧʽʨʘʪʦʨʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʧʨʦʧʦʥʫʻʤʦ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʜʚʘ ʤʦʞʣʠʚʽ ʰʣʷʭʠ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʟʙʝʨʝʛʪʠ ʷʢʽʩʪʴ ʤʦʚʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ ʥʘʚʽʪʴ ʫ ʰʫʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʛʦʚʦʨʥʠʭ ʤʝʤʙʨʘʥ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʩʧʽʨʘʪʦʨʽʚ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ (ʥʘʧʨʠʢʣʘʜ, ʧʠʩʴʤʦʚʦʾ) ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʝʨʙʘʣʴʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʫʩʢʣʘʜʥʝʥʘ. 

ɺʦʜʥʦʯʘʩ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʦʙʤʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʚʠʟʥʘʯʘʣʦʩʷ ʧʦʛʽʨʰʝʥʥʷ ʟʚʫʢʦʧʝʨʝʜʘʯʽ ʚ ʦʢʪʘʚʥʠʭ ʩʤʫʛʘʭ, ʱʦ ʫ ʤʘʡʙʫʪʥʴʦʤʫ 

ʜʦʟʚʦʣʠʣʦ ʙ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʧʽʜʙʠʨʘʪʠ ʪʦʚʱʠʥʫ ʪʘ ʱʽʣʴʥʽʩʪʴ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʰʘʨʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝ ʣʠʰʝ 

ʥʘʣʝʞʥʠʡ ʟʘʭʠʩʪ, ʘʣʝ ʡ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʤʦʚʣʝʥʥʷ. 
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ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʩʘʤʝ ʥʘ ʚʠʚʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʽʚʤʘʩʢʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʤʘʻ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʜʣʷ ʩʧʽʣʢʫʚʘʥʥʷ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʧʝʨʩʦʥʘʣʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʨʫʯ. 

 

 

2.7 ʆʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʘʭʠʩʥʦʛʦ ʢʘʧʶʰʦʥʘ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

ɺʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʣʴʪʨʫʶʯʽ ʨʝʩʧʽʨʘʪʦʨʠ, ʪʘ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʩʪʘʥʦʚʠʪʴ 

ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ. ɼʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʧʶʰʦʥʽʚ ʨʝʩʧʽʨʘʪʦʨʽʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʣʶʜʠʥʠ. 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʊʆɺ çʉʊɸʅɼɸʈʊ ʂɸʇɯʊɸʃ ɯʅɺɽʉʊè (ʤ. ɼʥʽʧʨʦ, 

ʋʢʨʘʾʥʘ) ʚ ʬʦʨʤʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʠʧʨʦʙʫʚʘʯʽ ʚʠʢʦʥʫʚʘʣʠ 

ʥʘʩʪʫʧʥʽ ʚʧʨʘʚʠ: 

- ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʨʦʙʦʪʠ, 

ʚʠʧʨʦʙʫʚʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʜʷʯʠ ʫ ʟʨʫʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʙʝʟ 

ʨʝʩʧʽʨʘʪʦʨʘ; 

- ʭʦʜʴʙʘ ʚ ʢʘʧʶʰʦʥʽ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʧʦʚʥʠʡ ʟʨʽʩʪ ʽʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 2 ʢʤ/ʛʦʜ. ʧʨʦʪʷʛʦʤ 10 ʭʚ.; 

- ʭʦʜʴʙʘ ʚ ʢʘʧʶʰʦʥʽ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʧʦʚʥʠʡ ʟʨʽʩʪ ʽʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 4 ʢʤ/ʛʦʜ. ʧʨʦʪʷʛʦʤ 10 ʭʚ.; 

- ʭʦʜʴʙʘ ʚ ʢʘʧʶʰʦʥʽ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʧʦʚʥʠʡ ʟʨʽʩʪ ʽʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 6 ʢʤ/ʛʦʜ. ʧʨʦʪʷʛʦʤ 10 ʭʚ.; 
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ɺʠʧʨʦʙʫʚʘʥʠʤʠ ʟʨʘʟʢʘʤʠ ʙʫʣʠ ʜʚʽ ʤʦʜʝʣʽ ʢʘʧʶʰʦʥʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʘ ʩʘʤʝ çʇʫʣʴʩè ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʂɸʃɯʇʉʆ 2015è (ʨʠʩ. 2.24) 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ ʜʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ (ʨʠʩ. 2.14). 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 5 ʚʠʧʨʦʙʫʚʘʯʽʚ ʯʦʣʦʚʽʯʦʾ 

ʩʪʘʪʽ ʚʽʢʦʤ ʚʽʜ 18 ʜʦ 45 ʨʦʢʽʚ, ʷʢʽ ʻ ʧʨʘʮʽʚʥʠʢʘʤʠ ʪʘ ʟʜʦʙʫʚʘʯʘʤʠ ʅʊʋ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝ 

ʤʘʣʠ, ʱʦʙ ʫʩʫʥʫʪʠ ʚʧʣʠʚ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʝʪʘʧʽ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʩʧʠʩʢʫ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʪʝʩʪʫʚʘʥʥʽ, ʧʨʦʚʦʜʠʣʦʩʷ ʦʧʠʪʫʚʘʥʥʷ 

ʱʦʜʦ ʾʭʥʴʦʛʦ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, ʤʦʞʣʠʚʠʭ ʥʝʱʦʜʘʚʥʽʭ ʤʝʜʠʯʥʠʭ ʚʪʨʫʯʘʥʴ ʯʠ 

ʧʝʨʝʥʝʩʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ ʨʘʟʽ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʦʩʽʙ 

ʜʦʧʫʩʢʘʣʠ ʜʦ ʫʯʘʩʪʽ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʫʯʘʩʥʠʢʽʚ ʦʟʥʘʡʦʤʣʶʚʘʣʠ 

ʟ ʧʨʦʮʝʜʫʨʦʶ ʪʘ ʥʘʚʯʘʣʠ ʧʨʘʚʠʣʘʤ ʢʦʨʠʩʪʫʚʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘʤʠ. ʊʝʩʪʫʚʘʥʥʷ 

ʙʫʣʦ ʜʦʙʨʦʚʽʣʴʥʠʤ, ʘ ʚʠʧʨʦʙʫʚʘʯʽ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʟʛʦʜʫ ʧʽʜʧʠʩʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʷʢʠʤ ʪʘʢʦʞ ʟʘʩʚʽʜʯʫʚʘʣʠ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʝʪʝʥʟʽʡ ʜʦ 

ʦʨʛʘʥʽʟʘʪʦʨʽʚ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ MaxxPro 502 

(MaxxPro, ʂʠʪʘʡ), ʱʦ ʟʜʘʪʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʘʣʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʚʠʧʨʦʙʫʚʘʯʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,1 ʢʤ/ʛʦʜ. (ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʽ ʚʽʜ 0,8 ʜʦ 8,0 

ʢʤ/ʛʦʜ.) ʪʘ ʚʠʤʽʨʶʚʘʪʠ ʧʫʣʴʩ ʣʶʜʠʥʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

Ñ 1 ʫʜ/ʭʚ. (ʨʠʩ. 2.29). ʏʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʘʥʦʚʠʚ 10 ʭʚ., ʧʨʠ ʮʴʦʤʫ ʜʘʥʽ ʟ ʜʠʩʧʣʝʶ ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ 1 

ʭʚ. ʟ ʧʦʭʠʙʢʦʶ ʜʦ 10 ʩʝʢʫʥʜ. 

 

ʈʠʩʫʥʦʢ 2.29 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʠʩʧʣʝʶ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ MaxxPro 502 
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ʊʝʩʪʫʚʘʥʥʷ ʥʘ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʢʘʤʝʨʽ, ʚ 

ʷʢʽʡ ʥʘ ʨʽʚʥʽ 2 ʤʝʪʨʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ʚʝʥʪʠʣʷʪʦʨʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ 

ʩʝʨʝʜʠʥʽ ʢʘʤʝʨʠ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʠʧʨʦʙʫʚʘʯʘ ʧʽʜ ʯʘʩ 

ʭʦʜʽʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʣʠʮʝʚʫ ʯʘʩʪʠʥʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʟ ʪʦʯʥʽʩʪʶ 

ʜʦ Ñ 0,1 Üʉ (ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ Ñ 0,3 Üʉ) ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ 

ʟ ʪʦʯʥʽʩʪʶ ʜʦ Ñ 1 % (ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ Ñ 2 %) ʚ ʢʘʤʝʨʽ 

ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʦʛʽʛʨʦʤʝʪʨʘ TFA ʤʦʜʝʣʴ ˉ 

35.1102.02 (TFA, ʅʽʤʝʯʯʠʥʘ). 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʽʢʬʣʦʫʤʝʪʨʘ PF100 (Microlife, ʐʚʝʡʮʘʨʽʷ) ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʜʘʥʽ ʱʦʜʦ 

ʜʠʭʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʯʘ ʟʦʢʨʝʤʘ ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʠʜʠʭʫ PEF ʪʘ 

ʦʙôʻʤ ʬʦʨʩʦʚʘʥʦʛʦ ʚʠʜʠʭʫ ʟʘ ʧʝʨʰʫ ʩʝʢʫʥʜʫ FEV1. ʇʦʢʘʟʥʠʢ PEF ʻ 

ʯʫʪʣʠʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʟʤʽʥ ʧʨʦʭʽʜʥʦʩʪʽ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʜʠʭʘʣʴʥʠʭ ʤôʷʟʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʚʠʧʨʦʙʫʚʘʯʘ ʧʽʩʣʷ 

ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ FEV1 ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʦʢʨʝʤʘ ʧʨʦʭʽʜʥʽʩʪʴ ʙʨʦʥʭʽʚ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʠʭʘʣʴʥʠʭ ʤôʷʟʽʚ. ʇʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʚʧʨʘʚ ʪʘ ʟʥʷʪʪʷ ʨʝʩʧʽʨʘʪʦʨʘ ʫ ʚʠʧʨʦʙʫʚʘʯʘ ʧʨʦʚʦʜʠʣʠ 

ʩʧʽʨʦʤʝʪʨʠʯʥʝ ʦʙʩʪʝʞʝʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʦʞʝʥʥʽ ʩʪʦʷʯʠ. 

ʂʦʞʝʥ ʫʯʘʩʥʠʢ ʧʽʩʣʷ ʛʣʠʙʦʢʦʛʦ ʚʜʠʭʫ ʟʜʽʡʩʥʶʚʘʚ ʪʨʠ ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʟʢʽ 

ʚʠʜʠʭʠ, ʜʘʥʽ ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʧʨʠʣʘʜʦʤ PF100 ʪʘ ʚʠʚʦʜʠʣʠʩʴ ʥʘ ʡʦʛʦ ʜʠʩʧʣʝʡ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʪʨʴʦʭ 

ʩʧʨʦʙ. 

ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʚ ʧʘʧʝʨʦʚʽʡ ʬʦʨʤʽ ʪʘ 

ʧʝʨʝʥʦʩʠʣʠʩʴ ʫ ʮʠʬʨʦʚʫ ʙʘʟʫ. ɼʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʦʛʨʘʤʘ Microsoft Excel 365. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʩʝʨʝʜʥʶʚʘʣʠʩʴ ʟ ʦʮʽʥʢʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ P<0.05 ʚʽʜʧʦʚʽʜʥʦ ʜʦ Evaluation of measurement data ï Guide 

to the expression of uncertainty in measurement. - JCGM 100:2008 [8]. ʆʙʨʦʙʢʘ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʢʨʠʚʠʭ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Microsoft Excel 365. 

ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʙʨʦʚʦʣʴʮʷʤʠ ʟʘʧʦʚʥʶʚʘʚʩʷ ʯʝʢ-ʣʠʩʪ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ (ʨʠʩ. 2.30), ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʩʫʙôʻʢʪʠʚʥʝ 

ʩʧʨʠʡʥʷʪʪʷ ʢʘʧʶʰʦʥʫ ʟʘ ʢʽʣʴʢʦʤʘ ʢʨʠʪʝʨʽʷʤʠ: ʦʧʽʨ ʜʠʭʘʥʥʶ, ʚʪʦʤʣʶʚʘʥʽʩʪʴ, 

ʚʧʣʠʚ ʥʘ ʫʚʘʛʫ ʪʘ ʟʦʩʝʨʝʜʞʝʥʽʩʪʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʻʜʥʫʻ ʦʙôʻʢʪʠʚʥʽ ʚʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ (ʧʫʣʴʩ) ʽʟ 

ʩʫʙôʻʢʪʠʚʥʠʤ ʚʽʜʯʫʪʪʷʤ ʢʦʨʠʩʪʫʚʘʯʘ. 

 
ʈʠʩʫʥʦʢ 2.30 ï ʌʦʨʤʘ ʦʧʠʪʫʚʘʣʴʥʦʛʦ ʯʝʢ-ʣʠʩʪʘ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧôʷʪʠʙʘʣʴʥʦʾ ʰʢʘʣʠ ʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʠʪʠ ʧʦʜʘʣʴʰʠʡ 

ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ, ʟʦʢʨʝʤʘ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʤ ʚʽʜʯʫʪʪʷʤ 

ʜʠʩʢʦʤʬʦʨʪʫ. ʎʝ ʧʽʜʚʠʱʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʩʪʚʦʨʶʻ 

ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʶʰʦʥʫ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ, ʘ ʡ ʢʦʤʬʦʨʪʥʽʩʪʴ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʟʘ 

ʯʝʢ-ʣʠʩʪʦʤ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.16. 
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ʊʘʙʣʠʮʷ 2.16 ï ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʯʝʢ-ʣʠʩʪʘ ʱʦʜʦ ʢʦʤʬʦʨʪʥʦʩʪʽ ʢʘʧʶʰʦʥʫ 

˴͙͔͚ͪͭͪ͜ 
ͦͼ͙ͤ͜͟ 

5 ς 
͔͒ͦ͋ͪ 

4 - 
͔ͤͤ͊͘;ͤͦ 

3 ς 
ͨͦͣͪͤͦ͜ 

2 - 
͎ͨͦ͊ͤͦ 

1 ς 
͙͙ͪͭ͟;ͤͦ 

мΦ ˻ͨͪ͜ 
͙͒ͻ͊ͤͤΌ ό˻˨ύ 

˨͔ͯ͗ 
͔͎ͦ͟͡ ͙͒ͻ͙͊ͭ 

˶͔͎͟
ͦ ͙͒ͻ͙͊ͭ 

˿͔͔ͪ͒ͤ͜
͚ ͍͔ͪͤ͜Έ ͙ͯͫ͘͡Έ 

ˤ͊͗͟
ͦ ͙͒ͻ͙͊ͭ 

˨͔ͯ͗ 
͍͊͗ͦ͟ ͙͒ͻ͙͊ͭ 

2. 
͔͔́ͣͨͪ͊ͭͯͪ͊ ͍ 
͊ͨ͟Ό΄ͦͤ͜ ό́˽ύ 

˴ͦͣͺ
ͦͪͭͤ͊ 

́ͪͦͻ
͙ 

͍͙ͨ͒͜΅͔ͤ͊Σ 
͔͊͡ ͔ͤ 
͍͊͊͗͊͘Ί 

ˤ͒͜;ͯͭͤ
ͦ ͔ͭͨ͜͡΄͊Σ 
͍͙͙͊͊͟͟͡͡ 
͙͒ͫͦͣ͟ͺͦͪͭ 

˨ͯ͗
͔ ͍͙ͫͦ͊͟Σ 
͙͒ ͻ͙͊ͭ 
͍͊͗ͦ͟ 

˹͔͙͚ͨͪͤ
Ύͭͤ͊Σ 

͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙͍͔ͤͣͦ͗͡ 

оΦ ˤ͎ͦͦͫͭ͜͡Έ 
͍ ͔͔͙ͫͪ͒ͤ͜ 
͊ͨ͟Ό΄ͦͤͯ όˤ˽ύ 

˴ͦͣͺ
ͦͪͭͤ͊Σ ͔ͤ 
͍͒͜;͍ͯ͊͊ͫ͡Έ 

˹͔ͤ͘
͊;ͤ͊Σ ͔ͤ 
͍͊͊͗͊͊͘͡ 

˽ͦͣͭͤ͊͜
Σ ͍͙͙͊͊͟͟͡͡ 
͙͒ͫͦͣ͟ͺͦͪͭ 

ˤ͙ͫͦ
͊͟Σ ͍͊͊͗͊͊͘͡ 
ͪͦ͋ͦͭ͜ 

˨͔ͯ͗ 
͍͙ͫͦ͊͟Σ 

͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙͍͔ͤͣͦ͗͡ 

4. 
˻͔͔͋ͣ͗ͤͤΎ ͪͯͻ͍͜ 

ό˻˾ύ 

˹͔ 
͔ͦ͋ͣ͗ ͍͍ͯ͊ 

˸ͤ͜͜
ͣ͊͡Έͤͦ 

˽ͦͣͪͤ͜
 ͦ

˭ͤ͊;
ͤ ͦ

˽͍ͦͤͫͭ͜Ό 
͍͍͊͊͗͊͘ 

рΦ ˭͎͊͊͡Έ͔ͤ 
͍͔ͫͭ͊ͤͤ͡Ύ ό˭˿ύ 

˴ͦͣͺ
ͦͪͭͤͦΣ ͔ͣͦ͗ 
ͨͪ͊ͼΌ͍͙͊ͭ 
͙͍͙͚ͭͪ͊͡ ;͊ͫ 

˶͔͎͙͟
͚ 

͙͒ͫͦͣ͟ͺͦͪͭ 

˽ͦͣͪͤ͜
͙͚ ͙͒ͫͦͣ͟ͺͦͪͭ 

˿͙͡Έͤ
͙͚ 

͙͒ͫͦͣ͟ͺͦͪͭ 

˹͔͔ͫͭͪͨͤ
ͦΣ ͻͦ;͔ͭΈͫΎ ͤ͘Ύ͙ͭ 

ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʯʝʢ-ʣʠʩʪʘ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʩʝʨʝʜʥʽʡ ʙʘʣ ʧʦ ʢʦʞʥʦʤʫ 

ʢʨʠʪʝʨʽʶ ʪʘ ʨʦʙʠʣʘʩʴ ʫʩʝʨʝʜʥʝʥʘ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʫ ʢʦʤʬʦʨʪʥʦʩʪʽ ʢʘʧʶʰʦʥʫ 

(ʪʘʙʣ. 2.17 ʪʘ 2.18). ʆʮʽʥʢʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʜʦʟʚʦʣʠʣʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʧʶʰʦʥʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʠ ʯʫʪʪʷ ʪʘ ʜʠʭʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

 

ʊʘʙʣʠʮʷ 2.17 ï ʆʮʽʥʢʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʢʘʧʶʰʦʥʫ çʇʫʣʴʩè ʚʠʧʨʦʙʫʚʘʯʘʤʠ 

ɼʽʾ 

ʚʠʧʨʦʙʫʚʘʯʘ 

ʇʦʢʘʟʥʠʢ, ʱʦ ʦʮʽʥʶʚʘʚʩʷ 

ʆɼ ʊʇ ɺʇ ʆʈ ɿʉ 
ʉʝʨʝʜʥʻ ʟʘ 

ʜʽʻʶ 

ʩʠʜʷʯʠ 4,6 5,0 5,0 5,0 4,0 4,7 Ñ 0,44 

2 ʢʤ/ʛʦʜ* 4,0 4,8 5,0 4,0 4,0 4,4 Ñ 0,50 

4 ʢʤ/ʛʦʜ* 3,8 4,2 4,8 3,8 3,2 4,0 Ñ 0,59 

6 ʢʤ/ʛʦʜ* 3,4 4,0 4,4 3,4 3,0 3,6 Ñ 0,55 

ʉʝʨʝʜʥʻ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ 
4,0Ñ0,50 4,5Ñ0,48 4,8Ñ0,28 4,1Ñ0,68 3,6Ñ0,53  
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ʊʘʙʣʠʮʷ 2.18 ï ʆʮʽʥʢʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ 

ʚʠʧʨʦʙʫʚʘʯʘʤʠ 

ɼʽʾ 

ʚʠʧʨʦʙʫʚʘʯʘ 

ʇʦʢʘʟʥʠʢ, ʱʦ ʦʮʽʥʶʚʘʚʩʷ 

ʆɼ ʊʇ ɺʇ ʆʈ ɿʉ 
ʉʝʨʝʜʥʻ 

ʟʘ ʜʽʻʶ 

ʩʠʜʷʯʠ 5,0 5,0 5,0 5,0 4,8 5,0 Ñ 0,09 

2 ʢʤ/ʛʦʜ* 5,0 5,0 5,0 5,0 4,2 4,8 Ñ 0,36 

4 ʢʤ/ʛʦʜ* 4,4 4,8 5,0 4,4 4,0 4,5 Ñ 0,39 

6 ʢʤ/ʛʦʜ* 4,0 4,0 4,4 4,0 4,0 4,1 Ñ 0,18 

ʉʝʨʝʜʥʻ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ 
4,6Ñ0,49 4,7Ñ0,48 4,9Ñ0,30 4,6Ñ0,49 4,3Ñ0,38  

 

ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʧʫʣʴʩʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʢʘʧʶʰʦʥʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2.31ʘ ʪʘ 2.31ʙ. 

 

ʈʠʩʫʥʦʢ 2.31ʘ ï ɿʤʽʥʘ ʧʫʣʴʩʫ ʚʠʧʨʦʙʫʚʘʯʘ ʚ ʢʘʧʶʰʦʥʽ çʇʫʣʴʩè, ʫʜ./ʭʚ., 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʴ: 1 ï ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ; 2 ï ʨʫʭ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ 

ʰʚʠʜʢʽʩʪʶ    2 ʢʤ/ʛʦʜ.; 3 ï ʨʫʭ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 4 ʢʤ/ʛʦʜ.; 4 - 

ʨʫʭ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. 
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ʈʠʩʫʥʦʢ 2.31ʙ ï ɿʤʽʥʘ ʧʫʣʴʩʫ ʚʠʧʨʦʙʫʚʘʯʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʤʦʜʝʣʽ 

ʢʘʧʶʰʦʥʫ, ʫʜ./ʭʚ., ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʴ: 1 ï ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ; 2 ï ʨʫʭ ʧʦ 

ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ʢʤ/ʛʦʜ.; 3 ï ʨʫʭ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 4 ʢʤ/ʛʦʜ.; 4 - ʨʫʭ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. 

 

ɿʘ ʨʠʩʫʥʢʘʤʠ ʙʘʯʠʤʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ ʤʝʥʰʝ 

ʥʘʚʘʥʪʘʞʫʻ ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʥʝʟʥʘʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ 

ʨʽʚʥʷ ʧʫʣʴʩʫ ʚʠʧʨʦʙʫʚʘʯʽʚ ʟʦʢʨʝʤʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦ 6 ʫʜ./ʭʚ. ʟʘ ʰʚʠʜʢʦʩʪʽ 6 

ʢʤ/ʛʦʜ., ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʧʶʰʦʥʫ çʇʫʣʴʩè, ʜʝ ʪʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ 

ʧʫʣʴʩʫ ʩʪʘʥʦʚʠʪʴ ʜʦ 10-11 ʫʜ./ʭʚ. ʟʘ ʰʚʠʜʢʦʩʪʽ 6 ʢʤ/ʛʦʜ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʦʮʽʥʢʠ ʢʘʧʶʰʦʥʽʚ ʚʠʧʨʦʙʫʚʘʯʘʤʠ ʟʘ ʨʽʟʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʽʡ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.32. 

 
ʈʠʩʫʥʦʢ 2.32 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʦʮʽʥʢʠ ʢʘʧʶʰʦʥʽʚ ʟʘ ʨʽʟʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʜʽʡ: 1 ï ʢʘʧʶʰʦʥ çʇʫʣʴʩè; 2 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ 
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ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʦʮʽʥʢʠ ʚʢʘʟʫʶʪʴ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ ʢʨʘʱʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ 

ʢʘʧʶʰʦʥʫ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʦʩʢʽʣʴʢʠ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʝʨʛʦʥʦʤʽʯʥʽ ʪʘ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿʘʫʚʘʞʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʦʮʽʥʢʠ ʩʪʦʩʫʚʘʣʠʩʴ 

ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʧʶʰʦʥʫ 

çʇʫʣʴʩè, ʧʨʦʪʝ ʚʠʩʦʢʦ ʙʫʣʠ ʦʮʽʥʝʥʽ ʦʧʽʨ ʜʠʭʘʥʥʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʽʜʥʦʩʥʽ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʧʨʦʙʫʚʘʯʽʚ ʧʽʩʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚ 

ʢʘʧʶʰʦʥʘʭ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʤʦʜʝʣʝʡ ʢʘʧʶʰʦʥʽʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʚʠʧʨʦʙʫʚʘʯʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2.33 ʪʘ 2.34. 

 
ʈʠʩʫʥʦʢ 2.33 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʟʥʠʞʝʥʥʷ PEF ʚʽʜ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ 

ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʢʘʧʶʰʦʥʘʭ ʟʘ ʰʚʠʜʢʦʩʪʽ 6 ʢʤ/ʛʦʜ.: 1 ï 

ʢʘʧʶʰʦʥ çʇʫʣʴʩè; 2 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ 

 

ʂʦʝʬʽʮʽʻʥʪ ʟʥʠʞʝʥʥʷ PEF ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ PEF ʚ ʧʝʚʥʠʡ ʯʘʩ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ PEF ʜʦ 

ʧʦʯʘʪʢʫ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʢʘʧʶʰʦʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʢʦʝʬʽʮʽʻʥʪ 

ʟʥʠʞʝʥʥʷ PEF ʜʣʷ ʦʙʦʭ ʢʘʧʶʰʦʥʽʚ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 1,0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʎʝ ʤʦʞʝ 
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ʧʦʷʩʥʶʚʘʪʠʩʴ ʽʥʝʨʮʽʡʥʽʩʪʶ ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ, ʷʢʘ ʙʫʣʘ 

ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʦʧʽʨ ʜʠʭʘʥʥʶ, ʱʦ ʩʪʚʦʨʶʚʘʚʩʷ ʝʣʝʤʝʥʪʘʤʠ ʢʘʧʶʰʦʥʫ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 4-5 ʭʚ. ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ, 

ʷʢʝ ʤʘʣʦ ʨʽʟʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʢʘʧʶʰʦʥʫ 

çʇʫʣʴʩè ʟʥʠʞʝʥʥʷ ʙʫʣʦ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤ ʽ ʜʦʩʷʛʘʣʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʙʣʠʟʴʢʦ 0,8, ʪʦʜʽ ʷʢ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʚʦʥʦ ʥʝ ʦʧʫʩʢʘʣʦʩʷ ʥʠʞʯʝ 

ʨʽʚʥʷ 0,93ï0,94. 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʫʤʫ ʚ ʦʙʦʭ ʩʝʨʽʷʭ ʚʽʜʟʥʘʯʝʥʦ ʧʦʩʪʫʧʦʚʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ. ɼʣʷ ʢʘʧʶʰʦʥʫ çʇʫʣʴʩè ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ 

ʧʦʚʽʣʴʥʽʰʝ ʽ ʥʘ 12-ʡ ʭʚʠʣʠʥʽ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʟʥʠʞʝʥʥʷ PEF ʩʷʛʘʚ 

ʣʠʰʝ 0,9ï0,92, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʧʦʚʥʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ. ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʣʦ ʙʽʣʴʰ ʰʚʠʜʢʠʤ ʪʘ 

ʝʬʝʢʪʠʚʥʠʤ, ʜʦ ʢʽʥʮʷ ʯʘʩʫ ʢʦʥʪʨʦʣʶʚʘʥʥʷ (12 ʭʚ.) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʚʘʣʦʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ (å 1,0). 

ʊʦʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ ʚʠʷʚʠʣʦʩʴ 

ʤʝʥʰ ʦʙʪʷʞʣʠʚʠʤʠ ʜʣʷ ʬʫʥʢʮʽʾ ʜʠʭʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʝʥʰʠʡ ʩʪʫʧʽʥʴ 

ʟʥʠʞʝʥʥʷ PEF ʪʘ ʰʚʠʜʰʝ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫ ʜʠʥʘʤʽʮʽ. 

 

 
ʈʠʩʫʥʦʢ 2.34 ï ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʫ ʚʠʜʠʭʫ FEV1 ʚʽʜ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʢʘʧʶʰʦʥʘʭ ʟʘ ʰʚʠʜʢʦʩʪʽ 6 ʢʤ/ʛʦʜ.: 1 ï ʢʘʧʶʰʦʥ 

çʇʫʣʴʩè; 2 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʫ 
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ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʦʙôʻʤʫ ʬʦʨʩʦʚʘʥʦʛʦ ʚʠʜʠʭʫ ʟʘ 1 ʩʝʢʫʥʜʫ (FEV1) 

ʧʦʢʘʟʘʚ, ʱʦ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʚ ʦʙʦʭ ʢʘʧʶʰʦʥʽʚ ʙʫʣʦ 

ʙʣʠʟʴʢʠʤ ʜʦ 4,0 ʣ. ʋ ʧʝʨʰʽ 4 ʭʚ. ʨʝʣʘʢʩʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʠʞʝʥʥʷ FEV1, 

ʧʨʠʯʦʤʫ ʫ ʢʘʧʶʰʦʥʽ çʇʫʣʴʩè ʚʦʥʦ ʙʫʣʦ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤ ʽ ʜʦʩʷʛʘʣʦ 

ʤʽʥʽʤʫʤʫ ʙʣʠʟʴʢʦ 3,6 ʣ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ ʧʘʜʽʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʙʫʣʦ ʤʝʥʰ ʛʣʠʙʦʢʠʤ, ʥʝ ʥʠʞʯʝ ʨʽʚʥʷ 3,75 ʣ. 

ʇʦʜʘʣʴʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʩʪʫʧʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʭʘʥʥʷ. ʋ ʢʘʧʶʰʦʥʽ çʇʫʣʴʩè ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʽʜʙʫʚʘʣʦʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʪʦʤʫ ʥʘ 12-ʡ ʭʚʠʣʠʥʽ ʢʦʥʪʨʦʣʶʚʘʥʥʷ FEV1 ʩʪʘʥʦʚʠʚ 

ʙʣʠʟʴʢʦ 4,05 ʣ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʧʦʚʥʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ. 

ʅʘʪʦʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ ʟʘʙʝʟʧʝʯʠʣʦ 

ʰʚʠʜʰʝ ʽ ʙʽʣʴʰ ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ. ʊʘʢ, ʜʦ ʢʽʥʮʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʯʝʥʥʷ 

FEV1 ʟʨʦʩʣʦ ʤʘʡʞʝ ʜʦ 4,2 ʣ, ʧʝʨʝʚʠʱʠʚʰʠ ʚʠʭʽʜʥʠʡ ʨʽʚʝʥʴ. ʆʪʞʝ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʢʘʧʶʰʦʥʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʤʝʥʰʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʬʫʥʢʮʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʜʠʭʘʥʥʷ ʪʘ ʩʧʨʠʷʚ ʰʚʠʜʰʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ 

ʧʦʢʘʟʥʠʢʽʚ FEV1 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʧʶʰʦʥʦʤ çʇʫʣʴʩè. 

ʉʠʥʫʩʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʽʢʠ ʧʦʢʘʟʥʠʢʽʚ FEV1 ʪʘ PEF ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ 

ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʜʠʭʘʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʽʩʣʷ ʟʥʠʢʥʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʟʥʠʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʜʠʭʘʣʴʥʽ ʤôʷʟʠ, 

ʷʢʽ ʧʨʘʮʶʚʘʣʠ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʠʤʯʘʩʦʚʦ ʚʪʨʘʯʘʶʪʴ 

ʦʧʪʠʤʘʣʴʥʠʡ ʪʦʥʫʩ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʘʜʽʥʥʷ ʦʙôʻʤʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʋ ʮʝʡ 

ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʚʦʻʨʽʜʥʘ çʨʦʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴè ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦʜʘʣʴʰʘ ʬʘʟʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʨʝʣʘʢʩʘʮʽʻʶ ʤôʷʟʽʚ, 

ʥʦʨʤʘʣʽʟʘʮʽʻʶ ʥʝʨʚʦʚʦ-ʤôʷʟʦʚʦʾ ʨʝʛʫʣʷʮʽʾ ʪʘ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ 

ʦʨʛʘʥʽʟʤʫ ʥʘ ʨʝʞʠʤ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ ʜʠʭʘʥʥʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʢʘʟʥʠʢʠ 

FEV1 ʪʘ PEF ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʘʙʦ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ, 

ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʘʢʪʠʚʘʮʽʶ ʢʦʤʧʝʥʩʘʪʦʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʝʬʝʢʪ ʧʽʩʣʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɺʦʜʥʦʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʶʰʦʥʽʚ ʽʟ ʤʦʪʦʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʦʢʨʝʤʘ 

PAPR (Powered Air-Purifying Respirator) ʟʥʠʞʫʻ ʘʙʦ ʧʦʚʥʽʩʪʶ ʫʩʫʚʘʻ 

ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ. ʎʝ ʤʦʞʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʯʘʪʢʦʚʝ ʧʘʜʽʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʩʧʨʠʷʪʠʤʝ ʙʽʣʴʰ ʧʣʘʚʥʦʤʫ ʧʝʨʝʭʦʜʫ ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦ 

ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʤʝʥʰʫʶʯʠ ʚʠʨʘʞʝʥʽʩʪʴ ʩʠʥʫʩʦʧʦʜʽʙʥʠʭ 

ʢʦʣʠʚʘʥʴ ʽ ʧʦʢʨʘʱʫʶʯʠ ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʧʶʰʦʥʽʚ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʱʦʜʦ ʚʧʣʠʚʫ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʠʭʘʥʥʷ ʪʘ ʤʦʞʝ 

ʦʙʤʝʞʫʚʘʪʠ ʬʽʟʠʯʥʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ [55]. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʘʜʽʥʥʷʤ FEV1 ʽ PEF ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʙʦʪʠ ʪʘ ʫʧʦʚʽʣʴʥʝʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ. 

ʅʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʢʘʧʶʰʦʥʽʚ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ PAPR, ʟʘʙʝʟʧʝʯʫʻ ʤʝʥʰʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʠʭʘʣʴʥʫ ʬʫʥʢʮʽʶ. ʇʦʨʽʚʥʷʥʦ ʟ ʢʘʧʶʰʦʥʦʤ çʇʫʣʴʩè ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʘʭ ʚʽʜʟʥʘʯʘʣʦʩʷ ʤʝʥʰ ʚʠʨʘʞʝʥʝ ʟʥʠʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʰʚʠʜʰʝ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʟʘʪʨʘʪ, ʟʥʠʞʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʢʨʘʱʫ 

ʘʜʘʧʪʘʮʽʶ ʦʨʛʘʥʽʟʤʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʶʰʦʥʽʚ ʽʟ ʩʠʩʪʝʤʘʤʠ PAPR ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʟʤʝʥʰʫʶʪʴ ʦʧʽʨ ʜʠʭʘʥʥʶ, ʤʽʥʽʤʽʟʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʩʧʨʠʷʶʪʴ ʧʽʜʪʨʠʤʘʥʥʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʪʨʠʚʘʣʦʛʦ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [56]. 
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1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʝ ʧʦʛʽʨʰʫʻ ʢʦʛʥʽʪʠʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʧʦʩʠʣʝʥʥʶ ʟʙʫʜʞʝʥʥʷ 

ʚʽʜʟʥʘʯʝʥʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʭʦʯʘ ʦʜʥʦʯʘʩʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʣʝ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʛʥʽʪʠʚʥʠʭ ʨʠʟʠʢʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ ʫ ʚʠʨʦʙʥʠʯʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʙʽʨʣʠʚʦʩʪʽ ʩʣʽʚ ʫ 

ʨʝʩʧʽʨʘʪʦʨʘʭ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ, ʱʦ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʧʨʠ ʟʤʽʥʽ ʤʦʜʝʣʝʡ ʨʝʩʧʽʨʘʪʦʨʽʚ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʥʘ ʷʢʽʩʪʴ 

ʤʦʚʣʝʥʥʷ ʻ ʥʝʟʥʘʯʥʠʤ (2ï11 %), ʧʨʦʪʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʩʪʫʧʝʥʷ ʧʨʠʣʷʛʘʥʥʷ ʧʽʚʤʘʩʢʠ ʜʦ ʦʙʣʠʯʯʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʟʦʚʠʤ ʨʽʚʥʝʤ ʨʦʟʙʽʨʣʠʚʦʩʪʽ (98,5 %), ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʟʥʠʞʫʻ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʜʦ 87ï94 % ʧʨʠ ʨʦʟʤʦʚʽ ʥʘ ʛʫʯʥʦʤʦʚʮʽ ʪʘ ʜʦ 92ï96 % ʧʨʠ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʝʣʝʬʦʥʫ ʙʽʣʷ ʚʫʭʘ. 

3. ɼʦʚʝʜʝʥʦ, ʱʦ ʥʘ ʯʽʪʢʽʩʪʴ ʤʦʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʛʫʯʥʽʩʪʴ ʽ 

ʪʝʤʧ ʧʨʦʤʦʚʠ. ʆʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʻ ʩʝʨʝʜʥʽʡ ʪʝʤʧ (100ï110 

ʩʣʽʚ/ʭʚ.). ɿʤʝʥʰʝʥʥʷ ʪʝʤʧʫ ʫ ʜʚʘ ʨʘʟʠ ʧʦʢʨʘʱʫʻ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʥʘ 4ï5 %, ʪʦʜʽ 

ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʛʫʯʥʦʩʪʽ ʧʦʥʘʜ 70 ʜɹ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʥʠʞʫʻ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʜʦ 10 %, ʧʨʦʪʝ ʝʬʝʢʪ ʤʦʞʥʘ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷʤ ʪʝʤʧʫ ʽ ʛʫʯʥʦʩʪʽ ʧʨʦʤʦʚʠ. ɼʦʜʘʪʢʦʚʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʬʦʨʤʠ ʨʝʩʧʽʨʘʪʦʨʘ ʥʘ ʯʽʪʢʽʩʪʴ ʚʠʤʦʚʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʨʫʭʣʠʚʦʩʪʽ ʤʽʤʽʯʥʠʭ ʤôʷʟʽʚ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʝʩʧʽʨʘʪʦʨʘ ʫ ʬʦʨʤʽ 

ʢʘʧʶʰʦʥʫ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʟʫʩʠʣʴ ʥʘʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʫ, ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʱʽʣʠʥ 

ʧʦ ʣʽʥʽʾ ʦʙʪʶʨʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʟʘʭʠʩʥʠʡ ʝʬʝʢʪ ʧʨʠ 
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ʪʨʠʚʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʂʨʽʤ ʪʦʛʦ, ʣʠʮʝʚʘ ʯʘʩʪʠʥʘ ʨʝʩʧʽʨʘʪʦʨʘ ʫ ʬʦʨʤʘ 

ʢʘʧʶʰʦʥʫ ʧʽʜʚʠʱʫʻ ʢʦʤʬʦʨʪ ʢʦʨʠʩʪʫʚʘʯʘ, ʦʩʢʽʣʴʢʠ ʟʥʠʞʫʻ ʣʦʢʘʣʴʥʽ ʪʠʩʢʠ 

ʥʘ ʜʽʣʷʥʢʠ ʰʢʽʨʠ ʪʘ ʫʩʫʚʘʻ ʢʦʥʪʘʢʪʥʽ ʧʦʜʨʘʟʥʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʛʫʤʦʚʠʭ ʪʘʩʴʤ. 

5. ʊʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ ʜʣʷ ʧʦʜʘʯʽ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʜʦ 

ʢʘʧʶʰʦʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʘʥʛʘ ʟ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 32 ʤʤ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʧʦʪʦʢʫ, 

ʟʫʤʦʚʣʝʥʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʪʝʨʪʷʤ ʽ ʧʽʜʚʠʱʝʥʦʶ ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, 

ʤʘʪʝʨʽʘʣ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ 

ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ: ʥʘʡʢʨʘʱʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ ʩʠʣʽʢʦʥ, ʷʢʠʡ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʥʠʟʴʢʦʶ ʰʦʨʩʪʢʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʝʥʠʤ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʚ [21], [25], [36], [49], [50]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʂʆʅʉʊʈʋʂʎɯɰ ʄʆʊʆʈʆɺʆɻʆ ʌɯʃʔʊʈʋɺɸʃʔʅʆɻʆ 

ʈɽʉʇɯʈɸʊʆʈɸ ɿ ʂɸʇʖʐʆʅʆʄ 

 

3.1 ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ 

 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ 

ʤʦʪʦʨʠʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʩʬʦʨʤʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ 

ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʪʘ ʝʨʛʦʥʦʤʽʢʠ. ʋ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʪʘ ʧʘʥʜʝʤʽʡ 

ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʽʡʩʴʢʦʚʠʭ, ʤʝʜʠʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʘʚʘʨʽʡʥʦ-ʨ̫ ʪʫʚʘʣʴʥʠʭ ʩʣʫʞʙ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʫ ʪʘʢʠʭ 

ʩʠʪʫʘʮʽʷʭ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ɿɯɿʆɼ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʣʠʰʝ 

ʥʘʜʽʡʥʠʡ ʙʘʨôʻʨ ʚʽʜ ʥʝʙʝʟʧʝʯʥʠʭ ʘʛʝʥʪʽʚ ʪʘ ʨʝʯʦʚʠʥ, ʘʣʝ ʡ ʢʦʤʬʦʨʪ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʄʦʪʦʨʦʚʘʥʽ ɿɯɿʆɼ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʘʤʦʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʢʪʠʚʥʫ ʧʦʜʘʯʫ ʦʯʠʱʝʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʬʽʟʽʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ [1]. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ, ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ [2] ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʦʪʦʨʦʚʘʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʨʝʩʧʽʨʘʪʦʨʠ ʟ ʢʘʧʶʰʦʥʦʤ (ʄʌʈ) ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʽ ʨʽʚʥʽ, ʘ ʪʨʘʜʠʮʽʡʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʨʝʩʧʽʨʘʪʦʨʠ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʘʙʦ ʩʪʚʦʨʶʶʪʴ ʥʘʜʤʽʨʥʝ 

ʬʽʟʽʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘʢʽ ʟʘʩʦʙʠ ʻ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ: 
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- ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʦʢʩʠʯʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʯʦʚʠʥ (TPV), ʘʝʨʦʟʦʣʽʚ, 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ; 

- ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʠʣʫ ʪʘ ʜʠʤʫ, ʚʢʣʶʯʥʦ ʟ ʧʨʦʜʫʢʪʘʤʠ 

ʛʦʨʽʥʥʷ; 

- ʩʝʨʝʜʦʚʠʱʝ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʜʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʫ ʟʦʥʽ ʜʠʭʘʥʥʷ; 

- ʧʨʠʩʫʪʥʽ ʙʽʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʨʫʩʥʽ ʪʘ ʙʘʢʪʝʨʽʘʣʴʥʽ 

ʢʦʥʪʘʤʽʥʘʮʽʾ; 

- ʩʝʨʝʜʦʚʠʱʝ ʟʽ ʟʥʠʞʝʥʦʶ ʚʠʜʠʤʽʩʪʶ, ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʙʦ 

ʨʠʟʠʢʦʤ ʦʧʽʢʽʚ, ʢʦʣʠ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ; 

- ʧʨʠʩʫʪʥʽʡ ʨʠʟʠʢ ʨʽʟʢʠʭ ʧʽʢʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʯʝʨʝʟ ʚʠʙʫʭʠ, ʨʫʡʥʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʚʠʢʠʜʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʘʩʦʢ ʽʟ ʞʦʨʩʪʢʠʤ ʣʠʮʴʦʚʠʤ ʫʱʽʣʴʥʝʥʥʷʤ, ʢʦʥʩʪʨʫʢʮʽʷ 

ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʚ ʬʦʨʤʽ ʢʘʧʶʰʦʥʫ ʟʘʙʝʟʧʝʯʫʻ: 

- ʟʘʭʠʩʪ ʥʝ ʣʠʰʝ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʘ ʡ ʛʦʣʦʚʠ, ʰʠʾ ʪʘ ʯʘʩʪʠʥʠ ʚʝʨʭʥʴʦʛʦ 

ʧʣʝʯʦʚʦʛʦ ʧʦʷʩʘ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʚʧʣʠʚʫ ʬʦʨʤʠ ʦʙʣʠʯʯʷ, ʥʘʷʚʥʦʩʪʽ ʙʦʨʦʜʠ ʪʘ ʥʦʩʽʥʥʷ 

ʦʢʫʣʷʨʽʚ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʟʤʝʥʰʝʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʥʘʜʷʛʘʥʥʷ ʘʙʦ ʧʨʠʧʘʩʫʚʘʥʥʷ; 

-  ʢʦʤʬʦʨʪʥʫ ʪʨʠʚʘʣʫ ʨʦʙʦʪʫ ʙʝʟ ʥʘʜʤʽʨʥʦʛʦ ʪʠʩʢʫ ʥʘ ʦʙʣʠʯʯʷ. 

ɺʠʱʝ ʟʘʟʥʘʯʝʥʽ ʚʢʘʟʫʶʪʴ, ʱʦ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʟʘʩʽʙ ʟʘʭʠʩʪʫ ʥʝʦʙʭʽʜʥʦ ʥʘʜʷʛʘʪʠ ʰʚʠʜʢʦ, ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʢʦʣʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʨʦʟʰʠʨʝʥʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʷʪʫʚʘʣʴʥʠʢʘʤʠ ɼʉʅʉ ʪʘ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʧʨʘʮʽʚʥʠʢʠ ʪʘʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ [3]. ʊʦʤʫ ʧʨʦʬʝʩʽʡʥʽ ʨʷʪʫʚʘʣʴʥʠʢʠ ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ, ʥʘʜʘʶʯʠ ʧʝʨʝʚʘʛʫ ʤʘʩʢʘʤ ʟ ʙʘʣʦʥʘʤʠ ʟ 

ʢʠʩʥʝʚʠʤ ʩʫʤʽʰʘʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ 
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ʧʨʦʩʪʦʨʽ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʨʠʟʠʢʘʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʱʦʜʦ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝ 

ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʈʦʟʨʦʙʣʶʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʄʌʈ ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʠʚʽʣʴʥʠʤʠ ʦʩʦʙʘʤʠ, ʷʢʽ ʻ ʚʦʣʦʥʪʝʨʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʨʷʪʫʚʘʣʴʥʠʭ 

ʨʦʙʦʪʘʭ ʥʘ ʜʦʙʨʦʚʽʣʴʥʠʭ ʟʘʩʘʜʘʭ [4, 5] ʘʙʦ ʤʦʞʫʪʴ ʦʧʠʥʠʪʠʩʷ ʚ ʦʩʝʨʝʜʢʘʭ 

ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫʥʘʩʣʽʜʦʢ: 

- ʪʝʭʥʦʛʝʥʥʠʭ ʘʚʘʨʽʡ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ; 

- ʧʦʞʝʞ ʫ ʞʠʪʣʦʚʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʣʷʭ; 

- ʘʚʘʨʽʡ ʽʟ ʚʠʢʠʜʦʤ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʘʤʽʘʢ, ʭʣʦʨ, ʬʝʥʦʣʠ ʪʦʱʦ); 

- ʩʠʪʫʘʮʽʡ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʫʜʘʨʠ ʧʦ ʢʨʠʪʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, 

ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʘʜʽʚ, ʟʘʜʠʤʣʝʥʥʷ ʧʽʩʣʷ ʧʦʞʝʞ); 

- ʝʚʘʢʫʘʮʽʡʥʠʭ ʨʦʙʽʪ ʫ ʟʦʥʘʭ ʨʫʡʥʫʚʘʥʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʬʝʩʽʡʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʜʣʷ ʨʷʪʫʚʘʣʴʥʠʢʽʚ, 

ʢʦʥʩʪʨʫʢʮʽʷ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʦʩʽʙ ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʘ ʮʝ ʦʟʥʘʯʘʻ: 

- ʥʘʷʚʥʽʩʪʴ ʩʧʨʦʱʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘʜʷʛʘʥʥʷ (ʟʘʧʘʩ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʢʘʧʶʰʦʥʘ); 

- ʘʚʪʦʤʘʪʠʯʥʽ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʙʝʟ ʨʫʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ; 

- ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ; 

- ʥʝ ʟʥʘʯʥ ̔ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʮʠʚʽʣʴʥʠʭ ʫʤʦʚʘʭ ʘʙʦ ʧʨʠ ʝʚʘʢʫʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜ ʯʘʩ ʅʉ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ɿɯɿʆɼ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʥʘʧʽʚʣʝʞʘʯʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʄʌʈ ʥʝ 

ʣʠʰʝ ʧʽʜ ʯʘʩ ʭʦʜʴʙʠ ʯʠ ʩʪʦʷʥʥʷ, ʘʣʝ ʡ ʫ ʧʦʣʦʞʝʥʥʷʭ, ʱʦ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʽʡ ʧʨʠ ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʘʭ ʯʠ ʩʘʤʦʝʚʘʢʫʘʮʽʾ. 

ʋʟʘʛʘʣʴʥʝʥʦ ʜʘʥʽ ʱʦʜʦ ʚʠʤʦʛ ʪʘ ʦʙʤʝʞʝʥʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ɿɯɿʆɼ ʚ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 
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ʊʘʙʣʠʮʷ 3.1 ï ɼʘʥʽ ʱʦʜʦ ʚʠʤʦʛ ʪʘ ʦʙʤʝʞʝʥʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ɿɯɿʆɼ ʚ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʂʨʠʪʝʨʽʡ ʦʮʽʥʢʠ 
ʈʷʪʫʚʘʣʴʥʠʢʠ (ɼʉʅʉ, 

ʧʨʦʬʝʩʽʦʥʘʣʠ) 

ʎʠʚʽʣʴʥʽ / ʚʦʣʦʥʪʝʨʠ, ʱʦ 

ʟʘʣʫʯʝʥʽ ʜʦ ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ 

1. ʊʠʧʠ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ɸʧʘʨʘʪʠ ʥʘ ʩʪʠʩʥʝʥʦʤʫ ʧʦʚʽʪʨʽ ʟ 

ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ ʫ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʤʘʩʢʘʤʠ. 

ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ ʘʙʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʽ ɿɯɿʆɼ ʽʟ 

ʘʚʪʦʤʘʪʠʯʥʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ, 

ʙʝʟ ʧʦʪʨʝʙʠ ʧʝʨʝʚʽʨʢʠ 

ʧʨʠʣʷʛʘʥʥʷ. 

2. ʆʙʤʝʞʝʥʥʷ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ 

ɺʠʤʦʛʠ ʜʦ ʛʝʨʤʝʪʠʯʥʦʩʪ̔ 

(ʧʨʘʚʠʣʴʥʝ ʥʘʜʷʛʘʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʦʣʦʩʷʥʦʛʦ ʧʦʢʨʠʚʫ)  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʩʧʝʮʽʘʣʴʥʦ 

ʧʽʜʛʦʪʦʚʣʝʥʠʤʠ ʥʘʚʯʝʥʠʤʠ 

ʦʩʦʙʘʤʠ. 

ʅʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʝʨʝʜʦʚʠʱ, ʜʝ 

ʧʦʪʨʽʙʝʥ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʟʘʭʠʩʪʫ (ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʢʨʠʪʠʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʫʤʦʚʠ).  

ʅʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʦʬʝʩʽʡʥʠʤʠ ʨʷʪʫʚʘʣʴʥʠʤʠ 

ʧʽʜʛʦʟʜʽʣʘʤʠ ɼʉʅʉ. 

3. ʈʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʫʜʴ-ʷʢʠʭ 

ʫʤʦʚʘʭ, ʜʝ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʙʦʪʫ ʚ 

ʩʠʣɹʥʦ ʟʘʙʨʫʜʥʝʥʦʤʫ ʘʙʦ 

ʥʝʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʜʠʭʘʥʥʷ 

ʩʝʨʝʜʦʚʠʱʽ 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʪʝʭʥʦʛʝʥʥʠʭ 

ʘʚʘʨʽʷʭ, ʧʦʞʝʞʘʭ, ʨʫʡʥʫʚʘʥʥʷʭ, 

ʧʽʜ ʯʘʩ ʝʚʘʢʫʘʮʽʾ.  

ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʪʘʤ, ʜʝ ʪʨʝʙʘ 

ʰʚʠʜʢʦ ʥʘʜʷʛʪʠ, ʧʨʘʮʶʚʘʪʠ ʙʝʟ 

ʥʘʚʯʘʥʥʷ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʭʠʩʪʫ 

ʛʦʣʦʚʠ, ʰʠʾ ʪʘ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. 

4. ʆʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ 

ɾʦʨʩʪʢʘ ʤʘʩʢʘ, ʧʽʜʤʘʩʢʦʚʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʪʠʩʢ, ʛʝʨʤʝʪʠʟʘʮʽʷ, 

ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

ʂʘʧʶʰʦʥ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ 

ʪʦʯʥʦʛʦ ʧʨʠʧʘʩʫʚʘʥʥʷ ʘʙʦ 

ʘʚʪʦʤʘʪʠʯʥʘ ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ, 

ʤʽʥʽʤʫʤ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ. 

5. ʌʽʟʽʦʣʦʛʽʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɺʠʩʦʢʝ, ʙʦ ʩʧʦʨʷʜʞʝʥʥʷ ʚʘʞʯʝ, 

ʚʠʤʘʛʘʻ ʭʦʨʦʰʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʩʪʘʥʫ. 

ʅʠʟʴʢʝ: ʤʦʪʦʨʦʚʘʥʘ ʧʦʜʘʯʘ 

ʧʦʚʽʪʨʷ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʢʘʧʶʰʦʥ ʥʝ ʪʠʩʥʝ ʥʘ ʦʙʣʠʯʯʷ. 

6. ʇʦʣʦʞʝʥʥʷ ʪʽʣʘ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʄʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʥʷʭ, ʘʣʝ ʦʙʣʘʜʥʘʥʥʷ 

ʚʘʞʢʝ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ 

ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʨʦʙʦʪʠ ʫ 

ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ, ʘʣʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʙʤʝʞʝʥʥʷ. 

7. ʇʦʪʨʝʙʘ ʫ 

ʥʘʚʯʘʥʥʽ 

ʅʝʦʙʭʽʜʥʝ ʩʧʝʮʽʘʣʴʥʝ ʥʘʚʯʘʥʥʷ, 

ʨʝʛʫʣʷʨʥʽ ʪʨʝʥʫʚʘʥʥʷ. 

ʄʽʥʽʤʘʣʴʥʘ, ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʣʶʜʝʡ ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ. 

8. ʊʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʉʢʣʘʜʥʝ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʝ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʪʝʭʩʧʝʮʽʘʣʽʩʪʘʤʠ. 

ʄʽʥʽʤʘʣʴʥʝ, ʬʽʣʴʪʨʠ ʟʘʤʽʥʥʽ, 

ʩʠʩʪʝʤʘ ʧʨʦʩʪʘ ʫ ʜʦʛʣʷʜʽ. 

ɼʣʷ ʮʴʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʄʌʈ ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ: 

1. ʉʠʩʪʝʤʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʦʨʽʻʥʪʘʮʽʾ ʪʽʣʘ. 

ɺʝʥʪʠʣʷʪʦʨ ʽ ʙʣʦʢ ʬʽʣʴʪʨʘʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ʱʦʙ ʫʥʠʢʘʪʠ ʧʝʨʝʢʨʠʪʪʷ 
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ʚʭʽʜʥʠʭ ʦʪʚʦʨʽʚ. ʇʦʚʽʪʨʦʟʘʙʽʨʥʠʢʠ ʤʘʶʪʴ ʟʘʭʠʩʪ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʟʘʢʨʠʪʪʷ ʪʘ 

ʚʽʜ ʧʦʧʘʜʘʥʥʷ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ. 

2. ɻʥʫʯʢʽʩʪʴ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ ʜʦʟʚʦʣʷʻ 

ʢʦʨʧʫʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʪʦʨʢʘʪʠʩʷ ʧʦʚʝʨʭʥʽ ʙʝʟ ʡʦʛʦ ʧʝʨʝʛʠʥʘʥʥʷ. ɾʦʨʩʪʢʽ 

ʜʽʣʷʥʢʠ ʤʽʥʽʤʽʟʦʚʘʥʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʣʦʤʽʚ ʢʘʥʘʣʫ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

3. ʉʪʘʙʽʣʴʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ. 

ɸʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʫ ʢʦʤʧʝʥʩʫʻ ʟʤʽʥʫ ʦʧʦʨʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʙʦ 

ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʪʽʣʘ. ɼʦʜʘʪʢʦʚʘ ʢʘʤʝʨʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʠʩʢʫ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʢʘʧʶʰʦʥʘ ʟʘʧʦʙʽʛʘʻ ʡʦʛʦ ʧʨʠʣʠʧʘʥʥʶ ʜʦ ʦʙʣʠʯʯʷ ʫ ʨʘʟʽ ʟʤʽʥʠ ʧʦʟʠ. 

4. ɿʘʭʠʩʪ ʦʛʣʷʜʦʚʦʛʦ ʚʽʢʥʘ. ʂʫʪʦʚʘ ʛʝʦʤʝʪʨʽʷ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ 

ʟʘʙʝʟʧʝʯʫʻ ʦʛʣʷʜ ʥʘʚʽʪʴ ʫ ʣʝʞʘʯʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʇʨʦʪʠʟʘʧʦʪʽʚʘʣʴʥʽ ʢʘʥʘʣʠ 

ʩʧʨʷʤʦʚʫʶʪʴ ʪʝʧʣʝ ʧʦʚʽʪʨʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʫʥʠʢʘʪʠ ʫʪʚʦʨʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʫ ʩʮʝʥʘʨʽʷʭ, 

ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʟʤʫʰʝʥʠʡ ʧʝʨʝʩʫʚʘʪʠʩʴ ʥʠʟʴʢʦ, ʧʨʦʢʣʘʜʘʪʠ ʰʣʷʭ ʢʨʽʟʴ 

ʟʘʚʘʣʠ, ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʠ ʫ ʣʝʞʘʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʘʙʦ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ ʨʦʟʨʦʙʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʥʮʠʧʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ, ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ [6] ʪʘ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʜʦ ʫʤʦʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʨʘʭʦʚʘʥʦ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʪʠʧʦʨʦʟʤʽʨʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʘʭʠʩʥʽ ʝʣʝʤʝʥʪʠ 

ʙʫʜʝ ʽʥʪʝʛʨʦʚʘʥʦ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ: ʢʘʧʶʰʦʥ ʧʦʻʜʥʘʥʦ ʟ ʢʘʩʢʦʶ, ʱʦ ʟʤʝʥʰʫʻ 

ʚʘʛʫ ʪʘ ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘʜʷʛʘʥʥʷ. ʉʠʩʪʝʤʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʘ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʪʦʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʬʽʣʴʪʨʘ ʪʘ ʜʠʭʘʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʝʙʝʟʧʝʢʠ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʥʽʪʦʨʠʥʛ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʍɹʈʗ-ʟʘʛʨʦʟ, ʘ ʝʨʛʦʥʦʤʽʯʥʽ ʨʽʰʝʥʥʷ, ʪʘʢʽ 

ʷʢ ʟʥʠʞʝʥʥʷ ʚʘʛʠ, ʰʫʤʦʟʘʭʠʩʪ ʽ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ 
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ʧʣʝʯʦʚʫ ʩʠʩʪʝʤʫ ʟ ʧʦʷʩʥʠʤ ʨʝʤʝʥʝʤ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʬʦʨʪ ʪʨʠʚʘʣʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʄʌʈ ʨʦʟʨʦʙʣʷʣʘʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ɿɯɿʆɼ, ʘ ʩʘʤʝ: 

- ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʘʢʪʠʚʥʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʩʪʘʙʽʣʴʥʠʡ 

ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʚ ʟʦʥʫ ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ;  

- ʤʦʜʫʣʴʥʽʩʪʴ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʟʘʤʽʥʝʥʽ ʙʝʟ ʚʪʨʘʪʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʫ ʪʘ ʯʘʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ;  

- ʝʨʛʦʥʦʤʽʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʟʨʫʯʥʽʩʪʴ ʥʦʩʽʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʰʫʤʫ; ʘ 

ʪʘʢʦʞ 

- ʥʘʜʽʡʥʽʩʪʴ, ʷʢʘ ʛʘʨʘʥʪʫʻ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ, 

ʧʠʣʫ ʪʘ ʚʦʣʦʛʠ ʟ ʧʦʚʽʪʨʷ [7, 8]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʙʫʜʝ ʚʧʨʦʚʘʜʞʝʥʦ 

ʥʠʟʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʟʦʢʨʝʤʘ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʢ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

- ʽʥʪʝʛʨʘʮʽʶ ʟ ʩʠʩʪʝʤʘʤʠ ʟʚôʷʟʢʫ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ ʫ ʢʨʠʪʠʯʥʠʭ 

ʫʤʦʚʘʭ; 

- ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʪʘ 

- ʘʚʘʨʽʡʥʝ ʦʧʦʚʽʱʝʥʥʷ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʙʦ 

ʚʽʜʤʦʚʽ ʩʠʩʪʝʤʠ. 

 

3.2 ʆʮʽʥʢʘ ʨʠʟʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʪʦʨʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟ ʢʘʧʶʰʦʥʦʤ ʥʝʦʙʭʽʜʥʠʤ ʻ 

ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʚʽʜʤʦʚ ʾʭʥʽʭ ʝʣʝʤʝʥʪʽʚ ʽ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ [9, 10]. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 
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ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʮʴʦʛʦ ʮʝ ʤʝʪʦʜ FMEA (Failure Mode and Effects Analysis) 

çɸʥʘʣʽʟ ʚʠʜʽʚ ʽ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚè [11]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ FMEA ʜʦ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʥʦ ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʫʥʘʩʣʽʜʦʢ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ ʢʦʤʧʦʥʝʥʪʽʚ [12]. ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʤʦʚʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʧʠʥʝʥʥʷʤ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ 

(ʟʫʧʠʥʢʘ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʝʩʧʨʘʚʥʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʘ, ʚʽʜôʻʜʥʘʥʥʷ ʰʣʘʥʛʘ). 

ɺʦʜʥʦʯʘʩ ʽʥʪʝʛʨʘʮʽʷ ʟʘʭʠʩʥʦʾ ʢʘʩʢʠ ʟʘ EN 397 ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ 

ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʬʽʟʠʯʥʠʭ ʫʰʢʦʜʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ FMEA ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʙʝʟʧʝʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʊʦʞ, ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʫ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʚʽʜʤʦʚ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʩʧʽʨʘʪʦʨʘ, ʚʠʟʥʘʯʝʥʥʽ ʾʭʥʽʭ 

ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʨʘʥʞʫʚʘʥʥʽ ʨʠʟʠʢʽʚ ʟʘ 

ʧʨ̔ʦʨʠʪʝʪʥʽʩʪʶ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʘʙʦ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʭ ʨʠʟʠʢʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʨʦʙʫ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʨʦʙʽʪ ʪʘ ʩʪʚʦʨʝʥʥʷ ʛʨʫʧʠ 

ʝʢʩʧʝʨʪʽʚ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʤʦʪʦʨʦʚʠʡ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʨʝʩʧʽʨʘʪʦʨ 

ʽʟ ʢʘʧʶʰʦʥʦʤ, ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʦʛʦ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ: 

- ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ ʽʟ ʚʝʥʪʠʣʷʪʦʨʦʤ; 

- ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ;  

- ʙʣʦʢ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ;  

- ʰʣʘʥʛ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ;  

- ʢʘʧʶʰʦʥ ʽʟ ʦʛʣʷʜʦʚʠʤ ʩʢʣʦʤ;  

- ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʧʶʰʦʥʫ ʟʘʭʠʩʥʘ ʢʘʩʢʘ (EN 397); ʘ ʪʘʢʦʞ  

- ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʜʠʢʘʮʽʾ ʨʦʙʦʪʠ ʟ ʤʝʨʝʞʝʶ ʜʘʪʯʠʢʽʚ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ FMEA ʬʦʨʤʫʚʘʣʘʩʴ ʛʨʫʧʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʣʠ 

ʝʢʩʧʝʨʪʠ ʟ ʊʆɺ ʅɺʇ çʉʊɸʅɼɸʈʊè (ʤ. ɼʥʽʧʨʦ), ʷʢʝ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ 
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ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ɼʦ ʛʨʫʧʠ 

ʝʢʩʧʝʨʪʽʚ ʫʚʽʡʰʣʠ ʽʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʬʘʭʽʚʝʮʴ ʟ ʝʣʝʢʪʨʦʥʽʢʠ, ʽʥʞʝʥʝʨ ʟ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʘ ʪʘʢʦʞ ʚʠʧʨʦʙʫʚʘʯʽ, ʱʦ ʙʫʣʠ ʟʘʣʫʯʝʥʽ ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʘʧʶʰʦʥʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʭʦʧʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ 

ʘʩʧʝʢʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʛʦ ʟʘʩʦʙʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʜʝʪʘʣʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʾʾ ʨʦʟʙʠʪʪʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʽʜʩʠʩʪʝʤʠ ʟʦʢʨʝʤʘ: 

- ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ (ʚʝʥʪʠʣʷʪʦʨ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ); 

- ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ ʪʘ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ; 

- ʬʽʣʴʪʨʠ ʪʘ ʟôʻʜʥʫʚʘʯʽ ʜʦ ʥʠʭ; 

- ʰʣʘʥʛ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʟôʻʜʥʘʥʥʷ ʟ ʤʦʪʦʨʦʚʠʤ ʙʣʦʢʦʤ ʪʘ 

ʢʘʧʶʰʦʥʦʤ; 

- ʣʠʮʝʚʘ ʯʘʩʪʠʥʘ ʟ ʢʘʧʶʰʦʥʦʤ ʪʘ ʦʛʣʷʜʦʚʠʤ ʩʢʣʦʤ; 

- ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʧʶʰʦʥʫ ʢʘʩʢʘ ʟʛʽʜʥʦ EN 397; 

- ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ ʽʥʜʠʢʘʮʽʾ. 

ʊʘʢʝ ʨʦʟʙʠʪʪʷ ʜʦʟʚʦʣʷʻ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʦʢʨʝʤʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʤʦʞʣʠʚʽ ʚʠʜʠ ʚʽʜʤʦʚ ʪʘ ʾʭʥʽ ʥʘʩʣʽʜʢʠ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ 

ʚʽʜʤʦʚ, ʜʝ ʜʣʷ ʢʦʞʥʦʾ ʝʣʝʤʝʥʪʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʣʠʩʴ 

ʭʘʨʘʢʪʝʨʥʽ ʚʽʜʤʦʚʠ (ʪʘʙʣ. 3.2) ʪʘ ʚʠʟʥʘʯʘʣʠʩʴ ʧʦʪʝʥʮʽʡʥʽ ʥʘʩʣʽʜʢʠ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ. ʄʝʪʦʜ FMEA 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ: 

Severity (S) ï ʩʝʨʡʦʟʥʽʩʪʴ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

Occurrence (O) ï ʯʘʩʪʦʪʘ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ; 

Detectability (D) ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʘ 

ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʂʦʞʝʥ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 10 ʙʘʣʽʚ. ʐʢʘʣʠ 

ʟʥʘʯʠʤʦʩʪʽ ʬʘʢʪʦʨʫ ʩʝʨʡʦʟʥʦʩʪʽ, ʯʘʩʪʦʪʠ, ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3. 

ɼʦʙʫʪʦʢ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫʪʚʦʨʶʻ ʯʠʩʣʦ ʧʨʽʦʨʠʪʝʪʫ ʨʠʟʠʢʫ (RPN): 

RPN=S Ĭ O Ĭ D,        (3.1) 
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ʊʘʙʣʠʮʷ 3.2 ï ʇʝʨʝʣʽʢ ʭʘʨʘʢʪʝʨʥʠʭ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʧʽʜʩʠʩʪʝʤ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ 

ɽʣʝʤʝʥʪ ʧʽʜʩʠʩʪʝʤʠ ʍʘʨʘʢʪʝʨʥʽ ʚʽʜʤʦʚʠ ʄʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ 

ʄʦʪʦʨʦʚʠʡ ʙʣʦʢ 

(ʚʝʥʪʠʣʷʪʦʨ, 

ʝʣʝʢʪʨʦʜʚʠʛʫʥ) 

ɿʥʦʩ ʧʽʜʰʠʧʥʠʢʽʚ, 

ʧʝʨʝʛʨʽʚ/ʟʘʤʠʢʘʥʥʷ ʜʚʠʛʫʥʘ, 

ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʟʘʢʣʠʥʶʚʘʥʥʷ ʯʝʨʝʟ ʧʠʣ/ʚʦʣʦʛʫ 

ʅʝʜʦʩʪʘʪʥʷ ʧʦʜʘʯʘ 

ʧʦʚʽʪʨʷ, ʧʽʜʚʠʱʝʥʠʡ 

ʰʫʤ ʽ ʚʽʙʨʘʮʽʾ, ʧʦʚʥʘ 

ʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠ 

ɸʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ 

ʪʘ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ 

ɺʪʨʘʪʘ ʻʤʥʦʩʪʽ, 

ʧʝʨʝʛʨʽʚ/ʨʦʟʜʫʚʘʥʥʷ, ʥʝʩʧʨʘʚʥʽʩʪʴ 

BMS, ʚʠʭʽʜ ʟ ʣʘʜʫ ʨʦʟôʻʤʽʚ, ʚʽʜʤʦʚʘ 

ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ, 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʨʷʜʢʠ, 

ʥʝʙʝʟʧʝʢʘ ʟʘʡʤʘʥʥʷ ʘʙʦ 

ʚʠʙʫʭʫ 

ʌʽʣʴʪʨʠ ʪʘ ʟôʻʜʥʫʚʘʯʽ 

ʜʦ ʥʠʭ 

ɿʘʙʠʚʘʥʥʷ ʧʠʣʦʤ/ʘʝʨʦʟʦʣʷʤʠ, 

ʪʨʽʱʠʥʠ ʢʦʨʧʫʩʫ, ʥʝʧʨʘʚʠʣʴʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ, ʩʪʘʨʽʥʥʷ ʩʦʨʙʝʥʪʫ, 

ʧʦʣʦʤʢʘ ʨʽʟʴʙʠ/ʬʽʢʩʘʪʦʨʽʚ 

ɿʨʦʩʪʘʥʥʷ ʦʧʦʨʫ 

ʜʠʭʘʥʥʶ, ʧʦʪʨʘʧʣʷʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʐʣʘʥʛ ʜʣʷ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ, ʟôʻʜʥʘʥʥʷ ʟ 

ʤʦʪʦʨʦʚʠʤ ʙʣʦʢʦʤ ʪʘ 

ʢʘʧʶʰʦʥʦʤ 

ʈʦʟʨʠʚ, ʧʨʦʢʦʣ, ʪʨʽʱʠʥʠ, ʧʝʨʝʛʠʥ 

ʘʙʦ ʩʧʣʶʱʝʥʥʷ, ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ 

ʩʪʠʢʽʚ, ʚʽʜʨʠʚ ʬʽʢʩʘʪʦʨʽʚ 

ɺʠʪʽʢ ʘʙʦ ʙʣʦʢʫʚʘʥʥʷ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʚʪʨʘʪʘ 

ʟʘʭʠʩʪʫ 

ʃʠʮʝʚʘ ʯʘʩʪʠʥʘ ʟ 

ʢʘʧʶʰʦʥʦʤ ʪʘ 

ʦʛʣʷʜʦʚʠʤ ʩʢʣʦʤ 

ʇʨʦʨʠʚ ʪʢʘʥʠʥʠ, ʨʦʟʰʠʚʘʥʥʷ ʰʚʽʚ, 

ʟʥʦʩ ʫʱʽʣʴʥʝʥʴ, 

ʧʦʜʨʷʧʠʥʠ/ʧʦʤʫʪʥʽʥʥʷ ʩʢʣʘ, 

ʟʘʧʦʪʽʚʘʥʥʷ, ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʧʨʠʣʷʛʘʥʥʷ 

ɿʥʠʞʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ, 

ʧʦʛʽʨʰʝʥʥʷ ʚʠʜʠʤʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ 

ʧʨʦʥʠʢʥʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ 

ɯʥʪʝʛʨʦʚʘʥʘ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʧʶʰʦʥʫ 

ʢʘʩʢʘ ʟʛʽʜʥʦ EN 397 

ʊʨʽʱʠʥʠ, ʚʤôʷʪʠʥʠ, ʩʪʘʨʽʥʥʷ 

ʤʘʪʝʨʽʘʣʫ, ʟʥʦʩ ʨʝʤʽʥʮʽʚ, ʧʦʣʦʤʢʘ 

ʨʝʛʫʣʷʪʦʨʽʚ 

ɺʪʨʘʪʘ ʟʘʭʠʩʪʫ ʛʦʣʦʚʠ 

ʚʽʜ ʫʜʘʨʽʚ, ʟʥʠʞʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʢʨʽʧʣʝʥʥʷ 

ʢʘʧʶʰʦʥʘ 

ɽʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ, ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ 

ʽʥʜʠʢʘʮʽʾ 

ɺʽʜʤʦʚʘ ʩʝʥʩʦʨʽʚ, ʟʙʦʾ ʇɿ, ʧʦʣʦʤʢʘ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʢʦʨʦʟʽʷ ʧʣʘʪ, 

ʥʝʩʧʨʘʚʥʽʩʪʴ ʨʦʟôʻʤʽʚ, ʧʦʤʠʣʢʦʚʽ 

ʩʠʛʥʘʣʠ 

ʅʝʚʽʨʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʛʥʘʣʽʟʘʮʽʾ 

ʥʝʙʝʟʧʝʢʠ, ʚʽʜʤʦʚʘ 

ʫʧʨʘʚʣʽʥʥʷ 

 

ʅʘʜʽʡʥʽʩʪʴ ʄʌʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʟ ʡʦʛʦ 

ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʤʦʚʘ ʙʫʜʴ-ʷʢʦʾ ʧʽʜʩʠʩʪʝʤʠ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ, ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʢʦʤʬʦʨʪ ʪʘ ʙʝʟʧʝʢʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘʧʨʠʢʣʘʜ, ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ, ʱʦ ʚʢʣʶʯʘʻ ʚʝʥʪʠʣʷʪʦʨ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 

ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʜʦʩʪʘʪʥʴʦʛʦ ʧʦʪʦʢʫ ʦʯʠʱʝʥʦʛʦ 
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ʧʦʚ̔ʪʨʷ. ɸʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ ʪʘ ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʚʠʟʥʘʯʘʶʪʴ 

ʘʚʪʦʥʦʤʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʾʭ ʟôʻʜʥʫʚʘʯʽ ʟ ʯʘʩʦʤ 

ʟʘʙʠʚʘʶʪʴʩʷ ʧʠʣʦʤ ʪʘ ʘʝʨʦʟʦʣʷʤʠ, ʤʦʞʫʪʴ ʤʘʪʠ ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ 

ʩʪʘʨʽʥʥʷ ʩʦʨʙʝʥʪʫ, ʘ ʪʘʢʦʞ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʤʦʥʪʫʚʘʥʥʷ.  

ɽʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ, ʩʠʛʥʘʣʽʟʘʮʽʶ ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʽ ʟʘʛʘʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʧʨʠʩʪʨʦʶ. ɺʽʜʤʦʚʘ ʩʝʥʩʦʨʽʚ, ʧʦʤʠʣʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʨʦʟʽʷ ʧʣʘʪ ʘʙʦ ʥʝʩʧʨʘʚʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʽʚ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʢʦʨʝʢʪʥʠʭ ʧʦʢʘʟʘʥʴ, ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ 

ʘʙʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʢʝʨʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʎʝ ʩʪʚʦʨʶʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʽ 

ʫʤʦʚʠ, ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʥʝ ʫʩʚʽʜʦʤʣʶʚʘʪʠ ʨʝʘʣʴʥʠʭ ʨʠʟʠʢʽʚ. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʐʢʘʣʠ ʟʥʘʯʠʤʦʩʪʽ ʬʘʢʪʦʨʫ ʪʷʞʢʦʩʪʽ, ʯʘʩʪʦʪʠ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ 

ʉʝʨʡʦʟʥʽʩʪʴ ʚʽʜʤʦʚʠ, 

çSè 

ʏʘʩʪʦʪʘ ʧʦʷʚʠ, 

çOè 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ, 

çDè 

1 1 1 

2 2 2 

3 3 3 

4 4 4 

5 5 5 

6 6 6 

7 7 7 

8 8 8 

9 9 9 

10 10 10 

ʜʝ ç1è - ʥʝʚʘʞʣʠʚʘ 

     ç10è - ʢʘʪʘʩʪʨʦʬʽʯʥʘ 

ʜʝ ç1è - ʜʫʞʝ ʨʽʜʢʦ 

     ç10è - ʧʦʩʪʽʡʥʦ  

ʜʝ ç1è - ʚʠʷʚʣʝʥʥʷ  100%; 

ç10è - ʥʝʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ 

 



203 

 

ʅʘ ʧôʷʪʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʣʠʩʴ ʧʨʽʦʨʠʪʝʪʠ ʨʠʟʠʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ 

ʢʨʠʪʠʯʥʦʩʪʽ. ʋʩʽ ʚʽʜʤʦʚʠ ʚʧʦʨʷʜʢʦʚʫʚʘʣʠʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ RPN. ɿʥʘʯʝʥʥʷ 

ʧʦʥʘʜ 150 ʚʚʘʞʘʣʠʩʴ ʢʨʠʪʠʯʥʠʤʠ, ʚʽʜ 75 ʜʦ 150 ʧʦʪʨʝʙʫʶʪʴ ʧʣʘʥʫ 

ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʥʠʞʯʝ 75 ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʤʦʚ ʙʫʣʠ ʟʘʥʝʩʝʥʽ ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʧʽʩʣʷ 

ʯʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʽʥʢʫ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʫ ʪʘ ʨʦʙʠʣʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʧʨʠʡʥʷʪʥʦʩʪʽ ʨʠʟʠʢʫ ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 3.4. ɼʣʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʞʠʤʽʚ 

ʚʽʜʤʦʚ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘʭʦʜʠ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʨʠʟʠʢʫ 

ʈʽʚʝʥʴ 

ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ 

ʨʠʟʠʢʫ 

ʗʢʽʩʪʴ 
ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʤʦʛʘʤ ʏʘʩʪʦʪʘ 

ʧʦʷʚʠ 

ʁʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ 

ʊʷʞʢʽʩʪʴ ʥʘʩʣʽʜʢʽʚ 

ʅʝʧʨʠʡʥʷʪʥʠʡ 

ʙʽʣʴʰʝ 150 

ʙʘʣʽʚ 

ʁʤʦʚʽʨʥʦ, 

ʟʘʚʜʘʩʪʴ 

ʰʢʦʜʠ 

ʩʧʦʞʠʚʘʯʝʚʽ 

ʇʨʠʚʝʜʝ ʜʦ 

ʚʽʜʢʣʠʢʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ 

ʇʦʥʘʜ ʦʜʠʥ 

ʨʘʟ 

ʧʨʦʪʷʛʦʤ 

ʪʨʴʦʭ 

ʤʽʩʷʮʽʚ 

ʅʘʚʨʷʜ ʯʠ 

ʤʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʠʡ ʫ 

ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ 

ʇʨʠʡʥʷʪʥʠʡ ʟ 

ʧʝʨʝʚʽʨʢʦʶ 

ʚʽʜ 75 ʜʦ 150 

ʙʘʣʽʚ 

ʁʤʦʚʽʨʥʦ, ʥʝ 

ʟʘʚʘʜʷʪʴ 

ʰʢʦʜʠ 

ʩʧʦʞʠʚʘʯʝʚʽ 

ʇʨʠʚʝʜʝ ʜʦ 

ʦʜʝʨʞʘʥʥʷ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴ-

ʥʦʛʦ ʣʠʩʪʘ 

ʆʜʠʥ ʨʘʟ 

ʢʦʞʥʽ ʪʨʠ-

ʜʚʘʥʘʜʮʷʪʴ 

ʤʽʩʷʮʽʚ 

ʄʦʞʝ ʙʫʪʠ 

ʚʠʷʚʣʝʥʠʡ ʫ 

ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ 

ʇʨʠʡʥʷʪʥʠʡ 

ʤʝʥʰʝ 75 

ʙʘʣʽʚ 

ʅʝ ʟʘʚʜʘʶʪʴ 

ʰʢʦʜʠ 

ʩʧʦʞʠʚʘʯʝʚʽ 

ʇʨʠʚʝʜʝ ʜʦ 

ʚʠʷʚʣʝʥʥʷ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʽʜ ʯʘʩ ʘʫʜʠʪʫ 

ʆʜʠʥ ʨʘʟ 

ʢʦʞʥʽ ʦʜʠʥ-

ʪʨʠ ʨʦʢʠ 

ʁʤʦʚʽʨʥʦ, 

ʙʫʜʝ 

ʚʠʷʚʣʝʥʦ 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʟʛʽʜʥʦ ʜʘʥʠʭ ʟ ʪʘʙʣʠʮʴ 3.2-3.4 ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 3.5. ɿʘ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʨʠʛʫʚʘʣʴʥʽ 

ʜʽʾ, ʧʽʩʣʷ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʧʦʚʪʦʨʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ (ʚʝʨʠʬʽʢʘʮʽʷ 

ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʜʽʾ), ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.6. 
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ʊʘʙʣʠʮʷ 3.5 ï ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʨʠʟʠʢʽʚ ʜʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ 

 ̄ ɽʣʝʤʝʥʪ / ʚʽʜʤʦʚʘ S O D RPN 
ʈʽʚʝʥʴ 

ʨʠʟʠʢʫ 

1 ʇʽʜʰʠʧʥʠʢʠ ʚʝʥʪʠʣʷʪʦʨʘ (ʟʥʦʩ) 6 6 4 144 ʉʝʨʝʜʥʽʡ 

2 
ʇʝʨʝʛʦʨʘʥʥʷ / ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ 

ʜʚʠʛʫʥʘ 
9 3 3 81 ʉʝʨʝʜʥʽʡ 

3 
ʏʘʩʪʢʦʚʝ ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ 
7 5 4 140 ʉʝʨʝʜʥʽʡ 

4 ɺʪʨʘʪʘ ʻʤʥʦʩʪʽ ʙʘʪʘʨʝʾ ʟ ʯʘʩʦʤ 7 6 5 210 ɺʠʩʦʢʠʡ 

5 ʊʝʨʤʽʯʥʠʡ ʧʨʦʙʽʡ ʙʘʪʘʨʝʾ 10 2 4 80 ʉʝʨʝʜʥʽʡ 

6 ɺʽʜʤʦʚʘ ʟʘʨʷʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 7 3 5 105 ʉʝʨʝʜʥʽʡ 

7 ɿʘʙʠʚʘʥʥʷ ʬʽʣʴʪʨʘ 8 7 4 224 ɺʠʩʦʢʠʡ 

8 
ʋʪʚʦʨʝʥʥʷ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʢʦʨʧʫʩʘ ʬʽʣʴʪʨʘ 
9 3 6 162 ɺʠʩʦʢʠʡ 

9 ʈʦʟʨʠʚ / ʧʨʦʢʦʣ ʰʣʘʥʛʘ 9 2 3 54 ʅʠʟʴʢʠʡ 

10 ʈʦʟʛʝʨʤʝʪʠʟʘʮʽʷ ʥʘ ʩʪʠʢʘʭ ʰʣʘʥʛʘ 8 5 5 200 ɺʠʩʦʢʠʡ 

11 
ʇʨʦʨʠʚ / ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʧʶʰʦʥʘ 

(ʪʢʘʥʠʥʘ, ʰʚʠ) 
7 3 4 84 ʉʝʨʝʜʥʽʡ 

12 
ʇʦʜʨʷʧʠʥʠ / ʧʦʤʫʪʥʽʥʥʷ 

ʦʛʣʷʜʦʚʦʛʦ ʩʢʣʘ 
3 6 2 36 ʅʠʟʴʢʠʡ 

13 ɿʘʧʦʪʽʚʘʥʥʷ ʦʛʣʷʜʦʚʦʛʦ ʩʢʣʘ 4 5 3 60 ʅʠʟʴʢʠʡ 

14 ʊʨʽʱʠʥʠ / ʜʝʬʦʨʤʘʮʽʾ ʢʘʩʢʠ  10 1 2 20 ʅʠʟʴʢʠʡ 

15 ɺʽʜʤʦʚʘ ʩʝʥʩʦʨʽʚ (ʪʠʩʢʫ/ʨʘʜʽʘʮʽʾ) 9 4 7 252 ɺʠʩʦʢʠʡ 

16 
ʇʦʤʠʣʢʦʚʽ ʪʨʠʚʦʛʠ / ʭʠʙʥʘ 

ʽʥʜʠʢʘʮʽʷ 
5 6 5 150 ʉʝʨʝʜʥʽʡ 

17 
ɺʠʭʽʜ ʟ ʣʘʜʫ ʽʥʜʠʢʘʪʦʨʽʚ / 

ʜʠʩʧʣʝʶ 
6 3 6 108 ʉʝʨʝʜʥʽʡ 

18 ʂʦʨʦʟʽʷ ʧʣʘʪ / ʢʦʥʪʘʢʪʽʚ 7 4 6 168 ɺʠʩʦʢʠʡ 
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ʐʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʤʦʚ ʢʦʥʩʪʨʫʢʮʽʾ ʄʌʈ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʜʽʡ ʚʝʣʠʯʠʥʫ ʨʠʟʠʢʽʚ ʟʥʠʞʝʥʦ ʜʦ ʥʠʟʴʢʦʛʦ 

ʨʽʚʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʷʢ 

ʙʘʟʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʨʦʪʝ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʦʮʽʥʢʫ ʾʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʘʣʠʰʢʦʚʠʭ ʨʠʟʠʢʽʚ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ. 

 

 

3.3 ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ 

 

3.3.1 ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʧʶʰʦʥʫ ʜʦ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ 

 

ɺ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʽʚ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʣʴʦʚʦʾ 

ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʩʪʚʦʨʝʥʦ ʢʘʧʶʰʦʥ 

ʪʠʧʦʨʦʟʤʽʨʠ L. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʶʰʦʥʫ ʟʘʙʝʟʧʝʯʫ ̒ ʙʽʣʴʰ ʱʽʣʴʥʝ 

ʧʨʠʣʷʛʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʫ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʢʦʤʬʦʨʪ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʥʦʩʽʥʥʽ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʧʶʰʦʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʫʜʘʨʦʟʘʭʠʩʥʦʶ ʢʘʩʢʦʶ, ʱʦ 

ʛʘʨʘʥʪʫʻ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ 

ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥʘʭ, ʚʠʢʣʶʯʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʥʦʩʽʥʥʷ ʦʢʨʝʤʠʭ ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʟʘʛʘʣʴʥʫ ʚʘʛʫ 

ʢʦʤʧʣʝʢʪʫ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ (ʨʠʩ. 3.1). 

  

ʈʠʩʫʥʦʢ 3.1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʦʜʝʣʽ ʢʘʧʶʰʦʥʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʘʛʘʣʴʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ 

ʤʦʪʦʨʥʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʢʘʧʶʰʦʥʘ, ʽʥʪʝʛʨʦʚʘʥʦʾ ʟ ʫʜʘʨʦʟʘʭʠʩʥʦʶ ʢʘʩʢʦʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʽ, ʟʘʭʠʩʪʫ ʪʘ ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ. 

 

3.3.2 ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ 

 

ʄʦʪʦʨʦʚʠʡ ʙʣʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʩʘʤʦʛʦ ʢʦʨʧʫʩʫ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ, ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚ ʟʦʥʫ ʜʠʭʘʥʥʷ 

ʢʘʧʶʰʦʥʫ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʤʧʣʝʢʪʫ ʜʘʪʯʠʢʽʚ ʢʦʥʪʨʦʣʶ ʧʦʚʽʪʨʷ 

ʟʦʢʨʝʤʘ ʪʠʩʢʫ ʪʘ ʨʽʚʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʝʣʝʤʝʥʪʫ 

ʞʠʚʣʝʥʥʷ. 

ʄʦʪʦʨʦʚʠʡ ʙʣʦʢ ʨʦʟʤʽʱʝʥʦ ʫ ʢʦʨʧʫʩʽ ʟ ʞʦʨʩʪʢʦʶ ʨʘʤʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ ʽ ʧʠʣʫ. ɽʣʝʤʝʥʪʠ ʢʦʨʧʫʩʫ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʧʦʧʝʨʝʜʥʴʦ 

ʧʨʦʝʢʪʫʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks, ʚ ʧʦʜʘʣʴʰʦʤʫ ʥʘ 

ʩʪʘʜʽʾ ʟʙʽʨʢʠ ʫʩʽ ʨʦʟʨʦʙʣʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʚʽʨʷʣʠʩʴ ʥʘ ʩʫʤʽʩʥʽʩʪʴ. ʋʩʽ 

ʝʣʝʤʝʥʪʠ ʢʦʨʧʫʩʫ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʚʠʛʦʪʦʚʣʝʥ ̔ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ABS+ (Plʝxiwire, ʋʢʨʘʾʥʘ), ʷʢʠʡ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʚʧʣʠʚʫ, ʪʘ ʜʨʫʢʫʚʘʣʠʩʴ ʥʘ 3-D ʧʨʠʥʪʝʨʽ Ender-3 V3 KE (CREALITY, ʂʠʪʘʡ) 

ʄʽʩʮʷ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʨʧʫʩʫ ʩʧʦʯʘʪʢʫ ʩʪʷʛʫʚʘʣʠʩʴ ʥʽʢʝʣʴʦʚʘʥʠʤʠ 

ʛʚʠʥʪʘʤʠ ʄ2.5ʭ14 ʪʘ ʛʘʡʢʘʤʠ ʜʦ ʥʠʭ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʛʝʨʤʝʪʠʟʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʱʽʣʴʥʶʚʘʯʘ ʥʘ ʩʠʣʽʢʦʥʦʚʽʡ ʦʩʥʦʚʽ Ceresit CS 25 (Ceresit, 

ʅʽʤʝʯʯʠʥʘ), ʱʦ ʚʠʪʨʠʤʫʻ ʪʝʨʤʽʯʥʠʡ ʚʧʣʠʚ, ʪʘ ʢʣʝʶ ʤʘʨʢʠ B6000 (Suxun, 

ʂʠʪʘʡ) ʟ ʩʠʥʪʝʪʠʯʥʦʛʦ ʢʘʫʯʫʢʫ. 

ʋʩʝʨʝʜʠʥʽ ʙʣʦʢʫ ʨʦʟʪʘʰʦʚʘʥʦ ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ ʫ ʟʘʢʨʠʪʦʤʫ 

ʢʦʨʧʫʩʽ, ʷʢʠʡ ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʤʦʥʪʘʞʥʽʡ ʧʣʠʪʽ (ʨʠʩ. 3.2). 

ɿʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʝʥʪʠʣʷʪʦʨʘ ʩʧʨʦʝʢʪʦʚʘʥʦ ʥʘ ʙʘʟʽ 

ʚʽʜʮʝʥʪʨʦʚʘʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʤʦʜʝʣʴ 9733 (Pengda Technology, ʂʠʪʘʡ), ʧʨʦʪʝ 

ʚʽʥ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʚ ʜʦʩʪʘʪʥʴʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟʘ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
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ʥʴʦʛʦ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ. 

ʂʨʠʣʴʯʘʪʢʫ ʚʝʥʪʠʣʷʪʦʨʘ ʙʫʣʦ ʚʜʦʩʢʦʥʘʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʢʠ ʪʘ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʟʘ ʚʠʩʦʢʠʭ ʦʙʝʨʪʽʚ (ʜʦ 12000 ʦʙʝʨʪʽʚ). 

  

  

ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʘʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʟʘʢʨʠʪʦʤʫ ʢʦʨʧʫʩʽ 

 

ʆʙʝʨʪʘʥʥʷ ʢʨʠʣʴʯʘʪʢʠ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʴ ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ 

ɸ2212/13T-1000KV (Ningbo Zucoo Tools Co., Ltd, ʂʠʪʘʡ) (ʪʘʙʣ. 3.7). ʆʮʽʥʢʘ 

ʪʘ ʧʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʣʴʯʘʪʢʠ ʜʣʷ ʚʝʥʪʠʣʷʪʦʨʘ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʶ Flow 

Simulation. ʂʨʠʣʴʯʘʪʢʘ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘʢʦʞ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʧʦʣʽʤʝʨʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ABS+ (Plʝxiwire, ʋʢʨʘʾʥʘ) ʥʘ 3-D ʧʨʠʥʪʝʨʽ Ender-3 V3 KE 

(CREALITY, ʂʠʪʘʡ). ʂʨʠʣʴʯʘʪʢʘ ʢʨʽʧʠʣʘʩʴ ʥʘ ʢʦʨʧʫʩʽ ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ 

ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʶ ʟ ʩʠʥʪʝʪʠʯʥʦʛʦ ʢʘʫʯʫʢʘ ʤʘʨʢʠ B6000 (Suxun, 

ʂʠʪʘʡ). 
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ʊʘʙʣʠʮʷ 3.7 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʫʥʘ ɸ2212/13T-

1000KV [13] 

ʇʘʨʘʤʝʪʨ ʜʚʠʛʫʥʘ ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ, KV 1000 ʦʙ/ʚʦʣʴʪ (RPM) 

ɾʠʚʣʝʥʥʷ, ɺ 7,4-11,1 (2-3S LiPo) 

ʉʪʨʫʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʧʨʠ 10 ɺ 0,6 ɸ 

ʈʘʜʽʘʣʴʥʽ ʚʝʥʪʠʣʷʪʦʨʠ ʝʬʝʢʪʠʚʥʽ ʥʘ ʚʠʩʦʢʠʭ ʦʙʝʨʪʘʭ, ʪʦʤʫ ʟʜʘʪʥʽ 

ʩʪʚʦʨʶʚʘʪʠ ʟʥʘʯʥʠʡ ʪʠʩʢ ʪʘ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. ɹʝʟʢʦʣʝʢʪʦʨʥʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʽʾ (ʽʤʧʫʣʴʩʥʝ ʞʠʚʣʝʥʥʷ), ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʤʦʜʝʣʝʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʢʦʣʝʢʪʦʨʘ ʽ ʱʽʪʦʢ ʚ ʜʚʠʛʫʥʽ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʪʘ ʥʘʜʽʡʥʫ 

ʨʦʙʦʪʫ ʙʝʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʥʝʚʝʣʠʢʽʡ ʚʘʟʽ (48 ʛ) 

ʜʚʠʛʫʥ ʥʝ ʦʙʪʷʞʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.8. 

ʊʘʙʣʠʮʷ 3.8 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʽʚ  

ʇʘʨʘʤʝʪʨ ʄʦʜʝʣʴ 9733 [14] ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ɺʠʩʦʪʘ ʢʦʨʧʫʩʫ, ʤʤ 97ʭ97 100ʭ99 

ʐʠʨʠʥʘ ʢʦʨʧʫʩʫ, ʤʤ 33 38 

ɼʽʘʤʝʪʨ ʚʝʥʪʠʣʷʪʦʨʘ, ʤʤ 64 70 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ. 

4600 12000 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʪʘ ʩʪʨʫʤ, ɺ/ɸ 12/1,12 12/ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʧʦʞʠʚʘʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, ɺʪ 

13,5 12,8 

ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ 

60 80 

ʄʘʪʝʨʽʘʣ ʢʦʨʧʫʩʫ ɺʠʩʦʢʦʤʽʮʥʠʡ 

ʧʣʘʩʪʠʢ 

ABS+ 
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ɺʠʚʽʜ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʚʝʥʪʠʣʷʪʦʨʘ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʨʽʚʝʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʙʫʚ ʤʽʥʽʤʘʣʴʥʠʤ ʪʘ ʟôʻʜʥʫʚʘʚʩʷ ʟ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʦʤ, ʱʦ ʬʦʨʤʫʻ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʪʽʢ ʫ ʢʘʧʶʰʦʥ (ʨʠʩ. 3.3). 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʶ Flow Simulation. 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʠʩʪʝʤʘ ʚʠʚʦʜʫ ʧʦʚʽʪʨʷ ʟ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ 

 

ɺʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʚʠʢʦʥʘʥʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʟʥʠʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. ʂʦʥʩʪʨʫʢʮʽʻʶ 

ʧʝʨʝʜʙʘʯʝʥʦ ʧʘʟ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʣʽʢʦʥʦʚʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʪʦʚʱʠʥʦʶ 2 

ʤʤ, ʱʦ ʛʘʨʘʥʪʫʻ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʩʪʠʢʫ ʪʘ ʚʠʢʣʶʯʘʻ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ. 

ɼʦʜʘʪʢʦʚʦ, ʥʘ ʧʦʚʝʨʭʥʽ ʧʘʪʨʫʙʢʘ ʩʬʦʨʤʦʚʘʥʦ ʙʦʨʪʠʢ ʜʣʷ ʟʘʱʽʧʢʠ ʪʠʧʫ DJ67-

00008A, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʪʘ ʟʨʫʯʥʝ ʧʨʠʻʜʥʘʥʥʷ ʨʦʟôʻʤʫ ʚʽʜ ʰʣʘʥʛʫ. 

ʌʦʨʤʘ ʧʘʪʨʫʙʢʘ ʩʧʨʦʻʢʪʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʶ Flow Simulation ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʦʧʽʨ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʰʣʷʭʦʤ ʫʥʠʢʥʝʥʥʷ ʨʽʟʢʠʭ ʧʦʚʦʨʦʪʽʚ ʪʘ ʟʚʫʞʝʥʴ ʫ 

ʚʠʭʽʜʥʦʤʫ ʢʘʥʘʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʪʠʩʢʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʫ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ ʜʦ ʢʘʧʶʰʦʥʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʘʪʨʫʙʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.4. 
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ʈʠʩʫʥʦʢ 3.4 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 

 

ʇʦʨʫʯ ʟ ʚʝʥʪʠʣʷʪʦʨʦʤ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʽʜʩʽʢ ʜʣʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʟ 

ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 12 ɺ, ʷʢʘ ʻ ʦʧʪʠʤʘʣʴʥʦʶ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ A2212/13T-1000kv, ʜʦʟʚʦʣʷʶʯʠ ʡʦʤʫ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʠʭ ʦʙʝʨʪʽʚ 

(ʙʣʠʟʴʢʦ 12000 ʦʙ/ʭʚ.), ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʣʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚ ʙʘʪʘʨʝʶ ʽʥʪʝʛʨʦʚʘʥʦ ʧʣʘʪʫ ʟʘʭʠʩʪʫ ʪʘ 

ʙʘʣʘʥʩʫʚʘʥʥʷ (BMS), ʷʢʘ ʢʦʥʪʨʦʣʶʻ ʧʦʜʘʯʫ ʥʘʧʨʫʛʠ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ 

GB1-GB9. ʎʷ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ: ʚʦʥʘ ʟʘʭʠʱʘʻ 

ʘʢʫʤʫʣʷʪʦʨ ʚʽʜ ʧʝʨʝʟʘʨʷʜʫ, ʧʝʨʝʨʦʟʨʷʜʫ ʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ ʟʘʨʷʜ ʽ ʨʦʟʨʷʜ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ. ɿʘʚʜʷʢʠ ʮʠʤ 

ʦʩʦʙʣʠʚʦʩʪʷʤ, ʙʘʪʘʨʝʷ ʻ ʥʘʜʽʡʥʠʤ ʽ ʙʝʟʧʝʯʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ, ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʯʠ ʚʠʤʦʛʘʤ ʧʨʦʻʢʪʫ. ʉʭʝʤʘ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʡ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 3.5. 

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ 
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ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʘ 

ʩʪʘʥʜʘʨʪʥʽ ʥʘʨʽʟʝʚʽ ʟôʻʜʥʫʚʘʯʘ R 40ʭ1/7 ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʬʽʣʴʪʨʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʬʽʣʴʪʨʽʚ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʻ ʧʨʘʢʪʠʯʥʠʤ, ʧʦʻʜʥʫʶʯʠ ʚ ʩʦʙʽ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ. 

ʇʦ-ʧʝʨʰʝ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʧʦʰʢʦʜʞʝʥʴ. 

ʌʽʣʴʪʨʠ, ʙʫʜʫʯʠ ʟʘʢʨʠʪʠʤʠ ʢʦʨʧʫʩʦʤ ʟʥʠʟʫ, ʟʘʭʠʱʝʥʽ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ ʫʜʘʨʽʚ 

ʪʘ ʟʘʯʝʧʣʝʥʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʚʠʪʦʢʘʤ ʽ ʛʘʨʘʥʪʫʻ ʙʝʟʧʝʨʝʙʽʡʥʫ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ. ʇʦ-ʜʨʫʛʝ, ʮʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʦʩʪʫʧ ʜʦ 

ʬʽʣʴʪʨʽʚ ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʙʣʦʢʫ ʜʦʟʚʦʣʷʻ ʟʘʤʽʥʶʚʘʪʠ ʾʭ ʰʚʠʜʢʦ ʪʘ ʟʨʫʯʥʦ, 

ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʙʠʨʘʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʉʪʘʥʜʘʨʪʥʝ ʨʽʟʴʙʣʝʥʥʷ R 

40ʭ1/7 ʱʝ ʙʽʣʴʰʝ ʩʧʨʦʱʫʻ ʮʝʡ ʧʨʦʮʝʩ, ʜʦʟʚʦʣʷʶʯʠ ʣʝʛʢʦ ʧʽʜʽʙʨʘʪʠ ʪʘ 

ʚʩʪʘʥʦʚʠʪʠ ʥʦʚʽ ʬʽʣʴʪʨʠ. ʇʦ-ʪʨʝʪʻ, ʪʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʨʦʩʪʦʨʫ, ʫʥʠʢʘʶʯʠ çʢʦʥʬʣʽʢʪʫè ʬʽʣʴʪʨʽʚ ʟ ʽʥʰʠʤʠ 

ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʣʦʢʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʤʧʘʢʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʅʘʨʝʰʪʽ, ʚʘʛʘ ʬʽʣʴʪʨʽʚ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʘʛʠ ʪʘ ʟʥʠʞʫʻ ʮʝʥʪʨ ʤʘʩ, ʨʦʙʣʷʯʠ ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ 

ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʽ ʤʝʥʰ ʩʭʠʣʴʥʠʤ ʜʦ ʧʝʨʝʢʠʜʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ ʨʽʰʝʥʥʷ 

ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʟʨʫʯʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʻʢʪʫ (ʨʠʩ. 3.6). 

  

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʟôʻʜʥʫʚʘʯʘ ʜʣʷ ʬʽʣʴʪʨʽʚ ʟ ʨʽʟʴʙʣʝʥʥʷʤ 
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ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʪʠʩʢʫ ʚ 

ʢʘʧʶʰʦʥʽ ʪʘ ʦʧʦʨʫ ʬʽʣʴʪʨʽʚ. ɺ ʢʦʨʧʫʩʽ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʜʘʪʯʠʢ 

ʪʠʩʢʫ MPXV7002DP (NXP Semiconductors, ʅʽʜʝʨʣʘʥʜʠ), ʷʢʠʡ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ Arduino UNO R4 (Arduino, ɯʪʘʣʽʷ) ʨʝʘʣʽʟʫʻ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʪʠʩʢʫ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʦʙôʻʤʽ ʢʘʧʶʰʦʥʘ ʪʘ ʧʨʠ ʟʘʩʤʽʯʝʥʽ ʬʽʣʴʪʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʩʪʘʙʽʣʴʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʥʘʚʽʪʴ ʧʨʠ ʯʘʩʪʢʦʚʦʤʫ ʟʘʙʠʚʘʥʥʽ ʬʽʣʴʪʨʘ ʘʙʦ 

ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʢʦʤʬʦʨʪ ʨʦʙʦʪʠ. ɼʘʪʯʠʢ ʪʠʩʢʫ MPXV7002DPT1 ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ 

ʩʝʥʩʦʨʦʤ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʟʤʽʥʫ ʪʠʩʢʫ ʚ ʧʨʦʧʦʨʮʽʡʥʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʫ 

ʚʠʛʣʷʜʽ ʥʘʧʨʫʛʠ, ʷʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,5 ɺ ʜʦ 4,5 ɺ [15]. ʎʝ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʪʠʩʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʆʜʠʥ 

ʰʪʫʮʝʨ ʜʘʪʯʠʢ ʧʦʩʪʽʡʥʦ ʨʝʻʩʪʨʫʻ ʜʘʥʽ ʚ ʩʝʨʝʜʠʥʽ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʫ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ, ʘ ʜʨʫʛʠʡ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ ʜʽʘʤʝʪʨʦʤ 1,5 ʤʤ ʚʠʚʝʜʝʥʦ 

ʜʦ ʢʦʨʧʫʩʫ, ʜʝ ʟôʻʜʥʘʥʦ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɼʘʪʯʠʢ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʽʜ ʤʽʥʫʩ 2000 ʇʘ ʜʦ +2000 ʇʘ, ʜʝ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʪʠʩʢʫ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʫʛʘ 0,5 ɺ, ʥʫʣʴʦʚʦʤʫ ʪʠʩʢʫ 2,5 ɺ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 4,5 

ɺ. ɺ ʧʨʦʮʝʩʽ ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʜʘʪʯʠʢʘ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʙʫʣʦ ʚʽʜʢʘʣʽʙʨʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ Testo 512 (Testo AG, ʅʽʤʝʯʯʠʥʘ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜ ʤʽʥʫʩ 2000 ʇʘ ʜʦ +2000 ʇʘ. ʆʜʠʥ ʰʪʫʮʝʨ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ ʙʫʚ 

ʧʨʠʻʜʥʘʥʠʡ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʩʠʣʽʢʦʥʦʚʠʡ ʰʣʘʥʛ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ ʜʦ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʽʥʰʠʡ ʚʠʤʽʨʶʚʘʚ ʪʠʩʢ ʚ ʩʝʨʝʜʠʥʽ 

ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʫ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʪʯʠʢʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ȹP ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ Arduino ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

Ўʈ ὯϽὠ̎́̐̑ὦ ὖ 
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ʜʝ, kV  - ʢʦʝʬʽʮʽʻʥʪ ʥʘʭʠʣʫ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʣʽʥʽʾ, ʇʘ/ɺ; Vʥʘʧʨ ï ʝʣʝʢʪʨʠʯʥʘ 

ʥʘʧʨʫʛʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʘʪʯʠʢ (0-5ɺ), ɺ; bs ï ʟʩʫʚ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʣʽʥʽʾ 

ʚʽʜʥʦʩʥʦ ʥʫʣʷ, ʇʘ; P0 ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ 

ʟʘʧʫʩʢʫ ʧʨʠʣʘʜʫ, ʇʘ. 

ɼʦʜʘʪʢʦʚʦ, ʫ ʧʨʠʩʪʨʽʡ ʽʥʪʝʛʨʦʚʘʥʦ ʜʘʪʯʠʢ ʨʘʜʽʘʮʽʾ ʤʦʜʝʣʴ GGreg 20 

rev.3 (IOT-device, ʋʢʨʘʾʥʘ) [16], ʷʢʠʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽʥʬʦʨʤʫʻ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. ʊʘʢʘ ʬʫʥʢʮʽʷ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ ʥʘ ʦʙôʻʢʪʘʭ ʟ ʜʞʝʨʝʣʘʤʠ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʟʚʫʢʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ. ɼʝʪʝʢʪʦʨ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʭʽʜ ʧʽʜʨʘʭʫʥʢʫ ʽʤʧʫʣʴʩʽʚ 

ʥʘ ʛʦʣʦʚʥʠʡ ʢʦʥʪʨʦʣʝʨ Arduino, ʪʘ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ H ʚʠʤʽʨʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

ʅ = NpulseĀ0.0092 ,ʤʢɿʚ 

 

ʜʝ, Npulse ï ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʦʥʪʨʦʣʝʨ Arduino; 0,0092 ï 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʣʘʜʫ, ʱʦ ʥʘʜʘʥʦ ʚʠʨʦʙʥʠʢʦʤ. 

ʂʦʥʪʨʦʣʝʨ Arduino Uno R4 WiFi ABX00087 [17] ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʤʦʥʽʪʦʨʠʥʛ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʚʽʜ ʜʘʥʠʭ ʥʘ ʜʠʩʧʣʝʡ. 

ʂʦʥʪʨʦʣʝʨ, ʦʙʨʦʙʣʷʶʯʠ ʜʘʥʽ ʜʘʪʯʠʢʘ, ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʻ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʯʝʨʝʟ ʐɯʄ-ʩʠʛʥʘʣ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʛʫʣʷʪʦʨ 

ʰʚʠʜʢʦʩʪʽ (ESC) ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ 

ʟʤʽʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʯʘʩʪʢʦʚʦʤʫ ʟʘʩʤʽʯʝʥʥʽ ʬʽʣʴʪʨʽʚ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʢʦʤʬʦʨʪ ʨʦʙʦʪʠ. ʋʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʠʩʢ, 

ʩʪʘʥ ʬʽʣʴʪʨʽʚ, ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ ʪʘ ʨʝʞʠʤ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ 

LCD-ʜʠʩʧʣʝʡ 2004 ʟ ʯʦʪʠʨʤʘ ʨʷʜʢʘʤʠ ʧʦ 20 ʩʠʤʚʦʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʽ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ. ʂʦʜʫʚʘʥʥʷ ʨʦʙʦʪʠ 

ʢʦʥʪʨʦʣʝʨʘ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɺ, ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 

3.7. 
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ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʥʪʨʦʣʝʨʘ Arduino 

 

ʂʦʤʧʦʥʫʚʘʥʥʷ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ 

ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 220Ĭ120Ĭ120 ʤʤ. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʘʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ. 

ʇʦʚʽʪʨʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʦʪʚʽʨ, ʩʧʨʷʤʦʚʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʜʘʻʪʴʩʷ ʫ ʢʘʧʶʰʦʥ. ʇʨʠ ʮʴʦʤʫ 

ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʧʦʚʽʪʨʷ ʩʧʨʦʻʢʪʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʚʦʥʦ ʧʨʦʭʦʜʠʣʦ ʯʝʨʝʟ ʜʘʪʯʠʢʠ 

ʪʠʩʢʫ ʪʘ ʨʘʜʽʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʨʦʟʨʘʭʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʯʘʩʪʢʘ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 35 %. ʎʝʡ ʧʨʦʩʪʽʨ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʢʘʥʘʣʫ ʜʣʷ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʠʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʪʘ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.8. 
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ʈʠʩʫʥʦʢ 3.8 ï ɿʘʛʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ 

 

 

3.4 ʆʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʤʦʪʦʨʦʚʦʛʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʄʌʈ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ, ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ EN 12941 çɿʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. ʄʦʪʦʨʦʚʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟ ʰʦʣʦʤʦʤ ʘʙʦ 

ʢʘʧʶʰʦʥʦʤ. ɺʠʤʦʛʠ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʤʘʨʢʫʚʘʥʥʷè [18]. ʎʝʡ ʩʪʘʥʜʘʨʪ 

ʚʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʄʌʈ ʟ ʣʠʮʝʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʫ ʚʠʛʣʷʜʽ ʢʘʧʶʰʦʥʘ. ɼʦ 

ʧʨʦʛʨʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʫʚʽʡʰʣʠ ʪʘʢʽ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʥʠʢʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ; 

- ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʷʚʣʝʥʦʤʫ ʢʣʘʩʫ ʟʘʭʠʩʪʫ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ 

EN 12941; 

- ʦʮʽʥʢʘ ʝʨʛʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʫʯʘʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʨʝʩʧʽʨʘʪʦʨʘ; 
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- ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟʽ ʰʣʘʥʛʦʤ ʷʢ ʧʦʢʘʟʥʠʢʘ ʟʨʫʯʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʢʘʧʶʰʦʥʘ ʟʘ ʫʚʽʤʢʥʝʥʦʛʦ ʄʌʈ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʘʭʠʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʄʌʈ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʤʝʪʦʜ ʟʛʽʜʥʦ EN 13274-1:2001 çɿʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ. ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʏʘʩʪʠʥʘ 1. ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʨʦʥʠʢʘʥʥʷ ʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʥʠʢʘʥʥʷè [19] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʩʪ-

ʘʝʨʦʟʦʣʶ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ. ɿʛʽʜʥʦ ʚʠʤʦʛ ʤʝʪʦʜʫ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʛʝʨʤʝʪʠʯʥʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʢʘʤʝʨʘ, ʚ ʷʢʫ ʟʘʧʨʦʰʝʥʽ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʯʽ ʟʘʭʦʜʠʣʠ 

ʧʦʚʥʽʩʪʶ ʪʘ ʚʠʢʦʥʫʚʘʣʠ ʧʝʚʥʽ ʚʧʨʘʚʠ (ɼʦʜʘʪʦʢ ɻ). 

ʊʝʩʪ-ʘʝʨʦʟʦʣʴ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʩʪʚʦʨʶʚʘʚʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʝʞʝʢʮʽʡʥʦʛʦ 

ʪʠʧʫ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʯʘʩʪʠʥʢʠ ʚʽʜ 0,02 ʤʢʤ ʜʦ 2 ʤʢʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʦʢ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʧʨʦʚʦʜʠʣʦʩʴ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʽʡʥʠʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ ʉ-115ʄ1ɽ, ʷʢʠʡ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʥʘʪʨʽʶ 590 ʥʤ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʥʝʥʥʷ ʄʌʈ ʟʘ ʪʝʩʪ-ʘʝʨʦʟʦʣʝʤ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.9.  

ʋ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʢʘʤʝʨʫ ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ ʧʦʜʘʚʘʚʩʷ ʪʝʩʪ-ʘʝʨʦʟʦʣʴ 

ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ (8Ñ4) ʤʛ/ʤ
3
, ʧʨʠ ʮʴʦʤʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʤʠʢʘʣʠʩʴ ʚʝʥʪʠʣʷʪʦʨʠ ʚ ʩʝʨʝʜʠʥʽ 

ʢʘʤʝʨʠ. ʇʦ ʜʦʩʷʛʥʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʜʘʯʘ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ 

ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟʫʧʠʥʷʣʘʩʴ. ɺʚʘʞʘʣʦʩʴ, ʱʦ ʟʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ, 

ʷʢʝ ʩʪʘʥʦʚʠʣʦ ʙʣʠʟʴʢʦ 15 ʭʚ., ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ 

ʢʘʤʝʨʽ ʟʥʘʯʥʦ ʥʝ ʟʤʽʥʠʪʴʩʷ. 

ɼʣʷ ʫʯʘʩʪʽ ʫ ʪʝʩʪʫʚʘʥʥʽ ʙʫʣʦ ʟʘʧʨʦʰʝʥʦ 5 ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʚʠʧʨʦʙʫʚʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʚʽʜ ʫ ʧʨʦʚʝʜʝʥʥʽ ʦʮʽʥʶʚʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ [20]. 

ɼʦʜʘʪʢʦʚʦ ʥʘ ʩʪʘʜʽʾ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʝʨʝʣʽʢʫ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʱʦ ʙʫʜʫʪʴ ʟʘʣʫʯʝʥʽ 

ʜʦ ʪʝʩʪʫʚʘʥʥʷ, ʧʨʦʚʦʜʠʣʦʩʴ ʾʭ ʦʧʠʪʫʚʘʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, ʥʝʱʦʜʘʚʥʽʭ 

ʤʝʜʠʯʥʠʭ ʚʪʨʫʯʘʥʴ ʘʙʦ ʧʝʨʝʥʝʩʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ ʨʘʟʽ ʧʦʟʠʪʠʚʥʦʛʦ 

ʨʽʰʝʥʥʷ, ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʯʽʚ ʨʝʢʦʤʝʥʜʫʚʘʣʠ.  
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ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʄʌʈ ʟʘ ʪʝʩʪ-ʘʝʨʦʟʦʣʝʤ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ [19]:  

1 ï ʛʝʥʝʨʘʪʦʨ ʘʝʨʦʟʦʣʶ ʟ ʢʦʤʧʨʝʩʦʨʦʤ; 2 ï ʘʩʧʽʨʘʪʦʨ; 3 ï 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʢʘʤʝʨʘ; 4 ï ʰʣʘʥʛ ʜʣʷ ʚʽʜʙʠʨʘʥʥʷ ʧʨʦʙʠ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ ʟ 

ʢʘʤʝʨʠ; 5 ï ʰʣʘʥʛ ʜʣʷ ʚʽʜʙʠʨʘʥʥʷ ʧʨʦʙʠ ʪʝʩʪ-ʘʝʨʦʟʦʣʶ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ; 6 ï ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʟ ʚʠʚʦʜʦʤ ʜʘʥʠʭ ʥʘ ʇʂ; 7 ï ʙʽʛʦʚʘ ʜʦʨʽʞʢʘ; 8 

ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ʽ ʨʦʟʧʦʜʽʣʶʚʘʯ ʧʦʚʽʪʨʷ; 9 ï ʩʢʠʜ ʧʦʚʽʪʨʷ; 10 ï ʪʝʩʪ-ʘʝʨʦʟʦʣʴ; 

11 ï ʚʝʥʪʠʣʷʪʦʨʠ ʚ ʢʘʤʝʨʽ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʠʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʠʟʠʢʽʚ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 5 ʚʠʧʨʦʙʫʚʘʯʽʚ ʯʦʣʦʚʽʯʦʾ ʩʪʘʪʽ ʚʽʢʦʤ ʚʽʜ 20 ʜʦ 45 ʨʦʢʽʚ 

ʪʘ ʥʝ ʤʘʣʠ ʤʝʜʠʯʥʠʭ ʧʨʦʪʠʧʦʢʘʟʘʥʴ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʪʝʩʪʫʚʘʥʥʷ ʫʩʽ 

ʚʠʧʨʦʙʫʚʘʯʽ ʧʨʦʭʦʜʠʣʠ ʥʘʚʯʘʥʥʷ ʟ ʧʨʘʚʠʣ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʘʥʠʤʠ 

ʨʝʩʧʽʨʘʪʦʨʘʤʠ ʪʘ ʙʫʣʠ ʦʟʥʘʡʦʤʣʝʥʽ ʟ ʽʥʩʪʨʫʢʮʽʻʶ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʌʈ. ʇʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʦʥʠ ʧʨʦʭʦʜʠʣʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʯʘʥʥʷ ʟ 

ʥʦʩʽʥʥʷ ʄʌʈ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʥʘʩʪʘʥʥʷ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɼʣʷ ʫʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʄʌʈ ʙʫʣʦ ʧʨʠʻʜʥʘʥʦ ʩʢʦʤʙʽʥʦʚʘʥʠʡ ʬʽʣʴʪʨ AVEC 

NBC-3/SL (ʢʣʘʩ ʟʘʭʠʩʪʫ ɸ2ɺ2ɽ2ʂ2HgSX P3 D R) ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʨʽʟʴʙʣʝʥʥʷʤ 

ʟʘ EN 148-1, ʘ ʽʥʰʠʡ ʚʭʽʜʥʠʡ ʦʪʚʽʨ ʙʫʣʦ ʟʘʢʨʠʪʦ ʛʝʨʤʝʪʠʯʥʦʶ ʟʘʛʣʫʰʢʦʶ. 
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʚʠʢʦʥʘʥʥʷ 

ʚʠʧʨʦʙʫʚʘʯʘʤʠ ʨʷʜʫ ʚʧʨʘʚ: 

- ʭʦʜʽʥʥʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʧʨʦʪʷʛʦʤ 2 ʭʚ. ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʙʝʟ ʧʦʚʦʨʦʪʽʚ ʛʦʣʦʚʠ ʪʘ 

ʧʨʦʤʦʚʣʷʥʥʷ; 

- ʭʦʜʽʥʥʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʧʨʦʪʷʛʦʤ 2 ʭʚ. ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʟ ʧʦʚʦʨʦʪʘʤʠ ʛʦʣʦʚʠ çʚʧʨʘʚʦ-

ʚʣʽʚʦè ʙʝʟ ʧʨʦʤʦʚʣʷʥʥʷ; 

- ʭʦʜʽʥʥʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʧʨʦʪʷʛʦʤ 2 ʭʚ. ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʟ ʧʦʚʦʨʦʪʘʤʠ ʛʦʣʦʚʠ çʚʧʨʘʚʦ-

ʚʣʽʚʦè ʙʝʟ ʧʨʦʤʦʚʣʷʥʥʷ; 

- ʭʦʜʽʥʥʷ ʧʦ ʙʽʛʦʚʽʡ ʜʦʨʽʞʮʽ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʧʨʦʪʷʛʦʤ 2 ʭʚ. ʟʽ ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʟ ʯʠʪʘʥʥʷʤ ʪʝʢʩʪʫ ʪʘ ʤʽʤʽʢʦʶ 

ʦʙʣʠʯʯʷ. 

ʇʦʩʪʽʡʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʠʧʨʦʙʫʚʘʯʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʙʽʛʦʚʦʾ ʜʦʨʽʞʢʠ MaxxPro X502 (MaxxPro, ʂʠʪʘʡ), 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʨʫʭʫ ʟ ʪʦʯʥʽʩʪʶ 0,1 ʢʤ/ʛʦʜ. 

(ʨʠʩ. 3.10). 

 

ʈʠʩʫʥʦʢ 3.10 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʧʨʦʙʫʚʘʯʘ ʚ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʟ 

ʫʚʽʤʢʥʝʥʠʤ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ 
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ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʘʧʶʰʦʥ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʄʌʈ, 

ʧʨʦʚʽʪʨʶʚʘʚʩʷ ʪʘ ʧʨʦʭʦʜʠʚ ʧʨʦʮʝʜʫʨʫ ʯʠʱʝʥʥʷ ʪʘ ʜʝʟʽʥʬʝʢʮʽʾ, 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʢʘʤʝʨʘ ʪʘʢʦʞ ʧʨʦʚʽʪʨʶʚʘʣʘʩʴ. ʎʝ ʜʦʟʚʦʣʷʣʦ ʧʦʚʥʽʩʪʶ 

ʦʥʦʚʠʪʠ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʘʪʤʦʩʬʝʨʫ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ, ʘ 

ʄʌʈ ʧʽʜʛʦʪʫʚʘʪʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʶ ʣʶʜʠʥʦʶ, ʘ ʪʘʢʦʞ ʧʨʠʙʨʘʪʠ 

ʯʘʩʪʠʥʢʠ, ʱʦ ʤʦʛʣʠ ʦʩʽʩʪʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʄʌʈ ʪʘ ʩʪʚʦʨʶʚʘʪʠ 

ʧʦʭʠʙʢʫ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. 

ɺʝʩʴ ʯʘʩ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʘʩʧʽʨʘʪʦʨʦʤ ʚʽʜʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʦʙôʻʤʦʤ 0,2 ʜʤ
3
/ʭʚ. ɼʘʥʽ ʚʠʟʥʘʯʘʣʠʩʴ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ ʉ-115ʄ1ɽ ʪʘ ʧʝʨʝʜʘʚʘʣʠʩʴ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

AAS-2009, ʱʦ ʩʪʚʦʨʝʥʦ ʚʠʨʦʙʥʠʢʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ, ʜʝ ʚʦʥʠ 

ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʪʘ ʦʩʝʨʝʜʥʶʚʘʣʠʩʴ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 3.9. 

 

ʊʘʙʣʠʮʷ 3.9 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʘʥʥʷ 

ʄʌʈ 

ʅʦʤʝʨ 

ʚʠʧʨʦʙʫʚʘʯʘ 

ʍʦʜʽʥ-

ʥ ̫

ʈʫʭʠ 

ʛʦʣʦʚʦʶ 

ʣʽʚʦ/ʧʨʘʚʦ 

ʈʫʭʠ 

ʛʦʣʦʚʦʶ 

ʚʛʦʨʫ/ʚʥʠʟ 

ʇʨʦʤʦʚ-

ʣʷʥʥʷ 

ʍʦʜʽʥʥʷ 

ʤʦʚʯʢʠ 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 

1 0,567 0,491 0,217 0,684 0,631 0,518 

2 0,316 0,587 0,792 0,732 0,818 0,649 

3 0,546 0,730 0,645 0,819 0,643 0,677 

4 0,417 0,328 0,446 0,398 0,435 0,405 

5 0,678 0,594 0,832 0,916 0,840 0,772 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 
0,505 0,546 0,586 0,710 0,673  

ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 
0,678 0,730 0,832 0,916 0,840  
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʦʪʨʠʤʘʥʠʡ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 0,916 %, ʪʦʞ ʜʘʥʠʡ 

ʧʨʠʩʪʨʽʡ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ʊʅ2 

ʆʧʽʨ ʜʠʭʘʥʥʶ ʄʌʈ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ EN 

13274-3:2001 [21] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.11.  

ʂʘʧʶʰʦʥ ʄʌʈ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ ʤʫʣʷʞʽ ʛʦʣʦʚʽ, ʧʨʠ ʮʴʦʤʫ 

ʥʘʛʦʣʦʚʥʠʡ ʛʘʨʥʽʪʫʨ ʨʝʛʫʣʶʚʘʚʩʷ ʜʣʷ ʤʽʮʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ. 

ɿʘʩʣʽʥʢʠ ʬʣʘʥʮʶ, ʱʦ ʨʝʛʫʣʶʻ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ ʟ ʢʘʧʶʰʦʥʫ, ʙʫʣʠ ʟʘʢʨʠʪʽ 

ʦʩʢʽʣʴʢʠ ʥʘ ʢʘʧʶʰʦʥʽ ʧʝʨʝʜʙʘʯʝʥʘ ʚʣʘʩʥʘ ʩʠʩʪʝʤʘ ʫʱʽʣʴʥʝʥʥʷ. ɼʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʚ ʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʤʘʥʦʤʝʪʨ Testo 512 (Testo AG, 

ʅʽʤʝʯʯʠʥʘ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜ ʤʽʥʫʩ 2000 ʇʘ ʜʦ 2000 ʇʘ, ʟ ʪʦʯʥʽʩʪʶ 1 ʇʘ ʪʘ 

ʯʘʩʪʦʪʦʶ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ 1 ʩ. 

  

ʈʠʩʫʥʦʢ 3.11 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʄʌʈ 

1 ï ʤʫʣʷʞ ʛʦʣʦʚʠ; 2 ï ʢʘʥʘʣʠ ʨʫʭʫ ʧʦʚʽʪʨʷ çʚʜʠʭ-ʚʠʜʠʭè; 3 ï ʜʠʭʘʣʴʥʘ 

ʤʘʰʠʥʘ; 4 ï ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʤʘʥʦʤʝʪʨ Testo 512; 5 ï ʚʠʧʨʦʙʫʚʘʥʠʡ ʟʨʘʟʦʢ 

ʄʌʈ; 6 ï ʬʣʘʥʝʮʴ, ʱʦ ʨʝʛʫʣʶʻ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʟ ʢʘʧʶʰʦʥʫ 

 

ʆʜʠʥ ʰʪʫʮʝʨ ʜʣʷ ʰʣʘʥʛʽʚ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ ʟʥʘʭʦʜʠʚʩʷ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʙʫʚ ʚʽʜʢʨʠʪʠʡ. ɸ ʽʥʰʠʡ ʰʪʫʮʝʨ ʜʣʷ ʰʣʘʥʛʽʚ 

ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 3 ʤʤ ʟʘʚʦʜʠʚʩʷ 

ʜʦ ʢʘʧʶʰʦʥʫ. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʙʫʣʘ ʚʽʜʨʝʛʫʣʴʦʚʘʥʘ ʥʘ 25 

ʮʠʢʣʽʚ/ʭʚ. ʪʘ 2 ʜʤ
3
/ʭʽʜ, ʧʦʚʽʪʨʷ ʧʦʜʘʚʘʣʦʩʴ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʢʘʧʶʰʦʥʫ 

ʟʘ ʚʠʤʢʥʝʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʧʨʠ ʮʴʦʤʫ ʤʽʢʨʦʤʘʥʦʤʝʪʨʦʤ ʨʝʻʩʪʨʫʚʘʣʠʩʴ 

ʜʘʥʽ ʥʘ ʬʘʟʽ ʚʠʜʠʭʫ, ʢʦʣʠ ʚ ʢʘʧʶʰʦʥʽ ʩʪʚʦʨʶʚʘʚʩʷ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. ʇʦʪʽʤ 

ʟʘ ʧʨʘʮʶʶʯʦʾ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʤʠʢʘʣʠ ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ ʄʌʈ ʽ ʪʘʢʦʞ 

ʤʽʢʨʦʤʘʥʦʤʝʪʨʦʤ ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʜʘʥʽ ʥʘ ʬʘʟʽ ʚʠʜʠʭʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.10. 

 

ʊʘʙʣʠʮʷ 3.10 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʄʌʈ 

ʉʝʨʽʷ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʆʧʽʨ ʜʠʭʘʥʥʶ ʟʘ ʚʠʤʢʥʝʥʦʛʦ 

ʄʌʈ, ʇʘ 

ʆʧʽʨ ʜʠʭʘʥʥʶ ʟʘ ʚʠʤʢʥʝʥʦʛʦ 

ʄʌʈ, ʇʘ 

1 2 28 

2 2 23 

3 1 24 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 

2 28 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʌʈ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ EN 13274-2:2001 [22]. 

ɺʠʧʨʦʙʫʚʘʯʽ ʚʠʢʦʥʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʚʧʨʘʚʠ: 

- ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʨʦʙʦʪʠ, 

ʚʠʧʨʦʙʫʚʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʜʷʯʠ ʫ ʟʨʫʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ; 

- ʭʦʜʴʙʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʫ ʧʦʚʥʠʡ ʟʨʽʩʪ ʽʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ 6 ʢʤ/ʛʦʜ. ʧʨʦʪʷʛʦʤ 10 ʭʚ.; 

- ʭʦʜʽʥʥʷ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟ 

ʛʘʙʘʨʠʪʥʦʶ ʚʠʩʦʪʦʶ (1,3Ñ0,2) ʤ; 

- ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʟ ʛʘʙʘʨʠʪʥʦʶ ʚʠʩʦʪʦʶ (0,7Ñ0,05) ʤ; 

- ʟʘʧʦʚʥʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʦʨʟʠʥʠ (ʦʙôʻʤʦʤ 8 ʜʤ
3
) ʛʫʤʦʚʦʶ ʩʪʨʫʞʢʦʶ ʘʙʦ 

ʽʥʰʠʤ ʧʨʠʜʘʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʙʫʥʢʝʨʘ ʚʠʩʦʪʦʶ 1,5 ʤ., ʜʽʾ ʚʠʢʦʥʫʚʘʣʠʩʷ 19 

ʨʘʟʽʚ ʧʨʦʪʷʛʦʤ 10 ʭʚ. (ʨʠʩ. 3.12). 
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ʈʠʩʫʥʦʢ 3.12 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʧʨʦʙʫʚʘʯʘ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʫʚʽʤʢʥʝʥʠʤ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʙʫʣʦ ʟʘʣʫʯʝʥʦ 5 ʚʠʧʨʦʙʫʚʘʯʽʚ ʯʦʣʦʚʽʯʦʾ ʩʪʘʪʽ ʚʽʢʦʤ ʚʽʜ 

20 ʜʦ 45 ʨʦʢʽʚ. ɼʦʜʘʪʢʦʚʦ, ʥʘ ʩʪʘʜʽʾ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʝʨʝʣʽʢʫ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʱʦ 

ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʪʝʩʪʫʚʘʥʥʽ, ʧʨʦʚʦʜʠʣʦʩʴ ʾʭ ʦʧʠʪʫʚʘʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, 

ʥʝʱʦʜʘʚʥʴʦʛʦ ʤʝʜʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʘʙʦ ʧʝʨʝʥʝʩʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʋ ʨʘʟʽ 

ʧʦʟʠʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʯʽʚ ʨʝʢʦʤʝʥʜʫʚʘʣʠ. ʇʝʨʝʜ 

ʪʝʩʪʫʚʘʥʥʷʤ ʚʠʧʨʦʙʫʚʘʯʽʚ ʦʟʥʘʡʦʤʣʶʚʘʣʠ ʟ ʧʨʦʮʝʜʫʨʦʶ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʥʘʚʯʘʣʠ ʧʨʘʚʠʣʘʤ ʢʦʨʠʩʪʫʚʘʥʥʷ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ. ʋʯʘʩʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ ʚ 

ʪʝʩʪʫʚʘʥʥʽ ʙʫʣʘ ʜʦʙʨʦʚʽʣʴʥʦʶ, ʧʨʦ ʱʦ ʚʦʥʠ ʧʽʜʧʠʩʘʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʢʫʤʝʥʪ 

(ʧʦʛʦʜʞʝʥʥʷ) ʥʘ ʫʯʘʩʪʴ, ʟʘ ʷʢʠʤ ʥʝ ʤʘʶʪʴ ʧʨʝʪʝʥʟʽʡ ʜʦ ʦʨʛʘʥʽʟʘʪʦʨʽʚ. 

ʇʦ ʟʘʢʽʥʯʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʦʚʦʜʠʣʦʩʴ ʧʠʩʴʤʦʚʝ ʦʧʠʪʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦʜʦ ʢʦʤʬʦʨʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʌʈ, ʜʝ ʚʦʥʠ ʥʘ ʟʘʧʠʪʘʥʥʷ 

ʩʫʙôʻʢʪʠʚʥʦ ʚʠʩʪʘʚʣʷʣʠʩʴ ʙʘʣʠ ʚʽʜ 1 ʜʦ 5, ʜʝ 1 ï ʜʫʞʝ ʧʦʛʘʥʦ, ʘ 5 ï ʜʫʞʝ 

ʜʦʙʨʝ. ʂʦʞʝʥ ʚʠʧʨʦʙʫʚʘʯ ʦʪʨʠʤʫʚʘʚ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʘʥʢʝʪʫ ʟ ʧʝʨʝʣʽʢʦʤ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʟʘ ʚʣʘʩʥʠʤʠ ʚʽʜʯʫʪʪʷʤʠ ʩʫʙôʻʢʪʠʚʥʦ ʚʠʩʪʘʚʣʷʚ ʙʘʣʠ. ʇʽʜ ʯʘʩ 

ʟʘʧʦʚʥʝʥʥʷ ʘʥʢʝʪ ʚʠʧʨʦʙʫʚʘʯʝʤ ʽʥʰʽ ʣʶʜʠ, ʱʦ ʟʘʣʫʯʝʥʽ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ. ʇʽʜ ʯʘʩ 

ʦʧʠʪʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʯʽ ʦʮʽʥʶʚʘʣʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 
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- ʟʨʫʯʥʽʩʪʴ ʛʦʣʦʚʥʦʛʦ ʛʘʨʥʽʪʫʨʘ (ɿɻɻ); 

- ʟʨʫʯʥʽʩʪʴ ʧʽʜʚʽʩʥʦʾ ʩʠʩʪʝʤʠ (ɿʇʉ); 

- ʣʝʛʢʽʩʪʴ ʟʥʽʤʘʥʥʷ ʪʘ ʥʘʜʷʛʘʥʥʷ (ʃɿʅ); 

- ʥʘʜʽʡʥʽʩʪʴ ʢʨʽʧʣʝʥʴ (ʅʂ); 

- ʜʦʩʪʫʧʥʽʩʪʴ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶʚʘʥʥʷ (ɼɿʂ); 

- ʯʽʪʢʽʩʪʴ ʽ ʧʦʣʝ ʟʦʨʫ, ʦʭʦʧʣʶʶʯʠ ʟʘʧʦʪʽʚʘʥʥʷ (ʏʇɿ); 

- ʣʝʛʢʽʩʪʴ ʪʘ ʯʽʪʢʽʩʪʴ ʩʧʽʣʢʫʚʘʥʥʷ (ʃʏʉ); 

- ʟʙʝʨʽʛʘʥʥʷ ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʘʧʘʨʘʪʘ (ʈɺɸ): 

- ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʈʐʇ); 

- ʩʚʦʙʦʜʘ ʨʫʭʽʚ ʛʦʣʦʚʦʶ (ʉʈɻ). 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʝʨʝʥʦʩʠʣʠʩʴ ʟ ʧʘʧʝʨʦʚʠʭ ʘʥʢʝʪ ʚ ʝʣʝʢʪʨʦʥʥʠʡ 

ʜʦʢʫʤʝʥʪ, ʜʣʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʘ Microsoft Excel 365. ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.11. 

 

ʊʘʙʣʠʮʷ 3.11 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ 

ʇʦʢʘʟʥʠʢ, ʱʦ 

ʦʮʽʥʶʚʘʚʩʷ 

ʅʦʤʝʨ ʚʠʧʨʦʙʫʚʘʯʘ ʪʘ ʦʪʨʠʤʘʥʽ ʙʘʣʠ ʉʝʨʝʜʥʻ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ 1 2 3 4 5 

ɿɻɻ 5 5 5 4 5 4,8 Ñ 0,45 

ɿʇʉ 4 4 5 4 4 4,2 Ñ 0,45 

ʃʅɿ 3 4 4 4 3 3,6 Ñ 0,55 

ʅʂ 5 5 5 5 4 4,8 Ñ 0,45 

ɼɿʂ 4 4 5 4 4 4,2 Ñ 0,45 

ʏʇɿ 5 5 5 4 5 4,8 Ñ 0,45 

ʃʏʉ 5 5 5 5 4 4,8 Ñ 0,45 

ʈɺɸ 4 5 5 4 5 4,6 Ñ 0,55 

ʈʐʇ 4 5 5 5 4 4,6 Ñ 0,55 

ʉʈɻ 4 4 4 5 5 4,4 Ñ 0,55 

ʉʝʨʝʜʥʻ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ 
4,0Ñ0,67 4,4Ñ0,52 4,6Ñ0,42 4,4Ñ0,52 4,4Ñ0,67  

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ EN 13274-6:2001 [23]. ʉʭʝʤʘ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.13. 
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ʈʠʩʫʥʦʢ 3.13 ï ʉʭʝʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ 

ʧʦʚʽʪʨʽ [21]: 1 ï ʜʠʭʘʣʴʥʘ ʤʘʰʠʥʘ; 2 ï ʜʦʧʦʤʽʞʥʘ ʣʝʛʝʥʷ; 3 ï ʦʜʥʦʩʪʦʨʦʥʥʽʡ 

ʢʣʘʧʘʥ; 4 ï ʚʠʪʨʘʪʦʤʽʨ; 5 ï ʢʦʤʧʝʥʩʘʪʦʨ; 6 ï ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ ʉʆ2; 7 ï 

ʩʦʣʝʥʦʾʜʥʽ ʢʣʘʧʘʥʠ; 8 ï ʤʫʣʷʞ ʛʦʣʦʚʠ; 9 ï ʪʨʫʙʢʘ ʜʣʷ ʚʽʜʙʠʨʘʥʥʷ ʧʨʦʙ; 10 ï 

ʧʦʛʣʠʥʘʯ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ çɼʆɿʆʈ-ʉ-ʉʆ2è (ʅɺʇ çʆʈɯʆʅè, ʋʢʨʘʾʥʘ), ʷʢʠʡ ʚ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʤʘʻ ʜʚʘ ʙʣʦʢʠ ʢʦʥʪʨʦʣʶ ï ʦʜʠʥ ʥʘ ʣʽʥʽʾ ʚʠʜʠʭʫ (0-5 ʦʙ %) ʪʘ ʜʨʫʛʠʡ ʥʘ 

ʣʽʥʽʾ ʚʜʠʭʫ (0-1 ʦʙ %) ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,001 ʦʙ % (ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʣʽʙʨʫʚʘʥʥʷ 0,004 ʦʙ %). ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʙʣʦʢʦʤ 

ʢʦʥʪʨʦʣʶ ʣʽʥʽʾ ʚʜʠʭʫ ʚʠʟʥʘʯʘʣʘʩʴ ʣʘʙʦʨʘʪʦʨʥʘ ʬʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ, ʟʘ ʷʢʦʾ ʚ ʧʦʜʘʣʴʰʦʤʫ ʢʦʨʠʛʫʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. 

ɺʤʠʢʘʣʘʩʴ ʜʠʭʘʣʴʥʘ ʤʘʰʠʥʘ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʘʧʶʰʦʥʫ ʄʌʈ ʥʘ 

ʤʫʣʷʞ. ɼʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʟ ʙʘʣʦʥʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʚʝʥʪʠʣʽʚ 

ʧʦʜʘʚʘʚʩʷ ʜʦ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʩʪʘʯʘʚʩʷ ʜʦ ʤʫʣʷʞʫ 

ʛʦʣʦʚʠ ʯʝʨʝʟ ʣʽʥʽʾ ʚʠʜʠʭʫ ʥʘ ʬʘʟʽ ʚʠʜʠʭʫ. ʅʘ ʬʘʟʽ ʚʜʠʭʫ ʧʦʚʽʪʨʷ, ʱʦ ʤʽʩʪʠʪʴ 

ʟʘʣʠʰʢʠ ʉʆ2 ʧʦ ʣʽʥʽʾ ʚʜʠʭʫ ʧʦʜʘʚʘʣʦʩʴ ʜʦ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʧʨʠ ʮʴʦʤʫ 

ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ (ʜʦ 100 ʩʤ
3
) ʜʘʥʦʾ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚʽʜʙʠʨʘʣʘʩʴ ʥʘ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ. ʆʯʽʢʫʚʘʣʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʥʘʜʷʛʘʣʠ 

ʢʘʧʶʰʦʥ ʄʌʈ ʪʘ ʚʤʠʢʘʣʠ ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ ʄʌʈ. ʇʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 
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ʧʦʢʘʟʥʠʢʽʚ ʟ ʜʠʩʧʣʝʶ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʟʥʽʤʘʣʠʩʴ ʪʘ ʨʝʻʩʪʨʫʚʘʣʠ ʜʘʥʽ. ɿʥʽʤʘʣʠ 

ʢʘʧʶʰʦʥ ʪʘ ʚʠʤʠʢʘʣʠ ʄʌʈ, ʧʦʪʽʤ ʟʥʦʚʫ ʥʘʜʷʛʘʣʠ ʢʘʧʶʰʦʥ ʥʘ ʤʫʣʷʞ, 

ʚʤʠʢʘʣʠ ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ ʄʌʈ ʪʘ ʨʝʻʩʪʨʫʚʘʣʠ ʜʘʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.12. 

ʊʘʙʣʠʮʷ 3.12 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ 

ʧʦʚʽʪʨʽ ʟʘ ʫʚʽʤʢʥʫʪʦʛʦ ʄʌʈ 

ʉʝʨʽʷ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ʌʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʦʙ % 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʦʙ % 

1 0,00 0,683 

2 0,00 0,716 

3 0,00 0,690 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 
0,00 0,696 Ñ 0,004 ʦʙ % 

 

ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʄʌʈ ʟ ʧʦʚʽʪʨʦʧʨʦʚʦʜʦʤ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʘʛʘʭ ɺʈ-02ʄʉʋ (ʆʈɯɿʆʅ-ʋʅɯɺɽʈʉɸʃ, ʋʢʨʘʾʥʘ) ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʦ 3 ʢʛ ʪʦʯʥʽʩʪʶ 0,2 ʛ (ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 0,87 ʛ.). ɿʚʘʞʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʪʨʠʯʽ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, 

ʘ ʜʘʥʽ ʫʩʝʨʝʜʥʶʚʘʣʠʩʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʩʘ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʦʤ ʩʪʘʥʦʚʠʪʴ 1208 ʛ. ɼʣʷ ʦʮʽʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ 

ʟʘʤʽʨʽʚ ʧʦʚʪʦʨʥʦ ʚʠʢʦʥʫʚʘʣʠ ʟʚʘʞʝʥʥʷ ʦʢʨʝʤʦ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ (ʢʘʧʶʰʦʥʫ, 

990 ʛ) ʪʘ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ (218 ʛ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʜʘʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʦʢʨʝʤʠʭ 

ʤʘʩ ʟʘʛʘʣʴʥʘ ʚʘʛʘ ʝʣʝʤʝʥʪʫ ʥʝ ʟʤʽʥʠʣʘʩʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʚʠʢʦʥʘʥʠʭ ʜʽʡ. 

ɺʝʣʠʯʠʥʘ ʨʽʚʥʷ ʰʫʤʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʨʦʙʦʯʠʤ ʤʦʪʦʨʦʚʠʤ ʙʣʦʢʦʤ 

ʩʪʘʥʦʚʠʪʴ 48-51 ʜɹ (ɸ) ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 75 ʜɹ (ɸ), 

ʷʢʝ ʚʠʤʽʨʶʚʘʣʦʩʴ ʚ ʧʨʠʤʽʱʝʥʥʽ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʰʫʤʫ WALCOM SL-

5868F ʪʦʯʥʽʩʪʶ ʜʦ 1 ʜɹ. ɿʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʨʦʪʦʢʦʣʽ ʚʠʧʨʦʙʫʚʘʥʴ (ɼʦʜʘʪʦʢ ɼ) ʪʘ ʪʘʙʣʠʮʽ 3.13. 
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ʊʘʙʣʠʮʷ 3.13 ï ʋʟʘʛʘʣʴʥʶʶʯʘ ʪʘʙʣʠʮʷ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʄʌʈ ʟ ʢʘʧʶʰʦʥʦʤ 

ʇʘʨʘʤʝʪʨ ʌʘʢʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ 

ɺʠʤʦʛʠ ʟʛʽʜʥʦ ɼʉʊʋ 

EN 12941 

ʆʧʽʨ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʫ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (ʚ ʩʝʨʝʜʠʥʽ 

ʢʘʧʶʰʦʥʫ), ʇʘ 

28 ʇʘ ʅʝ ʙʽʣʴʰʝ 350 ʇʘ 

ʄʘʩʘ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʟʽ ʰʣʘʥʛʦʤ, ʢʛ 1,208 ʅʝ ʙʽʣʴʰʝ 1,5 ʢʛ 

ʇʨʦʻʢʪʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʭʚ. 
600 ʅʝ ʤʝʥʰʝ 240 ʭʚ. 

ʈʽʚʝʥʴ ʰʫʤʫ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ, ʜɹ 

(ɸ)  
48-51 ʅʝ ʙʽʣʴʰʝ 75 ʜɹ (ɸ) 

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ, % 0,916 ʊʅ1 ï ʥʝ ʙʽʣʴʰʝ 10 % 

ʊʅ2 ï ʥʝ ʙʽʣʴʰʝ 2 % 

ʊʅ3 ï ʥʝ ʙʽʣʴʰʝ 0,2 % 
ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʢʣʘʩʫ ʟʘʭʠʩʪʫ ʊʅ2 

ʆʮʽʥʢʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʙʘʣʠ 
4,4 ʙʘʣʠ ʟ 5 ʉʫʙôʻʢʪʠʚʥʘ ʦʮʽʥʢʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʟʦʥʽ ʜʠʭʘʥʥʷ ʚ ʢʘʧʶʰʦʥʽ ʟʘ 

ʫʚʽʤʢʥʝʥʦʛʦ ʄʌʈ, ʦʙ. % 

0,696 Ñ 0,004 

ʦʙ % 
ʅʝ ʙʽʣʴʰʝ 1,0 % 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʨʘʟʢʘ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ 

ɼʉʊʋ EN 12941. 

ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʘʥʥʷ ʘʝʨʦʟʦʣʶ ʧʽʜʪʚʝʨʜʠʚ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʄʌʈ ʢʣʘʩʫ TH2. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʥʠʢʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 %, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʜʣʷ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʮʴʦʛʦ ʢʣʘʩʫ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʥʘʷʚʥʽʩʪʶ ʚʠʭʦʜʽʚ 

ʧʦʚʽʪʨʷ ʟ ʧʽʜʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʯʝʨʝʟ ʤʘʥʞʝʪʫ. ɿʘʧʣʘʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ 

ʥʝʱʽʣʴʥʠʤ ʧʨʠʣʷʛʘʥʥʷʤ ʤʘʥʞʝʪʠ ʜʦ ʰʠʾ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʩʠʪʫʘʪʠʚʥʝ 

ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʟʦʥʫ ʜʠʭʘʥʥʷ. 
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʣʘʩʫ ʟʘʭʠʩʪʫ ʜʦ TH3 ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʘʨʽʘʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʱʽʣʴʥʠʤ ʧʨʠʣʷʛʘʥʥʷʤ ʤʘʥʞʝʪʠ ʜʦ ʰʠʾ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɼʦʜʘʪʢʦʚʦʶ ʧʦʪʝʥʮʽʡʥʦʶ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʧʽʜʩʦʩʽʚ ʻ ʩʘʤ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʫʯʥʦʤʫ ʤʦʥʪʘʞʽ 

ʤʦʛʣʠ ʚʠʥʠʢʘʪʠ ʥʝʪʦʯʥʦʩʪʽ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʾʭ ʛʝʨʤʝʪʠʟʘʮʽʾ. 

ʆʮʽʥʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ 

ʩʫʙôʻʢʪʠʚʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʯʽʚ, ʩʪʘʥʦʚʠʣʘ 4,4 ʙʘʣʠ ʟ 5 ʤʦʞʣʠʚʠʭ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʨʫʯʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʅʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʦʮʽʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʝ ʟ ʪʘʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʷʢ ʚʘʛʘ ʩʠʩʪʝʤʠ ʘʙʦ ʘʢʫʩʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [24], ʦʜʥʘʢ 

ʢʨʠʪʠʯʥʠʭ ʟʘʫʚʘʞʝʥʴ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ [25, 26]. 

ʇʦʢʘʟʥʠʢ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʩʢʣʘʚ ʣʠʰʝ 28 ʇʘ ʧʨʠ ʥʦʨʤʘʪʠʚʥʦʤʫ 

ʦʙʤʝʞʝʥʥʽ ʥʝ ʙʽʣʴʰʝ 350 ʇʘ. ʎʝ ʟʥʘʯʥʦ ʥʠʞʯʝ ʟʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʙʦʪʦʶ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ, ʷʢʠʡ ʩʪʚʦʨʶʻ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʽ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʯʫ ʧʦʚʽʪʨʷ ʚ ʟʦʥʫ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ 

ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʘʥʞʝʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʥʘʢʦʧʠʯʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʝ 

ʧʦʚʽʪʨʷ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʜʠʭʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʤʬʦʨʪ 

ʧʨʘʮʽ. 

ʄʘʩʘ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʘʟʦʤ ʽʟ ʧʦʚʽʪʨʦʧʨʦʚʦʜʨʤ ʩʪʘʥʦʚʠʣʘ 1,208 ʢʛ, ʱʦ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʭ 1,5 ʢʛ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʻ ʚʘʞʣʠʚʠʤ ʟ ʦʛʣʷʜʫ ʥʘ 

ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ ʙʝʟ 

ʟʥʘʯʥʦʾ ʚʪʦʤʠ ʤôʷʟʽʚ ʰʠʾ ʪʘ ʧʣʝʯʦʚʦʛʦ ʧʦʷʩʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʽʥʪʝʛʨʦʚʘʥʦ ʟʘʭʠʩʥʫ ʢʘʩʢʫ ʟʘ EN 397, ʷʢʘ 

ʜʦʜʘʪʢʦʚʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ ʪʘ 

ʬʽʟʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʅʘʷʚʥʽʩʪʴ ʢʘʩʢʠ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʫ ʤʘʩʫ ʚʫʟʣʘ, ʦʜʥʘʢ 

ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʘ ʜʽʷ ʟʘʩʦʙʫ ʟʘʭʠʩʪʫ, ʘ ʩʘʤʝ ʦʜʥʦʯʘʩʥʠʡ 

ʟʘʭʠʩʪ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʪʘ ʛʦʣʦʚʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʘ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 
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ɸʢʫʩʪʠʯʥʠʡ ʚʧʣʠʚ ʚʽʜ ʨʦʙʦʪʠ ʤʦʪʦʨʥʦʛʦ ʙʣʦʢʘ ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 48-

51 ʜɹ(ɸ), ʱʦ ʩʫʪʪʻʚʦ ʥʠʞʯʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 75 ʜɹ(ɸ). ʊʘʢʠʡ ʨʽʚʝʥʴ 

ʰʫʤʫ ʚʽʜʧʦʚʽʜʘʻ ʬʦʥʦʚʠʤ ʫʤʦʚʘʤ ʟʚʠʯʘʡʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʝ 

ʩʪʚʦʨʶʻ ʥʘʜʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʠ ʩʣʫʭʫ, ʱʦ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʢʦʤʬʦʨʪʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʜʠʭʘʣʴʥʽʡ ʟʦʥʽ ʧʨʠ ʫʚʽʤʢʥʝʥʦʤʫ 

ʤʦʪʦʨʥʦʤʫ ʙʣʦʮʽ ʩʪʘʥʦʚʠʣʘ 0,696 Ñ 0,004 %, ʱʦ ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ 

1,0 %. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʚʠʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʥʜʝʥʮʽʾ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ CO  ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʩʣʽʜʞʝʥʠʡ 

ʟʨʘʟʦʢ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ɼʉʊʋ EN 12941 ʜʣʷ ʢʣʘʩʫ TH2. ɺʩʽ ʧʝʨʝʚʽʨʝʥʽ ʧʦʢʘʟʥʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʤʝʞʘʭ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʧʨʠ ʮʴʦʤʫ ʥʠʟʴʢʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ, ʧʦʤʽʨʥʠʡ 

ʨʽʚʝʥʴ ʰʫʤʫ ʪʘ ʧʨʠʡʥʷʪʥʘ ʤʘʩʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʡ ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢʣʘʩʫ ʟʘʭʠʩʪʫ ʜʦ TH3 ʟʫʤʦʚʣʝʥʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʥʠʢʘʥʥʷ, ʷʢʝ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ ʩʫʚʦʨʠʤ ʢʨʠʪʝʨʽʷʤ. 

ʅʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʚʞʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʪʦʨʠʟʦʚʘʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʨʝʩʧʽʨʘʪʦʨʠ ʟ ʢʘʧʶʰʦʥʘʤʠ (ʟʦʢʨʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ 3ʄ, Honeywell, Drªger), 

ʦʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʩʘʤʝ 

ʤʝʜʠʯʥʽ, ʧʨʦʤʠʩʣʦʚʽ ʯʠ ʣʘʙʦʨʘʪʦʨʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʘʥʘʣʦʛʽʚ ʢʦʤʧʣʝʢʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʨʽʰʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. 

ʇʦ-ʧʝʨʰʝ, ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʘʣʽʟʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʟʘʭʠʩʪʫ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʝʬʝʢʪʠʚʥʝ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʽʜ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʫʤʽʰʝʡ (ʧʠʣ, 

ʛʘʟʠ, ʘʝʨʦʟʦʣʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ), ʪʦʜʽ ʷʢ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʚʠʜʘʭ ʟʘʛʨʦʟ [27, 28].  

ʇʦ-ʜʨʫʛʝ, ʚʠʢʦʨʠʩʪʘʥʦ CAD-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʧʝʨʝʚʽʨʢʫ ʘʝʨʦʜʠʥʘʤʽʢʠ ʢʘʧʶʰʦʥʘ, ʤʝʨʝʞʽ, ʱʦ ʧʦʜʘʻ ʧʦʚʽʪʨʷ ʪʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʦʧʽʨ ʨʫʭʫ ʧʦʚʽʪʨʷ ʪʘ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ, ʯʦʛʦ ʥʝ ʚʨʘʭʦʚʘʥʦ ʫ ʙʽʣʴʰʦʩʪʽ 

ʩʝʨʽʡʥʠʭ ʚʠʨʦʙʽʚ [29]. 

ʇʦ-ʪʨʝʪʻ, ʽʥʪʝʛʨʦʚʘʥʦ ʩʠʩʪʝʤʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʩʫʨʩʫ 

ʨʝʩʧʽʨʘʪʦʨʘ, ʷʢʘ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜʩʪʝʞʫʻ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʬʽʣʴʪʨʘ ʪʘ ʧʨʦʛʥʦʟʫʻ ʯʘʩ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʟʥʠʞʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʪʦʜʽ ʷʢ ʫ ʥʘʷʚʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʦʜʝʣʷʭ ʢʦʨʠʩʪʫʚʘʯ ʟʤʽʥʶʻ ʬʽʣʴʪʨʠ ʧʝʨʝʚʘʞʥʦ ʟʘ ʛʨʘʬʽʢʦʤ 

[30]. 

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʻ ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʨʦʙʦʪʫ 

ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʍɹʈʗ-ʟʘʛʨʦʟʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦʾ ʘʜʘʧʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

[31]. ʇʝʨʝʜʙʘʯʝʥʦ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʧʽʨʘʪʦʨ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʟʘʭʠʩʥʠʤʠ 

ʢʦʩʪʶʤʘʤʠ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ [32], ʘʣʝ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʛʥʫʯʢʽʩʪʴ, ʱʦ ʨʦʙʠʪʴ 

ʤʦʜʝʣʴ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʫ ʚʠʨʦʙʥʠʯʠʭ, ʪʘʢ ʽ ʚ ʘʚʘʨʽʡʥʦ-

ʨʷʪʫʚʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ʅʘʨʝʰʪʽ, ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʩʧʽʨʘʪʦʨʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʝʨʛʦʥʦʤʽʢʠ ʪʘ ʢʦʤʬʦʨʪʫ: ʟʥʠʞʝʥʦ ʰʫʤ ʚʝʥʪʠʣʷʪʦʨʘ, ʦʧʪʠʤʽʟʦʚʘʥʦ ʚʘʛʦʚʠʡ 

ʙʘʣʘʥʩ ʪʘ ʩʪʚʦʨʝʥʦ ʫʤʦʚʠ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ ʚʪʦʤʠ. 

ɿʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʮʠʭ ʨʽʰʝʥʴ ʥʦʚʘ ʤʦʜʝʣʴ ʤʦʪʦʨʠʟʦʚʘʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ 

ʢʘʧʶʰʦʥʦʤ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʟʘʩʽʙ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʚ ʤʝʜʠʯʥʠʭ ʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʇʦʨʽʚʥʷʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.14. 

ɺ ʧʨʦʮʝʩʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʠʟʠʢʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʤʦʚʘʤʠ ʧʽʜʩʠʩʪʝʤ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʄʌʈ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʢʨʠʪʠʯʥʠʭ ʚʽʜʤʦʚ, 

ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ, ʚʪʨʘʪʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 
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ʩʠʪʝʤʠ ʘʙʦ ʨʘʧʪʦʚʝ ʙʣʦʢʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʻʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʽ 

ʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʥʘʚʽʪʴ ʫ ʩʪʨʝʩʦʚʠʭ ʩʮʝʥʘʨʽʷʭ ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʜʝ ʙʫʜʴ-

ʷʢʘ ʥʝʩʧʨʘʚʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʥʝʙʝʟʧʝʯʥʽ ʥʘʩʣʽʜʢʠ. 

ʊʘʙʣʠʮʷ 3.14 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʂʨʠʪʝʨʽʡ 
ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ (3M, 

Honeywell, Drªger) 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ 

ʇʨʠʟʥʘʯʝʥʥʷ 

ʆʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʢʨʝʤʽ 

ʩʬʝʨʠ: ʤʝʜʠʯʥʘ, 

ʣʘʙʦʨʘʪʦʨʥʘ ʯʠ 

ʧʨʦʤʠʩʣʦʚʘ 

ʋʥʽʚʝʨʩʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʤʝʜʠʮʠʥʘ, 

ʮʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪ 

ʊʠʧ ʟʘʛʨʦʟ 

ɿʘʭʠʩʪ ʟʜʝʙʽʣʴʰʦʛʦ ʚʽʜ 

ʦʜʥʦʛʦ ʢʣʘʩʫ (ʘʝʨʦʟʦʣʽ ʘʙʦ 

ʛʘʟʠ, ʨʽʜʰʝ ʢʦʤʙʽʥʦʚʘʥʦ) 

ʆʜʥʦʯʘʩʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʧʠʣʫ, 

ʛʘʟʽʚ, ʘʝʨʦʟʦʣʽʚ, ʙʽʦʣʦʛʽʯʥʠʭ 

ʘʛʝʥʪʽʚ 

ɸʝʨʦʜʠʥʘʤʽʢʘ 

ʉʪʘʥʜʘʨʪʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʢʦʨʦʙʢʠ, ʙʝʟ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʪʦʢʫ 

CAD-ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ, 

ʟʥʠʞʝʥʠʡ ʦʧʽʨ, ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷ 

ʄʦʥʽʪʦʨʠʥʛ 

ʬʽʣʴʪʨʘ 

ɿʘʤʽʥʘ ʟʘ ʛʨʘʬʽʢʦʤ ʘʙʦ 

ʚʽʟʫʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ɽʨʛʦʥʦʤʽʢʘ 

ʄʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ ʟ 

ʚʘʛʦʶ, ʰʫʤʦʤ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʜʠʩʢʦʤʬʦʨʪ 

ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ 

ʥʦʩʽʥʥ ̔

ʆʧʪʠʤʽʟʦʚʘʥʘ ʚʘʛʘ, ʟʥʠʞʝʥʠʡ 

ʰʫʤ, ʢʘʧʶʰʦʥ ʽʟ ʢʦʤʬʦʨʪʥʦʶ 

ʧʦʩʘʜʢʦʶ 

ʂʦʤʫʥʽʢʘʮʽʷ 

ʏʘʩʪʦ ʫʩʢʣʘʜʥʝʥʝ 

ʩʧʽʣʢʫʚʘʥʥʷ ʯʝʨʝʟ 

ʤʘʪʝʨʽʘʣ ʢʘʧʶʰʦʥʘ 

ɺʨʘʭʦʚʘʥʦ ʘʢʫʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʨʘʱʦʾ 

ʯʫʪʥʦʩʪʽ 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ 

ʬʽʣʴʪʨʽʚ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ 

ʟʤʽʥʥʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ 

ʦʢʨʝʤʠʭ ʫʤʦʚ 

ʉʢʦʤʙʽʥʦʚʘʥʽ ʬʽʣʴʪʨʠ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʩʫʨʩʫ 

ʉʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʇʝʨʝʚʘʞʥʦ 

ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ: 

ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ, 

ʤʝʜʠʮʠʥʘ, ʘʚʘʨʽʡʥʽ ʩʣʫʞʙʠ 
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3.5 ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʧʨʦʮʝʩʫ ʜʠʭʘʥʥʷ ʣʶʜʠʥʠ ʥʘ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ 

ʄʌʈ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʠʭʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 

ʧʨʦʮʝʩʠ ʤʘʩʦʦʙʤʽʥʫ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙᾷʻʤʽ ʢʘʧʶʰʦʥʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʾ 

ʤʝʪʦʜʠʢʠ ʪʘ ʟʘʤʽʨʽʚ ʟʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪ ʜʠʭʘʥʥʷ. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 

ʦʪʨʠʤʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ 

ʦʯʠʱʝʥʥʷ ʪʘ ʥʘʩʠʯʝʥʥʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ f(Wʨʦʙ), ʱʦ ʚʨʘʭʦʚʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ 

ʨʦʙʽʪ ʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʘʚʩʷ ʩʪʝʥʜ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ [20], ʜʣʷ ʷʢʦʛʦ ʜʠʭʘʣʴʥʘ 

ʤʘʰʠʥʘ ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʽʤʽʪʫʶʪʴ ʜʠʭʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʣʶʜʠʥʠ ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ.̫ 

ɿʘʜʘʥʦ ʪʘʢʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: 

ʦʙᾷʻʤ ʦʜʥʦʛʦ ʜʠʭʘʣʴʥʦʛʦ ʮʠʢʣʫ - 2 ʜʤ
3
/ʭʽʜ; 

ʯʘʩʪʦʪʘ ʜʠʭʘʥʥʷ - 25 ʮʠʢʣʽʚ/ʭʚ; 

ʭʚʠʣʠʥʥʘ ʚʝʥʪʠʣʷʮʽʷ (VE) ï 50 ʜʤ
3
/ʭʚ; 

ʢʦʥʮʝʥʪʨʘʮʽʷ CO  ʫ ʰʪʫʯʥʦʤʫ ʚʠʜʠʭʫ - 5 %. 

ʈʦʙʦʯʠʡ ʦʙᾷʻʤ ʢʘʧʶʰʦʥʘ ʩʪʘʥʦʚʠʚ 3,4 ʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ 

ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ:  

- ʙʝʟ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚʽʜ ʤʦʪʦʨʠʟʦʚʘʥʦʛʦ ʙʣʦʢʫ (Q0 = 0), ʱʦʙ ʦʮʽʥʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʉʆ2; 

- ʟ ʫʚʽʤʢʥʝʥʠʤ ʤʦʪʦʨʠʟʦʚʘʥʠʤ ʙʣʦʢʦʤ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ (Q0 å 95 ʜʤ
3
/ʭʚ.). 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʢʦʥʮʝʥʪʨʘʮʽʷ CO  ʫʩʝʨʝʜʠʥʽ 

ʢʘʧʶʰʦʥʘ ʟʨʦʩʪʘʣʘ ʚʠʢʣʶʯʥʦ ʚʥʘʩʣʽʜʦʢ ʥʘʜʭʦʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʚʠʜʠʭʫ ʚʽʜ 

ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɽʤʧʽʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ CO  ʰʚʠʜʢʦ 
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ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 5 % ʧʨʦʪʷʛʦʤ 3ï4 ʩʝʢʫʥʜ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʦʜʘʯʽ ʛʘʟʦʚʦʾ 

ʩʫʤʽʰʽ. 

ʊʘʢʠʡ ʯʘʩ ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʥʦʤʫ ʧʝʨʽʦʜʫ ʥʘʩʠʯʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʦʙ'ʻʤʫ ʢʘʧʶʰʦʥʘ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ 

ʜʠʥʘʤʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ CO  ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʜʠʭʘʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɿʘ ʫʚʽʤʢʥʝʥʦʛʦ ʤʦʪʦʨʠʟʦʚʘʥʦʛʦ ʙʣʦʢʫ ʟ ʧʦʜʘʯʝʶ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ 

(ʚʠʪʨʘʪʘ ʙʣʠʟʴʢʦ 95 ʜʤ
3
/ʭʚ.) ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ CO  ʥʘʙʫʣʘ 

ʭʘʨʘʢʪʝʨʫ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʩʧʘʜʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 4ï5 ʩʝʢʫʥʜ 

ʢʦʥʮʝʥʪʨʘʮʽʷ CO  ʟʤʝʥʰʫʚʘʣʘʩʷ ʟ 5 % ʜʦ 0,7 %, ʪʦʙʪʦ ʧʨʠʙʣʠʟʥʦ ʜʦ 14 % ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 3.14). 

 

 

ʈʠʩʫʥʦʢ 3.14 ï ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʢʘʧʶʰʦʥʽ ʟʘ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ 25ʮʠʢʣʽʚ/ʭʘ ʪʘ ʫʚʽʤʢʥʝʥʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʨʘʟ: 

ὅὸ ὅ ϽὩ  

ʟʚʽʜʢʠ: 

† ̆̋̒̐
ὸ

ὰὲ
ὅὸ
ὅ

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ (t = 4,5 ʩ, C(t)/Cco2 = 0,1392), ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ: 

Űc ʝʢʩʧ = 2,3 ʩ. 
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ʊʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ 

ʦʙᾷʻʤʥʦʾ ʟʤʽʥʠ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʠʥʽ ʢʘʧʶʰʦʥʫ, 

Űc ʪʝʦʨ = Vʨʦʙ/Q0 

ʜʣʷ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ Vʨʦʙ = 3,4 ʣ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ Q = 95 ʜʤ
3
/ʭʚ. 

ʩʪʘʥʦʚʠʪʴ: 

Űc ʪʝʦʨ = 2,147 ʩ 

ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ (2,147 ʩ) ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (2,3 ʩ), ʨʽʟʥʠʮʷ ʤʽʞ ʜʘʥʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 7 %, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʾ ʤʦʜʝʣʽ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʚʠʤʘʛʘʚ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʮʠʢʣʽʚ ʥʘ ʜʠʭʘʣʴʥʽʡ 

ʤʘʰʠʥʽ, ʱʦ ʚʠʢʦʥʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʢʦʨʠʛʫʚʘʥʥʷ ʯʝʨʝʟ ʯʘʩʪʦʪʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ Mitsubishi ʤʦʜʝʣʴ S500. ɺʽʥ ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʪʦʪʠ ʥʘ ʜʚʠʛʫʥ ʜʠʭʘʣʴʥʦʾ ʤʘʰʠʥʠ ʯʝʨʝʟ ʐɯʄ-ʨʝʛʫʣʷʪʦʨ 

ʚʠʩʪʘʚʣʷʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʨʫʭ ʥʘ çʰʪʫʯʥʫ 

ʣʝʛʝʥʶè ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʨʝʜʫʢʪʦʨʽʚ. 

ʅʘʤʠ ʙʫʣʦ ʚʠʩʪʘʚʣʝʥʦ ʨʽʟʥʽ ʯʘʩʪʦʪʠ ʮʠʢʣʽʚ ʥʘ ʜʠʭʘʣʴʥʽʡ ʤʘʰʠʥʽ, ʘ ʩʘʤʝ 

12, 15, 20 ʪʘ 30. ʄʝʥʰʽ ʪʘ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʦʙʤʝʞʫʚʘʣʠʩʴ ʟʘʧʦʙʽʛʘʥʥʷʤ 

ʨʠʟʠʢʫ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʜʽʘʧʘʟʦʥ ʭʚʠʣʠʥʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʣʝʛʝʥʴ VE = 2ẗfʮ/ʭʚ. =24, 30, 40, 50, 60 ʜʤ
3
/ʭʚ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʤ 

ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʣʝʛʢʦʾ ʭʦʜʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʫʭʫ.  

ʊʘʢ, 12-15 ʮʠʢʣʽʚ/ʭʚ. ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʦʢʽʡʥʦʤʫ ʪʝʤʧʫ, 20 ʮʠʢʣʽʚ/ʭʚ. ï 

ʣʝʛʢʝ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 25 ʮʠʢʣʽʚ/ʭʚ. ï ʨʦʙʦʪʠ ʩʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ, 30 

ʮʠʢʣʽʚ/ʭʚ. ʽ ʙʽʣʴʰʝ ï ʩʪʨʝʩʦʚʽ ʫʤʦʚʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʟʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʋ ʚʩʽ ʨʝʞʠʤʠ ʚ ʜʠʭʘʣʴʥʫ ʤʘʰʠʥʫ ʧʦʜʘʚʘʣʘʩʷ ʛʘʟʦʚʘ ʩʫʤʽʰ ʽʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ CO  5 %, ʱʦ ʤʦʜʝʣʶʻ ʨʝʘʣʴʥʠʡ ʚʠʜʠʭ ʣʶʜʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʜʚʘ ʝʪʘʧʠ: 

1. ʅʘʢʦʧʠʯʝʥʥʷ CO ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʽ ʢʘʧʶʰʦʥʘ ʜʦ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷ (~5 %), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʙʝʟ 

ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 
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2. ʆʯʠʱʝʥʥʷ ʢʘʧʶʰʦʥʘ ʧʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʤʦʪʦʨʦʚʘʥʦʛʦ ʙʣʦʢʫ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ (ʧʦʯʘʪʦʢ ʬʘʟʠ ʦʯʠʱʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 30-ʡ ʩʝʢʫʥʜʽ ʨʝʻʩʪʨʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ). 

ʂʦʥʮʝʥʪʨʘʮʽʷ CO  ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʩʪʘʮʽʦʥʘʨʥʠʤ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ 

çɼʆɿʆʈ-ʉ-ʉʆ2è (ʅɺʇ çʆʈɯʆʅè, ʋʢʨʘʾʥʘ) ʽʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʽʜʙʦʨʦʤ ʧʨʦʙʠ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 0,001 ʦʙ %, ʱʦ ʤʘʻ ʜʚʘ ʜʘʪʯʠʢʠ ï ʦʜʠʥ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʣʽʥʽʶ 

ʚʠʜʠʭʫ ʧʦʚʽʪʨʷ, ʘ ʽʥʰʠʡ ʥʘ ʣʽʥʽʾ ʚʜʦʭʫ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ 

ʚʽʜʩʣʽʜʢʦʚʫʻ ʟʤʽʥʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʽʥʝʨʮʽʡʥʽʩʪʶ ʧʨʠʣʘʜʽʚ ʥʝ 

ʙʽʣʴʰʝ 1 ʩ.  

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʪʨʦʣʶʚʘʚʩʷ 

ʩʪʘʥ ʘʪʤʦʩʬʝʨʠ ʧʦʙʫʪʦʚʠʤ ʜʘʪʯʠʢʦʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʱʦ ʙ ʚʧʣʠʥʫʣʦ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ. 

ʇʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʚʘʣʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʚʝʥʪʠʣʷʮʽʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʘ 

ʟʘʛʘʣʴʥʠʡ ʧʦʚʽʪʨʦʦʙʤʽʥ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʟʘʧʦʙʽʛʘʣʘ ʤʽʩʮʝʚʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ 

ʪʝʩʪʦʚʦʛʦ ʛʘʟʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʬʘʟʠ ʦʯʠʱʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʝʢʩʧʦʥʝʥʮʽʡʥʘ ʤʦʜʝʣʴ ʽʟ 

ʥʝʥʫʣʴʦʚʦʶ ʘʩʠʤʧʪʦʪʦʶ: 

ὅὸ  ὅ ὅ̅Ȣ̃Ȣ ὅ ϽὩ ̆̋̒  ̐

ʜʝ, ʉʜ.ʚ.0 ï ʟʥʘʯʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʥʘ ʤʦʤʝʥʪ ʫʚʽʤʢʥʝʥʥʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, 

%; ʉÐ - ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ, %; t0 ï ʯʘʩ ʧʦʯʘʪʢʫ ʨʝʞʠʤʫ 

ʦʯʠʱʝʥʥʷ, ʩ (30 ʩ). 

ɼʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʚ ʢʘʧʶʰʦʥʽ ʟʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ. ɺʚʘʞʘʻʤʦ, ʱʦ ʨʫʭ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʧʶʰʦʥʽ ʦʭʦʧʣʶʻ ʫʚʝʩʴ ʦʙôʻʤ, ʪʦʤʫ ʦʯʠʱʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʙʝʟ ʧʨʠʩʫʪʥʦʩʪʽ çʤʝʨʪʚʠʭ ʟʦʥè. ʇʘʨʘʤʝʪʨ ʯʘʩ 

ʦʥʦʚʣʝʥʥʷ Ű ̔ ʚʽʜʦʙʨʘʞʘʻ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʚ ʢʘʧʶʰʦʥʽ ʚʽʜ ʟʤʽʥʥʦʾ ʚʝʣʠʯʠʥʠ ʦʙôʻʤʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʟ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ ʯʝʨʝʟ ʟʤʽʥʫ ʘʚʪʦʤʘʪʠʯʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ, ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʜʠʭʘʥʥʷ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʤʘʰʠʥʠ). 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʪʘʙʣʠʮʽ 3.15. ɺʧʣʠʚ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʨʦʙʦʪʠ 

ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ, ʱʦ ʥʘʛʥʽʪʘʻ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.15 

ʪʘ 3.16. 

 

ʊʘʙʣʠʮʷ 3.15 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ ʟʘ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ 

ʏʘʩ 

ʪʝʩʪʫʚʘʥʥʷ, 

ʩ 

ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʠʭʘʥʥʷ ʥʘ ʭʚʠʣʠʥʫ ʟʘ 2 ʜʤ
3
/ʭʽʜ 

12 15 20 25 
30 

ɺʠʤʽʨʷʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ, % 

0 0 0 0 0 0 

1 0,611 0,67 0,937 1,867 1,94 

2 1,08 1,115 2,652 3,159 3,467 

3 1,862 1,992 3,418 4,103 4,672 

4 2,515 2,68 4,23 4,92 5 

5 3,01 3,211 4,95 5 5 

6 3,744 3,983 5 5 5 

7 4,118 4,462 5 5 5 

9 4,765 5 5 4,98 5 

10 5 5 5 5 5 

é é é é é é 

25 5 5 5 5 5 

30 5 4,9 4,8 4,8 4,9 

31 4,367 4,285 4,112 3,112 2,916 

32 3,819 3,517 3,218 2,24 1,208 

33 3,241 2,947 2,317 1,33 0,798 

34 2,613 2,034 1,311 0,985 0,624 

35 1,941 1,442 0,862 0,696 0,62 

36 1,361 0,982 0,768 0,682 0,611 

37 1,034 0,763 0,724 0,689 0,616 
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ʈʠʩʫʥʦʢ 3.15 ï ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚ ʯʘʩʽ ʟʘ ʚʠʤʢʥʫʪʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ: 

 1 ï 30 ʮʠʢʣʽʚ/ʭʚ., 2 ï 25 ʮʠʢʣʽʚ/ʭʚ., 3 ï 20 ʮʠʢʣʽʚ/ʭʚ., 4 ï 15 ʮʠʢʣʽʚ/ʭʚ.,  

5 ï 12 ʮʠʢʣʽʚ/ʭʚ. 

 
ʈʠʩʫʥʦʢ 3.16 ï ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚ ʯʘʩʽ ʟʘ ʫʚʽʤʢʥʫʪʦʛʦ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ:  

1 ï 30 ʮʠʢʣʽʚ/ʭʚ., 2 ï 25 ʮʠʢʣʽʚ/ʭʚ., 3 ï 20 ʮʠʢʣʽʚ/ʭʚ., 4 ï 15 ʮʠʢʣʽʚ/ʭʚ.,  

5 ï 12 ʮʠʢʣʽʚ/ʭʚ. 

 

ʋʩʽ ʩʝʨʽʾ ʜʘʥʠʭ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʷʢʽʩʥʝ ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʩʧʘʜʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CO  ʧʽʩʣʷ ʤʦʤʝʥʪʫ ʘʢʪʠʚʘʮʽʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. ʇʘʨʘʤʝʪʨʠ 

ʦʯʠʱʝʥʥʷ ʦʪʨʠʤʘʥʦ ʟ ʚʠʩʦʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʝʪʝʨʤʽʥʘʮʽʾ (R
2
=0.89ï0.98), 

ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʦʜʝʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.16. 
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ʊʘʙʣʠʮʷ 3.16 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ 

ʨʦʟʤʽʨʫ L 

ʏʘʩʪʦʪʘ ʜʠʭʘʥʥʷ, 

ʮʠʢʣʽʚ, ʭʚ. 
VE, ʜʤ

3
/ʭʚ. Űʝʢʩʧ, ʩ ʉÐ, % 

12 24 2,717 1,445 

15 30 2,269 1,062 

20 40 2,066 0,785 

25 50 1,517 0,689 

30 60 1,011 0,616 

 

ɹʘʯʠʤʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ (VE) ʯʘʩ ʦʥʦʚʣʝʥʥʷ 

ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ ʧʨʠʰʚʠʜʰʫʻ ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷ ʢʘʧʶʰʦʥʘ ʟʘʚʜʷʢʠ 

ʧʫʣʴʩʘʮʽʡʥʠʤ ʧʦʪʦʢʘʤ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʨʽʚʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ʆʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ f(Wʨʦʙ) 

Ὢὡ̑ ̏̂

†̆̋̒̐

†̒ ̓̆̏̑
 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 

3.17. 

 

ʊʘʙʣʠʮʷ 3.17 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ f(Wʨʦʙ) 

ʜʣʷ ʢʘʧʶʰʦʥʫ ʨʦʟʤʽʨʫ L 

ʏʘʩʪʦʪʘ ʜʠʭʘʥʥʷ, 

ʮʠʢʣʽʚ, ʭʚ. 
VE, ʜʤ

3
/ʭʚ. Űʝʢʩʧ, ʩ f(Wʨʦʙ) 

12 24 2,717 1,265 

15 30 2,269 1,057 

20 40 2,066 0,962 

25 50 1,517 0,706 

30 60 1,011 0,471 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʯʠʤʦ, ʱʦ ʻ ʜʚʘ ʜʽʘʧʘʟʦʥʠ: 

- f(Wʨʦʙ) > 1, ʷʢʠʡ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʥʠʟʴʢʠʭ ʦʙôʻʤʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʦ 

30 ʜʤ
3
/ʭʚ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʚʽʣʴʥʠʤ ʦʯʠʱʝʥʥʷʤ ʧʽʜʤʘʩʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚʽʜ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ; 

f(Wʨʦʙ) < 1, ʷʢʠʡ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʦʙôʻʤʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʙʽʣʴʰʝ 30 

ʜʤ
3
/ʭʚ. ʆʯʠʱʝʥʥʷ ʧʽʜ ʤʘʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ, 

ʩʪʚʦʨʶʶʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʽ ʧʦʪʦʢʠ ʪʘ ʧʨʠʩʫʪʥʽʡ ʝʬʝʢʪ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʦʚʽʪʨʷ, 

ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʚʠʚʝʜʝʥʥʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʙôʻʤʫ ʢʘʧʶʰʦʥʫ. 

ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʣʴʥʠʭ ʮʠʢʣʽʚ ʩʧʦʯʘʪʢʫ ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ 

ʦʯʠʱʝʥʥʷ (ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ CO ), ʘʣʝ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ 

ʨʽʚʥʷ ʚʝʥʪʠʣʷʮʽʾ (ʙʣʠʟʴʢʦ 40 ʜʤ
3
/ʭʚ.) ʩʠʩʪʝʤʘ ʧʦʯʠʥʘʻ ʦʯʠʱʫʚʘʪʠʩʷ ʰʚʠʜʰʝ 

ʟʘʚʜʷʢʠ ʧʦʩʠʣʝʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʪʘ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʚʽʪʨʷ. ʎʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʘʩʦʦʙʤʽʥʫ ʪʘ 

ʧʦʚʝʜʽʥʢʦʶ ʧʫʣʴʩʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ ʟʘʤʢʥʝʥʠʭ ʦʙôʻʤʘʭ. 

ʆʪʞʝ, ʜʘʥʠʡ ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ f(Wʨʦʙ) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʨʽʚʥʷʥʥʷʤ 

Ὢὡ̑ ̏̂ ρȟχτωπȟπςρὠὉ 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʦʙᾷʻʤʥʦʛʦ ʦʯʠʱʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CO  ʫ ʨʝʩʧʽʨʘʪʦʨʥʦʤʫ ʢʘʧʶʰʦʥʽ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʭʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʚʽʪʨʦʦʙʤʽʥ ʫ ʢʘʧʶʰʦʥʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

f(Wʨʦʙ). ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ f(Wʨʦʙ) ʻ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʫ ʜʠʭʘʥʥʷ ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʚʝʥʪʠʣʷʮʽʾ, ʽ ʥʘʜʘʣʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʣʶʜʠʥʠ. 
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3.6 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʪʦʨʦʚʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ 

ʟ ʢʘʧʶʰʦʥʦʤ 

 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.  3.17. 

 

ʈʠʩʫʥʦʢ 3.17 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʢʘʧʶʰʦʥʦʤ:  

1 ï ʬʽʣʴʪʨ; 2 ï ʚʝʥʪʠʣʷʪʦʨ ʤʦʪʦʨʦʚʦʛʦ ʙʣʦʢʫ; 3 ï ʰʣʘʥʛ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ 

ʢʘʧʶʰʦʥʫ; 4 - ʢʘʧʶʰʦʥ 

 

ɿʛʽʜʥʦ ʨʠʩʫʥʢʫ 3.17 ʚ ʤʦʪʦʨʦʚʦʤʫ ʨʝʩʧʽʨʘʪʦʨʽ ʘʪʤʦʩʬʝʨʥʝ ʟʘʙʨʫʜʥʝʥʝ 

ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ 1 ʟʘʚʜʷʢʠ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ 2 ʪʘ ʨʫʭʘʶʯʠʩʴ ʧʦʚʽʪʨʦʧʨʦʚʦʜʦʤ 3 ʧʦʪʨʘʧʣʷʻ ʜʦ 

ʢʘʧʶʰʦʥʘ 4 (ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʝʟʝʨʚʫʘʨʫ) ʪʘ, ʟʤʽʰʫʶʯʠʩʴ ʟ ʧʦʚʽʪʨʷʤ 

ʧʨʠ ʚʠʜʠʭʫ, ʚʠʭʦʜʠʪʴ ʥʘʟʦʚʥʽ ʯʝʨʝʟ ʥʝʱʽʣʴʥʝ ʧʨʠʣʷʛʘʥʥʷ ʤʘʥʞʝʪʠ ʚ ʦʙʣʘʩʪʽ 

ʰʠʾ. ʊʠʩʢ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 

ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʝʡ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ʤʘʩʢʦʶ ʦʪʨʠʤʘʥʘ ʚ 

ʨʦʙʦʪʽ [33] ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʤʘʩʦʦʙʤʽʥʫ, ʙʘʣʘʥʩʫ ʪʠʩʢʫ ʪʘ ʨʽʚʥʷʥʴ ʨʫʭʫ 

ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ çʚʝʥʪʠʣʷʪʦʨ-ʬʽʣʴʪʨ-ʧʦʚʽʪʨʦʧʨʦʚʽʜ-ʤʘʩʢʘè. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ, 

ʷʢʘ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ ʪʘ 

ʟʤʽʥʦʶ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ ʤʘʩʮʽ ʨʝʩʧʽʨʘʪʦʨʘ. ʎʷ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʘʻ 

ʚʠʛʣʷʜ 

()
()
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1 0

3 2

3 2 1 0
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ʜʝ ȹpʤ(ʨ) ï ʟʤʽʥʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ ʤʘʩʮʽ, ȹn(ʨ) ï ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʚʝʥʪʠʣʷʪʦʨʘ. 

ʂʦʝʬʽʮʽʻʥʪʠ a3, a2, a1, a0, b1, b0 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʫ ʨʝʩʧʽʨʘʪʦʨʽ. ɰʭ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ,  

ʂʦʝʬʽʮʽʻʥʪʠ a3, a2, a1, a0 ʫʪʚʦʨʶʶʪʴ ʟʥʘʤʝʥʥʠʢ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʽʥʝʨʮʽʡʥʽʩʪʴ, 

ʜʝʤʧʬʫʚʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʫ ʰʚʠʜʢʦʜʽʶ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 

ʪʨʘʢʪʽ. ʂʦʝʬʽʮʽʻʥʪʠ b1 ʪʘ b0 ʫʪʚʦʨʶʶʪʴ ʯʠʩʝʣʴʥʠʢ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʽ 

ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʟʤʽʥʫ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ. 

ɯʩʥʫʶʯʘ ʤʦʜʝʣʴ ʤʦʪʦʨʦʚʦʛʦ ʨʝʩʧʽʨʘʪʦʨʘ ʙʫʣʘ ʚʠʚʝʜʝʥʘ ʜʣʷ ʩʠʩʪʝʤʠ ʟ 

ʤʘʩʢʦʶ ʟʘ EN 136, ʜʝ ʚʠʭʽʜ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʢʣʘʧʘʥ ʚʠʜʠʭʫ, ʘ 

ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʦʙôʻʤ, ʪʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʨʦʙʦʯʠʡ ʪʠʩʢ.  

ɺ ʫʤʦʚʘʭ ʢʘʧʶʰʦʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʰʘ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʠʭʦʜʫ 

ʧʦʚʽʪʨʷ, ʚʠʪʽʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʤʘʥʞʝʪʫ ʚ ʦʙʣʘʩʪʽ ʰʠʾ, ʘ ʪʘʢʦʞ ʢʘʧʶʰʦʥ 

ʤʘʻ ʙʽʣʴʰʠʡ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʽ ʥʠʞʯʠʡ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʫ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʜʠʥʘʤʽʢʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʘʭ:  

1) ʟʤʽʥʠʪʠ ʦʧʠʩ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ (ʤʘʥʞʝʪʘ ʟʘʤʽʩʪʴ ʢʣʘʧʘʥʘ),  

2) ʚʨʘʭʫʚʘʪʠ ʟʤʽʥʫ ʘʢʫʤʫʣʶʶʯʦʛʦ ʦʙôʻʤʫ ʪʘ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ ʯʘʩʫ 

ʟʘʧʦʚʥʝʥʥʷ (ʩʪʘʣʘ ʯʘʩʫ), ʪʘ 

3) ʩʢʦʨʠʛʫʚʘʪʠ ʚʧʣʠʚ ʛʫʩʪʠʥʠ ʡ ʨʝʞʠʤʫ ʪʝʯʽʾ ʥʘ ʚʪʨʘʪʠ ʚ 

ʧʦʚʽʪʨʦʧʨʦʚʦʜʽ ʪʘ ʬʽʣʴʪʨʽ. 

ʏʝʨʝʟ ʜʫʞʝ ʤʘʣʫ ʟʤʽʥʫ ʧʽʜʤʘʩʢʦʚʦʛʦ ʪʠʩʢʫ (0é+28 ʇʘ) ʤʦʜʝʣʴ ʥʘ 

ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʪʠʩʢʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʙʝʨʪʽʚ ʜʘʻ ʩʣʘʙʢʫ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ʊʦʤʫ ʙʫʜʫʻʤʦ ʨʦʟʛʣʷʜʘʻʤʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʜʝ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʰʚʠʜʢʽʩʪʴ ʚʝʥʪʠʣʷʪʦʨʘ n (ʦʙ/ʭʚ.), ʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ Q (ʤį/ʩ). ʄʦʜʝʣʴ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
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Ў
 , 

ʜʝ K ï ʩʪʘʮʽʦʥʘʨʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ, ŰQ ï ʝʬʝʢʪʠʚʥʘ ʩʪʘʣʘ ʯʘʩʫ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.18. 

 

ʊʘʙʣʠʮʷ 3.18 ï ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ɼʦʚʞʠʥʘ ʰʣʘʥʛʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ Lʰʣ ʪʘ ʡʦʛʦ 

ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ dʰʣ, ʤ 

0,75; 0,032 

ʄʘʪʝʨʽʘʣ ʰʣʘʥʛʘ  PU, ʪʦʚʱʠʥʘ 0,6 ʤʤ 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʬʽʣʴʪʨ ʪʘ ʡʦʛʦ ʦʧʽʨ 

ʜʠʭʘʥʥʶ ʟʘ ʚʠʪʨʘʪʠ 95 ʜʤ
3
/ʭʚ., ʇʘ 

AVEC A2B2E2K2HgSX P3 

D R, 500 

ɼʽʘʤʝʪʨ ʤʘʥʞʝʪʠ dʤʘʥ, ʤ 0,7 

ɿʘʟʦʨ ʤʽʞ ʪʢʘʥʠʥʦʶ ʪʘ ʰʠʻʶ ʢʦʨʠʩʪʫʚʘʯʘ ŭʟʘʟ, 

ʤ 

0,002 ʤ 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʢʘʧʶʰʦʥʫ Vʟʘʛ.ʢ, ʤ
3
 6,0Ŀ10

-3
 

ʆʙôʻʤ ʛʦʣʦʚʠ ʢʦʨʠʩʪʫʚʘʯʘ (ʧʨʠʙʣʠʟʥʦ) Vʛʦʣ, ʤ
3
 2,6Ŀ10

-3
 

ʈʦʙʦʯʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʜʤ
3
/ʭʚ. 95 

 

ʆʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

- ʧʨʦʮʝʩ ʻ ʽʟʦʪʝʨʤʽʯʥʠʤ, ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʨʦʟʨʘʭʦʚʘʥʘ ʜʣʷ T = 20 ÜC; 

- ʚʠʪʦʢʠ ʯʝʨʝʟ ʰʣʘʥʛ, ʤʘʥʞʝʪʫ ʪʘ ʬʽʣʴʪʨ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʦʧʠʩʫʶʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ ʯʝʨʝʟ ʪʫʨʙʫʣʝʥʪʥʽ ʚʪʨʘʪʠ; 

- ʤʘʥʞʝʪʫ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʚʫʟʴʢʫ ʱʽʣʠʥʫ.  

ʉʪʘʮʽʦʥʘʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ Q ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ 

n ʟʥʘʭʦʜʠʤʦ ʟ ʙʘʣʘʥʩʫ ʪʠʩʢʽʚ: 

ὴ ὲȟὗ  Ўὴʬʽʣʴʪʨʘὗ Ўὴh ʣʘʥʛὗ Ўὴʤʘʥʞὗ  

ɺʠʟʥʘʻʤʦ ʨʦʙʦʯʠʡ ʧʦʚʽʪʨʷʥʠʡ ʦʙôʻʤ ʢʘʧʶʰʦʥʫ 

ὠʧʦʚὠʟʘʛὠʛʦʣ 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʝʬʝʢʪʠʚʥʫ ʧʣʦʱʫ ʚʠʪʦʢʫ ʯʝʨʝʟ ʤʘʥʞʝʪʫ 
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Sʤʘʥ = ˊ dʤʘʥ ŭʟʘʟ 

ɺʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʦʢʫ ʤʘʥʞʝʪʠ ʉʤʘʥ 

ʉʤʘʥ
‐ʤʘʥ”

ς Ὓʤʘʥ
 

‐ʤʘʥ ï ʤʽʩʮʝʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʤʘʥʞʝʪʠ (1,2). 

ʃʽʥʝʘʨʠʟʦʚʘʥʘ ʧʦʭʽʜʥʘ ʤʘʥʞʝʪʠ 

ɸʚʠʭ ʤʘʥ
ὨЎὴʤʘʥ
Ὠὗ

ὗ ςὅʤʘʥὗ  

ʂʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʰʣʘʥʛʘ 

ὅh ʣ

”

ςὛhʣ

‗̙ ̌

ὒh ʣ

Ὠh ʣ

‚ʤʽʩʮ 

В‚ʤʽʩʮ - ʩʫʤʘʨʥʽ ʤʽʩʮʝʚʽ ʢʦʝʬʽʮʽʻʥʪʫ ʚʪʨʘʪ ʯʝʨʝʟ ʦʧʽʨ (0,5). 

ɚhʣ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʰʣʘʥʛʘ 

ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʬʽʣʴʪʨʘ 

ʉʬʽʣʴʪʨ

Ўʨ
ʬʽʣʴʪʨ

ὗ

ὗ
 

Qi ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ -̔ʦʾ ʪʦʯʢʠ, ʜʤ
3
/ʭʚ. 

ʉʫʤʘʨʥʠʡ ʢʚʘʜʨʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʠʩʪʝʤʠ 

ʉʩʠʩʪʉʬʽʣʴʪʨʉh ʣ ʉʤʘʥ 

ʃʽʥʝʘʨʠʟʦʚʘʥʘ ʧʦʭʽʜʥʘ ʩʫʤʘʨʥʠʭ ʚʪʨʘʪ 

ɸʩʠʩʪ
ὨЎὴʩʠʩʪ
Ὠὗ

ὗ ςὅʩʠʩʪὗ  

ʊʠʩʢ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʨʦʙʦʯʽʡ ʪʦʯʮʽ 

ὴ ὗȟὲ Ўὴʩʠʩʪὗ  

ʇʦʭʽʜʥʽ ʚʝʥʪʠʣʷʪʦʨʘ Pn ʪʘ PQ 

ὖ ὲȟὗ  , ὖ ὲȟὗ  

ʏʘʩ ʦʙôʻʤʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ Űc 

†
”ὠʧʦʚ
ά

ὠʧʦʚ
ὗ

 

m0 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʚ ʢʘʧʶʰʦʥʽ 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ, ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘʩʠʯʝʥʥʷ ʧʦʚʽʪʨʷ ʚʠʜʠʭʫʚʘʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, 

ʧʨʦʧʦʥʫʻʤʦ ʚʩʪʘʥʦʚʠʪʠ ʚʠʨʘʟ: 

†
ὠʧʦʚ
ὗ
Ὢὡ̑ ̏  ̂

ʜʝ f(Wʨʦʙ) ï ʢʦʨʠʛʫʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚʠʪʨʘʪ ʣʶʜʠʥʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ. 

ʉʪʘʪʠʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʂʩʪʘʪ 

ɸʩʠʩʪὖ Ўὗ ὖЎὲ, ὑʩʪʘʪ
Ў

Ў ʩʠʩʪ
 

ɽʬʝʢʪʠʚʥʘ ʜʠʥʘʤʽʯʥʘ ʩʪʘʣʘ ʯʘʩʫ ŰQ 

†
†ὃʩʠʩʪ
ὃʩʠʩʪὖ

 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

Ўὗί

Ўὲί

ὑʩʪʘʪ
†ί ρ

 

s ï ʟʤʽʥʥʘ ʃʘʧʣʘʩʘ 

ʋ ʨʘʟʽ ʩʪʫʧʽʥʯʘʩʪʦʾ ʟʤʽʥʠ ʦʙʝʨʪʽʚ ʬʫʥʢʮʽʷ ʥʘʙʫʚʘʻ ʬʦʨʤʠ 

Ўὗὸ ὑʩʠʩʪЎὲὸ ρ Ὡ  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ: 

Vʧʦʚ = 0.006 - 0.0026 = 0.003400 ʤį 

Sʤʘʥ = 3.14 Ŀ 0.7 Ŀ 0.002 = 0.004398 ʤĮ 

ʉʤʘʥ
ȟϽȟ

 Ͻȟ Ͻ
σȟχσϽρπ ʇʘĿʩĮ/ʤ 

ɸʚʠʭ ʤʘʥ ςϽσȟχσϽρπϽπȟππρυρρς ʇʘϽʩȾʤ  

ὅh ʣ

ρȟςπυ

ςϽφȟτχϽρπ
πȟπτ

πȟχυ

πȟπσς
πȟυ ρȟστϽρπ ʇʘϽʩȾʤ  

ʉʬʽʣʴʪʨ
υππ

ςȟυπφϽρπ
ρȟωωφϽρπ ʇʘϽʩȾʤ  

ʉʩʠʩʪρȟωωφϽρπ ρȟστϽρπ σȟχσϽρπ ςȟππωϽρπ ʇʘϽʩȾʤ  

ɸʩʠʩʪςϽςȟππωϽρπϽπȟππρυφȟπςχϽρπ ʇʘϽʩȾʤ  
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ὴ ὗȟψπππςȟππωϽρπ Ͻπȟππρυ τυς ʇʘ 

ὖ ς
Ͻ

Ȣ
φȢχψ ʇʘȾʩ = , ὖ τȟπϽρπ ʇʘϽʩȾʤ  

†
πȟππστ

πȟππρυ
ςȟςχ ʩ 

ὑʩʪʘʪ
φȟχψ

φȟπςχϽρπ τȟπϽρπ
φȟχφϽρπ  

†
ςȟςχϽφȟπςχϽρπ

ρȟππσϽρπ
ρȟσφ ʩ 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ (ʦʙ/ʩ) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

Ўὗί

Ўὲί

φȟχφϽρπ

ρȟσφί ρ
 

ʇʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʥʪʠʣʷʪʦʨʘ (ʦʙ/ʭʚ.) ʚʠʨʘʟ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ: 

Ўὗί

Ўὲί

ρȟρσϽρπ

ρȟσφί ρ
 

ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʚ ʢʘʧʶʰʦʥʽ Q ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ 

n ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.18. 

 
ʈʠʩʫʥʦʢ 3.18 ï ɿʘʣʝʞʥʽʩʪʴ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʚ ʢʘʧʶʰʦʥʽ Q  

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʝʥʪʠʣʷʪʦʨʘ n 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʝʪʘʧʫ, ʘ ʩʘʤʝ ʧʨʦʮʝʩʫ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ FMEA. 

ɺʠʟʥʘʯʝʥʦ ʧʦʪʝʥʮʽʡʥʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ 

ʥʘʩʣʽʜʢʠ ʪʘ ʧʨʽʦʨʠʪʝʪʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʦʟʚʦʣʠʣʦ 

ʟʥʠʟʠʪʠ ʚʩʽ ʨʠʟʠʢʠ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ (ʥʠʟʴʢʦʛʦ) ʨʽʚʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʄʌʈ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ, ʝʨʛʦʥʦʤʽʯʥʽʩʪʴ, ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ. ʇʝʨʝʜʙʘʯʝʥʦ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʩʪʘʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʜʠʭʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ 

ʪʘʢʦʞ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ, 

ʟʦʢʨʝʤʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

3. ʆʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʩʧʽʨʘʪʦʨʘ: 

- ʢʘʧʶʰʦʥ ʽʥʪʝʛʨʦʚʘʥʦ ʟ ʫʜʘʨʦʟʘʭʠʩʥʦʶ ʢʘʩʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʚʠʨʦʙʫ; 

- ʤʦʪʦʨʦʚʠʡ ʙʣʦʢ ʩʧʨʦʻʢʪʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ABS+), ʙʝʟʢʦʣʝʢʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Arduino; 

- ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʽʪʨʦʧʨʦʚʽʜ ʜʽʘʤʝʪʨʦʤ 32 ʤʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ. 

ʉʪʚʦʨʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʄʌʈ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ 

ʙʘʟʦʚʘ ʤʦʜʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʭʽʤʽʯʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ, ʨʘʜʽʘʮʽʡʥʠʭ ʪʘ 

ʷʜʝʨʥʠʭ ʟʘʛʨʦʟ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʦʙᾷʻʤʥʦʛʦ ʦʯʠʱʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ CO  ʫ ʢʘʧʶʰʦʥʽ. ʉʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʜʠʭʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʽʪʨʦʦʙʤʽʥ ʫ 
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ʢʘʧʶʰʦʥʽ, ʯʝʨʝʟ ʱʦ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ f(Wʨʦʙ). 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ f(Wʨʦʙ) ʻ ʢʽʣʴʢʽʩʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʫ ʜʠʭʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ ʚʝʥʪʠʣʷʮʽʾ, ʱʦ ʤʦʞʝ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʬʫʥʢʮʽ ʁ

ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʦʯʠʱʝʥʥʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʣʶʜʠʥʠ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʄʌʈ, ʷʢʘ ʦʧʠʩʫʻ ʟʤʽʥʫ 

ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ çʚʝʥʪʠʣʷʪʦʨ ï ʬʽʣʴʪʨ ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ ï 

ʢʘʧʶʰʦʥè. ʆʪʨʠʤʘʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʽʜʪʚʝʨʜʞʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʚʝʥʪʠʣʷʮʽʾ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʚ [2], [3], [6], [7], [17], [21], [22], [23], [28], [29]. 
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ʈʆɿɼɯʃ 4 

ʈʆɿʈɸʍʋʅʆʂ ʇɸʈɸʄɽʊʈɯɺ ʉʂʆʄɹɯʅʆɺɸʅʀʍ ʌɯʃʔʊʈɯɺ ɼʆ 

ʋʅɯɺɽʈʉɸʃʔʅʀʍ ʈɽʉʇɯʈɸʊʆʈɯɺ 

 

4.1 ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʫʤʦʚ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʦʤʙʽʥʦʚʘʥʠʭ 

ʬʽʣʴʪʨʽʚ 

ʆʮʽʥʢʠ ʚʧʣʠʚʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʦʚʦʜʠʣʘʩʴ hʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʰʘʭʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʥʠʢʥʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʝʨʝʟ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʛʣʠʥʘʯʘ ʚ ʬʽʣʴʪʨ,̔ ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʙ'ʻʤʫ ʚʜʠʭʫʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʘ ʪʦʤʫ ʡ ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʡʜʝ ʯʝʨʝʟ ʬʽʣʴʪʨ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʯʘʩʫ ʝʬʝʢʪʠʚʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ (ʪʘʙʣ. 4.1). 

 

ʊʘʙʣʠʮʷ 4.1 ï ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʥʠʢʘʥʥʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʥʘ 

ʚʠʧʨʦʙʫʚʘʯʘʭ 
ʇʦʢʘʟʥʠʢ ʏʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʭʚ. 

ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ (%) ʫ ʧʽʜ 

ʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʨʽʟʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ɺʪ 

150 200 250 

ʂʦʝʬ̔ʮʽʻʥʪ 

ʧʨʦʥʠʢʥʝʥʥʷ 

ʭʣʦʨʠʜʫ 

ʥʘʪʨʽʶ, % 

1 2,04 2,17 2,37 

5 2,17 2,36 2,85 

10 2,18 2,57 3,33 

15 2,36 2,69 3,84 

ʂʦʝʬʽʮʽʻʥʪ 

ʧʨʦʥʠʢʥʝʥʥʷ 

ʅ2S 

1 0,382 0,458 0,496 

5 0,432 0,502 0,574 

10 0,414 0,532 0,656 

15 0,478 0,564 0,744 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.1 ʪʘ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʩʝʨʝʜʥʴʦʾ 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʪʘ ʩʽʨʢʦʚʦʜʥʶ ʚ ʧʽʜʤʘʩʢʦʚʦʤ 

ʧʨʦʩʪʦʨʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʧʨʦʙʫʚʘʯʘ. 
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ʈʠʩʫʥʦʢ 4.1 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʘʥʥʷ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʚ ʯʘʩʽ ʚʽʜ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʣʶʜʠʥʠ ʚ ʨʝʩʧʽʨʘʪʦʨʽ ʟʽ ʩʢʦʤʙʽʥʦʚʘʥʠʤ ʬʽʣʴʪʨʘʤʠ:  

1 ï ʝʥʝʨʛʦʚʠʪʨʘʪʠ 130 ï 150 ɺʪ; 2 ï ʝʥʝʨʛʦʚʠʪʨʘʪʠ 180 ï 220 ɺʪ;  

3 ï ʝʥʝʨʛʦʚʠʪʨʘʪʠ 220 ï 250 ɺʪ. 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʽʨ ʜʠʭʘʥʥ ʁ

ʬʽʣʴʪʨʽʚ ʟʨʦʩʪʘʻ ʣʽʥʽʡʥʦ [1, 2], ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷʤ ʦʙôʻʤʫ ʧʦʚʽʪʨʷ, 

ʷʢʝ ʚʜʠʭʘʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʦ  ʁʨʠʪʤʫ ʪʘ ʯʘʩʪʦʪʠ ʜʠʭʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʨʠʚʘʣʦʩʪʽ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʫ 

ʰʘʭʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 
ʈʠʩʫʥʦʢ 4.2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʘʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʯʘʩʽ ʚʽʜ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʣʶʜʠʥʠ ʚ ʨʝʩʧʽʨʘʪʦʨʽ: 1 ï ʝʥʝʨʛʦʚʠʪʨʘʪʠ 130 ï 150 ɺʪ; 2 ï 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ 180 ï 220 ɺʪ; 3 ï ʝʥʝʨʛʦʚʠʪʨʘʪʠ 220 ï 250 ɺʪ. 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʦʧʦʨʫ ʜʠʭʘʥʥ ʁ

ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʘʻ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʦʚôʷʟʘʥʦ 

ʟʽ ʟʤʽʥʘʤʠ ʨʝʞʠʤʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ ʩʘʤʦʛʦ ʬʽʣʴʪʨʘ (ʨʠʩ. 4.3 ʽ 

ʪʘʙʣ. 4.2). 

 
ʈʠʩʫʥʦʢ 4.3 ï ɿʤʽʥʘ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʠ ʨʽʟʥʽʡ 

ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 4.2 ï ɿʤʽʥʘ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʃʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʬʽʣʴʪʨ, ʤ/ʭʚ. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ, ʇʘ, ʜʣʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ ʪʠʧʫ A1B1E1K1 P2 ʧʨʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ. 

130 ï 150 ɺʪ 180 ï 200 ɺʪ 220 ï 250 ɺʪ 

5 51 ï ï 

8.9 100 ï ï 

10.1 143 143 ï 

11.4 ï 190 ï 

12.7 ï 232 232 

13.6 ï ï 312 

14.3 ï ï 390 

15.1 ï ï 410 

16.0 ï ï 467 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʱʦ ʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʟʤʽʥʠ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚʘʻ ʢʦʥʩʪʨʫʢʮʽʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʦʛʦ 

ʬʽʣʴʪʨʘ ï ʧʣʦʩʢʘ ʘʙʦ ʩʢʣʘʜʯʘʩʪʘ ʬʦʨʤʘ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʟ'ʷʩʫʚʘʥʥʷ 
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ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʬʽʣʴʪʨʽʚ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʚʘʞʘʣʦʩʴ, ʱʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʫʤʦʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ [3]: 

Ὑ̕ Ὑ̕ ̋
ὸ̕ ˟̋̕

, 

ʜʝ Rʬ ï ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ, ʇʘÅʩ/ʤ; Rʬʢ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʘ, ʇʘÅʩ/ʤ, ʇʘ; ʊʬ ï ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ.; ʊʬʢ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ 

ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ ʟʘ ʧʦʩʪʽʡʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʠʤʝ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʘ ʪʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʡ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ў̋  ‘ϽὺϽὯ̕ 

ʜʝ ɛ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, (18Ŀ10
-6
) ʇʘĿʩ; v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʤ/ʭʚ. (0-20 ʤ/ʭʚ); ʢʬ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ 

ʬʽʣʴʪʨʘ, ʤ
-1 

(50 ï 1000)Ŀ10
6
. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʩʘʜʞʝʥʦʛʦ ʧʠʣʫ ʥʘ ʚʦʣʦʢʥʘʭ ʬʽʣʴʪʨʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʡ ʟʨʦʩʪʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʪʦʜʽ ʷʢ ʢʦʣʠʚʘʥʥʷ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʦʧʘʨʦʧʦʜʽʙʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʇʨʠ 

ʮʴʦʤʫ ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʤʠ ʯʝʨʝʟ 

ʬʽʣʴʪʨ, ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʟʤʽʥʫ ʦʧʦʨʫ ʜʠʭʘʥʥ ʁ ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʜʠʥʘʤʽʢʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʭʠʩʪʫ ʚ ʯʘʩʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ (ʨʠʩ. 

4.4). ɼʣʷ ʥʘʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʶʻʤʦ, ʱʦ ʨʽʚʝʥʴ ʟʘʧʠʣʝʥʦʩʪʴ ʧʦʚʽʪʨʷ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 80 ʤʛ/ʤį. 
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ʈʠʩʫʥʦʢ 4.4 ï ʇʨʦʛʥʦʟʦʚʘʥʘ ʟʤʽʥʘ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʭʠʩʪʫ 

ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʽ ʩʢʦʤʙʽʥʦʚʘʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʚʽʜ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʶʜʠʥʠ ʟ 

ʯʘʩʦʤ: 1 ï ʦʧʽʨ ʜʠʭʘʥʥʶ ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 130 ï 150 ɺʪ; 2 ï ʦʧʽʨ 

ʜʠʭʘʥʥʶ ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 180 ï 200 ɺʪ; 3 ï ʦʧʽʨ ʜʠʭʘʥʥʶ ʧʨʠ 

ʬʽʟʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 220 ï 250 ɺʪ; 4 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʧʨʠ ʬʽʟʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 130 ï 150 ɺʪ; 5 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʧʨʠ ʬʽʟʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 180 ï 200 ɺʪ; 6 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʧʨʠ ʬʽʟʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 220 ï 250 ɺʪ. 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟʘʛʘʣʴʥʦ ʚʽʜʦʤʘ 

ʬʦʨʤʫʣʘ ɺʽʣʣʝʨʘ-ɼʞʦʥʘʩʘ [4]: 

ὸʬ ὅ ὠ ὡ” Ὄ ὰὲ
˞̑

ʉʨ
ȟ                                         (4.1) 

ʜʝ We ï ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʛ/ʛ, C0 ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʧʦʟʘ ʨʝʩʧʽʨʘʪʦʨʦʤ, ʛ/ʩʤ
3
, Vi ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, ʩʤ
3
/ʭʚ, ɟc ï ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ ʛʨʘʥʫʣ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʛ/ʩʤ
3
, Hf ï ʤʘʩʘ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʫ ʬʽʣʴʪʨʽ, ʛ; kv ï 

ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ, ʭʚ
-1
, Cʨ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʥʠʢʥʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ/ʩʤ
3
. 

ɿʘ ʬʦʨʤʫʣʦʶ (4.1) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʪʘʙʣ. 4.3). 
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ʊʘʙʣʠʮʷ 4.3 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ, ʭʚ, ʧʨʠ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ʊʠʧ ʪʘ 

ʤʘʨʢʘ 

ʬʽʣʴʪʨʘ 

ʄʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ, ʭʚ, ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ɺʪ, ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ 

(ʩʽʨʢʦʚʦʜʝʥʴ), ʤʛ/ʤ
3
 

150 ɺʪ 200 ɺʪ 250 ɺʪ 

10 20 30 50 10 20 30 50 10 20 30 50 

ɸ1ɺ1ɽ1ʂ1 

ʈ2 
5574 2786 1867 1120 3328 1641 1103 674 1862 933 622 373 

 

ʇʨʦʥʠʢʥʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʥʝ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʧʨʦʥʠʢʥʝʥʥʶ 

ʪʚʝʨʜʠʭ ʘʝʨʦʟʦʣʴʥʠʭ ʯʘʩʪʠʥʦʢ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʥʝʱʽʣʴʥʦʩʪʝʡ ʫ ʟʦʥʽ ʦʙʪʶʨʘʮʽʾ. ʇʨʠ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ ʫ ʤʝʞʘʭ 130ï

150 ɺʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʥʠʢʥʝʥʥʷ ʚʞʝ ʟ 

ʧʝʨʰʦʾ ʭʚʠʣʠʥʠ, ʷʢʝ ʪʨʠʚʘʻ ʜʦ ʧôʷʪʦʾ ʭʚʠʣʠʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʨʦʥʠʢʥʝʥʥʷ, ʘ ʟʛʦʜʦʤ ï ʧʦʚʪʦʨʥʝ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ 

[5]. ʎʽ ʟʤʽʥʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ ʦʨʛʘʥʽʟʤʫ: ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʭʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʘ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʢʠʩʥʶ ʫ 

ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ ʉʆ  ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʜʠʭʘʥʥʷ ʩʪʘʻ ʛʣʠʙʰʠʤ ʽ ʯʘʩʪʽʰʠʤ [6]. ʇʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 10 ʭʚʠʣʠʥ ʦʨʛʘʥʽʟʤ 

ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʜʥʘʢ ʽʟ ʧʦʜʦʚʞʝʥʥʷʤ ʧʝʨʽʦʜʫ ʘʢʪʠʚʥʦʩʪʽ 

ʟôʷʚʣʷʻʪʴʩʷ ʚʪʦʤʘ, ʷʢʘ ʟʥʦʚʫ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʛʣʠʙʠʥʠ 

ʜʠʭʘʥʥʷ. 

ɺ ʨʦʙʦʪʘʭ [7, 8] ʜʦʩʣʽʜʥʠʢʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʭʘʥʥʷ, ʘ ʧʽʜ ʯʘʩ ʨʦʟʤʦʚʠ ʣʝʛʝʥʝʚʘ 

ʚʝʥʪʠʣʷʮʽʷ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʥʷ [9] ʪʘʢʦʞ ʟʘʟʥʘʯʘʶʪʴ, 

ʱʦ ʚʽʢ ʪʘ ʩʪʘʪʴ ʚʠʧʨʦʙʫʚʘʯʽʚ ʤʘʶʪʴ ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ. ʄʦʣʦʜʽ ʪʘ 

ʟʜʦʨʦʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʨʝʩʧʽʨʘʪʦʨʽʚ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʭʚʠʣʠʥʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʤʠʪʪʻʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ, ʷʢʽ ʩʪʘʙʽʣʴʥʦ ʧʝʨʝʚʠʱʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʽ ʧʦʢʘʟʥʠʢʠ [10]. 

ʅʘʚʽʪʴ ʟʘ ʩʪʘʣʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ (80Ñ10) ʤʛ/ʤį ʫ ʧôʷʪʠ 

ʚʠʧʨʦʙʫʚʘʯʽʚ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʦʜʥʽʻʾ ʤʦʜʝʣʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ 
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ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙʣʠʯʯʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʱʽʣʴʥʽʩʪʴ ʧʨʠʣʷʛʘʥʥʷ ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ. ʈʦʟʨʘʭʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʫ 

ʥʘʪʨʽʶ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʽʚ ʢʣʘʩʫ P2 

ʟʘ ʪʘʢʦʛʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʠʡ ʟʘʭʠʩʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʘ 

ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʠʧʘʜʢʘʭ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ [11]. ʇʦʪʨʘʧʣʷʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʫ 

ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʟʘʟʚʠʯʘʡ ʟʫʤʦʚʣʝʥʝ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷʤ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʥʝʱʽʣʴʥʦʩʪʽ ʚ ʟʦʥʽ ʦʙʪʶʨʘʮʽʾ ʘʙʦ ʯʝʨʝʟ ʢʣʘʧʘʥ ʚʠʜʠʭʫ, ʥʘʚʽʪʴ ʟʘ 

ʫʤʦʚ ʩʧʨʘʚʥʦʾ ʨʦʙʦʪʠ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ [12]. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʠʩ. 3.4, ʦʧʽʨ ʜʠʭʘʥʥʶ ʬʽʣʴʪʨʽʚ 

ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʥʝ ʜʦʩʷʛʘʻ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʩʦʙʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʊʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʦʧʦʨʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʮʝʩʘʤʠ ʯʘʩʪʢʦʚʦʾ ʩʘʤʦʨʝʛʝʥʝʨʘʮʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʽʤʦʚʽʨʥʦ 

ʚʥʘʩʣʽʜʦʢ ʜʦʩʷʛʥʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʽ "ʢʦʨʠʩʪʫʚʘʯïʜʠʭʘʥʥʷ", 

ʢʦʣʠ ʟʦʥʠ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʘ ʬʽʣʴʪʨʘʮʽʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦ ʯʝʨʝʟ ʩʬʦʨʤʦʚʘʥʽ ʢʘʥʘʣʠ ʧʦʪʦʢʫ. 

ɺʦʜʥʦʯʘʩ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʽʩʥʫʶʪʴ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ, ʜʝ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʢʨʠʚʽ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʭʠʩʪʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʩʧʽʨʘʪʦʨʘ. ʅʝʜʦʣʽʢʦʤ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʻ ʾʭ 

ʚʠʱʠʡ ʦʧʽʨ ʜʠʭʘʥʥʶ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʙʽʣʴʰ ʽʤʦʚʽʨʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʱʽʣʠʥʠ ʟʘ ʣʽʥʽʻʶ ʧʨʠʣʷʛʘʥʥʽ, ʪʦʜʽ ʷʢ ʧʦʚʽʪʨʷ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʬʽʣʴʪʨ 

[13]. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʦʢʠʡ ʜʠʭʘʣʴʥʠʡ ʦʧʽʨ ʧʽʜʚʠʱʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʭʘʣʴʥʫ 

ʩʠʩʪʝʤʫ, ʚʠʢʣʠʢʘʶʯʠ ʰʚʠʜʰʫ ʚʪʦʤʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʦʪʨʝʙʫ ʚ ʯʘʩʪʽʰʠʭ 

ʧʝʨʝʨʚʘʭ ʘʙʦ ʟʥʠʞʝʥʥʽ ʪʝʤʧʫ ʨʦʙʦʪʠ [14]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ [15] 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʚʜʠʭʫ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʢʦʛʥʽʪʠʚʥʽ ʬʫʥʢʮʽʾ ʯʠ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʢʦʨʠʩʪʫʚʘʯʘ. 
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ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʽʟʤ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ ʧʽʜʚʠʱʝʥʠʤ ʦʧʦʨʦʤ ʜʠʭʘʥʥʶ ʬʽʣʴʪʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʪʠʧʠ ʨʦʙʽʪ ʽ ʩʬʦʨʤʫʚʘʪʠ ʧʝʨʝʣʽʢ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʜʝ ʦʙʦʚôʷʟʢʦʚʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʝ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʽ ʬʽʣʴʪʨʠ ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

ʢʣʘʩʫ ʈ1, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʯʠʥʷʶʪʴ ʨʽʟʢʝ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ. 

ʅʘʪʦʤʽʩʪʴ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʢʣʘʩʽʚ ʈ2 ʪʘ ʈ3 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʩʢʣʘʜʯʘʩʪʦʾ ʬʦʨʤʠ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰʠʡ ʦʧʽʨ. ʆʪʞʝ, 

ʟʘʤʽʥʘ ʧʣʘʩʢʠʭ ʬʽʣʴʪʨʽʚ ʈ1 ʥʘ ʩʢʣʘʜʯʘʩʪʽ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʦʧʽʨ 

ʜʠʭʘʥʥʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [16]. ɿʘ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʪʦʨʠʟʦʚʘʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʨʝʩʧʽʨʘʪʦʨʠ ʟ ʧʨʠʤʫʩʦʚʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʭʘʣʴʥʫ ʩʠʩʪʝʤʫ ʧʨʘʮʽʚʥʠʢʘ [17]. 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʝʧʨʘʚʠʣʴʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʝʩʧʽʨʘʪʦʨʽʚ, ʩʣʽʜ ʨʦʟʨʦʙʠʪʠ ʡ ʚʧʨʦʚʘʜʠʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʮʽʣʽʩʥʫ ʩʠʩʪʝʤʫ 

ʱʦʜʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʤʝʞʘʭ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʠʰʝ ʦʜʠʥ ʙʨʝʥʜ ʪʘ ʪʠʧ ʨʝʩʧʽʨʘʪʦʨʘ ʟ ̔

ʩʢʦʤʙʽʥʦʚʘʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʪʦʤʫ ʫ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʮʽʣʴʥʦ 

ʨʦʟʰʠʨʠʪʠ ʩʧʝʢʪʨ ʤʦʜʝʣʝʡ ʽ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ ʜʣʷ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

 

4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʠʛʘʟʦʚʦʾ 

ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

 

ʋ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚ ̔ ʦʩʥʦʚʥʽ ʬʦʨʤʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʬʽʣʴʪʨʽʚ ʜʣʷ ʧʨʦʪʠʛʘʟʽʚ ʽʟ ʘʥʘʣʦʛʽʯʥʠʤ ʦʙ'ʻʤʦʤ ʘʜʩʦʨʙʝʥʪʫ 

(ʙʣʠʟʴʢʦ 100 ʩʤį) ï ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʪʨʘʧʝʮʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʩʪʘʪʠʩʪʠʢʘ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʠʥʢʫ ʟʘʩʦʙʽʚ 
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ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʦʛʦ ʦʙʻʤʫ ʘʜʩʦʨʙʝʥʪʫ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʝʨʰʦʛʦ 

ʢʣʘʩʫ ʟʘʭʠʩʪʫ. ɼʦʩʣʽʜʞʫʚʘʥʽ ʬʽʣʴʪʨʠ ʙʫʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʦʨʛʘʥʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʦʙʪʦ ʤʘʣʠ ʧʦʟʥʘʯʢʫ ʪʠʧ ɸ. ʇʦʨʠʩʪʽʩʪʴ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʟʘʧʦʚʥʶʻ ʢʦʨʧʫʩ, ʩʪʘʥʦʚʠʣʘ 0,26. ʅʘ ʨʠʩʫʥʢʫ 4.5 

ʟʦʙʨʘʞʝʥʦ ʟʨʘʟʢʠ ʬʽʣʴʪʨʽʚ ʦʙʦʭ ʬʦʨʤ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.5 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʬʽʣʴʪʨʽʚ ʪʨʘʧʝʮʝʚʠʜʥʦ ʾ(ʘ) ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ 

(ʙ) ʬʦʨʤ 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʨʧʫʩʽʚ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ (Syntek, ʂʠʪʘʡ) ʽʟ ʜʽʘʧʘʟʦʥʦʤ 

ʚʠʤʽʨʶʚʘʥʴ 0ï150 ʤʤ ʪʘ ʪʦʯʥʽʩʪʶ 0,1 ʤʤ. ɼʣʷ ʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʦʜʽʙʥʦʩʪʽ 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʦʙʠʨʘʣʠʩʴ ʢʦʥʪʨʦʣʴʥʽ ʧʦʚʝʨʭʥʽ ʪʘʢʽ, ʷʢ ʤʝʥʰʘ ʪʘ ʙʽʣʴʰʘ 

ʩʪʦʨʦʥʠ, ʚʠʩʦʪʘ ʝʣʝʤʝʥʪʫ, ʩʝʨʝʜʠʥʥʘ ʣʽʥʽʷ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ, ʜʽʘʤʝʪʨ ʪʦʱʦ. 

ɼʘʥʽ ʩʧʦʯʘʪʢʫ ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʷʭ, ʘ ʟʛʦʜʦʤ ʧʝʨʝʥʦʩʠʣʠ ʜʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʫ Microsoft Excel 365 ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ.  

ʇʦʚʽʪʨʷʥʽ ʧʦʪʦʢʠ ʚ ʢʦʨʧʫʩʘʭ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʤʦʜʝʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ SolidWorks. ʂʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʽʚ (ʨʠʩ. 4.5) ʙʫʣʠ 

ʦʮʠʬʨʦʚʘʥʽ (ʨʠʩ. 4.6), ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ 3D-ʤʦʜʝʣʽ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ 

ʚʽʜʪʚʦʨʶʶʪʴ ʾʭ ʨʝʘʣʴʥʽ ʨʦʟʤʽʨʠ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʢʦʨʧʫʩʽʚ ʬʽʣʴʪʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 4.4 ʪʘ 4.5. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 4.6 ï 3D ʤʦʜʝʣʽ ʧʨʦʪʠʛʘʟʦʚʠʭ ʢʦʨʦʙʦʢ ʪʨʘʧʝʮʝʚʠʜʥʦʾ (ʘ) ʪʘ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʙ) 

ʊʘʙʣʠʮʷ 4.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʇʘʨʘʤʝʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ɿʥʘʯʝʥʥʷ 

ʈʘʜʽʫʩ ʢʦʨʦʙʢʠ Rʂ, ʤʤ 38-45 

ʇʣʦʱʘ ʬʽʣʴʪʨʘ S, ʩʤ
2
 45-64 

ʈʘʜʽʫʩ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ rʂ, ʤʤ 12-16 

ɺʠʩʦʪʘ ʢʦʨʦʙʢʠ H, ʤʤ 32-38 

ɿʘʟʦʨ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʟʘʜʥʴʦʶ ʢʨʠʰʢʦʶ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ h, ʤʤ 

4-6 

ɿʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʘ ʢʦʨʦʙʢʠ, ʤʤ 0 

ʆʧʽʨ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ, ʇʘ, ʟʘ ʚʠʪʨʘʪʠ 15 ʜʤ
3
/ʭʚ. 84-100 

ʂʽʣʴʢʽʩʪʴ ʥʘʧʨʘʚʣʷʶʯʠʭ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 6-8 

 

ʊʘʙʣʠʮʷ 4.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʪʨʘʧʝʮʝʚʠʜʥʦʾ 

ʬʦʨʤʠ 

ʇʘʨʘʤʝʪʨʠ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ɿʥʘʯʝʥʥʷ 

ʐʠʨʠʥʘ ʢʦʨʦʙʢʠ ɺʂ, ʤʤ 80-86 

ɼʦʚʞʠʥʘ ʢʦʨʦʙʢʠ Lʂ, ʤʤ 92-110 

ʇʣʦʱʘ ʬʽʣʴʪʨʘ S, ʩʤ
2
 60-72 

ʈʘʜʽʫʩ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ rʂ, ʤʤ 12-16 

ɺʠʩʦʪʘ ʢʦʨʦʙʢʠ H, ʤʤ 24-30 

ɿʘʟʦʨ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʟʘʜʥʴʦʶ ʢʨʠʰʢʦʶ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ h, ʤʤ 

4-6 

ɿʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʘ ʢʦʨʦʙʢʠ, ʤʤ 15-25 

ʆʧʽʨ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ, ʇʘ, ʟʘ ʚʠʪʨʘʪʠ 15 ʜʤ
3
/ʭʚ. 31-49 

ʂʽʣʴʢʽʩʪʴ ʥʘʧʨʘʚʣʷʶʯʠʭ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 10-12 

 

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks ʟʘʜʘʚʘʣʠ ʨʫʭ ʧʦʚʽʪʨʷ ʟ 

ʚʠʪʨʘʪʦʶ, ʱʦ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 15 ʜʦ 50 ʜʤį/ʭʚ. ʊʘʢʦʞ ʟʘʜʘʚʘʣʘʩʴ 
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ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ (ʜʦ 283) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ. ɯʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʘʚʝʨʰʫʚʘʚʩʷ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ 

ʚʘʨʽʶʚʘʥʥʷ ʩʪʘʚʘʣʘ ʤʝʥʰʦʶ ʟʘ ʜʦʧʫʩʪʠʤʫ ʧʦʭʠʙʢʫ, ʱʦ ʩʪʘʥʦʚʠʣʘ ʥʝ ʙʽʣʴʰʝ 

5 %. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʝʧʶʨʠ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʢʦʨʧʫʩʠ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ. ɼʣʷ ʦʮʽʥʢʠ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Vmax/Vmin, ʷʢʝ ʟʥʠʞʫʚʘʣʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ. ʅʘʡʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʟʦʥʘʭ ʽʟ ʥʘʡʤʝʥʰʠʤ 

ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʩʧʨʠʷʣʦ ʫʩʫʥʝʥʥʶ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʽ 

ʚʠʨʽʚʥʶʚʘʥʥʶ ʰʚʠʜʢʦʩʪʝʡ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ Vmax/Vmin ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʨʘʭʦʚʫʚʘʣʠ ʪʘʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

1. ʋ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʨʧʫʩʘʭ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚʭʽʜʥʠʡ ʪʘ 

ʚʠʭʽʜʥʠʡ ʦʪʚʦʨʠ ʙʫʣʠ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚʽʜʥʦʩʥʦ ʦʩʽ. ɺʦʥʠ ʤʘʣʠ 

ʬʦʨʤʫ ʜʠʬʫʟʦʨʘ, ʧʨʠ ʮʴʦʤʫ ʚʭʽʜʥʠʡ ʦʪʚʽʨ ʙʫʚ ʰʠʨʰʠʤ ʟʘ ʚʠʭʽʜʥʠʡ, ʷʢʠʡ 

ʩʧʦʣʫʯʘʚʩʷ ʽʟ ʣʠʮʝʚʦʶ ʯʘʩʪʠʥʦʶ ʨʝʩʧʽʨʘʪʦʨʘ. 

2. ʋ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʨʦʪʠʛʘʟʦʚʠʭ ʢʦʨʦʙʢʘʭ ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʚʠʭʽʜʥʠʡ 

ʦʪʚʽʨ ʙʫʚ ʟʤʽʱʝʥʠʡ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʚʠʨʦʙʫ. ʎʝ ʨʽʰʝʥʥʷ ʧʦʢʨʘʱʫ ̒

ʧʦʣʝ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʬʽʣʴʪʨʘ ʪʘ 

ʚʽʜʚʝʜʝʥʥʷ ʯʘʩʪʠʥʠ ʢʦʥʧʫʩʫ ʧʦ ʟʘ ʧʦʣʝ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

3. ɺʠʩʦʪʘ ʢʦʨʧʫʩʽʚ ʬʽʣʴʪʨʽʚ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ ʟʘʟʚʠʯʘʡ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 30 ʤʤ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʣʦ ʨʦʟʰʠʨʝʥʥʶ ʧʦʣʷ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʪʦʜʽ ʷʢ ʮʠʣʽʥʜʨʠʯʥʽ ʢʦʨʧʫʩʠ ʤʘʣʠ ʚʠʩʦʪʫ ʥʝ ʤʝʥʰʝ 30 ʤʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʘ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʚʧʣʠʚʘʻ ʟʥʘʯʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ. ɿʘ 

ʦʜʥʘʢʦʚʠʭ ʧʣʦʱʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʩʦʪʠ ʰʘʨʫ ʘʜʩʦʨʙʝʥʪʫ ʪʘ 

ʱʽʣʴʥʦʩʪʽ ʡʦʛʦ ʫʧʘʢʫʚʘʥʥʷ ʩʘʤʝ ʬʦʨʤʘ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʾ 

ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʽ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ 

(ʪʘʙʣ. 4.6). 
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ʊʘʙʣʠʮʷ 4.6 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʙʦʢ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʊʠʧ ʬʽʣʴʪʨʘ ʇʣʦʱʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʩʤ
2
 

ɺʠʤʽʨʷʥʠʡ ʨʦʙʦʯʠʡ 

ʦʙôʻʤ 

ʧʨʦʪʠʛʘʟʦʚʦʛʦ 

ʬʽʣʴʪʨʘ, ʩʤ
3
 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʇʘ, ʟʘ 

ʚʠʪʨʘʪʠ 

15 

ʜʤ
3
/ʭʚ. 

47,5 

ʜʤ
3
/ʭʚ. 

ʊʨʘʧʝʮʝʚʠʜʥʦʾ 

ʬʦʨʤʠ 

64,2 96 37 124 

ʎʠʣʽʥʜʨʠʯʥʦʾ 

ʬʦʨʤʠ 

45,3 86 90 320 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʟʥʠʮʷ ʚ ʦʧʦʨʽ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʩʝʨʝʜ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʨʽʟʥʠʭ ʬʦʨʤ ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʰʣʷʭ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʘʜʩʦʨʙʝʥʪ, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ ʤʦʞʝ ʙʫʪʠ ʟʤʽʱʝʥʦ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ 

ʢʦʨʦʙʢʠ (ʨʠʩ. 4.6). ʁʤʦʚʽʨʥʦ, ʨʦʟʨʦʙʥʠʢʠ ʚʧʨʦʚʘʜʠʣʠ ʪʘʢʠʡ ʜʠʟʘʡʥ ʜʣʷ 

ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʪʨʘʧʝʮʝʚʠʜʥʘ ʬʦʨʤʘ ʟʘʙʝʟʧʝʯʫʻ ʥʠʞʯʫ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʘ 

ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ (ʪʘʙʣ. 4.7), ʱʦ ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʾʭ 

ʟʘʭʠʩʥʦʾ ʬʫʥʢʮʽʾ. 

ʊʘʙʣʠʮʷ 4.7 ï ɼʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʟʘ ʦʙôʻʤʦʤ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ɺʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ  

ʢʨʽʟʴ ʬʽʣʴʪʨʠ, ʤ/ʩ 

ʊʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ ʎʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʇʣʦʱʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

110 ʩʤ
2
 0,21 0,28 

80 ʩʤ
2
 0,42 0,44 

50 ʩʤ
2
 0,62 0,65 

ɼʽʘʤʝʪʨ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

24 ʤʤ 12,3 17,1 

28 ʤʤ 10,3 14,2 

32 ʤʤ 8,1 11,2 

ɿʤʽʱʝʥʥʷ ʜʽʘʤʝʪʨʫ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʢʦʨʦʙʢʠ ʥʘ 

5 ʤʤ 16,2 17,8 

10 ʤʤ 14,1 18,6 

15 ʤʤ 12,3 21,2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.7 

ɿʘʟʦʨ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʾ ʩʪʽʥʢʦʶ ʬʽʣʴʪʨʘ 

4 ʤʤ 36,1 32,1 

5 ʤʤ 21,2 24,2 

6 ʤʤ 12,3 17,1 

ɺʠʩʦʪʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

24 ʤʤ 12,3 17,1 

28 ʤʤ 10,3 15,1 

32 ʤʤ 8,3 12,1 

 

ʊʘʢ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʜʽʘʤʝʪʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ (ʨʠʩ. 4.7) ʚ ʢʦʞʥʦʤʫ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʘʭ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ   

15 % ʤʝʥʰʘ ʩʘʤʝ ʫ ʢʦʨʦʙʢʠ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ. 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.7 ï ʄʦʜʝʣʽ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʢʘʭ ʪʨʘʧʝʮʝʚʠʜʥʦ ʾ(ʘ) ʪʘ ʮʠʣ̔ʥʜʨʠʯʥʦ ʾ(ʙ) ʬʦʨʤ ʟ ʦʜʥʘʢʦʚʦʶ ʧʣʦʱʝʶ 

ʧʦʚʝʨʭʥʽ, ʚʠʩʦʪʦʶ, ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ ʪʘ ʱʽʣʴʥʽʩʪʶ ʩʦʨʙʝʥʪʫ 

 

ʉʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʡ ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʜʽʘʤʝʪʨʘ ʚʠʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ ʟ ʢʦʨʦʙʢʠ ʬʽʣʴʪʨʘ. ɿʤʽʥʘ ʨʦʟʤʽʨʫ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʧʣʠʚʘʣʘ ʥʝ ʪʽʣʴʢʠ 

ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ 

ʘʜʩʦʨʙʝʥʪ, ʚ ʢʦʨʦʙʮʽ, ʘʣʝ ʡ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ (ʨʠʩ. 4.8). 
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ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʚʠʭʽʜʥʛʦ ʦʪʚʦʨʫ ʩʧʨʠʷʣʦ ʧʦʢʨʘʱʝʥʥʶ ʦʪʨʠʤʫʚʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʣʦ 

ʯʝʨʝʟ ʚʧʨʽʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ.  

 

ʈʠʩʫʥʦʢ 4.8 ï ʂʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʚʽʜ ʨʦʟʤʽʨʫ ʜʽʘʤʝʪʨʫ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

 

ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʬʽʣʴʪʨʘ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʣʠʮʝʚʦʾ ʯʘʩʪʠʥʠ ʨʝʩʧʽʨʘʪʦʨʘ, ʜʦ ʷʢʦʾ ʜʘʥʝʠʡ ʬʽʣʴʪʨ ʙʫʜʝ ʧʨʠʻʜʥʫʚʘʪʠʩʴ, ʘ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʟ ʦʙʤʝʞʝʥʥʷ ʧʦʣʷ ʟʦʨʫ. 

 

ʈʠʩʫʥʦʢ 4.9 ï ʂʨʠʚʘ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʜʽʘʤʝʪʨʦʤ 30 ʤʤ ʚʽʜ ʮʝʥʪʨʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ 30 ʜʤ
3
/ʭʚ. 

 

ʅʘ ʨʠʩʫʥʢʫ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʱʝʥʥʷ ʜʽʘʤʝʪʨʫ ʚʠʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʢʦʨʦʙʢʠ ʬʽʣʴʪʨʘ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʝʨʝʨʦʟʧʦʜʽʣ 
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ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʩʝʨʝʜʥʽ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʠʭʨʦʚʠʭ ʧʦʪʦʢʽʚ 

(ʨʠʩ. 4.10), ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ, ʟʤʝʥʰʫʶʯʠ 

ʾʾ ʪʨʠʚʘʣʽʩʪʴ ʜʦ 30 %. 

 

ʈʠʩʫʥʦʢ 4.10 ï ɺʠʛʣʷʜ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘ ʦʙôʻʤʦʤ ʤʦʜʝʣʽ 

ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʪʨʘʮʝʧʠʚʠʜʥʦʾ ʬʦʨʤʠ ʟʘ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ 47,5 ʜʤ
3
/ʭʚ. 

 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʤʽʞʢʫ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʶ ʩʪʽʥʢʦʶ ʬʽʣʴʪʨʘ ʟʘ 

ʥʝʟʥʘʯʥʦ ʾʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʜʦ 15 ʜʤ
3
/ʭʚ.) ʯʝʨʝʟ ʬʽʣʴʪʨ ʩʧʨʠʷʻ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʤʽʞ ʰʘʨʘʤʠ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ ʢʦʨʦʙʮʽ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ. ɺʦʜʥʦʯʘʩ ʫ 

ʧʨʦʪʠʛʘʟʦʚʦʤʫ ʬʽʣʴʪʨʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷ 15 ʜʤ
3
/ʭʚ. 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʙʣʘʩʪʽ ʟʥʠʞʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ, 

ʡʤʦʚʽʨʥʦ, ʟʘʣʠʰʘʶʪʴʩʷ ʯʘʩʪʢʦʚʦ ʥʝ ʟʘʜʽʷʥʠʤʠ ʫ ʬʽʣʴʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ (ʨʠʩ. 4.11). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.11 ï ɺʠʛʣʷʜ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘ ʦʙôʻʤʦʤ 

ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʤʦʜʝʣʽ (ʘ) ʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʦʜʝʣʽ (ʙ) ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʟʘ 

ʚʠʪʨʘʪʠ 15 ʜʤ
3
/ʭʚ. 

 

ɿʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʟʘ ʦʜʥʘʢʦʛʦ ʦʙʻʤʫ 

ʘʜʩʦʨʙʝʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʬʽʣʴʪʨ. ʋ ʧʨʦʪʠʛʘʟʦʚʦʤʫ ʬʽʣʴʪʨʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʨʫʭ ʧʦʚʽʪʨʷ 
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ʨʽʚʥʦʤʽʨʥʦ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʱʦʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ, ʧʨʠ ʮʴʦʤʫ 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʟʥʠʞʫʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʩʪʽʥʦʢ ʢʦʨʦʙʢʠ (ʨʠʩ. 4.12). ʋ 

ʧʨʦʪʠʛʘʟʦʚʦʤʫ ʬʽʣʴʪʨʽ ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʫ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚʟʜʦʚʞ ʫʩʽʻʾ ʢʦʨʦʙʢʠ, ʟ ʦʩʦʙʣʠʚʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʽʜʨʽʟʢʫ ʜʦʚʞʠʥʦʶ 40 ʤʤ ʽʟ ʟʘʛʘʣʴʥʠʭ 100 ʤʤ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʥʘ ʮʴʦʤʫ ʩʝʛʤʝʥʪʽ ʙʫʜʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʟʘʣʫʯʝʥʠʤ ʜʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʢʦʨʽʰʦʾ ʧʦʷʚʠ ʧʨʦʩʢʦʢʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʬʽʣʴʪʨ. 

 

 

ʈʠʩʫʥʦʢ 4.12 ï ɼʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟʘ ʚʠʪʨʘʪʠ 47,5 ʜʤ
3
/ʭʚ. 

 

ʆʪʞʝ, ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ (4.1). ɿʘʜʘʤʦ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ, ʱʦ ʙʫʜʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ: ʧʨʦʪʠʛʘʟʦʚʽ ʬʽʣʴʪʨʠ ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʧʘʨʽʚ (ʪʠʧ ɸ), ʪʝʩʪ-ʨʝʯʦʚʠʥʘ ʮʠʢʣʦʛʝʢʩʘʥ-ʧʦʚʽʪʨʷʥʘ 

ʩʫʤʽʰ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʝʩʪ-ʨʝʯʦʚʠʥʠ ʚ ʧʦʚʽʪʨʽ 250 ʤʛ/ʤ
3
, ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 1,4 ʤʛ/ʤ
3
, ʱ̔ʣʴʥʽʩʪʶ ʫʧʘʢʫʚʘʥʥʷ ʛʨʘʥʫʣ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ï 

0,74 ʛ/ʩʤ
3
, kv ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ 3400 ʭʚ.

-1
. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.8. 

ɺʠʪʨʘʪʫ ʧʦʚʽʪʨʷ Q ʨʘʭʫʻʤʦ ʷʢ ʟʤʽʥʥʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ὗ  Ὓ Ͻὠ, 
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ʜʝ S ï ʧʣʦʘɦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʩʤ
2
, V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʢʦʨʦʙʢʫ, ʩʤ/ʩ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʪʘʙʣ. 4.4 ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ ʪʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ ʟ ʪʘʙʣ. 4.5. ɺʠʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʟʛʽʜʥʦ 

ʪʘʙʣʠʮʽ 4.7. 

 

ʊʘʙʣʠʮʷ 4.8 ï ɺʝʣʠʯʠʥʘ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʢʦʨʦʙʦʢ ʟʘ ʧʣʦʱʝʶ 

ʇʣʦʱʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ 

ʊʝʦʨʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ, ʭʚ. 

ʊʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ ʎʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

110 ʩʤ
2
 272 200 

80 ʩʤ
2
 182 173 

50 ʩʤ
2
 199 189 

 

ɺ ʪʘʙʣʠʮʽ 4.9 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ 

ʨʽʟʥʠʭ ʬʦʨʤ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʧʨʦʤʽʞʥʽ 

ʚʠʩʥʦʚʢʠ: 

- ʟ̔  ʟʙʣ̔ʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʦʨʦʙʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ 

ʯʝʨʝʟ ʰʘʨʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ. ʎʝ ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʪʦʢʫ ʪʘ 

ʟʘʣʫʯʝʥʥʶ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʜʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ. 

- ʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʢʦʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ ʬʽʣʴʪʨʘʮʽʾ ʘʙʦ 

ʟʘʣʫʯʘʻʪʴʩʷ ʜʦ ʬʽʣʴʪʨʫʚʘʥʥʷ ʥʝ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. ʊʘʢʝ ʟʤʽʱʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ 

ʟʤʝʥʰʫʻ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ. 

- ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʤʽʞʢʫ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʶ ʩʪʽʥʢʦʶ ʬʽʣʴʪʨʘ 

ʟʙʽʣʴʰʫʻ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʨʦʭʦʜʞʝʥʥʶ 
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ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʰʘʨʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ 

ʟʘʣʫʯʝʥʥʷ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ʘʜʩʦʨʙʝʥʪʘ ʜʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ. 

- ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʢʦʨʦʙʢʠ ʬʽʣʴʪʨʘ, ʘ ʨʘʟʦʤ ʽʟ ʮʠʤ ʽ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʚʦʜʥʦʯʘʩ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʢʦʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧ̔ ʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʜʠʭʘʥʥʶ 

ʚʠʨʦʙʫ. 

 

ʊʘʙʣʠʮʷ 4.9 ï ɺʝʣʠʯʠʥʘ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʨʦʪʠʛʘʟʦʚʠʤ 

ʢʦʨʦʙʦʢ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʽʥʰʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ʊʝʦʨʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʭʚ. 

ʊʨʘʧʝʮʝʚʠʜʥʦʾ ʬʦʨʤʠ ʎʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ɼʽʘʤʝʪʨ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

24 ʤʤ 162 168 

28 ʤʤ 189 196 

32 ʤʤ 216 224 

ɿʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʢʦʨʦʙʢʠ 

5 ʤʤ 199 185 

10 ʤʤ 193 181 

15 ʤʤ 189 178 

ɿʘʟʦʨ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʾ ʩʪʽʥʢʦʶ ʬʽʣʴʪʨʘ 

4 ʤʤ 145 151 

5 ʤʤ 182 189 

6 ʤʤ 218 226 

ɺʠʩʦʪʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

24 ʤʤ 182 141 

28 ʤʤ 212 165 

32 ʤʤ 242 189 

 

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ, ʟʘ ʽʥʰʠʭ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ, 

ʩʧʨʠʷʻ ʧʨʦʜʦʚʞʝʥʥʶ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ ʜʦ 30 % ʜʣʷ ʚʠʨʦʙʽʚ ʚ 

ʜʽʘʧʘʟʦʥ ̔ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ 50 ʩʤĮ ʜʦ 110 ʩʤĮ. ʅʝʟʥʘʯʥʝ ʟʤʽʱʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦ ʾʜʽʾ, ʦʩʢʽʣʴʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʜʦ 5 %. 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʤʽʞʢʫ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʶ ʩʪʽʥʢʦʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 
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ʢʦʨʦʙʢʠ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ. ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ 

ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʰʚʠʜʢʦʩʪʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʠʨʽʚʥʶʚʘʥʥʶ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʫ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʝʩʧʽʨʘʪʦʨʘ, ʜʦ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʘʥʽ ʬʽʣʴʪʨʠ. 

ʋ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ  ̒ʧʫʙʣʽʢʘʮʽʾ ʚ ʷʢʠʭ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʽʚ ʟʦʢʨʝʤʘ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ (ʜʽʘʤʝʪʨʘ ʛʨʘʥʫʣ, ʱʽʣʴʥʦʩʪʽ 

ʧʘʢʦʚʘʥʥʷ) [18], ʪʦʚʱʠʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʘʜʩʦʨʙʝʥʪʫ [19], 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʽʚ [20, 21]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʯʘʩʦʤ ʟʘʭʠʩʥʦʾ ʜʽʾ ʪʘ ʦʙôʻʤʥʦʶ 

ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʣʽʥʽʡʥʠʡ. ɺ ʜʝʷʢʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʤʦʞʣʫʪʴ ʙʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʫʣʴʩʫʶʯʦʤʫ ʧʦʪʦʮʽ [22] 

ʘʙʦ ʚʧʣʠʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ [23], ʢʦʣʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʙ'ʻʤʽ ʢʦʨʧʫʩʫ 

ʬʽʣʴʪʨʘ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʦ ʧʣʦʱʽ ʬʽʣʴʪʨʘ 

ʯʝʨʝʟ ʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

ʘʙʦ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʥʝʚʝʣʠʢʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʬʽʣʴʪʨʦʤ ʪʘ ʥʠʞʥʴʦʶ ʩʪʽʥʢʦʶ 

ʢʦʨʦʙʢʠ [24, 25]. ʋ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʬʽʣʴʪʨʘ, ʧʨʦʪʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ ʧʦʢʘʟʥʠʢʽʚ ʫ ʤʝʞʘʭ 20ï30 %. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʰʚʠʜʢʠʤ 

ʥʘʩʠʯʝʥʥʷʤ ʛʨʘʥʫʣ ʘʜʩʦʨʙʦʚʘʥʠʤ ʛʘʟʦʤ ʫ ʟʦʥʽ ʥʘʡʚʠʱʦʾ ʰʚʠʜʢʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʚʝʜʝ ʜʦ ʬʘʟʠ ʧʨʦʥʠʢʘʥʥʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʜʽ ʷʢ ʨʝʰʪʘ 

ʬʽʣʴʪʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʧʨʘʮʴʦʚʘʥʦʶ [26]. 

ʊʘʢʠʡ ʩʪʘʥ ʬʽʣʴʪʨʘ ʚ ʧʨʦʮʝʩʽ ʥʘʩʠʯʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʰʘʨʽʚ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ ʧʝʨʠʬʝʨʽʡʥʠʤ ʩʪʨʫʤʢʘʤ ʧʦʚʽʪʨʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʦʙʢʠ ʟʽ ʟʤʽʱʝʥʠʤ ʱʦʜʦ ʮʝʥʪʨʫ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ ʥʝʦʙʭʽʜʥʦ 
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ʧʦʜʦʣʘʪʠ ʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ, ʥʽʞ ʩʪʨʫʤʢʘʤ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʢʦʨʦʙʢʠ [27, 28]. ʂʨʽʤ ʪʦʛʦ, ʟʽʰʪʦʚʭʫʶʯʠʩʴ ʟ ʥʠʞʥʴʦʶ 

ʩʪʽʥʢʦʶ ʢʦʨʦʙʢʠ ʾʤ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʧʦʚʝʨʥʫʪʠ, ʱʦ ʪʘʢʦʞ ʟʤʝʥʰʫʻ 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʝʥʝʨʛʽʶ ʨʫʭʫ [29]. ʏʠʤ ʜʘʣʽ ʧʦʚʽʪʨʷʥʠʡ ʩʪʨʫʤʽʥʴ ʚʽʜ ʚʠʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ, ʪʦ ʙʽʣʴʰʝ ʦʧʽʨ ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʧʦʜʦʣʘʪʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ ʜʠʥʘʤʽʯʥʘ ʪʨʫʙʢʘ [30]. ɺ ʥʽʡ ʚʠʧʨʦʙʫʚʘʥʝ 

ʚʫʛʽʣʣʷ ʥʝ ʻ ʥʘʩʪʽʣʴʢʠ ʫʱʽʣʴʥʝʥʠʤ, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʙʫʚʘʻ ʚ ʧʨʦʪʠʛʘʟʦʚʽʡ 

ʢʦʨʦʙʮʽ, ʪʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʨ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ ʨʝʘʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ. ʂʨʽʤ ʪʦʛʦ, ʬʨʦʥʪ ʨʫʭʫ ʘʜʩʦʨʙʮʽʾ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ, 

ʦʩʢʽʣʴʢʠ ʜʽʘʤʝʪʨ ʩʪʘʥʜʘʨʪʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʪʨʫʙʢʠ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 20 ʤʤ, ʪʦʜʽ 

ʷʢ ʜʽʘʤʝʪʨ ʨʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ, ʥʘʧʨʠʢʣʘʜ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 1 ʢʣʘʩʫ 

ʟʘʭʠʩʪʫ, ʥʝ ʤʝʥʰʝ 75 ʤʤ, ʯʠʤ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ.  

ʉʘʤʝ ʬʨʦʥʪ ʘʜʩʦʨʙʮʽʾ ʚʠʟʥʘʯʘʻ ʨʝʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʯʠʤ ʚʽʥ ʙʫʜʝ 

ʙʽʣʴʰ ʧʦʣʦʛʠʤ, ʪʠʤ ʨʽʚʥʦʤʽʨʥʽʰʝ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠʤʫʪʴ ʰʘʨʠ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ ʚ ʢʦʨʧʫʩʽ ʬʽʣʴʪʨʘ ʪʘ ʧʽʟʥʽʰʝ ʥʘʩʪʫʧʠʪʴ ʯʘʩ ʧʨʦʥʠʢʘʥʥʷ ʰʢʽʜʣʠʚʦʾ 

ʨʝʯʦʚʠʥʠ [31]. ʋʩʽ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʨʤʽʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʦʷʚʠ 

ʥʝʬʽʣʴʪʨʦʚʘʥʦʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʚ ʟʦʥʽ ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʌʨʦʥʪ ʘʜʩʦʨʙʮʽʾ ʟʘʚʞʜʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʽʚʥʦʤʽʨʥʝ ʧʦʢʨʦʢʦʚʝ 

ʟʘʣʫʯʝʥʥʷ ʜʦ ʬʽʣʴʪʨʫʚʘʥʥʷ ʪʘ ʟʘʪʨʠʤʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʝʣʝʤʝʥʪʘʨʥʠʤʠ 

ʰʘʨʘʤʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ [32], ʧʨʦʪʝ ʣʽʥʽʡʥʘ ʧʣʦʱʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʯʝʨʝʟ ʷʢʫ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʧʦʩʪʽʡʥʠʭ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʦʙʢʠ. ʆʪʞʝ, ʧʠʪʘʥʥʷ ʨʫʭʫ 

ʬʨʦʥʪʫ ʘʜʩʦʨʙʮʽʾ ʚ ʘʢʪʠʚʦʚʘʥʦʤʫ ʚʫʛʽʣʣ ̔ʚ ʣʽʥʽʡʥʽʡ ʧʣʦʱʠʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʽ 

ʚʽʜʢʨʠʪʠʤ [33]. 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʧʨʦʪʠʛʘʟʦʚʠʭ ʢʦʨʦʙʦʢ ʨʽʟʥʠʭ ʬʦʨʤ, ʷʢʽ ʢʦʞʝʥ ʚʠʨʦʙʥʠʢ 

ʩʪʚʦʨʶʻ ʟʘ ʚʣʘʩʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʙʘʯʝʥʥʷʤ ʪʘ ʨʽʰʝʥʥʷʤʠ, ʪʦʤʫ ʚʦʥʠ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʴ ʤʽʞ ʩʦʙʦʶ. 
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4.3 ʇʦʰʫʢ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʦʪʠʛʘʟʦʚʦʾ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʘ 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʚ ʷʢʽ ʤʦʥʪʫʶʪʴʩʷ ʬʽʣʴʪʨʠ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ 

ʦʧʝʨʘʪʠʚʥʦ ʫʭʚʘʣʶʚʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʽʣʴʪʨʽʚ. ʎʝ  ̒ʚʘʞʣʠʚʠʤ ʚ ʢʦʥʪʝʢʩʪʽ ʯʘʩʪʦʾ ʟʤʽʥ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʽʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʩʦʨʙʝʥʪʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʝʩʧʽʨʘʪʦʨʽʚ 

(ʟʦʢʨʝʤʘ, ʚʧʣʠʚ ʥʘ ʧʦʣʝ ʟʦʨʫ ʪʘ ʝʨʛʦʥʦʤʽʢʫ). ɺʽʜʪʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ ʜʣʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʨʦʧʦʥʫʻʤʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʢʦʝʬʽʮʽʻʥʪʠ: 

- ʢʦʤʬʦʨʪʥʦʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʢʦʨʦʙʢʠ ʥʘ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ 

ʂʢʦʤʬ
Ͻ̋̕ Ͻʤʘʩʰ

̕
, 

ʜʝ ȹʈ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨ,̔ ʇʘ; Sʬ ï ʧʣʦʱʘ ʬʽʣʴʪʨʘ, ʯʝʨʝʟ ʷʢʫ 

ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ, ʤ
2
; Qʬ ï ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʤ

3
/ʩ; Õ - 

ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ (18Ŀ10
-6
), ʅĿʩ/ʤ

3
; ʂʤʘʩʰ ï ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ (10
-6
). 

- ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʢʦʨʦʙʢʠ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ 

ʂʝʬ
ʂʟʘʭ

ʂʥʦʨʤ

ʊʬʘʢʪ

ʊʥʦʨʤ
, 

ʜʝ ʊʬʘʢʪ ï ʨʝʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ.; 

ʊʥʦʨʤ ï ʥʦʨʤʘʪʠʚʥʦ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʭʚ.; 
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- ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʢʦʨʦʙʢʠ ʥʘ ʬʘʢʪʠʯʥʠʡ ʦʙôʻʤ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʚ ʬʽʣʴʪʨʘʮʽʾ (ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʦʙôʻʤʫ ʘʜʩʦʨʙʝʨʘ, ʷʢʘ ʟʘʣʫʯʝʥʘ ʚ ʧʨʦʮʝʩʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʬʽʢʩʫʚʘʥʥʷ ʧʨʦʥʠʢʘʥʥʷ ʰʢʽʜʣʠʚʦʾ 

ʨʝʯʦʚʠʥʠ ʟʘ ʬʽʣʴʪʨʦʤ) 

ʂʧʨʦʜ
ὠʜʽʻʚ
ὠʟʘʛ

 

ʜʝ Vʟʘʛ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʬʽʣʴʪʨʘ, ʩʤ
3
, Vʜʽʻʚ ï ʦʙôʻʤ ʬʽʣʴʪʨʘ, ʱʦ ʧʨʠʡʤʘʻ 

ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ, ʩʤ
3
. 

ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʢʦʨʦʙʢʫ ʟ 

ʬʽʣʴʪʨʦʤ, ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ, ʫ ʷʢʦʤʫ ʫʩʽ ʪʨʠ ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʧʨʠʡʥʷʪʥʠʭ ʤʝʞʘʭ. ʇʽʜ ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ 

ʪʘʢ,̔ ʟʘ ʷʢʠʭ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʨʦʙʦʢ ʤʽʥʽʤʽʟʫʶʪʴ ʚʧʣʠʚ ʥʘ ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ, ʦʧʪʠʤʽʟʫʶʪʴ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʮʽʥʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʴʦʛʦ ʦʙôʻʤʫ ʘʜʩʦʨʙʝʥʪʫ ʫ ʬʽʣʴʪʨʽ. 

ɼʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʧʨʦʪʠʛʘʟʦʚʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʢʦʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʭʧʝʯʝʥʥʷ SolidWorks. ɹʘʟʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʜʝʣʝʡ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʙʫʣʠ ʦʮʠʬʨʦʚʘʥʽ, 

ʪʘ ʟʘ ʷʢʠʤʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʽ 3D ʤʦʜʝʣʽ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʩʽʭ ʨʦʟʤʽʨʽʚ ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩʫʥʢʘʭ 4.5 ʪʘ 4.6. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʟʛʘʜʘʥʠʭ ʤʦʜʝʣʝʡ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ 

ʦʮʠʬʨʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʪʠʛʘʟʦʚʠʭ ʢʦʨʦʙʦʢ, ʷʢʽ ʚʽʜʨʽʟʥʷʣʠʩʴ ʤʽʞ ʩʦʙʦʶ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ (ʜʽʘʤʝʪʨʦʤ ʪʘ ʚʠʩʦʪʦʶ ʜʣʷ ʢʦʨʦʙʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʬʦʨʤʠ; ʚʠʩʦʪʦʶ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʦʨʥ̔ ɸʭɺʭL ʜʣʷ ʢʦʨʦʙʦʢ ʧʣʘʩʢʦʾ ʬʦʨʤʠ). 

ʇʨʦʪʝ ʜʣʷ ʫʩʽʭ ʚʘʨʽʘʮʽʡ ʢʦʨʦʙʦʢ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʘʜʩʦʨʙʝʥʪʫ ʟʘʣʠʰʘʚʩʷ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤ (100 Ñ 3) ʩʤ
3
. ɼʘʥʽ ʧʨʦʝʢʪʦʚʘʥʠʭ ʢʦʨʦʙʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣʠʮʷʭ 4.10 ʪʘ 4.11. 
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ʊʘʢ ʩʘʤʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʦʮʠʬʨʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʢʦʨʧʫʩʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ ʚʨʘʭʦʚʫʚʘʣʦʩʴ ʥʘʩʪʫʧʥʝ: 

- ʜʣʷ ʢʦʨʦʙʦʢ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ ʦʪʚʦʨʠ ʻ 

ʩʠʤʝʪʨʠʯʥʠʤʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʚʠʨʦʙʫ, ʘ ʜʣʷ ʢʦʨʦʙʦʢ ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʚʠʭʽʜʥʠʡ 

ʦʪʚʽʨ ʻ ʟʤʽʱʝʥʠʤ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʾ ʦʩʽ ʚʠʨʦʙʫ; 

- ʜʽʘʤʝʪʨ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʜʣʷ ʢʦʨʦʙʦʢ ʦʙʦʭ ʬʦʨʤ ʟʘʜʘʚʘʚʩʷ 

ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ 28 ʤʤ; ʟʘʟʦʨ ʤʽʞ ʘʜʩʦʨʙʝʥʪʦʤ ʽ ʥʠʞʥʴʦʶ ʯʘʩʪʠʥʦʶ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʩʪʘʥʦʚʠʚ 5 ʤʤ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ CFD-ʧʘʢʝʪ (computational fluid 

dynamics) ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SolidWorks, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʢʦʨʦʙʢʠ ʟ ʨʽʟʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷ. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ 

ʧʨʦʚʦʜʠʣʠʩʷ ʨʦʟʨʘʭʫʥʢʠ ʰʚʠʜʢʦʩʪʝʡ Vɗi
(0)

, Vzi
(0)

, Vri
(0)

 ʫ ʚʫʟʣʘʭ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ, ʥʘʥʝʩʝʥʦʾ ʥʘ ʮʠʬʨʦʚʫ ʧʦʚʝʨʭʥʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

(ʨʠʩ. 4.13). ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʚʠʟʥʘʯʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʦʱʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʬʽʣʴʪʨʘ ʪʘ ʦʙʩʷʛʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʢʦʨʦʙʢʫ. ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʟʘʜʘʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 167 ʜʦ 

285 ʪʘ ʟʘʣʝʞʘʣʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʘʨʽʶʚʘʣʴʥʦʛʦ ʢʨʦʢʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʫ (ʥʝ ʙʽʣʴʰʝ 5 % ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ). 

 

ʊʘʙʣʠʮʷ 4.10 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʽʚ ʬʽʣʴʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʇʦʟʥʘʯʝʥʥʷ 

ʟʨʘʟʢʘ 

ɼʽʘʤʝʪʨ ʢʦʨʦʙʢʠ 

Dʢ, ʤʤ 

ɺʠʩʦʪʘ ʢʦʨʦʙʢʠ 

Hʢ, ʤʤ 

ʆʙôʻʤ ʢʦʨʧʫʩʫ 

ʜʣʷ ʘʜʩʦʨʙʝʥʪʫ, 

ʩʤ
3
 

ɿʎ 1 75 23 101,6 

ɿʎ 2 70 26,5 101,9 

ɿʎ 3 65 30,5 101,2 

ɿʎ 4 80 20,5 103,0 

ɿʎ 5 85 18 102,1 

ɿʎ 6 90 16 101,7 
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ʊʘʙʣʠʮʷ 4.11 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʽʚ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

ʇʦʟʥʘʯʝʥʥʷ 

ʟʨʘʟʢʘ 

ʇʘʨʘʤʝʪʨʠ 

ʢʦʨʦʙʢʠ, ʤʤ 

(ʩʪʦʨʦʥʘ ɸʭɺʭL*) 

ɺʠʩʦʪʘ ʢʦʨʦʙʢʠ 

Hʢ, ʤʤ 

ʆʙôʻʤ ʢʦʨʧʫʩʫ 

ʜʣʷ ʘʜʩʦʨʙʝʥʪʫ, 

ʩʤ
3
 

ɿʇ 1 40ʭ66ʭ90 21 100,2 

ɿʇ 2 47ʭ77ʭ90 18 100,4 

ɿʇ 3 47ʭ77ʭ101 16 100,2 

ɿʇ 4 40ʭ64ʭ85 23 101,7 

ɿʇ 5 34ʭ64ʭ83 25 101,7 

ʇʨʠʤʽʪʢʘ: ɸ ï ʤʘʣʘ ʩʪʦʨʦʥʘ ʦʩʥʦʚʠ ʬʽʣʴʪʨʘ; ɺ ï ʚʝʣʠʢʘ ʩʪʦʨʦʥʘ ʦʩʥʦʚʠ 

ʬʽʣʴʪʨʘ; L ï ʜʦʚʞʠʥʘ ʢʦʨʦʙʢʠ ʬʽʣʴʪʨʘ. 

  

 

ʈʠʩʫʥʦʢ 4.13 ï ɺʠʛʣʷʜ ʦʮʠʬʨʦʚʘʥʦ ʾʤʦʜʝʣ ̔ʬʽʣʴʪʨʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʟ̔  ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʶ ʩʽʪʢʦʶ 

 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʢʦʨʦʙʢʠ ʩʢʣʘʜʘʚʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ ʩʪʘʜʽʡ. ʉʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʚʩʷ ʟʙʽʨ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ 

ʘʜʩʦʨʙʝʥʪʫ (0,74), ʧʝʨʝʧʘʜ ʪʠʩʢʫ (90 ʇʘ ʜʣʷ ʬʽʣʴʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʪʘ 

38 ʇʘ ʜʣʷ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ), ʘ ʪʘʢʦʞ ʧʦʨʠʩʪʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ (0,26). 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ SolidWorks, ʥʘ ʷʢʫ ʥʘʥʦʩʠʣʘʩʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʝʨʝʚʽʨʢʘ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʥʝʩʝʥʽʡ ʩʽʪʮʽ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʢʨʦʢʫ ʚʘʨʽʶʚʘʥʥʷ. 
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ɼʘʣʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʢʦʨʦʙʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ 

ʬʽʣʴʪʨʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʬʽʣʴʪʨʘ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʢʠ. 

ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʝʪʘʧʫ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʢʦʣʴʦʨʦʚʽ ʝʧʶʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʣʠ 

ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʫʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʪʝʩʪʦʚʘʥʦʛʦ ʬʽʣʴʪʨʫ (ʨʠʩ. 

4.14). 

 

ʈʠʩʫʥʦʢ 4.14 ï ʇʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ ʯʝʨʝʟ ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʢʦʨʦʙʢʫ 

 

ʆʩʪʘʥʥʽʡ ʝʪʘʧ ï ʚʝʨʠʬʽʢʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʣʘ 

ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʣʦʩʷ 

ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʟ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʦʚʠʤʠ ʚʽʜʪʽʥʢʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʣʠ ʰʚʠʜʢʦʩʪʷʤ ʬʽʣʴʪʨʘʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʣʦʱ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʫ 

ʧʨʦʛʨʘʤʽ ʂʦʤʧʘʩ 3D ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʝʣʝʤʝʥʪʫ çʟʘʤʢʥʝʥ ̔

ʩʧʣʘʡʥʠè. ʂʦʥʪʫʨʠ ʢʦʣʴʦʨʦʚʠʭ ʜʽʣʷʥʦʢ ʦʙʚʦʜʠʣʠʩʷ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤʠ ʪʦʯʢʘʤʠ, ʱʦ ʬʦʨʤʫʚʘʣʠ ʟʘʤʢʥʝʥʽ ʣʽʥʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

çʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽè ʧʨʦʚʦʜʠʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,1 ʤʤĮ. ɼʘʣʽ ʚʩʽ 

ʦʢʨʝʩʣʝʥʽ ʧʣʦʱʽ ʧʽʜʩʫʤʦʚʫʚʘʣʠʩʷ ʽ ʟʘʛʘʣʴʥʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ 100 %. ʉʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ  ʟ ʚʝʨʠʬʽʢʘʮʽʾ 

ʩʪʘʥʦʚʠʣʘ 0,7 %, ʚ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ 1,2 %. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ 

ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʠʭ ʟ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘ ʧʣʦʱʝʶ 

ʬʽʣʴʪʨʘ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥ ̔ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ (ʨʠʩ. 4.15). 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʫ, ʪʦʙʪʦ ʤʦʤʝʥʪʫ 

ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʟʘ ʷʢʦʾ ʘʜʩʦʨʙʮʽʷ ʩʪʘʻ ʥʝʤʦʞʣʠʚʦʶ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʦʢ (ʨʠʩ. 4.16). ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʢʨʠʚʘ ʯʘʩʫ ʟʘʭʠʩʥʦʾ 

ʜʽʾ ʬʽʣʴʪʨʘ ʟʘ ʬʦʨʤʫʣʦʶ ɺʽʣʝʨʘ-ɼʞʦʥʘʩʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʦʧʠʩʘʥʦʾ ʫ 

ʨʦʙʦʪʽ [4]. 

  

ʈʠʩʫʥʦʢ 4.15 ï ʂʦʝʬʽʮʽʻʥʪ ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ: 1 ï 

ʜʣʷ ʬʽʣʴʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, 2 ï ʜʣʷ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

  

ʈʠʩʫʥʦʢ 4.16 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ ʚʽʜ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ: 1ï ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ɺʠʣʝʨʘ-ɼʞʦʥʘʩʘ; 2 ï ʜʣʷ 

ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ; 3ï ʜʣʷ ʬʽʣʴʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 
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ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʦʨʦʙʦʢ, ʩʧʝʨʰʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʣʦʱ 

ʟʘʙʘʨʚʣʝʥʥʷ ʬʽʣʴʪʨʽʚ (ʨʠʩ. 4.17).  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4.17 ï ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʬʽʣʴʪʨʽʚ:  

ʘ ï ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ; ʙ ï ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ (ʨʠʩ. 4.18). 

 

 

ʈʠʩʫʥʦʢ 4.18 ï ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ:  

1 ï ʬʽʣʴʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, 2 ï ʬʽʣʴʪʨʠ ʧʣʘʩʢʦʾ ʬʦʨʤʠ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʦʢ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʠʤʦ ʜʽʘʧʘʟʦʥ ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ ʜʘʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʠʭʦʜʷʯʠ ʟ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʪʠʥʽʚ ʨʦʟʨʘʭʦʚʘʥʠʭ ʢʨʠʚʠʭ (ʨʠʩ. 4.19 
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ʽ 4.20). ɼʽʣʷʥʢʘ ʚ ʤʝʞʘʭ ʧʝʨʝʭʨʝʱʝʥʥʷ ʪʨʴʦʭ ʢʨʠʚʠʭ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ 

ʢʦʨʦʙʦʢ, ʱʦ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʢʦʨʦʙʦʢ 

ʬʽʣʴʪʨʽʚ. 

 

ʈʠʩʫʥʦʢ 4.19 ï ɿʘʣʝʞʥʦʩʪ̔ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʨʦʙʦʢ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

 

 

ʈʠʩʫʥʦʢ 4.20 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʨʦʙʦʢ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ 

ʬʦʨʤʠ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.19 ʽ 4.20 ʧʦʢʘʟʘʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʦʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʙʽʣʴʰʦʶ ʟʘ ʘʥʘʣʦʛʽʯʥʫ ʦʙʣʘʩʪʴ 

ʜʣʷ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ ʧʣʘʩʢʦʾ 
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ʬʦʨʤʠ ʧʨʠ ʚʠʪʨʘʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʬʽʣʴʪʨ ʚʽʜ 0 ʜʦ 50 ʜʤį/ʭʚ., ʪʦʜʽ 

ʷʢ ʬʽʣʴʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʤʘʶʪʴ ʰʠʨʰʠʡ ʪʘ ʟʤʽʱʝʥʠʡ ʜʽʘʧʘʟʦʥ 

ʟʘʩʪʦʩʫʚʘʥʥʷ (ʚʽʜ 20 ʜʦ 90 ʜʤį/ʭʚ.), ʘʣʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʠʤ ʧʝʨʝʧʘʜʦʤ 

ʪʠʩʢʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʬʦʨʪʥʦʩʪʽ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʝʨʝʪʠʥʫ ʢʨʠʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʢʦʤʬʦʨʪʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ: ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ  ʜʽʘʤʝʪʨ ʽ 

ʚʠʩʦʪʘ, ʜʣʷ ʧʣʘʩʢʠʭ ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ ʽ ʚʠʩʦʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 4.12 ʪʘ 4.13. 

 

ʊʘʙʣʠʮʷ 4.12 ï ʈʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, 

ʚʠʭʦʜʷʯʠ ʽʟ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʚʠʪʨʘʪʠ 30 ʜʤ
3
/ʭʚ. 

ʇʦʟʥʘʯʝʥʥʷ 

ʟʨʘʟʢʘ 

ɼʽʘʤʝʪʨ 

ʢʦʨʧʫʩʫ,  

ʤ 

ɺʠʩʦʪʘ 

ʢʦʨʧʫʩʫ, 

ʤ 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʅʘʣʝʞʥʽʩʪʴ 

ʜʦ ʨʘʮʽʦʥʘ-

ʣʴʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɿʎ 1 0,075 0,023 109 0,74 1,10 ʪʘʢ 

ɿʎ 2 0,070 0,0265 101 0,78 1,13 ʥ ̔

ɿʎ 3 0,065 0,0305 97 0,82 1,17 ʥ ̔

ɿʎ 4 0,080 0,0205 112 0,71 1,06 ʪʘʢ 

ɿʎ 5 0,085 0,018 115 0,69 1,01 ʪʘʢ 

ɿʎ 6 0,090 0,016 120 0,66 0,94 ʥ ̔

 

ʊʘʙʣʠʮʷ 4.13 ï ʈʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, 

ʚʠʭʦʜʷʯʠ ʽʟ ʚʝʣʠʯʠʥ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʚʠʪʨʘʪʠ 30 ʜʤ
3
/ʭʚ. 

ʇʦʟʥʘʯʝʥ

ʥʷ ʟʨʘʟʢʘ 

ʈʦʟʤʽʨʽʚ 

ʢʦʨʧʫʩʫ, ʤ 

ɺʠʩʦʪʘ 

ʢʦʨʧʫʩʫ, 

ʤ 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʅʘʣʝʞ-

ʥʽʩʪʴ ʜʦ 

ʨʘʮʽʦʥʘ-

ʣʴʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɿʇ 1 40ʭ66ʭ90 21 48 0,69 1,25 ʪʘʢ 

ɿʇ 2 47ʭ77ʭ90 18 50 0,67 1,18 ʪʘʢ 

ɿʇ 3 47ʭ77ʭ101 16 41 0,61 1,05 ʥ ̔

ɿʇ 4 40ʭ64ʭ85 23 51 0,70 1,23 ʥ ̔

ɿʇ 5 34ʭ64ʭ83 25 57 0,70 1,23 ʥ ̔
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ɸʥʘʣʽʟ ʜʘʥʠʭ ʪʘʙʣʠʮʴ 4.12 ʪʘ 4.13 ʧʦʢʘʟʫʻ, ʱʦ ʬʽʣʴʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʬʦʨʤʠ ɿʎ 2 ʽ ɿʎ 3 ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʧʣʦʱʽ ʫ ʩʝʨʝʜʥʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ ʨʫʭʦʤ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʬʽʣʴʪʨ. ʆʜʥʘʢ ʚ ʨʘʟʽ ʥʘʙʣʠʞʝʥʥʷ ʜʽʘʤʝʪʨʫ ʬʽʣʴʪʨʘ ʜʦ ʜʽʘʤʝʪʨʘ ʚʠʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ ʢʦʨʦʙʢʠ, ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʟʙʣ̔ʴʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ. ʄʦʜʝʣʴ ɿʎ 6 

ʜʝʤʦʥʩʪʨʫʻ ʧʦʷʚʫ ʟʦʥ ʥʝʧʦʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ʄʦʜʝʣʽ ɿʎ 1, ɿʎ 4 ʪʘ ɿʎ 5 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, ʱʦ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʡ ʬʽʣʴʪʨʘʮʽʾ. 

ɺʦʜʥʦʯʘʩ, ɿʎ 4 ʽ ɿʎ 5 ʚʠʷʚʣʷʶʪʴ ʟʦʥʠ ʟʽ ʟʥʠʞʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ, ʱʦ ʤʦʞʝ 

ʟʤʝʥʰʠʪʠ ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʨʦʙʣʷʯʠ ʮʽ ʪʨʠ ʟʨʘʟʢʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʉʝʨʝʜ ʬʽʣʴʪʨʽʚ ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ɿʇ 4 ʽ ɿʇ 5 ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʜʽʙʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʡʤʦʚʽʨʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ. ʋ ʤʦʜʝʣʽ ɿʇ 3 ʧʦʥʘʜ 50 % ʧʣʦʱʽ ʬʽʣʴʪʨʘʮʽʾ ʤʘʻ 

ʟʦʥʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʚʽʪʨʷ ʤʝʥʰʝ 0,3 ʤ/ʩ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʟʦʥ 

ʥʝʧʦʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ʄʦʜʝʣʽ ɿʇ 1 ʽ ɿʇ 2 ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʢʨʘʱʠʡ ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʝʡ ʩʝʨʝʜ ʫʩʽʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʤʦʝʜʣʶʚʘʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʤʬʦʨʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʪʠʛʘʟʦʚʠʭ 

ʬʽʣʴʪʨʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʣʦʱʽ ʧʨʦʪʠʛʘʟʦʚʦʛʦ 

ʬʽʣʴʪʨʘ, ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʦʢ ʬʽʣʴʪʨʽʚ. ɼʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʜʣʷ ʢʦʞʥʦʾ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ 

ʛʨʘʥʠʯʥʫ ʤʝʞʫ. ɰʾ ʧʝʨʝʚʠʱʝʥʥʷ ʩʧʨʠʯʠʥʷʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ. 

ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.14, ʙʽʣʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʦʨʦʙʢʠ ʰʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʟʥʘʯʥʦ ʚʠʱʘ, ʥʽʞ ʥʘ ʽʥʰʠʭ ʾʾ ʜʽʣʷʥʢʘʭ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʥʝʨʽʚʥʦʤʽʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʩʦʨʙʝʥʪʫ, ʧʝʨʰʦʯʝʨʛʦʚʦ ʫ ʟʦʥʘʭ ʽʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʨʦʙʢʠ ʤʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ [34]. 

ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ 
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ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʦ ʚʠʩʦʪʠ ʢʦʨʦʙʢʠ. ʗʢʱʦ ʧʣʦʱʘ ʬʽʣʴʪʨʘ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ 

ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ Sʬ, ʧʝʨʝʚʠʱʫʻ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ ʚʠʩʦʪʠ ʯʝʨʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʨʦʙʢʠ, ʪʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʦʥʠ ʟ ʥʠʟʴʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʘʮʽʾ [35]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʽʚ, ʪʘʢʽ ʷʢ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʫʚʘʥʥʷ, 

ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ, ʧʣʦʱʘ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʚʠʩʦʪʘ ʬʽʣʴʪʨʘ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʫʚʘʥʥʷ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʬʦʨʪʫ, 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ 

ʧʘʨʘʤʝʪʨʽʚ, ʫ ʷʢʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʨʦʙʦʢ ʤʽʥʽʤʘʣʴʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 4.12 ʽ 4.13. ɺʦʥʠ ʚʚʘʞʘʶʪʴʩʷ ʪʘʢʠʤʠ, ʷʢʱʦ 

ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʢʦʤʬʦʨʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʧʽʨʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʧʫʩʪʠʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫʣʦʚʣʶʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʘʝʨʦʟʦʣʽʚ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʜʘʥʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʱʽʣʴʥʽʩʪʴ ʛʨʘʥʫʣ, ʤʘʩʫ ʪʘ ʦʙôʻʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ, ʤʦʞʥʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʚʽʜ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʟʨʘʟʢʽʚ. ʈʘʥʽʰʝ ʪʘʢʠʡ ʤʝʪʦʜ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʰʠʨʦʢʦ, ʘ ʥʦʚʽ 

ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʷʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʪʘ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʚʽʜʫ ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʩʧʝʨʪʥʠʡ ʧʽʜʭʽʜ [36, 37]. 

ʇʨʦʪʝ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʻ ʧʨʦʪʠʛʘʟʦʚʽ 

ʬʽʣʴʪʨʠ ʤʘʣʦʛʦ ʦʙôʻʤʫ (1 ʢʣʘʩ ʟʘʭʠʩʪʫ), ʪʦʤʫ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʬʽʣʴʪʨʽʚ ʚʠʱʠʭ ʢʣʘʩʽʚ ʟʘʭʠʩʪʫ (2 ʘʙʦ 3), ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʠʤ ʦʙôʻʤʦʤ ʘʜʩʦʨʙʝʥʪʫ ʜʦ 500 ʩʤ
3
. ʋ ʚʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʷʭ ʦʙôʻʤ ʘʜʩʦʨʙʝʥʪʫ ʩʢʣʘʜʘʚ 100 ʩʤį, ʽ ʡʦʛʦ ʟʤʽʥʘ ʰʣʷʭʦʤ 

ʢʦʨʠʛʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʦʙʦʢ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 



284 

 

ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʦʙʦʪʽ ʟʘʣʝʞʥʦʩʪʽ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ. ʂʨʽʤ ʪʦʛʦ, ʚ 

ʧʨʦʮʝʩʽ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʾʭʥʽ ʨʝʘʣʴʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ, ʘ ʩʘʤʽ ʤʦʜʝʣʽ ʤʘʣʠ ʧʨʘʚʠʣʴʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ (ʥʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨ ʯʠ ʪʨʘʧʝʮʽʶ), ʭʦʯʘ ʥʘ ʧʨʘʢʪʠʮʽ ʚʦʥʠ 

ʤʦʞʫʪʴ ʤʘʪʠ ʟʘʦʢʨʫʛʣʝʥʥʷ ʪʘ ʩʢʦʩʠ. ʋ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʪʠʤʝ 

ʪʦʯʥʽʰʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ 

ʬʦʨʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʽʚ ʥʘ ʟʘʭʠʩʥʽ ʪʘ ʝʨʛʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʩʧʽʨʘʪʦʨʽʚ [38]. ʆʜʥʘʢ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʩʢʣʘʜʥʦʱʽ, ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʝʚʥʠʭ ʧʦʭʠʙʦʢ ʥʘ ʝʪʘʧʽ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ. 

ʌʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʥʘʚʢʦʣʠʰʥʽʭ ʫʤʦʚ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ, ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ) ʤʦʞʝ ʙʫʪʠ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ 

ʪʨʫʜʥʦʱʽ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʚʠʢʣʠʢʘʻ ʧʨʦʙʣʝʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʤʦʞʥʘ 

ʧʨʠʚʝʩʪʠ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʾ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʪʝ 

ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 
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4.4 ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʦʧʦʚʽʱʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ 

 

ɺʠʢʦʥʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʽ 

ʩʢʦʤʙʽʥʦʚʘʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʧʨʦʚʝʜʠʣʦʩʴ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ  

ʪʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʛʦʣʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʻ ʊʈ ɿɯɿ [39]. ʋ ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ɿɯɿ 

ʤʘʶʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʪʘ ʦʙʣʘʜʥʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʯʥʝ 

ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʦʚʠʥʥʘ ʛʘʨʘʥʪʫʚʘʪʠ ʟʘʭʠʩʪ ʚʽʜ 

ʧʦʧʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʥʝ ʟʘʛʨʦʞʫʻ ʟʜʦʨʦʚ'ʶ ʘʙʦ 

ʛʽʛʽʻʥʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʥʘʢ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʠʨʦʙʽʚ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽ. 

ɺ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ EN 14387 [40] ʪʘʢʦʞ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤ ʯʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ 

ʜʽʾ ʜʣʷ ʬʽʣʴʪʨʽʚ. ʅʘʪʦʤʽʩʪʴ, ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʦʩʥʦʚʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ 

ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ ʫʤʦʚ 

ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʌʘʢʪʠʯʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺʦʜʥʦʯʘʩ, ʫ ʩʪʘʥʜʘʨʪʽ [41], ʷʢʠʡ ʜʽʻ ʫ ʉʐɸ, ʚʞʝ ʟʘʢʨʽʧʣʝʥʽ ʚʠʤʦʛʠ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ɿʛʽʜʥʦ ʟ 

ʧʫʥʢʪʦʤ 1910.134(b), ʽʥʜʠʢʘʪʦʨ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ (ESLI) ʻ 

ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʧʦʧʝʨʝʜʞʘʻ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʟʘʚʝʨʰʝʥʥʷ 

ʥʘʣʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʥʘʩʠʯʝʥʥʷ ʘʙʦ ʚʪʨʘʪʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ. 

ɿʛʽʜʥʦ ʚʠʤʦʛ ʟʘʭʠʩʪ ʚʽʜ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʩʧʽʨʘʪʦʨʦʤ, 

ʦʙʣʘʜʥʘʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ESLI, ʩʝʨʪʠʬʽʢʦʚʘʥʠʤ NIOSH ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʠʧʫ ʟʘʙʨʫʜʥʝʥʴ. ʋ ʨʘʟʽ, ʷʢʱʦ ʽʥʜʠʢʘʪʦʨ ESLI, ʩʫʤʽʩʥʠʡ ʟ ʫʤʦʚʘʤʠ ʥʘ 
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ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʚʽʜʩʫʪʥʽʡ, ʪʦ ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ ʚʧʨʦʚʘʜʠʪʠ ʛʨʘʬʽʢ 

ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ ʪʘ ʦʙôʻʢʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ ʩʚʦʻʯʘʩʥʫ ʟʘʤʽʥʫ ʬʽʣʴʪʨʽʚ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʾʭ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʦʜʘʪʢʦʚʦ ʚ ʧʨʦʛʨʘʤʽ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ 

ʜʘʥʽ, ʥʘ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʛʨʘʬʽʢ ʟʘʤʽʥʠ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʪʘ ʧʽʜʩʪʘʚʠ 

ʜʣʷ ʜʦʚʽʨʠ ʜʦ ʥʠʭ. 

ɼʝʨʞʘʚʥʠʡ ʉʪʘʥʜʘʨʪ ɼʉʊʋ EN 529 [42] ʥʘʛʦʣʦʰʫʻ ʥʘ ʩʢʣʘʜʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ. ʂʦʨʠʩʪʫʚʘʯʘʤ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʚʘʪʠ 

ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʠʧ ʪʘ ʥʘʷʚʥʽʩʪʴ ʰʢ̔ ʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʽ 

ʨʦʙʦʯʦʾ ʟʦʥʠ, ʡʤʦʚʽʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʠʭ ʨʝʯʦʚʠʥ, ʨʽʚʝʥʴ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ. ɿʛʽʜʥʦ 

ʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽ ʾ ʧʨʘʮʽʚʥʠʢʠ, ʢʝʨʫʶʯʠʩʴ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʚʠʨʦʙʥʠʢʘ, 

ʢʦʥʪʨʦʣʶʶʪʴ ʯʘʩ ʪʘ ʪʨʠʚʘʣʩ̔ʪɹ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʥʘʷʚʥʽ ʤʝʪʦʜʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʟʘʤʽʥʠ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ. 

ʇʝʨʰʠʤ ʚʽʜʦʤʠʤ ʤʝʪʦʜʦʤ ʻ ʟʘʤʽʥʘ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ɿɯɿʆɼ ʟʘ 

ʫʤʦʚ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚʘʛʠ. ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʤʘʩʘ ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʘ ʩʘʤʝ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʦʩʢʽʣʴʢʠ 

ʦʙôʻʤ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ  ̒ʧʦʩʪʽʡʥʠʤ ʪʘ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʥʝ ʚʠʩʠʧʘʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʬʽʣʴʪʨʘ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʣʠʰʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʜʩʦʨʙʝʥʪʽ. 

ɼʣʷ ʮʴʦʛʦ ʬʽʣʴʪʨ ʧʝʨʽʦʜʠʯʥʦ ʟʚʘʞʫʻʪʴʩʷ, ʽ ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʚʘʛʠ, 

ʫʭʚʘʣʶʻʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʘ. 

ʅʘʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʻ ʟʘʤʽʥʘ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ, ʢʦʣʠ ʚ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʝʩʧʽʨʘʪʦʨʘ ʟôʷʚʣʷʻʪʴʩʷ ʟʘʧʘʭ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʫ ʬʽʣʴʪʨʽ 

ʥʘʢʦʧʠʯʫʻ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʪʘ ʚʪʨʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʾʭ ʧʦʛʣʠʥʘʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʝʦʯʠʱʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʜʦ ʦʨʛʘʥʽʚ 

ʜʠʭʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɿ ʯʘʩʦʤ ʮʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʽʜʯʫʪʪʷ ʟʘʧʘʭʫ, ʧʨʠʩʤʘʢʫ 
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ʘʙʦ ʧʦʜʨʘʟʥʝʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ʪʘʢʠʭ ʷʢ ʧʝʨʰʽʥʥʷ ʚ ʛʦʨʣʽ ʯʠ ʥʘʙʨʷʢʣʽʩʪʴ). 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʟʘʣʠʰʠʪʠ ʥʝʙʝʟʧʝʯʥʫ ʟʦʥʫ ʪʘ ʟʘʤʽʥʠʪʠ 

ʬʽʣʴʪʨ ʥʘ ʥʦʚʠʡ ʚʞʝ ʚ ʫʤʦʚʘʭ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ. 

ʑʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʻ ʧʣʘʥʦʚʘ ʟʘʤʽʥʘ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʘʣʝ ʚʦʥʘ ʻ 

ʤʦʞʣʠʚʦ  ʁʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʩʢʣʘʜ 

ʧʦʚʽʪʨʷ (ʥʘʧʨʠʢʣʘʜ, ʱʦʟʤʽʥʠ), ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʢʦʣʠʚʘʻʪʴʩʷ 

ʥʝʟʥʘʯʥʦ, ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʽ ʽ ʥʦʚʽ ʥʝ ʚʠʥʠʢʘʶʪʴ. ʋ ʪʘʢʽʡ 

ʩʠʪʫʘʮʽʾ ʦʩʦʙʘ, ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʦʭʦʨʦʥʫ ʧʨʘʮʽ, ʤʦʞʝ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʬʽʣʴʪʨʘ ʪʘ ʩʢʣʘʩʪʠ ʛʨʘʬʽʢ ʡʦʛʦ ʟʘʤʽʥʠ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ. ʊʘʢʽ 

ʪʝʩʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʷʢ ʟʘʛʘʣʴʥʠʡ, ʪʘʢ ʽ ʟʘʣʠʰʢʦʚʠʡ ʯʘʩ ʨʦʙʦʪʠ 

ʬʽʣʴʪʨʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʡʦʛʦ ʨʝʘʣʴʥʠʡ ʟʘʭʠʩʥʠʡ ʨʝʩʫʨʩ ʫ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ. 

ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʯʠ ʜʦʜʘʪʢʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚʠʨʦʙʥʠʢʘʤʠ. ʊʘʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʨʘʭʦʚʫ ̒ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʟʦʢʨʝʤʘ ʢʦʥʮʝʥʪʨʘʮʽ ʁ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ 

ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚ̔ʪʨʽ, ʙʘʞʘʥʠʡ ʨʽʚʝʥʴ ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʽʩʣʷ ʬʽʣʴʪʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʧʨʦʛʨʘʤʘ ʨʝʢʦʤʝʥʜʫʻ ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʝʣʽ 

ʨʝʩʧʽʨʘʪʦʨʘ ʪʘ ʬʽʣʴʪʨʘ ʜʦ ʥʴʦʛʦ ʽʟ ʧʨʦʜʫʢʮʽʾ ʚʠʨʦʙʥʠʢʘ, ʘ ʪʘʢʦʞ 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʪʘʢʠʭ ɿɯɿʆɼ. 

ɿʘʤʽʥʘ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ESLI ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʫ ʨʘʟʽ ʩʧʨʘʮʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʫ ʩʚʽʪʽ. ʆʩʦʙʣʠʚʦ ʘʢʪʠʚʥʦ ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʩʫʧʫʪʥʽʭ ʚʠʨʦʙʘʭ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ 

ʢʦʤʧʘʥʽʾ ʟʽ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ. ʎʝ ʟʫʤʦʚʣʝʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʤʦʛʘʤʠ 

ʩʪʘʥʜʘʨʪʫ ʧ. 1910.134(b), ʷʢʠʡ ʦʙʦʚôʷʟʢʦʚʦ ʨʝʛʣʘʤʝʥʪʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʽʥʜʠʢʘʪʦʨʽʚ. 



288 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ʻ ʧʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʟ ʦʮʽʥʢʘʤʠ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʚʠʢʣʶʯʠʣʠ ʤʝʪʦʜ ʟʘʤʽʥʠ ʬʽʣʴʪʨʘ ʧʨʠ 

ʧʦʷʚʽ ʟʘʧʘʭʫ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʫ ʢʦʥʮʝʥʪʨʘʮʽʶ (ɻɼʂ). 

ʂʨʽʤ ʪʦʛʦ, ʟʘʧʘʭ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʧʨʠʣʷʛʘʥʥʷ ʣʠʮʝʚʦʾ 

ʯʘʩʪʠʥʠ ʨʝʩʧʨʘʪʦʨʘ ʜʦ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ ʚʞʝ ʚʜʠʭʘʻ ʟʘʙʨʫʜʥʝʥʝ 

ʧʦʚʽʪʨʷ. ʎʝʡ ʤʝʪʦʜ ʪʘʢʦʞ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʮʽʥʠʪʠ ʪʘʢʽ ʛʘʟʠ ʪʘ ʧʘʨʠ, ʱʦ ʥʝ 

ʤʘʶʪʴ ʚʠʨʘʞʝʥʦʛʦ ʟʘʧʘʭʫ ʯʠ ʩʤʘʢʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦ ʨʽʚʥʷ ɻɼʂ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʪʝʭʥʽʯʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ-ʚʠʨʦʙʥʠʢʽʚ ɿɯɿʆɼ ʟʦʢʨʝʤʘ ʊʆɺ ʅɺʇ çʉʊɸʅɼɸʈʊè (ʤ. ɼʥʽʧʨʦ) 

ʪʘ ʝʢʩʧʝʨʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʯʠʩʣʘ ʚʠʢʣʘʜʘʯʽʚ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè. ɿʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.14. 

ʊʘʙʣʠʮʷ 4.14 ï ʆʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ  
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ʂʨʠʪʝʨʽʾ ʦʮʽʥʢʠ 

ʇʽʜʭʦʜʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ 

ʬʽʣʴʪʨʽʚ ɿɯɿʆɼ, ʙʘʣʠ 
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ʘ
ʤ
ʠ

 

ɿ
ʘ
ʤ
ʽ
ʥ
ʘ
 
ʧ
ʨ
ʦ
ʪ
ʠ
ʛ
ʘ
ʟ
ʦ
ʚ
ʠ
ʭ
 

ʬ
ʽ
ʣ
ʴ
ʪ
ʨ
ʽ
ʚ
 
ʧ
ʨ
ʠ
 

ʩ
ʧ
ʨ
ʘ
ʮ
ʶ
ʚ
ʘ
ʥ
ʥ
ʽ
 
ʽ
ʥ
ʜ
ʠ
ʢ
ʘ
ʪ
ʦ
ʨ
ʘ

 

ʊʝʭʥʽʯʥʽ 

ʬʘʭʽʚʮʽ 

ʇʨʦʩʪʦʪʘ 3 1 4 4 5 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 2 2 3 3 4 

ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 2 4 3 4 4 

ʅʘʜʽʡʥʽʩʪʴ 1 5 3 4 5 

ɸʜʘʧʪʠʚʥʽʩʪʴ 1 1 3 3 4 

ɽʢʩʧʝʨʪʠ 

ʇʨʦʩʪʦʪʘ 4 2 4 5 5 

ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 2 3 3 4 5 

ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 2 3 3 4 4 

ʅʘʜʽʡʥʽʩʪʴ 2 3 4 5 5 

ɸʜʘʧʪʠʚʥʽʩʪʴ 1 2 2 4 4 

ʆʩʝʨʝʜʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪ 2,0 2,6 3,2 4,0 4,5 
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ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʙʫʣʠ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ ʚ ʨʦʙʦʪʽ 

ʤʝʪʦʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʪʘʙʣ. 4.15). ʋʩʽ ʤʝʪʦʜʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʥʘʫʢʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ. ʊʝʭʥʽʯʥʽ ʤʝʪʦʜʠ, ʩʚʦʻʶ ʯʝʨʛʦʶ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʘʩʠʚʥʽ ʪʘ ʘʢʪʠʚʥʽ ʟʘʩʦʙʠ (ʨʠʩ. 4.21). 

 

 
ʈʠʩʫʥʦʢ 4.21 ï ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʊʘʙʣʠʮʷ 4.15 ï ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 
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ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʻ ʢʣʶʯʦʚʠʤ 

ʟʘʭʦʜʦʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʪʨʫʻʥʥʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɯʩʥʫʻ ʯʠʤʘʣʦ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʥʘʫʢʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟ 

ʽʥʜʠʢʘʪʦʨʘʤʠ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ ʾʭ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʷʢʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ ʢʨʠʪʝʨʽʾʚ ʪʘ ʘʥʘʣʽʟʫ ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ ʢʦʞʥʦʛʦ ʟ ʧʽʜʭʦʜʽʚ. 

ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘ ʚʘʛʦʶ ʬʽʣʴʪʨʘ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʬʽʣʴʪʨʘ. ʎʝʡ 

ʤʝʪʦʜ ʻ ʰʚʠʜʢʠʤ, ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ ʥʘ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʥʝ 

ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʪʝ ʪʘʢʽ ʫʤʦʚʠ ʪʨʘʧʣʷʶʪʴʩʷ ʨʽʜʢʦ, 

ʦʩʢʽʣʴʢʠ ʨʦʙʦʪʦʜʘʚʮʽ ʯʘʩʪʦ ʧʨʘʛʥʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʩʦʙʠ 

ʟʘʭʠʩʪʫ ʪʘ ʩʢʦʨʦʪʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʟʘʤʽʥʫ. ʆʢʨʽʤ ʪʦʛʦ, ʤʝʪʦʜ ʥʝ 

ʚʨʘʭʦʚʫʻ ʨʽʟʥʠʮʶ ʫ ʯʘʩʽ ʟʘʭʠʩʥʦʾ ʜʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʪʽʷʤʠ ʬʽʣʴʪʨʽʚ, ʷʢʽ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʤʽʥʥʠʤʠ. ʋ ʣʘʙʦʨʘʪʦʨʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʘʥʘʣʽʟʫʶʪʴ 

ʟʨʘʟʢʠ ʬʽʣʴʪʨʽʚ, ʱʦ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʜʣʷ ʦʮʽʥʢʠ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʘʙʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʾʭ ʟʘʤʽʥʫ. 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʜʽʻʚʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʚʽʨʠʪʠ ʧʨʦʪʠʛʘʟʦʚʽ ʬʽʣʴʪʨʠ ʚ ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʨʝʘʣʴʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʪʝʩʪʽʚ ʯʽʪʢʦ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ. ʆʜʥʘʢ ʤʝʪʦʜ 

ʧʦʪʨʝʙʫʻ ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʢʣʘʜ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʯʘʩʪʦ 

ʟʤʽʥʶʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʣʘʙʦʨʘʪʦʨʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ, ʚʠʤʘʛʘʻ 

ʜʦʨʦʛʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ. 

ɺʘʨʪʽʩʪʴ ʪʘʢʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ. 

ʄʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʦʥʣʘʡʥ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʩʘʡʪʘʭ ʚʠʨʦʙʥʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ 3M [43] ʘʙʦ Honeywell [44], ʘʙʦ ʞ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ, ʷʢ ʧʨʦʛʨʘʤʘ MultiVapor [45]. ʆʩʥʦʚʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ 
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ɯʥʪʝʨʥʝʪʫ. ɹʘʟʘ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻʪʴʩʷ, ʘ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ. 

ʆʜʥʘʢ ʻ ʡ ʥʝʜʦʣʽʢʠ: ʧʨʦʛʨʘʤʘ ʥʝ ʚʩʪʘʥʦʚʣʶʻ ʪʝʨʤʽʥʠ ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ ʽ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʣʷ ʧʝʚʥʠʭ ʤʘʨʦʢ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ. ɺʦʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʬʽʣʴʪʨʽʚ ʽʥʰʠʭ ʢʦʤʧʘʥʽʡ. ɼʦ ʪʦʛʦ ʞ, ʦʩʢʽʣʴʢʠ ʧʨʦʛʨʘʤʠ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʢʦʣʠ ʩʢʣʘʜʥʦ 

ʧʨʘʚʠʣʴʥʦ ʚʚʦʜʠʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ. 

ʌʘʭʽʚʮʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʤʝʪʦʜ ʟʘʤʽʥʠ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʘʩʠʚʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ESLI ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʭʦʯʘ ʡ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʠʤ ʪʝʨʤʽʥʦʤ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘʢʠʭ ʬʽʣʴʪʨʽʚ, ʪʨʫʜʥʦʱʘʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʢʦʣʴʦʨʫ ʽʥʜʠʢʘʪʦʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʧʽʨʘʪʦʨʽʚ ʫ ʟʘʙʨʫʜʥʝʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ 

ʛʘʟʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʪʠʧ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʣʷʪʠ ʧʨʠʩʫʪʥʽʩʪʴ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʂʨʽʤ ʪʦʛʦ, ʣʶʜʷʤ, ʷʢʽ ʤʘʶʪʴ 

ʪʨʫʜʥʦʱʽ ʟ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʢʦʣʴʦʨʽʚ, ʩʢʣʘʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ ʪʘʢʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʦʜʥʦʯʘʩ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʮʽʾ ESLI ʤʘʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: ʚʦʥʠ 

ʟʜʘʪʥʽ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʧʦʟʙʘʚʣʷʶʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʧʦʪʨʝʙʠ ʩʘʤʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʥʘʷʚʥʽʩʪʴ ʢʽʣʴʢʦʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʦʜʥʦʯʘʩʥʦ. 

ʆʪʞʝ, ʥʘʡʜʽʻʚʽʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟ 

ʽʥʜʠʢʘʪʦʨʘʤʠ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ESLI, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʘʣʠʰʘʪʠʩʷ 

ʧʽʜ ʥʘʜʽʡʥʠʤ ʟʘʭʠʩʪʦʤ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ɿɯɿʆɼ. 

ʂʨʽʤ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ-ʢʘʣʴʢʫʣʷʪʦʨʽʚ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʘʜʞʝ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʝʨʽʦʜ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ [46]. 
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ʗʢ ʝʣʝʤʝʥʪ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʟʘʢʽʥʯʝʥʥʷ 

ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʪʘ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʽʥʪʝʛʨʫʚʘʪʠ ʨʦʟʯʠʥʥʫ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʫ ʢʘʧʩʫʣʫ ʟ ʘʨʦʤʘʪʠʯʥʦʶ ʨʝʯʦʚʠʥʦʶ 

ʚ ʰʘʨ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ (ʨʠʩ. 4.22). ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʙʨʫʜʥʝʥʝ ʧʦʚʽʪʨʷ, 

ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʞʘʣʶʟʽ, ʧʦʪʨʘʧʣʷʻ ʚ ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ ʪʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʡ ʬʽʣʴʪʨ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʪʚʝʨʜʠʭ ʘʝʨʦʟʦʣʴʥʠʭ ʯʘʩʪʠʥʦʢ. ɼʘʣʽ ʧʦʚʽʪʨʷ ʥʘʜʭʦʜʠʪʴ ʜʦ ʰʘʨʫ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ, ʜʝ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ ʟ ʘʢʪʠʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʝʡʪʨʘʣʽʟʫʶʪʴʩʷ ʪʘ ʟʘʪʨʠʤʫʶʪʴʩʷ ʚ ʡʦʛʦ ʧʦʨʘʭ [47]. 

ʂʦʣʠ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʧʦʚʥʽʩʪʶ ʚʠʯʝʨʧʫʻ ʩʚʽʡ ʩʦʨʙʮʽʡʥʠʡ ʨʝʩʫʨʩ, ʮʝ 

ʩʧʨʠʯʠʥʷʻ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʾ ʦʙʦʣʦʥʢʠ ʢʘʧʩʫʣʠ 

ʰʣʷʭʦʤ ʾʾ ʜʝʩʪʨʫʢʮʽʾ ʥʘ ʥʝʰʢʽʜʣʠʚʽ ʜʣʷ ʣʶʜʠʥʠ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. ʅʘʧʨʠʢʣʘʜ, 

ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʤʝʭʘʥʽʟʤ ʫʣʦʚʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ. 

 

NaCl + ʉ6ʅ12 (ʧʘʨʠ ʮʠʢʣʦʛʝʢʩʘʥʫ) = ʉ6ʅ12Cl + Na 

NaCl + ʅ2S (ʛʘʟ ʩʽʨʢʦʚʦʜʝʥʴ) + H2O = NaHSO4 + HCl 

NaCl + Nʅ3 (ʛʘʟ ʘʤʽʘʢ) = NaNH2 + HCl 

NaCl + SO2 (ʛʘʟ ʩʽʨʯʠʩʪʠʡ ʘʥʛʽʜʨʠʜ) + H2O + O2= NaSO4 + HCl 

 

ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ ʦʙʦʣʦʥʢʠ ʧʘʩʠʚʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ 

ʘʨʦʤʘʪʠʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʾʭ 

ʚʽʜʯʫʚʘʻ ʢʦʨʠʩʪʫʚʘʯ ʽ ʨʦʟʫʤʽʻ, ʱʦ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ ʩʧʣʠʚʘʻ ʽ ̒ ʧʦʪʨʝʙʘ 

ʟʘʤʽʥʠʪʠ ʬʽʣʴʪʨ. 
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ʈʠʩʫʥʦʢ 4.22 ï ʂʦʥʩʪʨʫʢʮʽʷ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ ʟ 

ʩʠʩʪʝʤʦʶ ʽʥʜʠʢʘʮʽʾ ʩʪʨʦʢʫ ʩʣʫʞʙʠ: 1 ï ʢʦʨʧʫʩ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ; 2 ï 

ʚʠʧʫʩʢʥʠʡ ʦʪʚʽʨ ʟ ʨʽʟʴʙʣʝʥʥʷʤ; 3 ï ʚʭʽʜʥʠʡ ʦʪʚʽʨ ʟ ʞʘʣʶʟʷʤʠ; 4 ï 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʰʘʨ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ; 5 ï ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ 

ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʡ ʬʽʣʴʪʨ; 6 - ʧʦʣʽʤʝʨʥʘ ʚʩʪʘʚʢʘ-ʦʙʤʝʞʫʚʘʯ; 7 ï ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʽʻʚʘ ʢʘʧʩʫʣʘ ʟ ʘʨʦʤʘʪʠʯʥʦʶ ʨʝʯʦʚʠʥʦʶ; 8 ï ʘhʨ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

ɺ ʪʘʙʣʠʮʽ 4.16 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʟ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʶ 

ʢʘʧʩʫʣʦʶ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʊʆɺ çʉʊɸʅɼɸʈʊ ʂɸʇɯʊɸʃ ɯʅɺɽʉʊè (ʤ. ɼʥʽʧʨʦ), 

ʪʦʤʫ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʝʢʩʧʝʨʪʘ-ʚʠʧʨʦʙʫʚʘʯʘ, ʱʦ ʚʠʟʥʘʯʘʚ 

ʥʘʷʚʥʽʩʪʴ ʧʦʷʚʫ ʛʘʟʽʚ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʟʘʧʘʭʦʤ, ʘ ʪʘʢʦʞ 

ʧʘʨʘʣʝʣʴʥʦ ʙʫʣʦ ʧʨʠʻʜʥʘʥʦ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ ɼʆɿʆʈ-ʉ-ʄ-4ʌ. ʆʢʨʝʤʦ ʙʫʣʦ 

ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ ʟʘ 

ʬʦʨʤʫʣʦʶ 4.1. 
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ʊʘʙʣʠʮʷ 4.16 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʝʩʪʦʚʠʭ ʛʘʟʽʚ 

ʅʦʤʝʨ ʬʽʣʴʪʨʘ ʪʘ 

ʥʘʷʚʥʽʩʪʴ 

ʢʘʧʩʫʣʠ 

ʏʘʩ ʧʦʷʚʠ 

ʟʘʧʘʭʫ, ʚʠʟʥʘʯʝʥʽ 

ʚʠʧʨʦʙʫʚʘʯʝʤ-

ʝʢʩʧʝʨʪʦʤ, ʭʚ. 

ʏʘʩ ʧʦʷʚʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʛʘʟʫ 

ʯʝʨʝʟ ʬʽʣʴʪʨ, 

ʚʠʟʥʘʯʝʥʠʡ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ, ʭʚ. 

ʊʝʦʨʝʪʠʯʥʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʽʚ, ʭʚ. 

ʛʘʟ ʘʤʽʘʢ NH3 

1 (ʧʨʠʩʫʪʥʷ) 140 152 181 

2 (ʧʨʠʩʫʪʥʷ) 135 141 181 

3 (ʧʨʠʩʫʪʥʷ) 140 148 181 

4 (ʚʽʜʩʫʪʥʷ) - 159 189 

5 (ʚʽʜʩʫʪʥʷ) - 157 189 

6 (ʚʽʜʩʫʪʥʷ) - 161 189 

ʛʘʟ ʩʽʨʢʦʚʦʜʝʥʴ H2S 

1 (ʧʨʠʩʫʪʥʷ) 55 59 84 

2 (ʧʨʠʩʫʪʥʷ) 55 62 84 

3 (ʧʨʠʩʫʪʥʷ) 55 63 84 

4 (ʚʽʜʩʫʪʥʷ) - 71 90 

5 (ʚʽʜʩʫʪʥʷ) - 68 90 

6 (ʚʽʜʩʫʪʥʷ) - 68 90 

 

ʅʘʷʚʥʽʩʪʴ ʢʘʧʩʫʣʠ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ ʟʘʧʦʙʽʛʘʻ 

ʧʦʷʚʽ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʨʠʩʪʫʚʘʯʘ, ʜʦʟʚʦʣʷʶʯʠ 

ʩʚʦʻʯʘʩʥʦ ʟʘʤʽʥʠʪʠ ʬʽʣʴʪʨʠ. ʇʨʠ ʮʴʦʤʫ ʢʘʧʩʫʣʘ ʟʤʝʥʰʫʻ ʜʦ 5 % ʦʙôʻʤʫ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʟʘʜʽʷʥʦʛʦ ʫ ʬʽʣʴʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʪʦʤʫ ʟʘʛʘʣʴʥʠʡ 

ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʽʟ ʢʘʧʩʫʣʦʶ ʪʨʦʭʠ ʢʦʨʦʪʰʠʡ, ʥʽʞ ʫ ʬʽʣʴʪʨʽʚ ʙʝʟ ʥʝʾ. 

ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ 

ʜʣʷ ʨʽʟʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 4.23 ʽ 4.24, 

ʧʦʙʫʜʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʦ ʟʘ ʬʦʨʤʫʣʦʶ 3.1 ʪʘ ʬʘʢʪʠʯʥʦ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʜʘʥʠʭ [48]. 
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ʈʠʩʫʥʦʢ 4.23 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ (ʘʤʽʘʢʫ): 1 ï ʯʘʩ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ, 2 ï ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ 

 

 
ʈʠʩʫʥʦʢ 4.24 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ (ʩʽʨʢʦʚʦʜʝʥʴ): 1 ï ʯʘʩ ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʦʤ, 2 ï ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʯʘʩ 

 

ʈʝʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʟ ʢʘʧʩʫʣʦʶ ʚʠʷʚʠʚʩʷ ʜʦ 20 % 

ʤʝʥʰʠʤ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʬ̔ ʣʴʪʨʘ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʩʴ ʦʙôʻʤ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʜʣʷ ʧʨʦʮʝʩʫ 

ʬʽʣʴʪʨʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ 

ʚʘʨʽʘʮʽʷʤʠ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʫ ʬʽʣʴʪʨʘʭ, ʘ ʪʘʢʦʞ, ʡʤʦʚʽʨʥʦ, ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʚʫʛʽʣʣʷ ʚ 

ʢʦʨʦʙʮʽ ʪʘ ʨʫʭʦʤ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʢʨʽʟʴ ʥʴʦʛʦ. 
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ʈʦʙʦʪʦʜʘʚʮʽ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ ʬʽʣʴʪʨʽʚ ʧʦʚʠʥʥʽ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʚʠʟʥʘʯʝʥʥʶ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʧʘʨʘʤʝʪʨ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʦʪʨʫʻʥʥʶ [49]. ɼʣʷ ʧʨʦʪʠʧʠʣʦʚʠʭ ʬʽʣʴʪʨʽʚ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟʜʝʙʽʣʴʰʦʛʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʦʨʫ ʜʠʭʘʥʥʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʚʽʥ 

ʦʙʫʤʦʚʣʝʥʠʡ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ. ɼʦ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘʣʝʞʘʪʴ ʢʽʣʴʢʽʩʪʴ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

(ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ). ɺʘʞʣʠʚʠʤʠ ʪʘʢʦʞ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʛʦ ʬʽʣʴʪʨʘ, ʟʦʢʨʝʤʘ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʷ, ʦʙôʻʤ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ ʫ ʬʦʨʤʽ ʛʨʘʥʫʣ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʫ 

ʢʦʨʧʫʩʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ. ʆʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʪʦʤʫ, ʱʦ ʤʦʣʝʢʫʣʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʩʦʨʙʝʥʪʫ, 

çʧʨʠʢʨʽʧʣʶʶʯʠʩʴè ʜʦ ʥʴʦʛʦ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʫʯʘʩʪʶ 

ʩʧʝʮʽʘʣʴʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ [50]. ɿ ʯʘʩʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʦʨʙʝʥʪ ʥʘʩʠʯʫʻʪʴʩʷ 

ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʟʤʝʥʰʫʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʦʛʣʠʥʘʪʠ ʥʦʚʽ ʜʦʤʽʰʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ʛʣʠʙʰʽ ʰʘʨʠ ʩʦʨʙʝʥʪʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʚ ʦʯʠʱʝʥʦʤʫ ʧʦʚʽʪʨʽ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ʽ ʧʦʪʨʘʧʣʷʻ ʫ 

ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʨʝʩʧʽʨʘʪʦʨʘ, ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʽ ʚʨʝʰʪʽ ʤʦʞʝ 

ʧʝʨʝʚʠʱʠʪʠ ɻɼʂ. ʊʦʤʫ ʟʘʤʽʥʫ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ. 

ɿʛʽʜʥʦ ʟ ʇʨʘʚʠʣʘʤʠ ʚʠʙʦʨʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʚʦʜʽʚ-

ʚʠʨʦʙʥʠʢʽʚ, ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʟʘʤʽʥʠ ʬʽʣʴʪʨʘ ʻ ʧʦʷʚʘ ʟʘʧʘʭʫ ʰʢʽʜʣʠʚʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʪʽʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʚ ʯʫʪʪʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʧʘʭʫ ʻ ʥʝʥʘʜʽʡʥʠʤ ʤʝʪʦʜʦʤ, 

ʦʩʢʽʣʴʢʠ ʥʠʟʢʘ ʛʘʟʽʚ ʥʝ ʤʘʻ ʟʘʧʘʭʫ ʥʘʚʽʪʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʟʥʘʯʥʦ ʚʠʱʠʭ ʟʘ 

ɻɼʂ. 

ʈʝʘʢʮʽʷ ʥʘ ʟʘʧʘʭ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʩʪʘʥ ʟʜʦʨʦʚôʷ, ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʘʮʽʚʥʠʢʘ ʥʘ ʨʦʙʦʪʽ, 
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ʥʘʧʨʫʞʝʥʽʩʪʴ ʽ ʤʦʥʦʪʦʥʥʽʩʪʴ ʧʨʘʮʽ, ʨʽʚʝʥʴ ʚʪʦʤʠ ʪʦʱʦ [51]. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ [52], ʧʦʨʽʛ ʩʧʨʠʡʥʷʪʪʷ ʟʘʧʘʭʽʚ ʫ 95 % ʣʶʜʝʡ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ 1/16 ʜʦ 16 ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʘ ʣʶʜʠʥʘ ʧʦʯʠʥʘʻ ʚʽʜʯʫʚʘʪʠ ʟʘʧʘʭ ʭʣʦʨʦʬʦʨʤʫ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʙʣʠʟʥʦ 1 ɻɼʂ, ʪʦ ʜʝʷʢʽ ʣʶʜʠ ʤʦʞʫʪʴ ʥʝ ʨʝʘʛʫʚʘʪʠ ʥʘʚʽʪʴ ʟʘ 

ʟʥʘʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʮʽʻʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʩʧʨʠʡʥʷʪʪʷ ʟʘʧʘʭʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʜʽʣʝʥʥʷ ʫʚʘʛʠ ʨʦʙʦʪʽ, 

ʩʪʘʥʫ ʟʜʦʨʦʚôʷ (ʟʦʢʨʝʤʘ, ʥʘʷʚʥʦʩʪʽ ʧʨʦʩʪʫʜʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʪʨʘʚʤ ʯʠ 

ʘʣʝʨʛʽʾ) ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʬʽʣʴʪʨ ʧʝʨʝʩʪʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ. 

ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʤʦʞʣʠʚʘ ʨʝʘʢʮʽʷ ʥʘ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʽ ʚ 1000 ʨʘʟʽʚ 

ʥʠʞʯʽ ʟʘ ɻɼʂ, ʘʣʝ ʟ ʯʘʩʦʤ ʯʫʪʣʠʚʽʩʪʴ ʩʣʘʙʰʘʻ, ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʟʚʠʢʘʥʥʷ, ʽ 

ʥʝʙʝʟʧʝʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʝ ʟʘʣʠʰʠʪʠʩʷ ʥʝʧʦʤʽʯʝʥʠʤ [53]. 

ʊʘʢʦʞ ʪʨʠʚʘʣʘ ʨʦʙʦʪʘ ʚ ʫʤʦʚʘʭ ʟʘʙʨʫʜʥʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʚʧʣʠʚʫ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ 

ʥʝʙʝʟʧʝʯʥʠʡ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝ ʙʫʜʝ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʝʥʦ [54]. 

ʑʝ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʨʦʟʚʠʥʝʥʽ ʢʨʘʾʥʠ ʟʦʢʨʝʤʘ ʉʐɸ ʚʠʟʥʘʣʠ 

ʥʝʥʘʜʽʡʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʙôʻʢʪʠʚʥʦʾ ʨʝʘʢʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʟʘʧʘʭ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʦʛʦ ʬʽʣʴʪʨʘ. ɿʛʦʜʦʤ ʮʝʡ ʤʝʪʦʜ 

ʧʦʚʥʽʩʪʶ ʟʘʙʦʨʦʥʠʣʠ, ʦʩʢʽʣʴʢʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʪʦʯʥʽʰʽ 

ʪʘ ʙʝʟʧʝʯʥʽʰʽ ʘʣʴʪʝʨʥʘʪʠʚʠ. ʅʘʪʦʤʽʩʪʴ ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʠʣʠ ʽʥʜʠʢʘʪʦʨʠ ʧʘʩʠʚʥʦʛʦ ʪʘ ʘʢʪʠʚʥʦʛʦ ʪʠʧʫ [55]. 

ʇʘʩʠʚʥʽ ʽʥʜʠʢʘʪʦʨʠ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʤʽʥʠ ʢʦʣʴʦʨʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʛʣʠʥʘʯʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʩʠʯʝʥʥʷ ʩʦʨʙʝʥʪʫ ʰʢʽʜʣʠʚʠʤʠ 

ʛʘʟʘʤʠ ʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ, ʢʦʣʠ ʬʽʣʴʪʨ ʧʝʨʝʩʪʘʻ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʶ 

ʬʫʥʢʮʽʶ. ɸʢʪʠʚʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʚʽʜʩʪʝʞʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʝʯʦʚʠʥ, ʘ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ɻɼʂ ʧʦʜʘʶʪʴ ʩʠʛʥʘʣ 

ʫ ʬʦʨʤʽ ʩʚʽʪʣʦʚʦʛʦ, ʟʚʫʢʦʚʦʛʦ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʬʽʣʴʪʨʘ [56]. 
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ʍʦʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʦʙʤʝʞʝʥʽ, ʚʞʝ ʽʩʥʫʻ ʥʠʟʢʘ ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ, ʱʦ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʉʫʯʘʩʥʽ ʟʘʢʦʥʦʜʘʚʯʽ ʥʦʨʤʠ, ʟʦʢʨʝʤʘ ʫ ʉʐɸ, ʟʦʙʦʚôʷʟʫʶʪʴ 

ʨʦʙʦʪʦʜʘʚʮʽʚ ʟʘʤʽʥʶʚʘʪʠ ʬʽʣʴʪʨʠ ʘʙʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʛʨʘʬʽʢʘ, ʘʙʦ 

ʢʝʨʫʶʯʠʩʴ ʧʦʢʘʟʥʠʢʘʤʠ ʽʥʜʠʢʘʪʦʨʽʚ [41]. ɻʨʘʬʽʢ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʥʢʨʝʪʥʦʾ ʤʘʨʢʠ ʪʘ ʪʠʧʫ ʩʢʦʤʙʽʥʦʚʘʥʠʭ 

ʬʽʣʴʪʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ɼʘʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʚʨʘʭʦʚʫʶʪʴ ʧʝʚʥʽ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʚʽʪʨʷ, 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, ʱʦʙ ʥʘʜʘʪʠ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʱʦʜʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ. 

ɺʠʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʦʮʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʾʭʥʴʦʛʦ ʫʩʫʥʝʥʥʷ. ʇʨʠʯʠʥʘʤʠ ʦʩʪʘʥʥʽʭ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʬʝʢʪʠ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʬʽʣʴʪʨʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ ʚʩʝʙʽʯʥʠʡ ʟʘʭʠʩʪ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʟʥʠʞʫʻ 

ʟʘʛʨʦʟʫ ʜʣʷ ʾʭʥʴʦʛʦ ʟʜʦʨʦʚôʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʧʨʠʩʫʪʥʦʩʪʽ ʚʠʩʦʢʦ 

ʥʝʙʝʟʤʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʜʝ ʩʚʦʻʯʘʩʥʘ ʟʘʤʽʥʘ ʬʽʣʴʪʨʘ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʦʶ ʜʣʷ 

ʙʝʟʧʝʢʠ. 

ʆʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ 

ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʻ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ [57]. ʇʨʘʮʽʚʥʠʢʠ ʤʘʶʪʴ 

ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿɯɿʆɼ, ʟʦʢʨʝʤʘ ʱʦʜʦ ʾʭʥʴʦʛʦ 

ʚʠʙʦʨʫ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʘʤʽʥʠ ʬʽʣʴʪʨʽʚ. ʗʢʱʦ ʨʝʩʧʽʨʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʝʧʨʘʚʠʣʴʥʦ ʘʙʦ ʥʝʩʚʦʻʯʘʩʥʦ, ʥʘʚʽʪʴ ʥʘʡʩʫʯʘʩʥʽʰʽ ʤʦʜʝʣʽ ʥʝ ʛʘʨʘʥʪʫʶʪʴ 

ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʙʦʪʦʜʘʚʮʽ ʧʦʚʠʥʥʽ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʝʭʥʽʯʥʫ 

ʧʽʜʪʨʠʤʢʫ ʪʘ ʚʠʟʥʘʯʘʪʠ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ, ʘ ʡ ʧʨʦʚʦʜʠʪʠ ʩʠʩʪʝʤʘʪʠʯʥʝ 

ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʧʝʨʝʚʽʨʢʫ ʾʭʥʽʭ ʟʥʘʥʴ ʱʦʜʦ ʧʨʘʚʠʣ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʾʭʥʴʦʛʦ ʟʜʦʨʦʚôʷ [58]. 
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4.5 ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʫʥʚ̔ʝʨʩʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ 

 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʥʦʤʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ (ʨʠʩ. 4.25), ʱʦ ʟʘʧʫʩʢʘʻʪʴʩʷ ʟ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. 

 

 

 

ʈʠʩʫʥʦʢ 4.25 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʦʛʥʦʟʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ: ʤʦʜʫʣʴ 1 ï ʚʚʝʜʝʥʥʷ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; ʤʦʜʫʣʴ 2 ï ʤʘʩʠʚ ʜʘʥʠʭ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʡ; ʤʦʜʫʣʴ 3 ï 

ʚʠʚʝʜʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ; ʤʦʜʫʣʴ 4 ï ʦʙʯʠʩʣʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ; 

ʙʣʦʢ 1 ï ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʜʘʥʠʭ ʧʨʦ ʥʝʙʝʟʧʝʯʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ; ʙʣʦʢ 2 ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʫ ʨʦʙʽʪ; ʙʣʦʢ 3 ï ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ; ʙʣʦʢ 4 ï ʧʝʨʝʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡ; ʙʣʦʢ 5 ï ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ ʙʣʦʢʠ: ʤʦʜʫʣʴ ʚʚʝʜʝʥʥʷ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʤʦʜʫʣʴ ʧʘʤ'ʷʪʽ, ʤʦʜʫʣʴ ʚʠʚʝʜʝʥʥʷ ʡ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʦʜʫʣʴ ʦʙʯʠʩʣʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ 
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ʬʽʣʴʪʨʽʚ. ʆʩʪʘʥʥʽʡ ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ ʢʽʣʴʢʘ ʩʫʙʝʣʝʤʝʥʪʽʚ ʟʦʢʨʝʤʘ ʙʣʦʢ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʙʣʦʢ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʬʽʣʴʪʨʽʚ, ʙʣʦʢ ʨʦʟʨʘʭʫʥʢʫ ʻʤʥʦʩʪʽ ʬʽʣʴʪʨʽʚ ʪʘ ʘʥʘʣʽʟʫ ʟ ʧʦʨʽʚʥʷʥʥʷʤ ʟ ɻɼʂ, ʘ 

ʪʘʢʦʞ ʙʣʦʢʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʠʞʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʻ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʰʢʽʜʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʤʝʥʰʫʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ Visual Studio Code ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python 3.9. ɸʣʛʦʨʠʪʤ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʥʦʟʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ 

ʜʽʾ ʬʽʣʴʪʨʽʚ ʤʽʩʪʠʚ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʢʦʨʠʩʪʫʚʘʯ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ: ʥʘʟʚʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʨʝʞʠʤ ʨʦʙʦʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʭʚʠʣʠʥʥʠʤ ʦʙôʻʤʦʤ ʣʝʛʝʥʝʚʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʘ ʪʦʤʫ ʡ 

ʧʨʦʭʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʫ ʨʦʙʦʪʠ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʜʤ
3
/ʭʚ., ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʘʥʽʾ 3M [59]. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʯʝʨʝʟ ʤʦʜʫʣʴ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʠʩʢʫ ʦʙʠʨʘʶʪʴ ʥʘʟʚʫ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʚʦʜʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʪʘ 

ʧʽʜʤʘʩʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʟʘʜʘʶʪʴ ʨʝʞʠʤ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ʟ ʧʝʨʝʣʽʢʫ, 

ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʤʦʜʫʣʽ ʧʘʤôʷʪʽ, ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʇʘʨʘʤʝʪʨʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʊʆɺ 

çʉʊɸʅɼɸʈʊ ʂɸʇɯʊɸʃ ɯʅɺɽʉʊè (ʤ. ɼʥʽʧʨʦ). ʌʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ, ʫ ʤʦʜʫʣʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʽʚ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʾʭ ʻʤʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʧʽʜʤʘʩʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʚʠʟʥʘʯʝʥʦʾ ʨʘʥʽʰʝ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ. ʆʩʥʦʚʦʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʣʫʞʠʣʠ ʟʘʛʘʣʴʥʦʚʽʜʦʤʘ ʬʦʨʤʫʣʘ ɺʽʣʝʨʘ-ɼʞʦʥʘʩʘ (4.1) ʽ 

ʬʦʨʤʫʣʘ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ppm ʫ ʤʛ/ʤį. 

˞
ᶻ

Ȣ
,     (4.2) 

 

ʜʝ ʉi ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʤʛ/ʤ
3
; ʉppm ï 

ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ppm; Õ ï ʤʦʣʷʨʥʘ ʤʘʩʘ 

ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ; 24,055 ï ʤʦʣʷʨʥʠʡ ʦʙ'ʻʤ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ, 

ʣ/ʤʦʣʴ.; 

ʅʘ ʧôʷʪʦʤʫ ʝʪʘʧʽ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʠʪʴʩʷ ʚ ʧʦʣʝ ʧʨʦʛʨʘʤʠ 

ʯʝʨʝʟ ʤʦʜʫʣʴ ʚʽʟʫʘʣʽʟʘʮʽʾ (ʨʠʩ. 4.26). ɼʣʷ ʢʨʘʱʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʜʘʥʽ ʚʠʚʦʜʷʪʴʩʷ ʚ ʬʦʨʤʘʪʽ ʛʦʜʠʥʠ ʪʘ ʭʚʠʣʠʥʠ. ʂʦʜ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘʚʝʜʝʥʦʚ ɼʦʜʘʪʢʫ ɽ. 

 

ʈʠʩʫʥʦʢ 4.26 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 
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ʈʝʘʣʴʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʘʚʩʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʩʪʝʥʜʽ ʜʣʷ ʦʮʽʥʢʠ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ EN 14387 [40] ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʊʆɺ çʉʊɸʅɼɸʈʊ ʂɸʇɯʊɸʃ ɯʅɺɽʉʊè. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʤʦʜʫʣʷ ʧʘʤ'ʷʪʽ ʜʣʷ ʤʦʞʣʠʚʦʛʦ ʫʪʦʯʥʝʥʥʷ 

ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʘʪʘʣʦʛʫ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ 

ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.27ï4.29 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʌʈʇɸ-G ʤʘʨʦʢ ɸ1, ɺ1 ʪʘ ʂ1. ʌʽʣʴʪʨʠ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʨʧʫʩʫ ʟ ʢʦʨʠʩʥʠʤ ʦʙôʻʤʦʤ 100 ʩʤį ʪʘ 

ʜʽʘʤʝʪʨʦʤ 80 ʤʤ. ɼʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʪʝʤʧʝʨʘʪʫʨʘ (20Ñ1) Áʉ ʪʘ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ (70Ñ5) %, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʪʠʧʠ ʨʦʙʦʪʠ. 

 

 

ʈʠʩʫʥʦʢ 4.27 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ 

ʌʈʇɸ-G ʂ1 ʟʘ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʽʘʢʫ ʚ ʧʦʚʽʪʨʽ ʪʘ ʪʠʧʫ ʚʠʢʦʥʫʚʘʥʠʭ 

ʨʦʙʽʪ: 1 ï ʣʝʛʢʘ ʨʦʙʦʪʘ, 2 ï ʨʦʙʦʪʠ ʩʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ, 3 ï ʚʘʞʢʘ ʨʦʙʦʪʘ. 4 ï 

ʜʫʞʝ ʚʘʞʢʘ ʨʦʙʦʪʘ, 5 ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʈʠʩʫʥʦʢ 4.28 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ 

ʌʈʇɸ-G ɸ1 ʟʘ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʢʣʦʛʝʢʩʘʥʫ ʚ ʧʦʚʽʪʨʽ ʪʘ ʪʠʧʫ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ: 1 ï ʣʝʛʢʘ ʨʦʙʦʪʘ, 2 ï ʨʦʙʦʪʠ ʩʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ, 3 ï ʚʘʞʢʘ 

ʨʦʙʦʪʘ. 4 ï ʜʫʞʝ ʚʘʞʢʘ ʨʦʙʦʪʘ, 5 ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 4.29 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ 

ʌʈʇɸ-G ɺ1 ʟʘ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʚ ʧʦʚʽʪʨʽ ʪʘ ʪʠʧʫ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ: 1 ï ʣʝʛʢʘ ʨʦʙʦʪʘ, 2 ï ʨʦʙʦʪʠ ʩʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ, 3 ï ʚʘʞʢʘ 

ʨʦʙʦʪʘ. 4 ï ʜʫʞʝ ʚʘʞʢʘ ʨʦʙʦʪʘ, 5 ï ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʛʥʦʟʥʦʛʦ 

ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.17. 

 

ʊʘʙʣʠʮʷ 4.17 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ ʟʘʭʠʩʥʦʾ 

ʜʽʾ ʬʽʣʴʪʨʘ (ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 760 ʤʤ.ʨʪ.ʩʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 20 Áʉ) 

ʊʠʧ ʪʘ 
ʢʦʥʮʝʥʪʨʘʮʽʷ 
ʭʽʤʽʯʥʦʾ 
ʨʝʯʦʚʠʥʠ, 

ppm 

ʊʠʧ ʪʘ 
ʤʘʨʢʘ 
ʬʽʣʴʪʨʘ 

ɺʦʣʦʛʽʩʪʴ 
ʧʦʚʽʪʨʷ, 

% 

ʊʠʧ ʨʦʙʦʪʠ ʪʘ ʚʠʪʨʘʪʘ 
ʧʦʚʽʪʨʷ, ʜʤ

3
/ʭʚ. 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ 
ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 
ʬʽʣʴʪʨʽʚ, ʭʚ. 

ʇʦʭʠʙʢʘ, 
% 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ  

ʎʠʢʣʦʛʝʢʩʘʥ, 
1000 ppm 

ʌʈʇɸ-G ɸ1 Ò 65 % 

ʃʝʛʢʘ (10 ʜʤ
3
/ʭʚ. 566 

3,2 % 

ʉʝʨʝʜʥʷ (21 ʜʤ
3
/ʭʚ.) 269 

ɺʘʞʢʘ (37 ʜʤ
3
/ʭʚ.) 153 

ɼʫʞʝ ʚʘʞʢʘ (55 ʜʤ
3
/ʭʚ.) 103 

ʄʘʢʩʠʤʘʣʴʥʘ (75 ʜʤ
3
/ʭʚ.) 75 

Select and Service Life (ʬʽʨʤʘ 3ʄ) 

ʎʠʢʣʦʛʝʢʩʘʥ, 
1000 ppm 

ɸ1 ʤʦʜʝʣʴ 

6051 

Ò 65 % 
ʃʝʛʢʘ (-) 352 

8 % 

ʉʝʨʝʜʥʷ (-) 277 
ɺʘʞʢʘ (-) 221 

65 % 
ʃʝʛʢʘ (-) 176 
ʉʝʨʝʜʥʷ (-) 138 
ɺʘʞʢʘ (-) 110 

75 % 
ʃʝʛʢʘ (-) 117 
ʉʝʨʝʜʥʷ (-) 92 
ɺʘʞʢʘ (-) 73 

Cartridge Life Expectancy Calculator (ʬʽʨʤʘ MSA Safety) 

ʎʠʢʣʦʛʝʢʩʘʥ, 
1000 ppm 

ʇʽʚʤʘʩʢʘ 

Advantage-

ʬʽʣʴʪʨ 

Organic 

Vapor 

(GMA) 

50 % 

ʂʦʨʠʩʪʫʚʘʯʘ (10 ʜʤ
3
/ʭʚ.) 536 

8 % 

ʂʦʨʠʩʪʫʚʘʯʘ (21 ʜʤ
3
/ʭʚ.) 251 

ʂʦʨʠʩʪʫʚʘʯʘ (37 ʜʤ
3
/ʭʚ.) 139 

ʂʦʨʠʩʪʫʚʘʯʘ (55 ʜʤ
3
/ʭʚ.) 91 

ʂʦʨʠʩʪʫʚʘʯʘ (75 ʜʤ
3
/ʭʚ.) 65 

65 % 

ʂʦʨʠʩʪʫʚʘʯʘ (10 ʜʤ
3
/ʭʚ.) 438 

ʂʦʨʠʩʪʫʚʘʯʘ (21 ʜʤ
3
/ʭʚ.) 205 

ʂʦʨʠʩʪʫʚʘʯʘ (37 ʜʤ
3
/ʭʚ.) 114 

ʂʦʨʠʩʪʫʚʘʯʘ (55 ʜʤ
3
/ʭʚ.) 75 

ʂʦʨʠʩʪʫʚʘʯʘ (75 ʜʤ
3
/ʭʚ.) 53 

75 % 

ʂʦʨʠʩʪʫʚʘʯʘ (10 ʜʤ
3
/ʭʚ.) 360 

ʂʦʨʠʩʪʫʚʘʯʘ (21 ʜʤ
3
/ʭʚ.) 169 

ʂʦʨʠʩʪʫʚʘʯʘ (37 ʣ/ʭʚ.) 94 
ʂʦʨʠʩʪʫʚʘʯʘ (55 ʜʤ

3
/ʭʚ.) 61 

ʂʦʨʠʩʪʫʚʘʯʘ (75 ʜʤ
3
/ʭʚ.) 44 

 

ɺʽʜʭʠʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ 10 %, ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥ ʁ ʬʽʣʴʪʨʘ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʮʝʩ 
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ʬʽʣʴʪʨʘʮʽʾ ʧʦ ʚʩʽʡ ʧʣʦʱʽ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 4.17, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʚʠʢʦʥʘʥ ̔ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Cartridge Life Expectancy 

Calculator (MSA Safety) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʠʞʯʝ 65 %. ɺʦʥʠ 

ʪʘʢʦʞ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʘʥʠʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Select 

and Service Life (3M), ʟʘ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ. 

ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʬʽʣʴʪʨʽʚ, ʟʦʢʨʝʤʘ ʾʭ 

ʬʦʨʤʫ. ʅʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʠ ʌʈʇɸ-G ʪʘ Organic Vapor (GMA) ʤʘʶʪʴ 

ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ, ʪʦʜʽ ʷʢ ʬʽʣʴʪʨʠ 3M ʤʦʜʝʣʽ 6051 ʚʠʢʦʥʘʥʽ ʫ 

ʪʨʘʧʝʮʝʚʠʜʥʽʡ ʬʦʨʤʽ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʦʮʽʥʢʠ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʾʭ 

ʟʘʭʠʩʥʦʾ ʜʽʾ. 

ʉʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʪʦʱʦ), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ 

[60]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʥʦʟʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ 

ʧʨʦʪʠʛʘʟʽʚ ʽ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʘ ʟʘʜʘʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʤʧʣʝʢʩ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʯʦʪʠʨʴʦʭ ʤʦʜʫʣʽʚ: ʤʦʜʫʣʴ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʤʦʜʫʣʴ ʧʘʤ'ʷʪʽ, 

ʤʦʜʫʣʴ ʚʠʚʦʜʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʦʜʫʣʴ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ 

ʟʘʥʦʩʷʪʴʩʷ ʚ ʤʦʜʫʣʴ ʧʘʤ'ʷʪʽ ʪʘ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. ʂʨʽʤ ʪʦʛʦ, 

ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʢʦʥʮʝʥʪʨʘʮʽʡ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʽʟ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ ʧʝʨʝʚʽʨʢʫ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ. 
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ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʪʠʧ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʩʪʘʥ ʘʝʨʦʟʦʣʶ 

(ʪʚʝʨʜʠʡ ʯʠ ʨʽʜʢʠʡ), ɻɼʂ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʽ ʯʠʥʥʠʢʠ, ʪʘʢʽ 

ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʨʝʞʠʤ ʨʦʙʦʪʠ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʜʝʷʢʽ ʥʝʙʝʟʧʝʯʥʽ ʯʠʥʥʠʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʦ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʽ ʧʦʰʢʦʜʞʝʥʥʷ ʬʽʣʴʪʨʽʚ ʘʙʦ ʦʙôʻʤ ʩʦʨʙʮʽʡʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʬʽʣʴʪʨʽ. 

ʇʨʠ ʚʠʙʦʨʽ ʬʽʣʴʪʨʘ ʟ ʢʘʪʘʣʦʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʪʠʧ ʽ ʦʙôʻʤ 

ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʜʘʥʠʤ 

ʫʤʦʚʘʤ. ʗʢʱʦ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ ʥʝʜʦʩʪʘʪʥʽʡ, ʘʙʦ 

ʧʝʨʝʛʣʷʜʘʶʪʴʩʷ ʫʤʦʚʠ, ʘʙʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʬʽʣʴʪʨʽʚ 

[61, 62]. 

ʋ ʤʘʡʙʫʪʥʴʦʤʫ ʚʘʞʣʠʚʦ ʜʦʧʦʚʥʠʪʠ ʘʣʛʦʨʠʪʤ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʤʦʞʣʠʚʽʩʪʶ ʚʠʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʜʠʭʫʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ [63]. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʜʦ 300 ppm 

ʢʣʶʯʦʚʠʡ ʚʧʣʠʚ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʤʘʻ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ. ʅʘʪʦʤʽʩʪʴ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʦʥʘʜ 300 ppm 

ʚʠʨ̔h ʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʻ ʩʘʤʝ ʨʽʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʫ 

ʧʦʚʽʪʨʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ [33, 64]. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

1. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʩʧʦʞʠʚʘʯʘ ʧʽʜ ʯʘʩ 

ʚʠʨʦʙʥʠʯʦʾ ʨʦʙʦʪʠ ʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ ʪʘ ʢʽʣʴʢʽʩʪʶ ʧʨʦʥʠʢʥʝʥʥʷ ʰʢʽʜʣʠʚʦʾ 

ʭʽʤʽʯʥʦʾ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʽʜʤʘʩʢʦʚʠʡ ʧʨʦʩʪʽʨ ʟʘʩʦʙʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʚ̔ ʜʠʭʘʥʥʷ, ʷʢʘ ʤʘʻ ʥʝʣʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʽʨʢʦʚʦʜʥʶ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ  ʜʦ 100 Ñ 5 ʤʛ/ʤ
3
, ʱʦ ʚʠʢʣʠʢʘʥʦ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ. 
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2. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘ 

ʧʣʦʱʝʶ ʬʽʣʴʪʨʘ ʽ ʦʧʦʨʦʤ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʬʽʣʴʪʨʽʚ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʚ̔ ʜʠʭʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʜʠʭʘʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʧʝʨʝʭʽʜʥʦʛʦ 

ʯʝʨʝʟ ʨʽʟʥʝ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ ʩʢʦʤʙʽʥʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʜʦ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʨʝʩʧʽʨʘʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʦʙôʻʤʫ ʩʦʨʙʝʥʪʫ ʫ 

ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ ʢʦʨʦʙʮʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʙʝʟʧʝʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ 

ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʬʽʣʴʪʨʽʚ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʘ ʡ ʚʽʜ ʝʥʝʨʛʦʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʘʙʩʦʨʙʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʟʤʝʥʰʫʻ ʪʝʨʤʽʥ 

ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʜʦ 40 % ʧʨʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ (250 ï 300 ɺʪ) ʪʘ ʜʦ 

20 % ʧʨʠ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ (150 ï 200 ɺʪ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʚʠʩʦʢʠʤʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʚ ʤʝʞʘʭ 100 ɺʪ. 

4. ɺʠʟʥʘʯʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ (ʜʽʘʤʝʪʨ ʽ ʚʠʩʦʪʘ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʽ ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ ʽ ʚʠʩʦʪʘ ʜʣʷ 

ʧʣʘʩʢʠʭ ʬʽʣʴʪʨʽʚ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟ ʧʣʦʱʝʶ ʬʽʣʴʪʨʘ, ʚʠʭʦʜʷʯʠ ʽʟ ʚʠʟʥʘʯʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪ,ʁ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ̔ ʢʦʤʬʦʨʪʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ ʟ ʧʣʘʩʢʦ ʁ

ʬʦʨʤʦ  ʁ ʷʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʧʨʠ ʥʠʟʴʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ ʧʨʠ 

ʦʙôʻʤʥʽʡ ʚʠʪʨʘʪ ̔ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʰʘʨ ʜʦ 50 ʜʤ
3
/ʭʚ., 

ʪʦʜʽ ʷʢ ʬʽʣʴʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʢʨʘʱʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʦʙʽʪ ʟ 

ʩʝʨʝʜʥʽʤʠ ʽ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ ʟ ʦʙôʻʤʥʦ ʁʚʠʪʨʘʪʦ  ʁʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʰʘʨ ʚʽʜ 30 ʜʦ 90 ʜʤ
3
/ʭʚ., ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʝʨʝʭʦʜʦʤ ʨʝʞʠʤʫ 

ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʧʝʨʝʭʽʜʥʦʛʦ. 

6. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʧʨʘʮʶʚʘʥʥʷ ʘʨʦʤʘʪʠʯʥʦʛʦ ʽʥʜʠʢʘʪʦʨʫ, ʷʢʽ ʨʦʟʤʽʱʝʥʥʽ ʚ ʩʝʨʝʜʥʽ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʥʘ 20 % ʟʤʝʥʰʠʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 
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ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʝʞʠʤʫ ʨʫʭʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʧʝʨʝʭʽʜʥʦʛʦ. 

7. ʋʜʦʩʢʦʥʘʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʢʦʤʙʽʥʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ, ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʚ ʧʝʨʝʜʦʩʪʘʥʥʴʦʤʫ ʰʘʨʽ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʧʦ ʮʝʥʪʨʫ ʨʫʭʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʯʠʥʥʦʾ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʾ ʢʘʧʩʫʣʠ ʟ ʘʨʦʤʘʪʠʯʥʦʶ 

ʨʝʯʦʚʠʥʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʨʤʽʥ ʟʘʭʠʩʥʦʾ ʜʽʾ ʬʽʣʴʪʨʘ, ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʩʪʨʦʢʦʚʦʛʦ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʽʥʯʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʻʤʥʦʩʪʽ 

ʬʽʣʴʪʨʘ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʥʦʟʥʦʛʦ 

ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʤʦʜʫʣʽʚ: ʤʦʜʫʣʴ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʤʦʜʫʣʴ ʧʘʤ'ʷʪʽ, ʤʦʜʫʣʴ ʚʠʚʝʜʝʥʥʷ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʤʦʜʫʣʴ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʧʨʦʪʠʛʘʟʦʚʠʭ 

ʬʽʣʴʪʨʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʜʽʙʥʠʭ ʧʨʦʛʨʘʤ ʤʦʞʣʠʚʽʩʪʶ ʦʮʽʥʶʚʘʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʧʣʦʱʝʶ ʬʽʣʴʪʨʘ, ʚʧʣʠʚʫ 

ʨʝʞʠʤʫ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʧʝʨʝʭʽʜʥʦʛʦ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʦʚʠʪʨʘʪ ʢʦʨʠʩʪʫʚʘʯʘ. 

9. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʧʨʦʛʥʦʟʥʦʛʦ ʯʘʩʫ ʟʘʭʠʩʥʦʾ ʜʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʧʨʦʛʨʘʤ ʚʠʨʦʙʥʠʢʽʚ 

ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʤʘʶʪʴ ʧʦʭʠʙʢʫ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʥʝ ʙʽʣʴʰʝ 

10 %, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʘʜʩʦʨʙʝʥʪʫ ʬʽʣʴʪʨʘ ʟʘ ʚʩʽʻʶ ʧʣʦʱʝʶ. 

10. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʯʘʩ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ʬʽʣʴʪʨʽʚ ʻ ʢʦʥʮʝʥʪʨʘʮʽʡ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 300 ppm, ʪʦʜ ̔ʷʢ 

ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʻ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʚ [7, 33, 46, 47, 48] 
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ʈʆɿɼɯʃ 5. ʈʆɿʈʆɹʂɸ ʈɸʎɯʆʅɸʃʔʅʆɰ ʂʆʅʉʊʈʋʂʎɯɰ  

ʋʅɯɺɽʈʉɸʃʔʅʆɻʆ ʌɯʃʔʊʈʋɺɸʃʔʅʆɻʆ ʈɽʉʇɯʈɸʊʆʈɸ 

 

5.1 ɺʧʣʠʚ ʜʠʟʘʡʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ 

 

ʂʦʨʧʫʩʠ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʢʨʫʛʣʦʾ 

ʬʦʨʤʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʽʩʪʦʨʠʯʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʯʘʩʪʠʭ ʬʽʣʴʪʨʽʚ 

ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ, ʦʩʢʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʝʩ-ʬʦʨʤʠ ʜʣʷ ʣʠʪʪʷ 

ʪʘʢʠʭ ʢʦʨʧʫʩʽʚ ʥʘʙʘʛʘʪʦ ʻ ʧʨʦʩʪʽʰʠʤ. ʂʨʽʤ ʪʦʛʦ ʧʦʰʠʨʝʥʠʤʠ ʻ ʢʦʨʧʫʩʠ 

ʬʽʣʴʪʨʽʚ ʜʣʷ ʨʝʩʧʽʨʘʪʦʨʽʚ ʪʠʧʫ ʈʇɸ-ʊɼ ʟʽ ʟʤʽʱʝʥʠʤ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ 

ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ (ʨʠʩ. 5.1 ʘ). ʇʨʦʪʝ ʟ ʧʦʩʪʘʯʘʥʥʷʤ ʥʘ ʨʠʥʦʢ ʬʽʣʴʪʨʽʚ, 

ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʧʦ ʟʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ, ʟôʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʽʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʣʴʪʨʽʚ ʟ ʢʦʨʧʫʩʘʤʠ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ (ʨʠʩ. 5.1 ʙ). 

 

ʈʠʩʫʥʦʢ 5.1 ï ʂʦʨʧʫʩʠ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʨʽʟʥʦʛʦ ʚʠʢʦʥʘʥʥʷ: 

1 ï ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ, 2 -  ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʡ ʬʽʣʴʪʨ, 3 ï ʢʨʠʰʢʘ ʬʽʣʴʪʨʘ 

 

5.1.1 ʆʧʠʩ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʢʘʭ 

ɼʣʷ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʢʦʨʧʫʩʽ ʬʽʣʴʪʨʘ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ 

ʢʦʨʦʙʮʽ ʟʘ ʾʾ ʜʦʚʞʠʥʦʶ (ʨʠʩ. 5.2). ɼʣʷ ʮʴʦʛʦ ʧʦ ʜʦʚʞʠʥʽ ʢʦʨʧʫʩʫ ʨʦʙʠʣʠʩʴ 
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ʦʪʚʦʨʠ, ʚ ʷʢʠʭ ʚʠʤʽʨʶʚʘʚʩʷ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʟʘ ʧʦʩʪʽʡʥʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʬʽʣʴʪʨ 30 ʪʘ 95 ʜʤ
3
/ʭʚ. [1]. 

 

ʈʠʩʫʥʦʢ 5.2 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʟ ʦʪʚʦʨʘʤʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ 

 

ʋ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʪʘ hʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʬʽʣʴʪʨʦʤ. ʎʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʤʽʨʶʚʘʣʠʩʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʫʙʢʠ ʇʽʪʦ ʟ ʢʨʦʢʦʤ 10 ʤʤ ʧʦ ʜʽʘʤʝʪʨʫ 

ʟʘʜʥʴʦʾ  ʩʪʽʥʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ, ʚʩʽ ʚʽʣʴʥʽ ʦʪʚʦʨʠ ʪʠʤʯʘʩʦʚʦ ʟʘʢʨʠʚʘʣʠʩʴ ʧʣʘʩʪʠʯʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʥʝ ʧʨʦʧʫʩʢʘʻ ʧʦʚʽʪʨʷ. 

ʂʦʨʧʫʩ ʬʽʣʴʪʨʘ ʙʫʚ ʥʘʜʽʡʥʦ ʪʘ ʛʝʨʤʝʪʠʯʥʦ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʥʘʩʘʜʢʠ. 

ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʪʘʤʝʪʨʘ ʈʄ-

6,3ɻʋɿ ʪʘ ʨʝʛʫʣʶʚʘʣʘʩʷ ʘʩʧʽʨʘʪʦʨʦʤ ɸʇɺ-ʄ-3-220ʚ-250. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʬʽʣʴʪʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʝʣʝʢʪʨʦʥʥʠʡ 

ʤʘʥʦʚʘʢʫʫʤʝʪʨ Testo 512. ʎʝʡ ʧʨʠʣʘʜ ʤʘʻ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ -2000 ʇʘ 

ʜʦ 2000 ʇʘ ʟ ʪʦʯʥʽʩʪʶ 1 ʇʘ ʟʛʽʜʥʦ ʧʘʩʧʦʨʪʥʠʭ ʜʘʥʠʭ. ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ 

ʬʽʣʴʪʨʽ ȹʈ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [2]: 

Ўʈ ʈʬ ʈʧʦʯ, 

ʜʝ ʈʬ ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʬʽʣʴʪʨʦʤ, ʇʘ; ʈʧʦʯ 

ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟ ʬʽʣʴʪʨʘ, ʇʘ. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 5.3. 



321 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ 

ʬʽʣʴʪʨʘʭ: 1 - ʝʣʝʢʪʨʦʥʥʠʡ ʤʘʥʦʚʘʢʫʫʤʝʪʨ Testo 512, 2 ï ʧʨʦʪʠʛʘʟʦʚʠʡ ʬʽʣʴʪʨ, 

3 ï ʧʨʠʜʘʪʥʘ ʥʘʩʘʜʢʘ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʬʽʣʴʪʨʘ, 4 ï ʚʠʪʨʘʪʦʤʽʨ ʈʄ-6,3ɻʋɿ, 5 ï 

ʣʽʥʽʷ ʨʫʭʫ ʧʦʚʽʪʨʷ ʜʦ ʘʩʧʽʨʘʪʦʨʘ ɸʇɺ-ʄ-3-220ʚ-250; 6 ï ʣʽʥʽʷ ʧʨʠʻʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʘʥʦʚʘʢʫʫʤʝʪʨʘ Testo 512 

 

ʆʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʢʽʚ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʽ Microsoft Excel 2019. ɺʠʢʠʜʠ ʙʫʣʠ 

ʧʝʨʝʚʽʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Z-ʧʦʢʘʟʥʠʢʽʚ, ʽ ʚʩʽ ʟʥʘʯʝʥʥʷ ʙʫʣʠ ʚ ʤʝʞʘʭ 0,05 < p Ò 

2. 

 

5.1.2 ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʘʭ ʨʦʟʤʽʱʝʥʠʭ ʫ 

ʨʽʟʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʢʘʭ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʽʟ 

ʮʝʥʪʨʘʣʴʥʠʤ ʦʪʚʦʨʦʤ ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ ʬʽʣʴʪʨʘ ʪʘ ʩʘʤʦʾ 

ʢʦʨʦʙʢʠ ʥʘ ʤʘʡʞʝ ʥʘ 20 % ʤʝʥʰʠʡ, ʥʽʞ ʫ ʢʦʨʦʙʢʠ ʟʽ ʟʤʽʱʝʥʠʤ ʚʠʭʽʜʥʠʤ 

ʦʪʚʦʨʦʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʧʣʦʱʽ ñʤʝʨʪʚʦʾò ʟʦʥʠ, ʜʝ ʤʘʡʞʝ 

ʚʽʜʩʫʪʥʽʡ ʨʫʭ ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʦʨʦʙʢʠ 

ʩʪʨʫʤʝʥʝʤ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʩʪʠʢʥʝʪʴʩʷ ʽʟ ʟʘʜʥʴʦʶ ʩʪʽʥʢʦʶ, ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ 

ʧʦʜʦʣʘʪʠ ʦʧʽʨ ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʦʢ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʡʦʛʦ ʰʣʷʭʫ. ɯ ʯʠʤ ʜʘʣʽ 

ʩʪʨʫʤʽʥʴ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ, ʪʠʤ ʙʽʣʴʰʠʡ ʦʧʽʨ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ. 

ɼʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʢʦʨʦʙʢʘʭ 

ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.4. 
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ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 5.4 ï ɼʽʘʛʨʘʤʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ (1) ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ (2) ʚ ʢʦʨʧʫʩʽ ʟʽ ʟʤʽʱʝʥʠʤ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ 

ʢʦʨʦʙʢʠ ʟʘ ʚʠʪʨʘʪʠ 30 ʜʤ
3
/ʭʚ. (ʘ) ʪʘ 95 ʜʤ

3
/ʭʚ. (ʙ) 

 

ʋ ʢʦʨʦʙʢʠ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ ʮʝ ʷʚʠʱʝ ʤʝʥʰʝ ʚʠʨʘʞʝʥʝ, 

ʽ ʢʨʘʡʥʽʤ ʩʪʨʫʤʝʥʷʤ ʧʦʚʽʪʨʷ ʧʦʪʨʽʙʥʦ ʧʦʜʦʣʘʪʠ ʤʝʥʰʫ ʚʽʜʩʪʘʥʴ ʜʦ ʚʠʭʦʜʫ 

(ʨʠʩ. 5.5). ʆʜʥʘʢ ʨʽʟʢʝ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʪʨʘʪ ʪʠʩʢʫ ʥʘ 

ʫʜʘʨ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʚʠʢʨʠʚʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʥ ʧʨʦʜʦʚʞʫʻ ʟʘ ʽʥʝʨʮʽʻʶ ʨʫʭ ʜʦ ʩʝʨʝʜʠʥʠ ʦʪʚʦʨʫ. ʎʝ 
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ʚʠʢʣʠʢʘʻ ʩʢʦʨʦʯʝʥʥʷ ʧʣʦʱʽ ʩʪʨʫʤʝʥʷ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʦʙʦʪʽ ʪʽʣʴʢʠ ʪʽʻʾ 

ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʘ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʥʘʚʧʨʦʪʠ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ. 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 5.5 ï ɼʽʘʛʨʘʤʘ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ (1) ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʦʪʦʢʫ (2) ʚ ʢʦʨʧʫʩʽ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚʽʜʥʦʩʥʦ 

ʦʩʽ ʢʦʨʦʙʢʠ ʟʘ ʚʠʪʨʘʪʠ 30 ʜʤ
3
/ʭʚ. (ʘ) ʪʘ 95 ʜʤ

3
/ʭʚ. (ʙ) 

 

5.1.3 ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʢʦʨʦʙʢʘʭ 

ʟ ʨʽʟʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

SolidWorks 

ʆʪʨʠʤʘʥʽ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʢʦʨʦʙʢʘʭ ʟ ʨʽʟʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

ʚ̔ ʜʥʦʩʥʦ ʾʾ ʮʝʥʪʨʫ. 
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ʇʦʚʽʪʨʷʥʽ ʧʦʪʦʢʠ ʚ ʢʦʨʧʫʩʘʭ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʤʦʜʝʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SolidWorks ʟʘʜʘʚʘʣʠ ʨʫʭ ʧʦʚʽʪʨʷ ʟ 

ʚʠʪʨʘʪʦʶ, ʱʦ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 30 ʜʦ 95 ʜʤį/ʭʚ. ʊʘʢʦʞ ʟʘʜʘʚʘʣʘʩʴ 

ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ (ʜʦ 165) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ. ɯʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʘʚʝʨʰʫʚʘʚʩʷ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ 

ʚʘʨʽʶʚʘʥʥʷ ʩʪʘʚʘʣʘ ʤʝʥʰʦʶ ʟʘ ʜʦʧʫʩʪʠʤʫ ʧʦʭʠʙʢʫ, ʱʦ ʩʪʘʥʦʚʠʣʘ ʥʝ ʙʽʣʴʰʝ 

5 %.  

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʝʧʶʨʠ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʢʦʨʧʫʩʠ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ (ʨʠʩ. 5.6). 

 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 5.6 ï ʄʦʜʝʣʽ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʢʦʨʦʙʢʠ 

ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʟʽ ʟʤʽʱʝʥʠʤ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ (ʘ) ʪʘ ʮʝʥʪʨʘʣʴʥʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ (ʙ) ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʨʦʙʢʠ ʟʘ ʚʠʪʨʘʪʠ 95 ʜʤ
3
/ʭʚ. 

 

ʇʦʧʨʠ ʤʝʥʰʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟ ʮʝʥʪʨʘʣʴʥʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʠʞʝʥʥʷ 

ʟʘʭʠʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘ. ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʝʥʥʷ ʟʘʣʠʰʘʚʩʷ ʚ ʤʝʞʘʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʽʪʴ ʟʘ 

ʟʤʽʥʝʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʨʠʩ. 5.7). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʦʪʚʦʨʦʤ ʻ ʜʦʮʽʣʴʥʽʰʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʦʙʤʝʞʝʥʠʤ ʧʨʦʩʪʦʨʦʤ, ʜʝ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʟ ʥʠʟʴʢʠʤ ʧʦʯʘʪʢʦʚʠʤ 

ʦʧʦʨʦʤ ʜʠʭʘʥʥʶ. ʆʜʥʘʢ ʫ ʩʠʩʪʝʤʘʭ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 
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ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʣʠʚʦ ʟʥʘʜʦʙʠʪʴʩʷ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʬʦʨʤʠ ʚʠʭʽʜʥʦʛʦ ʢʘʥʘʣʫ ʜʣʷ 

ʫʥʠʢʥʝʥʥʷ ʚʪʨʘʪ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʚʽʜ ʫʜʘʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʈʠʩʫʥʦʢ 5.7 ï ɼʽʘʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʘʥʥʷ ʯʝʨʝʟ ʬʽʣʴʪʨ ʚ ʯʘʩʽ 

ʢʦʨʦʙʢʠ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʟʽ ʟʤʽʱʝʥʠʤ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʦʤ (ʘ) ʪʘ 

ʮʝʥʪʨʘʣʴʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ (ʙ) ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʨʦʙʢʠ ʟʘ 

ʚʠʪʨʘʪʠ 95 ʜʤ
3
/ʭʚ. 

 

5.2 ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʽʣʴʪʨʽʚ 

 

5.2.1 ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʬʽʣʴʪʨʽʚ ʪʘ ʾʭ ʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʇʨʦʪʠʘʝʨʦʟʦʣʴʥʽ ʬʽʣʴʪʨʠ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚ ʜʚʦʭ ʚʠʢʦʥʘʥʥʷʭ ï 

ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʪʘ ʩʢʣʘʜʯʘʩʪʦʾ ʬʦʨʤʠ, ʫʩʽ ʽʥʰʽ ʚʘʨʽʘʮʽʾ ʻ ʧʨʦʤʽʞʥʠʤʠ ʝʪʘʧʘʤʠ 

ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʚʠʢʦʥʘʥʥʷʤʠ. 

ɻʦʣʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʽʣʴʪʨʽʚ, ʷʢ ʛʦʪʦʚʦʛʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʨʦʙʫ, ʻ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʝʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʷʢʦʛʦ ʾʭ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʪʘ ʧʣʦʱʽ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʬʽʣʴʪʨʘ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ, ʽ ʡʦʛʦ ʟʤʽʥʘ ʟ ʯʘʩʦʤ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʧʽʜʪʨʠʤʘʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʪʘ, 
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ʤʦʞʣʠʚʦ, ʧʨʦʙʣʝʤ ʟ ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ, ʤʝʭʘʥʽʢʦʶ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʩʪʨʦʢ ʩʣʫʞʙʠ ʬʽʣʴʪʨʘ. 

ʆʩʥʦʚʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ʬʽʣʴʪʨʘ ʧʣʘʩʢʦʾ ʬʦʨʤʠ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʙʨʫʜʥʶʚʘʯʘ ʥʘ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ ʻ ʥʘʩʪʫʧʥʽ: 

1. ɿʘʢʦʥ ɼʘʨʩʽ. ɺʽʥ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥ, ʧʨʦʪʝ 

ʟʘ ʫʤʦʚʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ (ʰʚʠʜʢʽʩʪʴ ʤʝʥʰʝ 0,5 ʤ/ʩ), ʢʦʣʠ ʨʽʜʠʥʫ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʥʝ ʩʪʠʩʢʘʻʪʴʩʷ, ʪʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ 

ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʽʚ. 

Ўὖ
‘ϽὬϽὠ

ὑ̐ Ȣ̑̕Ȣ̙Ȣ
 

ʜʝ ʂʧʨ.ʬ.ʰ. ï ʧʨʦʥʠʢʥʽʩʪʴ ʬʽʣʴʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤ
2
, Õ ð ʜʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʇʘĿʩ, h ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ; V ï 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʤ/ʩ. 

2. ɿʘʢʦʥ ʌʦʨʭʛʝʡʤʝʨʘ. ɺʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʜʣʷ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʢʦʣʠ ʧʦʪʽʢ ʙʽʣʴʰʝ ʥʝ ʻ ʯʠʩʪʦ ʚ'ʷʟʢʠʤ; ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝ 

ʨʦʟʰʠʨʝʥʥʷ ʟʘʢʦʥʫ ɼʘʨʩʽ, ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʽʥʝʨʮʽʡʥʽ 

ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʽʟʢʠʭ ʟʤʽʥʘʭ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

Ўὖ
‘Ͻὠ

ὑ̐ Ȣ̑̕Ȣ̙

”Ͻὠ

ὑ̕ ̖̏̑
ϽὬ 

ʜʝ ʂʬʦʨʭ ï ʧʨʦʥʠʢʥʽʩʪʴ ʌʦʨʭʛʝʡʤʝʨʘ, ʤ 

ɹʘʛʘʪʦ ʘʚʪʦʨʽʚ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʟʘʢʦʥʠ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʱʦ ʻ 

ʟʘʩʪʦʩʦʚʥʠʤʠ ʜʦ ʯʠʩʪʠʭ ʬʽʣʴʪʨʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʚʦʣʦʢʥʠʩʪʠʭ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [7, 8]. ɹʽʣʴʰʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʧʦʭʦʜʷʪʴ ʽʟ ʟʘʢʦʥʫ ɼʘʨʩʽ, ʦʩʢʽʣʴʢʠ ʥʠʟʴʢʽ ʬʨʦʥʪʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʻ ʟʘʩʪʦʩʦʚʥʠʤʠ ʜʦ ʮʠʭ ʬʽʣʴʪʨʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʢʦʥ 

ɼʘʨʩʽ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

Ў̋ ‘ϽὬϽὠϽ
Ὢ‌

ὶ
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʜʦʟʚʦʣʷʻ ʚʠʨʘʟʠʪʠ ʧʨʦʥʠʢʥʽʩʪʴ ʬʽʣʴʪʨʘ ʷʢ 

ʬʫʥʢʮʽʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʌʫʥʢʮʽʾ 

f(Ŭ), ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʦʩʥʦʚʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣʠʮʷ 5.1 ï ʌʫʥʢʮʽʾ f(Ŭ) 

ɸʚʪʦʨ  Davies (1952) [3] Happel (1959) 

[4]  

Kuwabara (1959) 

[5] 

ʌʫʢʩ ʪʘ 

ʉʪʻʯʢʠʥʘ 

1963 [6] 

ʊʠʧ ʤʦʜʝʣʽ ɽʤʧʽʨʠʯʥʘ ʊʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʚ'ʷʟʢʦʾ ʪʝʯʽʾ ʧʦʪʦʢʫ  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʘʨʘʣʝʣʴʥʠʭ ʮʠʣʽʥʜʨʽʚ 

f(Ŭ) 

    

ʉʧʨʦʱʝʥʥʷ  ρφ‌Ⱦ  ʜʣʷ Ŭ<0,1  ʅʝʭʪʫʚʘʥʥʷ 

ʤʦʜʝʣʣʶ ʌʫʢʩʘ 

ʪʘ ʉʪʝʯʢʽʥʦʾ 2Ŭ-

Ŭ
2
/2 

 

ʇʨʠʤʽʪʢʘ ʄʦʜʝʣʴ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʯʠʩʣʝʥʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʄʦʜʝʣʽ, ʱʦ ʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ȹP 

ʚʠʱʝ, ʥʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ɼʝʡʚʽʩʘ 

 

 

ʇʨʦʮʝʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʩʢʘʜʯʘʩʪʽ ʬʽʣʴʪʨʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʣʘʩʢʠʤʠ ʬʽʣʴʪʨʘʤʠ ʦʩʢʽʣʴʢʠ ʧʦʣʦʞʝʥʥʷ ʩʢʣʘʜʦʢ ʚʽʜʥʦʩʥʦ 

ʣʽʥʽʾ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʬʽʣʴʪʨʘ, ʚʞʝ ʥʝ ʻ ʚʠʢʣʶʯʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ (ʨʠʩ. 5.8). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 5.8 ï ʅʘʧʨʷʤʦʢ ʨʫʭʫ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʬʽʣʴʪʨʘʭ ʧʣʘʩʢʦʾ ʪʘ 

ʩʢʣʘʜʯʘʩʪʦʾ ʬʦʨʤʠ 

 

ʇʝʨʰʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʫ ʩʢʣʘʜʯʘʩʪʠʭ ʬʽʣʴʪʨʘʭ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʈʘʙʝʨʦʤ [9]. ʋ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʣʘʜʯʘʩʪʠʡ ʬʽʣʴʪʨ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʝʨʽʾ ʪʨʠʢʫʪʥʠʭ ʩʢʣʘʜʦʢ. ʏʝʨʝʟ ʩʠʤʝʪʨʠʯʥʫ 
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ʛʝʦʤʝʪʨʽʶ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʥʘ ʧʦʣʦʚʠʥʽ ʬʽʛʫʨʠ. ɼʘʥʠʡ 

ʩʝʛʤʝʥʪ ʧʦʪʽʤ ʜʽʣʠʪʴʩʷ ʥʘ ʢʽʥʮʝʚʽ ʝʣʝʤʝʥʪʠ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷ. ʑʦʙ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ, ʘʚʪʦʨʠ ʧʨʠʧʫʩʪʠʣʠ ʨʽʚʥʦʤʽʨʥʠʡ 

ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʨʫʭ 

ʧʦʚʽʪʨʷ ʚʥʠʟ ʧʦ ʩʢʣʘʜʮʽ. ɸʚʪʦʨʠ ʪʘʢʦʞ ʚʚʘʞʘʣʠ, ʱʦ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʻ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʜʦ ʬʽʣʴʪʨʫʶʯʦ ʾʧʦʚʝʨʭʥʽ ʽ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʢʦʥʫ ɼʘʨʩʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʩʢʦʨʦʯʝʥʴ ʜʽʡʰʣʠ ʜʦ 

ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʠ: 

ὖ ὖ

ς

ὖ ὖ

ς
ὅϽ
‘

Ὣ
Ͻ
ὡ

”Ͻὃ
ὅϽ

ὡ

ςὫϽ”ϽὛ̕
 

ʜʝ, ʈɯ 1,2 ï ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʝʨʝʜ ʬʽʣʴʪʨʦʤ ʥʘ ʧʝʨʰʽʡ ʩʢʣʘʜʮʽ ʪʘ 

ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʦʢ, ʇʘ; ʈɽ 1,2 - ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʟʘ ʬʽʣʴʪʨʦʤ ʥʘ 

ʧʝʨʰʽʡ ʩʢʣʘʜʮʽ ʪʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʢʠ, ʇʘ; ʉ1 ʪʘ ʉ2 ï ʢʦʥʩʪʘʥʪʠ; Õ - ʜʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʇʘĿʩ; gc ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʤ/ʩ
2
; W ï ʤʘʩʦʚʘ 

ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʢʛ/ʩ; Sʬ ï ʧʣʦʱʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʤ
2
. 

ʇʨʦʪʝ ʜʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʪʽʣʴʢʠ ʪʝʦʨʝʪʠʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ, ʱʦ ʚ ʨʝʘʣʴʥʦʤʫ ʩʪʘʥʽ ʡʦʛʦ ʚʘʞʢʦ ʧʝʨʝʚʽʨʠʪʠ. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʩʣʽʜʥʠʢʘʤʠ ʖ ʪʘ ɻʫʣʜʽʥʛʦʤ [10]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʪʠʯʥʦ-ʯʠʩʝʣʴʥʠʡ ʧʽʜʭʽʜ ʚʦʥʠ ʤʦʜʝʣʶʚʘʣʠ ʩʢʣʘʜʯʘʩʪʠʡ 

ʬʽʣʴʪʨ ʷʢ ʩʝʨʽʶ ʢʘʥʘʣʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ 

ʩʢʣʘʜʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʨʦʱʫʻʪʴʩʷ ï ʚʽʥ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʧʦʪʦʢʫ ʚ ʢʘʥʘʣʽ 

ʩʝʢʮʽʾ, ʚʠʩʦʪʦʶ 2h ʟʘ ʫʤʦʚʠ ʥʘʛʥʽʪʘʥʥʷ ʽ ʚʽʜʚʦʜʫ ʧʦʚʽʪʨʷʥʦʾ ʤʘʩʠ ʩʪʽʥʢʘʤʠ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʙʝʟ ʚʪʨʘʪ. ʈʫʭ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘʢʦʞ 

ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʜʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2.9).  

ʍʦʯʘ ʧʦʪʽʢ ʫ ʬʽʣʴʪʨʽ ʥʝ ʻ ʨʽʚʥʦʤʽʨʥʠʤ ʫʟʜʦʚʞ ʩʢʣʘʜʢʠ, ʘʚʪʦʨʠ 

ʚʠʨʽʰʠʣʠ ʨʦʟʨʽʟʘʪʠ ʚʠʩʦʪʫ ʩʢʣʘʜʢʠ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽ ʢʽʥʮʝʚʽ ʝʣʝʤʝʥʪʠ ȹx. 

ʊʦʜʽ ʧʦʪʽʢ ʚʚʘʞʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 

ȹxn+1 ʧʦʪʽʢ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ȹx ʧʨʦʭʦʜʞʝʥʥʷʤ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʯʝʨʝʟ ʩʪʽʥʢʠ. 
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ʈʠʩʫʥʦʢ 5.9 ï ʄʦʜʝʣʴ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʩʢʣʘʜʢʠ ʬʣ̔ʴʪʨʫ 

 

ɺʠʨʘʟ ʜʣʷ ʚʪʨʘʪʠ ʪʠʩʢʫ ȹP ʚ ʝʣʝʤʝʥʪʽ ȹx ʫ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʩʪʘʻ 

ʥʘʩʪʫʧʥʠʤ: 

Ў̋ ωφ…ρ ςὙὩ…Ͻρ
ὙὩ

υ
 

ʜʝ, ɢ - ʙʝʟʨʦʟʤʽʨʥʘ ʧʦʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʘ ʧʝʚʥʦʾ ʪʦʯʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; Re - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

ʇʨʦʩʪʘ ʽʪʝʨʘʮʽʡʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʧʘʜʫ 

ʪʠʩʢʫ ʪʘ ʧʨʦʬʽʣʽʚ ʰʚʠʜʢʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ ʩʢʣʘʜʢʠ ʚʠʱʝ ʪʘ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ 

ʧʦʪʦʢʫ ʪʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜ ʚʝʨʰʠʥʠ ʩʢʣʘʜʢʠ ʜʦ ʾʾ ʥʠʟʫ. ɿʘ ʩʣʦʚʘʤʠ ʘʚʪʦʨʽʚ, 

ʜʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʭʚʠʣʴ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪ ʪʠʩʢʫ. ʇʨʦʪʝ ʘʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʝ ʯʠʩʣʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʚʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʤʦʜʝʣʴ ʜʽʡʩʥʘ ʣʠʰʝ ʜʣʷ ʬʽʣʴʪʨʽʚ ʟ ʥʝʚʝʣʠʢʦʶ ʚʠʩʦʪʦʶ ʩʢʣʘʜʦʢ. 

ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʘʙʦ ʪʦʯʮʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʂʨʽʤ ʪʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʛʣʷʜʘʻ ʽʜʝʘʣʴʥʫ ʤʦʜʝʣʴ ʬʽʣʴʪʨʘ 

ʟ ʯʽʪʢʠʤʠ ʛʨʘʥʷʤʠ ʪʘ ʧʨʘʚʠʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʬʦʨʤʘʤʠ. 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ. ɼʝʷʢʽ ʚʯʝʥʽ ʨʦʟʜʽʣʠʣʠ ʟʘʛʘʣʴʥʝ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʥʘ ʧʝʨʝʧʘʜ 
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ʪʠʩʢʫ ʩʢʣʘʜʯʘʩʪʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [11, 

12], ʪʦʜʽ ʷʢ ʽʥʰʽ ʽʛʥʦʨʫʚʘʣʠ ʧʝʨʰʝ, ʚʚʘʞʘʶʯʠ, ʱʦ ʩʪʨʫʢʪʫʨʥʠʡ ʦʧʽʨ ʻ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤ, ʥʽʞ ʦʧʽʨ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ [13-

15]. ɺ ʨʦʙʦʪʽ [16] ʘʚʪʦʨʠ ʟʥʝʭʪʫʚʘʣʠ ʩʪʨʫʢʪʫʨʥʠʤ ʦʧʦʨʦʤ, ʘ ʧʝʨʝʧʘʜ ʪʠʩʢʫ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʚʘʞʘʣʦʩʷ ʟʘʛʘʣʴʥʠʤ ʧʘʜʽʥʥʷʤ ʪʠʩʢʫ, ʷʢʝ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʟʘʢʦʥʦʤ ɼʘʨʩʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʢʣʘʜʢʫ ʬʽʣʴʪʨʘ ʷʢ ʧʣʦʩʢʫ ʱʽʣʠʥʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʦʢ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʜʣʷ ʦʮʽʥʢʠ ʨʫʭʫ ʧʦʚʽʪʨʷ ʟʘʩʪʦʩʫʻʤʦ ʟʘʢʦʥ ʇʫʘʟʝʡʣʷ ʜʣʷ ʧʣʘʩʢʦʾ 

ʱʽʣʠʥʠ. ɼʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʢʘʥʘʣʽ ʤʽʞ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ, ʷʢʠʡ ʧʦʜʽʙʥʠʡ ʜʦ ʢʘʥʘʣ ʤʽʞ ʭʚʠʣʷʤʠ ʩʢʣʘʜʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ, 

ʧʠʪʦʤʘ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʥʘ ʦʜʠʥ ʢʘʥʘʣ, ʪʦʙʪʦ ʥʘ ʦʜʥʫ ʩʢʣʘʜʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ὗ  
ὡ̕ ϽЎὖϽὬ̒ ̋̌

ρςϽ‘Ͻὰ̒̋̌
 

ʜʝ Wʬ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʢʣʘʜʢʘʤʠ, ʤ; ȹʈ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ; Õ ï ʜʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʇʘĿʩ; lʩʢʣ ï ʜʦʚʞʠʥʘ ʩʢʣʘʜʢʠ, ʤ; hʩʢʣ ï ʚʠʩʦʪʘ ʩʢʣʘʜʢʠ 

(ʛʣʠʙʠʥʘ ʩʢʣʘʜʢʠ), ʤ. 

ʗʢʱʦ ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ ʩʪʘʥʦʚʠʪʴ Lʬ, ʘ ʢʨʦʢ ʤʽʞ ʩʢʣʘʜʢʘʤʠ 

Wʬ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ὔ  
̕

̕
 

ὗ̕  
ὒϽЎὖϽὬ̒ ̋Ͻ̌ὒ̕

ρςϽ‘Ͻὰ̒̋̌
 

ɸ ʜʦʚʞʠʥʘ ʩʢʣʘʜʢʠ ʚʠʟʥʘʯʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ  

ὰ̒̋̌ 
ὡ̕ ϽЎὖϽὬ

ρςϽ‘Ͻὗ̕
 

ʇʨʦʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʢʣʘʜʢʘ ʥʝ ʻ ʨʽʚʥʦʶ ʱʽʣʠʥʦʶ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ, ʘ ʾʾ 

ʰʠʨʠʥʘ Wʬ(x) ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʚʟʜʦʚʞ ʚʠʩʦʪʠ ʩʢʣʘʜʢʠ hʩʢʣ. 

ɺ ʨʦʙʦʪʽ [17] ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʝʨʝʧʘʜ ʪʠʩʢʫ 

ʥʘ ʩʢʣʘʜʯʘʩʪʦʤʫ ʬʽʣʴʪʨʽ: 
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Ўὖ ‐ ‐ Ͻ
”Ͻὠ

ς

ρ

ὑ̐ Ȣ̑̕Ȣ̙
Ͻ‘ὠὬ

ςτϽ‘ϽὠϽὬ̒ ̋̌

Ὠ̋ ́̎
 

Ů ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘ ʚʭʦʜʽ (ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ); Ů  ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʥʘ 

ʚʠʭʦʜʽ (ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʦʢʫ); ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʢʛ/ʤ
3
; ʂʧʨ.ʬ.ʰ ï ʧʨʦʥʠʢʥʽʩʪʴ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤĮ; V ï ʰʚʠʜʢʽʩʪʴ ʫ ʢʘʥʘʣʽ ʤʽʞ ʩʢʣʘʜʢʘʤʠ, ʤ/ʩ; Vf 

ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʤʘʪʝʨʽʘʣ, ʤ/ʩ; h ï ʪʦʚʱʠʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʤ; dʢʘʥ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ ʤʽʞ ʩʢʣʘʜʢʘʤʠ, å L; hʩʢʣ ï 

ʚʠʩʦʪʘ ʩʢʣʘʜʢʠ, ʤ. 

ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ 

ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʽ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ V
2
. ɼʣʷ ʩʢʣʘʜʯʘʩʪʠʭ ʬʽʣʴʪʨʽʚ ʚʽʥ 

ʩʢʣʘʜʘʻ Ů  å 0.5-1.2, Ů  å 0.8-1.5 

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʚʪʨʘʪʠ ʚ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʥʴʦʛʦ. 

ʊʨʝʪʷ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʚʪʨʘʪʠ ʚ ʢʘʥʘʣʘʭ ʤʽʞ ʩʢʣʘʜʢʘʤʠ ʪʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʟʘʢʦʥ ʇʫʘʟʝʡʣ ̫ʜʣʷ ʥʝʢʨʫʛʦʚʠʭ ʢʘʥʘʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ ʧʣʘʩʢʦʾ ʱʽʣʠʥʠ, ʷʢʦʶ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʤʽʞʦʢ ʤʽʞ 

ʩʢʣʘʜʢʘʤʠ ʬʽʣʴʪʨʘ. 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʙʽʯʥʽ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʦʢ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʨʽʚʥʷʥʥʷʤ  

ὠ
ὗ

ςϽὲϽὬ̒ ̋Ͻ̌ὰ̒̋̌
 

ʐʚʠʜʢʽʩʪʴ ʚ ʢʘʥʘʣʽ ʤʽʞ ʩʢʣʘʜʢʘʤʠ 

ὠ
ὗ

ὲϽὬ̒ ̋Ͻ̌ὰ̒̋̌
 

ʊʘʢʦʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʚʠʩʦʪʠ ʩʢʣʘʜʢʠ hʩʢʣ ʜʦ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ 

ʩʢʣʘʜʢʠ lʩʢʣ. ʊʘʢ, ʫ ʚʠʱʝ ʟʘʟʥʘʯʝʥʦʤʫ ʨʽʚʥʷʥʥʽ ʩʘʤʝ ʮʠʬʨʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʟʥʘʯʘʻ ʜʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʤʠʩʣʦʚʽʡ ʬʽʣʴʪʨʘʮʽʾ, ʜʝ ʚʠʩʦʪʘ ʩʢʣʘʜʢʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʜʦʚʞʠʥʠ. 

ɺʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʬʽʣʴʪʨʘ ʥʘ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʂʛʝʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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˗̄ ̆̏̍

ςτ

ρ
ρςϽὬ̒ ̋̌

ὰ̒̋̌

ςτϽὰ̒̋̌
ὰ̒̋̌ρςϽὬ̒ ̋̌

 

ʊʦʜʽ ʫʜʦʩʢʦʥʘʣʝʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

Ўὖ ‐ ‐ Ͻ
”Ͻὠ

ς

‘ϽὠϽὬ

ὑ̐ Ȣ̑̕Ȣ̙

˗̄ ̆̏Ͻ̍‘ϽὠϽὬ̒ ̋̌

ὡ̕
 

Ўὖ ‐ ‐ Ͻ
”Ͻὠ

ς

‘Ͻὗ̕ ϽὬ

ςϽὲϽὬ̒ ̋Ͻ̌ὰ̒̋Ͻ̌ὑ̐ Ȣ̑̕Ȣ̙

˗̄ ̆̏Ͻ̍‘ϽὠϽὬ̒ ̋̌

ὡ̕
 

ɺ ʪʘʢʦʤʫ ʨʽʚʥʷʥʥʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʽʚ ʤʽʞ 

ʩʢʣʘʜʢʘʤʠ, ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʚʘʜʨʘʪʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʧʨʠ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ. ɺʨʘʭʦʚʫʶʪʴʩʷ ʚʪʨʘʪʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʧʦʨʠʩʪʠʡ 

ʤʘʪʝʨʽʘʣ, ʚʦʥʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʪʨʘʪʠ Qʬ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʥʠʢʥʽʩʪʶ 

ʤʘʪʝʨʽʘʣʫ ʂʧʨ.ʬ.ʰ.. ʊʘʢʦʞ ʤʽʩʪʠʪʴ ʤʦʜʠʬʽʢʦʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ 

ʇʫʘʟʝʡʣʷ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʢʣʘʜʢʠ, ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ hʩʢʣ/lʩʢʣ ʪʘ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ V. 

ɼʦʚʞʠʥʫ ʩʢʣʘʜʢʠ lʩʢʣ ʘʚʪʦʨʠ [17] ʧʨʦʧʦʥʫʶʪʴ ʚʠʟʥʘʯʘʪʠ ʨʽʚʥʷʥʥʷʤ 

ὰ̒̋̌
ὥϽὬϽὨ

ςτϽὑ̐ Ȣ̑̕Ȣ̙
ὥ  z

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʽʥʽʡʥʠʭ ʚʪʨʘʪʘʭ, ʘʣʝ ʨʝʘʣʴʥʽ ʚʪʨʘʪʠ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʩʢʣʘʜʢʠ ʬʽʣʴʪʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʣʽʥʽʡʥʠʤʠ. ʊʦʤʫ 

ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὰ̒̋̌
ὥϽὬϽὨ

ςτϽὑ̐ Ȣ̑̕Ȣ̙
Ͻρ ‍ϽὙὩ ὥ  z

ʜʝ a1, a1*  ï ʢʦʝʬʽʮʽʻʥʪʠ ʦʧʪʠʤʽʟʘʮʽʾ; ɓ, ɚï ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʣʽʥʽʡʥʦʩʪʽ; Re ï 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚ ʢʘʥʘʣʽ. 

ʋʜʦʩʢʦʥʘʣʝʥʝ ʨʽʚʥʷʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʛʝʦʤʝʪʨʽʾ ʤʘʪʠʤʝ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὰ̒̋̌
ὥϽὬϽὨ

˗̄ ̆̏Ͻ̍ὑ̐ Ȣ̑̕Ȣ̙
Ͻρ ‍ϽὙὩ ὥ  z
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ɺʠʩʦʪʫ ʩʢʣʘʜʢʠ ʘʚʪʦʨʘʤʠ [17] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

Ὤ̒ ̋̌ ςϽ
ςχϽὑ̐ Ȣ̑̕Ȣ̙Ͻὰ̒̋̌

Ὤ
 

ʋʜʦʩʢʦʥʘʣʝʥʝ ʨʽʚʥʷʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʛʝʦʤʝʪʨʽʾ ʤʘʪʠʤʝ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

Ὤ̒ ̋̌ ˞̎ ̆̏̅Ͻ̎
ὑ̐ Ȣ̑̕Ȣ̙Ͻὰ̒̋̌

Ὤ
ϽὪὙὩϽὫ

ὒ

ὡ
 

ʜʝ Cʥʝʦʜʥ ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʬʦʨʤʠ ʬʽʣʴʪʨʘ (1,5-2,5); f(Re) - ʬʫʥʢʮʽʷ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʨʝʞʠʤʫ ʪʝʯʽʾ; g(L/w) - ʬʫʥʢʮʽʷ ʚʽʜʥʦʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʜʦ ʰʠʨʠʥʠ ʬʽʣʴʪʨʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʬʦʨʤʠ ʉ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʨʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʚʽʜ ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʣʦʩʢʦʾ ʱʽʣʠʥʠ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʨʫʭʫ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʢʘʥʘʣʫ ʩʢʣʘʜʢʠ (ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʬʽʣʴ 

ʰʚʠʜʢʦʩʪʽ) ʪʘ ʨʝʘʣʴʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʯʘʩʪʢʦʚʦ 

ʧʦʨʫʰʫʚʘʪʠ ʣʘʤʽʥʘʨʥʽʩʪʴ ʧʦʪʦʢʫ. ʑʝ ʦʜʠʥ ʧʽʜʭʽʜ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʢʣʘʜʯʘʩʪʠʭ ʬʽʣʴʪʨʽʚ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʟʘʩʥʦʚʘʥʦ ʥʘ ʣʽʥʽʡʥʠʭ 

ʚʝʣʠʯʠʥʘʭ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʦʚʱʠʥʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ h (ʨʠʩ. 5.10) 

[18]: 

ὡ̕ Ὤ Ὤ Ὤ 

ʜʝ h1, h2 ï ʰʠʨʠʥʘ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʢʘʥʘʣʽʚ ʩʢʣʘʜʦʢ ʬʽʣʴʪʨʘ. 

 
 

ʈʠʩ. 5.10 ï ʉʭʝʤʘ ʝʣʝʤʝʥʪʘ ʩʢʣʘʜʢʠ ʬʽʣʴʪʨʘ, ʱʦ ʧʦʚʪʦʨʶʻʪʴʩʷ 

 


